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Abstract 
 

Introduction:  
Phantom limb pain (PLP) is intractable to treatment. Sensory discrimination training (SDT) is 

a non-pharmacological treatment, which shows potential promise for PLP, but robust clinical 

trials are lacking. This thesis aimed to develop a robust RCT protocol to investigate the 

efficacy of an automated, self-management SDT device (SP1X) for the treatment of PLP. 

 

Methods:  
Three studies contributed to the development of an RCT protocol to investigate the efficacy 

of SP1X. Firstly, a qualitative study explored participants perceptions of PLP self-

management. Secondly, a systematic review investigated the efficacy and safety of SDT for 

chronic musculoskeletal pain conditions. Thirdly, a measurement study investigated the 

psychometric properties of key outcome measures for use with the PLP population.  

 

Results: 
Participants experiences of self-management of PLP were positive highlighting self-

management as an acceptable and feasible approach. The systematic review found SDT 

does not appear to be associated with any adverse effects and shows potential regarding its 

clinical efficacy. However, high-quality evidence upon which to make firm clinical 

recommendations was lacking. The measurement study found three outcome measures for 

pain intensity, and one for quality of life, possessed acceptable psychometric properties for 

use in future research trials. Two sensorimotor outcome measures required further 

development and subsequent psychometric testing prior to use in future research trials.  

   

Conclusions and implications: 
Self-management strategies are an acceptable and feasible approach that could be 

incorporated into the lives of people with PLP. SDT has the potential to be safe and effective 

for PLP. Existing outcome measures for pain are sufficiently reliable for use in PLP research 

but should be interpreted cautiously on an individual patient level.  This thesis developed a 

robust protocol to investigate the efficacy of SP1X. The protocol now needs to be 

undertaken to investigate the efficacy of SP1X before any recommendations on its use can 

be made.  
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 Background and Introduction  
 

This chapter will provide an overview of the context of my PhD. It will summarise the key 

research issues leading into the aims and objectives of my thesis. It will present the 

framework for the three empirical studies (Chapters 3, 4 and 5) and how they feed into the 

development of an RCT protocol (Chapter 6). An overview of what each chapter will contain 

will also be provided. 

 

1.1 Background  
 

The problems associated with the clinical management of PLP was observed first-hand by 

the author of this thesis whilst working as an Occupational Therapist in the vascular and 

amputee rehabilitation unit at James Cook University Hospital (South Tees NHS Foundation 

Trust). It was apparent that clinical guidelines for therapy management of adults with limb 

amputations were limited in their recommendations on treatment or self-management 

options for PLP. Furthermore, formal monitoring and recording of PLP was not routine 

practice. With the intention of improving the experience of clinical management of PLP at the 

unit, the author (AG) explored how links could be made between the NHS Amputee 

rehabilitation unit and Teesside University Centre for Rehabilitation. The opportunity for PhD 

study arose from the desire to investigate a novel therapeutic solution for this intriguing 

condition.  

 

The timing of the SARS-Covid-2 global pandemic resulted in minimal disruption to data 

collection, however, data analysis and the write up developed amidst the uncertainties and 

family related extra pressures caused by the pandemic. Nevertheless, the advancements in 

tracking and reporting of Covid and co-production in developing a vaccine reinforced my 

appreciation of the research process and the parallels to the endeavours necessary for 

completion of this project maintained my motivation. 
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1.2 Introduction 
 

Phantom Limb Pain (PLP) has been defined as pain that is localized in the region of the 

deafferented body part subsequent to the amputation of a limb (Huse et al., 2001). A recent 

Systematic review estimated a lifetime prevalence of PLP as high as 76% – 87% 

(Stankevicius et al., 2020).This persistent pain can impair the individual’s activities of daily 

living, quality of life, and their ability to work (Jensen et al., 2002; Schoppen et al., 2001; 

Whyte & Carroll, 2002). The first line treatment for PLP is pharmacological intervention 

despite the adverse effects and poor clinical effectiveness (Alviar et al., 2016). Non-

pharmacological conservative treatments are showing increasing promise in PLP treatment 

but lack robust clinical trials to support their inclusion in clinical guidelines to direct clinical 

practice (Batsford et al., 2017). As such, PLP is a difficult condition for the clinician to treat.  

 

There have been several potential mechanisms described for the development and 

maintenance of PLP. All amputations involve unavoidable nerve injury with associated 

changes to the peripheral and central nervous systems. This has provided debate around 

causative mechanisms and led to treatments developed specific to these changes. However, 

we still do not have a complete understanding of its neural basis and so recently published 

RCTs of interventions have continued to focus on targeting differing mechanisms (Aternali & 

Katz, 2019). Converging evidence surrounds the idea that brain rewiring is driving the pain 

experience, and this has led to interest in specific regions of interest, such as the 

somatosensory cortex (S1) (Flor, 1997; Lotze et al., 2001; Makin, Filippini, et al., 2015). 

Current debate in the field of neuroscience surrounds the post amputation representation of 

the limb in the brain (the mind-map or blue-print) and whether this is changed (maladaptive 

reorganisation model) or preserved (persistent representation model) (Makin & Flor, 2020). 

However, the consensus appears to be that these cortical processes are not necessarily 

mutually exclusive (Erlenwein et al., 2021) and that the occurrence of PLP is highly 

correlated with both models (Andoh et al., 2020; Boström et al., 2014). The S1 area 

therefore provides a viable therapeutic target for modulation and the reduction in the 

experience/bothersome characteristics associated with PLP.  

 

Following amputation, a misalignment or dissonance now exists between the actual body 

part (i.e., the residual limb) and its representation in the brain with a change to the 

sensorimotor feedback loop and dysfunctional connectivity. The implications being that 

potential treatments may benefit from the re-introduction of sensory stimulus to the lost body 
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part to re-align the working body schema (WBS) and drive more functional conversations in 

the brain.   

 

Sensory Discrimination Training (SDT) is a therapeutic intervention that has been proposed 

as a treatment for PLP focussing on the sensory feedback cortical mechanisms (Flor, et al., 

2001). It has been operationally defined as a treatment which includes all three of the 

following criteria: (1) the initial delivery of a particular, defined and controlled stimulus (e.g. 

electrical or tactile) to the patient’s body, (2) the recipient making a judgement on an aspect 

of the stimulus (e.g. the location) and (3) feedback provided to the recipient on the accuracy 

of their judgement, usually by a trainer/therapist (Graham et al., 2020).  

A key limitation to SDT is that the intervention requires another person to provide feedback 

on the patient’s judgement and the intervention needs to be repeated over long time periods. 

This is difficult given the limited resources in today’s healthcare system to afford one-to-one 

iterative therapy sessions and unfeasible if it is to be used in the home environment.  

 

Recently a new automated device to deliver SDT has been created and developed by 

researchers at Teesside University in conjunction with 2PD Ltd, which will be referred to in 

this thesis as per the registered prototype i.e., SP1X. This approach, which would enable 

individual self-management of PLP via training in the person’s home environment, making 

the process more feasible. However, the effectiveness of this therapeutic intervention needs 

to be investigated via a robust RCT. 

 

The Medical Research Council (MRC) framework for the development of complex 

interventions recommends conducting a high-quality systematic review to inform the 

development of the intervention to the point where it can be reasonably expected to have a 

worthwhile effect. Furthermore, the framework recommends undertaking extensive feasibility 

work exploring key aspects such as outcome measures prior to undertaking RCTs . 

Currently, no information is available in the literature on outcome measures for PLP and this 

needs to be addressed. Also, little knowledge exists on patient’s experiences of PLP and 

even less on the self-management of PLP. A better understanding of this is necessary to 

guide the development of a robust RCT investigating a self-management intervention.  The 

findings of this thesis will contribute to the overall end product of an RCT protocol for the 

SP1X device. 
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1.3 Thesis overview: chapters contributions 
 

Chapter 2 – Literature review:  
This chapter will set the scene for the thesis and provide background information on the 

prevalence, risk factors and the pathophysiology of PLP. Through reviewing the literature 

this chapter will highlight gaps, problems and/or shortcomings in the existing research base 

and demonstrate the original contribution that the thesis aims to provide. The chapter will 

culminate in stating the specific aims, sub-aims and objectives that the thesis seeks to 

address. 

 

Chapter 3 - Qualitative study: 
This chapter will provide the reader with an insight into the lived experience of PLP through a 

methodology designed to identify shared meanings of understanding (themes) with regards 

to participants past and present treatment and self-management of PLP. The paradigm for 

this chapter will be discussed in relation to the authors previous clinical and research 

experiences. The qualitative study presented in this chapter will be developed on the basis 

that understanding people’s lived experiences is dependent on subjective knowledge of what 

can be known (ontology) and how it can be known (epistemology). A structured 

methodological approach will be presented with an evidenced based six-step analysis of 

qualitative data followed. To ensure the rigour of data collection and analysis, four-level 

criteria for trustworthiness in qualitative research will be used. A report will be presented 

containing results and discussions of identified themes in relation to the existing literature in 

PLP, adjustment to amputation and the wider chronic pain literature. A summary of the 

findings will be split into those which can be used to inform recommendations for the RCT 

protocol presented in the thesis and those for clinical practice (including self-management) 

of PLP.  

 

Chapter 4 - Systematic review:  
This chapter will review the evidence for SDT, using systematic and explicit methods to 

identify, select and critically appraise relevant primary research, and extract and analyse 

data from the studies included in the review. Specifically, the chapter will develop the 

evidence base around the intervention of interest by presenting a systematic review of the 

evidence for the efficacy and safety of SDT for PLP and other chronic MSK conditions. The 

methodological problems and biases that were identified from previous RCTs will be 

examined to assist in the development and design of the protocol. The key findings will 
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contribute to the development of an RCT protocol for an automated SDT device for the self-

management of PLP.  

 

Chapter 5 - Outcome measures study:   
This chapter will present a reliability and validity study of outcome measures for PLP. This 

study will fill an important gap in the literature as the psychometric properties of outcome 

measures specifically for use with the PLP population are yet to be established. The chapter 

will identify suitable outcome measures that have the potential to be used to assess and 

monitor PLP for the purposes of research trials and clinical use. A series of statistical metrics 

will be applied to the data to identify systematic and random error and the magnitude of the 

bias will be assessed in relation to minimal clinical important differences for the respective 

outcome measures. The findings will feed directly into decisions about inclusion of the 

outcome measures in the RCT protocol.  

 

Chapter 6 – RCT protocol:   
This chapter will identify how the previous work feeds into a protocol for an RCT to test the 

efficacy of an automated SDT device for the self-management of PLP. A summary of the 

protocol will be presented in this chapter.  

 

Chapter 7 - Discussion and Overall conclusion:  
This chapter will conclude the thesis by drawing together the findings from the three studies 

presented in this thesis. The chapter will provide a discussion about the implications for the 

RCT protocol, clinical practice, and directions for future work. The overall strengths and 

limitations of this PhD research programme will then be provided followed by an overall 

conclusion of the PhD thesis.  

 

 

1.4 Thesis Paradigm – Pragmatism 
 

This thesis is founded on a pragmatism paradigm which can be defined as ‘a worldview that 

will employ multiple sources of data collection, will focus on the practical implications of the 

research, and will emphasise the importance of conducting research that best addresses the 

research problem’ (Creswell & Poth, 2016). The studies within the thesis are qualitative and 

quantitative, therefore a mixed-methods approach to the overall research question is 

appropriate. The advantage of a mixed methodology is that it is practice oriented, thus it is 

ideal for identifying improvements made in response to client/service user needs identified 
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within clinical practice. This thesis aligns with a pragmatism paradigm as the reasoning it 

employs goes beyond the practitioner-client relationship, addressing the world in which 

therapy occurs, including the practice context and therapist’s personal context (Schell & 

Schell, 2008). This is pertinent to my clinical training as an Occupational Therapist (OT) and 

to the contribution to knowledge offered by this thesis, in terms of aiding the development of 

an RCT for a novel treatment for PLP (i.e., SP1X) which is needed to improve the options 

available for clinicians adopting a supported self-management approach.  

 

A similar paradigm that also considers “what works” in order to seek answers to the research 

question, is critical realism (Creswell et al., 2011). This approach accepts that reality can 

best be understood by investigating multiple outlooks (Creswell et al., 2011; McEvoy & 

Richards, 2006). Since critical realists undertake research to develop deeper levels of 

exploration and understanding, this worldview is well suited to mixed methods research 

(McEvoy and Richards, 2006).  However, pragmatism is the paradigm that most closely 

aligns with the primary aim of this thesis and the sub-aims which are all devised for practical 

use. Overall, the aims and objectives of this thesis are focused on creating results to inform 

the development of an RCT protocol to investigate the efficacy of an automated, self-

management SDT device for the treatment of PLP.  
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 Literature review 
 

Chapter 1 summarised the key research issues in the field of PLP treatment and outlined the 

research questions and aims that will guide this thesis. Chapter 2 will provide background 

information on the prevalence, risk factors and the pathophysiology of PLP. It will set the 

scene for the context of the thesis by outlining existing approaches used to treat PLP, 

focussing on sensory discrimination training (SDT) and an automated SDT device for the 

self-management of PLP (SP1X). Through reviewing the literature and using guidance from 

the MRC framework for developing complex interventions this chapter will highlight gaps, 

problems and/or shortcomings in the existing research base and demonstrate the original 

contribution that this thesis aims to provide. The chapter will culminate in stating the specific 

aims, sub-aims and objectives that the thesis seeks to address. 

 

2.1 What is PLP? 
 

The International Association for the Study of Pain (IASP) defines post-amputation pain as 

“PLP: any noxious sensory phenomenon in the missing body part that develops after 

surgical amputation of a limb or parts thereof, but also after the amputation of a breast, 

tongue, teeth, genitalia, the eye, or even inner organs such as the rectum” (Schug et al., 

2019). The inclusion of the term ‘sensory phenomenon’ builds on earlier definitions which 

focus more on pain that is localized in the region of the deafferented body part subsequent 

to the amputation of a limb (Huse et al., 2001). This definition of PLP is recognised as part of 

the International Classification of Diseases (ICD-11) and shares characteristics with chronic 

musculoskeletal pain (CMP) conditions in which the pain develops as an unpleasant sensory 

and emotional experience associated with, or resembling that associated with, actual or 

potential tissue damage and persists beyond the expected healing process, i.e., at least 3 

months (Treede et al., 2019). 

 

PLP is distinguished from residual limb pain (RLP): “localised to the site of the amputation, 

often neuropathic and increased in patients with severe pre-amputation pain”. This is 

sometimes referred to in the literature and clinical practice as stump pain. Furthermore, for 

the purposes of this thesis the term PLP is reserved for non-nociceptive pain hereafter under 

the following definition: 
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“Phantom limb pain is pain perceived as arising from the missing limb due to sources other 

than stimulation of nociceptive neurons that used to innervate the missing limb” (Ortiz-

Catalan, 2018). 

 

PLP is a complex condition that requires careful evaluation by the clinician to distinguish it 

from pain that may be emanating from the residual limb. A key distinction to make in relation 

to PLP is the clinical description of neuroma pain. Diagnosing a neuroma as a source of RLP 

may be useful when formulating a treatment plan. A positive Tinel’s sign (tapping on the 

injured nerve or neuroma elicits pain in the phantom limb or stump) represents a classic 

feature for neuroma (Hsu & Cohen, 2013). 

 

The first accounts of a person experiencing PLP can be traced back to the introduction of the 

term ‘phantom limb’. Silas Weir Mitchell (1829 - 1914) was working as a military surgeon and 

wrote fictional accounts of his experiences, such as the one published anonymously in an 

1866 Atlantic Monthly magazine entitled “The Strange Case of George Dedlow” (Kline, 

2016). It contained the following passage of text, which could be recognised as the first 

clinical description of a phantom limb and subsequent phantom pain:  

 

“Just rub my left calf,” said I, “if you please.”  

“Calf?” said he. “You ain’t none, pardner. It’s took off.” 

 “I know better,” said I, “I have pain in both legs.”  

“Wall, I never,” said he. “You ain’t got nary leg.”  

“As I did not believe him, he threw off the covers, and, to my horror, showed me that I had 

suffered amputation of both thighs, very high up.”  

 

Descriptions of phantom limbs have been known since antiquity, with an example being the 

infamous account of Lord Nelson who lost his right arm during an unsuccessful attack on 

Santa Cruz de Tenerife. It was following this amputation that he proclaimed that his now 

phantom arm was the “direct proof” of existence of the soul (Ramachandran & Rogers-

Ramachandran, 2000). The sea lord’s hypothesis may now be an outdated philosophical 

analogy rather than based on falsifiable science for the existence of a phantom limb. 

However, these early descriptions of phantom pains show that this is a condition that 

humans have been experiencing throughout history. Another account of science driven by 

war can be found with a Spanish Navy officer by the mane of Blas de Lezo y Olavarrieta 

(Stewart, 2009). He was nicknamed “Almirante Medio-Kombre” or Admiral Half-man due to 

the loss of his left eye, left hand, complete mobility of his right arm, and had his left leg 



9 

 
amputated in situ after being hit by the projectile of a canon. Of interest, was his account of 

phantom sensations emanating from the loss of limbs, but it is not clear if the loss of his eye 

resulted in visual phantoms. It was in 1760 that phantom vision syndrome was first noted. 

Also known as Charles Bonnet Syndrome, the condition can develop in those who have lost 

over 60% of vision and causes visual hallucinations (Schadlu et al., 2009). The mechanism 

underlying this distorted perception is thought to be due to an incongruence between the 

slowing or stopping of the messages from the retina in the eye to the visual cortex in the 

brain but the maintenance of the brain to create its own images.  

 

It is apparent that the sensation of pain exists in the absence of a painful stimulus, which 

Flor and Foell (2020) argue may fit the definition of a hallucination, in terms of a perceptual 

sensation without any stimulus in the physical world to elicit it. However, they maintain that 

PLP is more akin to normative perception than to hallucinatory experiences. The debate 

around the underlying mechanism of PLP will be discussed later in this chapter and shed 

more light on potential neural correlates for focussing on the treating of PLP.  

 

2.2 What is the prevalence of PLP? 
 

It has been suggested that the experience of a vivid phantom limb (also known as a 

phantom sensation) following the loss of a limb is as high as 90 - 98% of all patients 

(Ramachandran & Hirstein, 1998). However, not all amputees experience pain in the 

phantom limb. As outlined earlier, it is important to distinguish between pain that is localised 

to the residual limb (also referred to as stump pain) and pain that arises from the phantom 

itself. Nearly all amputees will experience RLP post amputation with variable estimates 

suggesting prevalence to be between 10 and 25% for patients in the months and years 

following amputation (Ehde et al., 2000). Providing accurate prevalence rates for phantom 

limb pain is difficult and the literature provides wide estimates in the range of 49% - 83% 

(Dijkstra et al., 2002; Ehde et al., 2000; Kooijman et al., 2000; Richardson et al., 2006). This 

variability in estimated percentages is likely due to differences in research methodology; 

failure to distinguish between phantom pain, sensation and stump pain; and selection of the 

population under study (e.g. heterogeneity of studies of military veterans) (Dijkstra et al., 

2002).  

 

A recent systematic rapid review of prevalence and incidence (Stankevicius et al., 2020) 

focussed on literature from 2014-2019. The authors highlighted an improvement in the 

methodology over previous estimations as the restriction of studies to the past five years 
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meaning that the included studies may have followed the reporting guidelines for population-

based research on pain incidence and prevalence, thus increasing the likelihood of lower 

levels of bias, or at a minimum, clearer reporting. The prevalence (defined as the proportion 

of people in an identified population experiencing PLP at a given time) was reported as a 

point prevalence referring to a specific period (e.g., at 1-month post-amputation), period 

prevalence referring to a specific time frame (e.g., over the last 3 months), and lifetime 

prevalence referring to PLP at any point in time in one’s life. The results of 12 cross-

sectional studies and one prospective study reported PLP prevalence between 6.7% to 

93.5% amongst contrasting populations and prevalence measures. Three cross-sectional 

studies evaluated PLP point prevalence in atraumatic populations. Of these, PLP point 

prevalence measured prospectively was 45.4% at six months and 41% at 12 months 

(Ahmed et al., 2017). Point prevalence amongst atraumatic amputees less than 10 years 

post amputation was 48.1% (Morgan et al., 2017) and five years post-amputation was 63% 

(Richardson et al., 2015). Traumatic amputees PLP point prevalence was 85% (Rafferty et 

al., 2015) and 58% (Buchheit et al., 2016) two years post amputation.  

 

PLP point prevalence within combined aetiology populations of traumatic and atraumatic 

amputees found 88.1% in amputees less than 10-years post amputation (Giummarra et al., 

2015) and 59% (Razmus et al., 2017) and 84% (Richardson et al., 2018) in combined 

aetiology populations more than 10 years post-amputation. One study measured period 

prevalence of PLP over the last three months in amputees more than 30 years post 

amputation to be 62.5% (Bekrater-Bodmann et al., 2015). Lifetime prevalence of PLP was 

reported as 76% in a traumatic population 13 weeks to 15 years post-amputation (Aldington 

et al., 2014), and 87% in a combined aetiology population 30 years post amputation 

(Bekrater-Bodmann et al., 2015).  

 

2.3 Risk factors of PLP  
 

Certain subgroups of the amputee population may be more at risk of experiencing chronic 

PLP. Risk factors for PLP have been predominantly explored in survey studies. A study of 

536 amputees (Dijkstra et al., 2002) found the most important risk factor for PLP to be 

bilateral lower limb amputation. Further analysis using regression scores from preoperative 

risk factors for PLP, revealed the chances for experiencing PLP differ with age at the time of 

amputation, extremity and the level of amputation. This is not surprising given that age is a 

risk factor for developing chronic musculoskeletal pain (CMP) (McBeth & Jones, 2007). 
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When considering the level of amputation as a risk factor for PLP it may be pertinent to 

understand that higher level amputations e.g., above knee, are associated with poorer 

mobility outcomes (Houghton et al., 1992) as it has been reported that ascending level of 

amputation appears to be associated with increasing metabolic demand (Ward & Meyers, 

1995). Likewise, bilateral lower limb amputees also experience a lower level of 

mobility/functional prosthetic use, largely due to comorbidities endured by this patient 

population (Evans et al., 1987) and the estimation that energy requirements for ambulation 

with bilateral transfemoral (below-knee) prosthesis is 280% of that of the general able-

bodied population (Huang et al., 1979; Wright et al., 2008). These disabling factors may 

account for a disproportionate number of people experiencing PLP in this subgroup. Future 

research studies should ensure that the demographic questionnaires capture the type and 

level of amputation, which will allow exploration of these factors with PLP characteristics 

(e.g., intensity, frequency, duration of episodes).  

 

Furthermore, the level of pain prior to amputation has been identified as a risk factor for PLP 

(Nikolajsen et al., 1997). This prospective study showed that PLP during the first six months, 

but not long-term PLP, was predicted by pain before amputation. However, this finding may 

be due to memory bias, in which amputees who reported having pain before the amputation 

also reported that similar pain qualities recurred or continued in the phantom limb (Fuchs et 

al., 2018). 

 

2.4 Theories about the pathophysiology of PLP  
 

There are several theories that continue to be used by researchers to explain PLP, but no 

consensus has yet been reached on a clear causative mechanism. Similar to understanding 

other CMP conditions, it is likely that a combination of peripheral, central and cortical 

mechanisms is involved (Weeks et al., 2010). The following paragraphs will explore the 

literature suggestive of peripheral, central and cortical mechanism involvement in the 

perception of PLP.  

 

2.4.1 Peripheral nervous system (PNS) 
 

Debate surrounds which part of the nervous system can be classed as the most important in 

the cause and maintenance of PLP. Peripheral mechanisms may be an obvious starting 

point to investigate, given the process of amputation of a limb leads to inevitable disruption 

of this system. A study which aimed to test the hypothesis that PLP is primarily a bottom-up 
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process, blocked the access of nerve impulse discharges originating in the PNS from 

reaching the brain (Vaso et al., 2014). The results showed that 31 lower limb amputees 

experienced attenuated or complete elimination of PLP following spinal and intraforaminal 

block, and sham injections and intraforaminal injection of nonblocking solutions did not block 

PLP, even when the patient was intentionally told to anticipate a pain-relieving injection.  

 

An earlier study used a similar approach of manipulating the PNS by using anaesthesia to 

block the axillary brachial plexus nerves of six unilateral arm amputees (Birbaumer et al., 

1997). The participants had complete anaesthesia in the stump and the shoulder, and the 

results showed three of the six virtually eliminated their current experience of PLP; pain 

(verbal rating scale ranging from 0 - no pain to 10 - unbearable pain) was reduced from 4.2 

(SD 3.3) to 0.4 (SD 0.5) within 20 min after regional anaesthesia. Although a small sample 

size, this 50% reduction rate suggests it must not only be peripheral mechanisms that 

contribute to the experience of PLP as total elimination of PLP would be expected in all 

these participants following an experimentally induced ‘shut down’ of the peripheral system 

in the arm.  

 

The amputation procedure severs the peripheral nerves, resulting in the discontinued 

endings starting to grow back towards each other. However, in many amputation cases the 

nerve cell is removed entirely or too far away to bridge the gap between proximal and distal 

neural stump; regrowth of the remaining nerve can lead to the formation of tangled knots of 

neural tissue, known as neuromas (Foell et al., 2011). It has been proposed that pain can be 

produced due to the spontaneous and unpredictable behaviour of these nerves, more likely 

to produce residual limb pain but not inconceivable that this peripheral nervous system 

process may produce PLP (Wiffen et al., 2006). A study by Bek et al. (2006) showed that 

removal of neuromas reduced PLP. Furthermore, patient reports of a change in temperature 

or non-painful residual limb stimulation increasing their experience of PLP (Hunter et al., 

2005; Katz, 1992) suggests a change in excitability at the peripheral level as a potential 

causal factor. However, Hunter et al., 2005 concluded from their semi-structure interviews 

with 12 upper limb traumatic amputees that psychophysical threshold measures of sensory 

function did not reflect, in any simple way, subjective phantom phenomena. Therefore, 

classification of phantom phenomena based on peripheral sensory function may be a 

misleading step in the search for specific mechanisms underlying postamputation sensory 

phenomena.  
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Previous peripheral mechanism-based research has focussed on the idea that ectopic 

discharges perceived as painful can originate in the dorsal root ganglia (DRG). These are 

small nuclei of nerve cells that lie on the sensory dorsal root of each spinal segment and 

which contain the cell bodies of afferent sensory spinal neurons (Foell et al., 2011).  It has 

been proposed that ectopic PNS discharge, primarily that originating in the DRG serving the 

amputated limb, drives CNS somatic representations to generate a conscious percept of the 

phantom limb (Vaso et al., 2014). The quality of the sensation, PLP or non-painful phantom 

limb syndrome (npPLS), presumably depends largely on the types of primary afferent 

producing the ectopic barrage (Devor et al., 2014).  

 

The biggest limitation of the peripheral based theory of PLP may be found in the well 

accepted statement that “neurons that contribute to nociception are neither sufficient nor 

necessary for pain” (Mosley & Butler, 2017). In this sense, the DRG can’t produce pain, 

rather they can only send erroneous nociceptive signals to the brain. At a fundamental level, 

the contemporary model of pain perception as being more than simply a response to 

changes at the periphery, may call into question whether an understanding of the 

mechanism underlying PLP is solely due to the PNS.   

 

2.4.2 Central nervous system (CNS) 
 

It can be presumed that the spinal column as part of the central nervous system (CNS) has a 

role in the origin and maintenance of PLP, even if its exact mechanism has not yet been 

precisely described. It has been suggested that increased neuronal activity following an 

amputation leads to central sensitisation, in terms of long-term hyperexcitability in spinal 

cord neurons after nerve damage enhancing nociceptive input (Foell et al., 2011). The 

process is characterised by increased excitability of the dorsal-horn neurons, reduction of 

inhibitory processes, and structural changes at the central nerve endings of the primary 

sensory neurons, the interneurons and the projection neurons (Flor, 2002).  

 

CNS mechanisms for PLP have also focussed on the brainstem, the thalamus, and the 

cortex (Weeks et al., 2010). Melzack (2001) suggested that there is a neuromatrix (see Fig. 

2.1) i.e., a network of neurons in several brain areas including the thalamus and 

somatosensory cortex, the reticular formation, the limbic system, and the posterior parietal 

cortex—that are the anatomical substrate of the self. The output from this system forms 

neurosignatures, which is specific for an individual and provides information about the body 

and its sensations (Mosley & Butler, 2017). It is suggested that an amputation would create 
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abnormal input into the neuromatrix owing to a lack of normal sensory activity or overactivity 

related to the abnormal firing pattern of damaged nerves. This input could lead to an altered 

neurosignature and potentially the experience of PLP.  

  

 
Fig. 2.1 Factors that contribute to the patterns of activity generated by the body-self 
neuromatrix, which comprises sensory, affective, and cognitive neuromodules 
(Melzack, 1999). Reproduced with consent of RightsLink Copyright Clearance Centre 
on 21/12/2021. 
 

However, a limitation of the neuromatrix theory is its complexity as through combining 

sensory, cognitive, and affective factors contributing and modulating the pain experience; it 

does not give a clear direction on how to treat PLP. It would be difficult to empirically test as 

it does not give an idea of how neurosignatures are formed and activated. It does not 

provide a mechanism which could be therapeutically targeted for modulation, rather it 

suggests a holistic approach to treatment.  

 

The sensory-discriminative aspect of the body matrix theory is under researched, and this is 

a gap in the literature that requires further investigation. In contrast, the cognitive-evaluative 

aspect of the theory has received a lot of attention in the wider chronic pain literature through 

interventions such as Cognitive Behavioural Therapy (CBT) (Bernardy et al., 2018; Morley et 

al., 1999). Developing the mechanism of action for complex interventions, as guided by the 

MRC Framework, is reliant on identifying and reviewing the evidence base of published data 

(Craig et al., 2008). To date, however, much uncertainty still exists about the relationship 
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between the sensory-discriminative aspect of the body neuromatrix and the pathophysiology 

of PLP. 

 

Imaging studies have demonstrated that the extent of reorganisation within the 

somatosensory cortex (S1) relates to the intensity of PLP (Flor et al., 2006). This concept will 

be investigated in more detail in the next section but for the purposes of this section it is 

important to highlight the finding that the common mechanism in this reorganisation is to lie 

within the CNS, in terms of a change in intracortical inhibition (Lotze & Moseley, 2007). The 

notion of body image, defined as “the way one’s body feels to its owner” (Lotze & Moseley, 

2007) is particularly important to this thesis if we consider activity in the S1 is thought to be 

important for the conscious feeling of the body and its role within the CNS pain processing 

network.  

 

An intact body image relies on the person having an accurate perception of tactile stimuli. 

Mislocalization of tactile stimuli has been reported in amputees with PLP, in which stimuli are 

delivered to the neurally intact stump and patients report sensations elsewhere on the stump 

or within the phantom limb (Knecht et al., 1995; Ramachandran et al., 1992).  Two-point 

discrimination (TPD) threshold is the distance between two points at which the individual 

perceives two-stimuli instead of one and can be an acceptably reliable sensorimotor 

measure in pain studies (Ehrenbrusthoff et al., 2018). Amputees with PLP exhibit a larger 

TPD threshold than in those without PLP when measurements are taken (Flor et al., 1995) 

on the residual limb. The implications of a distorted body image, which will also be referred 

to as the working body schema (WBS) in this thesis, and its relationship to PLP is not yet 

fully understood.    

 

2.4.3 Cortical (re)organisation 
 

A more contemporary perspective on the mechanism responsible for the origin and 

maintenance of PLP has arisen through work by prominent neuroscientists in the field, 

namely Herta Flor and Tamar Makin and the studies from their respective laboratories which 

have focussed on neuroplasticity and fMRI analysis. The main region of interest within the 

PLP literature is the somatosensory cortex (S1) which can be classified as Broadmann’s 

area 1,2 3a 3b (Geyer et al., 1999). Recent studies that have scanned the brains of people 

with PLP have expanded this region of interest to incorporate the understanding that the 

neural correlate of PLP may be found elsewhere, such as in the ipsilateral mid‐, posterior, 
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and rostrodorsal posterior insula, S2, bilateral posterior cingulate gyrus, cingulate gyrus, and 

supplementary motor cortex (Kikkert et al., 2019).  

 

Further developments have been made in the field with reference to functional magnetic 

resonance imaging (fMRI) measurement approaches. It appears that measurement of 

cortical distances has moved away from the analysis of Euclidean distances to geodesic 

distances (Kikkert et al., 2018; Makin et al., 2013) but difficulties with mapping shifts in the 

S1 area associated with lower limb amputation remain due to spatial resolution and the need 

for more sessions for lower limb amputees than upper limb amputees to activate the S1 area 

of interest (Andoh et al., 2020). A criticism of the current PLP literature, especially in the field 

of neuroscience, could be that it is dominated by research with upper limb amputees.  

 

Based on the data from upper limb amputees with PLP, changes in cortical activity in these 

areas has shown strong correlations with self-reported PLP intensity. This was first shown in 

a seminal study by Flor et al. (1995). The cortical reorganization hypothesis emerged from 

this work in which the reorganizational changes that they observed related to the shifts in 

representation of the S1 deafferented cortex from neighbouring cortical representations. This 

study was conducted on unilateral upper limb amputees, hence the reorganisation occurred 

in the areas that mapped the hand, with shiftsobserved in the cortical representation of the 

adjacent lip area. This fits with observations made by Ramachandran and Rogers-

Ramachandran (2000) who noted that, in people with arm or hand amputations, sensations 

in the phantom could be elicited by stimulating the face ipsilateral to the amputation with a 

point-to-point correspondence between stimulation sites on the face and phantom 

sensations. The conclusions postulated that reorganisation of the somatosensory cortex 

might be the basis of this process.   

 

Other studies have also replicated the finding of remapping in the S1 (Flor et al., 1998; 

Grüsser et al., 2001).  Furthermore, it was shown that a reduction in PLP, via anaesthesia, 

was accompanied by a normalisation of the cortical representation (Birbaumer et al., 1997). 

A review chapter written by Moseley (2006b) entitled “Making sense of “S1 Mania” are things 

really that simple?”, drew on the above research to provide a consensus statement that only 

amputees with PLP demonstrate a shift in S1 representation and the intensity of PLP related 

to the extent of the shift in representation. However, this correlation is not tantamount to 

establishing a causal link between reorganisation and PLP. Indeed, a systematic review of 

fMRI studies assessed the robustness of the evidence in favour of the maladaptive cortical 

plasticity model, in patients with PLP and neuropathic pain following amputation or spinal 
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cord injury and found only limited evidence in support of the theory (Jutzeler et al., 2015). 

The review called for improvements in the methods used in future investigations into PLP 

causality, stating that empirical evidence should be considered in terms of reliable and valid 

outcome measures of cortical reorganisation and that to date they weren’t aware of any 

studies that had performed a test-retest reliability analysis of measures of cortical 

reorganisation after deafferation post amputation. The quantification of an objective outcome 

measure of sensorimotor function is an important gap in the literature that needs to be 

addressed and it is one that this thesis partly addresses by assessing the test-retest 

reliability of sensorimotor function (proxy measures of cortical representation/WBS) using 

TPD and LRLJ tasks. 

 

An alternative hypothesis which has added to the debate on the origin and maintenance of 

PLP, is known as the persistent representation model, first proposed in Makin et al. (2013). 

The theory was developed following interpretation of fMRI findings which compared PLP 

patients with congenital one-handers without PLP and healthy controls. The participants took 

part in phantom execution exercises, which produce cortical activity in the sensory motor 

cortex area (SM1) and stronger activations were correlated with the amount of PLP 

experienced by amputees. This suggests a behavioural component to the maintenance of 

PLP, with this same study also showing structural changes at the phantom local cortex level. 

Overall, the authors of this theory suggest that the findings are best understood in terms of 

experience-dependent plasticity, with chronic phantom pain providing the experience. This 

was followed with a study by the same group, in which they compared the fMRI scans of 

areas beyond the S1, in arm amputees and two-handed controls.  

 

In contrast to the theory of maladaptive plasticity, in which loss of representation drives PLP; 

preserved representation of the missing hand was found (Makin, Scholz, et al., 2015). 

Furthermore, cortical reorganisation was observed at multiple scales beyond the 

sensorimotor network, in terms of a network level reorganisation which disrupts the 

functional connectivity between the missing hand cortex (sensory map) and its network of 

origin (sensorimotor cortex) (Makin, Filippini, et al., 2015). In a study that reaffirmed the link 

between chronic PLP and maintained missing hand representation, stronger cortical activity 

was found when amputees completed phantom hand movements compared to when 

controls make no-dominant hand movements (Kikkert et al., 2018). The authors suggest that 

this is important given that the primary sensorimotor missing hand cortex and insula both 

receive afferent information originating from the injured primary afferent nerve. As such, 

ectopic firing caused by assault to the residual nerves and/or dorsal root ganglia following 
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amputation should result in aberrant inputs into both cortical terminals, potentially explaining 

the observations described in this study. These findings are compatible with the evidence 

discussed earlier by Vaso et al. (2014) highlighting the role of aberrant peripheral inputs in 

driving PLP. Although the work on maintained reorganisation rather than maladaptive 

reorganisation is suggesting a more appropriate neural correlate of chronic PLP, further work 

is necessary to better understand the contributory factors within the debate on the causal 

drive of PLP. This research needs to be conducted with lower limb amputees, rather than 

being focussed on hand representation, although fMRI scanning of lower limb representation 

may prove difficult due to empirical methodology discussed earlier. What is required to 

improve the current literature in the field is more robust studies that provide a targeted 

approach to alleviate PLP. This may provide further clues to the neural correlate of PLP.  

 

A recent study conducted by Andoh et.al (2020) that used fMRI scanning of amputees with 

and without PLP versus healthy controls showed variation in regions of interest (ROI) when 

the three groups completed virtual imagery or phantom movement tasks. The authors 

concluded that sensory and motor maps differentially relate to PLP and that the 

methodological differences in the definition of ROI may explain previous findings in the 

literature that point to one specific area e.g., S1 or M1 as the focussed cortical area of 

interest. A better understanding of the role of M1 or S1 in PLP could help to optimise the 

target area for treatment.  In a recent narrative review, it has been suggested that there are 

multiple drivers of remapping in S1 and that these variables have been shown to modulate 

either S1 organisation, PLP, or both (Makin & Flor, 2020). See Figure 2.2 below for an 

overview of the variables and associated brain areas which are thought to be involved. 

  

 
   

Figure 2.2 Variables within S1 remapping (Makin and Flor, 2020) Reproduced with 
consent of RightsLink Copyright Clearance Centre on 04/01/2022. 
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Returning to the theory that cortical reorganisation coexists with an amputated 

representation of a phantom limb can be evidenced by a study which proposed the efferent 

retargeting hypothesis (Therrien et al., 2020). This is suggestive of cortical reorganisation 

occurring because of (and/or to facilitate) efferent motor projection retargeting. In this model 

the motor projections that previously supplied muscles in the amputated limb are retargeted 

to muscles in the residual limb. This is evidenced by the findings that phantom movements 

can elicit activity in muscles in the residual limb, not evident before amputation (Gagne et al., 

2009). In addition, muscle activity in the residual limb can be elicited by transcranial 

magnetic stimulation (TMS) of the cortical region of the amputated limb, which demonstrates 

overlapping corticomotor representations (Mercier et al., 2006). This efferent retargeting 

closes the brain-body feedback loop helping to maintain the sensorimotor representation of 

the missing limb. Importantly, the increased muscle activity is directly related to PLP intensity 

[r=0.74, p<0.05] (Gagne et al. 2009). While the reason for this relationship is unclear, it may 

be related to the misalignment between the expected and actual somatosensory feedback 

during phantom movement. In the efferent-retargeting system the somatosensory signals 

resulting from phantom movement would always differ from internal sensory predictions and 

this incongruence (or misalignment) could underpin the experience of PLP, similar to the 

way that incongruence between the vestibular and visual systems can lead to motion 

sickness (Harris et al. 1999).   

 

2.4.4 Pathophysiology of PLP conclusion 
 

Although several potential mechanisms for the development and maintenance of PLP have 

been described, the persistence of PLP is most likely a multifactorial process driven by 

somatic, psychological, and social factors (other chronic pain conditions) (Flor, 2002; Fuchs 

et al., 2018) despite a seemingly universal cause in the unavoidable nerve injury with 

respective peripheral and central changes in the nervous system (Andoh et al., 2018; 

Erlenwein et al., 2021). Cortical reorganization is a process by which neighbouring regions of 

the area representing the lost limb expand along the cortical map thereby coactivating 

neurons formerly receiving and processing peripheral input from this limb. This is 

accompanied by the expansion of neuronal receptive fields. Importantly, the degree of 

cortical reorganization correlates with the severity of PLP (Flor et al., 1995).  Interestingly, 

research by Makin et al. (2013) suggests that PLP might rather be driven by the disruption of 

interregional functional connectivity rather than by changes in the local cortical 

representation.  However, maladaptive reorganization and persistent representation of the 

limb are not necessarily mutually exclusive and may depend on the task used to measure 
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cortical changes (Erlenwein et al., 2021). For example, in a computational model of PLP, 

Bostrom et al. (2014) showed that both the amount of reorganization during tactile 

stimulation (used by Flor et al., 1995) and the level of cortical activity during phantom 

movements (used by Makin et al., 2013) were enhanced in a scenario with strong phantom 

pain as compared to a scenario with weak phantom pain (Andoh et al., 2020).  Thus, 

depending on the experimental context or method chosen, one might find evidence for either 

cortical reorganization or preservation of the amputated limb representation.  

 

Both cortical reorganization and preservation might not be contradictory, but rather 

complementary, which should be considered in future PLP models. Providing a working 

hypothesis of PLP is beyond the scope of this thesis but the proposed working models 

appear to agree that plasticity guided PLP treatments are warranted. The work on efferent 

retargeting (Therrien et al., 2020) builds on the convincing argument that the brain-body 

feedback loop could help to maintain the sensorimotor representation of the missing limb 

and a reduction in PLP due to re-alignment. The next chapter will review the treatments that 

are currently being offered, and their strengths and limitations in the context of clinical 

viability. 

 

2.5 Previous treatment approaches to PLP  
 

This section will provide an overview of the pharmacological and non-pharmacological 

treatments that have been used for those living with PLP. This section will culminate in 

highlighting a current gap in the research literature for a targeted sensorimotor approach to 

PLP self-management. The methodological challenges will also be discussed, with the aim 

of highlighting how future RCTs investigating the efficacy of PLP interventions should be 

improved.  

 

2.5.1 Pharmacological treatment  
 

Recent reviews have summarized the limited evidence for the pharmacological treatment of 

PLP (Alviar et al., 2016; Huse, 2001; Richardson & Kulkarni, 2017). A relatively current 

Cochrane analysis on pharmacological interventions for treating PLP included 14 studies 

(randomised and quasi-randomised trials) including 269 study participants (Alviar et al., 

2016). The pain intensity (mean [SD]) on a 0-100 VAS was significantly reduced during the 

oral morphine phase compared with the placebo phase (P = 0.036) at 4-weeks (3.26 [1.59] 

versus 3.99 [1.23]). However, this is a small difference, well below the minimal clinical 
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important difference (MCID) of 10/100 for pain VAS (NICE, 2021). In treatment trials, the 

MCID is the smallest effect worth detecting that is of clinical significance i.e., the smallest 

improvement considered worthwhile by a patient (Copay et al., 2007).   Furthermore, 

reported adverse events were constipation, sedation, tiredness, dizziness, sweating, voiding 

difficulty, vertigo, itching, and respiratory problems. Results for gabapentin favoured the 

treatment group over a control group (placebo) on the primary outcome of VAS PLP intensity 

(mean difference -1.16, 95% confidence interval – 1.94 to -0.38. However, this was based on 

only two studies (Bone et al., 2002; Smith et al., 2005)  with a combined 43 participants. No 

clinically meaningful improvements were found for the secondary outcome measures 

including function, depression and sleep quality. Furthermore, adverse events experienced 

were sleepiness, dizziness, headache, and nausea.  

 

The review also concluded that amitriptyline was not effective compared with an active 

control, with dry mouth and dizziness as the most frequent adverse events based on one 

study. Overall, the effectiveness for the reviewed medications was deemed inconclusive and 

the authors suggested larger and more rigorous RCTs are needed to reach more definitive 

conclusions about which medications could be useful for clinical practice. This is further 

highlighted in reference to the recent NICE guidelines for primary chronic pain (NICE, 2021) 

in which the committee recommends against starting opioid or gabapentin treatment for 

people with chronic primary pain. This reinforces the notion that non-pharmacological 

treatment approaches for PLP need to be developed and evaluated in RCTs.  

 

2.5.2 Non-pharmacological treatment 
 

The non-pharmacological conservative treatments for PLP can be summarised under the 

following categories: psychological therapies, alternative medicine and guided plasticity 

treatments (Aternali & Katz, 2019; Batsford et al., 2017; Richardson & Kulkarni, 2017). Table 

2.1 provides an overview of some of the non-pharmacological conservative treatments, from 

these categories, that are currently available for use in clinical practice. An in-depth review of 

each treatment is beyond the scope of this thesis. 
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Table 2.1 Non-pharmacological conservative treatments for PLP  
 

Non-pharmacological conservative treatments 

Psychological Alternative medicine Guided plasticity 

CBT Acupuncture MT 

EMDR Electromagnetic shielding GMI 

Hypnosis TENS SDT 

  PME 

 

 

Legend: CBT: Cognitive-behavioural therapy; EMDR: Eye movement desensitization 

and reprocessing; GMI: Graded motor imagery; MT: Mirror therapy; PME: Phantom motor 

execution; SDT: Sensory discrimination training; TENS: Transcutaneous nerve stimulation. 

 

A review of RCTs (n = 10) from mechanism-based treatments for PLP conducted between 

2015 and 2019 (Aternali & Katz, 2019) has not demonstrated consistent evidence for a given 

intervention. The risk of bias was high for most of the studies included in this review. For 

example, the studies that investigated plasticity guided treatment approaches (Brunelli et al., 

2015; Finn et al., 2017; Kulunkoglu et al., 2019; Ol et al., 2018; Ramadugu et al., 2017a; 

Rothgangel et al., 2018; Tilak et al., 2016) all suffered from serious methodological flaws, 

such as lack of blinding of participants, personnel and outcome assessment. Thus, raising 

questions about the studies’ quality.  

 

These data highlight the need to improve future PLP treatment research which may be 

achieved by adhering to guidelines such as the Consolidated Standards of Reporting Trials 

(CONSORT) statement (http://www.consort-statement.org) and the Medical Research 

Council (MRC) framework for developing and evaluating complex interventions (Craig et al., 

2008). Provisional evidence for the effectiveness of non-pharmacological conservative 

therapies needs to be developed into more robust RCTs with larger sample sizes, long-term 

follow-ups, and improved methodological issues such as appropriate randomisation and 

concealment (Batsford et al., 2017). The next section of this chapter will focus on sensory 

discrimination training (SDT) in detail as it is the intervention of interest within this thesis.  

 

 

http://www.consort-statement.org/
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2.6 What is sensory discrimination training (SDT)?  
 

One promising non-pharmacological conservative treatment that follows a guided plasticity 

approach is called Sensory discrimination training (SDT). This involves re-learning to feel 

and locate sensation accurately in your painful area. As you become more attuned to your 

painful body part, you alter the mental body image. Thus, improving the match between the 

mental body image and the physical body part. SDT involves stimulating a number of 

spatially close, but distinct, areas on the painful body part. There are two key aspects to the 

stimulus: the location and the sensation type. The patient must identify where on the body 

the stimulation occurred (location) and decide if the stimulus was a single stimulus or a 

repetitive burst like stimulus (sensation type). The tester then provides feedback informing 

the patient if they were correct or not. For the purposes of this thesis, it can be operationally 

defined as a treatment which includes all three of the following criteria: (1) the initial delivery 

of a particular, defined and controlled stimulus (e.g., electrical or tactile) to the patient’s 

body, (2) the recipient making a judgement on an aspect of the stimulus (e.g., the location) 

and (3) feedback provided to the recipient on the accuracy of their judgement, usually by a 

trainer/therapist (Graham et al., 2020). The idea is that the patient becomes more attuned to 

that physical body part, altering the mental body image, and thus improving the match 

between the mental body image and the physical body part.  

 

There is some published evidence for SDT approaches in patients with PLP (Flor, Denke, 

Schaefer, & Grüsser, 2001) and other persistent pain conditions (Moseley, 2008; Wand et al. 

2015). The seminal RCT by Flor, Denke, Schaefer, & Grüsser (2001) of upper limb 

amputees (n=10) with PLP demonstrated that the SDT group reported reductions in their 

PLP alongside fMRI scans showing cortical shifts, which were positively associated with 

improved sensory discrimination ability. In this study the SDT was delivered via eight 

electrodes attached to the residual limb in a region covering the median nerve and adjacent 

territory. The participants received ten-daily 90-minute sessions (over a duration of two 

weeks), in which they had to discriminate the frequency or location of high-intensity non-

painful electrical stimuli applied in a random fashion through the eight electrodes. The stimuli 

consisted of bipolar electric impulses with a carrier frequency of 50 Hz and a modulation 

frequency of 14.7 Hz and were set to a level of 0.1 mA below the individual pain threshold. 

Eighty trials of frequency and 80 trials of location training took place per session. To ensure 

active participation, the task difficulty was adjusted according to the progress of the patient 

(which was kept at about 60% correct responses per ten-trial block). The controls 
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participated in a comprehensive psychophysiological assessment amounting to three 

sessions of four-hour clinician contact over the course of two weeks. The primary outcome 

measure of PLP intensity (as measured with the West Haven-Yale Multidimensional Pain 

Inventory) significantly reduced (p=0.002), which is a reduction of around 64% compared to 

little change (7%) in the control group. The change in the SDT group was well above the 

suggestion of a 10% MCID proposed by NICE (2021) for pain intensity. Importantly, sensory 

discrimination performance improved by >200% in the intervention group, and the cortical 

representation of the limb normalised, with a strong correlation between the improvements in 

sensory discrimination, cortical representation and pain (r >0.73, p<0.05).  

 

The Flor, Denker, Schaefer and Grusser (2001) study makes a compelling case for the 

therapeutic potential of SDT for PLP, however, this study was limited in several ways. The 

main limitation of this study was the small sample size, with only five participants receiving 

SDT. Although commonplace in neuroscience studies, the small sample size reduces the 

chances that the significant effect obtained was genuinely true (i.e., low-powered) and 

therefore replication with a larger sample size is required (Button et al., 2013). A further 

limitation was that the SDT intervention was not compared to a sham intervention. The use 

of sham devices as a placebo has become more popular in RCTs that are investigating the 

efficacy of novel interventions in the chronic pain population (Cohen et al., 2019; Kaptchuk et 

al., 2020). In a systematic review of RCTs that used spinal cord stimulators versus sham 

devices, the authors defined ‘sham trials’ as a specific subgroup of placebo trials where 

there is the possibility to ‘fully blind’ patients, clinicians and researchers.  

