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Thesis abstract

This thesis focusses on chronic pain, pain sensitivity, depression, and anxiety in
people with knee osteoarthritis (OA). The thesis includes details of three
interrelated sub-studies: Study 1: An investigation into the associations between
pain pressure thresholds (PPTs) and self-reported pain, depression, anxiety, and
gender in knee OA; Study 2: An investigation into the inter-rater reliability of
pressure algometry Quantitative Sensory Testing (QST); and Study 3: Rasch
analysis of the State-Trait Anxiety Inventory short form (STAI-SF).

Previous research into self-reported pain and pain sensitivity assessed via QST
in knee OA suggests that there are significant associations between these factors
and depression and anxiety. However, few studies have investigated the
relationships between pain sensitivity and mood in people with knee OA, as the
majority of these studies are very medical in their focus. Gender differences in
some QST studies have also been found, with women often presenting with lower
pain thresholds than men. However, this finding has not been consistent, and

appears to vary across different samples.

For Study 1, 77 people with a diagnosis of knee OA completed self-report
measures of current pain level, depression, and anxiety. PPTs at four body sites
were then measured for each participant using QST. Correlations showed that
female gender, higher pain rating, and higher levels of depression and anxiety,
were associated with lower PPTs. Parallel multiple regression models found that
self-reported pain rating, depression, anxiety, and gender explained between 13

and 18% of the variance in PPTs (for each individual body site).

For Study 2, 20 healthy participants underwent the QST procedure used in Study
1 to measure their PPTs at four body sites. The QST was administered by the
two testers who administered the QST in Study 1, in order to investigate inter-
rater reliability. Acceptable inter-class coefficients were found for each body site

PPT, suggesting that lack of inter-rater reliability was not a weakness of Study 1.



For Study 3, 246 people with a diagnosis of knee OA completed the STAI-SF. In
order to evaluate the measurement properties of the STAI-SF with this client
group, Rasch analysis was undertaken. The study examined the fit between the
data collected from the STAI-SF and the Rasch model, in order to investigate
whether it meets the psychometric requirements of interval-level measurement.
An acceptable fit to the Rasch model was found, although the measure showed

evidence of mistargetting.

The main conclusions of this thesis research were that, for people with knee OA,
depression, anxiety, gender, and pain rating are related to PPTs and explain
some of the variance in PPTs. The utility of the STAI-SF with people with knee
OA was also queried. The key implication of this research is that it is important
for the appropriateness of assessment tools used in knee OA for mood and pain
(in research and/or clinical practice) to be more critically considered than they are
in most current literature. This would help ensure that the data collected is more

meaningful and helpful in guiding interventions for this client group.
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The effectiveness of psychological interventions for patients with

osteoarthritis in reducing anxiety (Review)

Tew V, das Nair R, Moreton B

This review is written for submission to The Cochrane Library as a Cochrane

intervention review. The guidelines for authors are available at: www.cochrane-

handbook.org.

This review was undertaken by the lead author (VT) using the Cochrane Review
Manager software version 5.1 (RevMan 2011). However, for this submission the
review has been formatted in Microsoft Word so is not fully formatted according
to Cochrane guidelines. Data synthesis is not included in this submission;
however, meta-analysis will be included in the review submitted to The Cochrane

Library.
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ABSTRACT
Background
Anxiety is often experienced by individuals with osteoarthritis (OA), and may
affect the amount of pain experienced as well as the progression of the disorder.
There is evidence that psychological interventions may be effective at reducing
anxiety in OA patients. However, no systematic review has investigated this to

date.

Objectives
To determine the effectiveness of psychological interventions at reducing anxiety

levels in patients with OA.


mailto:lwxvt@nottingham.ac.uk

Search methods

The following databases were searched: MEDLINE (Ovid MEDLINE(R) In-
Process & Other Non-Indexed Citations and Ovid MEDLINE(R); 1966 to 1 August
2012); EMBASE (1980 to 1 August 2012); PsycINFO (1806 to July week 4 2012);
and AMED (1985 to 1 August 2012). The reference lists of relevant studies,

reviews and guidelines were also hand-searched.

Selection criteria

We selected randomised controlled trials (RCTs) or non-randomised controlled
clinical trials (CCTs) of psychological interventions or interventions including a
psychological component for patients with OA. Studies were only included if they
assessed anxiety pre- and post- intervention. The trials selected had to include
at least 1 intervention group compared to a control group or at least 2 intervention
groups if there was no control group. Studies that included participants without

OA were excluded unless separate data for the OA group was accessible.

Data collection and analysis
We assessed the quality and undertook data extraction for the selected studies.
Guidelines outlined in the Cochrane Handbook for Systematic Reviews of

Interventions Version 5.1.0 [updated March 2011] were adhered to.

Results

Six studies, including 1293 participants with OA, were included. Most of the
interventions were mixed multidisciplinary interventions which included a
psychological intervention component, and most were delivered in a group
format. Most of the psychological interventions were based on cognitive
behavioural theory. The risk of bias was assessed as low for most of the included
studies: only one of the studies was assessed as having a high risk of bias for
any of the bias criteria. Only 2 studies reported significant reductions in anxiety
post-intervention in the treatment group compared to controls. Two further
studies, including three psychological interventions, reported significant
reductions in anxiety post-intervention, but control data was either not collected

or was not significantly different to intervention data.



Authors’ conclusions

There is some evidence to support the use of psychological treatments to reduce
anxiety in people with OA. However, most of the interventions in the included
studies were mixed interventions, and so it is not possible to fully assess the
impact of the psychological intervention: further research of stand-alone
psychological interventions in OA is required. Furthermore, due to the low number
and the poor methodological quality of the included studies, further high quality
research trials are needed.

PLAIN LANGUAGE SUMMARY

Psychological interventions in Osteoarthritis and their effect on anxiety

People with osteoarthritis often experience anxiety, stress and worry. This anxiety
can be linked directly to fears about their condition or a more generalised anxiety.
Anxiety can lead to people using unhelpful strategies to manage their
osteoarthritis, which can lead to their condition worsening. Anxiety might also
have a direct effect on the worsening of the condition via the effects of stress on
the body. Psychological treatments are offered to patients with osteoarthritis to
help them manage the disorder and the effects that it has on their lives. There
are currently a low number of studies which have investigated the effect of
psychological treatment on reducing anxiety in people with osteoarthritis. This
review included 6 studies with 1293 participants with osteoarthritis. These studies
included psychological interventions or mixed treatments which included a
psychological component. The results of this review found some evidence for the
use of psychological interventions to reduce anxiety in people with osteoarthritis.
However, this conclusion needs to be taken with caution because most of the
interventions included other types treatment as well as psychological treatments.
Also, the studies reviewed here were of limited quality. The review showed that
more better-quality studies are needed to investigate the effect of psychological

treatments on anxiety in people with osteoarthritis.



BACKGROUND

Description of the condition

Osteoarthritis (OA) is the most common form of arthritis in the UK, affecting an
estimated 8.5 million people (Arthritis Care 2004). OA is characterised by tissue
damage and abnormal bone growth at the affected body site (Arden 2006). The
body sites most commonly affected by OA are the knee, hip, hand and spine
(Arden 2006).

Pain is a common and chronic symptom in individuals diagnosed with OA (Arden
2006). Pain in OA has also been found to be associated with reduced physical

and psychological health (Bookwala 2003). Psychological difficulties of

depression and anxiety have been found to be highly prevalent in OA samples
(Tallon 2000). Depression and anxiety have also been found to be viewed as a
central problem in OA by OA patients (Tallon 2000).

The impact of depression on OA patients has been extensively investigated (e.g.
Sale 2008). Anxiety in OA, however, has been investigated less extensively,
despite being found to have similar prevalence when compared to depression in
OA (McWilliams 2004; Riddle 2010). The link between OA and anxiety can be
explained using the fear-avoidance model of chronic pain (Lethem 1983). The
fear-avoidance model is a cognitive behavioural model which suggests that pain
(e.g. due to OA) leads to anxiety if the individual appraises the pain in a
catastrophizing manner. Lethem 1983 propose that individuals experiencing
pain-related anxiety use avoidance strategies (such as reducing activity levels)
as an attempt to reduce the anxiety experienced. According to this model,
avoidance can then lead to disability and depression, which maintains, and can
even increase, the pain experienced. Similarly, McWilliams 2004 suggest that
anxiety difficulties may lead to increased maladaptive reactions to the physical

symptoms of OA and to worsening of OA pathology.
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Description of the intervention

Psychological interventions for OA patients are treatments based on
psychological theory in which patients learn strategies to manage the physical,
cognitive, behavioural and emotional impact of the disorder (Gay 2002).
Psychological treatments for OA often include psychoeducation and discussions
about pain and physical disability, as well as interventions focussed on reducing
depression and anxiety (Gay 2002). Common psychological therapies in OA are
Cognitive Behavioural Therapy (CBT) and Acceptance and Commitment Therapy
(ACT) (Wetherell 2011).

