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Abstract

Spinal cord stimulation (SCS) appears to be an effective treatment for neuropathic pains, but
long-term benefit of more than one year is only found in a proportion of patients treated. This
thesis hypothesised that psychological factors may be important as determinants of

outcome.

A literature review in this field, whilst demonstrating lack of reliable psychological predictors
of SCS treatment, suggested that those thought to be predictive such as depression were
more complex. Whilst depression was associated with lower efficacy of treatment by SCS,
the treatment itself improved depression. Therefore, depression should not necessarily be
seen as a contra indicator, especially when pain and depression interact.

A prospective study with one year follow up of patients implanted with spinal cord stimulator
was conducted. Forty patients were included in the final analysis. Functional pain and
psychological measures were recorded at six and 12 months, psychological predictors were
not significant at six months but significant predictors were found at 12 months. Greater
catastrophising, paired with greater anxiety and less perceived control were associated with

a < 30 % reduction in pain.

A gualitative study of the experience of SCS using semi-structured interviews one year
following SCS implantation revealed similar findings. Thirteen patients reported coping, lack
of control and helplessness as impacting upon pain experience. A demand for clearer
information systems was discussed in relation to SCS preparation. Information is needed to
reduce unexpected experiences including potentially painful trial and body image concerns
related to the implantable SCS device. Implications for practice included preparation with

expert patients and a tailored preparatory CBT course.

The findings from the two studies demonstrate the necessity to improve the preparation
process for patients prior to SCS. Results from both studies conclude that perception of
control over pain is important for SCS efficacy and support with anxiety and catastrophic
thoughts and behaviours may be advantageous. The predictive equation generated from this
study needs to be tested prospectively on further cohorts of SCS patients in order to test
reliability. In addition, evaluation of the impact of a tailored CBT course upon outcome needs

investigation.
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Chapter 1

Introduction
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1.1 Introduction to the study

Pain is a pervasive symptom, which drives a patient to seek medical attention and impacts
largely upon quality of life. Virtually everyone experiences pain at some point in their lives.
Pain remains the universal form of distress from birth to old age (Hadjistavropoulos and
Craig 2004). Pain is therefore the most common medical complaint. Being subjective and

unique, pain is challenging to treat and control.

The physiological basis of pain is based upon the nociceptive pathways in the nervous
system culminating in neuronal activity in parts of the cerebral cortex producing conscious
appreciation of the unpleasant sensation. Tissue damage activates peripheral nociceptors
that send electrical signals along peripheral nerves into the central nervous system to be
passed via neuronal synapses to higher centres of the brain that activate centres of
sensation, cognition and emotion. Pain is the result of a complex interaction of
neurophysiologic events (both facilitatory and inhibitory events occur), which are processed
by the brain (Costigan and Woolf 2002).

The pain experience is recognised as involving conscious awareness and these processes
are acknowledged by the central nervous system, which go on to interact with higher
psychological components (Derbyshire 2000; Melzack and Katz 2004). Therefore, the
individual evaluation of the pain experience will contribute to the degree and incidence of
pain. The neuromatrix (discussed in more detail in chapter 2, segment 2.3) maintains that
individual differences in pain experience are dependent upon patterns recorded in the brain
(Melzack and Katz 2004). Genetics, experience and knowledge are understood to underpin
the evaluation of the sensory, visual and affective components of pain (Melzack and Katz
2004). The neuromatrix model reflects the complex analysis of pain sensations and

individuality in the perception of pain.

Pain is defined by the Internati o n a | Association for the Study o
unpleasant sensory and emotional experience associated with actual or potential tissue
damage, or described in terms of such damage?o
understanding of pain is not purely a sensory phenomenon but is also psychological. Pain is
primarily a physiological phenomenon, however physiological explanations are limited,

particularly in areas of the brain. Psychological and socio-biological models allow further
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insight into the experience of pain (Melzack and Wall 1965, Melzack and Katz 2004, Turk
and Monach 2002). The recognition that pain is not completely understood by
neurophysiologic events results in a demand for psychological approaches to manage
chronic pain. This research hypothesises that when treating individuals with chronic pain,
psychological components may interact with interpretation and therefore response, with an

impact on the efficacy of treatments.

There are several treatments for chronic pain, including pharmacological (e.g. medication),
psychological (e.g. cognitive behavioural therapy), physical (e.g. physiotherapy) and
interventional (e.g. surgery). Stimulation treatments are suggested for patients with
neuropathic pain, when all other available treatments have ceased to be successful. Spinal
cord stimulation (SCS), a treatment for chronic pain has been in use since 1967 (Shealy,
Mortimer and Reswick 1967). SCS is expensive and invasive; therefore, careful selection for
suitability is imperative. Although it has demonstrated efficacy, long-term results show a
decrease in pain reduction at around 12 months (Cameron 2004; Kupers et al. 1994).
Reduced efficacy of SCS has previously been considered to represent technical factors, for
example scar tissue forming around the electrodes and leads (Mutagi, Southall and Raphael
2006). Placebo, tolerance of the nervous system and equipment failure has also been
hypothesised as contributors to reduced efficacy. Studies have also considered the impact

of psychological factors (Doleys 2006, Deer and Masone 2008).

Psychological processing influences the experience of pain. An individual will ascribe
meaning to the pain and through learning will appraise the situation and react; coping is
modified as a result (Melzack, Casey and Kenshalo 1968). Similarly SCS treatment efficacy
for management of chronic pain may be moderated by psychological factors. Psychological
factors are understood to interact with the pain experience, impacting on the response to
pain and subsequent response to treatment (Turk et al. 2010). Patients selected for this
treatment at the centre where the research was carried out have more often than not had
chronic pain for long periods of time, in many instances more than a decade in duration.
Patients have also tried other types of treatment to manage their pain. It is therefore
understandable that patients may be experiencing increased psychological distress

alongside the persistent pain. Research has shown that up to 59% of patients with chronic
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pain treated in pain management clinics experience at least one psychiatric problem
(Atkinson et al. 1991).

1.2 Introduction to my involvement in the research area

Upon presentation of the problem of decreased efficacy for SCS patients at around 12
months, | was appointed to further investigate psychological factors that may interact with
the interpretation of pain and consequently impact upon unsuccessful long-term outcome for
SCS. Having completed an MSc in Health Psychology, | have a keen interest in the
psychology of iliness, pain and treatment experience. Prior to enrolment as a PhD student, |
completed reports and case studies on patients with long term debilitating illnesses. | had
also worked in a mental health setting developing a service to support patients who wanted
to change maladaptive unhealthy behaviours to attain healthier lifestyles. Employing
behaviour change strategies and training in this setting was both challenging and rewarding.
After these experiences | was keen to research the effect of psychology and behaviours

upon health, iliness, treatment and resilience.

The ability to identify psychological factors associated with the efficacy of SCS treatment
may enhance the selection of suitable patients. Highlighting psychological factors interacting
with efficacy of SCS may also enable psychological preparation procedures to be
implemented pre-treatment targeting potentially problematic psychological factors.
Improvements in selection and preparation prior to treatment may reduce the number of

patients experiencing loss of previously successful pain reduction.

This research aimed to investigate psychological factors impacting upon decreased efficacy
of SCS treatment. A review of the literature was initially conducted, to enable insight into
current knowledge. Following the literature review, a longitudinal prospective study was
carried out, evaluating pati ent sé psychol ogi cal charac
treatment. Psychological characteristics associated with reduced efficacy (<30%) at six and
12 months may be identified by comparing baseline psychological characteristics with
percentage pain reduction (O 30% or < 30%) at six and 12 months. Thirty percent was
considered as a cutoff point, since a recent consensus statement classified this change as a

moderately important clinical reduction in pain (Dworkin et al. 2010). Patients who obtain
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O 3 0 ¢ain reduction will be compared to those with <30% improvement in pain. An
objective of the research was to develop a predictive equation of psychological

characteristics that may influence achievement of O 3 0 &duction in pain.

Interviews with patients at one year following implantation of SCS were also conducted to
add another perspective to the research and to enable additional factors not covered by the
guestionnaires to be highlighted. The qualitative aspect to the research was conducted to
highlight common themes regarding the patient experience, to reduce the likelihood of
missing important aspects about the SCS experience and to add an additional perspective
to the understanding of the psychological factors affecting efficacy of the treatment. Aims
and objectives are highlighted below for clarity.

1.3 Aim and objectives
The aim of the research was to investigate the contribution of psychological factors to the

efficacy of SCS treatment outcome 12 months following implantation.

The objectives of this study were:
1. To review the current literature investigating the impact of psychological factors upon the
efficacy of SCS.

2. To undertake a prospective study of a cohort of patients undergoing SCS using
psychological questionnaires with a view to evaluating the role of such factors in treatment

outcome.

3. To investigate patientsd psychol cagying aut
interviews at one year with SCS patients. This was to enable further investigation of

psychological factors not assessed by the validated questionnaires.

1.4 Synopsis of the thesis
The following synopsis will guide the reader through the structure of the thesis, detailing

briefly each individual chapter.
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Chapter 1

The current chapter briefly outlines the main areas of focus for the thesis: in particular the
concept of pain and SCS. This chapter also highlights the complexity of treating pain, not
solely on a medical basis, and speculates on the importance of other non-medical factors,
which undoubtedly impact on the efficacy of certain treatment regimes. Chapter 1 introduces
the development of the study, particularly from a personal perspective. As such | have taken
the liberty to write parts of this chapter in the first person. Chapter 1 also delineates the aim
and objectives of the study and provides a synopsis of all the chapters contained within this
thesis.

Chapter 2

Chapter 2 introduces the psychology of pain. The chapter describes a brief account of the
historical development of the psychological understanding of pain including the influence of
religion, Descartesd st i mubtesearchefsvpriol wa soldiery
This is followed by an overview of The Gate Control Theory of pain and its relation to
contemporary theories and models are then discussed. The explanation of the Gate Control
Theory allows for the introduction of the neuromatrix concept. To complement these
overviews this chapter also addresses the bio-psychosocial models of health, alongside
health beliefs and models of health beliefs. The chapter ends with a critique of cognitive
behavioural therapy, a discussion regarding placebo effects and its importance to medical

research.

Chapter 3

This chapter provides an overview of the physiology of pain followed by an outline of
treatments available for individuals suffering with chronic pain. SCS is then described in
detail and patient selection for SCS is also discussed. This chapter concludes with an
overview of psychological characteristics, behaviours and beliefs known to affect the efficacy
of chronic pain treatments and those known to enhance the likelihood of disability in

response to pain. Chapter 3 provides the necessary background to chapter 4.
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Chapter 4

The fourth chapter of this thesis critiques the research in the area of interest. A systematic
review of the literature investigating the psychological factors affecting the efficacy of SCS is
presented. The systematic literature review facilitated an insight into previous methodologies
used and findings in relation to the focus of this current study. In particular, it helped to
inform the researcher of the gaps in the literature and allowed an evaluation of methods
employed to research in this area. The review suggested that a more rigorous longitudinal
prospective study of psychological factors affecting efficacy for patients receiving SCS
treatment was required. Many psychological factors remained inconclusive for prediction of
SCS efficacy and methodologies often lacked long term follow up. The review also
highlighted the importance of including interviews alongside questionnaires when
investigating this area. Interviews may highlight additional factors to those covered by
questionnaires. These findings provide a rationale for the methodology employed within this
research.

This systematic literature review was accepted for publication in PAIN (appendix 1). The
lead author (researcher of this thesis) was invited to be interviewed on the findings of this

review on a highly specialised pain clinician website (www.painclinician.com).

Chapter 5

This chapter gives an overview of the mixed methodology employed within this research.
The researcher followed up SCS patients from baseline to six months and 12 months, firstly
to assess psychological factors and functioning via questionnaires, secondly, to explore the
patientds exper i e Quakitative interticwe wete icagried oneanl® months.
Interviews were conducted with an opportunity sample of patients invited to take part at
follow up clinic appointments. The study approach and ethical considerations are described.
This chapter includes reasoning for methods and tools selected for assessment of
characteristics. The recruitment process and description of the cohort invited to take part in

the research are depicted.

Chapter 6
Chapter 6 details the main quantitative study findings of the thesis. The questionnaire data

for psychological factors and functioning at the three time points (baseline, six months and
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12 months) is presented within this chapter. This chapter details the process undertaken by

the researcher, with a focus on methodology and materials used to conduct the research.

The results of the quantitative findings are presented following a logical flow of analysis

including evaluation of the statistical tests assumptions. A backwards-stepwise logistic
regression analysis was performed. This resulted in the construction of an equation, which

included three psychological factors for the prediction of O3 0% pai n probafilityc t i o n
after 12 months undertaking SCS treatment. The equation developed from the results of the

analysis is presented in three worked examples. The chapter concludes with a discussion of

the findings and the relation between the three psychological factors found to be predictive

of SCS efficacy at one year.

Chapter 7

Chapter 7 details the methodology and findings from a qualitative exploration of SCS

patients experience during their first year of treatment. A rationale is provided for the

methods used and the analysis is described. Thematic analysis was utilised as the
researcher was interested in the themes that emerged as part of the patientsd SCS
experience. This chapter concludes with a discussion of the main findings of this qualitative

study and the implications for clinical practice. Highly recommended by patients was the
recruitment of expert patients to provide a better understanding of the experience ahead for

patients considered for SCS treatment. Chapter 7enabl ed an insight into

and experience of SCS, complementing the quantitative findings of the study.