 

An overarching practical limitation of SDT is that it requires a tester/facilitator. The patient is 

unable to apply the intervention by themselves. Furthermore, SDT requires regular 

application (daily over a 2-week period) and this is often delivered by a clinician daily for the 

duration of the treatment. This results in both patient and therapist burden and this time 

commitment would be difficult to achieve within the current NHS. SDT would become more 

feasible and cost-effective if the patient could self-administer the intervention in their own 

home as part of a self-management strategy (Ryan et al., 2014). What remains unclear is 

whether SDT could be incorporated into a self-management approach for people living with 

PLP.   
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2.7 What is self-management? 
 

Pain self-management has not been clearly defined in the literature, and there is confusion 

between many studies due to different definitions of this term (Richard & Shea, 2011). 

Despite the different definitions, a consistent theme in this literature is that the patient is 

expected to play an active role in their treatment (Nicholas & Blyth, 2016). It is useful for this 

thesis to operationally define self-management as self-treatment approaches that employ an 

active form of pain management rather than the individual having passive expectations that 

the healthcare professional (HCP) will address their pain. An example of a definition that fits 

this self-management approach is ‘day to day tasks that an individual must undertake to 

control or reduce the impact of disease on physical health status’ (Barlow et al., 2002). It has 

been stated that chronic pain is a ‘disease in its own right’ (Treede et al., 2019) and as 

discussed earlier CMP and PLP share characteristics which enables a similar model of 

treatment to be applied to both these conditions. A distinction may be made between 

whether the process involves input from a health care professional as it has been pointed 

out that ‘action by an individual…independent of interaction with a health professional’ 

should be defined as self-care (Clark, 2003).  

 

Recent studies for chronic pain self-management have focussed on supported self-

management which involved guided HCP education/patient information sessions alongside 

the individual actively participating in self-management tasks/activities (Findley et al., 2019). 

However, previous research into the self-management of PLP is sparse. To facilitate a 

supported self-management approach to the treatment of PLP it is important that the 

intervention can be utilised by the person in their own home, at a time that fits in with their 

daily routines and roles and is designed to maximise the chance of adherence to the 

treatment protocol. A key limitation with SDT is that it may require considerable clinician time 

to deliver the intervention and would, therefore, in its current form, not be suitable for a self-

management approach. Self-administered SDT is a persuasive option for resource-limited 

services, however, its effectiveness and acceptability/feasibility for individuals living with PLP 

is yet to be investigated.  

 

2.8 What is the SP1X? 
 

An automated device has been created and developed by researchers at Teesside 

University in conjunction with 2PD Ltd - patent WO2017187202A1 (Timms et al., 2017). The 

SP1X (2PD Ltd) is a SDT device which can be applied and used by the patient with minimal 
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instruction required and no direct supervision. The self-administered treatment involves 

stimulation through a number of electrodes positioned around the affected area. The 

electrodes are arranged in pairs, one being a cathode (negative charge) and the other being 

an anode (positive charge), enabling the movement of an electrical charge. The electrodes 

comprise self-adhesive pads which are capable of adhesion to human skin. An adhesive pad 

(sticky electrodes for single patient use) consisting of twelve equally spaced electrodes is 

applied to the selected bodily area. This pad is connected to a handheld device (the base 

station controller) which automates the delivery of an electrical current to the electrodes and 

controls a sensory discrimination training mode and/or progressive levels of training. See 

figure 2.8 for digital diagrams of the prototype device (SP1X).  

 

 
Figure 2.8 Schematic diagram of SP1X – stimulator pads and control pad (pictures are 
taken with consent from 2pd.co.uk).  
 

The electrodes may apply stimulation of around one, 5, 10, 25, 30 or 75 milliamps (mA). The 

duration of stimulation may last around 0.1, 0.2, 0.5, 1, 2, 3, 4, or 5 seconds. The frequency 

of the stimulation can be around 2, 5, 10, 50, or 150 hertz (Hz). This variation will allow for 

different levels of difficulty as stimuli with a greater intensity and /or greater duration should 

be easier to perceive. For example, an easier level of stimulation to perceive would be at 

least 75 mA lasting at least 4 seconds compared to the difficulty of perceiving a stimulus 

between 1 mA and 10 mA lasting 0.1 to 0.5 seconds.  The user can complete a 

familiarisation or training mode in which the intensity, pulse rate, duration and type (single or 

burst) of stimulus can be adjusted and they will have the option by choosing exact locations 
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if they want to train a specific at perceiving a specific area.  The user will have a handheld 

base station (in-built app/cloud-based software) that is automated to deliver the application 

of stimulation to the electrode pads via a Bluetooth connection. The software consists of on-

screen instructions for the user to follow and icons will appear on the touch screen to be 

pressed to indicate the perceived response. The questions will be (a) which electrode 

(location number) was stimulated? (b) Was a single ‘continuous’ or a rapid ‘burst’ of pulses 

given (stimulation type)?  The user responds via the screen and is told if they are correct. If 

correct, a new stimulus is delivered (different location and type) and the process repeated.  If 

incorrect, the user is informed of the correct response, the same stimulation (location and 

type) is repeated once before moving on to a new stimulus. Within the progressive levels the 

user will receive 30 stimulations and the overall feedback will be a percentage score, of the 

number of times their perceived stimulation matched the stimulation that was actually 

applied by the device. A consistent score over 90% will enable the user to increase the 

difficulty level. 

 

A key mechanism is that the automated device provides feedback informing the user if they 

correctly identified the stimulation. In terms of clinical application, this process will ensure the 

patient becomes progressively more attuned to that physical body part, altering the mental 

body image, and thus improving the match between the mental body image and the physical 

body part. This re-mapping of the brain pathways is theorised to reduce the experience of 

PLP, in-line with the research presented in sections 2.4.2 – 2.4.4 and 2.6. An easy-fitting 

system adapts to any residual limb size enabling SDT to be effectively administrated without 

the need of another person. Fitting has been developed and tested by amputees as part of a 

patient and public involvement (PPI) group at Teesside University.  

 

In summary, there is a need for a novel non-pharmacological conservative treatment for PLP 

which aims to facilitate a self-management approach for PLP. It could be conceptualised that 

the SP1X device for the self-management of PLP would be aimed at enabling the patient to 

actively self-manage their condition with minimal involvement provided by the clinician. To 

date, SDT has not been robustly scientifically examined. There is a notable lack of 

adequately powered, well-controlled RCTs of SDT in PLP, likely due to the unfeasible nature 

of a non-automated intervention approach. However, an automated device (SP1X) has 

recently been developed which makes the scientific investigation of this technique more 

feasible. There is an urgent need for a well-designed RCT to investigate the efficacy of this 

device. Currently, only a small number of studies have investigated the potential impact of 

this intervention. While those studies are encouraging and demonstrate proof-of-concept for 
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this intervention, an appropriately powered, high quality RCT is needed to investigate the 

efficacy of the intervention. The primary aim of this thesis was to develop an RCT protocol to 

investigate the efficacy of an automated, self-management SDT device for the treatment of 

PLP. 

 

The next section will explain how the MRC framework for developing complex interventions 

was used to achieve the primary aim of this thesis by facilitating the identification of gaps in 

the research literature which were addressed through the sub aims and objectives of this 

thesis.
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2.9 PhD project/thesis framework 
 

There is no clear boundary between simple and complex interventions, but complex 

interventions (amongst other things) are usually described as interventions that contain 

several interacting components, allow a degree of flexibility or tailoring of the intervention 

and have a variability of outcomes (Craig et al., 2008). Hawe et al. (2004) described complex 

interventions as non-standard, having different form in different contexts, while still 

conforming to specific, theory driven processes. The intervention of interest, SDT, was 

considered complex due to a lack of standardised content and delivery. Furthermore, the 

consideration of the intervention for ‘real world’ clinical practice allows for flexibility in terms 

of the setting, in this case a clinical rehabilitation setting or in the person’s home.  

 

As the project aimed to develop a complex intervention it followed the Medical Research 

Council (MRC) framework for developing and evaluating complex interventions to inform a 

protocol for a definitive trial (Craig et al., 2008). The project aimed to undertake a non-

sequential and flexible approach guided by the 2008 MRC framework following aspects of 

the development, feasibility implementation and evaluation steps. The implementation and 

evaluation steps should be bolstered by a randomised pilot study; however, this was beyond 

the scope and funding allowances afforded to this PhD project. A prototype of an automated 

SDT device (SP1X) was in the development and production stage at the time of this project. 

The development of the RCT protocol within this thesis was undertaken as a preparatory 

step for a multi-centred definitive trial of the SP1X device. The application of the MRC 

framework to the PhD project and the aims and objectives of the thesis is presented in Table 

2.2.  
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Table 2.2 Application of MRC framework to PhD project  
 

MRC Framework  Position in Thesis  

1. Developing a complex intervention 

1.1 Identifying evidence base by reviewing published literature 

1.2 Identifying and developing appropriate theory 

 

Introduction and literature review (Chapter 1 & 2). 

Literature review (Chapter 2). Qualitative study (Chapter 3). Systematic 

review (Chapter 4). 

2. Assessing feasibility and piloting methods   

2.1 Testing procedures for acceptability, compliance, and 

intervention delivery 

2.2 Determining sample size 

Outcome measures study (Chapter 5).   

  

Outcome measures study (Chapter 5). 

3. Evaluating a complex intervention  

3.1 Assessing effectiveness 

3.2 Understanding change processes  

Systematic review and RCT protocol (Chapter 4 & 6). 

Qualitative review and RCT protocol. (Chapter 3 & 6). 

4. Implementation  

4.1 Evidence Synthesis RCT protocol (Chapter 6) and overall discussion/conclusion (Chapter 7)  

 

Legend: MRC = Medical Research Council (Craig et al., 2008). 
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The MRC framework highlights the necessity for feasibility work when developing and 

evaluating complex interventions and it guides the identification and evaluation of 

appropriate theory, assessing the acceptability and effectiveness of the intervention.  

The next sections will explore what needs to be undertaken to inform the RCT protocol.  The 

identification of the gaps in the literature that this thesis will address will inform the 

development of an RCT protocol of a novel automated SDT device (SP1X) for the self-

management of PLP. 

 

The gaps in the literature relate to 1) the lived experience of people living with PLP and their 

perception of self-management, 2) the existing evidence base for sensory discrimination 

training (SDT) in chronic musculoskeletal pain (CMP) conditions and 3) the reliability and 

validity of outcome measures for PLP.  

 

2.10 What is the lived experience of self-managing PLP? 
 

In qualitative phenomenological research, lived experience refers to a representation of the 

experiences and choices of a given person, and the knowledge that they gain from these 

experiences and choices (Finch, 2004). The move to a better understanding of CMP from a 

biopsychosocial framework in recent years (Gatchel et al., 2007) and the application of this 

framework to the adjustment to amputation and PLP (Hanley et al., 2004) may have 

changed perceptions about the content and delivery of treatments for PLP. The focus within 

this thesis is understanding self-management approaches. For the purposes of this thesis, 

Section 2.7 operationally defined self-management as active self-treatment approaches that 

may be supported by a health care professional. This approach has been explored within the 

wider CMP literature. For example, self-management has been shown to be an effective 

approach for chronic low back pain management (Du et al., 2017). Furthermore, acceptance 

and willingness to engage with self-management has been investigated with people living 

with CMP conditions. It has been found that once a person’s pain has been validated, they 

are better able to understand that while pain may be part of their lives for many years, there 

are proven and effective things they can do to help themselves live better with their pain, if 

they are willing to try (Lennox Thompson et al., 2020). However, the existing literature on 

PLP lacks clarity regarding what patients do to manage their PLP and what they would be 

prepared to do, given opportunities for supported self-management. The dearth of literature 

specifically exploring self-management for people living with PLP is a gap in the literature 

this this thesis seeks to address. 
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A preliminary scoping exercise across relevant databases (Medline, CINAHL and Embase) 

was designed by AG to identify qualitative data in the past 20 years in which the self-

management of PLP was explored/investigated. The timeframe was from March 2000 until 

March 2020 and then updated with a time restriction from March 2020 to December 2021. 

The search terms were “self-management and Phantom Limb Pain” and combined with 

“Patient experience” and “qualitative study”. This produced only four relevant results (Hanley 

et al., 2006; Ketz, 2008; Mortimer et al., 2002; E Trevelyan et al., 2016). One of the identified 

studies (Hanley et al., 2006) used a survey design to find out which treatments 

(pharmacological and non-pharmacological) they had ever used to manage their PLP. This 

study found that 53% of the respondents (n = 183) with PLP (and 38% of those with severe 

PLP) had never used any treatment for PLP. The most used treatment modality was 

analgesic medication, and of the treatments surveyed, only opioids and chiropractic care 

were rated as moderately to extremely helpful by the majority of those who had tried them, 

and many pain interventions had been discontinued. This study only allowed for descriptive 

findings of self-reported treatments and failed to explore the thoughts, feelings and 

experiences (perceptions) of the management of PLP, which is an important gap in the 

current literature. Similarly, the study by Ketz (2008) which used a convenience sample of 30 

military members who had undergone a traumatic amputation from combat or training, aimed 

to investigate the effectiveness of self-treatment methods for PLP, however, it suffered from 

a lack of clarity on the perceptions of self-management. This may be due to the 

methodological design as it used a retrospective descriptive questionnaire. The listed 

treatments included distraction, stump manipulation, exercise, and alcohol consumption. 

However, there was no exploration of the perceived acceptability or effectiveness of the self-

treatment methods beyond an indication of pain intensity relief measured on a numerical 

rating scale. Furthermore, this study lacks generalisability to the wider population due to 

inclusion of military service personnel only. Another identified study used a semi-structured 

interview format to explore participants perceptions of the relevant support and information 

related to PLP that they received during rehabilitation (Mortimer et al., 2002). The authors 

highlighted that the level of information provided to patients about PLP was inconsistent and 

may be insufficient. This raises issues about a lack of patient education and knowledge of 

the pathophysiology of PLP. However, crucial to the gap in the literature identified in this 

thesis, the study failed to explore self-management options that may have been 

recommended to the patient and their perceptions of this. This study is now 20 years old and 

so the experience available now may be different to then, Furthermore, the generalisability of 

these findings is limited due to the study only including lower limb amputees who were less 

than 5 years post amputation, and it did not stipulate a minimum level of PLP in the inclusion 
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criteria. This is similar to the other study identified in the systematic search (E Trevelyan et 

al., 2016) which only interviewed amputees who were still undergoing initial rehabilitation 

(i.e., around 6 moths to 1 year post amputation). Thus, it does not provide an account of the 

long-term impact of PLP, and it does not allow for an exploration of an amputee’s experience 

of self-managing PLP over a number of years. This reduces the generalisability of the data 

and highlights that future research should aim to include people with long term (chronic) PLP 

as this cohort account for a sizeable proportion of the PLP population. In addition, this study 

is more than 20 years old and so may not be representative of the current service being 

offered to this population.  Clinical practice is likely different from 20 years ago given the 

growth in understanding of PLP in the past 20-25 years. Overall, very little is currently known 

about how people living with PLP are self-managing their condition and their perceptions of 

day-to-day self-management. It is unclear if they are open to using self-management 

strategies and the extent of effort/time they would be willing to give to the management of 

their PLP. These are important questions to explore prior to undertaking an RCT of a self-

management device that requires considerable time and effort on behalf of the individual 

patient. This leaves a significant gap in the literature that the qualitative study presented in 

this thesis will aim to address.  

 

2.11 What is the evidence for sensory discrimination training (SDT)?  
 

There is a growing body of evidence showing sensory discrimination deficits in CMP 

conditions (Catley et al., 2014). This provides a reasonable platform to suggest that 

retraining of these deficits through SDT may be a useful treatment approach for people with 

CMP. Two systematic reviews (Daffada et al., 2015; Kalin et al., 2016) have investigated the 

efficacy and safety of SDT for people with CLBP. The first (Daffada et al., 2015) investigated 

the use of cortical remapping interventions, of which SDT was a subgroup, in CLBP patients. 

The only study within this review that was classed as SDT was that which tested an 

electrical stimulation device (FairMed) with 32 participants and found no significant 

differences between groups (p > 0.05) or MCID for any outcome measure (Barker et al., 

2008). The study demonstrated poor methodological quality due to lack of participant 

blinding to the intervention and the internal validity of the study can be questioned due to the 

prototype device failures (13 out of 32). The second review (Kalin et al., 2016) investigated 

the use of sensory feedback training specifically on CLBP. The collected data of the six 

included studies (Barker et al., 2008; Hohmann et al., 2012; Morone et al., 2012; Paolucci et 

al., 2012; Ryan et al., 2014; Vetrano et al., 2013) suggest that there was no conclusive 

evidence about the effectiveness of SDT in people with CLBP. The methodological quality of 
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the studies was hampered by a lack of blinding of participants or outcome measures. 

Furthermore, the applied SDT varied considerably regarding dosage (i.e., time spent on 

intervention) and content (i.e., delivery method). These systematic reviews were restricted to 

people with back pain and thus would not have included any studies including people with 

PLP. To date, no systematic reviews have investigated the efficacy and safety of SDT in 

people with PLP or the wider adult CMP population. This is a major gap in the literature and 

one which this thesis aims to fill. The small RCT on SDT for PLP by Flor et al., 2001, 

described in section 2.6 demonstrates encouraging findings. They have been replicated by a 

case study (n=1) (Koller & Baumgartner, 2017b) and a small (n = 8) quasi-RCT 

(Wakolbinger et al., 2018). However, these limited studies do not provide great quality 

evidence. Currently there is not enough studies of SDT with people living with PLP and a lot 

could be learned from the growing body of evidence in the of the other conditions similar to 

PLP found in the wider CMP literature.  

 

The recent International Association for the Study of Pain (IASP) clinical update on PLP 

(Erlenwein et al., 2021) included a section on SDT as a potential treatment option. A 

criticism was that the authors did not provide a definition for SDT. In the case of SDT, which 

can be delivered in multiple forms, it is difficult when reviewing the previous literature to 

decide if the intervention is indeed SDT or another similar type of therapy that may lack the 

key ingredient of the person receiving feedback on their judgement of the stimulus (appraisal 

of response). It is important that a systematic review of SDT is completed and that the 

search strategy and sifting of identified studies is led by a clear understanding that SDT 

includes all three of the following criteria: (1) the initial delivery of a particular, defined and 

controlled stimulus (e.g. electrical or tactile) to the patient’s body, (2) the recipient making a 

judgement on an aspect of the stimulus (e.g. the location) and (3) feedback provided to the 

recipient on the accuracy of their judgement, usually by a trainer/therapist (Graham et al, 

2020). This will ensure that the evidence gathered for the efficacy of SDT is based on 

studies that share an operational definition for SDT. This will also assist in the designing of 

protocols for future RCTs investigating SDT to guide standardisation of the type and dosage 

of stimulation. Overall, a systematic review investigating the efficacy and safety of SDT for 

adults with CMP is needed to guide clinical practice and direct future research in this field, as 

recommended in the MRC guidance for developing complex interventions to guide RCT 

protocol development. Specifically, in relation to the aims of this thesis, the information 

collated will be used to inform the development of a protocol for a RCT of an automated SDT 

device (SP1X) for the self-management of PLP. 
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2.12 Which outcome measures can be used with people with PLP?   
 

The MRC guidance suggests the selection of appropriate outcome measures is necessary 

for the robust evaluation of complex interventions (Craig et al., 2008). Applying this to the 

primary aim of this thesis, it is a requirement for the development of an RCT protocol to 

select appropriate outcome measures that measure domains of interest and have 

appropriate psychometric properties in the population of interest. This section will highlight 

which domains would be important for a future RCT of SDT, identify key potential outcome 

measures within those domains, and highlight that the psychometric properties of these 

measures have not been demonstrated in this clinical group. This is an important gap in the 

literature that needs to be filled.  

 

An essential prerequisite for any clinical test is that it demonstrates sound psychometric 

properties, particularly, reliability and validity (De Vet et al., 2011). Reliability can be defined 

as ‘the amount of measurement error that has been deemed acceptable for the effective 

practical use of a measurement tool’ (Atkinson & Nevill, 1998). Reliability is a prerequisite of 

validity, but reliability does not ensure validity (Finch et al., 2002). Therefore, an outcome 

measure demonstrating an acceptable level of measurement error also needs to measure 

the concept or theoretical construct that it claims to measure (construct validity). A common 

approach to establishing this type of validity is to administer the outcome measure to groups 

expected to differ due to known characteristics (De Vet et al., 2011). Known-groups validity 

will be explored with one of the outcome measures identified below.  

 

The next section will consider which outcome measures should be used with the population 

of interest in this thesis, introducing the domains (aspects of a condition that matter to 

patients and clinicians and can be measured to assess treatment effects) that should be 

considered and explaining the rationale behind which outcome measures should be used 

within those domains. The ICF-11, brief core sets (Cieza et al., 2004) are useful for selection 

of appropriate outcome measures for amputees living with PLP as they include domains of 

limitations (limb loss and pain), activity (function) and participation (Health-related quality of 

life [HRQoL]). HRQoL outcome measures can provide a comprehensive assessment of the 

burden of injuries and disabilities but for the purposes of this thesis, will focus on the persons 

perceived health status and physical and emotional functioning.  

 

A preliminary scoping exercise across relevant databases (Medline, CINAHL and Embase)  

was completed by AG until February 2018 to identify the most common outcome measures 
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amongst RCTs for PLP treatment in the previous 20 years. See Table 2.3 below for the 

results which states the outcome measures in relation to their respective domain and lists 

the references of the included studies. In summary, it was found that the Visual Analogue 

Scale (VAS) (Scott & Huskisson, 1976), Numeric Rating Scale (NRS) (Jensen et al., 1998) 

and the Short Form McGill Pain Questionnaire (SF-MPQ) were the most common tools 

assessing intensity of descriptors of PLP. The EuroQol EQ-5D-5L (Herdman et al., 2011) 

was highlighted from the options of HRQoL outcome measures as it has been recently used 

in PLP research studies investigating non-pharmacological treatment (e.g., Limakatso et al., 

2019; Rothgangel et al., 2018) and has been shown to be a valid and useful measure of 

HRQoL for clinical use with the UK population (Devlin et al., 2020; Devlin et al., 2018). 

Outcome measures such as Two -point discrimination (TPD) threshold is of interest to the 

target population as it allows the exploration of changes in sensorimotor/samotosensory 

function, which is purported to be the key mechanism for change in SDT.  
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Table 2.3 Outcome measures used in RCTs for PLP treatment in the previous 20 years 

ICF Component - Body functions; ICF Category titles - sensation of pain and emotional functions 
Outcome Measure  Domain  Studies 
VAS for pain  Intensity of Pain (Kulunkoglu et al., 2019), (Ol et al., 2018), (Finn et al., 

2017), (Malavera et al., 2016), (Tilak et al., 2016), 

(Karanikolas, 2011), (Ahmed et al., 2011), (Casale et al., 

2009) (Ulger et al., 2009), (Eichenberger et al., 2008) 

(Chan BL, 2007), (Brodie et al., 2007), (Moseley, 2006),  

(Wu et al., 2012), (Wiech et al., 2004), (Wu et al., 2002), 

(Huse, 2001) 

NRS for pain Intensity of Pain (Dumanian et al., 2019; Rothgangel et al., 2018), 

Rostaminejad et al. (2017) (E. G. Trevelyan et al., 

2016), (Hsiao et al., 2012), (Moseley, 2006), (Bokkon et 

al., 2011), (Kern et al., 2006), (Nikolajsen L, 2006), 

(Smith et al., 2005) (Maier et al., 2003) 

MPQ, SF-MPQ or SF-MPQ-2 

 

Intensity of pain – individual descriptors   (Ramadugu et al., 2017b), (Karanikolas, 2011), (Brodie 

et al., 2007), (Moseley, 2006),(Nikolajsen L, 2006), (E. 

G. Trevelyan et al., 2016) (Robinson et al., 2004), 

(Wilson et al., 2008), (Smith et al., 2005) 

The Neuropathic Pain Scale  Intensity of pain - Evaluation of neuropathy 

patient’s severity of pain over time 

(Wilson et al., 2008), (Rothgangel et al., 2018) 
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Pain Diaries Intensity of Pain - 1-10 NRS; daily diary 

sheets completed 5 times per day. Daily pain 

interference & prosthetic use also recorded 

(Fisher et al., 2016) 

WHYMPI  Intensity of Pain - Dimensions of chronic pain 

experience, spouse/significant other 

response to pain behaviours and frequency 

of daily activities.  

(Flor, Denke, Schaefer, & Grüsser, 2001), (Huse, 2001) 

Wong-Baker FACES pain rating scale Intensity of Pain  (Tilak et al., 2016) 

ICF component – activities and participation; ICF category titles – toileting, doing housework, dressing, handling stress and other 
psychological demands, family relationships, employment, sleep.   
Outcome measure Domain Studies 
BPI  

Modified to include just Pain Interference 

Scale of BPI 

HRQoL: Pain interference with activity, 

mood, walking, work, relationships, sleep, 

enjoyment of life 

(Limakatso et al., 2019),  (Brunelli et al., 2015), 

(Robinson et al., 2004),  

 

Patient Global Impression of Change HRQoL - Pain related activity limitations, 

symptoms, emotions & overall quality of life 

(E. G. Trevelyan et al., 2016) 

PSS (Cohen et al) HRQoL/emotional functions - Perceived 

stress  

(E. G. Trevelyan et al., 2016) 

EQ-5D (3L or 5L version)  HRQoL: Mobility, self-care, usual activities, 

pain/discomfort and anxiety/depression 

(Rothgangel et al., 2018),(Ramadugu et al., 2017b),  

(Limakatso et al., 2019; E. G. Trevelyan et al., 2016) 

HADS 

Self-rating Depression Scale 

HRQoL/emotional function - Anxiety and 

depression 

(Bone et al., 2002), (E. Trevelyan et al., 2016), (Wilson 

et al., 2008) 



39 

 
BDI  

Change in mood/depression 

Psychological status 

(Huse, 2001), (Maier et al., 2003), 

 

The Insomnia Severity Index 

 

Sleep difficulty (Kulunkoglu et al., 2019; E. G. Trevelyan et al., 2016) 

Prosthesis Evaluation Questionnaire HRQoL - Lower limb Prosthetic use 

(practical, social and emotional aspects) and 

*Group 2 Questions D – P phantom, residual 

and other bodily pain. 

(Brunelli et al., 2015) 

VR-12  HRQoL: General health & activities of daily 

living  

(Hsiao et al., 2012) 

CES-D HRQoL/emotional functions - Depression (Robinson et al., 2004), (Smith et al., 2005) 

Functional Independence Measure HRQoL - Functional health/independence  (Robinson et al., 2004) 

Satisfaction with Life Scale  HRQoL - Global cognitive judgments of 

satisfaction with one's life 

(Robinson et al., 2004) 

Craig Handicap Assessment and reporting 

Technique  

HRQoL - Absence of social participation post 

rehabilitation 

(Robinson et al., 2004) 

Barthel Index HRQoL - activities of daily living  (Bone et al., 2002) 
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Legend:  VAS = Visual Analog scale; NRS = Numeric Rating Scale; MPQ = McGill Pain Questionnaire, (SF-MPQ [2]) = Short Form 

McGill Pain Questionnaire [2]; WHYMPI = West Haven-Yale Multidimensional Pain Inventory; BPI = Brief Pain Inventory; HRQoL = Health-

related quality-of-life; PSS = Perceived stress scale; EQ-5D = EuroQol five dimension; HADS = Hospital Anxiety and Depression Scale; BDI = 

Beck depression inventory; VR-12 = Veterans RAND 12-Item Health Survey; CES-D = Centre for Epidemiologic Studies–Depression Scale;  

LANSS = Leeds assessment of neuropathic symptoms and signs scale; TPD = Two-point discrimination. 

ICF component – Body structures; ICF category titles – MSK functions related to movement 
Outcome measure Domain Studies 
Leeds assessment of neuropathic symptoms 

and signs (LANSS) scale 

Sensorimotor function - Presence of 

allodynia and an altered pin-prick threshold 

(PPT) 

(Ahmed et al., 2011) 

TPD Sensorimotor function - Tactile acuity 

/sensorimotor function  

(Huse, 2001), (Flor, Denke, Schaefer, & Grusser, 2001) 



41 

 
 

Table 2.3 demonstrates that the domains of pain and HRQoL are dominated by patient-

reported outcome measures (PROMs). These are questionnaires that collect patient’s 

perceptions and views about their health (Dawson et al., 2010; McKenna, 2011) and 

commonly used in clinical practice and healthcare research trials (Kyte et al., 2016; Kyte et 

al., 2015). The following subsections will more closely examine the selected PROMs, within 

pain and HRQoL, and the objective outcome measures within sensorimotor function.  

Together, this battery of outcome measures may be useful when developing an RCT 

protocol of SDT for PLP. 

 

Pain outcome measures   

The psychometric properties of the VAS has been established with chronic pain patients 

(Scott & Huskisson, 1976) and test–retest reliability has been shown to be good, but higher 

among literate (r= 0.94, P= 0.001) than illiterate patients (r = 0.71,P= 0.001) before and after 

attending a rheumatology outpatient clinic (Ferraz et al., 1990). As seen in Table 2.3 above, 

the VAS has been widely used with the PLP population in previous clinical studies. Despite 

its popularity as a primary outcome measure in RCT trials assessing interventions for the 

treatment of PLP, it has not undergone any reliability assessment with the PLP population. 

The SF-MPQ is another popular outcome measure of pain in PLP treatment RCTs. When 

evaluating the test-retest reliability of the SF-MPQ in patients with musculoskeletal pain, high 

intraclass correlations were demonstrated for the total, sensory, affective, and average pain 

scores (5 day period): 0.96, 0.95, 0.86, and 0.89, respectively (Grafton et al., 2005). Among 

rheumatology patients, test-retest reliability was 0.79 – 0.93 at intervals of 1 to 3 days 

(Strand et al., 2008). However, the test-retest reliability is yet to be established for the SF-

MPQ-2 in people living with PLP.  

 

Pain diaries can be more intuitive than an instrument like the VAS as they can record a 

wider range of dimensions of the pain experience. Diaries allow the relationship between 

pain and physical activity or medication use to be explored (Turk & Melzack, 2001). It has 

been found that in chronic pain conditions, which have a tendency for pain intensity to 

fluctuate greatly during the day and over a period of time, the use of a pain diary is useful in 

the home setting (de Wit et al., 1999). Pain diaries have been investigated for their 

comparative reliability of chronic pain intensity measures, showing 0-10 ratings to be useful 

when maximal reliability is necessary (e.g. in studies with relatively small sample size, or in 

clinical settings where individual monitoring is needed) (Jensen et al., 1999). 
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Health-related quality-of-life (HRQoL) outcome measures  

The EuroQoL EQ-5D-5L has been validated in a diverse patient population in multiple 

countries including a cohort of arthritis patients (Janssen et al., 2013). The original EQ-5D 

has undergone reliability work in chronic pain conditions (Fransen, 1999; Hurst et al., 1997), 

Similarly, the EuroQoL Visual Analogue Scale (EQ VAS)  (Herdman et al., 2011) is a simple 

and brief PROM that has been shown to be a valid measure in several population groups 

and the test-retest reliability for chronic pain patients has been shown to be moderate to 

good (ICC: 0.73 at 1 week, 0.85 at 2 weeks and 0.70 at 3 months) (Fransen, 1999; Hurst et 

al., 1997). However, the reliability remains to be assessed in the EQ-5D-5L and EQ VAS 

with the PLP population. This is a gap in the literature that this thesis will address. 

 

Sensorimotor function outcome measures  

The inclusion of sensorimotor function outcome measures in a future RCT investigating SDT 

for PLP will allow the exploration of changes in this outcome measure, which is purported to 

be the key mechanism for change in SDT. This can be justified by returning to section 2.4 on 

the pathophysiology of PLP. The pathophysiology of PLP section concluded that the 

mechanism of interest to this thesis is the cortical (re)organisation process within the primary 

somatosensory cortex (S1), also referred to as the sensory homunculus. It can be 

conceptualised that the S1 contains a neural representation of the physical body referred to 

as the working body schema (WBS). Sensorimotor dysfunction is a proxy measure of the 

WBS and a clinical marker of proposed cortical changes (Bray & Moseley, 2011; Schwoebel 

et al., 2002; Schwoebel et al., 2001).  

                                                                                                                                                                                                                                                                                                                                                                                                   

It is an important consideration for this thesis that the outcome measures are clinically 

practicable in terms of cost and ease of measurement and therefore two measurement 

methods that could be considered for use in a future RCT of SDT for PLP would be two-

point discrimination (TPD) test and limb laterality judgement tasks (LLJTs), described in this 

thesis as an implicit motor imagery test (IMIT). The TPD test serves as a quantitative test of 

tactile acuity and has been defined as ‘the minimum distance between compass points 

necessary to feel two contacts’ (Weber et al., 2018). An increased TPD threshold, displays a 

decreased tactile acuity, and (as described above in relation to the mechanism of interest in 

this thesis) is thought to represent the response profile of the S1 neurons, mirroring a clinical 

equivalent of S1 representation (Lotze and Moseley, 2007). The TPD test has thus been 

recommended as a simple clinical tool to measure the magnitude of the S1 representation 

(Cashin & McAuley, 2017). The psychometric properties of TPD threshold testing have been 
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investigated amongst healthy individuals and within a range of health conditions (Wand et al, 

2014; Luomajoki, 2011; Stanton et al, 2013; Ehrenbrusthoff et al., 2016). However, the 

reliability of these tests varies considerably. For example, mean (SD) TPD thresholds for the 

upper limb in people with complex regional pain syndrome were found to be 43(5) mm at 

baseline (L. Moseley et al., 2008) whereas for the foot in healthy participants TPD thresholds 

were found to be 21(9) mm at baseline (Catley et al., 2013). There may be variation between 

different body parts is due to the density of sensory nerves in the local region and the need 

for fine sensorimotor control in some areas compared to others (e.g., the hand requires 

greater dexterity control than the foot). Thus, findings from different bodily locations and 

clinical groups cannot be generalised from one to the other. The TPD test has been 

previously used in small clinical trials with the PLP population (Flor et al, 2001; Koller and 

Luomajoki, 2013) but its test-retest reliability has not yet been investigated. This is a gap in 

the literature that this thesis seeks to address.  

 

In LLJTs, the tasks are typically thought to require the mental rotation of one’s own limb and 

as the laterality judgement is an automatic response to the image depicting a body part, the 

motor imagery is deemed implicit (Parsons, 2001). For the purpose of this thesis the 

sensorimotor outcome measure of LLJT will be referred to as an implicit motor imagery test 

(IMIT). The performance data for the hand laterality task is well established in healthy 

individuals and typically shows specific characteristics based on anatomical or 

biomechanical constraints that are persuasive that an implicit motor imagery response has 

been employed (Parsons, 1987, 1994; Sekiyama, 1982). However, there is less robust data 

analysis that demonstrates implicit responses when using images of feet as the stimuli in 

laterality judgement tasks. Furthermore, no studies have published data on feet laterality 

with lower limb amputees specifically living with PLP. In this case, if the IMIT is measuring 

implicit responses at the brain network level (of the sensorimotor system) we would expect 

to see a behavioural response that is reflective of the processing involved in mentally 

rotating representations of our own body parts. The behavioural response is quantified as 

response time (ms) and accuracy (% correct). A hypothesis for the purposes of this thesis, to 

test known-groups validity (defined above) is participants will be slower and less accurate at 

responding to images of feet corresponding to their affected limb versus their unaffected 

limb. Furthermore, it is anticipated that bilateral amputees would have greater disruption to 

their WBS. Thus, it could be hypothesised that bilateral amputees would be less accurate 

and slower than unilateral amputees at laterality judgements of images of feet. The validity 

of IMIT as a sensorimotor outcome measure for people with PLP has not yet been 

investigated and is an important gap in the literature which this thesis will address. This 
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could inform the selection of appropriate outcome measures for the development of an RCT 

protocol investigating SP1X for the self-management of PLP.  

The psychometric properties of the identified outcome measures, namely the test-retest 

reliability of the VAS, SFMPQ-2, a pain diary, EQ-5D-5L, EQ-VAS, TPD and the test-retest 

reliability plus an investigation of known-group validity in the IMIT, need to be demonstrated 

in people with PLP prior to being used in an RCT of SDT for PLP. This is an important gap in 

the literature that this thesis will address. 

 

The MRC guidance (Craig et al., 2008) suggests determining sample sizes for future RCTs. 

This is important considering that it is agreed that both underpowered and overpowered 

studies can be unethical, with an obviously underpowered study being time-consuming to 

participants with little chance of these efforts being worthwhile in furthering the knowledge 

base, and an overpowered study could lead to a significant proportion of participants also 

undertaking possibly arduous protocols and interventions unnecessarily (Harriss & Atkinson, 

2011). Furthermore, an underpowered study does not have a sufficiently large sample size 

to answer the research question of interest, therefore, may miss real intervention effects. To 

avoid these possibilities there is a need to estimate what the sample size would need to be 

for a given outcome measure based upon its MCID and a standard deviation statistic from 

the test-retest reliability analysis (Harriss et al., 2019). This has not yet been established for 

the outcome measures identified for use in future RCTs for people with PLP, thus, is another 

gap in the literature that this thesis seeks to address.  
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2.13 Thesis Aims and specific objectives 
 

The primary aim of this thesis is to develop an RCT protocol to investigate the efficacy of an 

automated, self-management SDT device for the treatment of PLP.  

To facilitate the primary aim, this thesis has a number of sub-aims and associated 

objectives. 

 

Sub-aim 1: To explore the experiences of people with PLP and their perceptions of self-

management of their PLP. 

Objectives: 

1a. Conduct a qualitative study to understand how people living with PLP perceive the idea 

of self-managing their condition.  

1b. To use the qualitative findings to inform components of intervention delivery within the 

RCT protocol.  

 

Sub-aim 2: To investigate the current state of the evidence for the efficacy and safety of 

SDT.  

Objectives: 

2a.  To conduct a systematic review of RCTs that have used SDT to treat CMP conditions to 

investigate safety issues and efficacy.   

2b. To explore any methodological issues within the studies that could inform the design of 

the RCT protocol. 

2c. To use the findings to inform the content and delivery of the intervention for the RCT 

protocol.  

 

Sub-aim 3: To investigate the reliability and validity of key outcome measures for people 

living with PLP. 

Objectives: 

3a. To quantify the test-retest reliability of outcome measures for pain, HRQoL and 

sensorimotor function in people with PLP.   

3b. To investigate the known-groups validity of an implicit motor imagery test (IMIT) as a 

potential measure of sensorimotor function.  

3c. To use the reliability statistics to estimate the required sample size for an appropriately 

powered RCT to inform the protocol.  
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 Qualitative study  
 

3.1 Chapter summary: 
 

This chapter will present a qualitative, interpretive study design using semi-structured 

interviews to capture the lived experiences of people with PLP. The focus will be on 

understanding how people living with PLP perceive the idea of self-managing their condition. 

The themes identified reflect a pattern of shared meaning in relation to a sample of people 

living with PLP and their experiences of treatment. This understanding will contribute to the 

development of a self-management based therapeutic intervention that is acceptable and 

feasible for the PLP population.  

 

3.2 Introduction 
 

Previous research on PLP has been predominately conducted within a biomedical or 

psychiatric framework and has failed to explore the person’s own experience of the 

condition. A specific gap in the literature is the identification of what people living with PLP 

perceive to be a suitable treatment approach. Qualitative research enables the patient voice 

to be captured in order to understand the needs of those living with long term conditions 

(Creswell & Poth, 2016). This information is useful in informing the design of protocols that 

will empirically test an intervention. RCTs that incorporate qualitative approaches have 

potential value by, for example, optimizing the intervention content, delivery and 

acceptability and helping trial teams to be sensitive to the needs of participants (O'Cathain et 

al., 2013).  

 

The main aim of this thesis is the development of a protocol to establish the efficacy of a 

self-managed sensory discrimination training device for the treatment of PLP. For the end 

users’ needs to be met and to understand their desires for methods of intervention delivery, 

it is important to engage in discourse with patient representatives. Questions that are of an 

open nature will assist in gaining an unbiased reflection on self-management and how it 

should be delivered. Information about the participants experiences of their clinical 

management of PLP to date and their willingness to attempt a self-management approach 

are pertinent areas to gain understanding. The findings will provide an indication of how this 

type of intervention could be received and integrated into their lives. The information will be 

used to inform a protocol for an RCT of the SP1X device. This process fits with the MRC 
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Framework (Craig et al., 2008), which encourages assessing the feasibility of complex 

interventions.  

 

To date, the existing qualitative literature has made no attempt to understand if self-

management strategies are an acceptable and feasible approach that could be incorporated 

into the everyday lives of people with PLP. What we know about the lived experience of PLP 

treatment is largely derived from surveys and questionnaires (Hanley et al., 2006; Ketz, 

2008). This is limited to descriptive findings rather than exploring the thoughts and feelings 

around the experience. Furthermore, outdated qualitative studies (Mortimer et al., 2002; 

Mortimer et al., 1998) are still referenced in relation to the management of PLP in the current 

Physiotherapy guidelines for lower limb amputations (Smith et al., 2016). The study by 

Mortimer et al, 2002 provides insight into the inconsistencies in the content, timing and mode 

of delivery of patient education and is suggestive of the health care professional not having 

an up-to-date education of PLP and its management. However, it is unclear on the current 

situation giving this research is 20 years old. The move to a better understanding of chronic 

musculoskeletal pain conditions from a biopsychosocial viewpoint in recent years (Gatchel et 

al., 2007) and the application of this framework to the adjustment to amputation and PLP 

(Hanley et al., 2004) may have changed perceptions about the content and delivery of 

treatments for PLP.  

 

Therefore, it is apparent from looking at the current literature that there is a need to explore 

individuals’ current experience of PLP, the care that they receive and their experiences and 

perceptions of self-management of their PLP. This study will undertake this work through a 

qualitative approach, utilising semi-structured interviews and open-ended questioning. 

 

The overall aim of this chapter (thesis sub aim 1) was to explore the experiences of people 

with PLP and their perceptions of self-management of their PLP.  

 

The objectives of this chapter were:  

1. Conduct a qualitative study to understand how people living with PLP perceive the idea of 

self-managing their condition.  

2. Use the qualitative findings to inform components of intervention delivery within the RCT 

protocol.  
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3.3 Methods 
 

This study was approved by the School of Health and Social Care Research Governance 

and Ethics Sub-committee from Teesside University (study number: 283/18 - Appendix 3.1). 

The reporting of this study adheres to the consolidated criteria for reporting qualitative 

research (COREQ) (Tong et al., 2007) and the 15 Point Checklist of Criteria for Good 

Thematic Analysis (Braun & Clarke, 2006).  

 

3.4 Participants 
 

A convenience sample of potential participants were identified from the Teesside University 

amputee database. Potential participants were contacted via letter and/or email to invite 

participation in the study. To maximise potential recruitment study adverts were placed on 

the British Legions Ex-Servicemen Limbless Association (BLESMA) website, Limb Power 

charity and Limbless Association social media pages. Snowball sampling is a common 

sampling method in qualitative research where the researcher does not directly recruit 

participants but contacts others who then connect them to research participants (Parker et 

al., 2019). In recent years, it has become more common for researchers to use snowball 

nonprobability convenience sampling by initially connecting with professionals or groups on 

social media platforms that most closely align with the target population and then requesting 

permission to post recruitment information on their site (Leighton et al., 2021).   

 

In broad terms, saturation is used in qualitative research as a criterion for discontinuing data 

collection and/or analysis and can be considered in relation to different analytical 

approaches (Saunders et al., 2018). Therefore, a target number for this study was 

considered based on the use of inductive thematic analysis to capture the most common 

perceptions and experiences of this relatively homogeneous population (Guest et al., 2006). 

Recommendations on data saturation using thematic analysis were consideredwhich state 

that typically 6–7 interviews will capture the majority of themes in a homogenous sample (6 

interviews to reach 80% saturation) and at the 95th percentile 11–12 interviews might be 

needed for being in the position in which it is unlikely that new themes in the data will be 

generated (Guest et al., 2020).  

 

Inclusion criteria for PLP participants comprised of the following: participants could be an 

above ankle of above wrist amputee, aged 16 years old or above; experiencing persistent 

PLP for > 3 months duration; PLP rated above three on a 0-10 pain scale, on at least two 
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days in the previous week. The exclusion criteria were the following: unable to speak and/or 

understand English as the study involved in-depth semi-structured interviews; lack of 

capacity to provide informed consent. Individuals meeting the specified inclusion criteria 

were invited to participate in the study. Written consent was obtained prior to interview. 

 

3.4.1 Study design  
 

The study followed a qualitative interpretive description design as the methodological 

approach. This was viewed as appropriate considering that the approach was developed to 

allow healthcare practitioners to explore clinically occurring phenomena (Thorne et al., 

1997). Interpretive description is an inductive analytic approach designed to inform clinical 

understanding and encourages a reflective, critical examination of subjective perceptions 

(Thorne et al., 2004). Consideration of this approach allowed for the decision to use semi-

structured interviews to explore the individual experiences of PLP. The interview guide 

(Appendix 3.2) was developed by the main researcher (AG) in conjunction with two 

academic Physiotherapists (CR and AMc). The questions were developed from a preliminary 

scoping exercise finding which identified a lack of literature specifically focussing on the 

concept of self-management in this population. Examples of the open-ended questions to 

probe this were: ‘What comes to mind when I say self-management of PLP?’, and ‘What 

experience do you have of self-management of your PLP?’. The questioning route was 

flexible to allow for the participant to guide the conversation to facilitate the emergence of 

unanticipated information, with themes emerging through an inductive approach.  

 

3.4.2 Data collection and analysis 
 

In this qualitative study, face-to-face semi-structured interviews were conducted (by AG) with 

each participant on one occasion either in a private room at Teesside University or 

participant’s home. Interviews lasted approximately one hour. Interviews were recorded 

using a digital voice recorder. The transcripts were transcribed verbatim and analysed 

thematically in keeping with the six steps proposed by Braun and Clarke (2006); data 

familiarisation (reading and re-reading the transcripts), generation of initial codes, searching 

for themes, reviewing themes to generate a thematic map of the analysis, refining/defining 

and naming themes, and production of the final report. AG and CR read the transcripts in full 

and identified key themes within the participants’ accounts, to give a description of their 

experiences and perceptions.    
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The themes are seen as reflecting a pattern of shared meaning, organised around a core 

concept or idea, a central organising concept (Braun et al., 2019). In the reflexive TA 

approach researcher subjectivity is viewed as a resource and plays an active role in the 

knowledge production process. The approach taken by the researcher in the form of 

reflexive TA is to explore and develop an understanding of patterned meaning (themes) 

across the data set based upon codes that are evident in explicit (semantic) or conceptual 

(latent) ways. This process was iterative with codes evolving to better capture the 

researcher’s developing conceptualisation of the data. This active engagement allowed 

interpretation through the lenses of their theoretical assumptions (critical realism), social 

positionings (previous experience as NHS Occupational Therapist), ideological commitments 

(pain management; self-management) and scholarly knowledge (Psychology, Pain 

Neuroscience and Occupational Therapy). A critical realist approach focusses on reporting 

an assumed reality evident in the data (Willig & Rogers, 2017). The coding process was 

guided by this framework as it allowed the researcher to understand the ways in which the 

participants were making a meaning of their experience and the ways the broader social 

context impinges on those meanings.  

 

To ensure the rigour of data collection and analysis, four-level criteria for trustworthiness 

(credibility, transferability, confirmability and dependability [introduced by Lincoln & Guba in 

1985]), were used (Nowell et al., 2017). Credibility is seen as the confidence that can be 

placed in the truth of the research findings and establishes if the information is a correct 

interpretation of the participants’ original views (Korstjens & Moser, 2018). Credibility was 

established through investigator triangulation in which two separate researchers read, coded 

and analysed the transcripts enabling interpretation decisions to be made. Quotes are used 

throughout the results to ensure the themes are rooted in the data. Dissenting views were 

aired. Transferability refers to the generalizability of the results to other contexts or settings, 

which was addressed through thick description of the participants demographic and 

objective data (Table 3.1). Confirmability is the degree by which the findings of the research 

study can be confirmed by other researchers and that the findings are clearly derived from 

the data. The reasons for theoretical, methodological, and analytical choices have been 

previously described to aid understanding of how and why decisions were made.  

 

The following points provide further clarity on how the 6 steps of inductive thematic analysis 

(Braun &Clarke, 2006) was followed:  

1/ The transcripts were typed up on Microsoft Word and read multiple times by AG in paper 

format and were imported to NVivo software (version 12).   
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2/ The data were coded electronically by AG using nodes and sub-nodes to code interesting 

features of the data in a systematic fashion across the data-set.  

3/ Coded statements were then grouped together into categories and preliminary themes.  

4/ A second researcher (CR) also read all the transcripts to ensure the themes were logical 

and rooted in the data. A thematic map was generated.  

5/ Ongoing analysis was done to refine the specifics of each theme. Agreement between AG 

and CR was made on finalised name of the themes and associated illustrative quotes.  

6/ Discussion of the analysis in relation to the research question and literature enabled 

production of the results and discussion sections by AG. AG and his supervisory team 

reviewed the final conclusions. 

The following flow diagram increases the dependability of the research findings by providing 

a clear and logical documentation of the analytical process (Fig 3.1).  

 

 
Figure 3.1 Flow diagram of qualitative study analytical process 
 

Reflexivity was established by maintaining a constant, open, and reflective dialogue between 

the two main researchers (AG and CR) throughout the interview, thematic analysis and 

report writing process. It is clear that researcher background may influence data collection, 

analysis and interpretation (Jootun et al., 2009). For purposes of ensuring transparency, it is 

important to state that the main researcher (AG) has spent a considerable amount of time as 

an Occupational Therapist working with amputees who have PLP and so brings expert 

clinical knowledge about the condition and its impact on daily activities. Three of the 

Thematic Analysis 
(Braun & Clarke, 2006)
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Initial codes generated 
inductively and independently

Independent coding

Codes and excerpts/quotes 
reviewed

Themes identified, named and 
defined

Themes discussed & finalised. 
Illustrative quotes assigned

Reliability Measures

2 reserachers read all interviews 
and  discussed coding

Themes generated by 2 
researchers and discussed

Disagreements resolved by third 
researcher 
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research team (CR, AMc and DM) have a particular interest in the self-management of 

chronic pain conditions as academic physiotherapists. 