Psychological interventions in OA are also provided as part of multidisciplinary
treatment programmes, such as arthritis self-management programmes (Barlow
1998). Arthritis self-management programmes are usually more educational than
pure psychological treatments (Gay 2002), with this education covering exercise
and medication in addition to psychological factors such as anxiety (Barlow
1998). Self-management programmes are typically based on cognitive
behavioural theory (Barlow 1998).

How the intervention might work

No firm explanations have been agreed for how psychological interventions in OA
might work in relation to reducing anxiety, however several explanations have
been proposed. Psychological interventions in OA might reduce anxiety levels as
patients learn psychological strategies to cope with pain and other physiological
symptoms of OA. These psychological strategies can give patients a sense of
control over their symptoms, which can lead to reduced stress and anxiety
(Williams 2007). Psychological strategies such as relaxation and mindfulness

may also have a direct effect on reducing anxiety symptoms (Williams 2007).

Psychological interventions in OA often include psychoeducation about OA and
its effects on physiology, thoughts, emotions and behaviour (Williams 2007),
which might also have a direct effect on reducing fear and anxiety. Alternatively,
psychological treatments in which patients learn additional strategies to cope with

10
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OA pain could be effective at reducing anxiety as, according to the fear-avoidance

model (Lethem 1983), reduced pain can lead to reduced catastrophizing beliefs,

which can in turn lead to less pain-related anxiety.

Why it is important to do this review

Anxiety has been found to be a significant difficulty experienced in OA patients
(Tallon 2000). It is therefore important to be aware of the effectiveness of
psychological interventions in reducing anxiety in this patient group. Clarke 2009
undertook a review of systematic literature reviews focussed on the relationship
between depression, anxiety and chronic diseases and associated interventions.
This review found that systematic reviews of psychological interventions for
anxiety had been conducted for rheumatoid arthritis samples but not OA samples.
Clarke 2009 also found systematic reviews of the effectiveness of psychological
interventions for depression in OA. This suggests that there is a gap in the
literature regarding reviews focussed on the effectiveness of psychological

interventions in OA on reducing anxiety.
OBJECTIVES
The aims of this systematic review are to determine whether:

1. Patients with OA who have received a psychological intervention show
better outcomes in anxiety severity than those given no treatment or a
control intervention and

2. Patients with OA who have received a mixed multidisciplinary intervention

which includes a psychological element show better outcomes in anxiety

severity than those given no treatment or a control intervention.

11


file:///C:/Users/Tors/Desktop/Lethem%201983

METHODS

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs) and Clinical Controlled Trials (CCTs) with
patients with OA were sought for inclusion in the review if they met the following
criteria:

1. A psychological intervention is compared to a control

2. Anxiety is assessed pre and post intervention using a scale outcome

measure.

Types of participants

Trials included in the review were limited to those with OA patients, who may or
may not have comorbid diagnoses. Multiple health difficulties are common in
individuals with OA (Hopman-Rock 1997): therefore it is important to not exclude
studies which include OA patients with additional diagnoses, to ensure that the
review is ecologically valid. Trials will be included in the review if they include OA
patients as part of the sample along with patients will other diagnoses if it is
possible to access the data for the OA sample only. In such cases, the study
authors will be contacted to provide this information if the OA only data is not

published.

Types of interventions

Trials will be included if there is a comparison between a treatment group that
received a psychological intervention and a control group that received either a
different intervention or no intervention. Psychological interventions will be
defined as a treatment of any length which is based on psychological theory. This
will include psychological interventions delivered by non-psychologists,
psychoeducational interventions, or psychological self-help. Trials will also be
included if they investigate the effectiveness of a mixed multidisciplinary

12



intervention which includes a psychological component, such as an arthritis self-

management programme.

Type of outcome measures

Primary outcomes

Primary outcomes were measures of anxiety, including measures of specific
types of anxiety (e.g. fear of movement) or of anxiety more generally. Trials were
included if anxiety was assessed using a scale outcome measure.

Secondary outcomes

No secondary outcomes were investigated in this review as the focus is purely

on the effect of psychological interventions on anxiety.

Search methods for identification of studies
The following databases were searched and studies were identified by one

reviewer (VT).
Electronic searches
We searched the following electronic databases:
1. MEDLINE (Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations
and Ovid MEDLINE(R); 1966 to 1 August 2012)
2. PsycINFO (Ovid; 1806 to July week 4 2012)
3. EMBASE (1980 to 1 August 2012)

4. AMED (1985 to 1 August 2012).

The MEDLINE (Ovid) search strategy (Appendix 1) was adapted for use with the

other electronic databases.
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Searching other resources

Additional studies were identified through hand-searching the reference list of

relevant studies, reviews, and guidelines.

Data collection and analysis

Selection of studies

One review author (VT) developed the search strategy by consulting search
strategies from relevant previously published reviews (Miles 2011; Suokas 2012;
Veehof 2011; Wallis 2011; Yohannes 2010). The strategy was then reviewed by

two other review authors (RdN and BM).

Abstracts of the studies identified using this search strategy were then evaluated
by one author (VT) using the four inclusion criteria (see previous sections: types

of trials, participants, interventions, and outcome measures).

Data extraction and management

One reviewer (VT) assessed the methodological quality of the included studies
and rated them using Cochrane Collaboration Guidelines. A data extraction tool
based on das Nair 2007 and CONSORT guidelines (Moher 2001) was used. As
no CCTs were included in this review after study selection, this data extraction
tool was appropriate for the studies identified. The data extraction tool would have
been adapted for use with non-randomised controlled trials, using best practice
suggestions (Deeks 2003). The following information was recorded for each

study:

Method of participant assignment:
e Unit of assignment

e Method used to generate the intervention assignment schedule

14



Method used to conceal the intervention assignment schedule from
participants and clinicians until recruitment was complete

The auditable process of executing the assignment method

Blinding:

Whether (and how) outcome assessors were aware of the intervention
allocation

Whether the data analyst was aware of the intervention allocation
Whether individual participant data were entered into the trial database

without awareness of intervention allocation

Participant follow-up:

The numbers and flow of participants, by intervention group, throughout
the trial

The average duration of the trial

The reason for dropout clearly recorded

The timing of the outcome measures

Statistical analysis:

Whether the analysis used the intention-to-treat (ITT) principle

The intended sample size and its justification

Trial dropouts and completers

The reliability, validity, and standardisation of the anxiety outcome

measure(s)

Results:

The appropriate analytical techniques applied to the anxiety outcome
measure(s)

The appropriate measures of variability (e.g. confidence intervals for
anxiety outcome measures)

The actual probability value and the nature of the significance test

15



Other characteristics:
e Sample size
e Age range/mean
e Type of OA
e Type of treatment, including modality (group or individual) and whether
pure psychological treatment or mixed intervention
e Treatment duration
e Duration of follow-up

e Anxiety outcome measure(s) used

We conducted the review using the Cochrane Review Manager software version
5.1 (RevMan 2011).

Assessment of risk of bias in included studies

One review author (VT) assessed the risk of bias of the included studies and
completed the 'Risk of Bias Table' as described in the Cochrane Handbook for
Systematic Reviews of Interventions 5.1.0 (Higgins 2011). The table includes the

following sections:

¢ Random sequence generation

e Allocation concealment

e Blinding (of participants, administrators, and data analysts)
e Incomplete outcome data

e Selective reporting of outcomes

e Other sources of bias

These criteria were assessed as being at a low or high risk of bias, or unclear if
sufficient information was not provided. The reviewer was not blinded to the
details of the studies (such as author, journal or institution) due to the reviewer's
role in undertaking and reporting this review. A summary of the overall risk of bias

was produced.
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Dealing with missing data

When data was missing or unclear from an article, the first author was contacted
for further information. In the case of studies including a mixed sample of OA
patients and patients with other conditions, the first author was contacted for
further information regarding data pertaining to the OA sample only. When the
anxiety data was collated with other psychological variables, the first author was
contacted for information regarding the anxiety data. This particularly applied for
studies using the Arthritis Impact Measurement Scales (AIMS; Meenan 1980), as
the anxiety data are often reported as part of the ‘psychological’ scale (based on
Kazis 1983).