Chapter 8

The concluding chapter draws upon the findings of the quantitative and qualitative studies
and discusses the findings of the thesis as a whole. Considerations for weaknesses and
strengths of the thesis are also detailed in this chapter. This chapter outlines implications for
practice prior to SCS implantation and acknowledges future research considerations. This

final chapter ends with reflections of the thesis.
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Chapter 2

Psychological factors and pain
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Presently psychology is recognised as being vitally important in chronic pain management.
However, this has not always been the case, and charting the history and development of
pain theories illustrates this relatively new inclusion. This chapter summarises some of the
historical changes in the understanding of pain, starting with the basis of religious teachings
informing the understanding of pain which later developed into a stimulus response
understanding due to Descartesdphilosophical teachings. Melzack and Wall developed the
Gate Control Theory (GCT), since Descartesopain pathway description was limited in terms
of separation of mind and body. The contribution of GCT is discussed and critiqued leading
to the description of the neuromatrix model of pain. The neuromatrix provides an explanation
for pain considering the more complex nature of pain, including pain without sensory input
(not explained by the GCT) and the influence of genetics and behaviour upon pain
experience. The beliefs that an individual holds regarding their illness and subsequent
treatment impact upon the behaviours and therefore the coping mechanisms employed. This
chapter describes models and theories of health behaviours, demonstrating the influence of
beliefs upon iliness and treatment response. This chapter review the psychological factors
and theories that are deemed important when considering the experience of pain and
selecting for pain treatment. Cognitive Behavioural Therapy (CBT) is the most common
psychological therapy suggested for pain management to enable individuals to modify
beliefs and improve behaviours; the therapy is described and discussed in relation to other
therapies. Finally placebo and nocebo response are considered, demonstrating the power of
certain beliefs and the context in which they are delivered. This is also important when
considering psychological factors that impact upon treatment outcome, as with any
treatment a placebo effect may occur in the beginning of a therapeutic intervention. This
chapter highlights the importance of recognising the influence of psychology when treating

individuals with chronic pain.

2.1 History of pain theory

Historically, theories of pain were governed by religious teachings. Throughout much of

history, the Christian church was at the heart of all significant experiencesinani ndi vi dual 0 s
life, including many ministers being physicians. The priest was called upon for all significant

life events, namely baptism, marriage, illness and death (Caton 1985). Little was understood

about the control of disease but people turned to the church for comfort and support
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regarding ill health. Sacred interpretations of pain dominated, seeing pain as something to
be remedied by forgiveness from God. Greek teaching influenced Christian understanding of
disease and pain: pain was punishment for sin and those who regained good health had
been cured by God (Caton 1985). These connotations led to people hiding their pain,
viewing pain as a test of faith and reliance on God for recovery and cure. These religious
beliefs resulted in little progress being made in the management of pain for centuries
(Meldrum 2003). Religious beliefs about the origin and causation of pain have been
prevalent among many cultures and similarly Judaism and Islamic teachings regarding pain
centred on beliefs that pain was a result of sin or some sort of test of faith. Filipino, Saudi
and Asian cultures beliefs were based on supernatural and religious explanations, viewing
pain as a consequence of the evil eye and remedy resulting from turning to religion and
spiritual healing (Lovering 2006). Still today religious and spiritual beliefs have great impact
on an individual® adaptation and coping with pain. Research has demonstrated that up to
80% of Americans believe that prayer can improve the course an illness takes (Wallis,
1996).

In the 1600s a movement away from passivity governed by religious teachings saw a more
reasoned approach to the understanding of pain. Descartes defined pain in the 17" century
as a stimulus response mechanism, known namely as specificity theory (Descartes 1664).
Although a huge step forward in the understanding of pain, specificity theory gives little
explanation for the psychological processes we now understand to be involved in the pain
experience. Pain was described as following a simplistic pathway. Injury was understood to
activate receptors, which project pain impulses via the spinal cord to the pain area of the
brain (Melzack, Casey and Kenshalo 1968). Dualism stated that cognitions had little impact
on pain, and behaviour in response to pain resulted from physiology alone (Hatfield 2007).
The mind and body were described as very separate entities. Specificity theory influenced
the early understanding of pain and continued for three centuries into the first half of the 20"
century. Melzack, Casey and Kenshalo (1968) criticised the theory for the lack of
consideration of influential factors including attention, emotion, cognitions and learning.
Biomedical models today acknowledge cognitive and emotional influences on the pain

experience; however, primary sensation is often still the main focus.
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Despite the simplistic nature of Descartesd theory, dualistic thinking continued for three
centuries after its introduction and pain was viewed for centuries as either physical or
psychological. Persistent pain without identifiable causes was viewed as psychological; this
theory lacked the concept we recognise today of chronicity, mind and body interaction. The
emergence of psychodynamic theory during the early 20" century brought forth a new
perspective to enduring pain. Freud viewed pain as originating as a somatic complaint, with
psychological instability and emotional distress acting as maintainers for pain (Von Knorring
et al. 1983). Freudian theory proposed that pain was maintained by psychogenic factors, for
example innate drives such as aggression, the result of aggression towards oneself from
chronic guilt. However no causal relationships have been established to date for Freudian
theories of pain (Hadjistavropoulos and Craig 2004). Although no direct causal link has been
established for psychodynamic theories of pain, this stage in pain theory development
started to highlight the importance of emotion in the pain experience.

Recognition for the emotional influence on the processing of the pain experience continued
during World War Il. Following his experience as a practising doctor in World War |,
Beecher (1946) published findings of his hypotheses of the involvement of psychological
factors in the experience of pain. He discussed at length how emotion interacted with pain
experience after noticing that 75% of severely wounded soldiers reported not requiring pain
relief medication (Beecher 1946). Beecher proposed that the absence of a need for pain
relief medication was a result of the emotions associated with the pain. His observations led
him to further investigate these hypotheses and test the influence of emotion upon the pain
experience. When comparing a cohort of injured soldiers with a cohort of civilian patients
with surgical wounds he found differences in pain relief consumption. As previously reported
75% of soldiers said no to narcotics for pain relief. When asking the same question to the
civilians, 83% requested pain relief medication (Beecher 1956). Severely injured soldiers
would be released from duty to return home, and therefore be removed from danger.
Contrarily, a civilian with surgical wounds would see the pain as the beginning of an
undesired event. Beecher& findings paved the way for further development in the

understanding of pain.

Melzack and Wall (1965) developed the Gate Control Theory (GCT), the most widely

recognised and accepted development in the understanding of psychological processes in
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the pain experience. The GCT, in contrast to Descarteséspecificity theory, described pain as
a more complex phenomenon. GCT proposes that the transmission of nerve impulses can
be modified by concurrent activity in the dorsal horn within the spinal cord. This theory has
dominated the field of pain psychology, providing an understanding of the processing of
pain, including the influence of cognitive, behavioural and emotional factors. Before the
introduction of this theory, pain was often viewed as a product of illness alone. The GCT
brought forth the concept that pain was a phenomenon to be targeted in its own right, in
addition to any illness.

2.2 Gate Control Theory of pain

The GCT follows a series of principles; transmission of nerve impulses from afferent fibres
along the spinal cord are modulated by a spinal gating system proposed to be located in the
substantia gelatinosa (SG) cells in the dorsal horn (Novy, Nelson, Francis and Turk 1995).
The opening and c¢l osi ng orodulate@ by actjvitytfrend theilesge
(L) and small (S) diameter fibres (figure 2.1). The L fibres (responsible for touch and
vibration sensations) upon stimulation are understood to inhibit nociceptive activity at the
dorsal horn synapses. Activity from the L fibres inhibits synaptic transmission to projecting
transmission cells (T cells) (closes the gate), whereas, activity from the S fibres facilitates T
cells activity (opens the gate) (Melzack and Wall 1965; Novy, Nelson, Francis and Turk
1995). The action system is activated when the output of the spinal cord transmission (T)
cells exceeds a critical level. The positive and negative effects of the large and small fibre
inputs tend to counteract each other but if stimulation is prolonged the large fibres begin to
adapt, causing an increase in small fibre activity. This results in the gate opening further and
the output of the T cells to rise; however, if the large fibre activity is raised by vibration or
scratching (which can overcome the tendency of the large fibres to adapt), the output of the

cells decreases (Melzack and Wall 1965).
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Figure 2.1 Gate Control Theory of pain (Adapted from Melzack and Wall 1965)

This theory proposes that complex neurophysiologic events in the spinal cord and brain
modulate afferent pain signals including cognitions and affective states, influencing the
transmission and perception of noxious stimuli (Melzack and Wall 1965). This is where the
involvement of higher level processes within the brain can be considered to be part of the
processing of pain. The combination of the messages travelling from the periphery via
ascending fibres, alongside the descending information from the brain (including cognitions
and affective states) determines the eventual perceptual experience of pain (Kugelman
1997). A specialised system of fast conducting fibres activates cognitive processes which
influence the descending fibres carrying messages, which modulates the gating system
(Melzack and Wall 1965). Cognitive (boredom), emotional (depression) or physical
(inappropriate levels of activity) messages can be understood as cognitive and affective
states that influence pain perception to be heightened. Opposing this, medication or
massage (physical), positive emotion (emotional) and diverting attention to enjoyable
activities (cognitive) can have the reverse effect, reducing the pain sensation experienced.
According to the concept diffuse noxious inhibitory control, if the brain is receiving
concurrent messages at the same time as pain stimuli, the pain can be reduced and the
sensations lowered. The experience of pain according to the GCT therefore is one that is

ongoing and the interactonswi t hin t he 6égating systemd i mpact o

The GCT is different from early explanations of pain as it describes the role of the individual

in the degree to which pain is experienced. The individual is understood to be active in the
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experience rather than passive, responding to and appraising the painful sensations. The
variation in the individual perceived pai
opened or closed, which is moderated by a multitude of factors and not just physical in
nature. However, the GCT has been subject to several criticisms. The theory aimed to
explain pain in terms of the body and the mind, but the GCT was criticised for viewing mind
and body as separate entities (Nathan 1976; Nathan and Rudge 1974). The GCT although
attempting to integrate mind and body still views them as separate processes, explaining
that physical processes are influenced by psychological processes, therefore describing two
distinct separate processes. Nathan (1976) alludes to the continuing debate surrounding the
locality and mechanism of the gate and the finer details surrounding the theory. Although
there is evidence supporting the GCT mechanisms of increased and decreased pain
perception there is no clear evidence for the location of the gating system (Novy, Nelson,
Francis and Turk 1995). Another consideration for the GCT is that organic pain can also
trigger pain in other areas of the body (Merskey and Evans 1975), which the GCT is unable
to explain. Also for consideration is that phantom pain may occur without neural stimuli,
demonstrating that stimuli may trigger patterns of response but not necessarily produce
them (Melzack and Katz 2004). The GCT model assumes an organic basis for the pain and
this may not always be the case. These challenges to the GCT model of pain led Melzack to
further develop the model of pain transmission, proposing a neuromatrix of pain (Melzack
1999).

2.3. Neuromatrix of pain

The neuromatrix proposes that pain is multidimensional and characterised by patterns of
nerve impulses. The proposed patterns are understood to be the result of numerous factors
including genetics, learning, emotion and behaviour. This neuromatrix model overcomes the
criticisms of the GCT, which assumes a sensory basis for pain. The neuromatrix further
developed the understanding of pain processing explaining how noxious stimuli are
processed taking into consideration several factors at the same time. The neuromatrix
proposed that the pain experience is additionally influenced by sensory inputs and
cognitions. The model can be understood as describing a feedback loop influencing
behavioural responses. The feedback loop of neural pathways is recognised as being

influenced by multiple factors including; sensory stimuli, genetics, immune system, learnt
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behaviour, cultural and emotional factors and autonomic and endocrine systems. Melzack
(1999) stated that chronic pain may be determined by genetic influences on synaptic
architecture. The concept of the neuromatrix adds an additional consideration to the
experience of pain, the generation of perceptual experience by the brain without external
input. Brain processes are inbuilt and although the processes are understood to be
modifiable and changed via experience, there are genetic properties that will interact with
pain experience. Derbyshire (2000) studied the existence of the neuromatrix and
demonstrated that a range of areas of the brain are involved in the processing of noxious
stimuli. Areas including those processing affective, sensory, cognitive, motor, inhibitory and
autonomic messages were observed to be involved in the processing of pain. Beyond this,
chemical changes are also understood to explain alterations in pain perception (further
discussed in chapter 3 of this thesis).

In response to pain and chronic pain, behaviours can be developed and learned and may
respond to pain automatically. An understanding of the pain experience can be generated by
the consideration of behavioural response and learnt behaviour. From the awareness of a
painful sensation, a range of response behaviours is developed. Pain has emotive and
cognitive aspects and therefore we may know that someone is in pain by observing certain
behaviours. Behavioural aspects of psychology have a clear role in understanding pain and
individual response to pain. For example, Fordyce et al. (1968) found that the pain
experienced by an individual was associated with changes in behaviours, such as limited
activity in response to chronic pain. Behavioural responses occur in response to recognised
stimuli, learnt through experience and meaning. The proposed neuromatix model was
developed from understanding that genetic and learnt patterns affect and modify the
meaning regarding a stimulus (Melzack and Katz 2004). According to the neuromatrix
concept, the response or behaviour is determined by the analysis of input within the
neuromatrix. This potentially explains differences in behavioural response to pain. The
individuality can be explained by the patterns held within the neuromatrix model, presumed
to be related to genetics, experience and knowledge (Melzack 2001). Therefore, individuals
respond independently and according to the analysis of the sensory, visual and affect of
pain. It can be further understood that these behavioural reactions in response to the

neuromatrix analysis are in turn producing a feedback loop into the neuromatrix experience.
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Behavioural models have been developed to understand pain and response to pain. These
models enhance the understanding of response behaviours and how they affect long-term

pain.

2.4 Biobehavioural model

The biobehavioural model (Turk, Meichenbaum and Genest 1983) was one of the first
models to describe pain with regards to inclusion of other influential factors, namely the
influence of cognitive and behavioural factors. This brought a challenge to the traditional
biomedical model viewing mind and body as separate. The biobehavioural model describes
pain as being governed by cognitive, behavioural and physiological aspects. Conditioning is
proposed by the biobehavioural model to influence the pain through mechanisms such as
response and avoidance behaviours. Theorists discussed pain being influenced by patterns
of operant and classical conditioning (Fordyce, Fowler and Delateur 1968). Fordyce and
colleagues (1968) found that changes in environmental responses to pain behaviours were
associated with changes in behaviours, such as limited activity in response to chronic pain.
Reinforcement is recognised to influence pain behaviours (emotional reactions are likely to
become associated with particular movement and situations). Hence, behavioural
interventions have become essential to improve coping with pain. Cognitive Behavioural
Therapy (CBT) is one such intervention that has proved successful (Fishbein 2000). CBT
teaches individuals to change maladaptive thinking that influences certain negative

behaviours, which are understood to aggravate the pain.