In the results, sub-categories are presented for each of the three main themes, supported by 

quotes indexed by the participant identification number: for example, (001). It was not an 

objective within this study to quantify participant responses, nor is it the intent to say that a 

response that is shared by more participants is more important than a response shared by 

fewer participants; however, to provide an indication of the frequency of agreement of each 

theme, the terms “all” (10 participants); “nearly all” (> 8 participants); “majority” (6 - 8 

participants); “some” (3 - 5 participants); and “a few” (< 3 participants) will be used. The 

interpretative value of terms such as “majority” and “few” has been discussed (Chang et al., 

2009) and the stated criteria for this study utilises the same strategy as a qualitative study 

exploring individual’s beliefs and experiences of Achilles tendinopathy (Turner et al., 2020). 

 

3.5 Results 
 

Ten participants (7 male and 3 females, mean [SD] age 57 [11] years) took part in this 

qualitative study and were interviewed between September 2019 and March 2020. Face-to-

face semi-structured interviews were conducted by AG with 9 participants at their home and 

one participant in a private room at Teesside University. The average interview time was 56 

minutes (range 21 – 119 minutes). Table 3.1 details the specific demographics of the 

included participants. 

 

Table 3.1 Participant demographics   
ID Age Gender Ethnicity Amputation 

Level 
Time since 
amputation 
(years) 

Reason for 
amputation 

Prosthe
sis Use 
(Years) 

001 48 F WB BK 3 Poliomyelitis 2.1 

002 68 M WB BK 3.5 PVD 3 

003 67 M WB AE 41.1 Trauma 41 

004 73 M WB BK 2.1 Osteomyelitis 1.1 

005 54 M WB TK 1.9 Trauma 1.5 

006 48 F WB BK 4.9 Diabetes 4.6 

007 62 M WB BK 2 Trauma 1.5 

008 41 F WB BK 11.6 Trauma 11.3 

009 45 M WB AK 6.5 Trauma 5.5 

010 61 M WB Bilateral BK 14 Trauma 13.9 
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Legend:   WB = White British; AE = Above elbow, BK = Below knee; TK = Through-
knee; PVD = Peripheral vascular disease.  
 
Key Themes 
 

Three key themes were identified from the data: 1) Living with the impact of PLP, 2) clinical 

management of PLP, and 3) self-management of PLP. Table 3.2 details the sub-themes 

constituting each main theme.  

 

Table 3.2 Themes and sub-themes of lived experience and self-management of PLP 
Living with the impact of 
PLP 

Clinical Management of 
PLP   

Self-management of PLP 

Disrupted daily routine  Difficulties with the 
assessment of PLP  
 

Experience with active self-
management techniques  

Emotional adjustment  Negative treatment 
experience  

Experience with meaningful 
activities (occupations) 

Impact on family life 
 

Limited education about PLP 
 

Identification of triggers for a 
PLP episode 

Lack of social support  
 

 Motivation for self-
management of PLP 

Legend:  PLP = phantom limb pain   

 

3.5.1  Theme 1: Living with the impact of PLP 
 

The first main theme identified from the data was ‘living with the impact of PLP’. This was 

conceptualised from the observation that the lived experience of PLP was intertwined with 

psychosocial factors. Previous research has identified and described key psychosocial and 

behavioural variables that are influenced by the presence of chronic pain and have, in 

addition, an effect on symptoms (Turk et al., 2016). This includes emotional affect, beliefs 

and expectations, coping resources, sleep quality, physical function, and pain related 

interference with daily activities. A shared pattern in the interviews was a sense amongst the 

participants that PLP interfered, to some extent, with participation in everyday life. The 

following quote summarises the theme of living with the impact of PLP: 

“The phantom pains are there with you and you’re trying to do the task at hand but you are 

also dealing with this phantom limb pain which is there with you, distracting you away from 

what you are doing.” (003) 

 

Adjustment to living with an amputation and PLP has been previously examined through a 

biopsychosocial framework (Hanley et al., 2004; Jensen et al., 2002). In terms of living with 
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the impact of PLP, psychosocial factors should be considered as they are likely to influence 

adherence to a self-management approach to PLP.  

 

For the participants in this study, living with the impact of PLP and the associated 

psychosocial factors can be broken down into sub themes of 1) disrupted daily routine, 2) 

emotional adjustment, 3) impact on family life, and 4) lack of social support.  

 

Sub-theme: disrupted daily routine 

 

The majority of participants (8/10) reported that aspects of their daily routines and activities 

were affected by episodes of PLP. This would often include interruption to their instrumental 

activities of daily living, referred to as the more complicated daily living tasks involved with 

domestic and community participation (Fricke & Unsworth, 2001). For context, it has been 

suggested that for amputees who have concurrent pain, PLP less strongly interferes with 

everyday activity than other chronic pain syndromes, such as chronic back pain (Desmond & 

MacLachlan, 2006; Fuchs et al., 2018). Furthermore, in a study of 478 lower limb amputees 

it was found that residual limb pain accounted for more pain-related impairment in activities 

of daily living than back pain and PLP (Marshall et al., 2002). When assessing the person 

with an amputation, it may be that they are experiencing pain at multiple sites. This is the 

case with the participants in the present study who report residual limb pain, chronic low 

back pain and widespread pain (fibromyalgia) alongside phantom pain. Ehde et al (2000) 

have reported residual limb pain was ranked by the highest number of amputee respondents 

as their worst  pain problem. Considering all this evidence, it seems that the co-existence of 

other chronic pain conditions alongside PLP affects every day functioning. The direct impact 

of PLP on specific activities of daily living is yet to be established. However, the episodic 

nature of the condition, in which an intense bout (flare up) of the phantom pain may account 

for the interference to activities. For one participant the task of driving was disrupted due to 

the experience of PLP:  

“A few months ago, I was driving and I had to pull over because the pain was so bad and I 

felt I couldn’t really have control and full awareness of what was going on around me 

because my mind was distracted by pain; so I had to pull over and wait for it to subside.” 

(008) 

 

Interwoven into the impact on the person’s daily routine was the majority of participants 

(7/10) reporting that due to PLP they were unable to get to sleep and sleep often became 

broken due to an episode of PLP, leading to tiredness the following day: 
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“If I had it [PLP] before I got into bed it would take me four or five hours before I dropped off.” 

(007)  

 

“Every night it [PLP] wakes me up at Two, Three O’clock in the morning and I cannot get 

back to sleep, so I’m tired during the day.” (002) 

 

Chronic pain literature has identified a strong relationship between sleep disturbance and 

pain (Menefee et al., 2000; Smith & Haythornthwaite, 2004). A recent meta-analysis 

(Mathias et al., 2018) found 44% of people living with chronic pain have a diagnosed sleep 

disorder. To date, very few studies have examined the association between PLP and sleep 

disturbance. Previous published studies are limited to local surveys. For example, a study 

that investigated sleep quality in lower limb amputees (n= 35) residing in Turkey (Serda et 

al., 2015) found that subjective sleep quality, sleep disturbances and daytime dysfunction 

were significantly impaired in comparison with healthy controls. The authors suggested a 

relationship between those participants who reported phantom and stump pain with the 

quality of sleep. A larger nationwide (German) survey investigating risk factors for PLP found 

of the 400 amputees with PLP, 77.5% (n=309) reported disturbed sleep and 66.8% (n=267) 

reported that they woke up several times during the night. However, caution must be 

applied, as the findings may be suggestive of correlation rather than causation with other 

factors such as medication side-effects and anxiety/worry contributing to the disrupted sleep 

recorded in the surveys. Notwithstanding the relatively limited sample in the present study, 

the finding within this sub-theme offers valuable insights into episodes of PLP specifically 

leading to a poor night’s sleep. The implications of sleep disruption can be seen by the 

hinderance to the person’s ability to complete the activities that they need and want to do as 

part of their daily routine. This is supported by well-established findings of the cognitive 

benefits of sleep including that adequate sleep enables the person to be able to maintain 

alertness throughout the day for the engagement in daily activities (Ellenbogen, 2005).  

The feasibility of incorporating a self-management approach into the everyday lives of 

people with PLP and the adherence to an intervention may be dependent on an individual’s 

daily routine. For example, self-management in the person’s own home might be preferential 

to treatment received at a clinic which would require the need for driving or using public 

transport. It is important that people living with PLP have access to flexible self-management 

strategies which fit into their life.  

 

Sub-theme: Emotional adjustment 
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A sub-theme of the impact of living with PLP was emotional adjustment. PLP is experienced 

within the context of an amputee’s long-term adjustment to their physical and social world 

and the consequent impairment of daily activities and functioning they encounter. A previous 

qualitative study that sought to understand how PLP affects quality of life termed PLP as a 

“continual reminder of circumstances” (Trevelyan, Turner, & Robinson, 2016) and as such 

the condition has the potential to impact on the adjustment process, in all areas of life. It 

could conceivably be hypothesised that the unpredictable characteristics of PLP episodes, in 

terms of their frequency, duration and intensity is a cause of emotional distress. In particular, 

frustration was a common feeling expressed by the participants. It was apparent that this 

frustration was a result of the unpredictable and consistent experience of PLP: 

“I get fed up of it as in recent days I was getting a stab of this pain every hour in my phantom 

foot.” (004). 

 

“I can be in a really good place, in a good mood and the pain comes on, it makes me down 

and I’m sick of my life.” (006)  

 

A majority of participants (6/10) accessed psychological practitioners to try and help them 

manage the frustration and anger associated with living as an amputee with PLP.  

 

“I am truthfully getting an appointment to see a Health Psychologist as I’m sick of the pain. 

I’m fed up of it and getting angry, frustrated.” (002) 

 

Frustration is recognised as a significant negative emotion and has been associated with 

other pain-related emotions such as fear, anxiety and anger in individuals experiencing 

chronic MSK pain (Dow et al., 2012; Wade et al., 1990).  Aldrich et al. (2000) propose that 

the frustration of living with an unpredictable pain condition results from repeated attempts to 

solve the unsolvable pain which leads to a negative focus on self rather than more gratifying 

aspects of life. This feeling is expressed in the following quote: 

“Without the PLP it would allow me to enjoy the moment better. To lie on the beach 

somewhere, no stresses, it’s relaxed, enjoy the warm breeze, it’d be heaven. The PLP takes 

the good times away from me.” (003) 

 

Participants in this study were between 2 and 41 (mean 9) years post amputation and they 

indicated high levels of frustration that were associated with the persistence of PLP. This 

suggests the need for a flexible and tailored treatment approach in which the person can feel 
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they are regaining some control over their long-term condition and emotionally adjusting 

through feeling empowered.   

 

Sub-theme: Impact on family life 

 

There are complex interactions between the individual living with a persistent pain condition 

and their family environment (Campbell et al., 2018). There is evidence of the influence and 

impact of persistent pain on family members, in terms of the adjustments family members 

make, such as possible employment changes, changes in the quality of the marital 

relationship, and potential role changes, such as becoming a caregiver for the person with 

pain (Leonard et al., 2006).  

Several participants (5/10) reported living as an amputee with PLP had an impact on their 

relationships with spouses and loved ones. One participant offered an explanation for the 

emotional strain on the relationship:  

“It’s a burden for my wife. The biggest emotional strain. That’s because she won’t let me do 

things because she is frightened that I’m gonna have an accident…she is very busy with 

working, today she is marking exam papers for journalists and she has two young 

granddaughters in a broken marriage so she is permanently toing and froing. So, for me I 

take the phantom pain as it comes. I’ve had periods where it has been very frequent, and it 

has been very painful but that doesn’t mean to say it is going to go on like that. If it goes on 

like that then well, I may have to think again about what I’m going to do about it” (004).  

 

It could be summarised that PLP is a constant worry that if it arises will impact on the 

person’s ability to perform everyday tasks and that these roles are then required of their 

spouse or a loved one, causing an unwanted burden. A PLP episode could be interpreted as 

a threat to the person’s self-concept. Roles and tasks previously responsible for, are made 

redundant due to the amputation and associated PLP and/or a loved one’s view of the 

capabilities of an amputee living with PLP. The concepts of self and identity in relation to 

pain has been considered in those living with chronic low back pain (Smith & Osborn, 2007) 

and this highlighted that the experience of their pain was situated within a disintegrating and 

threatened self. It may be that a self-management approach to PLP requires the acceptance 

that the condition is a significant challenge to deal with and requires navigation of the 

expectations of themselves and the perceived expectations of their loved ones.  

Frustration and anger due to the PLP experience was reported to be directed at family 

members: 
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 “I’m sick of the pain, I’m fed up of it and I’m getting angry, frustrated. I’m taking it out on my 

family…I’m nasty to my wife, I shouldn’t be you know. I try to be nice, but I’m frustrated.” 

(002) 

 

The negative impact of PLP on family life should be considered as this is likely to prevent 

adherence to a self-management approach. This may be in terms of integration of the 

intervention into daily life as engagement and adherence will require having a temperament 

that will allow for concentration/attention to the intervention. Furthermore, the feeling of 

having the support of a family member could be beneficial to the process of self-

management.  A study by Hanley et al. (2004) examining social environmental variables in 

the long-term adjustment to PLP showed patient’s perceptions of their general social support 

at one month after amputation was associated with decreased pain interference two years 

after amputation.  

 

Sub-theme: Lack of social support 

 

One concern expressed regarding aftercare following discharge from amputee rehabilitation 

was centred around the lack of social support. Some of the participants (3/10) articulated the 

need for a peer support network. This was suggested to take the form of group sessions in a 

clinical setting. As one participant said: 

 

“I thought there would have been something at the hospital where I had my leg off, where 

you could go once a month, where there would be a cup of coffee and we could all sit 

around and twist about things…I mean you don’t want to go every week but just to speak to 

other people that get it”. (006) 

 

Another participant alluded to the desire to speak to other people who are likely dealing with 

similar feelings due to the everyday experience of PLP:  

 

“The thing about talking to someone else and the psychological side of things is it might 

have taken away some of the concerns and worries that may have created the sensory thing 

on the PLP.” This participant goes on to state “work, career, family, children, financial 

concerns; all those other pressures and worries that are there alongside managing the PLP”. 

(003)  
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Informal support groups, usually ran by volunteers, are common within long-term condition 

management (Davison et al., 2000). More structured clinician supported self-management 

(SM) programmes for chronic conditions have been developed (Lorig & Holman, 2003) 

which are characterised by a focus on patient education and behaviour change but also 

enable the opportunity for story sharing and coping strategies with peers. A well-powered 

RCT (N=287)  that compared a community-based SM intervention, designed to improve 

outcomes after limb loss, versus an ad-hoc (met on average once a month) standard 

support group for amputees, found the SM participants rated their program as more helpful 

in managing pain (P<0.1) (Wegener et al., 2009). However, self-efficacy for pain control was 

not significantly different in the intention-to-treat analysis, and initial improvement in the 

treatment completers was not maintained at follow-up. It is not clear if the pain management 

element of the SM program covered PLP specifically, but it is likely that the focus would 

have been on more skill-based coping strategies rather than the informal information sharing 

that is inherent of social support groups. It appears that the participants in the present study 

were not accessing peer support. One participant questioned whether they would want to 

discuss their experiences of living with a persistent pain condition in a group scenario: 

 

“I dread the thought of it, absolutely dread it and don’t want to sit around people saying ‘this 

is what I do for my pain’ and this is what I do for my pain’ and this is why I’ve got my pain’ 

and I didn’t realise’, and ‘blah, blah blah’. I think, I just don’t want to know. I just can’t handle 

that.” (004) 

 

Peer support delivered at home through telephone and online communication has become 

popular for those living with limb loss in recent years, mainly organised via charity 

organisations e.g., Limbless Association and LimbPower. This may be particularly beneficial 

to participants in this study who identified travel time and/or access to transportation as a 

barrier to their rehabilitation. This sub-theme has identified that there is an unmet need for 

acquiring peer support as part of the process in self-managing PLP. This can be 

summarised by one participant who said:  

 

“If you had somebody at the end of a line or something like that…there isn’t that kind of 

support out there, is there? (010) 

 

Peer support interventions to facilitate the self-management of chronic pain conditions have 

been shown to be feasible and acceptable for a group of community dwelling older adults 

(Cooper et al., 2020). Incorporating a peer support intervention into the self-management of 
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PLP will need to be further investigated through feasibility work and controlled trials and is 

beyond the scope of this thesis. However, this theme highlighted the psychological impact of 

PLP on the person and that they would be willing to seek support from their peers to help 

with this. These findings are suggestive of the benefits of building social support into a self-

management approach to PLP, whether that be through a family member/loved one or 

through peer-support channels.  

 

3.5.2 Theme 2: Clinical Management of PLP  
 

The second theme identified in the data was the poor clinical management of PLP. This 

occurred in the acute rehabilitation stage, whilst participants were undergoing their initial 

rehabilitation in the hospital setting and appeared to continue into the community setting and 

in engagement with both the NHS and private healthcare practitioners. Conversations 

between the patient and practitioner would occur in which PLP was acknowledged and 

discussed through numerous descriptions, usually metaphorical, describing the physical 

qualities of the pain experience and revealing a condition that required management. 

However, it was apparent that these descriptions were not formally assessed and recorded. 

The lack of clinical management in the early stages of the condition and continuation of poor 

management many years post amputation results in the person living with PLP attempting to 

self-manage their condition, using strategies other than the pharmacological options offered 

by the GP, which was often the first-line treatment approach.  

 

The clinical management of PLP could be summarised by the statement of one participant:  

“I would basically give anything a go really” (003) 

 

This theme can be broken down into the following sub themes 1) Difficulties with the 

assessment of PLP, 2) Negative treatment experience and, 3) Limited education about PLP.  

 

Sub-theme: Difficulties with the assessment of PLP 

 

All participants (10/10) reported varied experiences in terms of the descriptors, intensity, 

duration and frequency of PLP episodes. Commonalties in descriptions were metaphors 

such as “feeling like electric shocks”, “a kind of firework, jumpy sort of feeling”, and feeling 

as if the phantom limb is “in a vice and someone is tightening it”. The descriptors are in 

keeping with a neuropathic type of pain that has an affective component. However, the 

episodic nature of the condition with a wide variation of duration and frequency being 
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reported makes it difficult for a clinician to translate patient accounts into a coherent 

assessment. Talking about this issue a participant said:  

“It varied. Sometimes episodes would go on for weeks and then I might go weeks without 

having another episode.” (004) 

 

The participants appeared empathetic to the difficulty clinicians may face in the recording of 

PLP. For example, one participant said:  

 

“You have to have some kind of starting point and how can you measure between people, 

where the starting point is.” (003) 

 

However, it was apparent through the interviews that no health care professionals attempted 

to objectively measure and try to quantify the condition. This suggests it is currently not 

routine practice to monitor PLP. The British Association of Chartered Physiotherapists in 

Amputee Rehabilitation (BACPAR) guidelines and the Royal College of Occupational 

Therapy (RCOT) guidelines highlight the need for clinical management of PLP but do not 

provide examples of recommended outcome measures. There appears to be disconnect 

between the patient raising concerns and having discussions about their PLP experience 

and the clinician having the tools to formally document and monitor the condition. The use of 

an outcome measure such as the Short-Form McGill Pain Questionnaire (SF-MPQ-2) 

(Dworkin et al., 2009) could be useful as an assessment tool for this population as it 

provides a comprehensive list of descriptors associated with continuous, intermittent, 

neuropathic and affective types of pain. Given, the fluctuations in the condition a pain diary 

may be another suitable tool to monitor the condition. A few participants (2/10) discussed 

having a pain diary to record changes or patterns in their experiences of PLP with one 

participant commenting:   

“You could look back at it yourself and work out if there is a pattern there. I keep a diary for 

myself anyway, so if I’ve been in agony, it’ll be in there.” (004) 

 

All participants (10/10) provided a rating of what they would see as a meaningful change in 

their PLP experience. This was mostly rated as a reduction on a visual analogue scale (0-

10) and/or in combination with a reduction in a specific descriptor of pain (e.g. burning, 

electric shock-type, cramping sensation etc). The required improvement (reduction) in pain 

intensity varied amongst participants with some (3/10) claiming that a 20% reduction would 

be beneficial and a few (2/10) suggesting that they would like to experience 100% relief.  

One participant was very specific about the reduction stating: 
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 “50 would be life changing. It’s sometimes at 100, so that’s halfing it.” (006).  

 

Some of the participants (4/10) were talking about specific episodes (flare ups) of PLP which 

may vary in intensity and suggesting that they would like to experience a 50-70% reduction 

in the intensity of these episodes. For example, one participant was able to review his 

general weekly pain experience in numerical terms by saying: 

 

“in a week it’s (PLP) on average around a 6 and a half, seven but it can peak out to 8s, 9s, 

11s [laughs]…’what would I be happy with’?...I suppose you could probably go to a three 

you know…If it reduced to about a three it would make life a bit more bearable yeah. If three 

were the maximum all the time, it would just be like walking around with a headache.” (010)  

 

Given the subjective nature of the pain experience it is difficult to make sense of what a 

meaningful reduction on a pain scale would be. One participant alludes to this difficulty by 

saying: 

“I think everybody has a different scale that might not be the same. There is people that 

might exaggerate intensity I’m sure.” (004).  

 

However, despite the difficulty in assessment, it is important for clinicians to be able to gain 

an insight into the degree of distress the person may be experiencing and a recording of the 

intensity of the experience may be a useful starting point. Recording a baseline level of 

intensity, for example the average PLP intensity on a 0-10 visual analogue scale over the 

previous week might be a useful way of monitoring the effectiveness of therapeutic 

intervention on an individual patient level and as a measure of efficacy in research trials.  

The perspectives of meaningful change to some of the participants was a self-assessment 

that a reduction in pain enabled them to be more independent in their everyday activities and 

a general regard of their overall health as more positive. Self-assessment of health-related 

quality of life through questionnaires such as the EQ-5D-L could be utilised in the clinical 

assessment and monitoring of PLP.  

 

 

Sub-theme: Negative experiences of treatment  

 

All participants (10/10) reported multiple modalities to treat their PLP, which is summarised 

in Table 3.3 (Pharmacological and non-pharmacological treatments per participant). The 



63 

 
clinical management of PLP by the GP seems to be limited to medication prescription with 

the majority of participants (9/10) identifying anti-depressants, anti-convulsants and opioid 

medications to treat their PLP. Taking these in combination with each other or swapping 

from one to another appeared to be common practice. The participants referred to the brand 

names, such as Gabapentin, which was the most commonly mentioned medication as seven 

out of 10 participants had taken this at some point in their symptom management journey. 

However, it is unclear if the participants had insight into the classification of these 

medications or how they worked. The majority of participants (9/10) reported side-effects 

which manifested in physical symptoms such as sickness, dizziness, and fatigue. One 

participant’s experience of medication for PLP could be summarised as a series of adverse 

reactions: 

“I had Amitriptyline. I had Gabapentin. I’ve had them all. Most of them just gave me ulcers in 

my mouth”. (007) 

 

A few participants (2/10) mentioned the side effects impacting on their ability to drive with 

one participant stating that they chose the freedom that maintaining driving provides over the 

potential benefits of taking painkillers:  

 

“They wanted to put me on three times per day, but I refused that because I would have to 

stop driving. I’ve stopped the Oramorph and Tramadol because I want to drive my car. I was 

tired and I felt like I was doped, so I stopped the lot. If I couldn’t drive, I couldn’t get 

anywhere. I love driving. It’s all I’ve got left really, to tell you the truth.” (004) 

 

Another participant felt that the side effects could increase their risk of falling:  

“Gabapentin and Pregablin have quite bad side effects and they make you feel you are not 

in control of your life. You feel really clumsy, which that for me was more frustrating than 

anything”. (008) 

 

Non-pharmacological treatments were not routinely offered as part of the post-operative 

amputee rehabilitation or during the prosthetic rehabilitation and ongoing aftercare. Mirror 

therapy was the mostly widely mentioned non-pharmacological approach. Three of the ten 

participants discussed using this approach as a self-management treatment for PLP. Mirror 

therapy has been used by rehabilitation clinicians for years (e.g., stroke rehabilitation) as a 

way of showing the patient how they move or their current adopted posture (G. L. Moseley et 

al., 2008) . Creating a visual illusion that the amputated limb is intact seemed to be 

beneficial to one participant: 
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“When she gave me the mirror test, I’m wiggling the good foot but I was actually feeling in 

my phantom leg that my foot was moving, but I knew for a fact in my head that it wasn’t 

there – it couldn’t be moving but in my eyes it was moving because I was watching it. It was 

just so strange and after a while doing it there, I bought a mirror and I was doing it here (at 

home).” (007) 

 

Utilising mirror therapy for therapeutic effect with amputees is reliant on the simultaneous 

mental imagery movement of the phantom limb and the intact limb whilst observing the intact 

limb in the mirror. Thus, visual stimulus provides feedback that the movement intention was 

successful (Ramachandran & Rogers-Ramachandran, 1996) and it is thought that a 

resolution of a visual-motor mismatch may contribute to a reduction in pain (Diers et al., 

2010; Foell et al., 2014). Generally, it appears active engagement in a treatment intervention 

is necessary for therapeutic benefit. In the case of mirror therapy this has been shown in a 

fMRI study which demonstrated that mirror feedback enabling the visual that the intact hand 

is moving, in the absence of motor imagery of the phantom limb, would not lead to activation 

in the sensorimotor regions corresponding to the amputated hand (Bogdanov et al., 2012).  

Conversely, a recent RCT suggested that mirror therapy as part of a graded motor imagery 

treatment process showed promise for effective PLP treatment (Limakatso et al., 2019). 

However, the methodological quality of this study was poor and mirror therapy was part of a 

multimodal intervention, thus the effect may not have been attributable to the mirror therapy 

component. Therapeutic benefits of mirror therapy for PLP based upon these scientific 

principles is dependent on clear guidance by the clinician and requiring considerable 

attention and reflection on performance by the patient. It was apparent from the description 

of the participant who was introduced to mirror therapy in the hospital rehabilitation facility 

that continuation in their own home was in an unstructured manner to fit in with a relaxing 

activity rather than concentrating their attention on practising phantom motor imagery as a 

therapeutic treatment. When asked how long they would do mirror therapy for, the reply was: 

“If I was watching a film then maybe up to two and half hours. I’d just keep having a look.” 

(007)  

 

This passive approach to treatment, in which little or no attention is placed on engaging with 

a stimulus, lacks a theoretical underpinning and any beneficial effect would likely be due to 

placebo or distraction (in this case, watching a movie). One participant reported that they 

were not provided with any instruction on the treatment protocol or education on the 

therapeutic potential of the treatment. The participant stated:  
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“I did ask about Mirror Box Therapy and I was given a mirror and a piece of cloth to hide my 

leg and I was told to crack on really…I didn’t get any input after it, so I didn’t really find that 

effective.” (008) 

 

This lack of clinician instruction or support with an intervention is likely to have a negative 

impact on adherence and motivation for the person to participate in a self-management 

approach. Passive treatments provided by clinicians i.e. acupuncture, electromagnetic 

shielding liner socks and warm water treatment did not appear to provide any long-term 

benefit. A body of research on TENS and other electrical physical modalities for chronic pain 

conditions has found limited long-term efficacy (NICE, 2021). Furthermore, a systematic 

review revealed all studies investigating TENS in PLP are affected by considerable 

methodological problems (Mulvey et al., 2010).  

 

Overall, it could be suggested that attempting to manage PLP through lots of different 

treatments is suggestive of the misdirected problem-solving model (Eccleston & Crombez, 

2007). This theory purports that techniques that may have proved inadequate, unfitting and 

unhelpful in the past are commonly persevered with when attempting to self-manage chronic 

pain (Eccleston et al., 2013). A self-management treatment approach for PLP should have a 

sound theoretical underpinning to increase end-user adherence.
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Table 3.3 Pharmacological and non-pharmacological treatments used by participant 
Participant 

 

Pharmacological (brand name) Non-Pharmacological  

001 Anti-convulsant (Gabapentin) Use of a prosthesis, massage of 
residual limb, meditation 

002 Lidocaine patches, cream (capsicum 
ingredient), Anti-convulsant 
(Gabapentin)  

Pain Psychologist, exercise 
(NeuroGym), massage of residual 
limb, dorsal root column stimulator 

003 Tricyclic antidepressants 
(Amitriptyline) 

TENS machine, occupational 
therapy, use of a prosthesis, 
Acupuncture, massage of residual 
limb 

004 Anti-convulsant (Gabapentin) Massage of residual limb, exercise, 
use of a prosthesis 

005 Anti-convulsant (Gabapentin), 
Opioids (Oramorph) Anti-convulsant 
(MST) 

Massage of residual limb, phantom 
limb exercises, use of a prosthesis 

006 Opioids (Morphine), Anti-convulsant 
(Pregabalin) 

Electromagnetic field shielding 
(Farabloc residual limb sock), Mirror 
Therapy, massage of residual limb  

007 Opioids (Morphine), Anti-convulsant 
(Gabapentin) 

Warm water (healthy foot and/or full 
body), Mirror Therapy, Psychologist, 
exercise, use of a prosthesis 

008 Lidocaine injections, Anti-convulsant 
(Gabapentin, Pregabalin), Opioids 
(Oxycodone) 

Mirror Therapy, Mental imagery, 
Acupuncture, Heat treatment, CBT, 
Gin and Tonic (alcohol plus quinine 
in tonic), exercise, competitive 
sports, Hydrotherapy, massage of 
residual limb, meditation, use of a 
prosthesis 

009 Opioids (Morphine), Anti-convulsant 
(Gabapentin) 

Yoga, competitive sports, massage 
of residual limb, Mirror Therapy  

010 Opioids (Oramorph, Tramadol), Anti-
convulsant (Gabapentin, Pregabalin) 

Massage of residual limb, warm 
water (bath), use of a prosthesis 

 
Legend:  MST = morphine slow-release tablet; CBT = cognitive behavioural therapy.  
Sub-theme: Limited education about PLP  
 

The limited education about PLP can be summarised as a lack of up-to-date information 

about the condition and potential treatments. The HCPs appear to not be signposting their 

patients to appropriate resources or information resulting in the person seeking out this 

information themselves. This is more likely to be information from unverified sources on the 

internet or through conversations with others living with PLP. The risks of patients accessing 

misinformation via the internet has increased during the COVID-19 pandemic in which 

chronic pain management services have largely moved from the clinic to the home, 

potentially resulting in chronic pain being untreated or inappropriate self-management (e.g. 
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taking opioid medication that has not been prescribed) (Eccleston et al., 2020). Nearly all 

participants (9/10) when having conversations with HCPs perceived that no clinical guidance 

on non-pharmacological management for PLP was available. It was apparent that in 

conversations with the GP, Physiotherapist, Prosthetist and Specialist Pain Clinicians that 

little direction or guidance was provided regarding the prevalence of PLP and potential 

treatment options. This comment is suggestive of no information provided by the HCP: 

“There is no set regime that you go somewhere and before we start doing anything we will 

discuss PLP and how it affects you, what you could do or may benefit you and giving you 

some tips on what you could try.” (005) Furthermore, this comment is suggestive of no 

treatment options being discussed:  

“There was no treatment that could be offered for it (PLP). There was nothing that they could 

do to help us.” (006) 

 

It was apparent that the participants had concerns about poor clinician education and a 

sense that expectations about either the natural course of PLP or its treatment options were 

not being addressed. This can be summarised by one participant who said:  

 

“She (referring to the Physiotherapist) said it sounds like you’ve got phantom limb pain. 

Some people get it, some people don’t but it might just go away in a couple of weeks and 

that will be it. That was it…I’ve never been offered anything.” (006). 

 

A common view amongst participants was that they alluded to a neural underpinning in 

trying to understand their experience of PLP. The participants made attempts to explain and 

understand what was causing their experience of PLP, however, it is unclear whether the 

source of this information was from their own research online or whether they had been 

directed to appropriate resources by HCPs. The majority of the participants (8/10) made a 

reference to PLP having a neurological underpinning and/or the idea that a mismatch 

existed between the representation of the body in the brain and the experience of their 

physical body. Several of the participants (5/10) used negative language or metaphors to 

conceptualise the mechanisms involving the experience of PLP and they use vivid 

descriptions suggesting they think it has a neuropathic cause. One participant referred to 

this by saying: 

 

“it’s the nerve pain in my stump that’s making the phantom pain worse…I just want rid of the 

nerve pain as it’s causing the PLP.” (002) 
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Another participant attempted to understand their experience of PLP through an alteration in 

sensation. They said:  

 “My phantom limb, I don’t know if I’m using the right term, its neuro…it’s the sensory 

experience, the neuro, all the sensory things that feed into the senses of touch.” (003)   

 

And another commented:  

 “I hadn't realised but it’s obviously all wired up to your neurological system, ‘isn't it’? What’s 

going on in your brain affects the nerves in your residual limb and then the bit that’s 

missing.” (001) 

 

The comments below illustrate the participants had considered the idea that a mismatch or 

misalignment occurs post amputation which may be a causative factor of PLP:  

“obviously when they remove the leg there is all these nerves and some of it is cut 

away…let’s go to a computer, the circuitry is sort of saying it is working and then the actual 

computer is going ‘no it is not’ but then the circuitry is going ‘well yeah it is because I can 

feel it and I’m sending these messages and that. It is like trickery to say ‘well ok it’s not there 

but we are going to tell you it is there, and it is not hurting. (005) 

 

“It might be that the body is used to a certain set of circumstances that when it is changed 

fundamentally, which I think an amputation would count as a fundamental change, then that 

confuses the body.” (004) 

 

Despite the apparent lack of education about PLP provided by an HCP, it is apparent that 

participants can make reasonably sound scientific predictions on the underlying mechanisms 

of the condition. Having access to up-to-date information about the underlying mechanisms 

of PLP would complement a self-management approach and may increase adherence and 

motivation to an intervention. Such information may increase the person’s understanding of 

pain, hence reducing pain related fear and anxiety (Watson et al., 2019) 

 

3.5.3 Theme 3: Self-management for PLP 
 

The third theme identified in the data was centred around the concept of self-management 

for PLP. In keeping with the definitions of self-management presented in the literature 

review, the participants were ‘actively participating in self-care tasks/activities’ (Findley et al., 

2019) in an attempt ‘to control or reduce the impact of disease on physical health status’ 

(Barlow et al., 2002). Recent studies for chronic pain self-management have focussed on 
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supported self-management which involve input from the HCP alongside the individual 

undertaking a self-care task or interventional tool. This includes an RCT study (n=102) which 

found significant improvements in pain intensity, function, self-efficacy and pain knowledge 

and satisfaction when self-management strategies were taught alongside pain science 

education, as compared to routine care for chronic non-cancer pain (Miller et al., 2020). 

Qualitative research looking at tailoring self-management approaches for chronic pain has 

found a peer-supported approach (Matthias et al., 2016) and a digitally supported (eHealth 

intervention) (Varsi et al., 2021) beneficial to patients in terms of increasing motivation, 

engagement and ease of access/facilitation to self-management strategies.  

Additionally, it has been argued that self-care tasks performed at home which are 

unsupported can also be viewed as a self-management approach (Clark, 2003). This may 

take the form of tasks that are developed either through experimentation by the individual or 

through informal advice (i.e., internet or word of mouth).  

A recurrent theme in the interviews was a sense amongst participants that they are looking 

for help with self-management strategies. This was specifically requested by one participant 

who said: 

“there probably needs to be more sessions for people who have had amputations to teach 

people to learn self-management techniques.” (001) 

 

The theme of self-management for PLP can be broken down into the following sub-themes:  

1) Experience with active self-management techniques, 2) Experience with meaningful 

activities (occupations), 3) Identification of triggers for a PLP episode, and 4) Motivation for 

self-management of PLP. 

 

Sub-theme: Experience with active self-management techniques 

 

Although not being formally taught, the participants demonstrated that they had experience 

with active self-management techniques and had built this into their daily routine. Nearly all 

participants (9/10) described applying pressure to their residual limb during an episode of 

PLP. Self-massage of the residual limb seemed to provide sensory feedback in a positive 

form. Several participants (5/10) mentioned wearing shrinker/stump socks and the prosthetic 

limb as beneficial in terms of providing a stimulus around the stump and linked this to 

managing PLP. A number of participants explicitly referred to application of pressure to their 

residual limb as a way of reducing PLP: 

“If you apply pressure to it, not undue pressure but constant overall pressure; that seems to 

help with the PLP to me.” (001). 
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“If I’ve got an itch, the rubbing works but if I’ve got phantom pain in my ankle then I’ve got to 

cup and massage the stump and the harder, the better. Really squeeze it hard.” (006) 

 

“When I was crawling up the walls, it was a proper grip, something to get hold of, like if you 

cut your thumb…but gentle massage after that was a good one. I used to lay in bed on a 

night and do both stumps, just pull my legs up to my chest and just rub both stumps and that 

was good for me. It worked for me.” (010) 

 

In one case, the participant thought that they could self-manage their PLP through wearing 

items on their residual limb that provided sensory feedback that was experienced as a 

positive feeling:  

 

“To try and get rid of PLP is actually wearing a prosthesis and having that feeling of 

connection between prosthesis and residual limb…actually a stump sock has the same 

effect for me.” (001) 

 

Particularly revealing was an account of one participant who used a Transcutaneous 

electrical nerve stimulation (TENS) device to self-manage their PLP in the home 

environment. They reflected on this by saying:  

 

“I was experimenting myself and learning what I wanted. When I got my peaks of pain, I 

would whack it up a little bit (TENS machine) and that didn’t stop the pain, but it sort of 

diverted the attention or whatever. I don’t know if sort of the actual fact of physically doing 

something, you know tweaking it was sort of taking my mind away from the pain. I was 

learning by seeing what was happening.” (003). 

 

This account of active self-management and similar explanations from other participants 

suggests that they were seeking to build some control over the PLP and develop self-

efficacy in the face of pain. Among the important beliefs for the management of chronic pain, 

self-efficacy can be highlighted. The concept of self-efficacy, developed by Bandura (1997), 

is the self-belief in the individuals’ ability to perform successfully certain tasks or behaviours 

in order to produce a desired outcome. It could be argued that some active self-

management tasks act as a distraction to the pain, however, when developing a self-

management intervention, it is likely that active engagement with the stimulus will be 

beneficial to the end-user’s adherence and motivation.  



71 

 
 

Sub-theme: Experience with meaningful activities (occupations) 

 

All the participant’s (10/10) discussed that they were seeking out engagement in meaningful 

activities (occupations) as a way of managing their PLP. Participation in these activities, 

such as gardening or sports was often referred to as diversionary, keeping occupied or busy. 

Intertwined with this sub-theme was participant’s expectations for living well with a long-term 

pain condition. The participants offered an explanation for their engagement in high energy 

activities to boost their mood through the positive feelings/emotions arising from physical 

activity. One participant talked about this issue:  

 

“I remember when I got my first running blade, that help massively with pain. I think the 

endorphins you get from that maybe just seem to take over and I was addicted to running for 

a few months.” (008) 

 

Another participant articulated that the lack of engagement with a meaningful activity would 

make their situation worse:  

 

“I could just say I’m not doing anything today because my phantom limb is killing me and just 

sitting around, but it actually achieves nothing. The worst thing for me is sitting around doing 

nothing. That’s more painful than the pain.” (003).  

 

Occupation refers to “the everyday activities that people do as individuals, in families and 

with communities to occupy time and bring meaning and purpose to life. Occupations 

include things people need to, want to and are expected to do” as defined by the World 

Federation of Occupational Therapy (WFOT) (2013). A qualitative study that used classical 

grounded theory to develop a theory of ‘Living well with pain’, identified the idea that people 

with chronic pain develop a process of ‘flexibly persisting’ with valued occupations (Lennox 

Thompson et al., 2020). In this sense occupations are “purpose in the moment” that afford 

continuity to an individual over the course of life and can be described as “goal-directed 

activity in the context of living” (Christiansen, 1999). Thus, these activities provide motivation 

for action as people imagine the effect of achieving these goals on their self-concept. 

 

The view that engagement in a valued activity is beneficial to the self-management of PLP is 

summarised in the following quote:  
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“Once I’m up on my leg more I might find that I’m not having the pains as much because I’m 

concentrating on other stuff and I do honestly belief that when you engage your brain, if you 

like, and you are doing the things that are taking you out and making you concentrate on 

stuff, that [PLP] does go. That’s not there. Its only when I stop and chill out…then you will 

get it back”. (005). 

 

The benefit the participants experienced in their self-management of PLP through 

engagement in meaningful activities is suggestive of the acceptability of an intervention 

being reliant on the task being a valued and goal-directed experience. This sub-theme 

clarifies that a self-management approach for PLP would be acceptable and individual 

tailoring of the intervention would likely increase motivation and adherence.   

 

Sub-theme: Identification of triggers to a PLP episode 

 

Self-awareness is a concept linked to chronic pain management in the context of the person 

living with persistent pain developing a heightened awareness of triggers to an episode or 

flare up. Conclusive studies demonstrating causative triggers for PLP are lacking but factors 

such as a change in temperature (Giummarra et al., 2011; Katz, 1992), increased stress 

(Fuchs et al., 2018) and, interestingly, a recent paper has suggested perceptual integration 

of the prosthesis into an amputee's body representation may be linked to the experience of 

PLP (Bekrater-Bodmann, 2020).  

Nearly all participants (9/10) self-monitored and identified triggers for an episode or flare up 

of PLP. This can be seen in the following two accounts in which the participants had insight 

into the impact of being physically unwell on PLP:  

 “If you are feeling under the weather it affects the limb in terms of the pain, the sensation, 

the whole being of it.” (003) 

 

“If I had really bad flu or if I was really cold then that would trigger the PLP or if I was really 

tired, sleep deprived.” (008) 

 

These are accounts of pro-inflammatory states likely to have increased sensitivity of the 

CNS and may contribute to the experience of PLP. Furthermore, o ne participant identified 

stress as a common factor: 

“I think for me one of the biggest triggers is if you have any stressful moments and I didn’t 

realise that was a thing until I did some research and found oh yes other amputees have 

exactly the same thing.” (001) 
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Furthermore, a few participants identified a change in the weather conditions or room 

temperature as a trigger for a PLP episode:  

“The breeze from a fan as it rotated over my leg it would feel like 1000s of tiny fragments of 

glass going into my leg.”  (008) 

 

“When I get cold, everybody does it, they tense up don’t they? Muscles start shivering and 

all that. That will start a bit off, the start of episodes” (010). 

 

Although self-awareness of triggers is important in the process of management it is also of 

importance that the person actively does something as a reaction to the potential trigger. 

One participant makes a link between a treatment approach preventing future triggers of a 

PLP episode, but they fail to provide a solution focussed approach:  

“If there was some way of identifying the trigger or triggers then it is conceivable that 

something could be developed that would interfere with that trigger in some way and 

therefore it wouldn’t be a trigger.” (004)  

 

However, more representative of the participants was specific examples of applying a self-

management technique when they have perceived a trigger to an episode of PLP. For 

example, one participant stated: 

“I can feel a twinge coming on and I will just get a bath or a dish of warm water and watch 

the TV. Then that is it, it’s gone. It’s done.” (007)   

 

This appears to fit with the model of Problem-Solving (PS) Therapy, in which problem-

solving is recognised as a mediator between challenging life events and wellbeing (D’Zurilla 

& Nezu, 2010). Supported PS therapy in which the patient is taught a step-by-step protocol 

to approach problems head-on to find and apply potential solutions has been shown to be 

effective for a variety of patient populations including long-term conditions such as chronic 

obstructive pulmonary disease (Lee et al., 2015).  In terms of the PLP population 

represented in this study it was apparent that all participants were actively engaging in their 

experience of PLP and independently problem-solving around how and when to practice 

self-management.  
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Sub-theme: Motivation for self-management 

 

All participants (10/10) demonstrated that they are spending time attempting to self-manage 

their PLP. Several participants (5/10) indicated that they would invest as much time as 

necessary into learning and practising self-management techniques. One participant 

referred to their continuous positive airway pressure therapy (CPAP) machine that they use 

to monitor and self-manage sleep apnoea as a way of explaining how they would like to be 

able to self-manage their PLP:  

 “there is always going to be a bit of self-need to manage it but an apparatus or mechanism 

that says do this and do that and this machine is helping you do that…if you do this for three 

hours per day that you don’t seem to be getting as much pain as when you don’t do it. That 

could be beneficial.” (005) 

 

The timeframe willing to commit to self-management was also broken down by participants 

into manageable chunks throughout the day. One participant suggested:  

“You’ve just got to try and maximise everything not to have the phantom limb pain, so any 

chances you can take…10 minutes a day, every day would be fine.” (001) 

 

Commitment to getting the condition under control was apparent and it appears participants 

would be willing to dedicate significant amounts of time out of their day to achieve this:  

 

“Well, I’ve got all day. You know I don’t work. My husband is at work all day, my sons left 

home, even my dog died. So apart from the odd time that I’m out with my sister, which is 

never set in stone. That’s all I’ve got so I would be willing to spend time, as much time, if I 

thought it worked. If it takes sitting for an hour, doing something then it’s worth it, isn’t it?” 

(006) 

 

Overall, the participants demonstrated a willingness and motivation towards a self-

management approach to PLP treatment. The majority of participants (8/10) provided an 

objective duration of time that they would be willing to commit to self-management of PLP. 

This ranged from 30 minutes per day to three hours per day with one participant 

commenting that they would pursue with this type of approach for “as long as it takes” (002). 

This sub-theme and specific finding around willingness to give a large time commitment is 

promising for demonstrating likely adherence to a self-management approach to the 

treatment of PLP, which in themselves often are quite time intensive.  

 



75 

 
3.6 Study Strengths 
 

A strength of this study was that two researchers read all the transcripts to enhance the 

credibility of the analysis. Quotes were used throughout the results to ensure the themes 

were rooted in the data. Majority and minority opinions were reported rather than 

disregarding minority views to enhance the dependability of the data. Braun and Clarke’s 

(2006) reflexive thematic analysis provided a rigorous six step process and enabled an 

insightful analysis to answer the research question. This process enabled a check of the 

data for consistency with the research questions and that sufficient information had been 

provided.  

 

This study built on previous studies by providing a random sample of amputees with varied 

characteristics that includes both male and female participants, a range of reasons for 

amputation and the time since amputation being classed as recent (i.e., within 6 months to 1 

year) and long-term (i.e., over 1 year). This is important given previous qualitative research, 

such as Trevelyan, Turner and Robinson (2016) only interviewed amputees who were still 

undergoing initial rehabilitation i.e., traditional physiotherapy led prosthetic rehabilitation, 

also known as ‘walking training’. This does not provide an account of the long-term impact of 

PLP, which is persistent in its nature, and it does not allow for an exploration of an 

amputee’s experience of self-managing PLP over a number of years. This is the first study to 

focus on a self-management approach to PLP amongst long-standing amputees.  

 

3.7 Study Limitations 
 

The study sample were English-speaking individuals living in the North-East of England; 

thus, the findings may not transfer beyond this setting. The experience of treatment and 

clinical management was mainly confined to the available NHS options for rehabilitation and 

follow up treatment as only two of the ten participants discussed experiences of some form 

of private care. This could limit the diversity of the study; future work should look at the 

experiences of people living with PLP from other areas of England to establish if any locality 

variations are apparent. Experiences of those exclusively seeking private treatment may 

also be of interest. 

 

Only one author (AG) conducted the interviews and transcribed the data. In a qualitative 

study that explored individuals’ beliefs and experiences of Achilles Tendinopathy (Turner, 

Mallaiara, Goulis and McAuliffe, 2020), it was suggested that this approach had the potential 
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to ‘infuse intellectual bias and result in “leading the witness”. To mitigate this, at the planning 

stage of the study the researcher and his supervisors (AG, CR and AMc) were involved in 

the interview route design and structures were put in place to limit the extent of 

questions/responses outside of the interview route. However, the interviewers previous 

experience as an OT clinician in an amputee rehabilitation team may have influenced 

questioning due to previous problems arising within clinical practice.   

 

3.8 Future research 
 

The study has identified a range of educational and informational needs around both the 

mechanisms involved with PLP and its clinical management. A body of co-production work 

with those living with PLP is warranted to generate materials to address these needs, with a 

view to improving the support provided to this population. This information could be provided 

through various media, including a mobile application, which has the advantage that it can 

be easily adapted to the depth of information the person wants to receive. Future research 

could explore the influence of education around PLP on the outcome of self-management 

and motivation/adherence to the intervention.  

 

3.9 Summary of findings to be applied to protocol 
  

This section is split into key findings/insights that have arisen from the qualitative study 

which can be used to inform recommendations for a) the RCT protocol presented in this 

thesis and b) clinical practice (including self-management).  

 

RCT protocol 

 

1. When assessing the feasibility of an automated self-management approach to PLP it 

is important to understand the psychosocial impact of PLP as the intervention needs 

to fit into the person’s daily life activities and routines. The lived experience 

descriptions provided by the participants in this study suggest that this would be an 

acceptable treatment option if the intervention (i.e., SP1X) can fit into the end user’s 

life, rather than the other way around. It will enable SDT to be effectively self-

managed without the need for the daily supervision of a healthcare professional.  

 

2. It was apparent that amputees understood a neural basis explanation for PLP. This 

emphasises the importance of providing clear information to participants within the 
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trial as to why SDT purports to work. Being aware of those living with PLP’s current 

beliefs and understanding of PLP mechanisms will help to develop logical and 

coherent statements that will be acceptable to participants in written and verbal 

communication. This highlights the importance of good Patient and Public 

Involvement and Engagement (PPIE) in trial development.  

 

3. The findings identified that those living with PLP engage (on a daily basis) in the 

application of a stimulus/feedback to their residual limb. The findings around the time 

frame of commitment to an intervention provides a guide on recommending 

intervention times for the protocol. This is usually in the form of self-massage. This 

validates SDT as an intervention that would be appealing to amputees and informs 

the instructions given to the participants that will be stated in the protocol. An 

important associated finding is that patients are seeking treatment via a device. 

 

4. The findings suggest the visual analogue scale (VAS) for Pain, the SF-MPQ-2 and a 

pain diary may be suitable outcome measures to assess pain intensity in people 

living with PLP. However, the validity and reliability of these measures needs to be 

established in the PLP population prior to any recommendations being made for a 

future RCT for the treatment of PLP. 

 

5. It would be recommended that the SP1X device should maintain ongoing 

technological and digital development (e.g., gamification) to increase adherence to 

the intervention.  

 

6. The development of a Mobile application would be recommended which could guide 

users to optimally use the associated device through a system of monitoring and 

motivating adherence. The successful use of the device would be dependent on 

adhering to the recommended dosage. An App could also be used to track user 

reported outcomes such as pain intensity, quality of life and sleep which would 

provide feedback to the user and the clinician. It could also be used to connect users 

with others in the PLP community which would increase motivation for adherence 

and provide the peer support participants in this study requested.  

 

 

Clinical practice (including self-management) 
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1. Clinicians aren’t routinely measuring or assessing PLP intensity, duration and/or 

frequency. This is not in keeping with clinical guidelines. Uncertainty around the 

management of PLP in primary care has been previously described in terms of a 

wide variation in GPs’ knowledge and understanding of PLP (Whyte & Niven, 2004). 