RESULTS

Description of studies

Results of search

A total of 89 studies were identified using the search strategy (84 through the
search of electronic databases and 5 through the additional hand-search of
relevant papers). The titles and abstracts of these 89 studies were reviewed and
full papers were accessed for those studies which appeared to meet the inclusion

criteria. Studies were excluded if they met the following exclusion criteria:

1. Not an intervention study;

2. Does not include at least one psychological intervention (based on
psychological theory) or one broader intervention including a
psychological component;

3. Sample includes patients without an OA diagnosis or the OA data is not
available through published materials or communication with the lead
author;

4. No pre- and post-intervention anxiety data: anxiety is not assessed or the
data are not available from the lead author;

5. Not an RCT or CCT.

17



Excluded studies

Eighty-three studies were excluded after the application of the above exclusion
criteria. Sixty-six studies were excluded as they were not intervention studies. Six
studies were excluded because they did not include a psychological treatment.
Three studies were excluded because the sample included individuals without an
OA diagnosis and the OA sample data were not published or accessible after
contact with the lead authors. Eight studies were excluded because no pre- and
post-intervention anxiety data were available: anxiety was not assessed at all in
1 study; 1 study only assessed anxiety pre-intervention; and the anxiety data

were not able to be provided by the lead authors of the other 6 studies.

Included studies

Following the above exclusion process, 6 studies, including a total of 1293
participants, met the review’s inclusion criteria (Buszewicz 2006; Giraudet-Le
Quintrec 2003; Jessep 2009; Laborde 1983; Wetherell 2011; Williams 2011). See
Table 1 for a summary of the 6 included studies, and Table 2 for further details

related to the data quality and risk of bias criteria.
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Table 1. Summary of the characteristics of the included studies.
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Most of the studies were European: 3 from the UK (Buszewicz 2006; Jessep
2009; Williams 2011) and 1 from France (Giraudet-Le Quintrec 2003). Two of the
studies included were from the USA (Laborde 1983; Wetherell 2011). Five studies
were conducted in community settings (Buszewicz 2006; Jessep 2009; Laborde
1983; Wetherell 2011; Williams 2011) and the sixth study was undertaken in a
hospital surgical outpatient and inpatient setting (Giraudet-Le Quintrec 2003).
Three studies (Buszewicz 2006; Laborde 1983; Williams 2011) were multicentre
trials: the other 3 trials were conducted within a single centre.

Only patients with OA were included in the study samples, except for in the
Wetherell study (Wetherell 2011). Wetherell 2011 included participants with other
chronic pain diagnoses: however, only the OA sample data was analysed for the
purposes of this review (this data was accessed via personal communication with

the study author).

Method of participant assignment:

All of the included studies were RCTs: no CCTs were included after the execution
of the inclusion and exclusion criteria. None of the studies reported the method
of generating the random sequence. In four of the studies, participants were
independently assigned to intervention groups (Buszewicz 2006; Jessep 2009;
Williams 2011; Wetherell 2011), and Giraudet-Le Quintrec 2003 used a sealed
envelope randomisation method. The randomisation method was not reported in
Laborde 1983.

Blinding:

Three studies were single-blind RCTs (Buszewicz 2006; Williams 2011,
Wetherell 2011). Outcomes (including anxiety outcomes) were assessed by
study personnel who were blind to the participants’ treatment allocation in all of
the studies, except for Giraudet-Le Quintrec 2003 and Laborde 1983. Giraudet-
Le Quintrec 2003 was unblinded: however, the authors did include a comment of
how they thought this would have had minimal effect on the data due to the use
of patient self-report measures. Blinding was not reported in Laborde 1983.
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Participants:

All studies included individuals with OA, with two studies including participants
with OA at any body site (Laborde 1983; Wetherell 2011). Two studies included
patients with hip and/or knee OA only (Buszewicz 2006; Williams 2011). Jessep
2009 included patients with knee OA only, and all participants in Giraudet-Le
Quintrec 2003 had hip OA and were scheduled for hip replacement surgery.

The number of participants in the studies were varied, ranging from 38 (Wetherell
2011) to 812 (Buszewicz 2006). There was also wide variation in the number of
participants in the treatment and control groups (smallest group size: 15 in
Wetherell 2011, and largest group size: 406 in Buszewicz 2006). Participants in
all studies were aged 40 or over, with most participants being in their 60s. The
percentage of females included in treatment and control groups varied from 50%
(Giraudet-Le Quintrec 2003) to 76% (Jessep 2009). One study did not report
gender ratios (Laborde 1983).

Interventions:

Four of the trials studied group interventions (Buszewicz 2006; Giraudet-Le
Quintrec 2003; Jessep 2009; Wetherell 2011), and 2 studies investigated
individual treatments (Laborde 1983; Williams 2011). All studies except for
Wetherell 2011 included multidisciplinary mixed interventions which included a
psychological component. Wetherell 2011 investigated two ‘pure’ psychological
interventions: Cognitive Behavioural Therapy (CBT) and Acceptance and
Commitment Therapy (ACT).

Two of the group intervention studies included multidisciplinary self-management
programmes (Buszewicz 2006; Jessep 2009). One group intervention study
included a multidisciplinary pre-surgery education session in which there was a
discussion of emotional preparation before surgery (Giraudet-Le Quintrec 2003).
Laborde 1983 investigated 2 mixed interventions which included relaxation (the

psychological component). All studies except for Williams 2011 included
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interventions which were administered by healthcare professionals. The Williams
study (Williams 2011) investigated the effectiveness of an educational self-help

booklet, although these materials were developed by healthcare professionals.

The psychological components of four of the five mixed intervention studies
(Buszewicz 2006; Jessep 2009; Laborde 1983; Williams 2011) were all based on
cognitive-behavioural theory. The psychological theory underpinning the
psychological component of the intervention in one study (Giraudet-Le Quintrec
2003) was not specified. However, the intervention was classed as containing a
psychological component due to the involvement of a mental health professional

in a question and answer session about mood.

All but 2 studies compared 1 treatment intervention to 1 control intervention. In
Laborde 1983, 4 treatment interventions (2 of which included a psychological
component) were compared to a control. In Wetherell 2011, there was no control

intervention: 2 psychological interventions were compared.

Anxiety outcomes:

All studies used standardised, reliable and valid questionnaires to assess anxiety,
except for Laborde 1983 which assessed anxiety using an NRS. Three studies

assessed generalised anxiety, using the following questionnaires:

e Hospital Anxiety and Depression Scale (HADS; Zigmond 1983):
Buszewicz 2006 and Jessep 2009;

e Spielberger State-Trait Anxiety Inventory (STAI; Spielberger 1983):
Giraudet-Le Quintrec 2003.

Two studies assessed pain-related anxiety (Laborde 1983; Wetherell 2011).
Laborde 1983 specified to participants that this measure only included anxiety
caused by pain related to their OA. The Wetherell study (Wetherell 2011)
assessed anxiety caused by any pain experienced. Pain-related anxiety was
assessed in these 2 studies using the following measures:
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e Pain Anxiety Symptom Scale (PASS; McCracken 1993): Wetherell 2011,
e A 1-10 numerical rating scale (NRS; Huber 2007): Laborde 1983.

One study (Williams 2011) assessed fear of movement (kinesiophobia) using the

following questionnaire:

e Tampa Scale of Kinesiophobia (TSK; Vlaeyen 1995).
All studies assessed anxiety pre- and post-intervention. Three studies also
measured anxiety at follow-up at least 6 months post-intervention (6 months
follow-up: Wetherell 2011; 12 months follow-up: Buszewicz 2006 and Jessep
20009).
Risk of bias in included studies
The risk of bias in the included studies was generally low (see Table 2). The risk

of each type of bias was unclear for at least 1 study, usually due to lack of

information.
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Table 2. Summary of risk of bias judgements for the included studies.
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Random sequence generation (selection bias)

The random sequence generation was not reported for all studies, except for
Wetherell 2011, in which it was reported but lacked sufficient details in order to
assess the risk of bias. Therefore, the risk of bias was rated as unclear for all

studies.

Allocation concealment (selection bias)

Allocation to groups was effectively concealed in 5 studies via a centralised
independent system (Buszewicz 2006; Jessep 2009; Williams 2011; Wetherell
2011) or by using sequentially numbered, opaque, sealed envelopes (Giraudet-
Le Quintrec 2003), and so the risk of bias was assessed as low. The method by
which participants were allocated to groups was not reported in Laborde 1983,

and so the risk of bias was assessed as unclear.

Blinding (performance and detection biases)

Three studies (Buszewicz 2006; Williams 2011; Wetherell 2011) were single-
blinded and so were assessed as having a low risk of bias in performance and
detection. One study (Giraudet-Le Quintrec 2003) was unblinded, although the
study authors did comment that they felt the lack of blinding would not have had
a substantial effect on the results due to the use of patient self-report outcome
measures. The reviewer (VT) did not feel this justification was sufficient or
convincing, and so the risk of bias was assessed as high. Blinding was not

reported in Laborde 1983, and so the risk of bias was assessed as unclear.