A diathesis-stress response was described as part of the biobehavioural model (Monroe and
Simons 1991). The model leads to an understanding that the response an individual has
towards their pain will interact with physiological processes leading to a reduced pain
threshold due to conditioned bodily processes. This reduced threshold is understood to be
an accumulation of genetics, learnt behaviours and external influences such as social
norms, which combine, leading to an alteration in physiological response to the evaluation of
negative sensory stimuli. Therefore, the model describes that a conditioned response occurs
from the autonomic and central nervous system when an individual experiences nociception.
Behavioural responses such as fear, avoidance and hypervigilance have a subsequent

effect on continuation and development of chronic pain.
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2.5 Biopsychosocial model

The biopsychosocial model proposes that pain is shaped by dynamic and reciprocal
interactions between biological, psychological and socio-cultural variables (Turk and
Monach 2002). The biopsychosocial model focuses on illness experience as an interaction
of factors rather than just the physiological aspects, which is recognised by biomedical
approaches. Everyone will evaluate the symptoms they experience differently. This also
reverts back to the concept of the GCT and neuromatrix, an evaluation of what the
symptoms mean to individuals differs based on learning, experience and knowledge.
Biopsychosocial models of illness suggest that any illness experienced is the result of the
interaction of factors and this hypothesis explains why one person may experience pain so
differently from another.

The experience of pain is determined by a
characteristics, behaviours and affective state (Turk and Melzack 2001). The pain
experience can be illustrated in the following way: biological factors shape pain sensations,
psychological factors are responsible for appraisal of sensation and social factors interact
and influence behavioural responses to pain. Behavioural responses to pain impact upon
coping and adjustment. Someone who becomes withdrawn may experience less support
and motivation to cope, encouraging focus upon pain and maintaining high attention to
symptoms. Individuals can be understood to respond to pain in terms of what it means for
them, from experience, learning and beliefs (Main, Foster and Buchbinder 2010). The
recasonwhy some people continue with daily |
explained to some degree by the biopsychosocial model. The sick role can be characterised
as withdrawing, leaving work, becoming emotionally distressed and absolving themselves of

responsibility for improving their condition (Parsons 1996).

How people repeatedly respond to pain according to the biopsychosocial model has an
influence upon subsequent experience and development of long-term pain. It must be
considered that the responses and coping mechanisms that individuals have developed in
response to pain are influenced by beliefs. These developed beliefs will also impact on
treatment outcomes. The impact of health beliefs that an individual may hold are considered
in the following section by discussing health beliefs models and theories to date, including a

critique of relevant empirical research.
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2.6 Health beliefs

It is recognised that certain beliefs can influence behavioural changes in response to pain.
The fear avoidance model has provided explanation as to why individuals may develop
chronic pain (Vlaeyen and Linton 2000). The principle of the fear avoidance model is built
upon coghnitions, hypothesizing that individuals who become fearful of pain or possible
pain/injury avoid activity in response to these fearful thoughts. In response to these avoidant
behaviours individuals may experience levels of disability and disrupted mood. Once
avoidant behaviours commence, a cycle may occur: fear, leading to reduced social
interaction and mobility which in turn may lead to depression and an increased focus on

pain. Figure 2.2 demonstrates the interaction of cognitions upon the experience of pain.

The fear-avoidance model illustrates the cycle that individuals may experience, giving some
explanation as to why some individuals develop varying degrees of chronic pain and others
do not. The development of the psychological understanding of pain has involved a
transition from stimulus response to the concept that pain involves higher cognitive

components that influence the overall experience.

It is important to consider how individuals perceive their health. The thoughts and beliefs
that someone holds about their health lead to certain behaviours. The health behaviours that
individuals carry out are a reflection of their cognitions. It is important that individuals hold
the correct knowledge regarding health and conditions of ill health. The way in which an
individual may try to solve a health problem will be a result of their cognitions. Therefore, the

beliefs held about a treatment may affect outcome.

Numerous models of health behaviour have predicted the likelihood an individual will
engage in certain behaviours. The health belief model (Rosenstock, Strecher and Becker
1988) proposes that behaviours are the result of a weighing up of the pros and cons of that
particular behaviour, the cues to action for the behaviour and the severity and the
susceptibility of the threat should they choose not to carry out the behaviour. This model can
be used to explain for example adherence to pain medication; an individual may weigh up
the side effects in comparison to the pain, the cues to action may be friends and family
reminding them and finally the severity and susceptibility of the pain will influence the

adherence. Research shows a significant relationship between knowledge and behaviour
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(Glanz, Marcus, Lewis and Rimer 1997). However, Hill, Gardner and Rassaby (1985) found
that routine was more predictive of behaviour than seriousness. Behaviour may not always
be as rational as the model describes. There is also a lack of acknowledgement for

emotional factors influencing behaviours when considering the usefulness of this model.

Injury

Depression/
Disability

Recovery

Avoidance

Pain
Confrontation

Fear of @in @ M

catastrophising

Figure 2.2 Fear-avoidance model (Adapted from Vlaeyen and Linton 2000)

Rogers (1975) has described the protection motivation theory. This model posits a range of
predictors forming intention. The protection motivation theory proposes that carrying out
behaviour is the result of intention, formed by self-efficacy, severity, effectiveness of
behaviour and vulnerability. The model describes that people protect themselves by carrying
out certain behaviours in response to the appraisal of the threat and their coping
mechanisms. Again, under critical review the model fails to include the impact of previous

experiences and how these may impact upon future behavioural intentions.

The theory of planned behaviour (Azjen and Madden 1986) furthered the understanding of
cognitions leading to behaviours by inclusion of perceived behavioural control in the

prediction of behaviour. Perceived behavioural control is the extent to which an individual

Page |20



perceives that they are able to behave in a certain way. Influences upon perceived
behavioural control may include past experience, finance and on a more personal level,
ability and personality traits. The model also includes the concept of the individual& own
attitude toward a behaviour, built up by experience and knowledge. Subjective norms are
also included as influential upon intention to carry out health behaviours. These norms are
the extent to which an individual believes that other individuals and wider society perceive
the behaviour as important. This model considers irrationality, emotion and the influence of
past experience; however, intention particularly, does not always lead to action.

These models demonstrate the influence of cognitions, beliefs and thoughts upon
behaviours. Recognition of cognitions is essential to understand how individuals react to
illness and treatment, which may further influence efficacy of treatment.

2.6.1 Self-regulatory model

While health beliefs are sets of cognitions individuals hold regarding health behaviours, the
self-regulatory model (SRM) posits illness beliefs that people hold about their illness
(Leventhal, Meyer and Nerenz 1980). These authors proposed the model to describe and
explain the changes and modifications an individual makes in response to the illness they
face. The SRM has three specific stages: interpretation of the illness, coping and appraisal
(figure 2.3). The beliefs an individual holds regarding their illness will influence their reaction

and coping mechanisms chosen to deal with their change in health.

The model suggests that there are sets of cognitions (identity, perceived cause, time line,

consequences and, control and cure) involved in interpretation (the first stage of SRM).

Identity - This is the diagnosis that an individual holds, the name for the symptoms
experienced. This may be diagnosis from the consultant or self-diagnosis. Essentially, the
individual gives meaning to the symptoms by labelling the state being experienced.
Occasionally, individuals with chronic pain seek diagnoses which sometimes can be difficult
to obtain. Patients can feel disbelieved without a label for their symptoms and often find a

diagnosis is of great importance to them.
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Perceived cause - This is another cognition proposed to take place when experiencing
illness. The set of beliefs an individual holds regarding the underlying reasons for their
illness may be based on individual research, experience, interactions with health care
persons or myth. Certain beliefs may have negative impact upon behaviour when
considering perceived cause. Latino/Viethamese/Chinese Americans reported poor hygiene
as a cause of breast/cervical cancer (Martinez, Chavez and Hubbell 1997). Individuals may
hide symptoms if they understand the illness to be a punishment or a reflection on

themselves as a person.

Time line - An individual will seek an estimated time scale for the illness. Similarly to
perceived cause, this could be based on medical fact or experience or personal
suppositions. Again, for many chronic pain patients the timeline may be estimated to be
ongoing with no end in sight. Consequently, this may have great impact upon behaviours
and coping styles.

Consequences - Individuals will consider the implications when experiencing illness and
more importantly chronic iliness. There may be many implications depending on individual
circumstances. Specifically chronic pain patients may need to consider the financial
implications if unable to work, the emotional toll of being subject to chronic illness and the

physical and social consequences.

Control and cure - This belief is understood in two ways, the cognition that the illness can be
cured and/or controlled. These thoughts will be governed by the individual alongside family
and friends and most importantly medical health professionals. Often chronic pain patients
are searching for a cure and have been through many treatment experiences with little or no
success. This may then lead to an acceptance that control rather than cure is a more
obtainable goal when enduring chronic pain. Individuals with chronic pain will differ in their
cognitions regarding control and cure depending on information and experiences with those

around them (friends/family/consultants).

The interpretation of an illness (consideration of the above mentioned cognitions) will then
lead to emotions in response to the analysis of these interpretations. It should be recognised

that emotions may result from the cognitions. For example, someone who is experiencing
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chronic pain and has done so for a lengthy period of time, may have constructed a clear set
of cognitions regarding their illness through their experiences. Understandably these
cognitions will have resulted in emotional reactions such as fear, anxiety or anger. As
described earlier, the fear avoidance model (Vlaeyen and Linton 2000) gives reason for
withdrawal type behaviours. The cognitions regarding the pain may lead to fear, resulting in
avoidance and withdrawal behaviours, which are understood to further affect disability and
psychosocial functioning. Those who pay more attention to illness states tend to
overestimate iliness (Skelton and Pennebaker 1982).

lliness representations

Identity, cause, consequences,
timeline, cure/control.

Stage 1 Stage 2 Stage 3
Interpretation, Coping approach - Appraisal of
symptom and avoidance strategy.
perception and coping.

social messages

' ;

Emotional response to
health threat

Fear, anxiety, depression.

Figure 2.3 Self regulatory model (Adapted from Leventhal, Mayer and Nerenz 1980)

Coping is the second stage described in the SRM, it follows the interpretation stage and
describes the actions an individual takes in response to the first stage. The SRM describes
two coping styles an individual may adopt: approach coping where an individual will deal
with the illness and take steps to improve the situation (adhering to regimes or medication,
seeking support mechanisms/groups, modifying lifestyle to ease the effects of the illness)
and: avoidance coping which describes how individuals avoid dealing with the illness and
may even enter into denial (ignoring the symptoms, remaining optimistic, refusing

appointments or medication). For chronic pain patients avoidance coping may involve non-
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acceptance of the pain being long term and chronic, resulting in a continuous search for

cure as a coping strategy.

The final stage of the SRM is the appraisal stage. During this phase, the model describes a
process in which individuals will evaluate their coping mechanisms/behaviours they have
adopted and how they have affected their lives in a positive or negative manner. An
individual may not always reach the appraisal stage.

There has been consistent evidence for the SRM. Chronically ill patients when interviewed
showed underlying beliefs from the five cognitions understood to inform the first stage of the
SRM (Leventhal and Nerenz 1985). The three processes interrelate when interpreting
symptoms resulting in emotional reactions, which may encourage further symptom
perception due to focusing on illness. Identification and awareness of new symptoms may
alter the chosen coping strategy and in turn modify the appraisal. The SRM demonstrates
the relationship between psychological factors, perceived illness and emotional and physical
changes. Rankin and Holttum (2003) explored the relationship between acceptance of pain
and the five cognitive dimensions described by the SRM. Negative correlations were
demonstrated for acceptance of pain with perceived severity, consequences and identity. No
statistical relationship between acceptance of pain and beliefs surrounding duration or

control and cure were found.

Empirical studies have shown that acceptance and modified beliefs correlate with treatment
improvements for chronic pain patients (McCracken and Vowles 2008). lliness beliefs were
studied in a longitudinal prospective cohort study of 152 patients with orofacial pain (Galli et
al. 2010). It was found that believing that the pain would impact negatively upon life, that the
pain was indefinite and that there was a lack of control over the pain were predictors for
treatment outcome. The beliefs and views an individual holds about their pain will interact
with coping and evaluation of subsequent pain. This is demonstrated not only theoretically in
the models above described but also by the interactive process demonstrated by the
neuromatix research (Derbyshire 2000). This demonstrates the usefulness of CBT
approaches to pain management. CBT may prove to be invaluable to aid an individual to
acquire the coping skills required to adapt and respond to pain without using negative

coping strategies.
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2.7 Cognitive Behavioural Therapy

Psychological therapy is now part of the multidisciplinary approach to support patients with
chronic pain. Where previously it was used as a final attempt to help those not responding to
physical and pharmacological treatments, it is now considered important as part of the
overall treatment plan. This segment will provide an overview of a number of therapies

utilised to support patients with chronic pain.