This has negative treatment implications, in terms of what is advised/prescribed and 

which, if any, other healthcare providers are referred into to assist with PLP 

management. Future research could include a Delphi survey to identify clinician’s 

experiences and opinions on assessing PLP.  

 

2. Improvement is recommended around peer support for this population, which could 

be delivered by telephone and/or online communication. 

 

3. Self-management intervention programs for amputees could consider including a 

pain management element that focusses on PLP. This should include pain 

neuroscience education and incorporate approaches such as cognitive behavioural 

therapy, acceptance and commitment therapy and motivational interviewing as a way 

of learning strategies to self-manage in the presence of PLP.   

 

3.10 Conclusion 
 

This chapter explored the experiences of self-management strategies as an acceptable and 

feasible approach that could be incorporated into the everyday lives of people with PLP. 

Three main themes were identified: 1) Living with the impact of PLP, 2) clinical management 

of PLP, and 3) self-management of PLP (Table 3.2).  

 

The participants described varied descriptors for their PLP, but it was apparent that they 

were generally of the neuropathic-type pain, with emotional/affective elements and 

behavioural responses with disrupted sleep being a common finding. It was evident that 

continuous or intermittent episodes of PLP may be disruptive to daily routine activities and 

impact on the emotional adjustment required by amputees who are attempting to live with a 

persistent pain condition alongside the challenges posed by wider physical, psychological 

and social barriers to participation in meaningful activities. Frustration and anger manifested 

itself as impact on family life and responsibilities. Participants highlighted a lack of social 

support and feel that peer support would be beneficial to assist their self-management of 

PLP.  
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Pain medication management had been, and continued to be, problematic for a number of 

the participants. Many participants raised their concerns over a lack of support after 

amputation, the lack of information provided by HCPs, and generally a negative experience 

of treatment options for PLP. It was apparent that participants lacked a thorough 

understanding of the causes and mechanisms involved in PLP, which is understandable 

given the current debate amongst neuroscientists about a causative mechanism.  

A coherent link between the themes was the lack of clinical guidance for the non-

pharmacological treatment of PLP. This highlighted the gap in the literature as firm 

recommendations can, at present, not be provided about safe and effective therapeutic 

approaches. The result is patients attempting to self-manage their PLP in an ad-hoc and 

unsuccessful fashion in which biopsychosocial factors are impacting on the person and their 

ability to self-manage. 

 

Furthermore, despite the lack of education by HCPs on up-to-date theory around the causes 

and current treatments for PLP, it was reassuring to find that participants showed an 

understanding of a neural basis explanation. This emphasises the importance of providing 

clear information to participants within the trial as to why SDT purports to work. Being aware 

of amputees’ current beliefs and their understanding of PLP mechanisms will help to develop 

logical and coherent statements that will be acceptable to participants in written and verbal 

communication.  

 

A subtheme identified ‘difficulties with the assessment of PLP, however, all participants were 

able to provide an assessment of what would be a meaningful change to them in terms of a 

reduction in pain on a visual analogue scale and on the SF-MPQ-2. It is also reassuring that 

a few participants interviewed stated that they are self-monitoring their PLP via pain diaries. 

This is suggestive that outcome measures such as these for the domain of pain intensity 

might be useful in future trials. However, the validity and reliability of these measures needs 

to be established in the PLP population prior to any recommendations being made for a 

future RCT for the treatment of PLP. The reliability of these measures is yet to be quantified 

and will form the basis of the work presented in Chapter 5, in which a battery of outcome 

measures for PLP will undergo test-retest reliability analysis using a series of statistical 

metrics to identify systematic and random error and the magnitude of bias in relation to the 

respective MCID. This will enable firm recommendations to be made for outcome measures 

to be used in the RCT protocol presented in chapter 6.  
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Overall, the analysed data highlighted the need for an alternative approach to the treatment 

of PLP and it appears that a self-management approach in which the person can engage in 

a meaningful task that fits in with their daily life could be feasible. An automated device that 

is used in the persons own home would enable flexibility of use and likely increase 

motivation towards adherence to a training program. It is encouraging that a theme to 

emerge was the participants already demonstrating that they had independent experience 

with active self-management techniques. In particular, it is apparent that amputees with PLP 

engage in (many on a daily basis) the application of a stimulus/feedback to their residual 

limb through self-massage. This partially validates SDT as an intervention that would be 

appealing to people with PLP. The safety and effectiveness of SDT as an intervention for 

chronic musculoskeletal pain will be presented in Chapter 4. An overview of the evidence 

base for SDT in a range on chronic musculoskeletal pain (CMP) conditions is warranted and 

will be best achieved through a systematic review of RCTs in the previous 20 years, and for 

comprehensiveness, a consideration of reviewing lower-level evidence (e.g., case reviews of 

SDT for CMP). This will be presented in the next chapter.  
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 Systematic review  
 

The previous chapter used a qualitative approach to explore the lived experiences of PLP 

and found self-management strategies to be an acceptable and feasible approach that could 

be incorporated into the everyday lives of people with PLP. There is a need for an 

intervention that could be used as a self-management treatment. This chapter will look at 

sensory discrimination training (SDT) as a potential treatment for PLP through a systematic 

review of SDT for adults with chronic musculoskeletal pain (CMP). In keeping with the 

definition of a systematic review, this chapter will review the evidence for SDT, using 

systematic and explicit methods to identify, select and critically appraise relevant primary 

research, and extract and analyse data from the studies included in the review. The key 

findings will contribute to the development of an RCT protocol for an automated SDT device 

for the self-management of PLP.  

 

A version of this chapter has been published in Physiotherapy Theory and Practice (Graham 

et al., 2020), with minor amendments made to the version presented herein.  

 

Andrew Graham, Cormac G. Ryan, Alasdair MacSween, Jenny Alexanders, Nick Livadas, 

Sarah Oatway, Greg Atkinson & Denis J. Martin (2020): Sensory discrimination training for 

adults with chronic musculoskeletal pain: a systematic review, Physiotherapy Theory and 

Practice, DOI: 10.1080/09593985.2020.1830455 

 

4.1 Introduction 
 

CMP is a global healthcare problem affecting a fifth of adults worldwide (International 

Association for the Study of Pain, 2004). In the United Kingdom, it is estimated that 28 

million adults live with chronic pain (Fayaz et al., 2016), costing over 2.1 billion for chronic 

low back pain (CLBP) alone (NICE, 2009). The economic cost of chronic pain is estimated at 

3-10% of the gross domestic product (GDP) in the UK and wider Europe (Breivik, Eisenberg 

and O’Brien, 2013).  CMP substantially impacts on all areas of functioning across physical, 

emotional and social domains (Baker et al., 2016; Karos, Williams, Meulders and Vlaeyen, 

2018; Turk et al., 2008). It is not fully understood why some individuals develop CMP while 

others, with similar histories, do not.  Studies have shown, however, that neuronal activity, in 

specific brain regions, differs between people with CMP and healthy controls (Diers et al., 

2010; Kikkert et al., 2019; Lotze et al., 2001; Makin, Filippini et al., 2015; Makin, Scholz et 
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al., 2015; Wand et al., 2011; Wrigley et al., 2009). Differences occurring in the 

somatosensory cortex - often referred to as cortical reorganisation, or disorganisation - have 

received particular attention. It has been proposed that alterations to the somatosensory 

cortex in people with pain may play a part in the development and/or maintenance of CMP 

(Andoh, Milde, Tsao and Flor, 2018; Kikkert, Johansen-Berg, Tracey and Makin, 2018; 

Mancini et al., 2019; Weiss, 2016). Conversely, the very neural plasticity that underlies the 

phenomenon of cortical reorganisation may facilitate the efficacy of specific, targeted, 

sensorimotor retraining treatments (Moseley and Flor, 2012) in which behaviourally relevant 

stimulation and training alters the somatosensory cortices (Robson and Gifford, 2013). It has 

also been reported, in healthy participants, training periods of at least 35 minutes daily, over 

five days improves both sensory and spatial discrimination ability (Weiss et al. 2007; Walter-

Walsh et al. 2009). As a result, a number of novel therapeutic approaches have been 

devised for the treatment of CMP based upon feedback guided sensory training. Such 

interventions include mirror therapy (Foell, Bekrater-Bodmann, Diers and Flor, 2014), 

sensorimotor retraining (Mueller et al., 2018), proprioceptive rehabilitation (Paolucci et al., 

2016) and sensory discrimination training (SDT) (Flor, Denke, Schaefer, & Grusser, 2001). 

These approaches all aim to trigger beneficial changes, at a cortical level, through 

reorganisation of the neuronal pathways underlying CMP.  

 

SDT (of which there are many variations) involves the delivery of a particular, defined and 

controlled stimulus to the body, the recipient is then asked to make a judgement on an 

aspect of the stimuli (e.g., the location); feedback is then provided to the patient on the 

accuracy of their judgement (Flor, Denke, Schaefer and Grusser, 2001; Ryan, Harland, Drew 

and Martin, 2014). There is a growing body of evidence showing sensorimotor discrimination 

deficits in CMP conditions (a clinical signature of cortical reorganisation) provides a 

reasonable platform to suggest that retraining of these deficits through SDT may be a useful 

treatment approach for people with CMP (Catley et al., 2014). SDT has been applied to a 

variety of CMP conditions such as CLBP (Ryan, Harland, Drew and Martin, 2014), complex 

regional pain syndrome (CRPS) (Moseley and Wiech, 2009; Moseley, Zalucki and Wiech, 

2008; Pleger et al., 2006; Pleger et al., 2005) and phantom limb pain (PLP) (Flor, Denke, 

Schaefer and Grusser, 2001).  

 

Two systematic reviews (Daffada, Walsh, McCabe and Palmer, 2015; Kälin, Rausch-Osthoff 

and Bauer, 2016) have investigated the efficacy and safety of SDT for people with CLBP, 

but, to date, no systematic reviews have investigated the efficacy and safety of SDT in the 

wider adult CMP population. Such a systematic review is needed to guide clinical practice 
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and direct future research in this field. Thus, the aim of this systematic review was to 

investigate the efficacy and safety of SDT (thesis sub aim 2). 

 

Objectives 

1.  To conduct a systematic review of RCTs that have used SDT to treat CMP conditions to 

investigate safety issues and efficacy.   

2. To explore any methodological issues within the studies that could inform the design of 

the RCT protocol. 

3. To use the findings to inform the content and delivery of the intervention for the RCT 

protocol.  

 

4.2 Methods 

 
The Cochrane handbook for systematic reviews of interventions (Higgins and Green, 2011) 

was used to guide this work, and the review is reported in line with the Preferred Reporting 

Items for Systematic reviews and Meta-Analyses (PRISMA) to ensure the 

transparent and complete reporting of the systematic review (Moher et al., 2015). The review 

was registered with the International Prospective Register of Systematic Reviews 

(PROSPERO) (reference number CRD42018110796). 

 

4.2.1 Eligibility criteria 
 

The participants, interventions, comparators, outcomes, and study design (PICOS) model 

(Moher et al., 2009) was used to structure the systematic search and develop 

inclusion/exclusion criteria. This is summarised in Table 4.1 below. 

 

4.2.2 Literature search  

 
A search strategy was designed, with support from an information specialist, in keeping with 

the Cochrane collaborations’ processes (Higgins & Green, 2011). To ensure a thorough 

search, large databases and subject specific databases were used (Bettany-Saltikov, 2010) 

namely MEDLINE, CINAHL, EMBASE, Allied and Complementary Medicine Database 

(AMED), Cochrane Central Register of Controlled Trials (CENTRAL), PsycINFO, Scopus, 

OT Seeker, PEDro, ETHOS and Web of Science (science and social science citation index) 

and OpenGrey. Hand searching the reference lists of key studies for additional trials was 
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also undertaken (Dickersin et al., 1994). No language or date restrictions were applied, and 

the search was conducted on the 17 October 2018. The review was updated on 22.04.2020; 

while there were an additional 1,089 hits, no new papers - meeting the inclusion criteria - 

were identified.  The search terms integrated into the systematic search were developed 

from the review question using the PICOS components (Lefebvre et al., 2011). Terms from 

the PICOS model were identified (Table 4.1), and then, synonyms for the population and 

intervention components were identified. Examples of the specific search strategies used 

can be seen in Appendix 4.1. The relevant intervention, outcome, and study components 

were then applied either as limiters or during the screening process of the studies identified. 

Search filters for RCTs were applied to the MEDLINE, CINAHL and PsycInfo searches. 

Other limiters applied were to include only adult human participants. The titles and abstracts 

of the search results were initially screened, merged, and duplicates removed using Endnote 

19 reference management software, by the first author. After an initial sift of title and 

abstracts (conducted by two of the authors, AG and JA), a second sift was undertaken, 

where each article was read in full and retained or removed depending upon the 

inclusion/exclusion criteria (as agreed by two of the authors, AG and JA). Any discrepancies 

that could not be resolved by discussion, were resolved by a third author (CR). This is in 

accordance with the PRISMA guidelines (Moher et al., 2015). 
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Table 4.1 Inclusion and exclusion criteria for search strategy based on PICOS model   
Category Details 

Population Studies that included adults (18+) with chronic pain*1  

Intervention Included studies had to have investigated SDT that met all three of the following criteria: (1) the initial delivery of a particular, defined and 

controlled stimulus (e.g., electrical or tactile) to the patient’s body. 

(2) the recipient makes a judgement on an aspect of the stimulus (e.g., the location) (3) feedback is then provided to the recipient on the 

accuracy of their judgement, usually by a trainer/therapist*2.  

Comparator The review included RCTs that compared SDT with no treatment (true control), usual care, or placebo, concomitant studies in which SDT 

was delivered in addition to another intervention (and that other intervention was received by both groups), and head-to-head studies (SDT 

was compared to another active intervention) .   

Outcomes The primary outcome measure = pain intensity. Secondary outcome measures = health & wellbeing *3. Adverse effects*4.   

Study 

design 

Randomised controlled trials.  

 

Exclusion 

criteria 

Studies including children under the age of 18; studies that do not report appropriate ethical clearance; literature / studies involving animals 

or animal models; studies that include participants with pain arising from a non-musculoskeletal origin such as cancer pain, visceral pain or 

post-stroke pain; studies that include interventions not in keeping with SDT as operationally defined for the purpose of this review.  

 

*1 defined as ‘pain without apparent biological value that has persisted beyond the normal tissue healing time, usually taken to be 3 months 

(International Association for the Study of Pain, 2003).  

*2 Any form of SDT, in compliance with the operational definition above, was eligible for inclusion.  
*3 this included physical function, sensorimotor function, patient satisfaction, quality-of-life (QoL) and disease specific measures.  

*4 assessment of safety issues via adverse effects (AEs) reporting were included as an outcome of interest as they are important for clinical 

decision making (Loke, Price and Herxheimer, 2008).
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4.2.3 Methodological quality assessment 
 

The Cochrane collaborations’ tool (Higgins et al., 2011) for assessing risk of bias in RCTs 

(ROB 1.0) was independently applied to each included study by two reviewers (AG and CR). 

Where there was insufficient information for appraisal of bias the original authors were 

contacted for further information. A domain-based evaluation of potential biases in RCTs 

was carried out in which seven risk of bias questions were marked for a low, high or unclear 

risk of bias.  

 

4.2.4 Data collection process 
 

A Data extraction template was developed by one of the authors (AG) using an adapted 

version of the Cochrane Collaboration’s template for data collection. The data extraction 

forms obtained data relating to study eligibility, methodological characteristics of included 

studies, participant characteristics (age and gender), intervention group characteristics 

(number of groups, specifics of the intervention, dosage/timings), outcome characteristics 

(names of primary and secondary outcome measures and upper/lower limits), risk of bias 

assessment, data analysis (mean differences and estimates of effect with confidence 

intervals; p-values), and key study conclusions. Data extraction was undertaken by four of 

the authors (AG, NL, JA, SO), with two extractors for each study.  

 

4.2.5 Data analysis and synthesis  
 

A narrative synthesis approach can involve the manipulation of statistical data, however, the 

defining characteristic is that it adopts a textual approach to the process of synthesis to ‘tell 

the story’ of the findings from the included studies (Popay et al., 2006). This approach was 

used as the heterogeneity of the included studies rendered the statistical pooling of effect 

sizes in a meta-analysis inappropriate (Deeks et al., 2011). The narrative synthesis included 

the following steps; (1) developing a preliminary synthesis to organise findings from the 

included studies into grouped participants (i.e., CLBP, PLP, fibromyalgia) and describing 

patterns in the data, in terms of the direction and size of effects; (2) considering the factors 

that might explain any differences in direction and size of effect across the included studies 

through description of the delivery of the intervention and control group; (3) assessing the 

robustness of the synthesis by commenting on the quality of the evidence (Popay et al., 

2006). Nevertheless, to help interpret the clinical relevance of the mean treatment effect of 
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the specific intervention in each individual study, the standardised mean difference (effect 

size) of each intervention (between group difference/standard deviation of the baseline 

values) was calculated, with effect sizes of 0.2, 0.5, and 0.8 considered to be small, medium 

and large, respectively (Cohen, 1988). In addition, the between-groups mean differences 

and p-values that were reported in each study were presented where possible. A clinically 

important between-groups mean difference was defined as 10% (1-point decrease on a 0-10 

scale for pain severity) (NICE, 2021). This information was presented in tabular form. The 

GRADE approach, as specified in the Cochrane Handbook (Schunemann et al., 2011) was 

used by three authors (AG, CR and AM) to assess the certainty (or quality) of evidence 

based on the consideration of four domains: risk of bias, inconsistency, indirectness and 

imprecision. This allowed for an overall judgement to be made across the studies and 

presented in a table. 

 

4.3 Results 
 

The electronic search yielded 11,444 records and hand searching yielded an additional one 

record. Duplicates were removed leaving 5,486 records, of which study titles and abstracts 

were screened against the set eligibility criteria. 32 full texts were accessed. Of these, 12 

studies were excluded due to the studies not being RCTs, nine studies did not meet the 

operational definition for SDT, and one was a multi-modal intervention study (see Table 4.2 

for excluded studies). Ten studies were included in the final review (Table 4.3 and Figure 

4.1).   

 

Table 4.2 Excluded Studies  
 

Number Reference  Reason Excluded  
1 Albornoz-Cabello et al., 2017 Intervention not SDT 

2 Gomiero et al., 2018 Intervention not SDT 

3 Gutknecht et al., 2015 Intervention not SDT 

4 Hargrove et al., 2012 Intervention not SDT 

5 Harms et al., 2020  Method not RCT  

6 Hohmann et al., 2012 Intervention not SDT  

7 Jin Ah et al., 2013 Intervention not SDT  

8 Kerem & Yigiter, 2002 Intervention not SDT  

9 Koller & Baumgartner, 2017 Method not RCT 
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10 Koller & Luomajoki, 2013 Method not RCT 

11 Letafaker et al., 2017 Intervention not SDT  

12 Louw et al., 2015 Method not RCT 

13 McCabe, Harris & Grieve, 2011 Method not RCT 

14 McCaskey et al., 2018 Intervention not SDT  

15 Moseley, Zalucki & Wiech, 2008 Method not RCT 

16 Moseley & Wiech, 2009  Method not RCT 

17 Nishigami et al., 2015 Method not RCT 

18 Osumi et al., 2012 Method not RCT 

19 Schmid et al., 2017 Method not RCT  

20 Schneider et al., 2015  Method not RCT 

21 Walti, Kool & Luomajki, 2015  

 

Multimodal intervention so 

SDT comparison not 

possible 

22 Wand et al., 2013 Method not RCT 

 

Legend:   Abbreviations   SDT = sensory discrimination training; RCT = randomised 

controlled trial.
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Table 4.3 Summary of Included RCT studies 
 

Study (setting) Participants Interventions and comparator/control Outcomes Comments 

Barker et al., 
2008 
Setting: 
Physiotherapy 
Department at the 
Nuffield 
Orthopaedic 
Centre NHS, 
Oxford, UK. 
Informed consent: 
Yes; Ethics 
approval: Yes 

CLBP >3 months 
duration. 
 
n = 60 (30 intervention; 
30 control); 30 males 
Mean age (years): 53.4 

FairMed Stimulation: hand-held controller with subject 
interface and an array of 16 vibrating stimulation points 
applied around the lumbar spine. User indication on 
controller interface which point they judge has been 
stimulated. Device response correct or incorrect. 
30-minute sessions over 3 weeks; approximate Total 
duration time based on use once per day for 15 days = 
450 minutes. 
TENS control group – portable TENS TPN 200PLUS unit, 
(parameters of 80 and 100 Hz). Two surface electrodes at 
distance of 5cm – 20 cm to painful area. Use as often as 
required; intensity adjusted to produce tingling sensation, 
approx. 2-3 times sensory threshold. 

Pain: VAS (0 – 
100mm). ODI (0 – 
100); PSE (0-60); 
TSK (17-60); PCS 
(0-52); HADS-A; 
HADS-D; Sit to stand 
(n/min), stair climb 
(n/min) & walk 
distance (metres/5 
min). 
Baseline; 3, 6 & 
12week follow-up. 

Significant technical 
errors reported with 
Fairmed; 20/32 
participants reported 
fault during intervention 
phase. 

Flor et al., 2001 
 
Setting: 
Laboratory, 
Germany 
 
Informed consent: 
Yes; Ethics 
Approval: Yes 

PLP (all upper limb 
amputees) 
 
n = 10 (5 intervention; 5 
control); 8 males Mean 
age (years): 55.4 

SDT: 8 electrodes attached to skin of stump. 80 trials of 
frequency/80 of location training per session. Difficulty 
increased > 60% correct responses per ten-trial block. 
10 x 90 mins per day over 2 weeks; Total duration time = 
900 minutes. 
Standard Care: Analgesic Medication, Nerve stimulation, 
or Physiotherapy; Total duration time = 720 minutes 

WHY- MPI (0-6) 
 
TPDT (location and 
frequency of 
stimulus); fMRI of 
cortical 
(re)organisation. 
Baseline; 2 weeks & 
3 months follow-up. 
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Morone et al; 
2011 
 
Setting: outpatient 
department, 
Rome, Italy 

CLBP > 3 months 
duration. 
 
n overall = 75 Intervention 
group: n = 25; 21 females 
Mean age (years): 52.7 
Comparison group: 
n = 25; 16 females 

Intervention group: Surface for perceptive rehabilitation 
(Su- Per treatment): deformable cones with small top 
fixed to rigid surface. Patients lay on cones - weight 
supported by reaction force vectors. High pressure to 
small area = intensive stimuli. Training involved 
performing perceptive tasks to rehabilitate perception of 
trunk and midline. 
Provided by physical therapist at a clinic. 
45 mins, 3 times per week for roughly one month; 
approximate total duration time = 540 minutes. 

VAS (0-100mm); 
MPQ PRI (0-78); 
ODI (0 – 100); WDI 
(0 – 9) 
 
Baseline; 4, 12 & 24 
weeks. 

 

Informed consent: 
Yes; Ethics 
Approval: Yes 

Mean age (years): 55.4 
Control group: 
n = 25, 17 females Mean 
age (years): 57.8 

Comparison group (Back-School): one theory session and 
three practical sessions on re-education of breathing, self- 
stretching of the trunk muscles, erector spine 
reinforcement, abdominal reinforcement and postural 
exercises. Attended in subgroups of 4-5 patients over 4 
weeks. 
Control group: medical and pharmacological assistance 
only (same regimen as in intervention and comparison 
groups for 
same period). 

  

Paolucci et al., 
2012 
Setting: outpatient 
department, 
Rome, Italy; 
Informed consent: 
Yes; 
Ethics Approval: 
Yes 

CLBP > 3 months 
duration. 
 
n = 30 (15 intervention; 
15 control); male to 
female ratio not reported 
Mean age (years): 58.7 

Su-Per treatment as per Morone et.al, 2011 study 
Duration of intervention: 3 sessions (45 minutes) per 
week over 1 month; Approximate total duration time = 540 
minutes. 
Control group (Back school) followed the same protocol in 
Morone et. al, 2011 
Duration of control group: 3 sessions (45 minutes) per 
week over 1 month (i.e. same treatment duration as 
intervention group). 

MPQ (Global Score - 
PRI 0 – 100) 
 
Baseline and at end 
of treatment (one 
month) 

Stabilometric 
assessment i.e. centre 
of pressure of body was 
primary outcome 
measurement but not 
relevant to this review. 
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Paolucci et. al, 
2016 
Setting: Physical 
medicine and 
rehabilitation unit, 
Rome (Italy). 
Informed consent: 
Yes 
Ethics: Yes, 
(Committee 
Number 2547- 
720/2012; 
Clinical Trial 
Number 
02472093) 

Fibromyalgia diagnosis 
n overall = 62 Intervention 
(PS) group: n 
= 20; all female 
Mean age (years): 49.3 
Comparison (PE) group: 
n 
= 21; all female 
Mean age (years): 49.3 
Control group (CG): 
n = 21; all female Mean 
age (years): 51.3 

Su-Per treatment as per Morone et.al, 2011 protocol. 
Duration of intervention: 10 sessions, twice a week; Total 
duration time = 540 minutes 
Comparison (PE) group = Attended in subgroups of 4. 
Brief educational session. Physio led aerobic training, 
posture exercises for trunk in supine position to improve 
axial stability, inc. diaphragmatic breathing. Ten 1-hour 
sessions, twice a week (over 5-week period); total 
duration time = 600 minutes 
 
Control group: 1 brief educational session - simple 
breathing exercises/relaxation techniques and stretching 
exercises. 1 hr taught + at least 2 hours per week for 5-
week period; total duration time approx. 600 minutes. 

Fibromyalgia 
assessment status - 
SAPS; FIQ; 
HAQ 
 
Baseline; 5 weeks & 
12-week follow-up. 

Authors acknowledged 
importance of 
therapeutic alliance on 
treatment effects as PS 
and PE groups (both 
groups with success) 
were supervised/guided 
from a physical therapist 
and the control group 
was not. 

 
Ryan et.al, 2014 
 
Setting: NHS 
Physiotherapy 
outpatient 
department, UK 
Informed consent: 
Yes 
Ethical approval: 
Yes 
ISRCTN 
98118082 

CLBP > 6 months 
 
n =24 
Intervention group: 
n = 12, 
Gender ratio not stated 
Mean age (years): 45 
Control group: 
n = 12 
Gender ratio not stated 
Mean age (years): 46 

Intervention: (1) Tactile acuity training - five/ten sites of 
painful area marked based on TPDT. Sites stimulated in 
random order using a big (wine bottle cork) or small (pen 
top) probe. 3 blocks of 24 stimuli randomly applied over 
approx. 24 minutes. 
>90% of the answers correct = difficulty increased as 
marks moved 10% closer. Repeated for home training 
program. (2) Graphesthesia acuity training – 60 letters 
(about 1 inch high) traced on painful area by clinician or 
carer. Guided feedback on letter dentification if incorrect. 
Control group: sham tactile stimulation – participants 
received same tactile stimulation as intervention group, 

VAS (0 -100mm); 
RMDQ (0 – 24) 
 
Baseline, pre and 
post treatment. 

In the sham tactile 
stimulation (control) 
group, 6 participants 
were lost (for several 
reasons), which is half 
of this group’s test size. 
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but they did not focus on stimulus and therefore had no 
interaction with the carer. 
Total duration time: 12 sessions; 3 sessions (intervention 
or placebo) provided by the physiotherapist and the rest 
were delivered by an informal carer. 

Trapp et. al, 2015 
 
Setting: Outpatient 
orthopaedic 
rehabilitation unit 
Informed consent: 
Yes; Ethical 
approval: Yes 

CLBP >3 months 
duration. 
 
n = 30 
Intervention group: n = 
15; 10 males 
Mean age (years): 45.5 
 
Control group: 
n = 15; 9 males 
Mean age (years): 40.6 

Intervention group: ‘Visual Feedback’- (1) TPDT taken; (2) 
Lumbar musculus multifidus exercises practiced for about 
10 minutes whilst watching video footage of this 
movement; (3) Stimulation received, visual feedback from 
webcam on whether their judgement was correct. 
Procedure repeated 10 times for each side. 
3 sessions per week approx. 20 minutes each, over 2 
weeks; total duration time = 120 minutes. 
 
Control group: 30-minute sessions - physiotherapy, 
relaxation training and movement training (walking); total 
duration time = 180 minutes. 

VAS pain (0 -10); 
TPDT (cm); BDI 
Depression, HAMD 
depression; MPI 
section I, II and III (0-
7). PASS total, PCS 
total, PVAQ total. 
 
Baseline and 14 
days. 

 

Van Baal et. al, 
2018 
 
Setting: 
Physiotherapy 
department 

CLBP > 3 months 
 
Overall n = 9 Intervention 
Group n = 4 
Gender ratio not stated. 

Intervention: Graphesthesia training - (1) letters (25cm 
squared for letter size) were drawn once on lower back 
and participant told which letter was being drawn (2) 
Three sets of 20 letters (60 total) drawn on predefined 
area of back using Knitting needle (3mm prong). 
Participants were asked to name a letter, even if they 
were unsure of which letter had 

SF-36; RMDQ; BPI; 
TPDT; Qualitative 
feasibility of the 
intervention. 

Translation from 
German to English 
provided by one of the 
papers authors. 
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Informed consent: 
Yes 
Ethical approval: 
Yes; 
DRKS00007116 

Mean age (years): 56 
 
Control Group 
n = 5 
Gender ratio not stated. 
Mean age (years): 50 

been drawn. Incorrect responses corrected by therapist 
and re-drawn to facilitate learning. 
x2 20-minute sessions before or after normal care physio 
sessions for 3 weeks; Total duration time = 120 minutes + 
usual care. 
Control group: Physiotherapy usual care (did not include 
sensory training approaches similar to graphesthesia 
training). 

Baseline & 3 weeks.  

Vetrano et. al, 
2013 
Setting: outpatient 
academic hospital 
in Rome, Italy. 
 
Informed consent: 
Yes. 
Ethical approval: 
Yes, local ethics 
committee. 

CLBP > 3 months 
duration 
 
Overall n = 40. 
Intervention group: 
n = 20; Gender ratio not 
stated 
Mean age (years): 52.6 
Control group: 
n = 20; gender ratio not 
stated 
Mean age (years): 52.2 

Intervention: Su-Per Treatment - same protocol as 
Morone et. al, 2011 
x3 sessions per week of 30-40 mins for 1 month; total 
duration time = 480 minutes. 
 
Comparator: Modified Su-Per Treatment same as the 
standard SU-PER treatment but used more deformable 
cones and without patient’s attention fixated upon the 
body midline. 

Primary: VAS pain (0 
– 100mm); MPQ, 
ODI (0-100). 
 
Baseline, end of 
treatment, 4 and 12 
weeks after. 

Comparison study 
between two forms of 
SDT 

Wakolbinger et. 
al, 2017 
 
Setting: Outpatient 
department, 

PLP (upper and lower 
limb amputees) 
 
Overall n = 8 Intervention 
group: n = 3; 2 males 
Mean age (years): 39 
Control group: 
n = 3; 3 males 

Intervention group: Tactile Discrimination Training (TDT) - 
cotton swabs used to stimulate the skin on residual limb. 
Two blocks of 50 stimuli; four points were stimulated in a 
pseudo- randomized order; verbal report the number of 
stimulated point, correct or incorrect response noted and 
difficulty increased based on >70% correct response 
resulting in 2mm reduction in distance between points. 
 

WHY-MPI (0- 
100mm); change in 
phantom 
length/telescoping (% 
change) 
 
Baseline, end of 
treatment, two weeks 
and four weeks after. 
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Mean age (years): 46 
Non-randomized group n 
= 2; 2 males 
Mean age (years): 65 

15 mins per day for two weeks; total duration time = 210 
minutes. 
 
The control group received 15 minutes of daily residual 
limb 
massage for two weeks (by a family member, initially 
instructed by a physiotherapist). 

 
Legend:  Abbreviations: BDI: Beck depression inventory; CLBP: chronic low back pain; FAS: Fibromyalgia assessment scale; FIQ: 
Fibromyalgia impact questionnaire; HAMD: Hamilton depression scale; HADS-A: Hospital anxiety and depression scale – anxiety; HADS-D: 
Hospital anxiety and depression scale – depression; MPI: Multidimensional pain inventory; MPQ: McGill Pain Questionnaire; NHS: National 
Health Service; NRS: Numeric Rating Scale; ODI: Oswestry Disability Index; PCS: Pain catastrophising scale; PASS: Pain anxiety symptom 
scale; PLP: Phantom limb pain; PVAQ: Pain vigilance and awareness questionnaire; RCT: randomized controlled trial; RMDQ: Roland Morris 
Disability Questionnaire; PCS: Pain catastrophising scale; PSE: Pain self-efficacy; SAPS: self-assessment pain scale; SDT: Sensory 
Discrimination Training; SF-36: 36 item short-form health survey; SR: systematic review; Su-Per: surface for perceptive rehabilitation; TENS: 
transcutaneous electrical nerve stimulation; TPDT: Two-point discrimination threshold; TSK: Tampa scale for kinesiophobia; VAS: Visual 
Analog Scale; WDI: Waddell Disability Index WHY-MPI: West-Haven Yale multi pain inventory. 



95 

 

 
Figure 4.1 Flow (PRISMA) diagram of the study selection process  
 

4.3.1 Characteristics of included studies 
 

A total of 350 adult participants with CMP were included in the review with the number of 

participants per study ranging from eight to 75. The gender ratio was reported in eight of the 

ten studies, of which one study (Paolucci et al., 2016) included only female participants. The 

mean age of participants ranged from 39 to 65 years. Seven studies investigated SDT for 

patients with CLBP (Barker, Elliott, Sackley and Fairbank, 2008; Morone et al., 2012; 

Paolucci et al., 2012; Ryan, Harland, Drew and Martin, 2014; Trapp et al., 2015; van Baal, 

Schwarz, Ehrenbrusthoff and Gruneberg, 2018; Vetrano et al., 2013), two investigated SDT 

for people with chronic PLP (Flor, Denke, Schaefer and Grusser, 2001; Wakolbinger et al., 

2018) and one study looked at SDT for women with Fibromyalgia (Paolucci et al., 2016).  

Nine studies were conducted in Physiotherapy outpatient departments with one study (Flor, 

Denke, Schaefer and Grusser, 2001) being laboratory based. Studies were conducted in the 

UK, Germany, Italy and Austria. The stimulus used as part of the intervention varied; 
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electrical pulse stimulation (n = 2), perceptive surfaces equipment (n = 4) and manual/tactile 

stimulation methods (n = 4). The duration of individual SDT sessions ranged from 15 to 90 

minutes, with a range of three to 14 sessions, with treatment periods from 2 to 4 weeks in 

duration. 

 

All ten studies assessed pain intensity, with the VAS being the most commonly used tool 

(five out of 10 studies). Secondary outcome measures assessed included physical 

function/disease-CMP-specific measures, emotional/psychological functioning, sensorimotor 

function, and quality of life (QoL) (see Table 5). All studies recorded a measure at baseline 

and immediately post treatment. The follow-up outcome measurement period ranged from 

two weeks (short term) (Wakolbinger et al., 2018) to six months (moderate term) (Morone et 

al., 2012) post treatment. There were no included studies with long-term outcome measures 

(>1 year). 

 

4.3.2 Adverse effects reporting 
 

Only two of the studies formally planned to assess, and explicitly asked their participants 

about, AEs (Barker, Elliott, Sackley and Fairbank, 2008; van Baal, Schwarz, Ehrenbrusthoff 

and Gruneberg, 2018). The study on SDT for patients with Fibromyalgia (Paolucci et al., 

2016) reported that no patients discontinued the rehabilitation due to acute exacerbation of 

pain. In one study (Morone et al., 2012), five participants dropped out of the intervention 

group, compared to zero from the control group, with three stating a lack of time and two not 

providing a reason. In one study (Vetrano et al., 2013) no dropouts were recorded but the 

participants were encouraged to report unpleasant sensations at particular sites so they 

could be removed at subsequent sessions. 

 

4.3.3 Deviations from the original protocol 
 

Meta-analysis was not carried out as the interventions were delivered in such a diverse 

manner to different study populations that combining the results for the different studies was 

inappropriate. We considered meta-analysing standardised effect sizes but found that not 

only the treatment effects, but the sample variability (indicated by the between-subjects SD) 

varied between studies considerably. In addition, the poor quality of the studies and low 

number of studies were additional factors for not undertaking a meta-analysis (Moher et al., 

1998). 
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4.3.4 Methodological quality summary 
 

The methodology across the studies was evaluated for risk of bias. This is presented as the 

proportion of studies with a judgement of high or low risk of bias and a summary of 

judgements for each of the 10 studies (Figure 2 and Figure 3, produced by using RevMan 

software [Review Manager. Version 5.3. Copenhagen: The Nordic Cochrane Centre. The 

Cochrane Collaboration, 2014]). Based on this, the methodological quality of the 10 included 

trials could be interpreted as low quality.  A key methodological issue in all of the included 

studies was the lack of blinding of participants and personnel. For example, in Flor, Denke, 

Shaefer, and Grusser (2001) the participants and personnel delivering the intervention were 

not blind to the intervention which involved electrodes being attached to the participants 

residual limb, which was obviously different to the standard care treatment received by the 

control group. Thus, the differences between groups may have been attributable to non-

specific intervention effects such as the placebo effect. The lack of participant and personnel 

blinding illustrates the methodological challenges of blinding physical interventions such as 

SDT. Similarly, only two studies had adequate blinding of assessors, this is because they 

adequately blinded participants and the outcome measurement was self-report based. 

Where participants are not blind and the outcome measure is self-reported, it is impossible 

to have blinded outcome assessment. Attrition bias could not be ruled out in half of the 

included studies. For example, in Morone et al., (2011) five (20%) participants in the 

intervention group dropped out compared to none in the control groups. This imbalanced 

drop-out rate may have masked issues with the intervention. Finally, seven studies did not 

publish/register a protocol prior to the study thus selective reporting could not be ruled out. 

 

The outcome of the overall quality of evidence evaluation (undertaken in accord with the 

Cochrane Grading of Recommendations Assessment, Development and Evaluation 

[GRADE] approach) is presented in Table 4.6. The Cochrane handbook for systematic 

reviews of interventions 5.1 (Higgins & Green, 2011) recommends randomized trials to be 

the primary analysis focus in research questions investigating effectiveness in healthcare 

because, in most circumstances, a high-quality randomized trial is the study design that is 

least likely to be biased. The published protocol (available at 

https://www.crd.york.ac.uk/prospero/CRD42018110796 ) states RCTs would be included in 

the primary analysis with the hope of finding high quality RCTs in which claims could be 

made about estimations of the causal relationship between SDT (relative to a comparator) 

and outcomes. However, figures 4.2 and 4.3 show that the 10 included RCT studies were of 

poor methodological quality. Therefore, the discussion section and Table 4.7 will present an 

https://www.crd.york.ac.uk/prospero/CRD42018110796
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overview of non-RCTs of SDT as the information gained provides additional contextual 

information to the field in terms of the delivery of SDT and the patient populations targeted’ 

 

 

 
Figure 4.2. Risk of bias graph: Review authors’ judgement about each risk of bias 
item presented as percentages across all included studies 
 

 
Figure 4.3. Risk of Bias summary. Review authors' judgements about each risk of bias 
item for each included study; +/green indicates low risk of bias; -/red indicates high 
risk of bias.  
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4.3.5 Narrative synthesis of included studies 
 

The pain outcomes from the ten studies are discussed in the following paragraphs and found 

in Table 4.4, and the non-pain (secondary outcome) measures are presented in Table 4.5. 

  

Chronic Low Back Pain   

 

Seven studies (Barker, Elliott, Sackley and Fairbank, 2008; Morone et al., 2011; Paolucci et 

al., 2012; Ryan, Harland, Drew and Martin, 2014; Trapp et al., 2015; van Baal, Schwarz, 

Ehrenbrusthoff and Gruneberg, 2018; Vetrano et al., 2013), assessed the efficacy of SDT in 

people with CLBP.  

 

Three of these studies (Morone et al., 2011, Paolucci et al., 2012, Vetrano et al., 2013) used 

the Surface for Perceptive Rehabilitation [Su-Per] treatment (intervention group) which 

comprises deformable cones with a small top that are fixed to a rigid surface. Patients lie 

supine on these cones and positional changes and active exercises are performed in 

response to therapist guidance, resulting in many intensive perceptive stimuli. In a three arm 

RCT, Morone et al. (2011) showed a large effect size in favour of SDT compared to a control 

group, with a back-school education group also demonstrating a large effect size over the 

control group (Table 4). There was no difference between SDT and back school education. 

In contrast, Paolucci et al. (2012) found no difference between an SDT group and a control 

group. Vetrano et al. (2013) compared two forms of this model (Su-Per) of SDT - the 

difference being whether the participants received higher tactile-pressure stimulus at the 

interspinous midline or not. There was a small effect size in favour of the SDT group that did 

not have to concentrate on the direct stimulation of the body midline, suggesting superiority 

of this form of Su-Per SDT.  

 

Barker, Elliott, Sackley, and Fairbank (2008) applied SDT, via stimulation in the form of 16 

vibrators closely arranged to one another on the lumbar spine and compared this to 

Transcutaneous Electrical Nerve Stimulation (TENS). There was no difference between 

groups (Table 4). This study was severely limited by malfunctioning of the SDT devices 

used. Ryan, Harland, Drew, and Martin (2014) delivered tactile acuity training and 

graphesthesia training using corks and pen tops compared to a sham (control) arm. The 

study showed a trend to greater reduction in pain intensity for the sham control compared to 

the intervention group, however this pilot study raised significant questions about the fidelity 
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of the intervention delivery. Trapp et al. (2015) compared tactile acuity training using a 

plastic calliper ruler to usual standard physiotherapy care. Van Baal, Schwarz, 

Ehrenbrusthoff, and Gruneberg (2018) also used a manual touch approach using both tactile 

acuity and graphesthesia techniques, compared to standard physiotherapy care. Both 

studies showed no statistical difference between SDT and standard care.  

 

In summary, there was conflicting evidence from seven RCTs, conducted with people with 

CLBP, for the clinical efficacy of SDT compared to a control or sham treatment group on 

pain intensity in the immediate to medium term. The quality of the evidence was 

downgraded to very low quality due to very serious limitations with risk of bias and serious 

limitations with inconsistency, imprecision and indirectness (Table4.6). 

 

Phantom Limb Pain 

 

Two studies investigated the efficacy of SDT for PLP in comparison with standard care that 

comprised a comprehensive psychophysiological assessment (Flor, Denke, Schaefer and 

Grusser, 2001) or residual limb massage (Wakolbinger et al., 2018). Both studies used the 

West-Haven Yale Multi-Purpose Inventory (WHYMPI) to record pain intensity (0-6, 0 = no 

pain, 6 = very intense pain) and both demonstrated a large effect size in favour of the SDT 

group (Table 4). However, the sample size in both studies were very low (n≤10). 

 

In summary, there was very low-quality evidence from two studies supporting the efficacy of 

SDT for phantom limb pain (PLP) compared to a control/sham treatment, on pain intensity in 

the immediate to medium term. The quality of the evidence was downgraded due to a very 

serious limitation in terms of risk of bias and serious limitations with inconsistency, 

imprecision and indirectness (Table 4.6). 

 

Fibromyalgia 

 

One study investigated the efficacy of SDT on Fibromyalgia, in comparison with an exercise 

group and a control group who received one brief educational session (Paolucci et al., 

2016). Pain intensity was measured via the Self-Assessment Pain Scale (SAPS) on a 0-10 

scale.  A medium effect size in favour of the SDT groups was shown compared to the control 

group (Table 4). There was no difference between the SDT and the exercise group. 

In summary, there was very low-quality evidence from one study supporting the efficacy of 

SDT for pain in people with Fibromyalgia compared to a control group. The quality of the 
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evidence was downgraded due to serious limitations with risk of bias, inconsistency, 

imprecision and indirectness (Table 4.6). 

 

Secondary Outcome Measures  

 

There were several outcome measures reported that, under our protocol, were classified as 

secondary outcome measures, including physical function/disease specific measures, 

emotional functioning, sensorimotor function and Quality-of-Life (QoL) (Table 5).  The 

outcome measures used throughout these domains were disparate, hence, no clear 

narrative could be made on SDT versus a control/comparator, thus no evidence statements 

regarding these secondary outcome measures have been made. The only secondary 

outcome measure that showed commonality was Two-Point Discrimination (TPD) testing, 

within the sensorimotor function domain. Van Baal, Schwarz, Ehrenbrusthoff, and 

Gruneberg 2018 and Trapp et al, 2015 demonstrated large effect sizes in favour of SDT, 

indicating an improvement in tactile acuity post SDT intervention (Table 4.4). None of the 10 

studies measured Quality-of-Life (QoL) as an outcome measure. 
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Table 4.4 Pain outcomes reported in the RCTS 

 

Legend:   BPI = Brief Pain Inventory (0-10); CI = 95% confidence intervals (in parenthesis); FAS-SAPS = Fibromyalgia Assessment Status (0-10), 

Self-Assessment Pain Scale; PRI = Pain rating Index (0-100); VAS = Visual Analogue Scale (0-10); WHYMPI = West Haven-Yale Multidimensional 

Pain Inventory (0-6). * Cohen’s d: small 0.20, medium 0.50, large 0.80. **MCID: >10% decrease.

Condition; study Mean (CI) between groups 
difference  

Standardized Mean 
Difference - Effect 
Size (Cohen’s-d*) 

Statistical significance (p-
value) 

Clinical relevance 
(MCID**) 

CLBP; Barker 2008 0.1 (-0.37 to 0.57) favours SDT 0.06 - small No, p = 0.83 No 
CLBP; Ryan 2014 
 

2.47 (-0.7 to 51.9) favours 
control  

1.00 - large No, p = 0.056 No, favoured control  

CLBP; Morone 2011 3.00 (1.89 to 4.11) favours SDT 
over control group 

2.70 = large 
 

Yes, p <0.001 
 

Yes 
 

CLBP; Paolucci 2012 
 

2.00 (-0.59 to 4.59) favours SDT 
over back education (control 
group) 

0.09 = small 
 

No, p = 0.436 
 

No 
 

CLBP; Trapp 2015 1.32 (-6.61 to 9.25) favours SDT  0.71 - medium  No, p = 0.866 Yes  
CLBP; van Baal 2018 0.02 (-0.06 to 0.10) favours SDT  0.01 - small No, p = 0.56 No 
CLBP; Vetrano 2014  0.5 (0.13 to 0.87) favours SDT 

over SDT (midline) 
0.26 = small 
 

No, p = 0.179 No 

Fibromyalgia; Paolucci 
2016 

0.9 (0.50 to 1.30) favours SDT  0.75 (SDT) = medium 
 

Yes, p = 0.003  No 

PLP; Flor 2001 
 

1.95 (1.32 to 2.58) favours SDT  1.14 = large Yes, p = 0.008 Yes  

PLP; Wakolbinger 2018 1.5 (0.97 to 2.03) favours SDT 0.90 = large  Yes, p = 0.0215 Yes 
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Table 4.5 Secondary Outcome Measures 
 

Condition; Study Physical/Disease 
Specific Function  

Psychological/Emotional 
functioning  

Sensorimotor 
function  

Quality of 
Life 

Adverse 
events  

CLBP, Barker 2008 
 

ODI: favours sham; mean 
diff 0.3 (-0.43 - 0.63), 
SMD = 0.02 [p =0.85]  
Sit to Stand: Same effect 
mean diff 0, [p= 0.90] 
Stairs favours SDT; 
mean diff 0.1 (-0.31 to 
0.51), SMD = 0.04 [p = 
0.81] 
Walk distance: favours 
SDT; mean diff 6.0 (-4.79 
to 16.79), SMD = 0.06 [p 
= 0.58] 

PSE: favours sham; mean diff 2.5 
(0.53 to 4.47), SMD = 0.23 [p = 0.21] 
PCS: favours sham; mean diff 0.4 (-
1.57 to 2.37), SMD = 0.03 [ p= 0.84] 
TSK: favours sham; mean diff 0.2 (-
2.45 to 2.85), SMD = 0.03 [p=0.94]  
HAD-A: favours SDT; mean diff 1.1 
(0.35 to 1.85), Baseline SD not 
reported, [p= 0.14) 
HAD-D: favours sham; mean diff 0.4 
(-0.18 to 0.98), Baseline SD not 
reported [p=0.49]) 

Not measured 
 

Not measured 
 

Nil reported 
(Technical 
errors reported 
with 20 of the 
32 Fairmed 
(SDT) device 
during trial) 
 

CLBP; Ryan 2014  
 

RMDQ: favours control; 
mean diff 2.2 (1.6 to 6), 
SMD = 0.33, p= 0.237) 

Not measured Not measured 
 

Not measured 
 

Nil reported 

CLBP; Trapp 2015 
 

Not measured 
 
 

BDI: favours SDT; mean diff 0.86 (-
2.22 to 3.94), SMD = 0.13 [p =0.777] 
HAMD: favours SDT; mean diff 0.60 (-
5.86 to 7.06), SMD = 0.31 [p= 0.925] 
PASS total: favours SDT; mean diff 
10.33 (-0.15 - 20.81), SMD = 0.31, 
[p=0.322] 
PCS total: favours SDT; mean diff 
2.03 (-6.2 to 10.27), SMD = 0.17, 
[p=0.803] 

TPDT (mm) favours 
SDT; mean diff 16.6 
(5.3 to 27.9), SMD = 
1.27 [p= 0.144]  

Not measured 
 

Nil reported 
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PVAQ total: favours SDT; mean diff 
6.86 (0.42 to 13.26), SMD = 0.52 
[p=0.812] 

CLBP; van Baal 
2018 
 

RMDQ: favours SDT 
mean diff 0.9 (-0.06 - 
0.10), SMD = 0.17 
[p=0.17] 

SF-36 mental well-being: favours SDT 
mean diff 10 (4.89 to 15.11), SMD = 
0.49, [p = 0.06] SF-36 emotional 
functioning: favours SDT; mean diff 
25 (-55.7 to 105.7), SMD = 0.51 [p = 
0.73] 

TPDT favours SDT; 
mean diff 13 (3 to 
37.35), SMD = 1.11, 
[p = 0.56] 

Not measured 
 

Nil reported 

CLBP; Morone 2011 
 

ODI: favours SDT; mean 
diff 16 (9.79 to 22.2), 
SMD = 0.31 [p = 0.403] 
WDI favours SDT; mean 
diff 1 (0.04 to 1.96), SMD 
= 1.33 [p= 0.302] 

Not measured 
 

Not measured 
 

Not measured 
 

Nil reported 
 

CLBP; Paolucci 
2012 
 

Not measured 
 

Not measured 
 
 

Not measured 
(stabliometric 
measurement only) 

Not measured 
 

Nil reported 
 

CLBP; Vetrano 2013 
(comparison study 
between two forms 
of SDT) 

ODI - favoured SDT over 
SDT with midline 
awareness; mean diff 2 
(3 to 3.92), SMD= 0.13 [p 
= 0.299] 

Not measured 
 

Not measured 
 

Not measured 
 

Nil reported 
 

Fibromyalgia; 
Paolucci 2016 
 
 
 
 
 
 
 

HAQ favours SDT Mean 
diff 0.1(0.06 to 0.14), 
SMD = 0.22 [p = 0.009] 
FIQ favours SDT; Mean 
diff 10 (6.12 to 13.88), 
SMD = 0.57 [p=0.013] 
FAS favours SDT Mean 
diff 0.9 (0.60 to 1.20), 
SMD = 0.75, [p =0.004] 

Not measured  
 
 

Not measured  
 

Not measured  
 

Nil reported 
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PLP; Flor 2001 Not measured  

 
Not measured  
 

TPDT favours SDT* 
(p=0.005) 

Not measured  Nil reported 

PLP; Wakolbinger 
2018 

Not measured  
 

Not measured  
 

Not measured Not measured  Nil reported 

 

Legend:  Abbreviations: BDI: Beck depression inventory; FAS: Fibromyalgia assessment scale; FIQ: Fibromyalgia impact questionnaire; HAMD: 

Hamilton depression scale; HADS-A: Hospital anxiety and depression scale – anxiety; HADS-D: Hospital anxiety and depression scale – depression; 

HAMD: Hamilton depression scale; ODI: Oswestry Disability Index; PCS: Pain catastrophising scale; PASS: Pain anxiety symptom scale; PVAQ: Pain 

vigilance and awareness questionnaire; Pain self-efficacy; SF-36: 36 item short-form health survey; SMD: standardized mean difference; TPDT: Two-

Point discrimination threshold. 95% confidence intervals (in parenthesis) *TPDT mean difference not reported. 
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Table 4.6 Summary of Findings (GRADE) 

 
Legend:  Allocation and/or concealment bias (selection bias); †No blinding of outcomes and/or assessors (performance/detection bias); ‡No 

registered protocol (selective reporting bias); ** High heterogeneity/variability in results (inconsistency); # Heterogeneity in type/application of 

intervention (indirectness); §Small Sample Size (imprecision). GRADE: Grading of Recommendations Assessment, Development and Evaluation; very 

low = this research does not provide a reliable indication of the likely effect. The likelihood that the effect will be substantially different is very high (N.B. 