Incomplete outcome data (attrition bias)

Attrition bias was assessed as low for five of the included studies for the following
reasons: no data were missing (Laborde 1983); or the intention-to-treat principle
was used (Buszewicz 2006; Jessep 2009; Wetherell 2011; Williams 2011). One
study (Giraudet-Le Quintrec 2003) did not use intention-to-treat analysis and
there was 1 drop-out. Therefore the risk of attrition bias in this study was rated as

unclear.
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Selective reporting of outcomes (reporting bias)

Reporting bias was rated as unclear for all studies except for Williams 2011, as
the protocols were unavailable for these trials and the reporting bias was not able
to be assessed from the available information. The Williams study (Williams
2011) was assessed as having a low risk of bias due to the protocol being

available and no selective reporting was evident.

Other biases
No other biases were evident in any of the studies, so other biases were assessed

as low (not included in Table 2).

Effects of interventions

Two studies reported significant differences in anxiety between treatment and
control groups post-intervention, with a reduction in anxiety evident in the
treatment groups after intervention (Giraudet-Le Quintrec 2003; Williams 2011).
Giraudet-Le Quintrec 2003 concluded that the reduction in generalised anxiety
was not maintained after hip replacement surgery. In contrast, however, the
Williams study (Williams 2011) reported that the differences in fear of movement

beliefs (assessed using TSK) were significant at both 1 and 3 month follow-up.

One study (Buszewicz 2006), concluded that there was a significant reduction in
generalised anxiety following intervention, although this was also reported for the
control group. This difference in pre- and post-intervention anxiety for both the
treatment and control groups was reported as significant at the 12 month, but not
4 month, follow-up.

In the only equivalence RCT included in this review, as well as the only included
study which investigated ‘pure’ psychological treatments (Wetherell 2011), it was
concluded that there were significant differences between pre- and post-
intervention pain-related anxiety for both treatment groups (CBT and ACT). The
study reported that these differences were maintained for both treatment groups

at 6 month follow-up.

27



Two studies (Laborde 1983; Jessep 2009) reported no differences in anxiety
levels between treatment and control groups post-intervention. The Laborde
study (1983) assessed pain-related anxiety, and concluded that there were no
differences between any of the 4 treatment groups (2 of which included a
psychological component) or the control group. However, it is important to be
cautious of this finding as anxiety was assessed using a non-standardised
outcome measure. The Jessep study (Jessep 2009) concluded that there were
no differences in generalised anxiety between the treatment and control groups
post-intervention. Jessep 2009 reported that this lack of significant difference was

maintained at 12 month follow.

Effects of interventions on different types of anxiety

Generalised anxiety

The conclusions of the 3 studies which assessed the effects of interventions on
generalised anxiety (Buszewicz 2006; Giraudet-Le Quintrec 2003; Jessep 2009)
were varied. Only one of these studies (Giraudet-Le Quintrec 2003) reported a
significant reduction in generalised anxiety post-intervention compared to the
control group, and this difference was reported to not be maintained at follow-up.
However, as Giraudet-Le Quintrec 2003 studied patients about to have joint
replacement surgery, this sample may differ considerably from the samples in the
other included studies, and so any narrative comparison should be considered

with caution.

Pain-related anxiety

The conclusions of the 2 studies which investigated the effects of interventions
on pain-related anxiety (Laborde 1983; Wetherell 2011) varied considerably. One
study (Wetherell 2011) reported a significant difference between pre- and post-
intervention pain-related anxiety. However, the OA subgroup of this study had
very small sample sizes (CBT group, n=15; ACT group, n=23) and no control was
included; therefore, this conclusion should be taken with caution. Furthermore,
the validity of this narrative comparison between Laborde 1983 and Wetherell

2011 should be taken with caution as Laborde 1983 assessed anxiety specifically
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related to OA pain, whereas Wetherell 2011 measured anxiety related to any type

of pain.

Fear of movement
Kinesiophobia was only investigated by one study (Williams 2011) and so no

between-studies narrative comparisons can be made.

Effects of psychological interventions vs. mixed interventions on anxiety

As only one study investigated the effectiveness of a ‘pure’ psychological
intervention (Wetherell 2011), it was not possible to compare the effects on
anxiety of such interventions to that of mixed interventions which include a

psychological component.

DISCUSSION

Summary of main results

The effectiveness of psychological interventions, particularly self-management
programmes which include a psychological component, for individuals with OA
has been investigated for some time, particularly over the last 15 years. Despite
the strong association between OA and anxiety, the effectiveness of
psychological interventions on reducing anxiety in OA has not been extensively

investigated.

This review included 6 RCTs which assessed the effect of psychological
interventions on anxiety in people with OA. The majority of the interventions were
based on cognitive-behavioural theory, which is likely to be associated with the
prevalence of this model in OA and chronic pain literature. All but one of these
studies were published in the last decade. The quality of the studies was quite
low, with many not meeting all of the CONSORT guidelines (Moher 2001),
particularly in relation to the reporting of the randomisation process and blinding.
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All but one study used standardised outcome measures of anxiety. The sample

sizes were fairly small in all studies, except for in Buszewicz 2006.

The results of this review suggest that there is some evidence to support the use
of psychological treatments to reduce anxiety in people with OA. However, due
to the low number and the poor methodological quality of included studies, further
high quality research trials are needed. Much more research investigating the
effect of ‘pure’ psychological interventions on anxiety variables in OA is needed.
With regards to mixed interventions, there is currently little research addressing
the effects of the different components of the interventions, including the

psychological components, on anxiety or other factors (Gay 2002).

Quality of the evidence

The evidence base investigating the effect of psychological interventions on
anxiety in OA is relatively poor. Only six studies were identified, and all but one
trial (Buszewicz 2006) involved small samples. The CONSORT guidelines
(Moher, 2001) for the reporting of RCTs were not followed strictly by any of the
included studies. In particular, the blinding procedure was only adequately
reported in 3 of the studies (Buszewicz 2006; Wetherell 2011; Williams 2011).

The selection of outcome measures to assess anxiety was suitable in all studies,
due to the use of commonly use measures in OA and chronic pain literature and
clinical practice. However, one study (Laborde 1983) used a numerical rating
scale (NRS) measure, which could be criticised for being non-standardised,
which could affect the quality of the anxiety data collected in this study. It is
important to note, though, that the use of NRS anxiety measures in chronic pain
research has been advocated and supported by a number of publications (Huber
2007).

Potential biases in the review process

One reviewer (VT) conceptualised and undertook all aspects of the review, and
so the inclusion and bias decisions were not verified by the other review authors.
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In future versions of this review, it will be important that multiple reviewers are

involved in the process in order to limit decision bias.

AUTHOR’S CONCLUSIONS

Implications for practice

Anxiety difficulties are often experienced by people with OA. Psychological
interventions or multidisciplinary interventions which include a psychological
component can be offered to OA patients, and are becoming a much more routine
treatment option in OA. The effect of such interventions on anxiety has not been
as routinely investigated compared to factors such as depression and pain. This
review found some evidence for the use of psychological interventions, delivered
alone or as part of a multidisciplinary treatment, in reducing anxiety in people with
OA. However, this should be treated with caution as there were a low number of

studies with small sample sizes, and the studies were of fairly poor quality.

Implication for research

There is little research to draw conclusions about the effectiveness of
psychological interventions in reducing anxiety in OA patients. Further high-
quality research is required, particularly investigating ‘pure’ psychological
interventions as these are much less commonly researched compared to mixed
interventions which include a psychological component. Regarding
multidisciplinary interventions, it is also important that future research

investigates which aspects of the treatment affect anxiety outcomes.
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Abstract

Objective

To investigate the association between pain pressure thresholds (PPTs) and self-
reported pain, depression, anxiety, and gender in knee osteoarthritis (OA).
Method

Quantitative sensory testing (QST) measuring PPTs was undertaken on 77
participants with knee OA, recruited through healthcare services in the United
Kingdom. PPTs were measured at the sternum, medial and lateral knee joint-
lines, and medial tibia mid-shaft. Participants completed subjective measures of
pain, depression and anxiety.