Cognitive therapy, first introduced by Beck (1976) involves identifying dysfunctional thinking,
which induces negative emotional responses. By identifying certain beliefs and generating
different ways of thinking and enabling attitudes to be changed, cognitive therapy was found
to help individuals suffering with psychological morbidities. Behavioural therapy concepts
introduced associative learning to enable behavioural change, changing behaviour via
reward systems or pairing of stimuli (Pavlov 1932; Skinner 1987). The concept being that
overt O6paind behaviours including | iwer@initaly
due to injury but may continue due to the reinforcement received. This could be through
positive reinforcement, such as the attention received from others or via some avoidance of
negative state (e.g. not having to work). Operant conditioning was proposed by Fordyce,
Fowler and DelLateur (1968) to enable individuals to reduce pain behaviours and increase
positive coping mechanisms including activity and continuation of daily routine. For operant
conditioning to be effective, the patient needs to fully engage in the therapy process.
Operant conditioning may involve a treatment programme which includes the patients
maintaining a diary of their behaviours which the therapist can then draw upon with
suggestions for altering or reducing any negative response behaviours (Sanders 2002). The
use of positive reinforcement for changes maintained is also used. This form of shaping
behaviours aims to gradually reduce the negative behaviours and increase positive coping
style behaviours. Studies have shown effective reduction in negative pain behaviours (e.g.
medication over usage) and increased positive behaviours (e.g. activity) when operant
conditioning principles were applied (Fordyce, Fowler and Delateur 1968). Although studies
using operant approaches alone are not frequent, reviews of this approach for chronic pain
patients have been positive (Keefe and Bradley 1984; van Tulder et al 2000). There is also
the consider at i on that for operant met hods to

encouraged to engage in the therapy process considering the impact of social

reinforcement, which is not always attainable.
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Types of family therapy can be employed to support individuals with chronic pain and their
families. The impact of chronic pain does not lie only with the individual suffering but it also
impacts on those around them. This impact can be considered in terms of quality of life or
psychological factors such as depression or anxiety (Turk et al. 1983). Family therapy can
be employed to enable the family to re-establish the best possible living environment despite
the experience of chronic pain, or to implement an operant conditioning approach where
behaviours are acknowledged and patterns changed. There is limited empirical work
reviewing the effectiveness of engaging the family in the therapy process. In a comparison
study using CBT therapy approaches two groups were compared (couples versus individual
patients) and there were no notable differences in terms of improvements (Moore and
Chaney 1985).

Pain management clinics are advised to include CBTi n t he pati ermta@
routine basis (Fishbain 2000). The perception individuals have of their pain is derived from
their interpretation of the pain, which is developed from experience and beliefs (Main, Foster
and Buchbinder 2010). CBT is designed to enable individuals to change their thoughts,
beliefs and expectations to promote behavioural changes. The combination of both cognitive
and behavioural therapy enables individuals to learn how different emotions are associated
with certain thoughts, which may impact on behavioural responses. CBT uses a range of
methods including worksheets identifying thoughts and behaviours, visualisation, problem
solving, goal setting and behavioural practices such as rehearsal and shaping. Identifying
problematic thinking allows breaking down of vicious cycles of thoughts (e.g. fear avoidance
cycle) and changing negative feelings and behaviours to a more positive outlook. The
combination of cognitive and behavioural therapy has proved successful for chronic pain
patients (Morley et al. 1991). The role of attention is recognised as central to pain sensation
and anticipation developed from a range of beliefs will also affect the processing of pain
(Main, Foster and Buchbinder 2010). CBT works in the present and aims to enable
individuals to change maladaptive thoughts and beliefs that are currently having a negative
effect on their wellbeing. In some cases this treatment may not be appropriate for all
individuals and consideration for early experiences, s uch as trauma i n
may also impact on the experience of chronic pain. It is hypothesised that earlier traumas

may make individuals more vulnerable to chronic pain (Perlman 1996; Lakoff, 1983).
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Gamsad $1990) findings were contrary to this hypothesis when examining the relationship
between psychological disturbance and pain. This author found that pain was not associated
with personal history variables when comparing a cohort of chronic pain sufferers with a

control group.

Psychodynamic psychotherapy involves a deeper understanding of the individual& world
and the therapist rather than working in the present as is the case for CBT, which may
explore earlier chapters of the individual 6s
client relationship to facilitate change. Addressing emotional problems that are a result of
earlier life experiences may be addressed in terms of the effect they have on the experience
of the pain (Perlman 1996). This can result in long-term period therapy and is therefore
costly. There has been limited amount of research on the effectiveness of psychotherapy for
the chronic pain population; however some studies have demonstrated its effectiveness.
Bassett and Pillowsky (1985) concluded that 12 sessions of psychotherapy may be useful
for chronic pain patients, although a small cohort of 26 patients limited their findings; hence
the authors concluded that larger studies were warranted. Guthrie (1991) also researched
the effectiveness of this therapy on a group of 102 patients experiencing abdominal pain
resulting from irritable bowel syndrome. Two thirds of the cohort studied experienced
significant improvement in symptoms following brief therapy, however, long-term outcomes

were not explored.

Client centred therapy developed by Carl Rogers (1951) focuses on the client reaching self-
actualisation. Self-actualisation is a process by which an individual realises their full
potential. Maladjustment in individuals is recognised as a discrepancy occurring between
real self and ideal self and this therapy enables a decrease in this discrepancy. The
therapist provides the client with a space to discuss their world and offers unconditional
positive regard and empathy. Through this approach, the individual is supported through
change, which is facilitated by them. Carl Rogers believed that the client knows best and
that the therapist enables the client through a process of change, driven by the clients
themselves. In comparison with CBT, client centred therapy is non-directive and the process
is driven by the client. Critics of this therapy have discussed the risk of misunderstanding
between self-actualisation and self image ideals (Perls 1969). When compared with physical

therapy among a cohort of chronic low back pain patients in Brazil, client centred therapy
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was significantly less effective upon improved disability (Machado et al. 2007). However, this

study recruited low numbers, a total of 33 patients were included.

Research has demonstrated that psychological distress is more likely to be a consequence
rather than a cause of chronic pain (Gamsa 1990; Simmonds, Kumar and Lechelt 1996).
Empirical studies have demonstrated on many occasions that pain beliefs, avoidance and
fear, are associated with certain behaviours leading to disability and withdrawal from social
interaction and general goal attainment (McCracken and Turk 2002; Vlaeyen, Crombez and
Goubert 2007). Negative appraisals are shown to be more predictive of poorer functioning,
pain tolerance and psychological morbidities than measures of illness or physical
impairment (Keefe 1989). Thought and behaviour patterns correlate positively with
emotional, social and physical functioning in chronic pain (McCracken and Vowles 2008).
CBT appears an essential add-on to any treatment proposed for chronic pain, as response
to thoughts and beliefs surrounding both pain sensation and treatment will affect efficacy of
treatment (Keefe 1989; Turk 1990). A systematic review of 25 randomised controlled trials
investigating the effectiveness of CBT for chronic pain concluded that CBT is effective when
compared with a control (Morley et al. 1991). The authors also concluded that CBT was as
good as or possibly better than other psychological therapies for chronic pain. Nevertheless,
caution should be taken when delivering brief CBT interventions. Williams et al. (1996)
noticed that longer and intensive CBT was more effective in reducing pain and improving
chronic pain patientds act i vHatjigtavropowos antd Craige f inte
(2004) highlighted considerations for the application of CBT. They considered that it is
important for any instructors of CBT to remember that patientségoals may be very different
from any personally perceived significant goals. It seems important that psychological
treatment is personalised. Follow up sessions may also be important, as maintaining

changes in behaviours may prove difficult, particularly when coping with chronic pain.

As discussed, beliefs and ways of thinking impact on the pain experience and response to
treatment. It is therefore likely that some individuals will experience a placebo effect in the
early stages of therapeutic interventions for chronic pain. Individuals have often been in pain
for a number of years by the time that they seek treatment and are therefore keen to engage

with the prospect of being cured of their pain. The strength of belief may inherit early
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placebo effects, which once they are removed will affect the perceived efficacy of the

treatment. The next section will consider the placebo and nocebo effects.

2.8 Placebo

Beliefs about treatment and/or the health professionals and their team treating the individual
can induce a placebo effect. Placebo offers a possible explanation for short-term positive
outcomes for treatment s. Pl a c e b desciibed at astaged
response to the health professional treating the individual. The patient receives benefit from
an inert pill or treatment due to belief and expectation. Open administration of placebo is
believed to be generally more effective, due to the effect of the presence of the therapist
upon the patient. Psychological factors are imperative to the effect of a placebo. Changes in
mood, environment, beliefs and expectations about the placebo will interact with
effectiveness (Shapiro and Shapiro 1997).

A placebo is often used to test the effectiveness of new drugs (e.g. half of a cohort is given
an inert pill and half the new drug). The concept of a placebo response can be understood in
terms of the mind impacting upon the body, causing a reaction. Anxiety reduction as a result
of a placebo can be observed since the belief in a reduction of symptoms will lead to a
lowering of the anxiety. In this situation, we can imply that a reduction in anxiety may close
the hypothetical gate suggested by the GCT. The lowering of the anxiety leads to less
hypersensitivity to the symptoms allowing the participant to perceive an improvement in
symptomatology. This effect, however, may be short-term as afterwards the perceived

reduction in anxiety may no longer be sufficient to reduce the symptoms.

Psychobiological explanations of placebo include conditioning and expectation leading to
physiological changes (Pavlov 1932). White coats/ physicians/ pills and surgery for example,
are all associated with getting better. This belief can lead the participant to a level of
conditioning. According to the general adaptation syndrome stimulus response explanation
of stress, the sight of danger triggers the release of corticotrophin releasing hormone from
the hypothalamus leading to cortisol being released from the adrenal glands, aiding escape
mechanisms (Selye 1956). This stimulus response mechanism can be transferred to the

understanding of placebo. Frontal cortical areas of the brain have been linked to patient
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expectations of treatment effect (Lidstone and Stoessl 2007). The spinal cord is also
understood to be involved in the placebo response. Spinal nociceptors were found to
respond to placebo using a heat test where patients were administered a placebo or no
treatment (Matre, Kenneth Casey and Knardahl 2006). The authors observed that the area
of spinal sensory neurones that are responsible for hyperalgesia were reduced in the group

receiving the placebo.

Patients can also experience nocebo effects, where undesirable events may be experienced
in response to receiving a placebo treatment. Nocebo can induce both symptomatic and
physiological changes. Barsky et al. (2002) performed a review of the literature on the
nocebo effect in order to identify ways to reduce the unwanted nocebo effects patients may
experience in response to medications. This review indicated the following factors as the
main influences on a potential nocebo effect: the p at i dalidfssand expectations of the
prospective treatment, conditioning principles where a patient learns to associate symptoms
with the intake of medication, certain psychological factors including anxiety and depression
and, environmental factors associated with where the medication is administered. Barsky
and colleagues concluded that these unwanted nocebo effects could be reduced by an
improvement in the doctor-patient relationship, ensuring patients understand and hold the

correct beliefs.

The placebo effect can be explained in individual differences in patients when responding to
a treatment. Placebo conditions have been found to be as effective as commonly used
painkillers. Evans (1974) estimated that placebo was up to 60% as effective as aspirin and
codeine. This author considered this to be the case despite differences in the strength of the
substance administered. Pascalis, Chiaradia and Carotenuto (2002) found that verbal
expectancy and individual differences contributed to the magnitude of the placebo effect.
Gracely et al. (1985) noticed that when doctors believed the patients would receive pain
relief, the patients reported more pain relief. The impact of the doctor believing a positive
effect would occur transferred on to the patient, illustrating the impact of the environment
upon the patient® reaction to treatment. This should therefore be considered when critiquing
methodologies exploring placebo effects. Is the effect a response to the treatment, or due to
the impact of the doctor-pat i ent rel ationship? The patientsé

be modified by the doctor-patient relationship. Trials evaluating the effect of patientsé
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expectations can be problematic as merely partaking in a trial can alter these expectations.
When taking part in a trial, the patients were aware that they are either going to receive an
effective treatment or an ineffective/placebo alternative. The placebo effect is extremely

important when evaluating the efficacy of a treatment.

In recent years, medicines have been found to be less likely to induce a placebo effect than
surgical treatments, due to the clinical trials being controlled (Shapiro and Shapiro 1997).
Surgical treatments are more likely to endorse a placebo effect since they cannot always be
subject to controlled trials due to ethical considerations for invasive procedures (Shapiro and
Shapiro 1997). Moreover, surgical treatments may cause far more emotions and
psychological reactions since they can be invasive and the recovery can be lengthy with
potential complications. These factors may influence certain beliefs and expectations
inducing more placebo responses than administration of pills. This could be an important
factor when considering SCS treatment. SCS is highly invasive and often a last resort
treatment, which may increase the likelihood of initial placebo effects. This could be
hypothesised as a reason for initial successful pain reduction, which is not successful in the
long-term. Landsheere et al. (1992) when investigating the impact of SCS on reduction of
painful symptoms among angina patients concluded that a placebo effect must be
considered as neither the physician nor patient can be unaware of the effects of stimulation
and, as previously mentioned, surgical interventions are more likely to produce placebo
effects. Blinding is a problem when comparing SCS with a control group for placebo effects.
Eddicks et al. (2007) tested placebo effects in SCS and concluded that in comparison to a
low output phase of stimulation acting as a control group, those patients receiving
conventional levels of stimulation experienced more improvement in functional status and

symptoms of angina.