Substantially different = a large enough difference that it might affect a decision).  

 

 

Overview Method Risk of Bias Inconsistency Indirectness Imprecision Certainty of 
evidence 
(GRADE) 

CLBP 

n = 270 

(7 studies) 

RCT Very Serious 

limitation ¶†‡ 

Serious limitation ** Serious limitation # Serious limitation § ⊕⊖⊖⊖ 

Very Low 

PLP 

n = 18 

(2 studies) 

RCT Very Serious 

limitation ¶ †‡ 

Serious limitation ** Serious limitation # Serious limitation § ⊕⊖⊖⊖ 

Very Low 

FIBROMYALGIA 

n = 62 

(1 study) 

RCT Serious 

limitation † 

Serious limitation ** Serious limitation # Serious limitation § ⊕⊖⊖⊖ 

Very Low 



107 

 

4.4  Discussion  

 
This systematic review aimed to investigate the current state of the evidence for the efficacy 

and safety of SDT. Ten RCTs were included in the final review including 350 participants 

incorporating three distinct CMP conditions: CLBP (seven studies), PLP (two studies) and 

Fibromyalgia (one study).  

 

This is the first comprehensive review of SDT to include CMP rather than just CLBP. This 

review can be viewed as updating and building upon the two existing systematic reviews of 

SDT for people with CLBP (Daffada et al. 2015; Kalin et al. 2016) by including a further five 

RCT studies; two focussed on PLP (Flor, 2001 and Wakolbinger, 2018), one on Fibromyalgia 

(Paolucci et al., 2016) and two further studies with CLBP patients (Trapp et al., 2015 and Van 

Baal Schwarz, Ehrenbrusthoff, and Gruneberg, 2018). The systematic reviews published by 

Daffada et al., 2015 and Kalin et al., 2016 were not registered with PROSPERO. However, this 

study was registered (CRD42018110796) in 2018, hence, providing greater transparency in the 

review process than its predecessors, helping to reduce both potential bias and the unplanned 

duplication of future reviews. Furthermore, the previous reviews did not specify a definition of 

SDT, therefore this increased the chances of errors from the search strategy and making it 

difficult to identify relevant studies for inclusion. This study, therefore, fills an important gap in 

the literature and provides much needed, up-to-date guidance for clinicians on the current state 

of the evidence with regard to efficacy and safety. This thesis will address the methodological 

issues identified from the systematic review by providing a RCT protocol with blinding of 

participants and personnel, a sham intervention control group and an appropriately powered 

study. The RCT will include participants with PLP, therefore replication of this robust protocol 

with other CMP groups, such as those living with fibromyalgia is warranted. 

 

The high risk of bias of the studies in the review reduces the capacity to make any firm 

recommendations about the efficacy of SDT, although from the limited available evidence the 

intervention demonstrates promise, particularly for people living with PLP. Given the paucity of 

RCTs, investigating the efficacy of SDT in CMP, it is appropriate to briefly explore the non-RCT 

evidence identified within our search (Table 4.7). Thirteen non-RCTs were identified, five in 

people with CRPS, four in people with CLBP, three in people with PLP and one in people with 

knee osteoarthritis (OA). Eleven out of the 13 studies were of a single case/single group design 

where SDT was combined with other interventions (Table 4.7). Of note, are two well controlled, 

within-subject repeated design studies in people with CRPS, which both reported statistically 

and clinically meaningful improvements in pain, when SDT was compared to a well-matched 

control (Moseley et al. 2008; Moseley and Wiech, 2009). The majority of these studies (see 
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Table 4.7) demonstrated clinically worthwhile improvements; however, given the design, no 

claims of cause and effect can be attributed to SDT (Higgins & Green, 2011). Thus, in keeping 

with our registered protocol, these non-RCTs were not used to inform our clinical 

recommendations. 

 

In nine of the 10 included RCT studies SDT was delivered by a healthcare professional or 

caregiver while in the study by Barker et al. (2008) an automated SDT device was employed, 

facilitating self-application. In seven of the studies (Flor, Denke, Schaefer, and Grusser, 2001; 

Morone et al., 2001; Paolucci et al., 2012, Paolucci et al., 2016; Trapp et al., 2015; van Baal, 

Schwarz, Ehenrenbrusthoff, and Gruneberg, 2018, and Wakolbinger et al., 2017) individuals 

within the intervention group, whilst receiving SDT, indirectly received more contact time with a 

therapist than individuals in the control group. Paolucci et al. (2016) argued that the one-to one-

relationship between the therapist and participant in the SDT group may have contributed to the 

positive findings in comparison to the control group. Paolucci et al. (2016) argued that the one-

to one-relationship between the therapist and participant in the SDT group may have 

contributed to the positive findings in comparison to the control group.  

 

With regard to the safety of SDT, none of the included studies from the primary analysis 

reported any AEs.  However, when analysing the non-RCT papers (Table 4.7), three studies 

(Schmid et al., 2017; Walti, Kool, and Luomajaki, 2015; Wand et al., 2013) reportedsafety 

issues or AEs. Specifically, Wand et al., (2013) discussed that the application of a stimulus 

using a penetrating needle should be avoided, and a plausible, safer and equally effective 

treatment could be discrimination training using non-penetrative stimulation but did not report 

any AEs. Schmid et al., (2017) and Wälti, Kool and Luomajoki (2015) also reported no AEs for a 

two-week home-based sensory-motor self-training intervention with people with CRPS and a 

sensory retraining tool which used a home training interface via the web, respectively.  In 

summary, a main finding is that SDT, as delivered within the parameters of this review, would 

appear to be safe.
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Table 4.7 Summary of Non-Randomised studies of SDT intervention 
Study 
Method 
 

Participants 
(condition, 
sample size, 
gender, mean 
age) 

SDT Delivery Method (equipment and 
dosage details) 

Summary of results  

(Harms et al., 
2020) 
Randomized 
replicated case 
series - feasibility 
study 

Knee 
Osteoarthritis  
n = 10  
7 females 
60 

Touch discrimination training (TDT): sharpened 
pencil tip or a rubber tip. 
 
Duration: TDT for at least 15 min twice a day 
(i.e., 7–8 min for each side of the knee). 

No significant positive effects on pain and function.  
Four participants did not perform TDT sessions due to lack of 
willingness and/or timely availability of a person to assist. TDT 
application by “significant other” not feasible delivery method 
and represents a significant barrier to its use. 

(Koller & 
Luomajoki, 
2013)* 
Case study 

PLP (arm) 
n = 1 
male 
43 
 

Two-Point discrimination (TPD) training: 
electronic caliper. Photo of residual limb (4 
points marked on the photo). 
Duration: 3 times per day for 5 consecutive 
days. Then 3 weeks of 10 mins per day.  

Phantom modalities (pain, feeling and sensation) combined = 
reduction of 4.13/10 (VAS). 
TPD improvement = 0.67 cm.  
 

(Koller & 
Baumgartner, 
2017)*  
Case Study 

PLP (below 
knee amputee)  
n = 1 
male 
28 

Automated two-point discrimination (TPD) 
device applied to stump: electric motor devise 
with control unit - assisted by therapist. 
Duration: 10 mins per day for 19 days.  

Phantom modalities (pain, feeling and sensation) = reduction of 
2.3/10 (VAS). Shooting pains reduced from 3.7/10 to 2.0/10 
(VAS). Evening/nightly attacks of 10/10 (VAS) no longer 
occurred during the intervention phase. 
 

(Louw et al., 
2015)  
Case series 

CLBP  
n = 16 
12 females 
48 

9-block grid shown on a body chart. TPD = 
back of a pen.  
Duration: 5 minutes per block grid. Randomly 
selected. Progression based on 
correct/incorrect answers. 45 minutes total.  

Mean pain ratings on NRS reduced by 1.91 (range 0-6).  
Mean forward flexion improved by 4.82cm (range -1 to 21). 
 

(McCabe et al., 
2011) 
Exploratory study  

CRPS 
n = 14 
9 females 
44 

Electrical sensory discrimination therapy 
(ESDT):  4 electrode system device. 
Duration: 3x 30-minute sessions per week. 
Control group = Physical rehabilitation and 
psychological support only. 

Both groups = improvement on McGill Pain VAS. 
TPD in the intervention group only was significant (T1 = 49.9 
mm - T2 = 32.6mm p = 0.03).  
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Moseley, Zalucki 
& Wiech, 2008  
 
Within subjects 
repeated 
measures design: 
Four phase (A–
B–C–D) 

CRPS Type 1  
n = 13 
9 females 
37 

(A) no-treatment; (B) stimulation only (music 
and/or magazine during); (C) discrimination 
condition (see below) (D) 3-month follow-up 
period.  
Tactile stimulation sessions (in clinic): Two 
cork probes, photo of affected limb, random 
numbers table; duration: x3 6-min blocks of 24 
stimuli, every weekday for 11-17 days 
(randomised for each participant). Home 
training: assistant; wine cork & pen lid; one 
clinic session plus one session per day at 
home. Discrimination phase: as above, plus 
interaction i.e., judgement on location of 
stimulus and type of probe.  

2nd and 3rd phase: mean (95% CI) effect size for pain VAS = 27 
mm (14–40 mm). Pain VAS not changed further at follow-up [28 
mm (18–38 mm), p = 0.32], but it was still lower than it was at 
post-stimulation, post-waiting period or at baseline (p < 0.008 for 
all).  
Mean (95% CI) effect size for TPD was 5.7 mm (2.9–8.5 mm). 
TPD had not changed further at follow-up [36 mm (33–39 mm), 
p = 0.95], but it was still lower than it was at post-stimulation, 
post-waiting period or at baseline (p < 0.015 for all).  
 

(Moseley & 
Wiech, 2009) 
Within subjects 
repeated 
measures design 
Four phase (A–
B–C–D) 

CRPS of one 
hand or wrist 
n = 10 
6 females 
43 

Tactile Discrimination Training (TDT): 2 probes 
applied to 1 of 5 stimulation sites on affected 
limb in random order. (A) Facing + Skin 
condition: watching reflected image of non-
stimulated arm while facing stimulated arm. (B) 
Skin only condition: watching non-stimulated 
arm directly (C) Facing only condition: looking 
in direction of stimulated arm but no mirror and 
unaffected limb hidden (D) Control: looking 
away from stimulated limb with unaffected limb 
hidden. 
Duration: 3 x 6 min blocks of 24 stimuli for 
each condition i.e. A to D.  

TPD threshold improved with training, regardless of condition 
(main effect of Time (F(2, 78) = 21.73, p < 0.001). Main effect of 
condition on TPD (F(3, 117) = 7.49, p = 0.009), driven by 
differences in TPD between conditions at post-session and at 2-
day follow-up (Time x Condition interaction (F(6, 234) = 11.34, p 
= 0.002). 
 

(Nishigami et al., 
2015) 
Case-control 
study 

CLBP 
n = 42; 17 
healthy 
34 females 
62 

Perceived body image intervention: 
participants added to drawing of a back by 
imagining their own back in their mind and 
following the instructions “concentrate on 
where you feel your back to be…draw in the 
vertebra that you can feel. Do this without 
touching your back. Do not draw any part you 

Perceived image of low back results: 42.8% of CNLBP patients 
had normal perceived body image, 28.5% expanded image, 
28.5% a shrunken image.  
TPD distance threshold: significantly larger for expanded 
subgroup (13.3 ± 6.8 mm), control (5.5 ± 3.8 mm; Difference, 
7.8; 95% CI, 1.83 to 13.66; p < 0.05) and normal subgroups (4.5 
± 5.5 mm; Difference, 8.8; 95%CI, 2.90 to 14.59; p < 0.05). 
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cannot sense. Do not draw what you think your 
back looks like - draw what it feels like.” 
Subgroups developed. 
TPD threshold: plastic calipers. 

 

(Osumi et al., 
2012) 
Case study  

CRPS Type 1  
n = 1 
female 
43 

Tactile localization training (TLT): soft square 
cushion - 107.9N pressure applied to left or 
right side of forefoot or left or right side of rear 
foot (TLT foot phase). The upper left, upper 
right, lower left, or lower right part of the patella 
(TLT knee phase). (1) stimulus applied (2) 
participant judgement on location of each 
tactile stimulus (3) Feedback if reported 
location (in)correct. Training increased from 1 
to 4 sites based on success. 
TLT = 40 mins per day (fatigue dependent). 
Training on foot for 14 days, then on the knee 
for following 16 days.  

Pain rating of foot in foot phase was 9.4 ± 0.54 (mean ± SD) 
decreasing to 4.8 ± 1.94 in the knee phase. Pain rating of the 
knee in the foot phase was 7.8 ± 0.44 decreasing to 5.1 ± 1.94 
in the knee phase.  
TPD: before TLT on knee, differences in TPD with unaffected 
side in the dorsum of the forefoot, the bottom of the forefoot, and 
the knee = 10 mm, 35 mm, and 25 mm, respectively. After TLT 
on knee, differences = 5 mm, 3 mm, and 10 mm, respectively.  
 

(Schmid et al., 
2017) 
Proof of principle 
pilot study  

CRPS Type 1  
n = 10 
7 females 
58 

Sensory-motor training: braille-like haptic task, 
different training modes (bi-manual, speed and 
memory training), increasing difficulty. 
Duration: 2 weeks training. 

Pre-post VAS mean differences (1.0 ± 1.19 p = 0.023). Overall 
disability and depression scores showed trend to improve after 
2-week training. Reduction in pain correlated with total amount 
of training performed. 

(Schneider et al., 
2015)** 
Pilot single blind 
crossover study  

Phantom Limb 
Phenomena 
(lower limb 
amputees) 
n = 8 
not reported 

TPD training: digital photo of their stump - 
show area of stimulation and distinguish 
between 1 or 2 points of stimulation. Duration: 
daily10-minute training over 14 days.  
Control (placebo) treatment: 40-mins for 14 
days 

Phantom limb phenomena “painful phantom sensation” 
decreased by 0.29 VAS, 95% CI: 0.02–0.69).  
 

(Wand et al., 
2013) 
Randomised, 
repeated 
measures cross-
over study 

CLBP 
n = 25 
9 females 
41 
 

SDT: picture of back with position of each 
needle numbered. (1) Clinician rotated single 
needle following random number sequence (2) 
participant stated stimulating needle (3) 
Feedback on correct response.  
Duration: 20 mins - 10 mins visualisation of 
back, 10 mins no visualisation. 

Pain intensity (VAS) mean between group difference favours 
SDT (−0.8, 95% CI −1.4 to −0.3; p=0.011). 
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Control condition: not attend to needles - 
therapist manipulated needles at same rate 
and using same random sequence as SDT 
condition. Duration = 20 mins. 

(Wälti et al., 
2015) 
RCT: 
SDT within 
Multimodal 
treatment (MMT)  

CLBP 
n = 28 
16 males 
42 
 

MMT included: (1) Pain neurophysiology 
education (2) Sensory retraining (3) Motor 
retraining. Sensory retraining: TPD threshold 
test - values transferred to Sensory Retraining 
Tool (SRT) integrated into web-based Home 
Treatment Interface; assistance from 1 person. 
Performance rated on SRT: 80% correct = 
treatment difficulty progressed. Duration: 
≥80% completion of 55 sets  

Pain reduction (NRS): between-group difference was 1.45 [0.0 
to 4.0] (p = 0.03), moderate effect size of 0.66 [-0.1 to 1.5]. 
Disability (RMDQ): 2.02 [-1.5 to 5.6] (p = 0.25. 
N.B. design of the study did not allow for analysis of the sensory 
retraining intervention. 

 

Legend:  CLBP = Chronic low back pain; PLP = Phantom limb pain; CRPS = Complex regional pain syndrome; MDC = Minimal Detectable 
Change. *German - English translation by reviewer using Translate function in Microsoft Word. **Abstract only available. 
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4.4.1 Strengths and limitations 
 

A strength of this review is its adherence to the Cochrane Collaboration methodology 

(Higgins and Green, 2011). Attempts were made to contact all authors in which the 

published study did not provide sufficient explanation to make a judgement in accordance 

with the GRADE risk of bias questions. This was necessary for seven of the ten studies with 

all authors replying, and the risk of bias judgements (Figure 4.2 and Figure 4.3) were 

updated accordingly. However, it should be noted that the GRADE process could not be fully 

applied here, as meta-analysis was not warranted given the heterogeneity of the population 

and the application of the intervention. Furthermore, there were too few studies to enable 

subgrouping into differing CMP conditions as part of the data pooling meta-analysis process.  

The lack of an agreed upon definition for SDT in the literature also made the systematic 

reviewing process difficult, in terms of a wide search strategy that produced imprecise 

results. Overall, the primary limitation of this review was the quality of individual studies 

included all of which were small studies with a high risk of bias.  

 

A further limitation of the field is that the key outcome measures being used in the included 

studies have not had their psychometric properties investigated in this patient group. This 

raised concerns over the validity of the findings for this patient group as some of the 

outcome measures used had undergone reliability work in the CMP population, but this 

cannot be generalised to the PLP population. The test-retest reliability of outcome measures 

related to pain, HRQoL and sensorimotor function should be deemed as sufficiently reliable 

for use with the PLP population prior to their use in clinical trials investigating treatments. 

Therefore, there is an urgent need to undertake studies investigating the psychometric 

properties of these outcome measures. This gap in the literature will be filled through the 

study presented in the next chapter. 

 

4.4.2 Clinical implications 
 

Given the high risk of bias within the included studies no firm clinical recommendations can 

be made. GRADE rated recommendations show all studies to be of very low certainty (or 

quality) of evidence, with the rationale shown in Table 4.6. Given that the studies included 

were small and largely underpowered, the standardised mean effect sizes have been 

calculated for each study to explore the potential magnitude of the effect for this intervention. 

The effect sizes ranged from medium in the direction of the control group to large in favour of 

SDT. We have also identified which studies reported a statistically significant finding and a 
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between groups difference above the MCID. However, we have not attempted to interpret 

the data any further to avoid simply counting the number of studies demonstrating a 

statistically significant effect or a large effect size, which can lead to erroneous conclusions. 

The absence of any reporting of AEs has important clinical implications, as it suggests SDT 

could potentially be more appealing than other interventions in certain circumstances, for 

example in the treatment of people with PLP where pharmacological treatments have shown 

limited efficacy and are associated with high levels of AEs (Alviar, Hale and Lim-Dungca, 

2016). 

4.4.3 Future research  
 

This review highlights the lack of high quality published RCT’s on SDT for people with CMP 

and the need for adequately powered high quality RCTs to be carried out addressing the 

existing key study limitations around issues such as blinding and controlling for patient-

therapist contact time. In addition, SDT is delivered within the existing literature in a 

heterogeneous manner, future work should investigate which modes of SDT are most 

effective (e.g., electrical stimulation vs. tactile stimulation) along with key delivery 

parameters such as optimising dosage.  

 

4.5 Summary of findings to be applied to protocol 
 

1. SDT does not appear to be associated with any adverse effects and shows potential 

regarding its clinical efficacy. However, there is a lack of high quality 

evidence upon which to make any firm clinical recommendations. This work therefore 

provides the background to the RCT protocol. Furthermore, it provides a rationale for 

the need of the future RCT to monitor safety to create high quality evidence on this 

issue. 

 

2. Provides an operational definition for SDT: 

 

“A treatment which includes all three of the following criteria: (1) the initial delivery of 

a particular, defined and controlled stimulus (e.g., electrical or tactile) to the patient’s 

body, (2) the recipient making a judgement on an aspect of the stimulus (e.g., the 

location) and (3) feedback provided to the recipient on the accuracy of their 

judgement, usually by a trainer/therapist”.  
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It is important that this is highlighted because SDT currently has no accepted 

definition. This could lead to a great deal of variation in how it is applied and how 

subsequent studies are synthesised. The protocol for the RCT should make it explicit 

that the participants in the intervention group will be told that they will be interacting 

with the device to make judgements about sensations they are experiencing in their 

residual limb and that they will receive a response to the judgements that they make. 

This will enable active training to take place, which is the variable under investigation. 

 

3. No studies within SR used quality of life (QoL) outcome measures. Health related 

QoL measures such as the EQ-5D-5L should be incorporated into the RCT protocol. 

 

4. A key methodological issue in all the included studies was the lack of blinding of 

participants and personnel. Thus, the differences between groups may have been 

attributable to nonspecific intervention effects such as the placebo effect. Where 

participants are not blind and the outcome measure is self-reported, it is impossible 

to have blinded outcome assessment. This issue informs the scientific robustness of 

the protocol in terms of the use of a sham device and advice given to the participants 

in this group that the device will work on a subconscious level therefore no interaction 

i.e., no judgement and feedback on any stimulus experienced will be required. 

 

5. The average duration of SDT intervention for the 10 studies was 7.5 hours. This 

provides an indication of a minimum intervention time for SDT in the RCT protocol. 

 

4.6 Conclusion  
 

In this systematic review, ten RCTs (consisting of 350 participants) of very low quality were 

identified that have investigated the efficacy of SDT for people with CMP. There was 

conflicting evidence from seven RCTs for the efficacy of SDT for CLBP. There was very low-

quality evidence from two studies supporting the efficacy of SDT for PLP. There was very 

low-quality evidence from one RCT for the efficacy of SDT for Fibromyalgia. No AEs of SDT 

were identified. However, the high risk of bias within the existing literature means that no firm 

conclusions can be made at this time. Overall, there is a lack of high-quality evidence 

investigating the efficacy and safety of SDT to guide its use in the clinical management of 

CMP. Furthermore, there is the need to establish the psychometric properties of potential 

outcome measures for future studies with the PLP population, which will be addressed in the 

next chapter.  
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Interventions that incorporate SDT may be beneficial in the treatment of PLP, however no 

consensus has been made regarding outcome measures that could monitor change brought 

by therapeutic interventions such as SDT for PLP.  As such, the study presented in the 

following chapter aims to assess the reliability and validity of outcome measures that could 

be used to monitor change in a study investigating the effectiveness of treatments such as 

SDT for people living with PLP.  
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 Outcome measures study 
 

5.1 Chapter overview 

 
The previous chapter highlighted the need for suitable outcome measures that could be 

used when SDT is used as an intervention for people living with PLP. In this chapter the 

psychometric properties of several outcome measures are investigated in a group of 

participants with PLP. The reliability of the following outcome measures is quantified; the 

Visual Analogue Scale (VAS) for pain, the revised Short Form McGill Pain Questionnaire 

(SF-MPQ-2), a pain diary, the EuroQol-5D 5 level (EQ-5D-5L) - index value/VAS, Two-Point 

Discrimination (TPD) and an Implicit motor Imagery Test (IMIT). Additionally, the validity of 

the IMIT is investigated. The findings are used to identify if these outcome measures are 

valid and reliable within a PLP population and recommendations are made about which 

outcome measures may be most appropriate for future trials within this population.  

 

5.2 Introduction 
 

The systematic review presented in Chapter four and the experiences with active self-

management techniques presented in Chapter three demonstrated that there is clinical 

potential for feedback guided sensory training interventions to improve pain (Flor, Denke, 

Schaefer, & Grusser, 2001; Koller & Baumgartner, 2017a, 2017b; Koller & Luomajoki, 

2013a, 2013b; Louw et al., 2015; Schneider et al., 2015; Wakolbinger et al., 2018) and 

sensorimotor function outcomes for people living with PLP (Wakolbinger et al., 2018). This 

would likely lead to benefits in other outcome domains such as quality of life. To investigate 

if such an intervention would be effective for people with PLP there is a need for valid and 

reliable outcome measures within this population. However, the validity and reliability of the 

outcome measures currently being used with amputees living with PLP have not been 

specifically investigated within a PLP population. As highlighted in chapter four this is a 

major limitation of the literature and a gap that this chapter will address. Establishing the 

psychometric properties of such outcome measures in the population of interest is pivotal for 

future studies that seek to use these outcome measures to investigate the effectiveness of 

interventions. The Medical Research Council (MRC) framework for the development of 

complex interventions recommends undertaking extensive feasibility work exploring key 

aspects such as outcome measures prior to undertaking RCTs (Craig et al., 2008).  
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The review of the literature (Chapter 2) has identified patient reported outcome measures 

(PROMs) that are relevant to the experience of PLP in the form of pain intensity and health-

related quality of life (HRQoL). Sensorimotor function was also identified as an outcome of 

interest. The measures of pain intensity (VAS and SF-MPQ-2) have undergone some 

reliability and validity work with other chronic pain populations (Dworkin et al., 2009; Ferraz 

et al., 1990). Test-retest reliability has been estimated for the original EQ-5D and the EQ 

VAS in chronic pain populations (Fransen, 1999; Hurst et al., 1997) but the EQ-5D-5L 

version is yet to be assessed. Furthermore, TPD as a sensorimotor outcome measure has 

undergone reliability work at multiple different bodily locations and with a range of health 

conditions and healthy individuals resulting in variable reliability estimates (Adamczyk et al., 

2018; Ehrenbrusthoff et al., 2018). However, there is a complete absence of work 

specifically investigating the psychometric properties of these outcome measures in people 

with PLP. Previous findings, as limited as they are, cannot be assumed to generalise to 

people with PLP. As such studies quantifying the psychometric properties of these outcome 

measures is needed to ensure that they are suitable for use with those living with PLP. Test-

retest reliability impacts both on research inferences and clinical decisions made on 

individual patients. In a research context, measurements should be reliable enough for a 

mean treatment effect, at a statistically and clinically meaningful level, to be detected in an 

intervention trial with appropriate statistical precision and a feasible sample size. In a clinical 

context, measurements should be reliable enough for any clinical diagnoses or monitoring of 

status on patients to be robust (Atkinson & Nevill, 1998).  

 

Reliability is a prerequisite of validity, but reliability does not ensure validity (Finch et al., 

2002). Therefore, an outcome measure demonstrating an acceptable level of measurement 

error also needs to measure the concept or theoretical construct that it claims to measure 

(construct validity). The IMIT is an objective outcome measure of interest as it quantifies 

sensorimotor function, via the performance indicators of accuracy and response time (RT) to 

provide a proxy measure of the efficiency of the WBS. To investigate known-groups validity it 

was hypothesised that participants would be slower and less accurate at responding to 

images of feet corresponding to their affected limb versus their unaffected limb. Furthermore, 

it was anticipated that bilateral amputees would have greater disruption to their WBS. Thus, 

it was hypothesised that bilateral amputees would be less accurate and slower than 

unilateral amputees at laterality judgements of images of feet. 

 

The main aim of this chapter (thesis sub-aim 3) was to investigate the reliability and validity 

of key outcome measures for people living with PLP. 
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This was achieved through the following objectives: 

3a. To quantify the test-retest reliability of outcome measures for pain, HRQoL and 

sensorimotor function in people with PLP.   

3b. To investigate the known-groups validity of an implicit motor imagery test (IMIT) as a 

potential measure of sensorimotor function.  

3c. To use the reliability statistics to estimate the required sample size for an appropriately 

powered RCT to inform the protocol.  

 

5.3 Methods 

 
The study was approved by Teesside University’s School of Health and Life Sciences 

Research Governance and Ethics Board, study number 084/18 and the East Midlands – 

Derby Research Ethics Committee, study number 18/EM/0220 (Appendix 5.6).  

 

5.3.1 Study overview 

 
In this test-retest reliability study 40 participants with PLP consented to undertake the same 

battery of outcome measures at two different time points, with a minimum of seven days and 

a maximum of 14 days between sessions. This timeframe was chosen based on its 

ecological validity as it reflects the usual time period between clinical appointments for this 

population. Furthermore, it has been recommended that for PROMs the interval between 

testing is generally one to two weeks as this is long enough that the person is unlikely to 

recall their previous response and short enough that it is unlikely the condition of the person 

has changed (Deyo et al., 1991). Results between session one and session two were 

compared to assess between session (test-retest) reliability.  

 

5.3.2 Recruitment  

 
For the adequate precision of sample estimates of error, the recruitment of at least 40 has 

been advised for an agreement-type study like ours (Altman, 1991). Thus, the study aimed 

to recruit 40 people with PLP. Participants were recruited from three NHS hospital trusts in 

the North-East of England between November 2018 and March 2020. Participation in the 

study was voluntary and all participants provided written informed consent prior to data 

collection. Patients identified as potentially meeting the inclusion/exclusion criteria were 

initially approached by their routine healthcare professionals as part of the management for 
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their amputation and provided with the study participant information sheet. Those interested 

in hearing more about the study and/or taking part contacted the researcher directly or 

provided written consent for the health care professional to pass the researcher their contact 

details. If the patient formally met the inclusion/exclusion criteria and wished to take part 

written informed consent was then obtained by the researcher.  

 

5.3.3 Inclusion criteria 

 
The following study inclusion criteria were used: 

- Age: ≥18 years. 

- At least six months should have passed since amputation.  

- above ankle or above wrist amputation. 

- experienced PLP which has persisted for at least 3 months or more (i.e., people with acute 

PLP are non-eligible). 

- experienced PLP rated as ≥3 on a 0-10 scale on at least 2 days in the past week. 

- able to comprehend sufficient English and able to give consent. 

- If using pharmacological treatments, the dosage must have been stable for the last month.  

-  Any previous non-pharmacological PLP treatment must have terminated at least 3 months 

prior to commencing the study. 

- Any PLP reduction potentially attributable to previous PLP treatments must have occurred 

at least 1 month prior to commencing the study. 

- No condition associated with risk of poor protocol compliance. 

 

5.3.4 Exclusion criteria 

 
The following study exclusion criteria were used: 

- The participant should not have cognitive impairment that prevents them from following 

simple instructions. 

- should not be currently entered on a research trial investigating a treatment. 

- should not be undergoing active prosthetic rehabilitation e.g., walking training sessions or 

upper limb Occupational Therapy sessions. 
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5.4 Outcome measures 

 
The next sections will provide details on the assessment procedure and use of the following 

outcome measures: TAPES-R, the Visual Analogue Scale (VAS) for pain, the revised Short 

Form McGill Pain Questionnaire (SF-MPQ-2), a pain diary, the EuroQol-5D 5 level (EQ-5D-

5L) - index value/VAS, Two-Point Discrimination (TPD) and an Implicit motor Imagery Test 

(IMIT). The validity of the IMIT will also be explored.  

 

 

5.4.1 Demographic information  

 
At the first session participants’ age in years, sex, ethnicity, medical co-morbidities were 

recorded. Amputation history was collected using an amended version of The Trinity 

Amputation and Prosthesis Experience Scales Questionnaire-revised (TAPES-R) (Gallagher 

et al., 2010; Gallagher, 2000).  The TAPES-R was chosen as the demographic and amputee 

specific characteristics tool as it collects a comprehensive record of the participant’s 

background characteristics, function and amputation history. The TAPES-R records details 

such as the level of the amputation, the underlying reason for the amputation and 

information on PLP frequency, duration, intensity, and interference. Previous validity and 

reliability work (Gallagher, 2000) has focussed on the subscales related to prosthetic use 

(psychosocial adjustment, activity restriction and satisfaction), demonstrating high internal 

consistency and face, content and predictive validity. However, the items relating to PLP i.e., 

the items used in this study, have not undergone reliability analysis. One additional question 

was added regarding telescoping. This yes/no question identified if the participant 

experiences telescoping which is a phenomenon where the phantom limb is perceived as 

shrunken so that the foot/hand feels like it has retracted towards the residual limb. Clinically, 

telescoping may be of interest as it tends to be related to increased levels of PLP (Flor et al., 

2006), its presence has been negatively related to PLP reduction during mirror therapy 

intervention (Foell et al., 2014) and temporarily revoking telescoping sensations has been 

shown to alleviate PLP (Schmalzl et al., 2011). This question has been asked as part of a 

PLP questionnaire in a previous RCT looking at phantom motor execution as a treatment for 

PLP (Lendaro et al., 2018).  
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5.4.2 Assessment procedure 

 
Participants were given the questionnaires in the following order: VAS (Appendix 5.1), SF-

MPQ-2 (Appendix 5.2), EQ-5D-L and EQ VAS (Appendix 5.3). Participants read the 

instructions and were invited to self-complete the forms and informed that they could ask the 

researcher for clarification on the instructions or the wording of the questions if necessary. 

This was followed by the two sensorimotor objective measures; TPD and IMIT according to 

the test protocols below. The pain diary was completed by the participants in their own time.  

 

Pain intensity related PROMs 

To complete the pain VAS participants were presented with a 10-cm (100-mm) line on a 

piece of paper and a pen. They were instructed to mark their perceived level of pain intensity 

on the line. The written instructions prompted participants to provide a rating that they 

experienced in their phantom limb(s) over the previous week. The instrument was then 

scored by the researcher (AG) measuring, with a ruler, the distance in millimetres from the 

“no pain at all” anchor to the mark placed on the line by the participant. Possible scores 

range from 0 to 100. The resulting measure represents the participant’s level of PLP 

intensity for the previous week, which was used for test-retest analysis. Participants 

completed a paper version of the SF-MPQ-2 by rating the extent to which they experienced 

each of the 22 pain descriptors during the previous week using an 11-point numeric rating 

scale (0 = “none” to 10 = “worst possible”). The instructions prompted the participant to use 0 

if the word did not describe their experience of PLP. The participants were presented with 

words from four summary scales: (1) continuous descriptors (throbbing pain, cramping pain, 

gnawing pain, aching pain, heavy pain, and tender), (2) intermittent descriptors (shooting 

pain, stabbing pain, sharp pain, splitting pain, electric-shock pain, and piercing), (3) 

neuropathic descriptors (hot-burning pain, cold freezing pain, pain caused by light touch, 

itching, tingling or ‘pins and needles’, and numbness), and (4) affective descriptors (tiring-

exhausting, sickening, fearful, and punishing-cruel). A total PLP score (possible range of 

scores 0-10) was computed by averaging participant ratings across all questions, which was 

used for the test-retest analysis. To avoid missing data, the researcher (AG) checked over 

the questionnaire at the time of completion to ensure that each of the 22 items had been 

given a rating and if a descriptor was missed the participant was asked to mark a zero if they 

hadn’t experienced that descriptor or to provide a rating.  

A pain diary was given to the participant at the end of each session. The participant 

completed the diary daily over the next week (seven days) in which they recorded a rating of 

their PLP intensity for the day, with reference to a Numerical Rating Scale (0 - 100) where 0 



123 

 
represented no pain at all and 100 represented the worst pain imaginable. The average of 

the daily ratings provided an overall pain diary score for test-retest reliability analysis. No 

correction was necessary for missing data if the participant had omitted a day or two of 

entries – the mean score was calculated on the available items. Multiple missed days (i.e. 3 

or more) resulted in data being excluded from analysis.  

The diary also contained a box to record the location of their PLP and anything different or 

unusual about the pain. Pain medication use in the previous week was also recorded by 

asking participants to note down the name and dosage of any pain medication taken on 

each of the 7 days.   

 

Health-related Quality of Life PROMs 

Participants completed a paper version of the EQ-5D-5L which consisted of 2 pages – the 

EQ-5D-5L descriptive system and the EQ VAS. The written instructions for the descriptive 

system asked the participants to indicate their health state ‘Today’ against 5 dimensions/ 

levels (mobility, self-care, usual activities, pain/discomfort, anxiety/depression). Each 

dimension has five levels: no problems, slight problems, moderate problems, severe 

problems, and extreme problems. The 1-digit number was recorded for each dimension and 

the digits for the five dimensions were combined in a 5-digit number describing the 

participants health state. This was converted to a single digit index value using an Excel 

spreadsheet format calculator (available at https://euroqol.org/eq-5d-instruments/eq-5d-5l-

about/valuation-standard-value-sets/crosswalk-index-value-calculator/). The UK crosswalk 

value set (Van Hout et al., 2012) was produced based on a mapping approach that allowed 

5 level (5L) index values to be calculated on the basis of a link between 5L dimension 

responses and the original 3 level (3L) value sets.The UK crosswalk index value range is 

from -0.594 (worst possible health) to 1.000 (best possible health) and this value was used 

for test-retest analysis.  

For the EQ-VAS participants were asked to record their self-rated health ‘Today’ on a 

vertical VAS with the endpoints ‘The worst health you can imagine’ and ‘The best health you 

can imagine’ at the bottom (‘0’) and the top (‘100’), respectively. The number marked on the 

scale was checked against the number written in the box and used for test-retest analysis.  

 

Objective outcome measures of sensorimotor function  

The Two-point discrimination test procedure was developed from a previous protocol that 

demonstrated an acceptable level of reliability for intra-observer two-point discrimination 

threshold testing in individuals with chronic low back pain (Ehrenbrusthoff et al., 2016).  

https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/valuation-standard-value-sets/crosswalk-index-value-calculator/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/valuation-standard-value-sets/crosswalk-index-value-calculator/
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Participants were either seated in a chair to allow the residual limb to be elevated or 

positioned lying on their backs on either a couch or bed (home data collection) or a standard 

Physiotherapy treatment bench (plinth) or bed. In the case of bilateral amputees, the 

participant was asked which residual limb they would prefer to have the measurements 

taken from (this was noted for the second session). The measurement tool was a Lychee 

Electronic Digital LCD Vernier Gauge Calliper with a 1mm precision. This was positioned 

perpendicular to the distal end of the residual limb, avoiding any scar tissue by at least 40 

mm. The Calliper tips were widened in 1mm increments and at each distance, participants 

were asked to say ‘one’ if they felt one point of contact, and ‘two’ if they felt two points of 

contact. Catch trials were also included approximately every 5 measurements by either 

using only one point or the widest possible distance to prevent guessing by participants 

(Ehrenbrusthoff et al., 2016). The distance at which the participant first identifies two points 

was provisionally noted as the key outcome value for analysis. The Callipers were then 

increased by 1mm. If the participant again notices two points, this was considered to indicate 

consistency of identification, and the first distance of the two-point identification as taken as 

the TPD result. If, however, the participant did not identify the stimulus as two separate 

points after the increment, the researcher continued to expand the distance until two 

consecutive correct ratings were provided by the participant. This process was repeated a 

further four times with the average of the five readings used in the test-retest analysis. The 

test took approximately five minutes to complete. The assessor (AG) was an Occupational 

Therapist with around five years of clinical experience in rehabilitation including a specialism 

in vascular and amputee rehabilitation. AG received a one-hour training session prior to the 

beginning of the study, conducted by an experienced TPD assessor (CR) and accumulated 

around five hours experience completing the TPD procedure prior to commencing the study.   

 

Participants were asked to undertake the IMIT using E-Prime 2.0 software (E-Prime® 2.0 

Psychology Software Tools, Inc.). Participants sat with the laptop on their lap or a table in 

front of them (this preference was noted on the first visit and replicated on the second visit) 

and were presented with a series of images of either a left or right foot. The drawings were 

replicated from the seminal work of Parsons et al. (1987). The 72 images of feet varied in 

their laterality (left or right), view (from an inside, outside and toes perspective) and 

orientation (0° to 180° each separated by 30°). The images were presented in both 

clockwise and anti-clockwise directions from upright (0 degrees). Left and right feet were 

mirror images of one other but were otherwise identical. (See figure 5.1 for all images 

presented to participants). The test took approximately five minutes to complete. The two 

outcomes were the % of correctly identified drawings (left or right) and the response time 
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(RT). Response time (RT) was the period in milliseconds from the onset of each image to 

when a response (key press) was made. Only correct responses were entered for the RT 

calculations. The median RT for each participant (session 1 and session 2) was entered for 

statistical analysis as this is a more robust measure of central tendency i.e. less sensitive to 

outliers (Field, 2018), as in this instance in which individual’s data includes multiple response 

times. 
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Figure 5.1  Images presented during the IMIT. Rotation from 0 to 180 degree: right 
foot top and corresponding left foot below. Right feet Medial orientations were a 
clockwise rotation and left feet anti-clockwise. Right feet lateral orientations were 
anti-clockwise rotation and left feet were clockwise.   
 

5.4.3 Data analysis 

 
The analysis used to assess the normality of the data was via the Shapiro-Wilks Test, which 

is recommended for sample sizes <50. The interpretation of this test is based on the 

assumption that if the test is non-significant (p >0.05) it suggests that the distribution of the 

sample is not significantly different from a normal sample (i.e., it is probably normal) (Field, 

2018). However, this test is based on null hypothesis significance testing, and this means 

that in all samples they will lack power to detect violations of assumptions (Field, 2018). 

Therefore, to make an informed decision about the extent of non-normality the data was 

plotted for visual inspection.  Histograms and Q-Q plots were used to assess the distribution 

of the data of the differences between session one and two.  

Several statistics were used for quantifying test-retest reliability in keeping with the different 

contexts of measurement; research or individual patient status (Atkinson & Nevill, 1998). The 

systematic and random error between session one and two for the five PROMs and the two 

objective outcome measures were quantified. The fundamental issues are whether the test-

retest variability is small enough to allow robust decisions to be made when the 

measurement tool is used in future research or to help arrive at robust clinical decisions on 
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individual patients (Atkinson & Nevill, 1998). A paired t-test was used to quantify the mean 

(95% CI) change between session one and two and to explore any evidence of systematic 

error. Random error was quantified with the within-subjects SD (standard error of 

measurement [SEM]), coefficient of variation (CV), limits of agreement (LOA) and a two-way 

mixed effects model intraclass correlation coefficient (ICC). Point estimates of each error 

statistic were presented alongside the respective 95% confidence intervals (95%CI).  

When 95% CI of ICC is <0.5, reliability is poor. When the values is between 0.5 to 0.75, 

reliability is moderate, between 0.75 to 0.90 reliability is good, and greater than 0.90 

reliability is excellent (Koo & Li, 2016). Bland-Altman plots were plotted for each outcome 

measure to visually assess the mean difference (systematic error), data scatter and the 

relationship between magnitude of difference and size of measurement. Evidence of 

heteroscedasticity can be observed when a trend of increasing or decreasing exists in the 

amount of difference within two adjacent assessments as the mean scores of the two 

assessments increase (Bland & Altman, 1999). All data was analysed, and Bland-Altman 

plots devised using Microsoft Excel and the IBM SPSS Statistics package (version 26). 

 

 Validity of IMIT analysis 

 

To investigate the known-groups validity of IMIT (thesis aim 3b), a paired t-test was used to 

compare overall mean accuracy (%) and overall mean RT (ms) corresponding to the 

affected and unaffected side in unilateral amputees. An independent samples t-test was 

used to compare accuracy and RTs between bilateral amputees and unilateral amputees (3b 

[i]). For the bilateral participants all images would be classed as corresponding to their 

affected limb so to avoid pseudo-replication the mean score of the left and right image was 

entered for analysis (Lazic, 2010). An independent samples t-test was performed on the 

overall mean RT and overall mean accuracy data for 3b[ii] bilateral amputees (averaged 

between left and right images) versus unilateral amputees judging images of their affected 

limb, and 3b[iii] bilateral amputees (averaged between left and right images) judging images 

of their unaffected limb.  
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Minimal Clinical Important Difference 

 

Minimal Clinical Important Difference (MCID) is the smallest effect worth detecting that is of 

clinical significance and is a key parameter in sample size estimation  (Batterham & 

Atkinson, 2005). In a sample size calculation for an RCT, the target difference between the 

treatment groups strictly relates to a group level difference for the anticipated study 

population (Cook et al., 2018). An MCID for pain in people with chronic pain has not been 

firmly established though various recommendations exist such as the IMMPACT 

recommendations (Dworkin et al., 2008). It should be noted these recommendations apply to 

the treatment of chronic pain in general rather than being specific to PLP. Currently there are 

no established MCIDs for people with PLP. However, for chronic pain in general a reduction 

in pain of 10-20% is considered to represent a clinically important change across outcome 

measurement tools (Dworkin et al. 2009). In concordance with this, previous NICE 

guidelines have agreed on a consensus MCID between groups of 10/100 or 1/10 or 10% for 

pain (NICE, 2016). These figures can be corroborated when looking at recently published 

chronic pain guidelines (NICE, 2021) which included an evidence review for electrical 

physical modalities, including a MCID of 1/10 on the VAS when comparing TENS versus 

sham TENS.  The three pain outcome measures in this study are all concerned with the 

assessment of pain intensity and the MCID will be based on the reduction as outlined above.  

The VAS is measured on a 0 - 100mm scale and therefore a change of 10/100 points will be 

used as the MCID. The pain diary also utilises a 0 - 100 scale and therefore a similar 10 

points MCID will be used. SF-MPQ-2 is measured on a 0 - 10 scale and therefore a change 

of 1/10 will be used as the MCID. There is no definitive data on the MCID for EQ-5D-5L 

index value in people with chronic pain and there are no studies which look specifically at 

patients with PLP. However, previous NICE guidelines for low back pain (NICE, 2016) have 

suggested an MCID of 0.03 and this value will be considered in the current study to assist 

with interpretation. The EQ VAS records the participants self-rated ‘health today’ on a 20cm 

vertical 0 – 100 visual analogue scale. As no definitive MCID is available for the EQ VAS in 

the chronic pain population then as suggested by NICE (2016) for continuous outcomes a 

10% of scale or 10-point MCID will be used. 

 

The two sensorimotor outcome measures (TPD and IMIT) are novel procedures for use with 

amputees and therefore the MCID has not been established for this population. The data 

obtained from session 1 (baseline data) were used to estimate the MCID. The MCID was 

estimated by calculating 0.5 SD of the baseline values (Norman et al., 2003). Distribution-

based methods are derived from the theory that the MCID can be calculated using the 
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distribution of observed scores in a given sample (Copay et al., 2007). Norman et al. (2003) 

found that the value of 0.5 SD corresponded to the MCID across a variety of outcome 

measures in a variety of studies. For the purpose of analysis within this chapter, an MCID for 

the lower residual limb was estimated as 8.5 mm. IMIT accuracy and response time MCIDs 

were estimated as 8% and 595 ms, respectively. The standard deviation of the session 

differences (between-subjects SD) and MCID was then used to estimate the sample size 

required for future trials attempting to detect the MCID using the different outcome 

measures. This component of the analysis was used to explore if the sample size estimates 

were achievable within the area of rehabilitation for people with PLP to assess if the 

outcome measure was sufficiently reliable for research purposes. Statistical power 

calculations were undertaken using the statistics software G*Power 3.1 (Faul et al., 2007) .   

 

5.5 Results 

 
The results section will present the participants demographic information in tabular form to 

include participant characteristics, baseline PLP characteristics and medication use for PLP. 

Normality testing for each outcome measure will be presented. This will be followed by the 

reliability statistics for each outcome measure, split into the domains of pain intensity, 

HRQoL and sensorimotor function. The tables will also include the MCID for each outcome 

measure and the estimated number of participants that would be required for future single 

arm/RCT studies.  Bland-Altman plots will also be presented to provide an overview of the 

relationship between the difference between time one and time two data collection and the 

mean score on each outcome measure. This section will finish with providing results of the 

validity of IMIT.  

 

5.5.1 Participant characteristics  

 
Forty-eight people expressed an interest in participating in this study and were screened for 

eligibility. Of these, two were excluded for not meeting the inclusion criteria (less than 6 

months post amputation and a person with a single digit amputation) and three were at risk 

of poor protocol compliance due to infections in their residual limb. A further two people 

contacted the researcher to find out more about the study but chose not to participate. This 

resulted in 40 participants providing informed consent and entering the data collection 

phase. Two participants did not participate in the second data collection session; one 

withdrew with no reason given and the other was cancelled due to the researcher being 
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unable to travel due to Covid-19 restrictions. Seven participants did not complete the first 

and/or second TPD assessments due to allodynia (n = 4), neuropathy/poor sensation (n = 2) 

and skin breakdown (n = 1) in their residual limb.  Two participants were excluded from the 

IMIT data analysis as they did not follow the protocol instructions. The data obtained from 

the single upper limb amputee recruited to the study was not included in the IMIT analysis. 

Three participants did not return the first pain diary with no reason given, 1 participant did 

not receive the second pain diary as they withdrew after the first session and 7 participants 

did not return the second pain diary following three reminder texts, with no reason provided. 

One participant was excluded from data analysis due to the diagnosis of a stroke between 

sessions. (Figure 5.2). 