Results

Small-to-medium, statistically-significant correlations (with P-values ranging from
.006 to .049) were found between PPTs and gender (rn = -.29 to -.36; female
gender was associated with lower PPTs) and between PPTs and at least one
mood variable (rs = -.23 to -.37). Self-reported knee pain was significantly
correlated with the lateral joint-line PPT (rs=-.28, P =.015), but not with the other
PPTs. The parallel hierarchical multiple regression models for each body site PPT
were statistically significant, and the predictor variables (gender, pain, depression
and anxiety) explained between 13 and 18% of variation in PPTs. Gender was
the only factor that significantly contributed to these models: female participants
generally reported lower PPTs than male participants.
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Conclusions

This study suggests that gender, self-reported pain, depression and anxiety
contribute to PPT variation in knee OA. As QST might measure central
sensitisation, the findings could suggest that these factors are involved in central
pain processing in knee OA. However, the gender differences could have been
due to demand characteristics elicited by the QST procedure, which appears an

important area for future research.

Abstract word count: 250 words (maximum: 250 words)

Keywords: knee osteoarthritis; pain threshold; depression; anxiety.
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Introduction

It is widely recognised that joint pain is the main symptom of knee osteoarthritis
(OA), the most common form of OA [1]. Pain due to knee OA has been found to
be associated with reduced physical and psychological health [2]. Therefore, it is
important for clinicians and researchers to accurately assess pain in knee OA in

order to provide appropriate interventions to improve quality of life.

Assessment of pain

Pain in knee OA is often assessed using subjective unidimensional self-report
measures, such as a numeric rating scale (NRS) or visual analogue scale (VAS),
which require the patient to rate the intensity of their pain on a linear scale [3].
Multidimensional self-report questionnaires have also been developed to
measure pain in knee OA, such as the Intermittent and Constant Osteoarthritis
Pain questionnaire [4]. One criticism of subjective self-report measures of pain is
that they are not able to identify underlying pain mechanisms [5]. This is important
in knee OA, as it has been argued that the experience of pain may be affected
by peripheral nociceptive mechanisms and by central sensitisation [6].

Central sensitisation

Central sensitisation is defined as “increased responsiveness of nociceptive
neurons in the central nervous system” [7]. Central sensitisation is thought to
result in increased sensitivity to pain [6, 8], both at the site of tissue damage (ie,
the knee in knee OA) and at body sites remote from the affected area [6], although
increased sensitivity at remote areas is thought to be particularly indicative of
central sensitisation [9]. Central sensitisation has been implicated in the
experience of pain in knee OA [9, 10], which therefore challenges the dominant
understanding of pain in the condition as having a purely nociceptive mechanism
[8]. Central sensitisation may be linked to repeated nociception and psychological
factors [6]. However, this has not been investigated extensively, particularly the
link between central sensitisation and psychological factors (in terms of cognition,

emotion, and/or behaviour) [6, 11].
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Although central sensitisation is discussed in much of the literature as an
objective and real mechanism of pain in knee OA and other painful conditions [8],
it could be criticised for being a circular concept, in that it proposes that more
experience of pain leads to more pain.

Quantitative sensory testing

Despite the potential issues with central sensitisation as a concept, much interest
has been paid to how such a mechanism could be measured [8]. Quantitative
sensory testing (QST) is considered one such method [6]. QST has been
described as a ‘semi-objective’ measure of pain [12], which involves the
controlled application of a stimulus to body areas [13]. Different stimuli have been
used in QST, including pressure, temperature, chemical, and electrical stimuli
[14]. Pressure algometry which measures pain pressure thresholds (PPTs) has
been found to be the most reliable form of QST in knee OA [15], and has been

used in previous knee OA studies [eg, 9, 10, 16].

PPTs in knee OA have been found to be negatively correlated with self-reported
pain (ie, the lower the PPT, the higher the self-reported pain) [10]. PPTs have
also been found to be negatively correlated with psychological factors such as
depression and anxiety in knee OA patients [9] (ie, the lower the PPT, the higher
the level of depression and anxiety). If one accepts the suggestion by many
researchers that QST data (such as PPTs) provide a quantification of central
sensitisation [6], these findings could suggest that mood plays a role in the
relationship between pain and central sensitisation in knee OA. However, the
relationships between mood, pain and PPTs have not been the main focus of

previous research, and so this has not been investigated in detail.

Depression and anxiety

Pain has been described as a multifactorial experience which includes the role of
psychological factors (with depression and anxiety being the most researched
psychological variables in chronic pain samples) [17]. Prevalence rates of
depression and anxiety for knee OA patients living in the community have been
reported at over 20% [18], which is higher than the approximate 17% prevalence
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rate of depression and anxiety in the general older adult population [19, 20].
Riddle and colleagues [18] found significantly higher pain intensity ratings in knee
OA patients with clinical levels of depression and anxiety, compared to those
without. Furthermore, in past knee OA research, higher levels of anxiety and
depression have frequently been associated with higher self-reported knee pain
intensity [eg, 21, 22]. Depression and anxiety are also perceived as a key problem
in OA by patients [23]. Therefore, depression and anxiety appear to be important
factors in the experience of pain in knee OA, and may be associated with higher

levels of self-reported pain intensity.

The link between knee OA pain, anxiety and depression could be explained by a
number of psychological models, such as the fear-avoidance model of chronic
pain [24], which is arguably the most prolific psychological explanatory model of
the links between pain and mood in musculoskeletal disorders [25]. This
cognitive-behavioural model suggests that pain (eg, due to knee OA) leads to
anxiety if the individual appraises the pain in a catastrophising manner [24]. The
fear-avoidance model proposes that individuals experiencing pain-related anxiety
use avoidance strategies (such as reducing activity levels) as an attempt to
reduce the anxiety experienced [24]. According to this model, avoidance of
physical activity can lead to disability and depression, which maintains, and can
even increase, the pain experienced [24]. Disability and depression can
maintain/increase pain due to disuse of the body part (eg, knee) which can lead
to further physical pathology and increased pain [25]. The experience of pain can
also be increased via cognitive-behavioural processes linked with distress [25],
such as the individual focussing more on their pain and physical health problems,

which could cause them to perceive more pain.

Pincus and colleagues [26] extended the fear-avoidance model to account for the
experiences of patients who feel depressed prior to the onset of a painful
condition. They propose that, for these patients, pre-existing depression may

increase the likelihood of an anxiety response to the experience of chronic pain.
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Gender

Gender has also been highlighted as a key factor in knee OA: a meta-analysis
found women to have a higher risk of both prevalence and incidence of knee OA
compared to men [27]. Also, women have repeatedly been found to report higher
levels of pain than men in chronic pain and healthy samples [28]. Potential
explanations of this gender difference include: biological factors (eg, hormonal
processes [28]); psychological factors (eg, higher prevalence of depression and
anxiety and increased monitoring of bodily sensations in females compared to
males [29]); and sociological factors (differences in gender socialisation, and

expectations and responses from others regarding pain [30]).

Gender differences have also been found in QST-assessed pain, with women
showing lower PPTs in healthy samples [31, 32]. However, the role of gender has
not been the focus of the majority of QST studies investigating knee OA and,
when it has, a gender difference has not been consistently found [33]. In terms of
the impact of psychosocial factors on gender differences in QST-assessed pain,
a systematic review by Racine and colleagues [34] concluded that there was
limited evidence for the role of depression on gender differences in QST-
assessed pain, and inconclusive and contradictory evidence for the role of

anxiety.

Aims

QST (such as that measuring PPTs) has been suggested as a potential tool for
identifying patients who may require non-medical interventions (eg, psychological
therapy) [35]. It is therefore important to develop a more comprehensive
understanding of PPTs and of how they relate to other factors. Specifically, the
aim of the current study was to investigate the association between PPTs and the
key related factors in the literature: self-reported pain, gender, anxiety, and
depression for people with knee OA, as this has not previously been examined in

detail.
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Method

Participants

Seventy-seven participants were recruited from: 1. National Health Service
(NHS) orthopaedic/musculoskeletal clinics within  Nottingham University
Hospitals NHS Trust and Sherwood Forest Hospitals NHS Trust; and 2. NHS
General Practice (GP) surgeries within Bassetlaw Primary Care Trust (PCT),
Derby City PCT, Derbyshire County PCT, Nottingham City PCT, and
Nottinghamshire County PCT and County Health Partnerships. All participants
had a clinical diagnosis of knee OA and reported accompanying knee pain. We
conducted a clinical examination of the knee to confirm diagnosis. Exclusion
criteria were: aged under 18 years; joint surgery less than 3 months prior to study
participation; inability to speak and understand English; and a comorbid diagnosis
of an inflammatory arthritic disorder (eg, rheumatoid arthritis). Inclusion criteria
(ie, knee OA with pain) and exclusion criteria were assessed in two ways: 1.
Recruiting gatekeeping professionals were asked to only invite people who met
the inclusion criteria and avoid inviting those who met the exclusion criteria; and

2. Participants were asked to screen themselves as part of the study invitation.

Informed consent was obtained from all participants, and the study received
ethical approval from Nottingham Research Ethics Committee one and
governance permissions from each of the NHS trusts involved.