To complement the described pain models, the following chapter of this thesis provides a

description of the physiology of pain and treatments for chronic pain.
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Chapter 3

Physiology of pain and chronic pain treatments
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3.1 Physiology of pain

When injury occurs, peripheral nociceptors are activated and the signal is conducted via
afferent nerve fibres to the dorsal horn and the brain (figure 3.1). The brain also provides a
feedback loop, fibres and connections loop back to provide feedback; the feedback provides
signals on necessary adjustment. The nociceptive information is then interpreted by the

brain, based on individual sensations or pain experienced (Brannon and Fiest 2010).
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Figure 3.1 Pain pathways to and from the brain
(1) Transduction; (2) Transmission; (3) Modulation; (4) Perception
(Adapted Cepeda, Cousins and Carr 2007)

3.1.1 Transduction
Transduction will enable positive ions to enter cells resulting in action potentials (figure 3.2).
An action potential occurs when the membrane of a cell changes, allowing between cell

communication. Once the membranes threshold is reached the channels open, allowing an
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influx of sodium. A sequence of cell to cell action potentials convey signals. Nociceptors,

distributed throughout the body tissues and viscera respond to tissue stimulation. The

stimulus (mechanical, thermal or chemical) is detected by the nociceptive receptors. The

nociceptors respond to substances released when tissue damage occurs and are further

activated by prostaglandins, cytokines, vallinoid neurokinins and nerve growth factor. The

different impulses are carried via the associated nerve fibre. Peripheral stimulation
transmission involves threemai n t ypes of ner v efibrési Myelivated ADAD, Al
fibres carry impulses at a faster rate than non-myelinated C fibres. While| ar ge Ab f i br
conduct stimuli at the fastest rate, C fibres are more common, although they are the slowest

(Melzack and Wall 1982). The ADb f i br es -roaiceptive stimudi,lresgonsible n non
for vibration or touch, whil e t hthetnsmissiondof t he C
the noxious signals to the central nervous system (CNS). The AUO fibres result
sensations of pain and require a high threshold in order for transmission to occur while C

fibres produce slower conducting and dull pain sensations (Urch 2007). C fibres respond to

mechanical, thermal and chemical stimuli, while the AlG  f $ rbspand to mechanical and

thermal stimuli. I f Ab fi bres asraemes ttiimuel adse dAtatandceC f i

dominate, resulting in reduced or ceased pain transmission.
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Figure 3.2 Schematic representation of transduction (Adapted from Urch 2007)
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3.1.2 Transmission

Transmission to the dorsal horn only occurs if stimulation reaches a certain threshold. Once
transduction occurs at the receptors, sodium or calcium ions enter the cells. Calcium is the
substance responsible for the changes in cellular expressions, which enables modification of
receptors transmission. The primary transduction of the sodium or calcium ions enables
depolarisation. If this influx continues, the threshold is reached enabling action potential
within the cells. Therefore, the cell depolarises and an action potential travels along the axon
to the main part of the cell. This action potential is transmitted along the neurone and to the
dorsal horn. The cell passes messages to nearby cells through synapse.

Subsequently, the primary afferent nerve fibres enter the spinal cord at the dorsal root
ganglion. The cell bodies of the primary afferent cells are responsible for transmitting pain
signals, cell function regulation and activity level. Depolarisations alter the transmission of
receptors which can be transmitted in either retro- or ante-grade ways. The alterations in
transmission result in changes in the neurone expression and these changes are recognised
as influential in peripheral sensitisation or attenuation. Changes in the neuronal expressions
enable dynamic communications between receptors, causing release and activation of

substances.

3.1.3 Modulation

The nociceptive afferent fibres pass straight to the spinal cord and do not synapse outside of
the dorsal root. The fibres have branching collaterals that enter the dorsal horn and
substantia gelatinosa, where they synapse with transmission neurons. Upon entering the
spinal cord, the fibres ascend one or two segments in the dorsolateral tract of Lissauer
before entering the grey matter and terminating in laminae I, Il or V (Cross 1994). The

primary afferents transmit information to different laminae. The Ab f i res whi

noxious information to |l ami na V, t todamidag |, &nd NV rardsthe C fibres to
laminae I, Il and V. Lamina V receives input from afferent fibres and interneurones in
laminae | and Il. A complex dynamic communication takes place at the substantia

gelantinosa, which is formed from lamina | and Il. The primary afferents synapse with
projection neurones at the substantia gelatinosa and neural modulation by other ascending
and descending fibres may occur. Neurotransmitters can occupy receptor sites of neurons at

the synapse, each fitting a specific specialised receptor site. Neurotransmitters can be either
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excitatory or inhibitory. When considering pain transmission, glutamate in particular is
understood to be excitatory, transmitting pain signals to the brain, and GABA (gamma-
aminobutyric acid) inhibits pain perception (Linderoth and Foreman 1999). Neurone receptor
sites can be occupied with neurotransmitters including inhibitory neurotransmitters such as
enkephalins or GABA, excitatory neurotransmitters such as glutamate, substance P, CGRP,

noradrenalin and those with mixed excitatory and inhibitory effects such as 5-HT.

If a sufficient amount of glutamate is released, it will result in depolarisation and the opening
of the NMDA receptor (glutamate receptor) causing a massive influx of calcium. Repeated
stimulation results in a reduced threshold and an increase in electrical response build up
within the CNS, known as 6 wi nd up&6é r eact, whad leddWm antehsified
stimulation of nerve fibres (Helms and Barone 2008).

Inhibition involves the primary neurotransmitters GABA, endocannabinoids and enkephalins.
These inhibitory neurotransmitters alter receptor activity in the CNS, specifically the dorsal
horn area of the spinal cord. Inhibition can also be activated by the release of substances
including glycine and GABA which can be modified by NMDA receptor activation. GABA can

bind to GABA-A resulting in re-polarisation.

In chronic pain, non-neuronal cells within the CNS (glial cells and astrocytes) have recently
been recognised as impacting upon continued neuronal activity (International Association for
the Study of Pain 2008). None of these have axons and play no role in pain transmission
until activated. However, they produce pro-inflammatory mediators (e.g. IL-1, IL-6, TNF, O,
EAAs, PGs, ATP) that are neuroexcitatory. Spinal cord glia expresses receptors for
substance P, glutamate, ATP and P2X4, which after injury are released in increasing
amounts and form the primary afferent. Released neuromodulatory substances such as NO
and Pgs activate neurons which also trigger protein production and release in the glia.
Sensory afferent fibres in the dorsal horn may produce specific glial triggering chemokine
such as fractalkine. Substances released in response to axonal injury (ATP, Pgs, heat shock

proteins (HSPs)) bind to receptors such as the toll-like receptors (TLR) and activate the glia.

The understanding of some of the mechanisms involved in the supraspinal pathways, allow

insight into the central neural networks. Although still not completely understood, research
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using functional magnetic resonance imaging (fMRI) has enabled some development in the
understanding of the supraspinal pathways (figure 3.3). The projection neurone conveys
information from the lamina | to the thalamus and somatosensory cortical areas (S1 and S2)
of the brain, but also to areas such as the hypothalamus, amygdala, insula and
hippocampus. These latter areas are understood to be involved in the individual evaluation
of the affective and emotional components of pain resulting in the subsequent behavioural
responses to the noxious messages received.
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eri-aquaductal
grey ‘ ’
parabranchial

Rostro-

ventral
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Figure 3.3 Diagram of supraspinal connections (Adapted from Urch 2007)

Descending information from the brain occurs via the periaqueductal grey (PAG) and rostro-
ventral medulla (RVM). The descending pathway can convey transmission of both excitatory
and inhibitory messages. Once the descending pathway is activated, PAG projects to RVM
neurons, which sends inhibitory projections to the dorsal horn of the spinal cord. As a result,

GABA is increased and glutamate inhibited, leading to antinociception (Palazzo et al. 2010).

3.1.4 Perception
We often judge events and situations as good or bad depending on how we feel. The

greater the emotional distress displayed by an individual, the greater the perceived threat of
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a situation for that individual. When experiencing pain, individuals will ascribe meaning to
the pain in terms of what the pain means to them. The representation of the pain experience
that an individual develops can result in negative emotion. The threat perceived by an
individual regarding pain has been demonstrated to increase the affective dimension of pain
(Chapman 2004). The frequency of signals to the nociceptive areas of the brain and the
corticosubcortical structures increased in a study using functional magnetic resonance
imaging (fMRI), where students were tested with noxious stimuli and a depressed mood was
induced, (Berna et al. 2010). These areas are understood to be involved in the emotional
processing. Negative emotion may result in an increased focus on the pain, possibly
increasing awareness of sensations, leading to an increase in the perceived level of pain
(Beauregard 2007).

The anterior cingulate cortex contains areas that recognise stimuli. Reduced pain reporting
as a result of distraction is correlated with lower levels of activity in the ascending
thalamocortical pain pathways (Villemure and Schweinhardt 2010). Whereas increased
activity was noted in primary somatosensory cortical areas when individuals maintained a
focus on pain (Villemure and Schweinhardt 2010). Research investigating the sensory and
affective dimensions of pain using hypnotic suggestion has identified areas of the brain
hypothesised to be responsible for the affective components of pain (Rainville et al. 1999).
This research used positron emission tomography (PET) and magnetic resonance imaging
(MRI) scans. The individuals were subject to hypnotic suggestion to alter the affective and
sensory experience of pain induced by immersing a hand in water. This empirical research
observed a possible relationship between pain affect and sensation with anterior cingulated
cortical (ACC) activity. Findings suggested that pain related activity in the ACC was
associated with changes in perceived unpleasantness of pain, hypothesising that the ACC
area is involved in the emotional processing of pain. The insular cortex is understood to be
involved in the emotional reaction to nociception. Studies using distracting tasks showed
modulation of thalamus activity when processing pain, and studies inducing a depressed
mood demonstrated increased pain processing in the frontal limbic areas (Beauregard
2007).

Specific moods and beliefs appear then to have a huge role within the experience of pain,

and therefore treatment response. The following section will consider the classifications of
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pain and the treatment available to patients with chronic pain. Often SCS patients have tried
and tested many treatments before trialling for SCS. The following section will allow insight
into the treatments available, with a focus on SCS and how the system is implanted. The
following section will consider the progress to date in terms of patient selection for treatment.
This section highlights the fact that no clear pathway has been established for selection for
SCS and henceforth the need to further develop an understanding of the psychological
factors that interact with treatment efficacy. The section ends with a focus on what the
literature shows regarding the effect of psychological factors and coping strategies upon

treatment outcome.

3.2 Classification of pain

The classification of pain may take into consideration aspects such as duration, aetiology,
intensity or type of injured tissue. Although pain is understood to be an indicator of medical
problems, pain is not always proportional to the extent of the injury or diagnosis. Acute pain
is characterized by a short duration, typically after an injury, surgery or disease and usually
disappears during the healing process. Supraspinal mechanisms provide feedback between
the area of pain and the sensations leading to learnt behaviour, enabling avoidance of
painful stimuli. However, some acute pain develops into chronic pain, which is defined as
lasting for more than three to six months (Verhaak et al. 1998). It is not the duration of pain
that distinguishes acute from chronic, but the inability of the body to restore its physiological
functions to normal homeostatic levels (Loeser and Melzack 1999). The injury may exceed
the b o d ydpacity to heal. This could be due to limb loss, extensiveness of the trauma and
subsequent scarring, or damage to the nervous system (Loeser and Melzack 1999). Acute
pain can be regarded as a transitional period between coping with the injury and preparing
for recovery (Melzack and Wall 1988). A few types of acute pain, such as post-herpetic
neuralgia (nerve damage caused by herpes zoster) can frequently give rise to chronic pain
(Merskey 2007).

Chronic pain is understood to be the result of a combination of psychological and
pathological events, which may have included tissue and/or nerve damage (Grady and
Severn 1997). Chronic pain persists long after pain can serve any useful function and is no

longer a simple symptom of injury or disease but a medical problem in its own right that
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requires urgent attention (Melzack and Wall 1988). Pain remains one of the biggest

challenges to the medical profession since many occurrences of pain cannot be accounted

for by identified tissue damage (Auvray, Myin and Spence 2010). Pain without tissue

damage can be understood to be due to sensitisation of the nervous system. For example,

previously silent nociceptors are activated resulting in an alteration of sodium channels

phenotype, receptor number and sensitivity (Woolf and Qiufu 2007). Chronic pain can

dominate the lives of individuals, impacting on daily life and affecting activities ranging from

sleep to relationships and goal attainment. Chronic pain is a condition for which successful

treatment outcomes are difficult to achieve and it has a huge impact onani ndi vi dual 0 s
health, healthcare services and society (Smith, Macfarlane and Torrance 2007).

In Europe, one in five adults (19%) suffers from chronic pain and over one third of European
households have at least one chronic or acute pain sufferer (Breivik et al. 2005). The
prevalence of chronic pain in the United Kingdom is 13%, which accounts for approximately
3.8 million of the population and a third of those suffer with constant chronic pain (Breivik et
al. 2005). As the lifespan increases, the debilitating effect of chronic pain upon quality of life
will continue to increase and affect more individuals (International Association for the Study
of Pain 1979).

Movement away from a biomedical approach towards a biopsychosocial one has enhanced
the understanding of the role that psychology has in the pain experience (Kugelman 1997).
Several difficulties in understanding and managing pain are recognised as psychological, for
example beliefs about pain can impact on coping and acceptance which will be discussed in

more detail in section 3.4.3 of this chapter.

Experiencing pain for long periods of time is different from short-term pain experiences. A
patient experiencing acute pain, for less than a six month period, will experience elevated
anxiety during the painful period, but this is decreased as their condition improves (Fordyce
and Steger 1979). When pain becomes chronic, individuals maintain high levels of anxiety,
and experience numerous additional psychological factors such as helplessness and
depression. Psychological factors can influence the pain experience and therefore the
behavioural reaction and response to treatment and, consequently, the management of
chronic pain (Turk et al. 2010).
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Pain can also be described in terms of type of injury. Nociceptive pain results from tissue
damage, and activation of the nociceptors by noxious mechanical, thermal or chemical
stimuli (Costigan, Scholz and Woolf 2009). Two types of nociceptive pain can be
experienced, somatic and visceral. Visceral pain results from the activation of nociceptors
(nerves in the skin and tissues) in the internal organs (viscera). Somatic pain results from
nociceptors reacting to sensations including temperature, vibration and swelling in parts of
the body such as skin, bones or muscle. Visceral pain can be difficult to pinpoint when
compared to somatic pain. Visceral pain nociceptors are located within organs and
sensations are often described as aching or squeezing and the pain can become referred.
Referred pain is experienced in an area close to the original site of the pain (e.g. arm pain
experienced after myocardial infarction, or women with irritable bowel syndrome
experiencing exacerbation of symptoms during pre-menstrual phase). Sensations are
described as sharp, dull or achy. Pathological pain can be understood as a result of the
O6wi ndd une ¢ h awhicls mowers the threshold enhancing nociception causing
pathological changes. Therefore, an amplified response to acute pain may occur when
neural functioning is altered or is dysfunctional. Pharmacological treatment for nociceptive
pain is typically based around nonsteroidal anti-inflammatory drugs and opioids. Some pain
can be a combination of both nociceptive and neuropathic (e.g. failed back surgery
syndrome). The nociceptive pain may be in response to injury to the disc or bone, reaction
to hardware or graft harvesting and the neuropathic component a result of nerve injury prior
to or during surgery, chronic compression, scar tissue formation or arachnoiditis (Prager
2002).