 

 
 

Figure 5.2 Flow chart of participant recruitment process, testing and data analysis 
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Table 5.1 Participant characteristics  
Sex  31 Male 9 Female 

 Mean (SD)  Range 

Age (Years) 57 (13) 31 - 88 

Time since amputation (Years) 6.8 (8.3) 0.9 – 40.1 

Prosthesis use (Years) 5.8 (8.5) 0 – 23.9  

Type of Amputation n % 

Below knee    19 47.5 

Above knee    10 25 

Through knee    2 5 

Bilateral below knee   4 10 

Bilateral above knee   2 5 

Bilateral above and below knee 2 5 

Above elbow    1 2.5 

Cause of amputation  n % 

Accident     15 37.5 

Peripheral vascular disease  9 22.5 

Diabetes     8 20 

(Osteo/Polio) Myelitis  4 10 

Cancer     1 2.5 

Neurofibromatosis    1 2.5 

Necrotising fasciitis    1 2.5 

Beurger's Disease   1 2.5 

 

Legend:  Data collected using an adapted version of the Trinity Amputation and 

Prosthesis Experience Scales Questionnaire-revised (TAPES-R) (Gallagher 

et al, 2010) 
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Table 5.2 Baseline PLP characteristics 
Frequency of PLP episodes n % 

A few times per week  16       40 

A few times per day  14 35 

A few times per hour  6  15 

Continuous 4 10 

Duration of PLP episodes* n % 

Few seconds to 1 minute 13 32.5 

Several minutes to 1 hour 15 37.5 

Several hours   6 15 

All day and/or night  6 15 

Intensity of PLP episodes n % 

Mild    3 7.5 

Discomforting   13 32.5 

Distressing   1 2.5 

Horrible  

  

11 27.5 

Excruciating   12 30 

PLP interference n % 

Not at all   9 22.5 

A Little Bit   8 20 

Moderately   9 22.5 

Quite a bit   3 7.5 

A lot    11 27.5 

Telescoping  n  %  

Yes 7 17.5 

No 33 82.5 

* Duration is per hour over previous week (7 days); intensity and interference are average 
ratings over previous week (7 days). Data collected using an adapted version of the TAPES-
R 
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Table 5.3 Medication for PLP  
 
Brand/Type n Daily dose range (mg)* 
Gabapentin (anticonvulsant) 7 400 – 1800 

Paracetamol (analgesic)   7 1000 – 4000 

Pregablin (anticonvulsant) 4 150 – 600 

Amitriptyline (tricyclic antidepressant)  3 20 - 60 

MST (Morphine slow release)  3 40 - 100 

Naproxen (opiate)  2 Not recorded 

Tramadol (opiate)  2 200 

Oramorph (morphine)  2 Not recorded 

Zomorph (morphine)  1 100 

Oxycodone (opiate)  1 40 

Not taking or not recorded 11 n/a 

*Data collected as part of the pain diary - daily medication taken for PLP, every day for 7 
days 
 

5.5.2 Normality testing  

 
The Shapiro-Wilks Test for normality found that the only outcome measure with a normal 

distribution was the SF-MPQ-2 (p = 0.311). However, upon visual inspection, the data for the 

differences between session one and two were sufficiently normally distributed to proceed 

with the parametric analysis in all the outcome measures except for the EQ VAS. For details 

of normality testing results please see Appendix 5.4. The EQ VAS difference scores 

revealed a clearly skewed distribution to the left, indicating a non-normal distribution of the 

data. To account for this, for the EQ-VAS, the outliers were identified by use of the SPSS 

Boxplots ‘IQR rule’ (any value greater than 1.5*IQR + third quartile or any value below 

1.5*IQR – first quartile is defined as an outlier within SPSS). A cluster of four cases (1, 15, 

17 and 24) were removed, resulting in the data shifting towards a more normal distribution. 

To explore the impact of the non-normal distribution for the EQ-VAS, the reliability analysis 

was completed with the original data set and then a sensitivity analysis was completed by 

calculating the test-retest reliability with the outliers removed (Table 5.4).
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5.5.3 Reliability of pain PROMs 

 
Data from 37 participants were analysed for the VAS and SF-MPQ-2. Participants were aged 

57 ±14 years (28 males and 9 females: 36 lower limb and 1 upper limb amputee).  Thirty-two 

participants were analysed for the pain diary, aged 56 ± 14 years (23 males and 9 females; 

22 lower limb and 1 upper limb amputee).  

 

5.5.4 Test-retest reliability results VAS 

 
The mean (SD) for session one was 58.11 (24.86) and for session two was 58.70 (24.31). 

The difference between session 1 and 2 was small and not statistically significant (p = 

0.829), thus there was no evidence of systematic bias. The 95% CI of the mean session 

difference indicated no trend towards scoring higher or lower on the second session, thus 

there was no evidence of order effects. The ICC value for absolute agreement was 0.77 

(95% CI: 0.60 – 0.88), indicating moderate to good reliability.  All data quantifying the 

systematic and random error components of the test-retest reliability statistics are shown in 

Table 5.5. The Bland-Altman plot for the individual differences between session 1 and 2 is 

shown in figure 5.3.  Visual inspection of the Bland-Altman plot shows no evidence of 

heteroscedasticity. The limits of agreement (LOA) are wide indicating a relatively large 

amount of random error compared to the MCID between sessions 1 and 2.  

 

Table 5.5 Reliability statistics for pain VAS   
VAS (0-100) Test-retest reliability 
Mean session difference (95% CI) -0.59 (-6.14 - 4.95) 

SD of session differences (95% CI) 16.63 (13.53 - 21.61) 

Within-subjects SD (SEM) (95% CI) 11.76 (9.57 - 15.28) 

Coefficient of variation (%) (95% CI) 20.14 (16.38 - 26.16) 

Limits of agreement (95% CI) 32.60 (26.51 - 42.35) 

ICC (95% CI) 0.77 (0.60 - 0.88) 

MCID 10/100 

n for single arm pre/post study 32 

n (total) for two-arm RCT 120 

 

Legend:  SD = Standard Deviation; SEM = standard error of measurement (typical 
error); ICC3.1 = Intraclass correlation coefficient; CI = confidence interval. MCID = minimal 
clinical important difference; RCT = randomised controlled trial.  
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Figure 5.3 Bland-Altman plot for the pain VAS PROM 
 

Legend:  The differences between the tests are plotted against each individual’s mean 

for the two sessions. Mean session difference (systematic bias) is displayed by a solid line 

and limits of agreement by dashed lines. 

 

5.5.5 Test-retest reliability results SF-MPQ-2  

 
The mean (SD) for session one was 3.37 (2.17) and for session two was 3.29 (2.08). The 

difference between session 1 and 2 was small and not statistically significant (p=0.674), thus 

there was no evidence of systematic bias. The 95% CI of the mean session difference 

showed no trend towards scoring higher or lower on the second session, thus there was no 

evidence of order effects. The ICC value for absolute agreement was 0.82 (95% CI: 0.68 – 

0.90), indicating moderate to good reliability. All data quantifying the systematic and random 

error components of the test-retest reliability statistics are shown in Table 5.6. A Bland-

Altman plot for the individual differences between session 1 and 2 is shown in figure 5.4. 

Visual inspection of the Bland-Altman plot shows even error across the scale and thus no 

evidence of heteroscedasticity. The wide LOA relative to the MCID indicates a large amount 

of random error for the test-retest reliability of this PROM.  
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Table 5.6 Reliability statistics for SF-MPQ-2  
 
SF-MPQ-2 Test-retest reliability 

Mean session difference (95 % CI) 0.09 (-0.34 - 0.51) 

SD of session differences (95 % CI) 1.27 (1.04 - 1.66) 

Within-subjects SD (SEM) (95 % CI) 0.90 (0.73 - 1.17) 

Coefficient of variation (%) (95 % CI) 27.07 (22.01 - 35.16) 

Limits of agreement (95 % CI) 2.50 (2.03 - 3.25) 

ICC (95 % CI) 0.82 (0.68 - 0.90) 

MCID 1/10 

n for single arm pre/post study 19 

n (total) for two-arm RCT 70 

 

Legend:  SD = Standard Deviation; SEM = standard error of measurement (typical 
error); ICC3.1 = Intraclass correlation coefficient; CI = confidence interval. MCID = minimal 
clinical important difference; RCT = randomised controlled trial.  
 

 
Figure 5.4 Bland-Altman plot for the SF-MPQ-2 
Legend:  The differences between the tests are plotted against each individual’s mean 

for the 2 tests. Mean session difference (systematic bias) is displayed by a 

solid line and limits of agreement by dashed lines. 
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5.5.6 Test-retest reliability of the pain diary  

 
The mean (SD) for session one was 49.31 (23.78) and for session two was 47.13 (25.34). 

The difference between session 1 and 2 was small and not statistically significant (p=0.318), 

thus there was no evidence of systematic bias. The 95% CI of the mean session difference 

showed a slight trend towards scoring higher on the second diary, but the magnitude of 

change was below the MCID. The ICC value for absolute agreement was 0.88 (95% CI: 0.76 

– 0.94), indicating good to excellent reliability. All data quantifying the systematic and 

random error components of the test-retest reliability statistics for the pain diary NRS (0-100) 

are shown in Table 5.7 A Bland-Altman plot for the individual differences between session 1 

and 2 is shown in figure 5.5. There is no evidence of heteroscedasticity. The LOA are wide 

relative to the MCID indicating large amounts of random error.   

 

Table 5.7 reliability statistics for pain diary PROM  
Pain diary (NRS 0-100) Test-retest reliability 
Mean session difference (95 % CI) 2.19 (-2.21 - 6.58) 

SD of session differences (95 % CI) 12.20 (9.78 - 16.22) 

Within-subjects SD (SEM) (95 % CI) 8.63 (6.92 - 11.47) 

Coefficient of variation (%) (95 % CI) 17.89 (14.34 - 23.79) 

Limits of agreement (95 % CI) 23.91 (19.17 - 31.79) 

ICC (95 % CI) 0.88 (0.76 - 0.94) 

MCID 10/100 

n for single arm pre/post study 18 

n (total) for two-arm RCT 66 

 

Legend:  SD = Standard Deviation; SEM = standard error of measurement (typical 
error); ICC3.1 = Intraclass correlation coefficient; CI = confidence interval. 
MCID = minimal clinical important difference; RCT = randomised controlled 
trial.  
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Figure 5.5 Bland-Altman plot for the pain diary 
Legend:  The differences between the tests are plotted against each individual’s mean 

for the 2 tests. Mean session difference (systematic bias) is displayed by a 

solid line and limits of agreement by dashed lines. 

 

5.5.7 Reliability of health-related quality of life (HRQoL) PROMs 

 
Data from 37 participants were analysed for the EQ-5D-5L Index value and associated EQ 

VAS PROMs. Participants were aged 57 ±14 years (28 males and 9 females: 36 lower limb 

and 1 upper limb amputee).  

 

5.5.8 Test-retest reliability of EQ-5D-5L Index value 

 
The mean (SD) value for session one was 0.451 (0.360) and for session two was 0.359 

(0.346). The difference between session 1 and 2 was statistically significant; mean session 

difference of -0.092 (95% CI -0.154 - -0.294 [p = 0.05]), suggestive of systematic bias (order 

effect), with a trend towards a higher score on the second session. The ICC value for 

absolute agreement was 0.86 (95% CI: 0.75 – 0.93), indicating good to excellent reliability.  

All data quantifying the systematic and random error components of the test-retest reliability 

statistics are shown in Table 5.8. A Bland-Altman plot for the individual differences between 

session 1 and 2 is shown in figure 5.6. Visual inspection of the Bland-Altman plot indicates 

no evidence of heteroscedasticity. The LOA were very wide relative to the MCID indicating 

high levels of random error.  
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Table 5.8 Reliability statistics for EQ-5D-5L index value  
EQ -5D-5L index value Test-retest reliability 
Mean session difference (95 % CI) -0.092 (-0.154 - -0.294) 

SD of session differences (95 % CI) 0.187 (0.152 - 0.243) 

Within-subjects SD (SEM) (95 % CI) 0.132 (0.107 - 0.172) 

Coefficient of variation (%) (95 % CI) 32.62 (26.53 - 42.37) 

Limits of agreement (95 % CI) 0.366 (0.298 - 0.476) 

ICC (95 % CI) 0.86 (0.75 – 0.93) 

MCID 0.030 

n for single arm pre/post study 844 

n (total) for two-arm RCT 1688 

 

Legend:  SD = Standard Deviation; SEM = standard error of measurement (typical 

error); ICC3.1 = Intraclass correlation coefficient; CI = confidence interval. 

MCID = minimal clinical important difference; RCT = randomised controlled 

trial.  

 

 
Figure 5.6 Bland-Altman plot of EQ-5D-5L index value   
 

Legend:  Even spread of data points across the scatter plot indicates variability of self-
reported health status. The solid line indicates the mean difference between 
sessions and the dotted lines are the LOA.  
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5.5.9 Test-retest reliability of EQ VAS 

 
The mean (SD) for session one was 63.97 (23.60) and for session two was 73.49 (17.04). 

There was a significant difference between the two sessions: mean session difference of - 

9.51 (95% CI -15.32 – -3.71 [p=0.002]). Due to the EQ VAS residual data not being normally 

distributed, a sensitivity analysis, the non-parametric equivalent of the t-test, the Wilcoxon 

signed rank test was undertaken to quantify systematic error. This also indicated a 

significant difference between session 1 (Median = 75) and session 2 (Median = 80) (Z = -

2.93, p = 0.03). This sensitivity analysis supports the findings of the primary analysis 

showing evidence of the presence of systematic error. All data quantifying the systematic 

and random error components of the test-retest reliability statistics are shown in Table 5.9 

The Bland-Altman plot for the individual differences between session 1 and 2 is shown in 

figure 5.7. There is some evidence of heteroscedasticity, where the magnitude of random 

error scatter seems to increase as the general size of the measured value increases. The 

four outliers can be seen by the data points outside of the lower limits of agreement.  

 

Table 5.9 Reliability statistics for EQ VAS  
EQ VAS  Test-retest reliability 
Mean session difference (95 % CI) -9.51 (-15.32 – -3.1) 

SD of session differences (95 % CI) 17.41 (14.16 – 22.61) 

Within-subjects SD (SEM) (95 % CI) 12.31 (10.01 – 15.99) 

Coefficient of variation (%) (95 % CI) 17.91 (14.56 – 23.26) 

Limits of agreement (95 % CI) 34.12 (27.75 – 44.32) 

ICC (95 % CI) 0.70 (0.49 – 0.83) 

MCID 10/100 

n for single arm pre/post study 34 

n (total) for two-arm RCT 130 

 

Legend:  SD = Standard Deviation; SEM = standard error of measurement (typical 
error); ICC3.1 = Intraclass correlation coefficient; CI = confidence interval. 
MCID = minimal clinical important difference; RCT = randomised controlled 
trial.  
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Figure 5.7 Bland-Altman plot of EQ VAS 
Legend:  The mean difference is indicated by the solid line (it is negative in the 

diagram, indicating that on average the EQ VAS score from the second 
session are greater than those of the first session). The LOA are indicated by 
the dashed lines with four data points (outliers) below the lower LOA (-1.96 
SD). 

 

 

5.5.10 Sensitivity analysis EQ VAS – outliers removed 

 
The mean (SD) scores for the outliers-removed EQ VAS in session one and two were 69.15 

(18.82) and 73.91 (18.03) respectively (mean difference -4.76; 95% CI -8.69 – -0.83 [p = 

0.02]). The ICC value for absolute agreement was 0.86 (95% CI: 0.73 – 0.93), indicating 

good to excellent reliability. Following removal of the outliers (see Table 5.10), the random 

error component of the reliability analysis improved with the within-subject SD (SEM) below 

the MCID. However, a considerable amount of random error persisted as seen by the wide 

LOA (Figure 5.8) relative to the MCID.  
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Table 5.10 Recalculation of reliability statistics with outlier data removed 
EQ VAS outliers removed Test-retest reliability 
Mean session difference (95 % CI) -4.76 (-8.69 – -0.83) 

SD of session differences (95 % CI) 11.09 (9.02 – 14.41) 

Within-subjects SD (SEM) (95 % CI) 7.84 (6.38 – 10.19) 

Coefficient of variation (%) (95 % CI) 10.96 (8.92 -14.24) 

Limits of agreement (95 % CI) 21.74 (17.68 – 28.24) 

ICC (95 % CI) 0.86 (0.73 – 0.93) 

MCID 10/100 

n for single arm pre/post study 15 

n (total) for two-arm RCT 54 

 

Legend:  SD = Standard Deviation; SEM = standard error of measurement (typical 
error); ICC3.1 = Intraclass correlation coefficient; CI = confidence interval. 
MCID = minimal clinical important difference; RCT = randomised controlled 
trial.  

 

 

 
Figure 5.8 Bland-Altman plot of EQ VAS outliers removed 
Legend:  The mean difference indicated by the solid line is reduced with outliers 

removed and all data points are within the LOA (dashed lines).  
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5.5.11 Test-retest reliability results of TPD  
 

Data from 30 participants were analysed (mean age 56 ±14 years, 23 males and 7 females, 

all lower limb amputees, 5 bilaterally).  Mean scores (SD) for session one was 31 mm (17) 

and for session two was 29 mm (16). The difference between session 1 and 2 was small and 

not statistically significant (p = 0.489), although the 95% CI of the mean session difference 

suggests a trend towards a reduced TPD value on the second session. The ICC value for 

absolute agreement was 0.68 (95% CI: 0.32 – 0.85), indicating poor to moderate reliability.  

All data quantifying the systematic and random error components of the test-retest reliability 

statistics are shown in Table 5.11. A Bland-Altman plot is shown in Figure 5.9. The visual 

inspection of the Bland-Altman plot shows no evidence of heteroscedasticity. The wide LOA 

relative to the MCID are indicative of a large amount of random error.   

 

Table 5.11 Reliability statistics for TPD  
TPD (mm) Test-retest reliability 
Mean session difference (95 % CI) 2.08 (-3.99 – 8.14) 

SD of session differences (95 % CI) 16.24 (12.93 – 21.83) 

Within-subjects SD (SEM) (95 % CI) 11.48 (9.15 – 15.44) 

Coefficient of variation (%) (95 % CI) 38.21 (30.43 – 51.37) 

Limits of agreement (95 % CI) 31.83 (25.35 – 42.79) 

ICC (95 % CI) 0.68 (0.32 – 0.85) 

MCID 8.42 

n for single arm pre/post study 42 

n (total) for two-arm RCT 160 

 

Legend:  SD = Standard Deviation; SEM = standard error of measurement (typical 
error); ICC3.1 = Intraclass correlation coefficient; CI = confidence interval. 
MCID = minimal clinical important difference; RCT = randomised controlled 
trial. 
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Figure 5.9 Bland and Altman plot for TPD outcome measure 
Legend:   Difference between measurements (mm) at the first session and second 

sessions were plotted against their mean value. Mean session difference 
(systematic bias) is displayed by a solid line and LOA by dashed lines. 

 

 

5.5.12 Test-retest reliability of IMIT 

 
Data from 33 participants were analysed (mean age 56 ±12 years, 24 males and 9 females, 

all lower limb amputees, 6 bilaterally). The mean (SD) accuracy score for session one was 

79% (16.4) and for session two was 84% (15.7). The mean session difference was 

statistically significant (- 4.2%, 95% CI -7.0 to -1.5 [p = 0.004]).  The response time (RT) 

score for session one was 2146 ms (1189) and for session two was 1883 ms (1147). The 

mean session difference was statistically significant (263 ms, 95% CI 21 – 505 [p = 0.03]). 

Hence, participants on average demonstrated improved performance between the two 

testing sessions, suggestive of a small learning effect. However, the mean session 

differences and 95% CIs for both performance metrics were below the MCID. 

 

The ICC value was 0.92 (95% CI: 0.80 – 0.97) and 0.90 (95% CI 0.78 – 0.95), indicating 

good to excellent reliability, for accuracy and response time respectively. All data quantifying 

the systematic and random error components of the test-retest reliability statistics are 

presented in Table 5.12 The Bland-Altman plots for the individual differences between 

session 1 and 2 are shown in Figure 5.11. There is some evidence of heteroscedasticity in 

the Bland-Altman plot for response time, where the magnitude of random error scatter 

seems to increase as the general size of the measured value increases (i.e., the response 
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time gets slower). The wide LOA relative to the MCID are indicative of a large amount of 

random error in both the accuracy and response time data.  

 

Table 5.12 Reliability statistics for IMIT  
 Accuracy (%) Response Time (ms) 
Mean session difference  -4.2 (-7.0 - -1.5) 263 (21 - 505) 

SD of session differences  7.8 (6.3 - 10.3) 684 (550 - 904) 

SEM  5.5 (4.4 - 7.3) 484 (389 - 640) 

Coefficient of variation (%) 6.8 (5.4 – 8.9) 24 (19 - 32) 

Limits of agreement (ms) 15.3 (12.3 – 20.2) 1341 (1078 - 1773) 

ICC  0.92 (0.80 - 0.97) 0.90 (0.78 - 0.95) 

MCID 8.2 595 

n for single arm pre/post study 12 16 

n (total) for two-arm RCT 42 58 

 

Legend:  SD = Standard Deviation; SEM = standard error of measurement (typical 
error); ICC3.1 = Intraclass correlation coefficient; CI = confidence interval. 
MCID = minimal clinical important difference; RCT = randomised controlled 
trial. 

 

 
Figure 5.10 Bland and Altman plot for IMIT accuracy outcome measure 
Legend:  IMIT accuracy test-retest reliability, measured in percentage values. 

The test-retest differences are plotted against the means for the two 
sessions. Mean session differences (systematic bias) are displayed by 
solid lines and LOA by dashed lines.  
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Figure 5.11 Bland and Altman plot for IMIT response time outcome measure 
Legend:  The LOA for the IMIT response time (RT) test-retest reliability, measured in 

milliseconds. The test-retest differences are plotted against the means for the 
two sessions. Mean session differences (systematic bias) are displayed by 
solid lines and LOA by dashed lines.  

 

5.5.13 Validity of IMIT 

 
The second aim of this chapter (thesis objective 3b) was to investigate the known-groups 

validity of the implicit motor imagery test (IMIT) as an objective outcome measure of 

sensorimotor performance (proxy measure of the working body schema). This was 

undertaken by comparing accuracy and response time (RT) for those with unilateral 

amputations between [i] the affected and unaffected limb). Further analysis was completed 

between those with bilateral amputations and unilateral amputees judging [ii] images of their 

affected limb and [iii] images of their unaffected limb. Mean (SD) data are presented in Table 

5.12.  

Participants’ RTs for the laterality judgement of a pictured foot corresponding to their 

amputated side were comparable with those for pictured feet of the intact limb (mean 

difference [95% CI], p-value) (5ms [95% CI -114 to 124], p=0.935). Bilateral amputees 

showed a slower overall RT in comparison to unilateral amputees (see Table 5.13). 

However, this difference was not significantly different in comparison with the judgment of an 

image of a foot corresponding to the unilateral amputees affected leg (800ms [95% CI -2564 

to 963], p = 0.32) or to their unaffected leg (805ms [95% CI -2566 to 956], p = 0.31).  

Correct responses (accuracy %) were similar for participants judging feet corresponding to 

their affected and unaffected side (0.1% [95% CI -2.9 to 3.2], p = 0.93). Bilateral amputees 
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showed comparable accuracy to unilateral amputees judging an image of their affected foot 

(5.4% [95% CI -21.3 to 10.4], p = 0.46) or their unaffected foot (mean difference 5.6%; 95% 

CI -21.5 to 10.4 [p = 0.45]). As such there was little or no evidence of known-groups validity 

for IMIT as an objective measure of sensorimotor function (proxy measure of the WBS). 

 

Table 5.13 Response time and accuracy of those with a unilateral amputation and 
those with a bilateral amputation  
 

 Unilateral amputee Bilateral amputee 

Affected limb Unaffected limb Bilateral limb 

Response Time (ms) 1952 (968) 1947 (835) 2752 (1901) 

Accuracy (%) 78.9 (16.1) 78.7 (17.2) 84.3 (16.7) 

 

Legend:  Data are presented as mean (SD). ms: milliseconds. %: percentage of correct 
responses.  

 

5.6 Discussion  

 
The main aim of this chapter (thesis sub aim 3) was to investigate reliability and validity of 

key outcome measures for people living with PLP. The objectives were firstly, to quantify the 

test-retest reliability of outcome measures for pain, HRQoL and sensorimotor function in 

people with PLP (thesis objective 3a). This will be discussed in relation to the systematic and 

random error for the pain and HRQoL PROMs and the two sensorimotor outcome measures. 

The clinical implications for use of the outcome measures in future research and for 

individual patients will also be discussed. The second objective (thesis objective 3b), to 

investigate the known-groups validity of an implicit motor imagery test (IMIT) as a potential 

measure of sensorimotor function, will be discussed in relation to the findings from this 

chapter and relevant literature on limb laterality judgement and WBS. The third objective 

(thesis objective 3c), to use the reliability statistics to estimate the required sample size for 

an appropriately powered RCT to inform the protocol will be discussed with reference to 

known and estimated MCIDs.  

 

5.6.1 Pain related PROMs  
 

The main aim of this chapter was to investigate the reliability of a range of outcome 

measures for people living with PLP that incorporated pain, health-related quality of life and 
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sensorimotor function. This was achieved through quantification of the test-retest reliability of 

three pain intensity related PROMs: Visual Analogue Scale (VAS) for pain, SF-MPQ-2, and a 

pain diary (thesis objective 3a). The systematic changes were quantified by consideration of 

the mean difference and 95% CI between sessions 1 and 2. There was no statistical 

difference between session 1 and 2 for any of the three pain measures. Furthermore, the 

systematic error (bias) for all three of the pain related PROMs were less than the MCID and 

this was inclusive of the associated 95% confidence intervals. Thus, there was no evidence 

of order effects (e.g., learning effects) in average pain intensity scores of participants as a 

group over a 7–14-day period.   

With regards to random error, the (typical) standard error of measurement (SEM) is a useful 

statistic as it is expressed in the actual units of measurement and can be compared between 

outcome measures in relation to their MCID. The pain diary was the most reliable of the pain 

outcome measures, demonstrating a SEM of 8.6 points in comparison to the SF-MPQ-2, 

with a SEM of 0.90 (MCID 1/10) and the pain VAS, with a SEM of 11.8 points. The typical 

error is below or similar to the MCID in all three pain intensity outcome measures and this 

increases confidence in being able to distinguish true change in the condition from that 

which has occurred from the measurement error associated with the outcome measures. On 

an individual level, the limits of agreement (LOA) statistic should be considered which 

accounts for 95% of the random error component (Atkinson & Nevill, 1998) and gives an 

indication of the upper magnitude of how much an individual could potentially change by as 

a result of natural variation from measurement to measurement. If we assess the three 

PROMs in light of their upper LOA, as seen in the Bland-Altman plots (Figures 5.3, 5.4., and 

5.5) then a slightly different picture emerges with regards to that of the SEM with LOA at 

±24/100, ±2.5/10 and ±33/100, points for the pain diary, SF-MPQ-2 and pain VAS, 

respectively. The pain related PROMs would then be seen to contain a random error 

component around two and half times the MCID in the pain diary and SF-MPQ-2 and over 

three times in the pain VAS. This implies that monitoring change on an individual patient 

level should be done with caution so that apparent change in the outcome is not 

misinterpreted beyond the natural variability of the outcome measure.  

 

Comparison of the retrospective recall of pain intensity during the previous week required for 

the pain VAS and the daily completion of the pain diary may account for the slightly smaller 

measurement error for the pain diary. It could be that completion prospectively over seven 

days potentially increases the participant’s accuracy of recording a condition which is 

episodic and varies in intensity by its very nature (Whyte & Niven, 2001). Previous large 

scale (n= 255) cross-sectional survey research (Ehde et al., 2000) has identified that 
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assessing PLP severity can be vulnerable to recall bias because PLP is on average 

experienced as brief and episodic, not constant. The participant characteristics in this study 

(see Table 5.2) corroborate this presentation of variety in recorded frequency and duration of 

the PLP condition. This may underscore the importance of averaging multiple measures of 

pain intensity across time to maximize reliability as previously reported in a number of 

studies that have investigated the psychometric strengths of composite scores in chronic 

pain intensity assessment (Jensen & McFarland, 1993; Jensen et al., 1999; Jensen et al., 

1996).  

 

Sample size estimations were produced using a general stand-alone power analysis 

program for statistical tests - G*Power 3.1 (Faul et al., 2007). Sample size estimations based 

on 90% power were chosen as there is an increasing trend to regard power of 80% as 

insufficient to guard against the risk of a Type II error (false negative), therefore, 90% power 

provides only a 10% chance of rejecting a treatment that actually is beneficial Batterham and 

Atkinson, 2005). Based upon the SD of the differences, using an alpha level of 0.05, and a 

power of 90%, in a future two-armed RCT, to detect a change equivalent to the MCID, a 

sample size of 66, 70 and 120 participants would be required for the pain diary, SFMPQ-2, 

and the pain VAS, respectively. In a single arm pre/post study the sample of participants 

would be 18, 19 and 32 for the pain diary, SFMPQ-2 and the pain VAS, respectively. These 

estimated sample sizes (thesis objective 3c) would be achievable for the single-arm type 

study design and based on the estimations for the SF-MPQ-2 and pain diary the required 

sample size for the RCT has been achieved in previous RCTs that have tested therapeutic 

interventions for PLP (Brodie et al., 2007; Gunduz et al., 2021; Malavera et al., 2016; 

Ramadugu et al., 2017b; Rothgangel et al., 2018). However, no RCT for any 

pharmacological or non-pharmacological trials including the PLP population has currently 

recruited more than 112 participants (see Appendix 5.5 for overview table of sample sizes 

for RCTs completed in previous 20 years). The pain VAS should be treated with caution as it 

may be underpowered to detect a statistically significant and clinically worthwhile change, if 

the estimated sample size (n = 120) is not achieved. Multi-site recruitment may be required 

to achieve such an ambitious target for the PLP population.   

 

The single VAS rating recorded in this study was based on the participant recalling an 

average intensity score over the past week. Future studies looking at treatment effects in the 

PLP population may benefit from a composite score that incorporates a rating of pain 

intensity with the frequency that it was experienced during the week. This may provide a 

score that accounts for the individual daily fluctuations in PLP that contributes to the random 
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variability in pain intensity scores evident in this study. A move towards this calculation of 

intensity (0 -100)  dived by frequency (1 = all the time to 5 = once or less per month), 

referred to as ‘Chronic PLP’, has been the primary outcome measure in recent fMRI studies 

with PLP participants (Kikkert et al., 2018; Makin, Filippini, et al., 2015; Makin et al., 2013; 

Wesselink et al., 2019). The SF-MPQ-2 is also a composite score (of pain dimensions -

continuous, intermittent, neuropathic and affective) but unlike the pain diary the scores are 

collected on one occasion, making it less burdensome for the participant to complete. The 

reliability results were similar between the two outcome measures, but the SF-MPQ-2 may 

be more feasible for the research setting considering the higher number of non-returned pain 

diaries.  

 

A strength of the study is that it is the first to assess the reliability of outcome measures for 

pain that are commonly used in trials involving PLP participants. This provides reliability data 

that is generalisable to this clinical population for use with the assessment of the 

level/intensity of PLP and estimating worthwhile changes following the introduction of an 

intervention. The sample size for the VAS and SF-MPQ-2 is in keeping with those 

recommended by Bland and Altman (1999) to ensure adequate precision of estimates. 

However, seven participants did not complete their first, second or both pain diaries 

preventing their inclusion in the test-retest reliability assessment. The 26% non-returned 

diary rate was a limitation of the study in terms of adherence to the protocol. Furthermore, 

this reduces the precision of measurement error estimates for this PROM. Given this smaller 

sample size, the associated 95% confidence intervals around the random error statistics 

(e.g., SEM and LOA) should be considered as a less precise estimation of measurement 

error than would have been achieved with a larger sample. 

  

The clinical implications are that the SF-MPQ-2 and the pain diary could be classed as 

adequately reliable for research purposes as the estimated sample sizes required for an 

RCT are achievable. The VAS may be less useful as a primary outcome measure, rather 

used as a supplementary outcome measure. Future research should consider the test-retest 

reliability of a chronicity based composite score of PLP that incorporates intensity, frequency 

and duration of the experience. This may be a more reliable (and potentially more valid) 

measurement of PLP as it considers the episodic nature of the condition with flare-ups of 

differing durations that occur daily.   

 

Overall, the SF-MPQ-2 may be preferable as the primary outcome measure for research 

trials given the similar sample size estimations to the pain diary but demonstrating better 
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completion rates and less participant burden. However, the limits of agreements were 

relatively wide for each measure compared to their respective MCIDs; thus, clinicians should 

interpret these measures with a great deal of caution at the individual patient level within 

clinical practice. 

 

In summary, it could be argued that the three pain specific PROMs have an acceptable 

amount of measurement error for practical use in research trials. However, the quantified 

amounts of random error in all three of the pain PROMs suggest that they should be used 

with caution for individual clinical use.  

 

5.6.2 Health related Quality of life (HRQoL) PROMs  
 

The first objective of this chapter (thesis objective 3a) was achieved through the 

quantification of the test-retest reliability of the EQ-5D-5L index value and the EQ VAS. The 

test-retest reliability results showed that HRQoL outcome measures had a high degree of 

variability from one measurement session to the next in the PLP population.  

 

The EQ-5D-5L index value demonstrated a statistically significant change, seen by a higher 

HRQoL score in the second session at the magnitude of around three times the MCID, 

indicating a systematic bias.  Similar order effects were indicated by a statistically significant 

increase in EQ VAS score (with outliers and without outliers, with the magnitude of the 

change being approximately equal to the MCID in the former analysis) towards a larger 

score on the second session. These systematic errors  may be due to bias that is inherent in 

self-report measures of QoL, such as scale recalibration (a changed understanding of the 

response scale) or recall bias (a wrong assessment of previous QoL) (Blome & Augustin, 

2015). A familiarisation session or improved written instructions may be necessary in future 

research trials using the EQ outcome measures with the PLP population to minimize 

systematic error. 

 

The level of random error is high for the EQ-5D-5L index value when assessing the LOA 

(0.366) in comparison to the suggested MCID (0.030). Thus, the maximum normal variability 

could be up to 10 times that of the MCID making it very difficult to attribute a change to an 

intervention. A total sample size of 1688 would be required (90% power) to detect an 

intervention vs control group difference in mean change of 0.030, assuming that the 

common standard deviation of change is 0.187, using a two-group t-test with a 0.050 two-

sided significance level. This sample size estimation is not a practical recruitment target for a 
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future RCT with a PLP population. However, the MCID value of 0.030 used in this study was 

based upon the NICE (2016) guidelines for a non-specific low back pain population and 

therefore may not be generalisable to the PLP population. The index value is a summary 

value of a descriptive profile of the individual’s self-reported health related QoL and its 

calculation is reliant on the correct selection of a culturally sensitive value set.  

In this study the UK crosswalk value set (Van Hout et al., 2012) was selected due to the 

participants demographics and also due to the availability of a calculator (Excel spreadsheet 

via EuroQol website) to generate a single value for the purposes of statistical analysis. It 

should be noted that a more recent value set for an English population (Devlin et al., 2018) 

has been produced, which has a different value scoring range (1 to -0.285). However, a 

recent position statement from NICE (2019) raised concerns about the quality and reliability 

of the data collected in the valuation study, and currently advises not to use the EQ-5D-5L 

value set for England. Inference of statistical and clinically significant differences between 

groups in a research trial may depend on which value set is used, thus, clarification of a valid 

value set for the English population is necessary. The complexity of interpretation is 

increased when considering the calculation of a MCID for the EQ-5D-5L index value is a 

topic on which there is currently no consensus, either to its usefulness or the best methods 

for its estimation (Devlin et al., 2020). Estimates of MCID have been anchor based and 

distribution based leading to a variety of values being suggested for a population. For 

example, the MCID of index value in patients with chronic obstructive pulmonary disease 

undergoing pulmonary rehabilitation (Nolan et al., 2016) had an anchor-derived mean 

(range) estimate of 0.051 (0.037 – 0.063) and for the distribution-based estimate (0.5 SD) 

the estimate was 0.109.  

 

Given the uncertainty of the estimated MCID for the PLP population applied for sample size 

calculation in this study, a distribution-based estimate using the test-retest reliability data 

(0.5 * baseline SD) was estimated as 0.180. This resulted in an estimated sample size of n= 

48 (24 in each group) having 90% power to detect an intervention vs control group difference 

in mean change of 0.180 total index value assuming that the common standard deviation of 

changes is 0.187 total index value, using a two-group t-test with a 0.050 two-sided 

significance level. Based on these calculations, it could be argued that the EQ 5D index 

value is adequately reliable for research purposes as the estimated sample sizes for an RCT 

are achievable within the PLP population. However, it will be difficult to distinguish the MCID 

of the index value from the measurement errors (LOA is 0.366) on an individual patient basis 

in a clinical setting as this LOA suggests a natural variability that is around twice the MCID.  
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Further sensitivity analysis of the EQ VAS data identified four outliers accounting for a large 

amount of the variability. However, the systematic and random error persisted when these 

values were removed. With this level of measurement error, it would be difficult to detect the 

MCID in a future trial. The associated sample size estimations for an RCT (two-sided 5% 

level and seeking 90% power) based on the data with and without the outliers, would require 

130 participants, dropping to 54 participants due to a large reduction in the SD of the subject 

differences (within-person change scores). This suggests the EQ VAS was not robust to the 

sensitivity analysis i.e., there was a considerable difference in the estimate when these small 

number of data were removed. As such given the non-normality of the outliers included 

analysis and the marked bias associated with removing outliers for the non-outlier analysis, 

the findings regarding EQ VAS within this thesis should be viewed with caution.  

 

A limitation to summarising the profile data using an index value is that it loses some 

potentially important underlying information, for example, which aspects of health are 

affected by treatment? (Parkin et al., 2010). For example, the effectiveness of an 

intervention for PLP may be seen through the improvement in a specific dimension of a 

health state, such as self-care or engagement in usual activities. In this case, rather than 

having a culturally weighted single index value, it may be more appropriate to analyse the 

data as a descriptive profile. However, a clear rationale for the index weighting system is 

apparent when the purpose of the research is to estimate quality-adjusted life-years (QALYs) 

for cost effectiveness analysis.  

 

In summary, the reliability statistics for the two HRQoL outcome measures presented in this 

chapter should be interpreted with caution. With regards the EQ-5D-5L index value, the 

sample size estimation using the a priori MCID was well beyond what would be deemed as 

feasible; requiring further research to establish a suitable MCID for the PLP population that 

builds on the distribution-based estimation provided in this study. Normality issues with the 

EQ VAS data make interpretation of the reliability statistics difficult and a marked bias was 

detected. Thus, due to the outlined limitations, it may be appropriate to consider using an 

alternative measure of HRQoL to the EQ-5D-5L index value and VAS for future clinical trials 

with the PLP population where cost-effectiveness is not of interest.    

 

5.6.3 TPD discussion 
 

The first objective of this chapter (thesis objective 3a) was achieved through the 

quantification of the test-retest reliability of TPD as an objective measure of sensorimotor 
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function. The average (SD) TPD threshold in this study was 31 (17) mm. These results are 

consistent with data obtained in a case-study (n=1) of a person living with PLP (Koller & 

Baumgartner, 2017b) in which their baseline TPD threshold was recorded as 31 mm, 35 

mm, 37 mm for the end, lateral shaft and outside shaft area respectively of the below knee 

residual limb. This is also within the range of values reported for the lower limb of healthy 

young adults (Nolan, 1983), providing confidence in the testing procedure. 

 

A strength of this study is that it is the first to assess reliability of the residual limb in lower 

limb amputees. Regarding systematic error, on average, there was a small improvement in 

tactile acuity scores between session 1 and session 2 suggestive of a small learning effect 

occurring when undertaking this assessment procedure. However, the mean change 

(session difference) was smaller than the MCID (estimated as 8 mm) suggesting such a 

learning effect may have little clinical implications. Regarding random error, the SEM was 

greater than the MCID and the LOA were more than three and a half times the size of the 

MCID. The high coefficient of variation (CV %) at 38% is another statistic that is confirmatory 

of high levels of random error. This high degree of variability is not completely unexpected 

with sensory acuity type testing as previous studies have observed large between-subject 

variance in TPD threshold assessment in healthy individuals (Catley et al., 2013) and other 

clinical groups (Taylor et al., 2020). Even greater variability has been found amongst chronic 

musculoskeletal pain conditions such as chronic low back pain (Ehrenbrusthoff et al., 2016). 

Thus, similar within-subject variability might be expected for PLP, as has been found, 

considering both are chronic pain conditions, which likely share, at least in part, some 

underlying mechanisms of origin/maintenance (i.e., cortical (re)organisation).  

 

This study estimated an MCID of 8.42 mm and an SEM of 11.48 mm and from this it was 

possible to generate a sample size estimation of 160 participants (80 in each study arm) 

would be required for a future two-arm RCT (two-tailed p <0.05, statistical power =90%). It 

could be argued that this is an ambitious recruitment target within the PLP therapeutic 

treatment context. Hence, this TPD protocol may be viewed as potentially not sufficiently 

reliable as an objective measure of sensorimotor function (proxy measure of the WBS) for 

research purposes.  

 

In addition, this measure does not demonstrate that it provides sufficient reliability to detect 

change on an individual patient basis within a clinical setting. An individual PLP patient could 

change by as much as 32 mm (95% LOA) between sessions due to normal variation with 

this measurement tool. Thus, if a change of 32 mm in TPD threshold was observed within 
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clinical practice, it would be difficult to attribute the change to the intervention and provide 

any certainty the intervention was effective because the normal maximum variability with no 

intervention is 32mm. The ‘noise’ associated with TPD measurement in the PLP population 

questions its usefulness in clinical practice, based on the assumption that the ‘signal’ to be 

detected for a clinically relevant change is estimated to be ~8 mm.  

 

It has been suggested that the level of training and experience of the assessor likely impacts 

on the intra-rater reliability (Adamczyk et al., 2016; Catley et al., 2013) and therefore the 

generalisability of these results may be limited to a tester with a similar amount of training 

and experience. Therefore, further work is required to establish the impact on the test-retest 

reliability results of a novice with no specific training compared to a practitioner who 

conducts regular TPD assessments.  Furthermore, within clinical practice, patients are 

commonly assessed by more than one clinician, thus making it important that the 

assessment is reliable between testers. Future research is needed to identify the inter-rater 

reliability of TPD for the PLP population.  

 

Factors that may potentially bias TPD results include the manual application of the calliper 

points, in which an uneven force may be applied which could affect the participants 

judgement on their perception of one or two points. The test is reliant on the execution of 

synchronous touching by calliper tips, which cannot always be guaranteed. In this sense, an 

automated device that delivers consistent stimuli would be merited. For example, a prototype 

for an automated tool has been developed for chronic neck pain and its reliability has been 

tested with healthy participants (Olthof et al., 2021). The developers state that the automated 

design means that the measurement tool may be less affected by variance introduced by the 

tester, potentially reducing measurement error. The coefficient of variation (CV) is a useful 

statistic when contrasting measurement tools as the values of the random error (SEM) are 

expressed as a percentage of their respective means, which facilitates a direct comparison 

of the measurement tool (Hopkins, 2000). Initial reliability results appear promising as seen 

by CV for the device at 10.3% which is less than the 19.1% in a previous manual TPD 

threshold reliability assessment (Catley et al., 2013). However, the test-retest reliability of the 

device requires further assessment with the clinical population of interest (i.e. people with 

chronic neck pain).  

 

A limitation of using this type of sensorimotor function measure with amputees is highlighted 

by TPD being clinically inappropriate for seven out of the 40 participants. Four participants 

described an allodynia type experience in which they could tolerate the stimulus of pressure 
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applied by the callipers on their intact limb but not on their residual limb. Two participants 

reported a lack of sensation and were unable to distinguish pressure applied to their residual 

limb, which corresponded with neuropathy in their intact foot as a complication of diabetes. 

Broken skin and redness on one of the participants residual limbs meant that it was agreed it 

would be unsafe to complete the testing for fear of further skin integrity problems. The 

above-described reasons for non-completion of the TPD assessment are common factors 

when dealing with the management of adults with lower-limb amputations (Smith et al., 

2016). This highlighted important considerations specific to the amputee population and 

should be considered when designing future protocols for assessment of sensorimotor 

function on residual limbs and more precise inclusion/exclusion criteria should be applied.  

 

In summary, the current protocol described in this chapter for TPD as an objective measure 

of sensorimotor function does not provide evidence of sufficient test-retest reliability to be 

used in future research studies or clinical practice with the PLP population. Factors related to 

the non-compliance and/or non-completion with the TPD protocol have been identified, 

specifically around skin sensation and integrity, and more precise inclusion/exclusion criteria 

is necessary. In the future, application of the stimulus via an automated process rather than 

manual testing may reduce measurement error to an acceptable amount to consider the 

approach sufficiently reliable.  

 

5.6.4  Reliability of IMIT discussion 

 
The first objective of this chapter (3a) was achieved through the quantification of the test-

retest reliability of IMIT as an objective measure of sensorimotor function in people living 

with PLP. This is the first study to quantify mean group accuracy and response time (RT) in 

lower limb amputees with PLP and thus comparisons with the existing literature are difficult. 

Laterality testing specifically with lower limb PLP participants (n = 11) was conducted by 

Wong and Wong (2017), however, direct comparison of mean scores is not possible as their 

results were presented as an accuracy/speed combined score (i.e., accuracy score was 

divided by speed) with the rationale that more accurate choices in less time meant a better 

limb laterality recognition score.  A previous study of upper limb amputees with PLP (n=12) 

judging the laterality of hand images demonstrated a baseline mean (SD) RT of 2301 (809) 

ms (Reinersmann et al., 2010). A study of lower limb amputees, with no confirmed PLP 

(n=18), judging the laterality of feet images in the plantar and dorsal view, showed RT mean 

group scores in the range of 1000 – 2000 ms (Curtze et al., 2010). Furthermore, the seminal 

study by Parsons (1987) in which healthy participants (n=9) judged images of feet in the 
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inside, outside and toe's view (as per the present study protocol) scored mean group scores 

in the range of 1100 – 2000 ms.  Given the factors known to impact RT, such as participant 

pain (or not), the bodily image judged and the perspective/view of the image, comparisons 

should be made with caution.  However, the baseline group mean (SD) presented in this 

chapter of 2146 (1189) ms, when considering the MCID (595 ms) is not too dissimilar with 

the range observed in previous studies.    

 

The mean session differences for both performance metrics identified systematic bias, with 

improvements from session one to session two suggestive of a small learning effect. 

However, these mean changes were all lower than the corresponding MCIDs for accuracy 

and RT (see Table 5.12). The small learning effects are likely clinically unimportant and as 

such practice trials are not likely to be essential in future research studies or clinical practice. 

This may be because the trials themselves have a built-in practice component before 

measurement occurs (i.e., the first 10 images are classed as practice and not included in the 

analysis). This increases confidence that a practice session would not be required thus 

making testing in a research or clinical environment more feasible.  

 

Direct comparison of test-retest reliability results with the study by Wong and Wong (2017) is 

difficult as this study used a mobile application (Recognise Foot, NOI institute) and the time 

between sessions must have been very small as the participants were required to complete 

two rounds within a one-hour period, separated by a break between sessions (duration of 

break not specified). This short washout period combined with no practice sessions 

increases the likelihood of learning effects thus reducing the degree of reliability of the 

results. Nonetheless, the authors used the speed/accuracy scores between sessions to 

calculate an ICC of 0.72, demonstrating moderate reliability as per recommendations by Koo 

and Li (2016). This contrasts to the results in this chapter, in which ICC values of 0.92 (0.80 - 

0.97) and 0.90 (0.78 - 0.95) for accuracy and RT respectively, would meet the threshold for 

ensuring good to excellent reliability (Koo & Li, 2016). However, it has been widely 

acknowledged that the generation of the ICC value is very much determined on the 

heterogeneity of the sample (the between-subject variability), the higher this variability then 

the likely inflation of the ICC value (Atkinson & Nevill, 1998; Quan & Shih, 1996). The 

differences between ICC values may be more an indication of increased variability 

introduced by the larger sample size and heterogeneous sample of patients in the present 

study. However, the sample size was reduced to 33 for the IMIT test-retest reliability 

analysis. This was due to three participants withdrawing after the first session, one dataset 

from an upper limb amputee not being applicable to group analysis and one dataset not 
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included in analysis as the participant had a stroke diagnosed between testing sessions, 

which may have impacted on his sensorimotor function. A further two participants datasets 

were excluded as the tester judged that they did not follow the protocol as they both required 

constant prompts and clarification throughout testing (Figure 5.2). Regarding the random 

error, the SEM for both accuracy and RT were less than their respective estimated MCIDs. 

However, due to the small sample size, the associated 95% CIs should be considered to 

account for uncertainty in the SEM estimations. Consideration of the upper boundary of the 

95% CI, estimated the typical measurement error for RT to exceed the MCID and thus 

caution should be applied as this would reduce its degree of reliability. Furthermore, on an 

individual patient level, a 95% LOA of ±1341 ms suggests a lower limb amputee with PLP 

could change, in a worst-case scenario, by over double the MCID, due to normal variation 

with this measure.  

 

The MCID for accuracy (8.2 %) and RT (595 ms) and the between-subjects SD of 7.8% and 

684 ms respectively, were used within a power estimation to calculate the sample required 

for a future single arm pre-post study (two-tailed P < 0.05, statistical power = 90%) and a 

RCT. For the accuracy data a sample of 12 participants would be required for a single arm 

pre-post study and a sample of 42 participants for an RCT. For the RT data a sample of 16 

participants would be required for a single arm pre-post study and a sample of 58 

participants would be needed for an RCT. These are all achievable sample sizes as 

demonstrated by several published studies in this population group (see Appendix 5.5 for 

sample size Table of RCTs).    

 

Observation of the Bland-Altman plot for the accuracy data (Figure 5.10) shows clustering of 

scores on the higher end of the scale (>90% correct responses). This is indicative of a 

ceiling effect, which is a recognised problem with the accuracy data in limb laterality tests 

(Parsons, 1987).  Nevertheless, RT would be regarded as the performance metric of greater 

interest in this study as it is theorised that an implicit motor imagery response (measured in 

milliseconds) is driven by subconscious cortical processes reliant on a working body schema 

(Parsons, 2001). A validity assessment was conducted to further investigate this presumed 

mechanism of action, which is discussed in the following section.  

 

In summary, it has been shown from this analysis that small but not clinically important 

learning effects were identified, likely due to the built-in practice component. Random error, 

quantified as the SEM, for both the accuracy and RT data were less than the MCID. Taken 

together, the data suggests that the test–retest reliability of this measure is adequate for 
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research purposes but in its current form, this protocol does not demonstrate sufficient 

reliability to be used with confidence as a clinical measure on an individual patient level.  

 

5.6.5 Validity of IMIT Discussion  
 

The second objective of this chapter (3b) was achieved through the investigation of the 

known-groups validity of the IMIT as an objective measure of sensorimotor function/proxy 

measure of working body schema. It was hypothesised that unilateral amputees would show 

poorer laterality judgement performance when judging images of feet corresponding to their 

affected side compared to their unaffected side. The results do not support this hypothesis 

as there were no differences between these groups for response time or accuracy 

outcomes. Furthermore, the hypothesis that bilateral amputees would perform poorer than 

unilateral amputees could not be supported. Response times for bilateral amputees were 

slightly slower and not significantly different but slightly above the estimated MCID (595 ms 

0.5 of the baseline SD from the reliability data). The accuracy between the two groups were 

comparable. Taken together, the results suggest a lack of known-group validity for the use of 

the IMIT as a marker of a working body schema in the lower limb PLP population. Though 

this lack of difference may be due to a lack of statistical power, as the study was not 

powered with these questions/objectives in mind, but rather it was powered for the reliability 

questions.  