Demographics
Demographic details (gender and age) were collected from participants to provide
information regarding sample characteristics.

Quantitative sensory testing

The method of QST used was pain-pressure algometry measuring PPTs. An
electronic pressure algometer, a laptop recording/display device, and a patient
switch were used (Somedic, Sweden). The pressure algometer probe was 1cm
in diameter and covered with a padded disc. The probe was applied to
participants’ skin with a steadily increasing pressure at a rate of 50 kilopascals

per second (kPa/s) [36]. Participants were instructed to indicate when the
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pressure stimulus had started to feel painful (‘the first sensation of pain’) by
pressing a switch, at which time the researcher immediately removed the probe.
The amount of pressure being applied immediately before the probe was
removed was recorded for each test. This is the ‘method of limits’ form of QST,
which is the most commonly used approach due to being less time-consuming
than other forms of QST [13]. All QST was undertaken in a clinic room at a
University of Nottingham and Arthritis Research UK Pain Centre research
department by one of two trained researchers. The inter-rater reliability of
conducting QST was investigated as part of a separate study and was found to

be acceptable.

PPTs were measured for five different body sites by the researcher, in the
following order: 1. Fingernail bed (as a learning site for the participant to ensure
they fully understood the procedure and instructions); 2. Sternum; 3. Medial knee
joint-line; 4. Lateral knee joint-line; and 5. Medial tibia mid-shaft. The knee and
tibia sites tested were those on the same leg as the knee OA for that individual.
In cases where bilateral knee OA was present, QST was undertaken on the leg
with the most painful knee (as decided by the participant prior to testing). Body
sites were chosen based on a systematic review of previous QST studies with
OA participants [14]. Each body site was tested 3 times, with an interval of two
minutes between each test to protect against ‘wind-up’ effects. A mean of the
three PPTs for each body site was calculated and used in the analysis, as in
previous QST research [16, 37, 38].

Questionnaires

Before the QST, participants had completed questionnaires, via the postal
system, evaluating pain and psychological factors. This research is part of a wider
study (yet to be published) which aims to investigate the utility of questionnaires
measuring a variety of psychological factors in knee OA patients. As depression
and anxiety are factors of interest in this study, data from the Beck Depression
Inventory Il (BDI-II; [39]) and the Spielberger State-Trait Anxiety Inventory short
form (STAI-SF; [40]) were included in the analysis. Reliability and validity of these
measures have been demonstrated previously (BDI-Il: [41]; STAI-SF: [40]).
Furthermore, another study by the research team (as yet unpublished) explored
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the psychometric properties of the STAI-SF in a knee OA sample using Rasch

analysis and found acceptable model fit.

Pain NRS

On the day of the QST, participants were asked to rate the intensity of the average
pain they had experienced in the previous week in their most painful knee from
0-10 (where 0O represented no pain and 10 represented extreme pain). NRS
measures of pain have been used in previous QST research in knee OA [16].

Statistical Analysis

Spearman’s correlation (rs) analyses were used to determine the association
between pain (NRS), depression (BDI-II), anxiety (STAI-SF), and mean PPTs for
each body site. Rank-biserial () correlations were conducted to analyse the
relationships between gender and the other study factors. Hierarchical (two-
stage) multiple linear regression analyses were undertaken for each of the four
PPTs (excluding the fingernail learning site), with gender entered in the first block,
and pain NRS, depression (BDI-II) and anxiety (STAI-SF) in the second block. All
predictor factors (gender, pain NRS, depression, and anxiety) were entered into
the regression models, regardless of statistical significance, as there was judged
to be a theoretical rationale for this based on the existing literature. Missing data
were assessed and where appropriate values were imputed using a maximum
likelihood procedure. Assumptions of multiple regression were analysed and
square-root transformations were applied to the mean PPT for each body site
and to the depression (BDI-Il) data accordingly. One data point in the medial tibia
mid-shaft PPT was also adjusted to reduce the impact of a univariate outlier.
Residuals were investigated to ensure that no further assumptions were violated.
SPSS version 21 was used for the analysis and, for the correlational and multiple

regression statistics, significance was set at P < .05.

Results

Participant demographics, PPTs for each body site, and anxiety, depression and

pain NRS scores and are presented in Table 3.
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Table 3

Participant demographics, PPTs, and pain NRS, depression and anxiety scores

Mean (SD)
Age (years) 67.68 (9.44)
Gender distribution (n; %) Female (n = 43; 55.8%)

Male (n = 34; 44.2%)

Mean PPTs (kPa):

Sternum 229.72 (143.58)
Medial joint line 292.96 (178.75)
Lateral joint line 311.85(178.99)
Medial tibia mid-shaft 194.02 (118.78)
Median (IQR)
Pain NRS (possible score: 1 — 10) 7.00 (5.00 — 8.00)

Depression (BDI-II) (possible score: 0 —63)  10.00 (4.50 — 15.00)
Anxiety (STAI-SF) (possible score: 6 — 24) 10.00 (7.00 — 13.75)

Correlations

See Table 4 for a summary of the correlations between the PPT means and
gender, pain NRS, depression, and anxiety, which were all of small or medium
size [42].
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Table 4

Correlation coefficients between PPT means and the study variables of interest

PPT mean
Sternum Medial joint-  Lateral joint-  Medial tibia
line line mid-shaft
Gender ¢ -.29* -.36 ** -31* -31*
Pain NRS P -21 -.15 -.28* -.13
Depression®  -.30 ** -.22 -.28 * -.37 **
Anxiety P -25* -25* -23* -.31**

Note. 2 Rank-biserial correlation coefficients were calculated when gender was an
included factor; ® Spearman’s correlation coefficients were calculated when gender was
not an included factor; ¢ Gender was dummy coded as 0 = male and 1 = female; * P <
.05; * P < .01.

The relationships between the PPT means and pain NRS, depression and anxiety
were negatively correlated, meaning that lower PPTs (ie, higher pain sensitivity)
were associated with higher pain NRS, depression, and anxiety scores. The
significant correlation between gender and each PPT mean was due to higher

mean PPTs (for all body sites) for males compared to females (see Table 5).

Table 5
Mean PPTs for each body site for males and females
PPT (kPa): mean (SD)

Gender Sternum Medial joint- Lateral joint- Medial tibia
line line mid-shaft
Female 189.32 238.66 262.05 160.74
(100.57) (141.00) (141.03) (88.91)
Male 280.80 361.64 374.83 236.10
(172.59) (198.95) (202.85) (138.42)

Although the correlations between the predictor variables were not the focus of

this study, they are presented in Table 6 for information.
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Table 6

Correlation coefficients between gender, pain NRS, depression and anxiety

Factor Pain NRS Depression Anxiety
Gender ¢ .00 .18 -.06
Pain NRS P - 27 % 27 %
Depression® - - .62 **

Note. 2 Rank-biserial correlation coefficients were calculated when gender was an
included factor; * Spearman’s correlation coefficients were calculated when gender was
not an included factor; ¢ Gender was dummy coded as 0 = male and 1 = female; * P <
.05; * P < .01.

Multiple linear regression

The predictor factors were then entered into the multiple linear regression model
for each PPT. Gender was dummy coded (0 = male; 1 = female), and was entered
(as a dummy variable) into the multiple regression models first. Pain NRS,
depression, and anxiety were entered together in the second stage. Four parallel
multiple regression models were calculated (ie, one for each PPT site). Due to
this multiple testing, the alpha values were corrected using Bonferroni-Holm
adjustment. All regression models remained statistically-significant after this

adjustment.

For the sternum PPT multiple regression (Table 7), the stage with gender alone
explained 7% of the variation in sternum PPT (adjusted R? =.07), and the addition
of depression, anxiety and pain NRS to the model explained 13% of the variation
(adjusted R? = .13).
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Table 7

Multiple hierarchical regression results for sternum PPT

Stage of Factors B SEB B Adjusted R? of Adjusted R? P of
hierarchical model (% of PPT change model
regression variance explained) (% change)
Stage 1 Constant 1599 0.76 -

Gender -2.69 1.02 -29* .07 (7%) - .010
Stage 2 Constant 20.67 1.92 -

Gender -261 103 -28*

Depression -0.22 054 -.06

Anxiety -0.20 0.15 -.20

Pain NRS -0.28 025 -.13 .13 (13%) +.06 (+6%)  .006

Note. * P < .05

For the medial joint-line PPT multiple regression model (Table 8), the addition of
depression, anxiety, and pain NRS on top of gender in stage 2 increased the

amount of explained variation in medial joint-line PPT from 10% to 15%.