Neuropathic pain causes a range of symptoms including numbness, pain and impaired
movement. IASP (2012) has designated neuropathic pain as a clinical description rather
than a diagnosis. Defining neuropathic pain has been controversial and previous
classifications have been discussed as lacking boundaries. Neuropathic pain has been
redefined as pain arising as a direct consequence of a lesion or disease to the
somatosensory system (Treede et al. 2008). Peripheral neuropathic pain occurs when
continuous action results in the neurons becoming sensitively heightened to stimuli. This can
occur due to mechanical trauma, metabolic disease, neurotoxic chemicals, infection or

tumour invasion involving numerous physiological changes within both the peripheral
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nervous system and central nervous system (Dworkin et al. 2003; Woolf and Mannion
1999). Central neuropathic pain is understood to be the result of spinal cord injury or
multiple sclerosis (Ducreux et al. 2006). Central sensitization occurs following ongoing
activity in the periphery, with neurons becoming more receptive and developing heightened
responses to stimuli, which would normally be perceived as non-noxious. A grading system
is suggested for probable neuropathic pain (Treede et al. 2008). Confirmation must only be

done via neurologic examinations.

A distinguishing feature of neuropathic pain is that the pain sensations can be continuous,
i.e. independent of movement. However, for some individuals the pain is episodic, although
still unrelated to movement. The pain sensation may resemble shooting pain, electric type
pain or intense burning. Injury to the somatosensory system can result in pain being
experienced without identifiable stimuli or in response to non-nociceptive stimuli.
Neuropathic pain may cause allodynia, pain felt in response to non-nociceptive stimuli which
occurs when the non-noci cepti ve Ab atfthe Harsal hornsapdhthepnsueone
responds as if they were nociceptive fibres, leading to pain being experienced even in
response to light touch (Hawthorn and Redmond 1998). As pr evi ously menti onec
action can develop, where the second order wide dynamic range (WDR) neurons responses
increase progressively leading to increased pain. If a painful stimulus is present for a long
time, it may cause changes to the nociceptive pathway and potentially lead to hyperalgesia
(heightened sensitivity), another hallmark of neuropathic pain (Hawthorn and Redmond
1998). Examples of neuropathic pain include diabetic neuropathy, trigeminal neuralgia, and
post herpetic zoster pain. Possible treatments for neuropathic pain include anti-epileptic
drugs, which inhibit nerve reactions, antidepressants which enhance dorsal horn inhibition
and SCS which involves electrical stimulation of the large nerve fibres, reducing pain

sensation.

3.3 Treatments for pain

Pain is complex and therefore a range of treatments exist for its management. Often
patients considered for SCS report having tried and tested many treatments without
success. The following section outlines the range of treatments available. This section ends

with a focus on SCS therapy.
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3.3.1 Injections

Injections of local anaesthetics and steroids around nerves subserving a painful area are
commonly offered in pain clinics. In general they appear to provide short-term pain relief and
are best used in chronic pain conditions within a broader rehabilitative framework. There is
supportive evidence from controlled trials in selected conditions such as lumbar radiculitis
(Buenaventura et al. 2009; Vad et al. 2002). Lesioning of nerves to provide longer-term relief
can be offered in some cases. Controlled trial evidence is limited to certain conditions (e.g.
facetal joint pain) (Dreyfuss et al. 2000).

3.3.2 Physiotherapy and Chiropractice

Physiotherapy is a common physical therapy used in pain clinics. It is widely offered,
although there is limited evidence supporting its efficacy for chronic pain patients.
Physiotherapy offers support for specific muscular problems and forms a holistic part of
rehabilitation by improving self-efficacy via operant conditioning and therefore improving
general well-being. Chiropractice involves manual manipulation of the spine, joints and soft
tissues. Randomised trials provide evidence that chiropractic interventions support improved

mobility for chronic low back pain patients (Meade et al. 1990).

3.3.3 Acupuncture

Acupuncture involves the insertion of non-cutting ultra-fine needles into the skin surface and
sometimes into the underlying muscles. In part it is thought to work via activation of opioid
receptors. Results from controlled studies are sometimes controversial, since studies
employing sham acupuncture as a control (needles placed anywhere) have obtained similar

results to the correct acupuncture points group (Ezzo et al. 2000).

3.3.4 Pain management programme

This is a commonly used form of psychological therapy for chronic pain. Pain management
programmes are devised and run to enable patients to increase levels of self-efficacy and
personal management of pain. Pain management programmes are highly recommended for
patients in combination with other treatments since it addresses negative cognitions to
improve coping and acceptance. Individuals can become helpless and lose confidence when
experiencing pain on a daily basis. The pain management programme combines physical,

psychological (cognitive behavioural therapy/operant conditioning principles) and practical
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learning to improve coping, disability and general daily life. The programmes are run for a
set number of weeks by a multidisciplinary team and include approximately six to 12
participants in each programme. Whilst limited empirical research presents support for
modalities other than pharmacological interventions for pain relief, some have been
demonstrated to improve physical and psychological function. Patients report improved
mobility and psychological functioning after these interventions although pain reports are
often similar (Flor, Fydin and Turk 1992).

3.3.5 Antidepressants

Antidepressants are thought to work for patients with chronic pain, by activating the
descending pathways to the spinal cord limiting the pain signals travelling to the brain.
lllustrating GCT suppositions, the noxious stimuli are inhibited by the antidepressants
preventing the re-uptake of noradrenaline +/- 5HT. RCTs lend support to a beneficial effect,
however with a modest effect size (Saarto and Wiffen 2005).

3.3.6 Anticonvulsants

Anticonvulsants work mainly by the blocking of calcium or sodium channels on neurons.
This is an effective treatment for some neuropathic pain conditions (e.g. diabetic neuropathy
and trigeminal neuralgia). Although with a modest effect size, RCTs support benefit from

anticonvulsants, particularly gabapentinoids (Backonja 2000).

3.3.7 Opioids

Opioids bind and block receptors in the spinal cord and brain providing pain reduction
mechanisms. Opioids increase potassium and reduce calcium conductance, and are thus
inhibitory, reducing neuronal excitability (Kieffer and Evans 2009). Chronic pain often results
in postsynaptic NMDA receptors being open leading to an increase in calcium, neurone
activity and sensitisation. Some opioids work by blocking the NMDA channels, reducing
sensitisation (Raphael et al. 2010). Clinical evidence of efficacy is uncertain, with few RCTs
and none long-term. Concerns about the effect on quality of life and potential drug

dependence have been raised.
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3.3.8 Topical agents

Lidocaine is used in medications for burning and skin irritations. This substance alters signal
conduction by blocking sodium channels in the neurons cell membrane, resulting in a failure
to depolarize and no action potential (Rowbotham et al. 1998). Capsaicin works by depleting
or reducing the TRPVL1 receptors and subsequent efficacy of neurotransmitters involved in

sending pain signals to the brain (Backonja et al. 1998).

3.3.9 Transcutaneous electrical nerve stimulation

The concept of applying electrical stimulation locally, within the dermatome of the pain, was
developed based on the GCT. Transcutaneous electrical nerve stimulation (TENS) uses an
electrical current which is applied via a device to the skin surface to stimulate the nerves. A
TENS machine is usually in contact with the skin, is battery operated and used for both
acute and chronic pain. The use of TENS reduces the activation of nociceptive signals with
pre-synaptic inhibition occurring at the dorsal horn resulting in an increase of inhibitory
neurotransmitters release (e.g. GABA). TENS is also understood to activate the release of
serotonin (Sluka and Walsh 2003). Controlled trials are not entirely supportive of the efficacy
of TENS (Robb et al. 2009).

3.4 Spinal cord stimulation

Spinal cord stimulation introduced by Shealy, Mortimer and Reswick (1967) involves
modulation of pain transmission by electrical stimulation of neuronal pathways in the spinal
cord. This method of therapy has been in use for more than 30 years, developed initially as
a clinical application of Melzack and Wallé $GCT, which proposes that the levels of pain
experienced are modified by other signals that the dorsal horn is receiving concurrently.
Animal studies have shown inhibition of hyperexcitatory actions in the dorsal horn and
increased levels of GABA released (Yakhnitsa, Linderoth and Meyerson 1999). Each year
over 14,000 new individual patient cases undergo spinal cord stimulation treatment
(Linderoth and Foreman 1999).

SCS involves electrodes being implanted into the dorsal epidural space. The electrodes also
known as contacts, are connected to a pulse generator and are programmed to generate an
electric field stimulating the dorsal horn and dorsal column axons (anode and cathode

combinations) (Bradley 2006). Stimulation in this area results in supraspinal mechanisms,
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reducing activity in the ascending pain pathway (spinothalamic tract) and increasing activity
in the descending antinociceptive pathway (Linderoth and Foreman 1999). SCS produces
paresthesia (tingling sensation) and the proportion of targeted nerves being stimulated in
comparison to stimulated nerves not being targeted deems efficacy of the therapy. By
activating pain inhibiting mechanisms (the vibration sensation caused by the electrical
stimulation), the sensory experience of pain is altered, reducing intensity, frequency and

duration.

Figure 3.4 illustrates the implantation of a spinal cord stimulator into the epidural space. The
top of the figure depicts the leads that comprise the electrodes, which are connected to the
lead anchors and tunnelled to connect to the implanted pulse generator (IPG).

The entire system is implanted, which allows the individual to carry out normal daily
activities. The patient uses a remote control system to activate the SCS system. Some
patients will use SCS during certain periods of the day while others will have the system

switched on throughout the day and others throughout the night.

3.4.1 Implantation

SCS leads comprise between four and eight electrodes. The leads implanted are either
surgical (paddle) or percutaneous (catheter). Paddle leads (one or more) are directional,
focusing the electrical current towards the spinal cord, and their insertion usually requires a
laminectomy (incisions to access the laminae). Percutaneous leads are inserted into the
dorsal epidural space through a modified Tuohy needle (hypodermic needle, very slightly
curved at the end). The leads (one or more) are implanted into the dorsal epidural space

under fluoroscopy (x-ray guided procedure).

Only local anaesthesia is administered to the patient when the insertion of the leads takes
place since the stimulation needs to be regularly investigated to ensure beneficial amounts
of stimulation are targeting the desired area or in some cases multiple areas. Occasionally,
the specialist may suggest the implantation of two SCS systems when individuals

experience multiple areas of chronic pain.
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Figure 3.4 Implanted spinal cord stimulator

The leads are tunnelled internally and connected to a battery, also known as implanted
pulse generator (IPG). The IPG generally has a battery life of nine years (Bradley 2006).
The IPG is placed externally during the trial period and fully implanted upon successful
reports of pain reduction (>30%). Trial periods range from four to seven days to assess the

individual® response to treatment, usually measured with a visual analogue scale (Lee and
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Pilitsis 2006). Patients are considered as suitable for full implantation of the stimulator if a
targeted reduction in pain of at least 30-50% relief is achieved (Lee and Pilitsis 2006). The
IPG is typically implanted either in the abdomen, chest wall, gluteal or infra-clavicular area
(Raphael, Mutagi and Kapur 2009).

Once implanted, the SCS can be programmed to provide the greatest benefit to the patient.
A technician will spend time with the patient generating up to three different stimulation
programmes, which can be selected according to the patient® preference/pain/activity. The
programmes may differ since different rates of stimulation may be required for lying down,
sitting or walking. The programmes can be adjusted at any point and periodical follow up
clinic appointments allow the patient and technician to find the most beneficial rates of
stimulation. Occasionally the stimulation may decrease and the technician is able to change
the parameters to find a suitable programme to provide the desired stimulation. When an
optimum level of stimulation cannot be achieved, further investigations may take place in an

attempt to detect possible complications such as lead migration (Sparkes et al. 2009).

3.4.2 Selection criteria for SCS therapy

The concept that pain is not purely a stimulus-response mechanism and involves a complex
interaction of cognitive, affective and behavioural components (Melzack and Wall 1965)
supports the need for a multidisciplinary appro
NICE guidance stipulates the recommended treatment pathway for SCS to be within a
multidisciplinary approach. A multidisciplinary approach is recommended to promote
interdisciplinary decisions (De Andrés and Van Buyten 2006). In a standardised
gquestionnaire based survey, 61% of pain management centres in the UK stated that patients
were provided with a multidisciplinary approach to their treatment within the clinic, including
psychological assessment prior to SCS (Ackroyd et al. 2005). However, there was no
standard assessment protocol followed, and to date no gold standard has been established

for the psychological assessment prior to SCS therapy.

A multidisciplinary approach involves collaborative teamwork from a variety of professions.
In complex medical situations a solution is often best reached by drawing on the expertise of
a diverse range of professionals. Within pain management the patient will frequently

experience somewhat complex and individual symptoms. Through a multidisciplinary
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approach, a line of treatment can be decided based on a variety of professional expertise.
The multidisciplinary team at Russells Hall Hospital (where this research was carried out)
include a pain consultant, a pain specialist nurse, a physiotherapist and a pain psychologist.
During the year 2004, a change in the method of assessment for SCS suitability was made.
Prior to this date, patients considered suitable for SCS by the physician would see a
physiotherapist and a clinical psychologist for assessment. This team then met to discuss
the patient® suitability, often including physiotherapists and psychologists not involved in the
process alongside the physicians. If this team recommended SCS implantation the operation
would take place. From 2004 onwards, all new patients referred to the pain centre met a
physician, psychologist, physiotherapist and a pain specialist nurse during their first visit
regardless of whether SCS was being considered at that stage. Selection for SCS after 2004
was based on a multidisciplinary approach in which psychological aspects of pain were
considered from the first visit. This approach enables patients to understand the role of
psychology in pain conditions independent of medical treatment. It also allows the
psychologist to assess the patient prior to treatment expectations being raised. The

psychologists felt that this assisted them in providing a more valuable opinion.