 

The IMIT is presumed to be completed by using one’s own body part representation to make 

a laterality judgement (Parsons, 1987, 2001) and based on this hypothesis it follows that a 

disruption to the WBS through the deafferentation process of amputation should show in 

impaired performance. This disruption may be more general rather than side specific which 

may account for the similar performance results in this study for the affected versus the 

unaffected limb. The results in this study are supported by previous research (Reinersmann 

et al., 2010; Rosser et al., 2019; Stanton et al., 2012) which have found a more general 

reduction in performance (poorer accuracy and reduced RT) specific to the painful condition 

but not specific to the affected body part. For example, in the study by Reinersmann et al., 

(2010) participants with a diagnosis of CRPS or PLP specific to the arms performed poorer 

than healthy controls but there were no differences between recognition of affected and 

unaffected hands in both patient groups. This study replicates findings from the two previous 

studies conducted with lower limb amputees (Curtze et al., 2010; Stone et al., 2019) in so far 

that the amputated versus contralateral RTs were very similar. Taken together, the findings 

suggest a preserved ability for lower limb amputees to mentally rotate affected body parts. 
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However, unlike the previous two studies (Curtze et al., 2010; Stone et al., 2019), the study 

presented in this chapter only included participants with episodes of PLP lasting more than 

three months and ongoing episodes of at least three out of 10 intensity (VAS) for at least two 

days in the previous seven days. The role of lower limb PLP warrants further investigation 

through comparison of performance data (namely RT but also accuracy) between persistent 

PLP participants and lower limb amputees who have little or no PLP or are in the acute 

stage of PLP (PLP of less than three months duration). Further comparison with a control 

group of “normally-limbed” participants would provide firmer conclusions around impairments 

in performance due to the presence of PLP.  

 

The finding in this study that bilateral amputees demonstrated an overall mean slower RT 

(Bilateral PLP: 2752 ±1901, Unilateral PLP: 1952 ±968) could be speculatively suggestive of 

an impairment due to a hypothesised greater disruption to the WBS. The small sample size 

in the bilateral group (n= 8) meant that the expected difference between the unilateral and 

bilateral groups (and similarly a small sample size comparing the unaffected versus affected 

limb) was limited to being an exploratory analysis and was therefore underpowered to 

answer the question of a known-group validity. The lack of a statistical difference between 

these two groups could be a Type II error (a false negative) as the magnitude of the 

difference between the groups was 800ms. This could be considered a meaningful 

difference given the estimated MCID for response times in this population is 595ms 

(calculated as 0.5 of the baseline SD from the reliability study data). However, this is only 

suggestive of a potential difference in performance being attributed to the severity of limb 

loss and no firm conclusions can be made. Furthermore, a post hoc power analysis using a 

detected effect size of 0.42 (Cohens d), assuming a significance level α = 0.05 and power 

(1-β err = 0.90), would require 242participants to detect a significant difference between 

groups, if such a difference truly exists. This is not a realistic recruitment target for this 

population and therefore calls into question this test of known-groups validity.  

 

The results from this study and the conflicting results in the literature suggest further 

understanding is required as to whether the differences in RT between chronic pain groups 

and controls and between the affected and unaffected limbs is a true indicator of a disturbed 

WBS. On top of this, it is pertinent to point out that a potential confounding variable to 

consider when using LRJTs with a clinical population is the possibility that the patient may 

have used an alternative strategy to complete the task (King et al., 2015; Punt, 2017). Data 

that is not related to an implicit motor response will potentially negate its validity as a clinical 

assessment tool of the WBS for the PLP population. Converging evidence has suggested 
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that visual-spatial strategies, in which the stimulus is rotated as an object to correctly identify 

laterality, may be used to complete the task (Maimon-Mor et al., 2020; Mibu et al., 2020; 

Nico et al., 2004; Reinersmann et al., 2010). This argument is more convincing for amputees 

who through complete deafferentation experience peripheral modifications to the sensory-

motor system and lack the physical availability of a motor effector. The feed-forward 

mechanism is not supported by information from the periphery (Flor, 2003) and thus, 

amputees might employ visual-spatial strategies and rotate the stimulus body part as an 

object (Nico et al., 2004; Reinersmann et al., 2010).  

 

One way to gain greater confidence that the person is completing the limb laterality tasks 

implicitly may be through considering the patterns in RTs. Identification of RT patterns allows 

for a scientific approach to interpreting presumed implicit responses based on the seminal 

work by Lawrence M. Parsons (1987). Through experiments with healthy participants, the 

RT patterns of hand laterality judgement tasks showed two key features confirmatory of a 

biomechanical reason for a difference in RT – an indication of an implicit response. Firstly, 

the medial over lateral advantage (MOLA) effect (Parsons, 1987) in which there is an overall 

chronometric advantage for judging the laterality of hands in medial positions (stimuli rotated 

toward the mid-sagittal plane) when compared to lateral positions (stimuli rotated away of 

the mid-sagittal plane). This reflects the impact of the biomechanical constraints of hand 

movements that make it easier to move one’s hand toward medial than lateral directions. 

Secondly, the significant correlation between the RT to a given stimulus and its degree of 

awkwardness that is, participants rated how difficult it was to place their own hand in the 

displayed position (awkwardness effect). However, Parson’s (1987) reports that due to 

differences in the anatomical joint ranges between hands and feet, the medial over lateral 

advantage is not always applicable to feet and that effects of implicit awkwardness on RT 

are less readily detectable with feet than with hands. This reduces certainty around providing 

a valid biomechanical reason for discrepancies in RT for feet data compared to hands data. 

Therefore, confirmation that an implicit strategy was used by the participant is harder to 

detect when analysing the RT data of feet images. Further biomechanical analysis by 

Parsons (1987) involved calculations of efficient paths (mental transformations like that of 

physical movement) from an upright (0°) position to that of the possible stimulus orientations. 

Considering the joint limits (i.e., biomechanical constraints of physical movement), it was 

suggested that efficient paths to stimulus orientations should be observed at the inside view 

of feet at medial orientations and the outside views of feet at lateral orientations. These 

efficient paths were mirrored by the reduced RTs at these views and at these orientations 

and exemplified in the line graphs presented in Parsons (1987) seminal paper. Using the E-
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Prime software it was possible to code my data in the same way as Parson’s (1987) in which 

right feet and left feet were divided into medial and lateral orientations at 30°, 60°, 90°, 120° 

and 150° (see figure 1).  This enabled generation of line graphs for the PLP participants to 

be compared to the patterns in the medial versus lateral data produced in Parson’s (1987) 

experiment on feet (see Figs 5.12a and 5.12b below).  
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A           B 

  
Figs 5.12a   Response time (RT) data as a function of medial and lateral orientation of feet images from the inside view 
perspective.    
Legend:  PLP participant’s data (A) is presented in comparison to Parson’s (1987) experiment 3-line graphs (B). Medial 

orientations are produced by turning right-foot in picture plane clockwise by less than 180°, and lateral positions are 
produced by comparable anti-clockwise turns. 
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A            B 

  
Figs 5.12b Response time (RT) data as a function of medial and lateral orientation of feet images from the outside view perspective. 
Legend:  PLP participant’s data (A) is presented in comparison to Parson’s (1987) experiment 3-line graphs (B). Medial 

orientations are produced by turning right-foot in picture plane clockwise by less than 180°, and lateral positions are 
produced by comparable anti-clockwise turns. 
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The overall visual interpretation of the line graphs shows the pattern of the PLP participant’s 

data in the current study is similar to Parson’s for the inside and outside views. For the inside 

view, the medial orientations are quicker to be judged than the lateral orientations. For the 

outside view, the lateral orientations are quicker to be judged than medial orientations. 

Crucially, these observations are consistent with the implicit mental transformation 

predictions made in Parson’s (1987) seminal paper that suggests response times are 

governed by anatomical or biomechanical constraints. Specifically, reorientation of the image 

following an efficient path to the stimulus orientation should be seen at the inside view of feet 

at medial orientation and the outside view of feet at lateral orientation (Parsons 1987, pg. 

226). The visual inspection of RT patterns approach, presented here, is speculatively a 

window into the implicit and automatic access to biomechanical information that is stored 

within the WBS. The distinctions between medial and lateral orientations could theoretically 

be claimed as a hallmark of a biomechanical constraints effect and indicative of an implicit 

motor imagery approach to task completion. Careful selection of the stimuli based on the 

view and orientation may be key to increasing our confidence that these tasks are eliciting 

an implicit response when utilised as a clinical assessment tool or rehabilitation aid.  

 

A strength of this validity study is that it adds to the literature on limb laterality judgement 

tasks in the amputee population with its inclusion of lower limb amputees living with PLP. 

The only previous studies with lower limb amputee participants (Curtze et al., 2010; Stone et 

al., 2019) did not specify the presence or absence of PLP. Table 1 provides preliminary 

performance data for both unilateral and bilateral lower limb amputees. The use of the E-

Prime 2.0 software allowed for response time to be recorded with millisecond precision. 

Additionally, this is the first study, using images of feet, to replicate Parson’s (1987) 

approach to identifying patterns in RT based on biomechanical reasoning.  

 

A key limitation of this study is that unlike Parsons, introspective reports were not taken from 

participants. This could be in a questionnaire format delivered at the end of the trial that 

assessed participants insights into task performance. Based on Parson’s questionnaire this 

would include questions to establish the percentage of the trials that imagination of their own 

limb occurred, the difficulty of some of the orientations and accidently choosing the wrong 

option. Introspective reports provide converging evidence with behavioural patterns in trials 

involving mental spatial transformations (Zacks & Tversky, 2005), and in this study could 

have provided further insight into the strategy used to complete the task. Descriptions of 

imagined movements of their own foot so that it matches the visually presented foot and self-
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report ratings of awkwardness during this process would have provided further confidence 

that a motoric imagery process was being employed.   

 

This analysis does not provide evidence of known-groups validity of the IMIT with the PLP 

population. The clinical implication being that this brings into question the validity of the IMIT 

as a measure of WBS in people with PLP. Thus, this data questions the utility of this test as 

an outcome measure in clinical trials that are investigating the efficacy of interventions for 

PLP that are seeking to measure WBS. The same argument could be applied to the clinical 

setting. When using the test with a clinical population, the careful selection of images based 

on their view and orientation would provide greater confidence that the images the 

participants are presented with are eliciting an implicit motor imagery response. The clinical 

utility of this test may be dependent on deciphering the “responders” (motor imagery 

performers) from the “non-responders” (visual imagery performers) as an implicit response 

that is theoretically accessing the WBS is essential to its potential as a tool in the 

rehabilitation setting.  

 

Future research should focus on replication of LRJTs using images of feet in healthy 

participants to establish normative performance data (accuracy and RT). The validity of IMIT 

based on differences between groups (known-groups validity) needs to be established with 

normally limbed, pain-free participants. Comparing performance data between lower limbed 

PLP patients and a control group of lower limbed amputees who do not experience PLP is 

also warranted. The mean difference and 95% confidence intervals should be reported for 

these groups to facilitate interpretation of the differences between the groups. Based on the 

IMIT RT reliability results (see Table 5.12) it was estimated that a total sample size of 58 (29 

per group) would have 90% power to detect an intervention versus control group difference 

change of the MCID (595 ms) using a two-group t-test with a 0.05 significance level. To 

ascertain confidence that implicit motor responses were used by participants, analysis of RT 

patterns that may indicate biomechanical constraints as exemplified by Parsons extensive 

work and replicated in this study, should be included in the results.   

 

In summary, this study did not find a hypothesised poorer performance profile for unilateral 

amputees judging an image of a foot corresponding to their affected side as compared to 

their unaffected side. Likewise, a poorer performance profile was not found for unilateral 

amputees compared to bilateral amputees. The presence of PLP in the ‘affected’ limb would 

theoretically be an indication of a disrupted working body schema and if this laterality 

judgement task was a valid implicit motor imagery test, then we would expect conclusive 

results seen as statistically significant and clinically meaningful differences within-group 
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(affected versus unaffected limb) and between-group (unilateral versus bilateral PLP). This 

known-groups validity was not established. Furthermore, the validity of the test to elicit an 

implicit response should continue to be explored based on the potential for alternating 

strategies (namely a visual rotation strategy) that can be employed to make a judgement of 

laterality. The exploration of patterns in the data that are presumed to indicate biomechanical 

factors that moderate response times, warrants further investigation with unimpaired and 

pain-free participants. This may increase confidence that presenting the participant with 

carefully selected images based on the view and orientation will elicit an implicit motor 

imagery response.  

 

Overall, the validity of IMIT is yet to be established, as such the reliability data for this 

outcome measure that has been presented in this chapter should be interpreted cautiously. 

Accordingly, the current lack of validity for IMIT questions its suitability for inclusion as an 

outcome measure in the protocol for a RCT investigating SDT for PLP (see Chapter 6).  

 

5.7 Overall strengths, limitations and future work 

 
A key strength of the present study is that it is the first to assess reliability of outcome 

measures exclusively in amputees who are experiencing PLP, providing reliability data that 

is generalisable to an important clinical population for whom assessment of PLP has been 

previously neglected and therapeutic interventions are warranted. This is of significance 

given there is no consensus on which outcome measures are most appropriate to use with 

people who have PLP. The future development and assessment of interventions for PLP 

are, at least in part, dependent on establishing reliable outcome measures of efficacy.   

This study appropriately quantified the systematic and random measurement error using a 

battery of reliability statistics. This is in keeping with the COSMIN checklist for PROMs 

(Mokkink et al., 2019), which suggests the calculation of the SEM, MCID and LOA. A specific 

strength was the use of absolute measures of reliability such as the within-subjects SD to 

enable extrapolation of the data to estimate sample sizes for future RCTs. This ‘analytical 

goal’ is useful to enable a decision on the meaningful reliability of an outcome measure 

based on whether the measurement error is acceptable for practical use (Atkinson & Nevill, 

1998). Interpretation of a combination of measures of absolute reliability (degree to which 

repeated measures vary for individuals) were favoured in this study over the common 

tendency in health science research for reliability to be judged solely using the Intraclass 

Correlation Coefficient (ICC). The rationale being that the ICC value is ‘unit-less’ and can be 

classed as arbitrary (e.g. >0.75 classed as ‘good’ reliability – Koo and Li, 2016; Portney & 
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Watkins, 2013) and therefore difficult to interpret clinically (Bruton et al., 2000). Furthermore, 

the generation of the ICC value is very much determined on the heterogeneity of the sample 

(the between subject variability). The higher this variability then the likely inflation of the ICC 

value (Atkinson & Nevill, 1998). Linked to this method of reliability analysis, a key strength of 

the study was all the outcome measures had the quantification of measurement error 

corroborated against its MCID. This has the analytical goal of providing a practical solution to 

base the decision of whether to use the tool to measure change in an RCT intervention 

study. For example, in this study the normal daily variability of PLP (as quantified by the 

SEM/typical error) for the SF-MPQ-2 was less than the MCID, allowing a true response to an 

intervention to be detected. However, as reliability decisions are inherently contingent on the 

magnitude of the MCID (Atkinson and Nevill, 1998) it is important that the MCIDs are 

reputable. Future work should focus on formally establishing anchor and distribution based 

MCIDs for PLP patients. In terms of estimating an MCID for the PLP population using an 

anchor-based method, a starting point could be looking at changes on the pain PROMs in 

comparison to changes on a global assessment scale that uses ratings such as “better”, 

“unchanged” or “worse” (Copay et al., 2007). A suggested new trend to achieve greater 

clarity is inclusion of patients (and their caregivers) in clinical trial design as part of the study 

team, in which the patients themselves decide what they would deem as a sufficient amount 

of change in their health status for a treatment to be qualified as successful (Draak et al., 

2019). A preliminary assessment of what participants would consider a meaningful change in 

their score on the VAS and SF-MPQ-2 was sought in the qualitative study (Chapter 3). As no 

consensus has been reached on MCIDs for the PLP population, a combination of anchor- 

and distribution- based methods alongside patient opinion, would be beneficial to this field of 

research.  

 

In keeping with the COSMIN checklist (Mokkink et al., 2019) the monitoring of participants 

between the two sessions ensured they were stable on the construct to be measured. This 

was achieved by the recording of pain medication, which if not kept at a consistent dosage 

and frequency, could impact on the recorded pain intensity score. The time interval between 

the two measurements was set at 7-14 days, which is long enough to prevent recall, and 

short enough to ensure that patients remain stable. Furthermore, the researcher ensured 

that the test conditions were as similar as possible between the two sessions by ensuring 

the PROMs were self-administered and in the same location on both occasions. The 

objective outcome measures followed a standardised protocol to ensure similar test 

conditions between sessions.  
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A limitation of this study can be seen by the small sample size. Although 48 people were 

initially contacted, the final sample size for analysis was 37 for the PROMs (32 for pain 

diary), 33 for the IMIT and 30 for TPD. This is slightly lower than the 40 participants 

recommended for reliability studies by Altman (1991). The COSMIN guidelines (Mokkink et 

al., 2019) classify 30-49 participants in studies of measurement error in PROMs as providing 

‘doubtful’ test-retest reliability, based on their Risk of Bias tool rating scale and recommend 

50-99 participants to provide adequate results. However, 95% confidence intervals are 

provided for each reliability statistic which reflects the precision of the estimate. A larger 

sample size would provide a more precise estimate.  

 

A further limitation is the lack of generalisability of the results to amputees who experience 

acute stage PLP. This is due to the exclusion criteria of the study set at 6 months post-

surgery. Future research studies may consider expanding the inclusion criteria to this cohort 

which would potentially increase sample size and facilitate treatment in the post-surgery 

period which is an important time in amputee rehabilitation.  

 

A strength of this study, specific to the recording of PLP, was the citing and interpretation of 

several reliability statistics for a measure of average pain intensity (7-day period) via a 

comparison of a prospective daily diary rating against a retrospective single recall rating.  

The increased test-retest reliability of the diary rating (composite score) over a single recall 

rating can be observed with the quantified smaller SEM and narrower LOA for the pain diary. 

It can be theorised that less reliance on respondent’s memory potentially provided greater 

accuracy through tracking a condition that is characterised by fluctuations and 

exacerbations/flare-ups of varying frequency and duration. However, the weakness of this 

method identified in this study is the increased risk of missing data. The associated problem 

for future studies would be the need to choose between data imputation or dropping 

participants from analyses. Furthermore, a singular score provides limitations in 

understanding and recording the natural characteristics of PLP i.e., the frequency and 

duration of episodes. The trade-off between increased reliability and practicality should be 

considered when deciding which outcome measures are best suited for inclusion in future 

RCTs and which to select as the primary outcome measure.   

 

A general limitation of the use of PROMs is a variability in responses by person’s taking the 

test may arise due to ambiguity in the items and scales, which would amplify the ‘noise’ or 

error in scores. The VAS 0-100 scale on a 10cm line is open to ambiguity in the precision of 

the mark. It was observed in the study that participants sometimes wrote down the number 

on the page and then estimated the mark on the line, but when measured, the two values 
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didn’t accurately correspond. Likewise, with the SF-MPQ-2 ambiguity arose with some of the 

wording and it may be that some participants circled ‘0’ if they didn’t understand the meaning 

of the word. For example, the term ‘gnawing pain’ was asked to be explained on a few 

occasions. In terms of errors in completion, it was apparent that some participants needed 

prompting to attribute a score to every descriptor as the researcher had to prompt some 

participants to missed items. Clarification was also needed to indicate in the ‘none’ box if the 

descriptor did not apply to them. Full completion is important given that the total score is 

calculated by dividing a rating for every item by the number of items (n = 22). Further 

development of the instructions and the deselection and/or addition of descriptors to make 

them more applicable to the experience of PLP may be warranted. Having established the 

reliability of the SF-MPQ-2 for the PLP population, future work should investigate the 

responsiveness of this PROM following the introduction of an intervention in the same 

research population.  

 

The main limitation of the two sensorimotor function measures (TPD and IMIT) is that they 

do not provide direct information about alterations in the primary somatosensory area (S1) 

associated with PLP. A therapeutic intervention for PLP, such as SDT which was identified in 

the Systematic Review presented in Chapter 4 as safe and potentially effective, should have 

improvements in sensorimotor function captured using the gold standard method of 

assessing cortical changes via fMRI. This is not without its difficulties due to the ongoing 

debate that surrounds the representation of the phantom limb (reduced versus preserved 

representation) and its association with PLP. However, these differences are not necessarily 

mutually exclusive and may depend on the task used to measure cortical changes 

(Erlenwein et al., 2021). Therefore, fMRI scanning may focus on cortical (re)organisation 

based on the functional connectivity, measured by the blood-oxygen-level-dependent 

(BOLD) signal change in the regions of interest (S1 and M1), based on the understanding 

that the more connectivity is down for the amputees (dysfunctional connectivity), the more 

PLP they experience (Makin et al., 2013; Makin, Scholz, et al., 2015). Further studies, which 

take this method of sensorimotor function assessment into account, will need to be 

undertaken.   

 

5.8 Summary of findings to be applied to protocol  
 

1. Three outcome measures for pain intensity (VAS, SF-MPQ-2 and a pain diary) 

possessed acceptable psychometric properties for use in the RCT protocol. 
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2. The EQ-5D-5L index value and VAS provide an easily administered overview of the 

current health states of the PLP population with a combined time to complete of less 

than 2 minutes. It should be noted that a few participants required clarification 

beyond the written instructions due to confusion over the mobility assessment i.e., 

the statement “I have no/slight/moderate/severe problems in walking about or I am 

unable to walk about, as they were unsure if this related to walking with a prosthesis 

or mobilising with a wheelchair. An implication for the RCT protocol is that the ease 

of use of the EQ outcome measures should be weighed up against the potential for 

systematic bias and large random error in these PROMs when used with the PLP 

population, coupled with a not yet determined suitable MCID for the index value, 

making it difficult to detect meaningful clinical changes. Therefore, it may be 

beneficial to consider utilising a different measure of HRQoL when conducting future 

research trials. A more relevant and reliable outcome measure may allow for the 

observation of a clinically meaningful change in self-reported health states following 

the introduction of an intervention, which is significant given the association between 

PLP and poorer HRQoL (Dijkstra et al., 2002; van der Schans et al., 2002). The 

qualitative study presented in Chapter 3 of this thesis identified sleep disruption and 

emotional stability as factors impacting the self-management of PLP, which could be 

self-reported health states of interest to be measured in future research trials.  

 

3. Two sensorimotor outcome measures (TPD and IMIT) require further development 

and subsequent psychometric testing prior to use in the RCT protocol and future 

research trials. Further research is required with changes to the protocols for both the 

IMIT and the TPD procedure to establish adequate levels of reliability and validity to 

act as outcome measures for sensorimotor function.  

 

5.9 Conclusion  

 
This chapter provides data on the reliability of seven outcome measures that could be used 

for the assessment of PLP participants in relation to pain intensity, HRQoL and sensorimotor 

function. Using a battery of appropriate statistics for measuring absolute reliability it was 

found that the PROMs were not suggestive of systematic error although bias inherent in self-

report measures may have been present in the EQ VAS. The two objective outcome 

measures indicated small learning effects of little clinical implication, however, changes to 

both the TPD and the IMIT protocols are recommended for the purposes of ensuring 

adequate reliability and validity for use in future research studies with the PLP population. 
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The quantified high amount of random error in all of the outcome measures suggest they 

should be used with caution for individual assessment in clinical practice. The pain intensity 

PROMs could be seen as adequately reliable for research purposes with the SF-MPQ-2 

requiring the smallest sample size to find a statistically significant MCID. However, this study 

points out the lack of verified MCIDs for outcome measures to be used with the PLP 

population. 

 

Using outcome measures with insufficient measurement properties in a RCT would be a 

waste of resource and unethical due to the time-consuming process of participant 

completion (Prinsen et al., 2018). The results from this chapter, along with the results from 

pervious chapters, will therefore be considered in the development of a protocol for an RCT 

investigating an automated SDT device for the self-management of PLP (see chapter 6).  
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 RCT protocol  
 

This chapter will present a protocol for an RCT to investigate an automated sensory 

discrimination training (SDT) device for the self-management of PLP. The preceding 

empirical chapters (three, four and, five) contributed to the development of the protocol. This 

is particularly apparent with respect to identifying key aspects of the PICO model (i.e., 

patient/population, intervention, comparators, outcomes), thus ensuring the research 

question is answered with scientific rigour. The introduction to this chapter will recap the 

identification of the necessity of a sensorimotor guided treatment for PLP and summarise the 

potential of SDT applied as an automated self-management approach. The following 

sections will outline the RCT protocol, stating inclusion/exclusion criteria, reporting the 

intervention in the style of the TIDieR checklist (Hoffmann et al., 2014) and justifying the 

decisions for selection of primary and secondary outcome measures.    

 

6.1 Introduction 
 

Pharmaceutical management is the mainstay of current treatment for PLP; however, it has 

limited effectiveness and is associated with many side effects (Alviar et al. 2016). Evidence 

suggests that SDT, a non-pharmaceutical conservative treatment, can help restore the 

cortical map in patients with phantom limb pain, through a mechanism termed cortical 

reorganisation (Flor et al. 2001; Pleger et al. 2005; Pleger et al. 2006). This restoration has 

been shown to directly correlate with improvements in pain (Flor et al. 2001). Further 

research has shown that the cortical representation of the amputated limb remains intact and 

the more intact the greater the PLP [r=0.49, p<0.01] (Makin et al., 2013b; Kickert et al. 

2018). This is known as the maintained representation model (Makin et al. 2018).  

The definitive mechanism underlying PLP is yet to be agreed upon, however, “it is 

conceptually and empirically possible that persistent representation can spatially coincide 

with reorganisation” (Makin and Flor, 2020). Following amputation, a misalignment or 

dissonance now exists between the actual body part (i.e., the residual limb) and its 

representation in the brain with a change to the sensorimotor feedback loop and 

dysfunctional connectivity. The implications being that potential treatments may benefit from 

the re-introduction of sensory stimulus to the lost body part to re-align the working body 

schema and drive more functional conversations in the brain.   
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There is some published evidence for sensory discrimination retraining in patients with PLP 

(Flor et al. 2001; Koller & Luomajoki, 2013; Wakolbinger et al. 2017) and other persistent 

pain conditions (Moseley, 2008; Wand et al. 2015; Schmid, et al. 2017).  Studies to date, 

however, have predominantly tested approaches which require a clinician, or carer, to 

administer the training.  Translating this into clinical practice would, consequently, be very 

resource intensive.  This RCT will investigate the efficacy of a device that is a fully 

automated, interactive sensory discrimination training device which is self-administered by 

the patient following minimal training.  As such, if effective, it would enable patient self-

management with minimal health professional involvement.   

 

6.2 Study objective 
 

This chapter presents the study protocol for an RCT in which upper and lower limb 

amputees with PLP are treated. The investigation primarily aims at assessing the efficacy of 

SDT to reduce PLP. In order to isolate the contribution of SDT in alleviating PLP over 

potential placebo effects, a placebo (sham) device, which will be turned on but will not 

deliver any stimulus and will not be interacted with, thus acting as the control treatment. 

 

The working hypothesis of SDT is that positive reinforcement following a sensory 

discrimination task would exploit competitive neuroplasticity and provide a more integral 

normalisation of cortical, subcortical and spinal circuits compared with interventions that do 

not actively discriminate sensory stimuli on the residual limb. Therefore, in this RCT, I 

hypothesised that the participants receiving the experimental treatment (SDT) will, as a 

primary outcome, obtain a larger reduction in PLP intensity levels than those randomised to 

the control treatment. This chapter will meet the main aim of this thesis i.e., the development 

of a protocol to establish the efficacy of a self-managed sensory discrimination training 

device for the treatment of PLP.  

 

6.3 Methods 
 

Participants, interventions, and outcomes 

The study presented in Chapter 5 enabled piloting methods for recruitment and the refining 

of the inclusion/exclusion criteria to maximise participant recruitment. This study enabled a 

list of people who have PLP to be compiled as they provided consent to have their contact 

details stored and to be contacted about future research that they may be eligible for 

participation. The study on outcome measures also enabled testing procedures for 
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acceptability and compliance to the outcome measures. The synthesis of the findings from 

the qualitative study (Chapter 3) contributed to the understanding of the likely adherence to 

the intervention and the development of a coherent theoretical basis for the intervention 

(thesis sub-aim 1b). Overall, this process can be linked to the MRC Framework guidance for 

developing and evaluating complex interventions (Craig et al., 2008.   

 

6.3.1 Eligibility criteria 
 

The inclusion criteria were developed to select a sample from the population that previously 

published works indicate as most likely to benefit from the use of the device.  This includes 

all people who are suffering PLP post-amputation. Importantly, participants must have a fully 

healed residual limb. The exclusion criteria have been developed from the outcome 

measures study findings (Chapter 5) in which a similar cohort of PLP participants were 

recruited to that expected in the RCT. This enabled transference of learning related to 

factors that may influence inclusion and adherence to the protocol.  The main factor was the 

identification of potential contraindications of sensory testing on residual limbs, such as 

allodynia and skin integrity problems. Inclusion of such participants may possibly make it 

unsafe for them to participate, and/or, may have an impact on the aims of the study and/or 

the outcome measures. 

The following inclusion and exclusion criteria are very similar to that used in the outcome 

measures study (Chapter 5). This study provided opportunity for piloting recruitment for the 

RCT based on these criteria. The main problem identified was that seven participants were 

excluded from the TPD testing due to either an increased sensitivity to a stimulus or being 

unable to discriminate a stimulus, applied to their residual limb. This is a significant finding 

given that these participants would not be good candidates for SDT due to their inability to 

discriminate an electrical stimulus applied to their residual limb, which is a key component of 

the intervention. Thus, this was incorporated into the exclusion criteria as “impaired 

sensation as measured by sensory testing e.g., Von Fey filaments for nociception 

sensitisation or hot/cold test and sharp/blunt test”. The key finding for the protocol is that 

sensory testing on the residual limb is a pre-requisite for SDT eligibility.  

 

6.3.2 Inclusion criteria 
 

- male or female 

- aged ≥18 years of age 

- fully healed residual limb (or stump) * 
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- single (unilateral) or multi (bilateral) limb amputation with the intervention applied to 

the participants limb of choice. 

- experienced PLP rated as ≥3 on a 0-10 scale on at least 2 days in the week prior to 

enrolment 

- agree to inform us of the use of any new (to them) prescribed drug for their pain 

during the study.  

- any prescribed pharmacological treatment for the treatment of PLP to be stable for 

one month prior to commencing the study.  

- agree to inform us of any other health care received related to the amputated limb 

during the study (e.g., physiotherapy or occupational therapy) whether specific to 

phantom limb pain or not. 

- any previous non-pharmacological phantom limb pain treatment must have 

terminated at least 1 month prior to commencing the study. 

* Fully healed criteria: no bleeding, no oozing, no broken skin, no obvious sign of infection, 

such as swelling or redness, around the scar 

 

6.3.3 Exclusion criteria 
 

- lacking Mental Capacity to give Informed Consent. 

- impaired sensation as measured by sensory testing e.g. Von Fey filaments for 

nociception sensitisation or hot/cold test and sharp/blunt test. 

- after providing consent they are unable, or don't want to, use the device, after the 

initial training session. 

- unable to read and speak English - the questionnaires being used have not been 

translated and validated in multiple languages. 

- Epileptic. 

- Active deep vein thrombosis or thrombophlebitis.  

- fitted with a pacemaker.  

- has a metal implant in the area stimulated.  

- any residual limb complications such as cellulitis, wounds, infections etc. 

- Active regions of known or suspected malignancy. 

- Any actively bleeding tissue or to persons with untreated haemorrhagic disorders. 

- Participating in any research trial of any intervention hypothesised to affect PLP. 

- Any current or recent history of substance misuse, alcohol or drug dependency. 

- Any person, otherwise eligible, who commences any non-pharmacological treatment 

for PLP during the study period. 
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6.3.4 Interventions 
 

The intervention is described in accordance with the TIDieR guidelines (Hoffmann et al., 

2014). 

Brief name: Sensory Discrimination Training (SDT) 

Why: Participants in both groups will be informed the device is being tested to see if it helps 

restructure their personal mind-map/blueprint of their body (sensory homunculus) to better 

match their post amputation body, in the hope this may relieve their PLP.  

What (procedures): The need to interact with the device will be emphasised for the 

intervention group participants. Placebo group participants will be informed that, the device 

works passively in a subconscious way and, and once the device is in place, they are free to 

do other things while the stimulation is underway, e.g., read a book, watch TV etc. In order to 

avoid confounding variables - other things - will be restricted to seated activities as the 

participants in the intervention group will need to be seated whilst using the automated 

device. 

What (materials): The following has been produced by the author of this thesis (AG) and 

could be used for training purposes:  

https://painchats.com/phantom-limb-low-back-pain/  

Who provided: It is an automated device, thus no clinician supervision is required? 

However, an HCPC registered AHP (e.g., Physiotherapist, Occupational Therapist or Nurse) 

will be available to provide any support with use of the intervention throughout the RCT. 

How: The device can be applied and used by the participant with minimal instruction 

required. An adhesive pad consisting of twelve equally spaced electrodes is placed over the 

residual limb. This pad is connected to a handheld device which delivers an electrical current 

to the electrodes. The device stimulates the skin via one of the electrodes, with either a 

single continuous, or a rapid burst of pulse(s). The device touch screen then presents the 

questions, which electrode (location) was stimulated?  Was a single ‘continuous’ or a rapid 

‘burst’ of pulses given (stimulation type)?  The user responds via the screen and is told if 

they are correct. If correct, a new stimulus is delivered (different location and type) and the 

process repeated.  If incorrect, the user is informed of the correct response, the same 

stimulation (location and type) is repeated once before moving on to a new stimulus.  The 

total number of stimuli received will not be standardised as this depends on how quickly the 

participant progresses through the training session. It is anticipated that, on average, 

participants will progress at a rate of three stimuli per minute thereby receiving 

approximately 270 stimulations per session.  

https://painchats.com/phantom-limb-low-back-pain/
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The placebo device is visually identical to the investigational device but does not deliver 

stimuli, nor is there any interaction with the device i.e., there is no Q&A element, feedback 

nor response dependent progression.  The placebo device software script informs 

participants how to switch on and start a session but does not request further interaction.   

Where: The participants will use the device in their own home.  

When and how much: Participants in both groups (i.e., automated SDT device and sham 

device) will be asked to use their device for 90 minutes each day. Participants will be told 

that the 90 minutes can be completed in one block, or as multiple shorter sessions, of at 

least 10 minutes minimum duration.  Participants will be asked to use their device on 15 of 

the 21 days. The systematic review presented in Chapter 4, identified the seminal study by 

Flor et al., 2001 in which SDT compared to usual care demonstrated to have a between 

groups difference in PLP intensity of 1.95 (95% CI 1.32 to 2.58) as measured on the West 

Haven-Yale Multidimensional Pain Inventory (0–6). This is a large (1.14 Cohen’s d) 

standardized mean difference/effect size. The intervention dosage/duration is based on this 

finding, validated by the findings in the qualitative study (Chapter 3) which highlighted 

participants would be willing to adhere to a daily self-management intervention for at least 30 

minutes per day. Two of the ten participants stated that they would be willing to invest 3 

hours per day or more.  

How well (planned): Adherence to the intervention protocol can be achieved remotely by 

the study investigators as the software will record usage of the device.  

 

6.3.5 Primary outcome measures 
 

The choice of pain intensity as the primary outcome was due to the finding that PLP is seen 

to be a causal factor in quality-of-life problems rather than the converse (van der Schans et 

al., 2002). This can be further justified by a comprehensive survey study (n =478) to 

determine the association between pain intensity and interference with activities of daily 

living. In this study it was concluded that patients with pain often present with a single 

primary pain complaint and seek treatments which clinicians offer interventions that they 

hope will decrease pain intensity. If average pain intensity drops to zero, then the other 

qualities of pain, such as level of bothersomeness, its temporal aspects (intermittent vs 

chronic), it’s various qualities (e.g., stinging, burning, aching) and its site(s) become moot 

(Marshall et al., 2002). A similar finding was identified in the qualitative study identified in the 

theme ‘living with impact of PLP’ (Chapter 3).  
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The following outcome measure was shown to demonstrate acceptable reliability for 

research purposes (Chapter 5) and was selected as the primary outcome measure. In the 

selection of an appropriate outcome measure for PLP intensity, the study used three 

outcome measures (VAS Pain, SF-MPQ-2 and a pain diary). The pain diary demonstrated 

superior reliability, however, there was a substantial amount of missing data. In contrast, the 

SF-MPQ-2 had very little missing data and was more reliable than the VAS pain. Thus, the 

SF-MPQ-2 was chosen as the primary outcome measure. This was also chosen as a 

primary outcome as the PLP literature suggests that PLP intensity is a cause of poorer 

quality of life outcomes. Therefore, a reduction in PLP intensity could be regarded as a key 

target for the intervention. More details on the SF-MPQ-2 are provided below:   

 

The short form McGill Pain Questionnaire (SF-MPQ-2) (Dworkin et al, 2009):  

The short from McGill Pain Questionnaire (SF-MPQ-2) is a commonly used questionnaire to 

assess pain levels in a range of pain conditions. Twenty-two words which describe pain 

across the sensory, affective, evaluative and miscellaneous domains are presented to the 

participant who is asked to choose which word best describes their pain in the last week and 

to rate how intense that descriptor of pain was on a 0-10 scale. 

 

6.3.6 Secondary outcome measures 
 

Overall Pain: Visual Analogue Scale (100mm) 

Participants will be asked to rate their phantom limb pain over the last week using a pain 

visual analogue scale consisting of a 100mm line with anchor statements of 0 representing 

no pain and 100 the worst pain imaginable. The participant will be asked to place a mark 

through the line to represent their pain.  

 

This outcome measure was shown to demonstrate acceptable reliability for research 

purposes (Chapter 5) and selected as the secondary outcome measure for the RCT 

protocol. 

 

PLP chronicity 

The study presented in Chapter 5 also highlighted that the reliability of PLP measurement 

may be improved by recording the frequency of PLP episodes and developing a composite 

score i.e., PLP chronicity. Thus, participants will be asked to record the number of PLP 

episodes they have experienced over the past week using the following Likert-scale: 

1 = all the time 
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2 = daily  

3 = 4 days or more per week  

4 = 2 or 3 days per week  

5 = 1 day or less per week 

 

PLP chronicity can then be calculated by dividing the intensity over previous week (0-100)    

by the frequency and has been found to be reliable in previous studies with the PLP 

population. Reliability work on this outcome measure has been published as supplementary 

material in Kikkert et al. (2017). It was found that when considering all amputees (n=21) that 

participated in at least two of Tamar Makin’s laboratories’ studies (Kikkert et al., 2017; 

Makin, et al., 2015; Makin et al., 2013), they found excellent inter-study consistency for their 

measure of chronic PLP (ICC = 0.88, 95% CI = 0.72-0.95, p <0.001). However, the reporting 

of ICCs only as the reliability statistic are not useful for clinical interpretation as they are not 

in the unit of measurement, in this case, VAS (0-100).  Furthermore, the PLP chronicity 

outcome measure still has unproven reliability in clinical practice, therefore, in this RCT it 

seems reasonable to use it as a secondary outcome measure. The qualitative study 

(Chapter 3) identified assessment of the frequency of PLP episodes as well as the intensity 

making this outcome measure more tailored to the patient experience, however, it should not 

be used as a primary outcome measure until it has been checked for adequate reliability for 

use in research studies.  

 

Study Diary (PLP daily intensity level/pain medication)  

Participants will be asked to rate their PLP on a scale from 0-100 each day in a study diary. 

The average score for the week was found to provide acceptable reliability for research 

purposes (Chapter 5). Participants will also be asked to report on their daily medication 

usage over the duration of the trial. The diary will ask for the frequency, dosage and class of 

medication taken each day. 

 

This outcome measure was shown to demonstrate acceptable reliability for research 

purposes (Chapter 5) and selected as the secondary outcome measure for the RCT 

protocol. 

 

Patient Reported Outcomes Measurement Information System (PROMIS) 

The patient voice that was articulated through the themes identified in the qualitative study 

(Chapter 3) demonstrated the impact of PLP intensity and its episodic nature on 

psychosocial factors such as anger/frustration, sleep, fatigue and activities of daily living, 
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roles and routines. These findings led to the addition of the Patient Reported Outcomes 

PROMIS provide freely available questionnaires covering the domains of anger, anxiety, 

fatigue, sleep disturbance, satisfaction with social activities/social roles (Gershon et al., 

2010). Based on the findings from the qualitative study (Chapter 3) and the systematic 

review (chapter 4), inclusion of these domains as outcome measurement in future studies for 

PLP self-management would be suitable. The PROMIS has been validated with CP 

populations (Amtmann et al., 2010), however, these questionnaires should now undergo 

reliability work with the PLP population using a similar statistical procedure to that 

demonstrated in Chapter 5. 

 

The domain of sleep disturbance may be particularly relevant for future trials of PLP self-

management interventions, and it is recommended for ease of use and cost-effectiveness 

that the PROMIS Sleep Disturbance – Short Form 4a is used. This contains the following 

questions and scale:  

My sleep quality was...Very poor (5) Poor (4) Fair (3) Good (2) Very good (1) 

My sleep was refreshing... Not at all (5) A little bit (4) Somewhat (3) Quite a bit (2) Very 

much (1)  

I had a problem with my sleep... Not at all (5) A little bit (4) Somewhat (3) Quite a bit (2) Very 

much (1) 

I had difficulty falling asleep... Not at all (5) A little bit (4) Somewhat (3) Quite a bit (2) Very 

much (1) 

 

Health-Related Quality of life (HRQoL) 

EQ VAS 

Participants will be asked to complete the EQ VAS which is a is a vertical visual analogue 

scale that takes values between 100 (best imaginable health) and 0 (worst imaginable 

health), on which patients provide a global assessment of their health. The limitations 

identified in Chapter 5 with relation to the EQ-5D-5L Index value in the PLP population 

concluded that it should be reserved for health economic analyses and thus, not suitable for 

inclusion in this protocol.  

 

This outcome measure was shown to demonstrate acceptable reliability for research 

purposes (Chapter 5) and selected as the secondary outcome measure for the RCT 

protocol. 
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In addition, demographic data (medical history, amputation, prosthetic and PLP history, age, 

sex, and ethnicity will be collected using the amended TAPES questionnaire used in the 

outcome measures study.  

 

Similar to the RCT studies identified in the systematic review (Chapter 4), timepoints for 

outcome measure data collection will be: 

- Baseline 

- End of treatment (15 x 90 mins) 

- Follow-up at 3 months (90 days following end of treatment) 

- Follow up at 12 months (365 days following end of treatment).  

- Given the potential for re-occurrence of PLP beyond the follow-up period, it would be 

beneficial to have a longitudinal data collection period (e.g., 12 months). This will 

reduce the likelihood that any reductions on the outcome measures are due to the 

confounding role of regression to the mean. 

 

Safety reporting 

All trial processes will accord with MEDDEV 2.7/3 and ISO 14155:2020 (Clinical 

investigation of medical devices for human subjects — Good clinical practice).  

Adverse events will be classified as any untoward medical occurrence, unintended disease 

or injury, or any untoward clinical signs (including laboratory findings), in subjects, users or 

other persons whether or not related to the investigational medical device. This definition 

includes events related to the investigational medical device, the comparator, or events 

related to the procedures involved. 

All safety concerns will be recorded and reported to the trial Chief Investigator. 

 

6.3.7 Sample Size 
 

The target total sample size is 94 participants. This estimate was derived as follows. Our 

targeted effect size is a difference in follow-up SF-MPQ2 score between arms of 1 unit – a 

moderate clinically relevant effect size. The between-subjects variability (SD) was derived 

from the study with 37 participants drawn from the same population as the proposed trial 

(see Chapter 5). The observed SD was 1.3 units.  With P=0.05 and 90% power, 35 

participants per arm are required to detect a difference of 1 unit in SF-MPQ2 score. 

The above power calculation results in a requirement of 35 participants per arm. An 

allowance for attrition of 20% results in a final target sample size of 42 per arm, or 84 
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participants in total, assuming a 1:1 allocation ratio. Statistical Power calculations were 

undertaken using the statistics software G*Power (Faul et al., 2007). 

 

6.4 Methods 

 
Key factors important to the design of the RCT methodology identified through the qualitative 

study, systematic review and outcome measures are outlined below.  

 

6.4.1 Blinding 
The systematic review highlighted that all the previous RCTs investigating the efficacy of 

SDT for chronic MSK conditions were flawed due to the methodological problem of no or 

limited blinding. Thus, the differences between groups may have been attributable to 

nonspecific intervention effects such as the placebo effect. Where participants are not blind 

and the outcome measure is self-reported, it is impossible to have blinded outcome 

assessment. This is addressed in the RCT protocol with a sham device and advice given to 

the participants in this group that the device will work on a subconscious level therefore no 

interaction i.e., no judgement and feedback on any stimulus experienced will be required.  

Therefore, to reduce the potential for bias due to a lack of participant blinding, this 

investigation has been designed in such a way that participants of the two treatment groups 

use the same device under the same circumstances. The difference will be that the 

experimental group will interact with the device via the automated program and hence will 

engage in SDT, as a 3-step process:  

 

[1] Stimulus applied by automation of device,  

[2] Judgement made by participant on device, 

[3] appraisal/feedback of judgement provided by device.  

 

Stratified randomisation using a computer-generated sequence to allocate participants to 

either the experimental or control group will be used, as per the Standard Protocol Items: 

Recommendations for Interventional Trials [SPIRIT] guidelines (Chan et al., 2013) The 

stratification process will ensure that there are similar numbers of upper/lower limb 

amputees, males and females, and individuals with <6 months/ ≥6 months duration post-

surgery in each group. Even though the participants will be necessarily aware of the 

treatment they are receiving, they do not have an expectation of superiority of the 

experimental over the control treatment (or vice versa), since the trial is framed as a 

comparison between two different interventions (i.e., a perceptible and a non-perceptible 
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electrical current). The outcome assessments will be conducted by independent persons 

who are blinded to the group allocation, making the trial double blind. In order to keep group 

allocation confidential, participants are requested prior to each assessment not to reveal 

allocation or therapy content to the evaluators. Participants will be debriefed and informed of 

which group they were in (i.e., the placebo group or the intervention group) and that there 

were only two types of devices in the study. As part of the participant debrief informing them 

of which group, they were allocated to, prior to revealing group allocation, participants will be 

asked to state which group they believe they were allocated to (to investigate the credibility 

of the placebo device). When informed, all participants will be debriefed about the deception 

and given the opportunity to withdraw their data if they wish to. This option will be provided 

despite the participants being aware that there was the possibility of receiving a placebo 

device. If they choose to withdraw their data they will be asked if they would share why that 

is, but they will be assured that they do not have to provide an explanation if they do not 

wish to. 

 

6.4.2 Data analysis 
 

Participant characteristics for continuous variables will be reported as mean (SD) or median 

(interquartile range) for heavily skewed variables. The primary analysis will be carried out by 

a statistician blinded to group assignment, thus making it a triple-blinded study. 

 

Primary analysis: Following discussion and review with a statistician at Teesside University, 

it was decided that the primary outcome data will be analysed using a constrained 

longitudinal baseline analysis model, which is a generalisation of the ANCOVA model that 

gives equivalent results when there are no missing data ((Coffman et al., 2016; Liu et al., 

2009). This model constrains the baselines to be equivalent in each group, as appropriate 

for an RCT. The normality and uniformity of the model residuals will be inspected visually 

using residuals plots, with data transformations applied if indicated (typically logarithmic, as 

a normalising and variance stabilising transformation). The main advantage of the 

constrained longitudinal baseline model is that it provides a principled method for dealing 

with missing data, at both post-intervention and baseline, as baseline data is included in the 

outcome vector in a linear mixed model using restricted maximum likelihood (Liu et al., 2009; 

Coffman et al., 2016). The mean treatment effect (intervention minus control) will be reported 

together with its uncertainty expressed as a 95% confidence interval. The confidence interval 

shows the range of treatment effects compatible with the data and model, and the point 
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estimate and confidence bounds will be examined against values considered to be clinically 

important.  

  

6.5 Conclusion 
 

This chapter presents the protocol for an appropriately powered trial on the use of 

automated SDT for PLP. It is envisaged that I will undertake this proposed RCT as part of 

my post-doctoral. Should the RCT demonstrate that automated SDT is effective for PLP this 

would have significant clinical impact.  Investigations of the use of SP1X with other chronic 

pain conditions (e.g., CRPS) and with patients post stroke may also be warranted.   
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 Overall discussion and conclusion  
 

7.1 Chapter overview 
 

This chapter will provide an overall summary of the research programme covered by this 

thesis. It will re-state the overall aims and sub aims of the PhD thesis. It will then draw 

together the findings from each of these studies discussing the implications for the RCT 

protocol, clinical practice and directions for future work. Some of the findings from the 

studies will demonstrate the contribution of new knowledge to the literature and this will be 

highlighted throughout the chapter. Overall strengths and limitations of this PhD research 

programme will then be provided followed by an overall conclusion.  

 

7.2 Introduction  
 

The research programme presented in this thesis aimed to develop an RCT protocol to 

investigate the efficacy of an automated, self-management SDT device (SP1X) for the 

treatment of PLP. To achieve this aim, three research studies were conducted: 1) a 

qualitative study to explore the experiences of people with PLP and how their pain is 

managed by themselves and by clinicians (sub-aim 1), 2) a systematic review to investigate 

the current state of the evidence for the efficacy and safety of SDT (sub-aim 2), and 3) a 

reliability and validity study to investigate the existing key outcome measures for people 

living with PLP (sub-aim3). Each of these have been discussed in chapters three, four and 

five, respectively.  

 

7.3 Key findings 
 

The first study used a qualitative approach with a key finding that when assessing the 

feasibility of an automated self-management approach to PLP it is important to understand 

the psychosocial impact of PLP as the intervention needs to fit into the person’s daily life 

activities and routines. This will enable SDT to be effectively self-managed without the need 

for the daily supervision of a healthcare professional. Other key findings surround the 

acceptability of the intervention type as it was clear that amputees are using self-massage 

techniques with a focus on applying a stimulus to their residual limb as a way of self-

managing their condition. The findings around the time frame of commitment to an 

intervention provided a guide on recommending intervention times for the protocol. 
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Furthermore, the importance of good Patient and Public Involvement and Engagement 

(PPIE) in trial development was highlighted.  