Table 8
Multiple hierarchical regression results for medial knee joint-line PPT
Stage of Factors B SEB B Adjusted R? of Adjusted R®> P of
hierarchical model (% of PPT change model
regression variance explained) (% change)
Stage 1 Constant 18.29 0.84 -
Gender -3.35 113 -33* .10 (10%) - .004
Stage 2 Constant 2279 212 -
Gender -3.43 1.14 -34*
Depression 0.09 0.60 .02
Anxiety -0.31 0.16 -.28
Pain NRS 020 027 -.08 15 (15%) +.05 (+5%) .004
Note. * P < .01

For the lateral joint-line PPT multiple regression (Table 9), stage 1 (with just
gender entered) explained 7% in PPT variance. The addition of depression,
anxiety, and pain NRS to the model explained 15% of the variation in lateral joint-
line PPT.
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Table 9

Multiple hierarchical regression results for lateral knee joint-line PPT

Stage of Factors B SEB B Adjusted R? of Adjusted R? P of
hierarchical model (% of PPT change model
regression variance explained) (% change)
Stage 1 Constant 1859 0.84 -

Gender -2.83 113 -28* .07 (7%) - .014
Stage 2 Constant 24.67 2.09 -

Gender -279 112 -28*

Depression -0.18 0.59 -.04

Anxiety -0.21 016 -.19

Pain NRS -0.49 027 -.20 .15 (15%) +.08 (+8%)  .003

Note. * P < .05

For the medial tibia mid-shaft PPT multiple regression (Table 10), stage 2 (with
all factors entered) increased the explained PPT variation from 8% (in stage 1) to
18%.

Table 10
Multiple hierarchical regression results for medial tibia mid-shaft PPT
Stage of Factors B SEB B Adjusted R? of Adjusted R®> P of
hierarchical model (% of PPT change model
regression variance explained) (% change)
Stage 1 Constant 1472  0.68 -
Gender 247 092 -30* .08 (8%) - .009
Stage 2 Constant 18.88 1.68 -
Gender -214 090 -26*
Depression  -0.65 0.48 -.20
Anxiety -0.18 0.13 -.20
Pain NRS -0.06 022 -03 .18 (18%) +.10 (+10%)  .001

Note. * P <.05; ** P < .01

Discussion
The finding of mostly small negative correlations between PPTs and depression
and anxiety supports previous findings in knee OA [9], and suggests that mood

does have a role in PPTs. This supports the application of the biopsychosocial
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model of pain in knee OA [45], and could be explained by psychological models

such as the fear-avoidance model [24].

The fear-avoidance model proposes that higher levels of depression and anxiety
as a response to pain are caused by unhelpful cognitions (eg, catastrophic
appraisals) and behaviours (eg, avoidance of physical activities). This could
mean that a more anxious and depressed individual pays more attention to bodily
processes and is more likely to appraise them in a negative manner [25].
Therefore, individuals with higher levels of depression and anxiety would be more
likely to perceive bodily sensations as painful, which would likely result in lower

PPTs if assessed using pressure QST.

If PPTs are accepted as a measure of central sensitisation (which, as discussed
earlier in this article, is a contentious concept), then the results of this study could
suggest a role of depression and anxiety in central sensitisation in knee OA.
Using the fear-avoidance model, which proposes that depression and anxiety as
a reaction to pain can lead to the experience of further pain [24] (ie, increased
nociception), and as prolonged and repeated nociception is thought to be a likely
cause of central sensitisation [6], it makes theoretical sense that higher levels of
anxiety and depression could be involved in the transition from pain with a
mechanical cause to pain also involving central sensitisation. However, a
psychological explanation of the link between mood and PPTs does not require

the inclusion of the ‘central sensitisation’ concept.

The correlations between knee pain intensity and the PPTs were of a similar size
to those in past research [10]. However, Arendt-Nielsen and colleagues
investigated this relationship by combining the PPTs for all body sites tested,
rather than via separate correlational analyses for each body site as in the
present study. Given the differences between the PPTs for each body site in the
present research, it seems important that these correlations were analysed
separately. The Arendt-Nielsen study also differs from the current study in that
they measured peak pain intensity in the previous 24 hours, whereas we

measured average pain intensity across the previous week.
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The lack of significant correlations between pain NRS and the medial knee joint-
line PPT supports Finan et al.’s finding [9] of no difference in QST measurements
(including PPTs) at knee sites affected by OA between patients with high or low
reported pain. However, the Finan et al. study did find differences in QST at sites
remote to the affected knee between patients in the high or low reported pain

groups, which the current study did not replicate.

Interestingly, the lateral knee joint-line was the only body site where higher pain
intensity was significantly associated with lower PPTs, contrary to Finan et al.’s
findings [9]. Arendt-Nielsen and colleagues [10] found that more knee OA patients
with damage to the lateral tibiofemoral knee compartment had high knee pain
ratings compared to those without damage to this site. Although we did not
assess radiographic knee damage severity, it could be that high pain NRS was
also associated with damage to the lateral knee compartment in our sample, and
that this relationship resulted in the correlation between pain rating and lateral
knee joint-line PPT. However, a previous study found no differences in knee
PPTs between knee OA patients with high or low radiographic damage [9],
although it is important to note that this study did not investigate damage in
specific parts of the knee. The importance of this finding in the present study is
unclear and the role of radiographic damage to different parts of the knee on QST
measurements and self-reported pain could be an interesting question for future

research.

Higher PPTs at remote body sites to the area of damage (ie, the knee) are
considered more likely to suggest the presence of central sensitisation than
higher PPTs at the knee itself (as the PPTs are likely to also be measuring
aspects of the nociceptive pain) [9]. Therefore, the study’s finding of slightly
stronger correlations between the psychological factors (depression and anxiety)
and the PPTs at the remote body sites (sternum and medial tibia mid-shaft) than
those at the knee joint sites could suggest the involvement of depression and
anxiety in the process of central sensitisation. However, these differences in
correlation sizes are minimal, and so no clear conclusions can be drawn from this
finding alone. Furthermore, it is unclear whether PPTs do actual quantify central
sensitisation (or whether they are more representative of demand characteristics
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present within the QST assessment) and whether central sensitisation is a helpful

concept more generally.

The multiple regression models found that gender, depression, anxiety, and pain
rating together explained between 13 and 18% of variance in PPT (dependent on
PPT site). This suggests that these factors are important to consider in relation
to PPTs, and the finding that they do not explain more variation is understandable
given the multifactorial nature of pain [7].

The finding of gender differences in PPTs supports previous findings of lower
PPTs in females compared to males in healthy samples [31, 32], although does
not replicate a past finding of no gender difference in PPTs in people with knee
OA [33]. Several conclusions could be drawn from these findings. Firstly, it could
represent a true gender difference in central sensitisation pain processing for
knee OA patients (which may be due to a combination of biological and
psychosocial factors [44]). Secondly, it could have been affected by demand
characteristics, in terms of the impact of gender role expectations of pain [45] (eg,
males not wanting to ‘admit’ that their PPT had been reached during the QST).
Finally, there could have been an effect of the gender of the researcher
administering the QST: both testers were female, and past research has found
higher QST pain values when participants were tested by a researcher of the
opposite sex [46]. This study did not investigate the role of the QST
administrators’ gender on PPTs, but previous research [46] suggests that the
presence of female testers may have influenced the male participants to report
higher PPTs. Therefore, higher PPTs in the male participants could have less to
do with a gender difference in pain sensitivity and more to do with gender role
expectations and beliefs around how to present yourself as ‘masculine’ to women,

regarding pain.

It is important to acknowledge several limitations of the study. Firstly depression
and anxiety were not measured on the same day as pain rating and PPTs.
Therefore, the data may not accurately reflect the state mood of the participants
at the time of the QST, which could have impacted on the findings. Furthermore,
the small role of depression and anxiety may be due to the measures used (BDI-
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Il and STAI-SF), which, although used in past knee OA research [eg, 21, 47],
were not developed specifically for a knee OA or chronic pain population.
Therefore, the use of a mood measure developed for this patient group (such as
the Depression, Anxiety, and Positive Outlook Scale [48]) may have been more
sensitive to mood differences in the sample. Finally, it may be that other
psychological factors are more relevant to PPTs in knee OA than depression and
anxiety, such as pain catastrophising (although Finan et al. found similarly small
correlations between QST measures and this psychological factor [9]).