This change in assessment focussing on strengthening the psychological assessment was
of interest to the researcher, to investigate if a difference in treatment efficacy was
noticeable after changes to assessment were implemented. A preliminary study involving a
review of case notes was carried out to compare the SCS treatment efficacy prior to and
after 2004 (chapter 5, section 5.1).

3.5 Impact of psychological factors on treatment outcomes

The mean duration of time in pain is seven years for patients seeking treatment for chronic
pain (Flor, Fydin and Turk 1992). Therefore, it is not surprising that patients experience
increasing levels of psychological and emotional distress, accompanying the persistent pain.
Research has demonstrated that up to 59% of patients with chronic back pain treated within
pain management clinics experience at least one psychiatric problem (Atkinson et al. 1991).
Often physicians only start to consider the influence of psychological factors upon the pain
experience once the pain cannot be explained by somatic aspects alone (Traue et al. 2010).

This may lead patients to often feeling disbelieved, or patients with satisfactory somatic
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evidence for their pain not receiving adequate psychological care for the psychological
elements of their pain. Considering psychological factors such as pain anxiety, depression
or negative coping behaviours such as catastrophising is important, since if not addressed,
these may lead to exacerbated pain or worsening of situation. Pain is understood to consist
of both somatic and psychological factors and dichotomization needs to be reduced (Traue
et al. 2010).

As to whether psychological/psychiatric factors are causal or a result of the pain remains
debatable. Regardless of the morbidity aspect, psychological factors interact with the pain
experience and severity, impacting upon the response and adaptation to chronic pain (Turk
et al. 2010). Consideration of specific cognitions (beliefs, attitudes, expectations), mood
(anxiety, depression) and behaviours (response to symptoms), are suggested as imperative
to the treatment outcome for an individual with chronic pain (Turk et al. 2010).

3.5.1 Cognitive processes

The biopsychosocial model introduces cognitive-behavioural concepts to understand chronic
pain, such as the concept that beliefs lead to subsequent behaviours. In response to a
painful stimulus (when the nociceptive signal reaches the cortex) an unpleasant feeling is
experienced, and negative responses occur (Melzack and Wall 1967). Individual
interpretations of the painful experience interact with the affective component of pain. The
attention and evaluation given to the pain experience appears to be central to the perception

and subsequent experience (Verhoeven et al. 2010).

Weich, Ploner and Tracey (2008) observed that there are three influential cognitive factors
when considering individual differences in pain experience: memories, as these underpin
expectation and host a pattern of learned responses; hypervigilance because when the
threat of pain is high, fear responses are activated resulting in escape and control
behaviours; and catastrophisation since the tendency towards negative appraisal often leads

to depression, low self-efficacy, less activity leading to disability and withdrawal.

Specific beliefs modulate the appraisal of pain influencing the behavioural and emotional
reactions. The cognitive component of pain has been shown to have great impact upon

functional disability. Beliefs about the extent of pain are understood to impact on an
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i ndividual s pain related wvdth dadyHdifie (Maih,yostermadd abi | it

Buchbinder 2010). Fear-avoidance is the belief that activity will cause more pain, a
commonly experienced belief among chronic pain patients that is associated with
continuation of disability (Mercado et al. 2005). Increased fear of movement related to pain
and negative outcome expectancies have been found to be related to uptake of passive pain
coping strategies (Den-Boer et al. 2006). In a study with 277 patients, passive pain coping
activities such as retreating and avoidance of environmental stimuli were predictive of

disability at six months following lumbar disc surgery (Den-Boer et al. 2006).

Acceptance has increasingly become an important consideration for successful pain
management (Lopez-Martinez, Esteve-Zarazaga and Ramirez-Maestre 2008). Acceptance
can be understood as not employing avoidance or control behaviours, or fear of movement
beliefs, continuing with daily routine and following personal goals (Lopez-Martinez, Esteve-
Zarazaga and Ramirez-Maestre 2008). Esteve, Ramirez-Maestre and Lopez-Marinez
(2007) used structural equation modelling to investigate the impact of acceptance on chronic
pain treatment outcomes. Lower levels of acceptance led to compromised functional ability
and less improvement in adjustment but not pain intensity reporting. Catastrophising,
measured using the Pain Coping Strategies Questionnaire, was the only pain coping
variable associated with pain intensity, which indirectly increased depression.
Catastrophising and passive coping were found to influence increased levels of anxiety.
Active coping was found to result in lower levels of depression and pain intensity reporting.
This research concluded that acceptance might lead to improved feelings of self-control and
functional status but needs to be considered alongside catastrophising as a separate

influencing entity.

3.5.2 Anxiety and Depression

Individuals experiencing chronic pain may sometimes lack physical signs. The lack of
physical explanation for many chronic pain cases can lead to feeling disbelieved which in
conjunction with the debilitating effect of pain can increase distress, anxiety and depression
(Clarke and Iphofen 2008). These authors found when interviewing patients that depression
was one of the main themes deduced from the data, due to the unseen and isolating nature

of chronic pain.
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Depression has been described as being associated with and impacting upon the
experience and perception of pain (Vlaeyen and Linton 2000; Turk and Okifuji 2002; Doleys
2006). Many of the symptoms of pain are similar to those associated with depression, which
can lead to a lack of awareness that an individual may suffer with depression in addition to
their pain (Turk et al. 2010). Signifiers of depression common to pain include sleep loss,
fatigue, limited movement, changes in libido, weight and appetite, and memory and
concentration difficulties. Depression can lead to increased pain reports among chronic pain
patients (Salovey and Birnbaum 1989). When explored using fMRI scans it was noted that a
sad cognitive mood altered the reported severity of pain, and also demonstrated changes in
the emotional processing areas of the brain related to pain perception (Berna et al. 2010).
Whether pain is a precursor or predecessor to depression remains debatable. Research
indicates that depression is post morbid to chronic pain and impacts upon chronic pain
treatment outcomes (Haythornthwaite, Sieber and Kerns 1991; Rudy, Kerns and Turk 1988).

Hamilton (1959) classified anxiety into three possible types: the result of a reaction to a
potentially fearful situation, a pathological mood or a neurotic state. Anxiety is a feeling of
apprehension accompanied by a state of readiness (McDowell and Newell 1996). It is often
a response to events that are perceived as out of individual control, which could apply to
episodes of chronic pain. Anxiety can incur some changes in cognitive processes as well,

including confusion, changes in memaory, poor decision-making and fearful thoughts.

Increased levels of anxiety are associated with a lower tolerance to pain (Carter et al. 2002)
and a higher perception and reported experience of pain (Granot and Lavee 2005). Anxiety
levels are likely to be influenced by environmental factors (e.g. the fear/avoidance model of
pain). The model suggests that after repeated episodes of acute pain individuals respond to
the threat of future pain with fear. Anxiety levels increase due to anticipation, which
increases pain perception heightening the experience of pain. Experiencing anxiety for
lengthy periods is notably recognised as impacting upon the individual® perception of pain
(Merskey and Evans 1975).

3.5.3 Coping and behaviours
Pain coping can either be active or passive. Active coping involves acceptance for

responsibility in the management of pain and the continuation of physical activities. Negative

Page |52



cognitions and emotions, including anxiety and depression can lead to maladaptive and
passive coping strategies (Esteve, Ramirez-Maestre and Lopez-Marinez 2007). Passive
coping can include inactivity, reliance on medication and patients absolving themselves of
personal responsibility for any reduction of pain. Passing responsibility to others, such as
health care professionals, adversely affectsani n d i v ilifd ($ulivad, Rodgers and Kirsch
2001). Maintaining individual responsibility for long-term conditions increases adaptation and

motivation to improve the situation.

Mercado et al. (2005) researched the effect that active and passive coping strategies have
on the development of disabling pain. They observed that passive coping, measured using
the Vanderbilt pain management inventory, was significantly associated with disabling neck
and back pain. This finding was independent of demographic, socio-economic and health
factors. Lopez-Martinez, Esteve-Zarazaga and Ramirez-Maestre (2008) found that passive
coping had a negative effect on function among chronic pain patients. Passive coping was
also associated with increased levels of depression. This study noticed a negative
relationship between active coping and functional impairment and depression. Research has
shown that changes i n anthd degide ofiattentian paid towamlgg ni t i on
the pain can alter pain processing in the brain. Diverting attention, an active coping strategy,
was shown to correlate with activity in the thalamocortical pain pathways of the brain where
lower levels of activity correlated with less perceived pain (Villemure and Schweinhardt
2010).

3.5.4 Catastrophising and helplessness

Previous studies have found that methods of coping including catastrophising,
praying/hoping, wishful thinking, helplessness, overt expression of emotion and
reinterpretation of sensation, to be associated with a lack of adjustment in relation to chronic
pain (Mercado et al. 2005; Den-Boer et al. 2006). Catastrophising alongside a lack of
perceived internal control is associated with the onset and continuation of chronic pain
(Jensen, Turner and Romano 2001; Spinhoven et al. 1989; Sullivan, Rodgers and Kirsch
2001; Turk and Okifuji 2002). Smeets et al. (2006) when studying 211 non-specific chronic
low back pain patients using the Pain Coping Strategies Questionnaire, observed that pain

intensity and disability increased, alongside increased levels of catastrophisation.
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Catastrophic thinking can be explained in terms of exaggerated worry and distress in
response to pain being reported regularly by patients with chronic pain (Sullivan, Rodgers
and Kirsch 2001). Catastrophising is understood to consist of rumination (concentrating on
the feeling of pain repetitively), magnification (increasing the affective component of pain by
focusing on the pain) and helplessness (incapacity to take responsibility for the pain)
(Sullivan, Rodgers and Kirsch 2001). Being one of the most recurring psychological factors
involved in the pain experience, catastrophising needs consideration when selecting patients
for treatment (Jensen, Turner and Romano 2001; Spinhoven et al. 1989).

Catastrophising and helplessness as coping mechanisms have been found to predict pain
outcomes and response to treatment more effectively than numerous medical variables
(Keefe et al. 1989). Catastrophic thinking is influenced and reinforced by social factors. The
response to catastrophic behaviours is often of help and empathy from others (Vowles,
McCracken and Eccleston 2008). If the behaviour is reinforced with empathy and support,
the behaviour is likely to be repeated. Catastrophic thinking leads to exaggerated responses
and avoidance behaviours, which in turn limits daily activities and goals (Vowles, McCracken
and Eccleston 2008). Vowles and colleagues used three measures to explore catastrophic
thinking. The pain catastrophising scale, chronic pain questionnaire and measures of patient
functioning questionnaire were administered to 334 patients with an average duration of pain
of 96 months. They observed that the impact of catastrophic thinking depended upon the
context of occurrence, acceptance of pain, depression, fear of pain and disability. They
concluded that noticing and accepting catastrophic thoughts reduced distress. This research

was based on self-reports and the authors acknowledged the possible bias of self-report.

3.5.5 Beliefs and treatment

Turk (1990) discusses the importance of customising pain treatments for certain populations
with close consideration for psychological factors. Understanding patient beliefs about their
pain and treatment may enable patients to change maladaptive beliefs known to lead to
negative coping strategies before treatment commences which can be critical for a
successful outcome. Pain management programmes often incorporate self-management
techniques, however, these techniques may lack efficacy unless patients possess beliefs
about their ability to self-manage (Hobro, Weinman and Hankins 2004). Hobro and

colleagues (2004) suggest the importance of developing a cognitive behavioural theory
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programme based on physical illness populations, taking into consideration illness

perceptions, rather than an uptake of programmes based on mental health populations.

Maladaptive appraisal of condition thereby responding with passive and negative coping
strategies are understood to exacerbate and maintain pain, reducing successful pain
management and treatment (Turk and Melzack 2001). This study hypothesises that
psychological factors may have an influence on the reductions in analgesia between 12 to
24 months following implantation of SCS. The following chapter reviews previous literature
investigating the impact of psychological factors upon SCS treatment efficacy.
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Chapter 4

Systematic literature review
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This chapter presents a systematic review of studies investigating the effect of psychological

variables upon the efficacy of SCS.

4.1 Introduction

All chronic pain is profoundly influenced by psychological processing and response (Turk
and Melzack 2001). Pain research states that pain appears to be a catalyst for negative
states; pain can lead to helplessness, isolation, sleep disturbance, frustration and
depression (Tan et al. 2008). Pain also initiates a sense of loss for the individual where daily
life can be impacted upon and activities that were once completed with ease can no longer
be done (Tan et al. 2008). The psychological aspects of pain result in pain being subjective
and unigue to each individual, making it very difficult to measure. Pain from an operable
disease may be experienced very differently from pain that has no visible or identifiable

reason.

There is substantial literature indicating a strong association between chronic pain and high
levels of anxiety, distress and depression (Rudy, Kerns and Turk 1988; Doleys 2003).
Chronic pain is a highly prevalent condition, with a huge impactonani ndi vi dual 6s he
healthcare services, and society. It is also a condition for which successful treatment

outcomes are difficult to achieve (Smith, Macfarlane and Torrance 2007).

Shealy, Mortimer, and Reswick first described the use of SCS for pain control in 1967 after
the introduction of the GCT in 1965 by Melzack and Wall. SCS is an invasive treatment
involving electrodes implanted in the spinal canal to produce neurostimulation and
paraesthesia in the area of pain. The mechanisms of SCS remain uncertain, but electrical
activation of the large diameter afferents of the dorsal columns or dorsal roots appears to
inhibit nociceptive small diameter afferent transmission providing pain relief (Meyerson and
Linderoth 2006; Raphael et al. 2009). SCS has been demonstrated to relieve chronic
neuropathic pain in randomised controlled trials (Kemler et al. 2000; Kumar et al. 2005;

North et al. 2005) and systematic reviews (Mailis-Gagnon et al. 2004; Taylor et al. 2009).