 

The second study presented a systematic review with the main finding that SDT is a safe 

intervention for CMP conditions based upon the existing literature and its efficacy appears 

promising, especially for PLP. It’s application as a self-management tool in the form of an 

automated device should be tested in a future robust RCT. From exploring the interventions 

previously used within RCTs of SDT, a dosage of three weeks would appear to be 

appropriate with daily sessions lasting up to 90mins per day.  

 

The third study quantified the systematic and random error of three outcome measures for 

pain intensity, two outcome measures for health-related quality-of-life, and two sensorimotor 

outcome measures. All three pain measures used, the pain VAS, SF-MPQ-2 and a pain 

diary were deemed as demonstrating acceptable reliability for use in future research trials. 

The EQ VAS was also acceptable for research use. The protocol presented for two-point 

discrimination resulted in limitations to use with amputees and was not deemed as 

sufficiently reliable for use as an outcome measure for people with PLP on an individual 

patient level. However, it was identified that automation of this testing procedure may 

improve reliability and increase its feasibility for use with the PLP population for research 

and clinical purposes. The implicit motor imagery test provided reliable results but the validity 

of the test as an outcome measure for sensorimotor function (proxy of the working body 

schema) requires further investigation.   

 

The findings from the three studies contributed to the project goal which was the 

development of an RCT protocol to investigate the efficacy of an automated, self-

management SDT device for the treatment of PLP.  

 

7.4 Contribution to knowledge 
 

In summary, the contribution to knowledge, provided by the research programme of the 

thesis is evidenced by the following aspects:  

 

• Study 1 (Chapter 3): First qualitative study to explore the perceptions of a self-

management approach to PLP amongst amputees.  

The qualitative study contributed to the knowledge base within amputee rehabilitation 

by highlighting the desire for a self-management approach treatment of those living 
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with PLP. Specifically, the interviews noted a lack of alternative options for treatment 

beyond pharmacology. It became apparent that patients wanted more information to 

better understand their condition and that they would benefit from more assistance 

with self-management. The study gleamed a perspective of the needs of people 

living with PLP to have access to a peer support network. Overall, this study provided 

a new insight into current patient needs in relation to self-management and their care 

pathway, which have not been previously explored in this population. 

 

• Study 2 (Chapter 4): First systematic review to investigate the efficacy of SDT for 

CMP conditions. 

The systematic review builds on previous systematic reviews of SDT (e.g., Kalin et al 

and Daffada et al.) to include a wider patient group of those living with chronic 

musculoskeletal pain.  

The CMP literature is lacking a clear definition of SDT, which is problematic as 

passive sensory interventions such as some manual therapy approaches may be 

miss-classified as SDT.  

This thesis provides an operational definition for SDT:  

 

“the delivery of a particular, defined, and controlled stimulus to the body, the 

recipient is then asked to make a judgment on an aspect of the stimuli (e.g., 

location) ; feedback is then provided to the patient on the accuracy of their 

judgment”.  

 

• Study 3 (Chapter 5): First study to quantify the test-retest reliability of any clinical 

outcome measure for PLP. It was the first study to explore the validity of the left/right 

laterality judgement tasks of the feet in people with PLP. It was also the first study to 

propose the MCID for a clinically feasible assessment of sensorimotor function based 

on values solely derived from people with PLP. 

The outcome measures study provides options for the selection of reliable outcome 

measures to assess and monitor pain intensity, quality of life and sensorimotor 

function in people living with PLP. This could be beneficial to both researchers for 

clinical trials and for HCPs wanting to monitor individual patient assessment and 

progression following treatment. However, caution should be applied when using 

these outcome measures on an individual clinical basis, due to large variability at the 

individual patient level.  
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7.5 Main discussion  
 

Following amputation, changes within the samotosensory cortex (S1) and the sensorimotor 

systems have been linked to PLP (Makin & Flor, 2020). It can be hypothesised that the 

experience of PLP may occur and/or be modulated by a misalignment or dissonance 

between the actual body part (i.e., the residual limb) and its representation in the brain, with 

associated changes to the sensorimotor feedback loop and functional connectivity. The 

implications for potential treatments may surround the re-introduction of sensory stimulus to 

the lost body part to re-align the sensorimotor system (also termed the working body 

schema) and drive more functional conversations in the brain.  To investigate the clinical 

implications of retraining the brain to better match the representation of the amputated limb, 

a targeted sensorimotor intervention called sensory discrimination training has been 

developed. The efficacy of this intervention needs to be established through an RCT.  

 

However, before embarking upon a clinical trial, the Medical Research Council (MRC) 

recommends undertaking ample feasibility work to ensure the robustness of the processes 

proposed for an RCT (Craig, 2008). Thus, the main purpose (aim) of this thesis was to 

develop an RCT protocol to investigate the efficacy of an automated, self-management SDT 

device for the treatment of PLP. To achieve this aim three studies were carried out 

culminating in the development of an RCT protocol.  

 

In the first research study presented in this thesis, the current approach to self-management 

of PLP was investigated by means of semi-structured interviews designed to explore 

peoples’ experiences of PLP and their perceptions of self-management (chapter 3). This was 

an important extension upon existing literature because the average years of living with PLP 

for the 10 participants in the study was 9.1 years (range 1.9 – 41.1), which provided an 

insight into treatment options and self-management approaches over an extensive period 

compared to a previous study which focused more on treatment in the immediate acute and 

rehabilitation phases following amputation (Trevelyan, Turner, & Robinson, 2016). The study 

highlighted the unmet clinical treatment needs of those living with PLP through the context of 

their adjustment to amputation and the social world they live in. The patterns in the data led 

to sub-themes such as ‘disrupted daily routine’ and ‘lack of social support’, reinforcing the 

well accepted viewpoint within the chronic pain literature that people’s experiences need to 

be understood through a biopsychosocial lens. The success of an automated device such as 

SP1X will be dependent on how it can be incorporated into the daily routines of those living 

with PLP and adherence and motivation to the self-management approach to treatment will 
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be increased through the activity/task being regarded as a meaningful activity. The 

qualitative study also captured rich data around the already established ritual of applying a 

sensory stimulus via self-massage to the residual limb as a self-managed attempt to control 

PLP episodes.  This finding provided theoretical support for a sensory stimulus-based 

intervention and participants openness to such an approach. However, it did not provide any 

evidence of its safety or effectiveness. Thus, there was a need to undertake a systematic 

search of the literature to investigate the safety and efficacy of sensory discriminative 

training interventions for chronic musculoskeletal pain conditions.  

 

This was achieved in the second study presented in the thesis (chapter 4). Ten RCT studies 

were included in this review, of which two were directly concerned with the treatment of PLP. 

The high risk of bias of the studies in the review reduced the capacity to make any firm 

recommendations about the efficacy of SDT, although from the limited available evidence 

the intervention demonstrated promise, particularly for people living with PLP. The review 

highlighted the need for an adequately powered high quality RCT to be carried out 

addressing the existing key study limitations around issues such as blinding and controlling 

for patient-therapist contact time.  

 

In addition, the review identified that SDT is delivered within the existing literature in a 

heterogeneous manner, thus the RCT would benefit from an automated device that delivers 

SDT in a clear and consistent manner that could be repeated. The review also found a lack 

of SDT studies that had used an appropriate placebo device demonstrating the need to 

include a sham device within the RCT protocol. The review found no adverse effects or 

safety issues were recorded for the included RCT and non-randomised studies, though this 

was in part due to a lack of reporting on the issue of adverse events in general, highlighting 

the need for a large study that will monitor adverse events, which is why adverse events 

monitoring was written into the protocol. Key delivery parameters such as optimising dosage 

were highlighted and a recommendation for a minimum of 10 x 90 was proposed for the RCT 

protocol. This dosage was selected because a study by Flor et al. (2001) found that 10 days 

of 90 minutes per day SDT using an electrical stimulus, reduced PLP by a statistically 

significant and clinically meaningful 64% while there was not a significantly different or 

clinically meaningful change (7%) in a control group.  

 

It was apparent from the systematic review that health-related quality-of-life (HRQoL) has 

not been previously assessed as an outcome measure for trials of SDT for PLP. This is a 

shortcoming of the previous trial protocols given that the PLP literature has established 
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strong associations between PLP and QoL. The impact of PLP on quality of life was 

emphasised in the findings from the qualitative study presented (Chapter 3) and led to the 

consideration of this domain to be included as an outcome measure to be explored within 

the outcome measures study (chapter 5) and the RCT protocol (chapter 6).  

 

The outcome measures of interest concerning the lived experience of PLP identified from the 

qualitative study (Chapter 3) and systematic review (Chapter 4) were pain intensity, health-

related quality of life and sensorimotor function. The study presented in chapter 5 of the 

thesis quantified the level of intra-observer test-retest reliability of three pain intensity 

patient-reported outcome measures (PROMs), two health-related QoL PROMs and two 

objective sensorimotor outcome measures in people living with PLP. The knowns-group 

validity was also investigated in the implicit motor imagery test (IMIT), a measure of 

sensorimotor function (a proxy measure of the working body schema). The data analysis 

found that the pain intensity PROMs could be seen as adequately reliable for research 

purposes with the pain diary requiring the smallest sample size to find a statistically 

significant MCID. However, the outcome measure that could be viewed as the most reliable 

would be the SF-MPQ-2 as it had a similar sample size calculation to the pain diary but in 

comparison it had less data loss due to ease of completion and returning.    

This study points out the lack of verified MCIDs for outcome measures to be used with the 

PLP population. The estimation of the MCIDs, and comparison with the absolute reliability 

statistics I.e., the LOA showed a considerable amount of random variation that could hamper 

the identification of ‘real meaningful change’ in everyday clinical practice at an individual 

patient level. The pain intensity PROMs had MCID estimations which were similar or lay just 

above the corresponding typical error. The sample size estimations for the pain intensity 

PROMs provided values that could be deemed achievable within a PLP population research 

context. These were 66, 70, and 120 participants (total for two-arm RCT) for the pain diary, 

SF-MPQ-2 and VAS, respectively.  To demonstrate the achievability of these sample sizes 

Table 7.1 references RCTs of interventions for PLP in the previous 20 years. Thirty-six RCTs 

were included. Three studies had sample sizes ranging from 75 to 112 participants (Brodie 

et al., 2007; Gunduz et al., 2021; Rothgangel et al., 2018), which is similar to the sample 

sizes recommended in my study to be used in future RCTs using pain intensity as the 

primary outcome measure. 

 

The quantification of reliability statistics for the two HRQoL outcome measures produced 

results that should be interpreted with caution. This is due to the distribution of the data not 

being normal for the EQ-VAS, thus the analysis method is not necessarily a good fit for the 
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data. This is based on the argument that fitting Gaussian models (normal distribution) to 

non-normal data could cause problems such as the increase the risk of type 1 error, reduced 

power and imprecise parameter estimation (Field, 2018). Furthermore, the reliability 

statistics for both the EQ-VAS and the EQ-5d-5L index value demonstrated considerable 

test-retest variability and as such caution should be recommended when using these 

because the focus of the RCT is not to look at cost effectiveness but to look at clinical 

effectiveness.  

 

With regards to the EQ-5D-5L index value, the sample size estimation using the a priori 

MCID was well beyond what would be deemed as feasible; requiring further research to 

establish a suitable MCID for the PLP population. The index value is an appropriate outcome 

measure for use in which the cost-effectiveness of an intervention is a key attribute to be 

assessed. Thus, due to the outlined limitations, it was decided that the EQ-5D-5L index 

value would not be included in the presented RCT protocol (Chapter 6) because the focus of 

the RCT is not to look at cost effectiveness but to look at clinical effectiveness. The 

recommendation would be for further work to establish the test-retest reliability of more 

appropriate HRQoL outcome measures for the PLP population. Suggestions for this are 

based on the work in Chapter 3 in which psychosocial factors such as sleep 

quality/disturbance and frustration/anger were identified as sub-themes of the lived 

experience of PLP. Considering these as contributory factors to HRQoL, it may be that other 

HRQoL outcome measures which consider these factors may be more appropriate. For 

example, the PROMIS (mentioned in Chapter 6) cover the domains of anger, anxiety, 

fatigue, and sleep disturbance, which are not covered in the EQ-5D-5L. However, the 

psychometric properties of the PROMIS would need to be established with the PLP 

population prior to its use.  

 

Outcome measures for sensorimotor function (implicit motor imagery and TPD) could 

provide an option for an objective proxy assessment of the working body schema due to the 

cortical processes in completing tests of implicit motor imagery and two-point discrimination, 

clinical markers of cortical (re)organisation. The study presented in Chapter 5 found that the 

current protocol for TPD does not provide evidence of sufficient test-retest reliability to be 

used in future research studies or clinical practice with the PLP population. Factors related to 

the non-compliance and/or non-completion with the TPD protocol have been identified, 

specifically around skin sensation and integrity, and raised the recommendation that the use 

of TPD as an outcome measure on residual limbs should have strict inclusion/exclusion – 

making sure people who go on to do SDT are appropriately identified to be able to do it. 
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Furthermore, recommendations for improvement to the protocol were made in reference to a 

study by Olthof et al (2021) in which application of the TPD stimulus was via an automated 

process rather than manual testing which may reduce measurement error to an acceptable 

amount to consider the approach sufficiently reliable. This is due to the measurement error 

potentially coming from both the participant and the human tester, thus automating the 

process could remove at least in part, the human tester error.  

 

The study data found the test–retest reliability of IMIT was adequate for research purposes 

but in its current form, the protocol did not demonstrate sufficient reliability to be used with 

confidence as a clinical measure on an individual patient level. Moreover, the analysis did 

not provide evidence of known-groups validity of the IMIT with the PLP population. 

Exploration of the validity of the test with regards to whether implicit imagery was being used 

proved inconclusive but there was some indication that implicit imagery was being used with 

patterns mostly in keeping with the biomechanical constraint theory and the original work of 

Parsons (1987) on the mental rotation of feet. The clinical implication being that this brings 

into question the validity of the IMIT as a measure of WBS in people with PLP. Thus, it was 

decided that the TPD and IMIT protocols, in their current forms, would not be suitable to 

rigorously measure sensorimotor function in the RCT protocol presented in chapter 6.  

Future research should attempt to overcome the main limitation of these measures, that they 

do not provide direct information about alterations in the primary somatosensory area (S1) 

associated with PLP. Studies that directly measure these domains such as fMRI scanning 

techniques may be warranted. However, the psychometric properties related to fMRI has 

been questioned on a general level in relation to matters of reliability (Noble et al., 2021)  

and specifically related to PLP, in terms of uncertainty regarding the reliability and validity of 

the task selection and experimental design in eliciting cortical activation i.e., sensory tasks 

versus motor tasks (Erlenwein et al., 2021). This line of research is developed from 

neuroscience studies which have revealed that the representation of the missing hand stays 

in an amputee’s brain map for decades, and this persistence is related to PLP (Makin, et al. 

2013). The authors developed this theory into a study that utilised tDCS to manipulate 

activity in the missing hand area with small electrical currents, while moving their phantom 

hand in an MRI scanner (Makin et al. 2018). The findings suggested that PLP may emerge 

from brain activity in nociception processing areas, especially when damaged motor 

pathways associated with the phantom hand are activated. A practical challenge that this 

work and similar studies of PLP in the field of neuroscience is transferring the techniques to 

lower limb amputees. This is due to most fMRI and EEG studies using imagined tasks, have 

been confined to upper limb movements (Maimon-Mor et al., 2020; Makin, Filippini, et al., 
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2015; Makin et al., 2013; Wesselink et al., 2019). However, novel techniques using brain 

computer interfaces to detect lower limb imagined movement are currently undergoing 

feasibility testing (Kline et al., 2021; Therrien et al., 2020). The ratio of upper extremity 

amputations to lower extremity amputations is 1:4 (Orr, 2020), thus there are substantially 

more lower limb than upper limb amputees, thus clinical research studies must meet this 

demographic.  

 

7.6 Recommendations for clinical practice 
 

This thesis found that SDT is a safe and potentially effective treatment for PLP. Furthermore, 

this thesis identified that people with PLP would be receptive to SDT delivered as an 

automated and interactive device, which could be used independently at home, as part of a 

self-management approach. The protocol for an RCT to test the efficacy of an automated 

SDT device for people living with PLP should be completed prior to any recommendations 

are made regarding clinical effectiveness. The SP1X device, currently at the prototype stage, 

once approved by the HRA, and NHS Research Ethics Committee and after receiving a 

notification of no objection by the MHRA, should be compared to a sham device with 

considerations given to adequate blinding, sample size and reliable outcome measures, as 

outlined in the protocol presented in chapter 6.  

 

The findings from the qualitative study and outcome measures study should be used to 

improve the current clinical assessment of PLP. When assessing the intensity of PLP, 

HRQoL or sensorimotor function clinicians should be cautious due to the considerable 

amount of random variation all these outcome measures possess. This making it potentially 

easy to misinterpret change as due to an intervention rather than natural variability or vice 

versa. Currently no anchor or distribution based MCIDs have been developed specifically for 

the PLP population. As such the proposed MCIDs in this thesis were based on CLBP 

populations (pain intensity PROMs and EQ VAS) and calculated as 0.5 the baseline SD 

(Copay et al., 2007) (TPD and IMIT). As such, the MCIDS should be viewed as a basic 

estimation as to when a patient’s change in domain of PLP could be meaningful.  

 

When measuring pain intensity clinically, using PROMs such as the pain VAS, SF-MPQ or a 

pain VAS diary, clinicians should be cautious as there is a considerable amount of variability 

at the individual patient level making it difficult to identify true change. When assessing the 

burden on patients completing these outcome measures, the data from the reliability study 

suggest that the SF-MPQ-2 may be the primary outcome measure of choice for future RCTs 
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in this population, as included in the protocol (Chapter 6). The data collected in the 

qualitative study (Chapter 3) identified that the frequency of pain was an important factor to 

participants assessment of their day-to-day PLP experience. Thus, the intensity measures 

that were used in the reliability study may not adequately capture the lived experience of the 

person as they do not enable recoding of frequency. PLP intensity may be better assessed 

using a composite score, as presented in the protocol with the ‘chronic PLP’ calculation, 

which considers the frequency of PLP episodes. A composite outcome measure may be 

appropriate, as suggested by Tamar Makin’s laboratories’ studies (Kikkert et al., 2017; 

Makin, et al., 2015; Makin et al., 2013). However, the psychometric properties of such an 

approach would need to be established with the PLP population before recommending them 

for clinical practice.  Furthermore, monitoring sleep quality/disturbance (e.g., using the 

PROMIS sleep questionnaire) may be warranted based on the findings from the qualitative 

study which highlighted sleep as an important issue in the impact of PLP on daily life and 

routines. Monitoring sleep disturbance may provide a more relevant and easier to administer 

outcome measure than the EQ-5D-5L index. However, the test-retest reliability and 

associated MCID should be defined for this PROM in people with PLP prior to use in a 

clinical setting.  

 

The qualitative study highlighted the recommendation that access to structured peer support 

should be provided for people living with PLP. This could be in the form of telephone and/or 

online communication and is an area within amputee rehabilitation that appears to have 

been neglected, as found in recent studies that have explored the current approach to 

rehabilitation with amputees (Nathan & Winkler, 2019; Richardson et al., 2020). 

Psychosocial support for the adjustment process to becoming an amputee and the 

consequences of PLP is currently lacking within routine clinical care. Clinicians and patients 

should be working together, in accordance with profession specific amputee rehabilitation 

guidelines (E.g., BACPAR and RCOT) to improve access to psychological and emotional 

support. Furthermore, the guidelines recommend HCPs work with those living with PLP to 

provide advice and signposting about self-management. This thesis suggests the 

consideration of a supported self-management approach for PLP., Clinical practice has the 

potential to be improved by HCP led pain neuroscience education specific to PLP, with 

approaches such as cognitive behavioural therapy, acceptance and commitment therapy 

and motivational interviewing as a way of learning strategies to self-manage in the presence 

of PLP. However, the evidence base for such approaches to treatment/management needs 

to be developed for the PLP population.  
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7.7 Recommendations for future research 
 

Based upon the findings from this PhD a number of recommendations for research can be 

made. The main finding of the thesis, which culminated in the development of a protocol, is 

the needed for an appropriately powered RCT to investigate the efficacy of automated SDT 

for the self-management of PLP. The protocol has been developed with guidance from the 

PRISMA-P (Moher et al., 2015). Dissemination of the results via publication and conference 

abstracts will be required as recommended within the implementation stage of the MRC 

framework (Craig et al., 2008).  

 

Following the appropriately powered RCT that will establish the superiority (or not) of 

automated SDT over sham SDT, further investigations related to SP1X will be required. The 

qualitative study from this thesis highlighted that adherence and motivation towards a self-

management approach for PLP will be a key factor in successful treatment. Future research 

should involve variation in the dosage of automated SDT to establish optimum delivery times 

e.g., multiple, 15-minute sessions versus 90-minute sessions. Future studies could also 

investigate SP1X as a ‘package’ approach in which it could be combined with interventions 

such as pain neuroscience education (PNE) to understand if its effectiveness is maximised 

by patient education specific to understanding PLP mechanisms, psychosocial moderators, 

self-efficacy, reconceptualization etc. 

 

It would be recommended that future research grants should be sought for the development 

of the SP1X device in order to maintain ongoing technological and digital development to 

increase adherence to the intervention. For example, the NIHR i4i funding programme could 

enable gamification of the device to be developed. Gamification is a relatively new trend in 

rehabilitation using technology such as automated devices or immersive experiences (e.g., 

virtual reality and augmented reality) to improve patient experience and adherence (Fu et al., 

2021; Vinodbabu & Purkayastha, 2020). Future research grants could also focus on the 

development of a Mobile application to accompany SP1X which could guide users to 

optimally use the associated device through a system of monitoring and motivating 

adherence. An App could also be used to track user reported outcomes such as pain 

intensity, quality of life and sleep which would provide feedback to the user and the clinician. 

It could also be used to connect users with others in the PLP community which would 

increase motivation for adherence and provide the peer support those participants in this 

study requested. 
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Current protocols for assessing sensorimotor function, presented in this thesis, require 

improvement. Future research should further investigate the validity of IMIT. Further 

experimental analysis of the views and orientation of images of feet will be beneficial in 

developing a hypothesis linked to the biomechanical effects phenomenon, which in the 

current literature is being interrogated in healthy adults for hands data (Mibu et al., 2020). 

Collecting data for lower limb adults with PLP vs control/healthy data is warranted. Future 

research with limb laterality judgement tasks in people with PLP may benefit from utilising 

virtual reality technology to exploit phantom motor execution (Lendaro et al., 2018). If the 

context of images of body parts is key to the first-person experience, then it would be an 

interesting research question to investigate if a virtual reality IMIT approach increases 

tapping into the WBS and known-groups difference in implicit motor imagery performance 

between those with and without PLP.  

 

A SDT study which incorporates fMRI scanning would be beneficial in gaining a better 

understanding on the neural correlates of PLP. If automated SDT is successful in reducing 

the intensity of PLP then it would be of interest to use brain scans of regions of interest (e.g., 

S1, M1, default mode network) and comparing amputees who have undergone a treatment 

period of SDT versus those who haven’t, to explore the potential mechanism of effect. In this 

clinical research trial scenario, it may be relevant to explore the potential of a pain 

measurement approach which combines intensity and frequency as pointed out earlier with 

the benefits of having a composite score as an outcome measure for monitoring PLP.  

 

7.8 Overall strengths and limitations 
 

This thesis contained several strengths and limitations inherent to the separate PhD projects 

that were presented in chapters 3 – 6.  

A key overall strength of the thesis project was the use of the MRC Framework (Craig et al., 

2008) which helped in defining the aims and objectives of the thesis, which culminated in the 

overall aim to develop an RCT protocol to investigate the efficacy of an automated, self-

management SDT device for the treatment of PLP. The MRC guidance identified the need 

for a systematic review of the literature into the effectiveness of SDT as an intervention for 

chronic musculoskeletal pain conditions as previous reviews have focussed solely on CLBP 

(Daffada et al., 2015; Kalin et al., 2016). This gap in the literature has now been filled 

through the systematic review presented in chapter 4. The MRC guidance also highlighted 

the importance of selecting appropriate outcome measures in future RCTs. No psychometric 

assessment in the population of interest had been addressed and was a significant gap in 
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the literature. This gap has now been filled through the reliability and validity study presented 

in chapter 5 and this enabled sample size estimations to be conducted for use in the RCT 

protocol. Furthermore, the MRC guidance highlighted the importance of complex intervention 

development and a gap in the literature was found in terms of the current management of 

PLP is not well understood, especially self-management approaches within the everyday life 

of those living with PLP. This gap has now been filled through the qualitative study 

presented in chapter 3 which has identified SDT as an appropriate complex intervention for 

the PLP population. The key methodological strengths of the qualitative study (chapter 3) 

included the use of two researchers reviewing the transcripts to increase the credibility and 

ensure the themes were rooted in the data. Dependability was ensured through the inclusion 

of both the major and the minor opinions. The rigour of the study was achieved through 

Braun and Clarke’s (2006) reflexive thematic analysis approach. A limitation of the study 

could be that the findings may not be generalisable to a broader range of groups 

experiencing PLP beyond those that live in the North-East in England as available resources 

and services may be dependent on the area of the country the person lives.  

 

The key methodological strength of the systematic review presented in chapter 4 were its 

adherence to the Cochrane Collaboration methodology (Higgins and Green, 2011). This 

guided the robust evaluation of the studies meeting the inclusion criteria and enabled 

recommendations about the effectiveness of SDT for CMP to be made on the quality of the 

evidence.   

 

The key strength of the outcome measures study presented in chapter 5 was the 

quantification of the test-retest reliability of outcome measures specifically for people with 

PLP. This work will enable clinicians and researchers to be more confident in interpreting 

change, when using the pain VAS, retrospective pain diaries, SF-MPQ-2, and the EQ VAS 

with this population, following the introduction of an intervention. The use of absolute 

reliability metrics such as the SEM and LOA is in line with the COSMIN guidelines for 

measurement error and reliability calculations with PROMs (COSMIN, 2019). Furthermore, 

the reliability statistics were used in a practical manner as they guided calculations of sample 

size estimations for the RCT protocol. This reinforces the applied nature of the research 

project which fits with the thesis paradigm of pragmatism.  

 

It was a limitation of the outcome measures study that the sensorimotor function of people 

with PLP could not be deemed adequately reliable for use in the RCT protocol presented in 

Chapter 6. Future work should develop the TPD protocol to enable an automated 
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measurement device for the measurement of TPD thresholds on the residual limb. This 

would require collaboration with biomedical engineers that specialise in sensor technology. 

An example, of this innovation can be found with the development of an automated TPD 

threshold device that is due to be used in an upcoming RCT: The iSTOPP study: Protocol for 

a proof-of-concept randomised clinical trial of sensory discrimination training in people with 

persistent neck pain (Olthof et al., 2021).  

 

7.9 Conclusion 
 

The definitive neural correlate of PLP is yet to be established, however, recent fMRI studies 

have focussed on the plasticity and stability of the sensorimotor body maps and in particular 

the somatosensory cortex (S1). Converging evidence surrounds the idea that brain rewiring 

is driving the pain experience and targeted sensorimotor approaches to modulate PLP have 

been developed. One such approach is SDT, which is operationally defined as a treatment 

which includes all three of the following criteria: (1) the initial delivery of a particular, defined 

and controlled stimulus (e.g. electrical or tactile) to the patient’s body, (2) the recipient 

making a judgement on an aspect of the stimulus (e.g. the location) and (3) feedback 

provided to the recipient on the accuracy of their judgement, usually by a trainer/therapist 

(Graham et al., 2020). This thesis aimed to explore and advance the delivery of automated 

SDT for the self-management of PLP. 

 

The first study in this thesis explored the lived experience of those with PLP in the context of 

their home environment and the associated psychosocial factors that impact on the ability to 

self-manage PLP. This qualitative study found that patients experience of the clinical 

management and support for PLP has been poor and there is a desire for more assistance 

with self-management and a willingness to participate and maintain motivation towards a 

supported self-management approach for PLP.  

The second study in this thesis revealed the lack of high-quality studies to inform a clear 

evidence statement about the efficacy of SDT for CMP conditions. The strongest body of 

evidence existed for PLP, although the two RCTs were of a small sample size and the 

quality of the evidence was reduced due to methodological problems such as inadequate 

blinding. The work emphasised the need for a robust fully powered RCT investigating the 

efficacy of SDT for PLP. 

The third study in this thesis presented data on the reliability and validity of seven outcome 

measures for people living with PLP. Three PROMs of pain intensity and one PROM of 

HRQoL were sufficiently reliable for research purposes but should be used cautiously in 
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clinical practice due to a large degree of random error relative to the MCID. The two 

sensorimotor outcome measures explored within this thesis, TPD and IMIT, require further 

protocol development and further test-retest reliability analysis prior to use in clinical 

research. 

Self-management strategies that can be delivered independently, from the comfort and 

convenience of the person’s home, are an acceptable and feasible approach that could be 

incorporated into the lives of people with PLP. SDT has the potential to be a safe and 

effective non-pharmacological treatment for PLP, although this is currently based on 

evidence from one small RCT, one small quasi-RCT and a case study. This thesis has 

developed a robust protocol to investigate the efficacy and safety of an automated SDT 

device for home use. The robustness of the protocol means that the findings of the RCT will 

be able to inform practice. 

Overall, the studies within this thesis identified that a self-management approach, such as 

the SP1X device, would be welcomed by patients. Home use could enable adherence to the 

treatment and makes it more feasible as an approach to the management of PLP. Reducing 

episodes of high intensity PLP may allow for re-engagement or continued participation in 

meaningful activities and overall improved health-related quality-of-life. In future work, the 

RCT protocol developed within this thesis needs to be undertaken to establish the efficacy of 

the device before any recommendations on its use can be made.  
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Appendices 
 
Appendix 3.1: Teesside University School of Health and Social Care Research Ethics 
Sub-Committee approval 

 
PRIVATE AND CONFIDENTIAL 
31st July 2019 

Prof Cormac Ryan 

School of Health and Social Care 

 

Dear Prof Ryan, 

 

Study No 283/18 - Peoples’ experiences of phantom limb pain and their perceptions of self-

management.  

 

Chief Investigator: Prof Cormac Ryan 

Decision: Approved subject to conditions (Supervisor present to agree conditions) 

You should send a letter/email to those who are not selected to inform them of this 

Thank you for your application to the School of Health & Social Care Research Ethics Sub-

Committee.  The Committee reviewed your application on 17th July 2019  

If there is anything in this letter that you would like to discuss, please do contact me. 

 

Please note: No substantive work, including recruitment may not start on the project, 
nor may it be submitted for consideration by any other ethical committee (e.g. NRES, 
RAG) and/or relevant operational / management structures relevant (e.g. Local NHS 
R&D), until you have received confirmation that full approval has been granted.   
 

Yours sincerely, 

 
Dr. Darren Flynn 
Chair, School of Health and Social Care Research Ethics Sub-Committee 
School of Health & Social Care  
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Appendix 3.2 Semi-structured interview script  
 
1. What treatment/care (if any) have you received in the past for your PLP? 

2. What treatment/care (if any) do you currently receive for your PLP? 

3. Have you ever heard about self-management of PLP before? 

If No, ask: 

3a. What comes to mind when I say self-management of PLP? 

If their ideas/definition matches literature definitions (as used in the thesis i.e. to enhance 

function, improve mood and decrease pain intensity by changing the emotional, cognitive 

and behavioural responses to pain’ (Ersek, et al., 2004) or in simpler terms – in the face of 

pain, being confident in your ability to manage how you feel, think and act) ask: 

3b. Do you think self-management of PLP is a good idea? 

3c. Would you be comfortable with self-managing your PLP? 

3d. Would you be comfortable in training your mind and body to be better at dealing with 

PLP? 

3d. How much time would you be willing to spend on a self-management strategy for your 

PLP? 

3e. What would you feel about a commitment of 3 hours per day for 2 weeks? Would you be 

willing to commit to training on around 10 minutes per day for the rest of your life? 

If their ideas/definition do not match literature definitions (as used in the thesis - explain what 

self-management means (as defined in the thesis) and ask: 

3b. Do you think that sounds like a good idea? 

3c. Would you be comfortable with self-managing your PLP? 

3d. Would you be comfortable in training your mind and body to be better at dealing with 

PLP? 

3d. How much time would you be willing to spend on a self-management strategy for your 

PLP? 

3e. What would you feel about a commitment of 3 hours per day for 2 weeks? Would you 

then be willing to commit to training on say 10 minutes per day for the rest of your life? 

If Yes, ask: 

4. What do you think of this as a strategy? 

4a. What experience do you have of self-management of your PLP? 

4b. Are you using any strategies/techniques to self-manage your PLP just now? 

If yes, ask: 
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4c. Why do you use/do that? 

4d. Do you feel it helps? 

4e. If so how? 

4f. If not, why do you continue to use it?  

 If no, ask: 

4. Why not? 

Then ask: 

Questions 3b – 3e  

 

Now I would like to ask you some questions about how people measure and record how bad 

PLP is, for people like yourself. 

5. How have you been asked to rate or score your PLP in the past? 

5a. How were you asked to do that - before you do though please don't try to recall by who 

or when.  That doesn't matter right now, all I want to know about is what you feel about being 

asked about how bad your PLP is.   

5b. Please tell me about all the different ways you have been asked, what you feel about 

them (prompts - does that feel meaningful, does it capture what is important to you, if not 

why not and what is important to you etc. etc.).   

6. Do you think the ways you have been asked to do this before are good at capturing 

how people with PLP feel? 

6a. Which is the best? 

6b. Is there anything that you feel clinicians should ask people with PLP that you don't think 

they do? 

Then participants will be shown copies of each of the measurement tools used in the 

Reliability study and how they are scored will be explained.  Participants are then asked: 

7. Have you been asked to use this before (NB only for any measurement tools that 

were not already listed in answers already given)? 

7a. What do you think a meaningful change in this measurement would be (the participant 

will be asked to consider how the tool is scored and give their opinion on how much that 

score would change if they felt:  

a) there had been a meaningful improvement or  

b) worsening  

of their PLP? 

8. Is there anything else you would like to tell me either about self-management - or - 

how PLP is measured that we haven't spoken about already? 
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This will conclude the interviews; participants will be thanked for their time and for sharing 

their experiences and views. 
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Appendix 4.1 Search strategies for systematic review based on PICOS model  
 

 
 

 

PICOS 
Population 

 

Intervention 

 

Outcome 

 

Study Design 

Definition  

Adults with chronic 

musculoskeletal 

pain. 

Sensory 

discrimination 

training. 

Pain, health and 

wellbeing. 

Randomized 

Controlled Trials. 

Subject headings 

(MeSH headings) 

Chronic pain, 

musculoskeletal 

pain, osteoarthritis, 

rheumatoid 

arthritis, 

Fibromyalgia, 

myalgia. 

Discrimination 

Learning, pain 

threshold, pain 

perception, 

sensory feedback. 

Pain intensity, 

physical function, 

sensorimotor 

function, patient 

satisfaction, health 

related quality of 

life, disease 

specific measures, 

adverse events. 

 

Text words Persistent pain. 

Sensory 

discrimination 

training, sensory 

re-education, 

sensory training, 

discrimination 

training, 

sensorimotor 

training, 

Sensorimotor 

discrimination, 

tactile acuity, 

perceptive 

rehabilitation. 

 

Randomized 

controlled trial, 

randomized, 

placebo, drug 

therapy, randomly, 

trial, groups 



226 

 
Appendix 5.1 Visual Analogue Scale (VAS) 
Participant ID:  

 

 

Please rate your pain intensity over the PAST WEEK using the scale below from 0 to 100 with 0 being equal to “no pain at all” and 100 being 

equal to the “worst pain imaginable”.  

 

 

 

 

You are rating the pain that you experienced in your phantom limb.  

 

 

 

 

 

 

 

 

 

 0         100 
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Appendix 5.2 Short-form McGill Pain Questionnaire 2 (SF-MPQ-2) 

 

       
   

 
 
Please put an X through the numbers that best describe the intensity of your phantom limb pain during 
the past week. Use 0 if the word does not describe your pain or related symptoms. 
 
 
 

1
 

Throbbing pain none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

2
 

Shooting pain none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

3
 

Stabbing pain none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

4
 

Sharp pain none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

5
 

Cramping pain none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

6
 

Gnawing pain none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

7
 

Hot, burning pain none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

8
 

Aching pain none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

9
 

Heavy pain none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

1

 

Tender none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

1

 

Splitting pain none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

1

 

Tiring, exhausting none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

1

 

Sickening none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

1

 

Fearful none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

1

 

Punishing, cruel none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

1

 

Electric shock pain none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

1

 

Cold, freezing pain none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

1

 

Piercing none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

1

 

Pain caused by light 
touch 

none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

2

 

Itching none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

2

 

Tingling or “pins and 
needles” 

none 0 1 2 3 4 5 6 7 8 9 10 worst 
               

2Numbness none 0 1 2 3 4 5 6 7 8 9 10 worst 
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Appendix 5.3 pain diary 
Participant ID:  

Date commencing:            

 

 Mon Tue Weds Thurs Fri Sat Sun 

Rate 

Phantom 

limb pain 

Intensity for 

the day (0 – 

100) 

       

Pain 

Location 

(which part 

of your 

body) 

       

Anything 

Different 

You Notice 

About Your 

Pain 
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Appendix 5.4 EuroQol EQ-5D-5L index value and EQ-VAS 

 
 

Under each heading, please tick the ONE box that best describes your health TODAY. 
MOBILITY  
I have no problems in walking about  
I have slight problems in walking about  
I have moderate problems in walking about  
I have severe problems in walking about  
I am unable to walk about  
SELF-CARE  
I have no problems washing or dressing myself  
I have slight problems washing or dressing myself  
I have moderate problems washing or dressing myself  
I have severe problems washing or dressing myself  
I am unable to wash or dress myself  
USUAL ACTIVITIES (e.g. work, study, housework, family or leisure activities)  
I have no problems doing my usual activities  
I have slight problems doing my usual activities  
I have moderate problems doing my usual activities  
I have severe problems doing my usual activities  
I am unable to do my usual activities  
PAIN / DISCOMFORT  
I have no pain or discomfort  
I have slight pain or discomfort  
I have moderate pain or discomfort  
I have severe pain or discomfort  
I have extreme pain or discomfort  
ANXIETY / DEPRESSION  
I am not anxious or depressed  
I am slightly anxious or depressed  
I am moderately anxious or depressed  
I am severely anxious or depressed  
I am extremely anxious or depressed  
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Appendix 5.4 Histograms, Q-Q plots and Box plots of all outcome measures 
OM Histograms Normal Q-Q plots Box Plots  
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Legend: OM = outcome measure; VAS = visual analogue scale; SF-MPQ-2 = Short-Form McGill Pain Questionnaire 2; EQ-5D-5L = 

EuroQoL 5-dimension 5-level; TPD = Two Point Discrimination; IMIT = Implicit motor imagery test. 
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Appendix 5.5 Overview of sample sizes in PLP RCTs 
Study  P or NP  Sample size (total n)  Study  P or NP  Sample size (total n) 

Ahmed, 2011 NP 27 Maier, 2003 P 36 

Bokkon, 2011 NP 15 Malavera, 2016 NP 54 

Bone, 2002 P 19 Moseley, 2006 NP 51 

Brodie, 2007 NP 80 Nikolajsen, 2006 NP 46 

Brunelli, 2015 NP 51 Ol, 2018 NP 45 

Casale, 2009 P 8 Ramadugu, 2017 NP 64 

Chan, 2007 NP 22 Robinson, 2004 P 39 

Dumanian, 2019 NP 28 Rostaminejad, 2017 NP 60 

Eichenberger, 2008 P 20  Rothgangel, 2018 NP 75 

Finn, 2017 NP 15 Smith, 2005 P 24 

Fischer, 2016 NP 20 Tilak, 2016 NP 26 

Flor, 2001 NP  10 Trevelyan, 2016 NP 15 

Gundez, 2021 NP 112 Ulger, 2009 NP 20 

Hsiao, 2012 NP 57 Wiech, 2004 P 8 

Huse, 2001 P 12 Wilson, 2008 NP 53 

Karanikolas, 2011 NP 65 Wu, 2012 P 14 

Kern, 2006 NP 30 Wu, 2002 P 31 

Kulunkoglo, 2019 NP 40    

Limakatso, 2019 NP 21    

Legend:   P = Pharmacological studies; NP = non-pharmacological stud



 

 

Appendix 5.6: Teesside University School of Health and Social Care Research Ethics Sub-
Committee approval and NHS Health Research Authority approval 
 
  
PRIVATE AND CONFIDENTIAL 
 
Direct Line: 01642 342750 29/06/2018 
Cormac Ryan 
School of Health & Social Care Teesside University 
 
 
Dear Cormac, 
 
Study No 084/18 - The reliability and validity of outcome measures for people who have phantom 
limb pain. Researcher: Andrew Graham. Supervisor: Cormac Ryan. 
 
Decision: Approved with Conditions (The Supervisor was present and agreed that all the 
Conditions set would be met) 
 
Thank you for your application to the School of Health & Social Care Research Governance and 
Ethics Committee. The application was presented on an IRAS generated NHS REC form. 
 
The Committee reviewed and approved your application on 14/06/2018 and your study may 
proceed as it was described in your application pack, on the condition that the comments 
detailed below are addressed: 
 
 

1. Section A13 
• ‘For any participant whose diary has not been received 14 days after their second 

session a third and final reminder text will be sent to ask them to post it back’. 
You say the link document is destroyed after the second session so that must be 
corrected to allow that to happen (See A37). 

 
2. Section A37 



 

 

 
• ‘Participants contact details will be stored in an encrypted Word document, held 

on AG's password protected personal allocated space on a TU server and his 
personally allocated TU approved password protected laptop. This data will only 
be accessed by AG for the purpose of arranging data collection sessions and will 
be destroyed as soon as the second data collection session is 

completed’. Please correct this section. by deleting these words, 
 
 
'... and will be destroyed as soon as the second data collection session is complete', 
 
and replacing them with these words, 
 
 
' ... a participant's individual entry, on the encrypted pseudonymisation code document, will be 
deleted: 
if a participant withdraws from the study and does not want data collected - prior to their 
withdrawal - to be retained and used in the study, or, 
when their second pain diary is submitted, or 
seven days after the final reminder (14 days after the second data collection session) is sent, 
 
(whichever occurs first). 

3. PIS 
• ‘What are the possible benefits to taking part?’ Please add a sentence 'If you 

would like me to, I will send you: a brief summary of the results and/or, a copy of 
my thesis and/ or, a copy of any publications. If you wanted that though you 
would have to agree for me to keep your contact details until those results were 
available. There is a place on the Consent Form for you to indicate if you want 
that, or not.” 

 
4. Consent Form 



 

 

 
• Please add another Optional Clause (structured like the one where people agree, 

or not, for Cormac to keep their information and contact details to contact them 
about future research) that reads: 

 
I would like to be sent - a brief summary of the study results, and/or, a copy of his final Ph.D 
thesis, and/ or, a copy of any publications (delete any which you do not want) and I agree that 
my contact details can be kept until that is sent to me. 
 
That new clause needs to have a corresponding Yes No boxes so you can record their wishes in 
that respect. 
 

5. Pain Diary 
• This document needs to have the Participant’s unique study number on it when it 

is given to them. 
 
Please note: 
 
You must send a complete copy of the finalised documents (i.e. as written when the Conditions 
set have been met) to the Committee Secretary. There is no need to forward anything to the 
Chair, nor to contact the Chair, if you are happy that you are meeting the Conditions set. If you 
are NOT happy to meet the conditions, however, please send a detailed list of which Conditions 
are problematic and your alternatives to resolve the issues identified in the Conditions set, to the 
Chair. In those circumstances experience shows it is often quicker and easier to arrange to meet 
to discuss the issues and your proposed alternatives rather than try to do so by email. 
 
If another body was not named as the Sponsor, in the application documents reviewed, Teesside 
University, acting through its School of Health & Social Care, will act as Sponsor for the project. 
 
Where applicable, your study may only commence after you have also received written 
approval/permission from any external stakeholders (e.g. HRA Approval, National Institutes of 
Health Approval for Conducting Research in the Ministry of Health Malaysia and/or Malaysian 
Ministry of Health Ethical and Medical Research Committee etc.) and/or any operational / 
management structures relevant (e.g. Heads of Dept., Service Managers etc.). A copy of this 
letter must be included in any applications to any external stakeholders. Copies of all 
approvals/permissions granted, by any external stakeholders, must be forwarded to the RG&EC 
Secretary (for inclusion in TU's record of the project) as soon as possible after your receive 
them. 
 
If you wish to make any changes to the project methods and/or supporting documentation, 
(other than those required as urgent safety measures) you must obtain Ethical Clearance for 
those, from TU, 



 

 

 
(by application to the School RG&EC), before you may implement any changes, and (if 
applicable), before you apply for approval/permission from any external stakeholders. 
Should you make any changes, without prior permission, as urgent safety measures; 
as soon as possible after the event you must provide details of those, in writing, to 
myself and all other relevant bodies. All substantive work on the project must be 
suspended and cannot restart until written approval for those changes has been 
obtained from the RG&EC and all other relevant external stakeholders. Please note: 
for certain DH classifications of study, the HRA (and other stakeholders) stipulate set 
time limits for such reporting, which you must adhere to. 
 
On behalf of the School of Health & Social Care Research Governance and Ethics 
Committee please accept my best wishes for success in completing your study. 
 
Yours sincerely 

 
Dr. Alasdair MacSween Chair 
Research Governance and Ethics Committee School of Health & Social Care 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

East Midlands - Derby Research Ethics Committee 
The Old Chapel Royal Standard Place 

Nottingham NG1 6FS 

 

 

15 August 2018 Dr Cormac Ryan 

Teesside University 

Tees Valley Middlesbrough TS1 3BA 

 

 

Dear Dr Ryan 

 

Study title: The reliability and validity of outcome measures for 
people who have phantom limb pain. 

REC reference: 18/EM/0220 
Protocol number: N/A 
IRAS project ID: 243418 

 

Thank you for your letter of 20 July 2018, responding to the Proportionate Review Sub-Committee’s 

request for changes to the documentation for the above study. 

 

The revised documentation has been reviewed and approved by the sub-committee. 

 

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 favourable 

opinion letter. The expectation is that this information will be published for all studies that receive an 

ethical opinion but should you wish to provide a substitute contact point, wish to make a request to defer, 

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 



 

 

or require further information, please contact please contact hra.studyregistration@nhs.net outlining the 

reasons for your request. 

Under very limited circumstances (e.g. for student research which has received an unfavourable opinion), 

it may be possible to grant an exemption to the publication of the study. 

mailto:hra.studyregistration@nhs.net


 

 

 

 

 

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. 

 

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 HRA and HCRW Approval (England and Wales)/ NHS permission for research is 

available in the Integrated Research Application System, at www.hra.nhs.uk or at 

http://www.rdforum.nhs.uk. 

 

Where a NHS organisation’s role in the study is limited to identifying and referring potential 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 

 

http://www.hra.nhs.uk/
http://www.rdforum.nhs.uk/


 

 

All clinical trials (defined as the first four categories on the IRAS filter page) must be registered on a 

publically accessible database. This should be before the first participant is recruited but no later than 6 

weeks after recruitment of the first participant. 

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 
 
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” above). 

 

Approved documents 
 
The documents reviewed and approved by the Committee are: 

 

Document Version Date 

Confirmation of any other Regulatory Approvals (e.g. CAG) 

and all correspondence 

 19 April 2018 

Copies of advertisement materials for research participants 

[Appendix 4 Recruitment Poster] 

1.2 19 June 2018 

Evidence of Sponsor insurance or indemnity (non NHS 

Sponsors only) [Sponsor Insurance Document] 

 27 June 2018 

IRAS Application Form [IRAS_Form_28062018]  28 June 2018 

Letter from funder [Funder Letter]   

Letters of invitation to participant [Appendix 1a] 1 31 May 2018 

Letters of invitation to participant [Appendix 1b] 1 31 May 2018 

Non-validated questionnaire [Appendix 6 - VAS for pain] 1.1 19 June 2018 

Non-validated questionnaire [Appendix 10 Pain Diary] 1.2 18 June 2018 

mailto:hra.studyregistration@nhs.net


 

 

Non-validated questionnaire [Appendix 11 E Prime] 1.0 30 May 2018 

Other [Response to Provisional Review opinions letter] 2 20 July 2018 

Participant consent form [Appendix 3 ICF] 1.2 18 June 2018 

Participant consent form [Appendix 3 ICF Track Changes ] 2 19 July 2018 

Participant consent form [Appendix 3 ICF V2.0 19-07-18 

Clean ] 

2.0 19 July 2018 

Participant consent form [Appendix 3 ICF Track Changes ] 2.0 19 July 2018 

Participant information sheet (PIS) [Appendix 2 Participant 

Info Sheet] 

2 19 July 2018 

Participant information sheet (PIS) [Appendix 2 PIS V2.0 19-

07-18 Track changes ] 

2 19 July 2018 



 

 

Referee's report or other scientific critique report [Appendix 5 

Risk Assessment document] 

 31 May 2018 

Research protocol or project proposal [Appendix 12 Protocol] 1.2 18 June 2018 

Summary CV for Chief Investigator (CI) [CR CV]   

Summary CV for student [AG CV]   

Summary CV for supervisor (student research) [AMc CV]   

Summary CV for supervisor (student research) [DM CV]   

Validated questionnaire [Appendix 9 EQ-5D-L Sample Copy]   

Validated questionnaire [Appendix 7 TAPES-R (adapted from 

original)] 

1.2 18 June 2018 

Validated questionnaire [Appendix 8 SF-MPQ-2]   

 

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 “After ethical review – guidance for researchers” gives detailed guidance on 

reporting requirements for studies with a favourable opinion, including: 

 

• Notifying substantial amendments 

• Adding new sites and investigators 

• Notification of serious breaches of the protocol 

• Progress and safety reports 

• 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. 

 



 

 

Feedback 

 

You are invited to give your view of the service that you have received from the Research Ethics Service 

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 

 

We are pleased to welcome researchers and R & D staff at our RES Committee members’ training days – 

see details at http://www.hra.nhs.uk/hra-training/ 

http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance
http://www.hra.nhs.uk/hra-training/


 

 

 

 
 

 

With the Committee’s best wishes for the success of this project. 

 

Yours sincerely 

 
pp 

 

Mrs Janet Mallett Chair 
 
Email: NRESCommittee.EastMidlands-Derby@nhs.net 

 

Enclosures: “After ethical review – guidance for researchers” 

 

Copy to: Mrs Marion Grieves 

Mr Joe Millar, South Tees NHS Foundation Trust 

 

HRA.Approval@nhs.net 

 

 

 

18/EM/0220 Please quote this number on all correspondence 

mailto:NRESCommittee.EastMidlands-Derby@nhs.net
mailto:HRA.Approval@nhs.net
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