Despite improvements in SCS therapy and increasing knowledge of the most appropriate

medical diagnoses for treatment, 25-50% of patients report loss of analgesia within 12-24
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months following implantation (Cameron 2004; Kupers et al. 1994). There has been
speculation as to why loss of analgesia occurs with research focusing on operational factors
(e.g. lead positioning, electrical parameters, and complications). However, as chronic pain is
multidimensional, psychological characteristics may play a role in the efficacy of the

treatment.

The European Federation of the International Association for the Study of Pain offers
guidelines for the neuromodulation of pain practice (Gybels et al. 1998). The guidelines
stipulate that a thorough psychological evaluation should take place during screening,
however no details on specific tests are provided within this guidance. In a survey of pain
management centres in the UK (response rate of 64%), 61% disclosed that a psychological
assessment took place for the selection of patients for SCS, although the methods for
assessment were not reported (Ackroyd et al. 2005). Psychological contra-indications to
SCS implantation that were reported by these centres included drug or alcohol abuse,
psychosis, insufficient understanding, lack of social support, poor compliance and severe

depression (Ackroyd et al. 2005).

It is the role of the specialist to piece together the patient& 6 s & onultidisciplinary
approach is being widely accepted nationwide as important for the selection of candidates
for SCS. Doleys (2003) suggested that psychologic status should be a three legged stool
comprising pain pattern, pain pathology and psychologic status. Patients are often selected

for SCS when more conventional therapies have failed, or the side-effects become

intolerablef or t he patient. This may have implications:s
at the time of their assessment for SCS. The d
Awillingness to try anyt hbsutogss with®QS, dith bpeinvistic | mp | i ¢

patient expectations potentially providing a short-term positive outcome only.

There is to date no figold standardo psychologic
suitability for SCS therapy. A review of the literature investigating the influence of
psychological factors on treatment outcome was undertaken to summarise current
knowledge concerning the role of psychological factors upon the efficacy of SCS, identifying
psychological characteristics that may help to predict outcome. By highlighting what is

already known this research can expand current knowledge.
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4.2 Methods

4.2.1 Search strategy

A search was carried out to review the current literature on SCS and psychological
variables. A Boolean search was conducted in the Cochrane and EBSCOhost (CINAHL Plus
with Full Text, MEDLINE, PsycINFO and PsycARTICLES) databases, with no restriction on
language.

Psychological studies within SCS have been undertaken in recent years, subsequently
rendering an electronic search as an appropriate approach. MESH/Thesaurus terms were
employed according to the search engine. In addition the following keyword terms were
used and combined for a more accurate search: patient recruitment; selection criteria;
outcome; efficacy; psychological characteristics; spinal cord stimulation; SCS; and electric
stimulation. All abstracts were screened and full papers of potentially relevant articles were
obtained for further review. Additionally, grey literature and reference lists from all relevant
articles were searched. Selection criteria (see below) were applied to all the abstracts and
full papers were obtained for further review. The year of publication was restricted to
between 1967 and July 2009. This period was covered for two reasons. Firstly 1967 was
when SCS was first introduced. Secondly, the period up until the date of the search was
selected to capture all empirical research to date. Following on from the literature search up
until July 2009, a more recent search was run (December 2012) to check for any recent

publications; the search did not result in any further articles.

4.2.2 Criteria check

The resulting abstracts were screened by two independent reviewers (ES & RD) and coded
red (unsuitable), amber (undecided, retrieve full copy) and green (suitable, retrieve full
copy). Full copies of the identified articles were obtained for consideration and confirmation
of inclusion. Disagreement was resolved through discussion, assisted by the use of the

inclusion and exclusion criteria.

4.2.3 Inclusion criteria
Papers were included in the review if the following conditions were met: (i) a method is used
to ascertain the influence of psychological variables upon the efficacy of SCS, including one

or more of the following: administration of psychological tests, interviews, algorithms,
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guestionnaires; (ii) patients are included in studies to gain insight into the psychological
characteristics involved and to evaluate the efficacy of SCS; and (iii) the participant sample

comprises chronic pain patients.

4.2.4 Exclusion criteria

Papers were excluded if: (i) they were reviews or guidance papers that did not present
original work; (ii) they did not consist of chronic pain patients; (iii) they were single case
studies; or (iv) they were studies that did not investigate psychological variables.

4.2.5 Quality check

Selected articles were checked for quality using the Public Health Critical Appraisal Skills
Programme for Cohort Studies (Public Health Resource Unit 2009). The quality check
covered four main issues: the validity of results; the results themselves; whether the results
can be applied to local population; and whether the results fit with other similar research.

Recruitment, bias, confounding factors and follow up periods are also subject to critique.

4.2.6 Analysis

Included papers were reviewed to enable reporting upon several factors: study design,
population studied, participants (age, duration of pain, pain diagnosis/area), length of study,
psychological variables studied, method of assessment, follow up time and outcome (pain

score, questionnaire score, and functional improvement).

4.3 Results

The search resulted in 95 articles, whose abstracts were reviewed. Grey literature did not
reveal any additional suitable articles. Through screening of the abstracts, 17 were identified
as possibly relevant and full articles were retrieved. After review, eight articles were
considered unsuitable due to not assessing psychological characteristics (de Keift and La
Porte 2008; Deer and Masone 2008; Kumar and Wilson 2007; Mailis-Gagnon et al. 2004;
Olson et al. 1998; Van Buyten et al. 2001); not chronic pain (Levita, Sorkin and Waltz 1986;

Sumner 2007) and nine articles were considered suitable for review (Table 3.1).
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Date of publication of the studies ranged from 1982 to 2008. One of the studies was
conducted in Belgium (Kupers et al. 1994) and the remainder were conducted in the USA.
The age of participants ranged from 20 to 90; three studies did not report the ages of
participants (Brandwin and Kewman 1982; Jamison et al. 2008; Kupers et al. 1994). There
was a slight preponderance of women, except one study which had equal numbers of male
and female participants (Burchiel et al. 1996). Two studies failed to report gender (Brandwin
and Kewman 1982; Jamison et al. 2008). Numbers of participants ranged from 11-100.

Pain management clinics were the main source for patient recruitment except in one study
where participants were recruited through a neurosurgical clinic (North et al. 1996). Pain
areas were mainly low back and leg due to failed back surgery syndrome. The majority of
patients had non-malignant pain conditions, although two studies included cancer pain
patients (Brandwin and Kewman 1982; Kupers et al. 1994).

In the identified studies several methods were used in an attempt to predict outcome of SCS
treatment via psychological factors. There was also considerable variability in the duration of
study period for those using a longitudinal design. These findings resulted in the inability to

conduct a meta-analysis.

Psychological factors and outcomes were assessed prior to trial in prospective studies

attempting to predict SCS trial outcome in three studies (trial ranging from three to five days)
(Olsonetal. 199 8; Ruchinskas and et@baz20a8) @®ne df@he studiesSc h o ¢ k
was cross-sectional but did not specify when the assessment was carried out during

treatment (Jamison et al. 2008). Five of the studies were longitudinal (Brandwin and

Kewman 1982; Burchiel et al. 1995; Burchiel et al. 1996; Kupers et al. 1994; North et al.

1996) all of which examined SCS efficacy and psychological characteristics prior to trial and

at follow up (three months (Burchiel et al. 1995), six months (Kupers et al. 1994), six to 20

months (Brandwin and Kewman 1982), one year (Burchiel et al. 1996), average of three and

a half years (North et al. 1996)).

Different criteria were used across studies to try to determine the efficacy of SCS. In four
studies the efficacy of SCS was determined by the patientséself report of at least 50% pain
relief after trial (Burchiel et al. 1995; Burchiel et al. 1996; North et al. 1996; Olson et al.
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1998). Successful trial was considered after > 30-40% pain relief reported by one study
(Schocket et al. 2008). Success was judged as the patient reporting the SCS to be at least
slightly helpful (in a verbal scale with the following items: unsuccessful, slightly helpful,
moderately helpful, and successful) and a resumption of around 75% of activities previous to
experiencing pain in one of the studies (Brandwin and Kewman 1982). Three studies did not
specify how efficacy was determined (Jamison et al. 2008; Kupers et al. 1994; Schocket et
al. 1967).

Diverse questionnaires were used to identify possible psychological characteristics
influencing the outcome of SCS. The majority of studies used the MMPI (Brandwin and
Kewman 1982; Olson et al. 1998) or MMPI-2 (Burchiel et al. 1995; Olson et al. 1998;
Schocket et al. 200 8; Ruchinskas and O6Gr ady 2000) t
characteristics alongside other psychological questionnaire measures (Table 3.2). One of
the studies used the Hospital Anxiety and Depression Scale (Jamison et al. 2008). One
study conducted a semi-structured psychological interview alongside questionnaires,
reporting consistency between the two methods for all but one patient (Burchiel et al. 1995).
Only one of the studies used screening interviews conducted by a psychiatrist instead of

psychological questionnaires (Kupers et al. 1994).

The role of demographic variables was considered in relation to outcome. Regarding

wor kersb6 compensation, four st (BchndeisandKedmanot exp
1982; Burchiel et al. 1995; Olson et al. 1998; Schocket et al. 2008). One study reported that

the sample comprised 41% of patients receiving workersé compensation (Burchiel et al.

1996). Similarly, anot her study reported 50% of t he St u
compensation, with no significant differences in outcome for SCS between the two groups

(Prager and Jacobs 2001). Patients were excluded by one study if they were receiving
compensation (Kupers et al. 1994); two st udi es reported that t hose
compensation were at risk of an unsuccessful result for SCS treatment (Jamison et al. 2008;
Shocket et al. 20 0 8 ) . Workers6é6 compensation was deter min
therapy either through an algorithm (Schocket et al. 2008) or through less successful trials

(Jamison et al. 2008).
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The main indications for SCS included neuropathic back and leg pain (Burchiel et al. 1995;
Burchiel et al. 1996; Jamison et al. 2008; North et al. 1996; Olson et al. 1998; Ruchinskas
and O&6Grady 2000) . Some studi es i n esuchuad spohal
cord injury (Brandwin and Kewman 1982; Olson et al. 1998), reflex sympathetic dystrophy
and chest pain (Schocket et al. 2008), failed back surgery syndrome, post herpetic
neuralgia, brachial plexus and metastatic cancer (Brandwin and Kewman 1982). Duration of
pain was reported by three studies as an average duration of 73 + 83 months (range 4-360)
(Burchiel et al. 1996) and pain for more than three years (median six years) (Ruchinskas
and OO0 Gr A @Owe stddy fiorted that duration of pain exceeded six months (Jamison
et al. 2008). Pain duration was not reported by six studies (Brandwin and Kewman 1982;
Burchiel et al. 1995; Kupers et al. 1994; North et al. 1996; Olson et al. 1998; Schocket et al.
2008).

In six studies (Brandwin and Kewman 1982; Burchiel et al. 1995; Kupers et al. 1994; Olson
et al. 1998; Ruchinskas, 2000; Schocket et al. 2008), depression was considered as
impacting negatively upon the efficacy of SCS. This was identified using the MMPI and
MMPI-2. One study did not include patients with depression due to previous research
findings of depression as a contraindication (Olson et al. 1998). Two studies noted
significant improvement in depression with SCS therapy (Burchiel et al. 1996; Jamison et al.
2008).

Mania (two studies) measured by the MMPI (Burchiel et al. 1995) and MMPI-2 (Olson et al.
1998); hysteria (four studies) measured by the MMPI (Burchiel et al. 1995) and the MMPI-2
(Schocket et al. 2008; Olson et al. 1998; Ruckinskas et al. 2000) anxiety (two studies)
measured by the DABS (North et al. 1996) and MMPI (Schocket et al. 2008);
hypochondriasis (four studies) measured by the MMPI (Burchiel et al. 1995; Olson et al.
1998), MMPI-2 (Schocket et al. 2008) and psychiatrist interview (Kupers et al. 1994) were
the other most common psychological characteristics identified as having an impact on the
efficacy of SCS. Psychological factors were identified according to the criteria defined by the
questionnaires. The study employing a psychiatrist interview (Kupers et al. 1994) did not
specify the criteria for psychological factors other than the personal perception of

psychological characteristics.
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4.3.1 Psychological factors highlighted in the review

Depression

Depression was emphasised within the review as impacting upon the efficacy of SCS.
Depression is characterised as a lack of hope for the future and poor morale coupled with an

underlying gener al di sZAgmond anfl $naith 1983h wi t h oneds

Hysteria

This psychological factor highlighted by the MMPI suggests that individuals who score highly
have hysterical reactions to stressful situations. Levels of hysteria are characterised by
losing self control in difficult situations (Dahlstrom and Dahlstrom 1980).

Anxiety

This psychological factor can be understood as a mood state where an individual is
prepared for negative forthcoming events which are perceived as out of control. Anxiety may
be viewed characteristically as when an individual appears restless, apprehensive and

nervous.

Hypochondriasis
This characterises patients who manifest symptoms and fixate on symptoms which they do

not have. Hypochondriasis is demonstrated by a variety of complaints regarding their body.

Defensiveness
This factor is characteristic of denial and evasiveness. Individuals scoring high on

defensiveness will be reluctant to accepted diagnoses.

Catastrophising
Catastrophising is characterised by negative self statements, ideation and continued worry

about when pain will end (Rosentiel and Keefe 1983).
Paranoia

Paranoia is understood as a mood where individuals feel excessive sensitivity, show rigid

thinking and opinions, experience feelings of persecution and suspiciousness.
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Mania

Mania or hypomania were psychological factors highlighted by the review. Measured by the
MMPI, mania is characterised by an abnormally elevated often irritable mood. Persons
experiencing hypomania will often have less need for sleep, appear energetic and have a

drive to succeed (Dahlstrom and Dahlstrom 1980).

Joy
The joy scale measured by the DABS questionnaire, measures contentment, affection and
vigour. This is one of the positive psychological factors identified in the review.

Belief pain is out of control

This psychological factor demonstrates a score highlighting the amount to which an
individual feels that the pain they experience is beyond their capabilities of stopping or
reducing it.

Psychopathic deviate

On this scale a higher score represents rebellion, whereas lower scores demonstrate an

acceptance of authority. High scores would demonstrate a level of social maladjustment.
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