The main finding of the research is that gender, pain rating, depression, and
anxiety have a role in PPTs at both knee and remote body sites in people with
knee OA. Further research regarding the impact of tester characteristics (eg, age,
gender, perceived authority) on QST data in knee OA would add a further level

of understanding to these findings and to research in this area more broadly.
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A. Extended Background

This extended background section will include an explanation of knee
osteoarthritis (OA) and of theories of chronic pain. Psychological factors of
interest in this research (namely anxiety and depression) will be explored, and
further details of psychological models developed to explain the links between
anxiety, depression and pain will be provided. The use of QST to assess pain
sensitivity will be discussed, and a rationale for the research and its three
component sub-studies will be provided. | will then go on to provide background

information specific to the three sub-studies included in this research.

Osteoarthritis (OA) is the most common form of arthritis in the UK, affecting an
estimated 8.5 million people (Arthritis Care, 2004). OA is characterised by tissue
damage and abnormal bone growth at the affected body site (Arden & Neuvitt,
2006), and is most commonly diagnosed in people aged over 45 years (Peat,
McCarney, & Croft, 2001). The knee joint is the body site most commonly affected
by OA (Arden & Nevitt, 2006). In a UK primary care setting, Peat et al. (2001)
found that 18.1% of patients aged over 55 years had a diagnosis of knee OA.
Given the increasingly ageing population in the UK, prevalence of knee OA, as
an age-related disorder, is set to increase. This will therefore lead to increased
service-provision and financial pressures on the NHS, with the National Institute
for Clinical Excellence seeking to reduce costs of knee OA assessment and
treatment (National Institute for Health and Clinical Excellence, 2008). Joint pain
Is the main symptom of knee OA (Arden & Nevitt, 2006), and therefore it is highly
important that accurate assessment of pain is undertaken in this patient group. It
has been suggested that pain, rather than mechanical knee damage, is actually
the key ‘problem’ for many knee OA patients, although pain in knee OA has
received much less research interest historically (Jordan & Gracely, 2013). In this
thesis, the term ‘pain’ refers to chronic pain (that is, persistent pain associated
with an injury or disease process), in line with the classification of pain in the
literature (Turk & Melzack, 2001).
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Pain is defined as “an unpleasant sensory and emotional experience associated
with actual or potential tissue damage, or described in terms of such damage”
(International Association for the Study of Pain, 1994). This definition highlights
that pain is a multifactorial experience, involving biological, psychological and
sociocultural factors (Turk, 1996). This biopsychosocial understanding of pain
challenges the purely biomedical explanation of pain which was dominant until
the 1960s for pain conditions in general. Although before this time psychological
factors were considered for understanding chronic pain, pain was viewed as
having either biological or psychological causes (Turk & Monarch, 2006).
Biopsychosocial models, however, suggest that pain is experienced as a result
of complex and dynamic interactions between biological, psychological and social
factors, rather than simply being caused by physiological damage to a particular
body site, as proposed by medical explanations (Turk, 1996). The most prevalent
biopsychosocial understanding of pain is the gate control theory (Melzack & Wall,
1965).

The gate control theory proposes that the experience of pain is modulated by a
chemical ‘gate’ in the dorsal horn of the spinal cord, located in between the body
site and the brain. In the theory, this ‘gate’ can be opened or closed depending
on whether excitatory or inhibitory fibres are stimulated. The theory’s
biopsychosocial nature is that it proposes that inhibition or excitation of pain
signals can occur at both a ‘bottom-up’ sensory level in terms of nerve activity
(the biological element) from the peripheral body site, but also at a ‘top-down’
level in terms of the role of the brain on the pain gate. The concept of this ‘top-
down’ process suggests that psychological factors such as mood and attention
are involved in the excitation or inhibition of fibres at the pain gate (Turk &
Monarch, 2006). Although the gate control theory has been criticised for a lack of
evidence for its physiological aspects, it has remained an influential
biopsychosocial theory of pain and led to increased interest in the role of
psychosocial factors in the experience of pain (Turk & Monarch, 2006). The gate
control theory has also been developed further into the neuromatrix theory, which
includes more details regarding the neural networks in the brain involved in the

experience of pain (Melzack, 2005).
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The assessment of pain is a complex area, and an extensive range of methods
and tools exist (Turk & Melzack, 2001). The majority of assessment tools used in
both research and clinical practice are unidimensional measures of pain intensity
(i.e. the perceived strength of the pain) (Turk & Melzack, 2001). Rating scales of
pain intensity (such as an NRS or VAS), require the individual to indicate the level
of their pain in a specified time period on a linear scale (Jensen & Karoly, 2001).
These tools are easily administered and are thought to have good construct
validity (Jensen & Karoly, 2001). However, they have been criticised for only
measuring the sensory component of pain and not capturing information
regarding other pain dimensions, such as psychological aspects of the
experience in terms of emotional and cognitive components (Huber et al., 2007;
Jensen & Karoly, 2001). Multidimensional pain questionnaires have been
developed to enable assessment of more than just the intensity of the pain, such
as the McGill Pain Questionnaire (Melzack, 1975) and the ICOAP (a measure
specific to hip or knee OA; Hawker et al., 2008). However, although these
multidimensional tools are able to measure a range of the relevant pain
dimensions (and are therefore more comprehensive than unidimensional rating
scales), they cannot identify the underlying pain mechanism (Scholz & Woolf,
2002). Identification of underlying pain mechanisms is a key interest in knee OA
research in terms of identifying subgroups of patients and targeting interventions

according to this phenotyping (Phillips & Clauw, 2011).

It appears important to be able to identify the pain mechanism in chronic pain
conditions such as knee OA, as the process of central sensitisation is thought to
be involved for at least some patients.? In the case of knee OA, it is only recently
that the dominant understanding of pain being due to mechanical knee damage
(and therefore via peripheral and nociceptive mechanisms) has been challenged
by suggestions that central sensitisation is also involved (Harden et al., 2013;
Phillips & Clauw, 2011; Woolf, 2011). Pain due to central sensitisation or a
combination of peripheral nociception and central processes is thought to be less

responsive to traditional medical treatments (i.e. medication and surgery) and

1| recognise that ‘central sensitisation’ is not a proven concept in knee OA, and that QST data may not
measure central pain processing. However, as central sensitisation is a key theory within the QST
literature, it was deemed important to include it within this thesis.
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psychological interventions have been advocated for patients with central
sensitisation (Phillips & Clauw, 2011). QST is considered an appropriate method
of assessing central sensitisation in knee OA (Courtney, Kavchak, Lowry, &
O'Hearn, 2010; Hochman, Davis, Elkayam, Gagliese, & Hawker, 2013). QST is
currently only used in research, although it has been suggested that the
methodology could be beneficial in clinical practice (Fillingim, 2005; Pavlakovi¢ &
Petzke, 2010) in terms of indicating which patients could benefit from
interventions other than traditional medical treatments aimed at reducing

peripheral nociceptive pain (Phillips & Clauw, 2011).

The main explanation for central sensitisation in knee OA in the literature is that
it develops from ongoing and prolonged peripheral nociception (Courtney et al.,
2010). It has also been suggested that individuals may have a genetic
predisposition to develop central pain sensitivity difficulties (Phillips & Clauw,
2011). A further proposed explanation of central sensitisation is that psychosocial
factors (such as increased levels of depression and anxiety, and ‘unhelpful
cognitions and behaviour; Vranceanu, Barsky, & Ring, 2009) may be involved in
its development (Courtney et al., 2010), although this has received minimal
attention in the literature, particularly for peripheral musculoskeletal diseases

such as knee OA.

Similarly, as with explanatory models for central sensitisation in knee OA, models
of pain in the condition generally remain much more dominated by a biomedical
understanding (e.g. Harden et al., 2013) than for some other painful conditions
such as low back pain. This might be linked to the presence of a commonly-used
surgical procedure for knee OA (knee replacement surgery) but not for many
other pain conditions, as well as the minimal focus of pain in the OA literature
generally (Jordan & Gracely, 2013). However, the research base in knee OA is
beginning to address this, and a biopsychosocial understanding of the condition
has been advocated in the literature (Hunt, Birmingham, Skarakis-Doyle, &
Vandervoort, 2008). For example, a biopsychosocial framework of knee OA has
enabled researchers to develop hypotheses for the common (and difficult-to-
explain within a solely medical model) finding that radiographic damage of the
knee (damage shown by x-rays or other medical scans) is not always strongly

67



associated with level of pain reported by knee OA patients (e.g. Bedson & Croft,
2008).

For example, in a recent study which separated knee OA patients into subgroups
according to whether they had high or low levels of self-reported pain and high or
low radiographic knee damage, Finan, Buenaver, et al. (2013) found significantly
higher levels of depression and anxiety reported by patients in the high pain/low
radiographic damage group compared to those in the low pain/high radiographic
damage group. This highlights the importance of considering psychosocial
factors alongside biological factors in understanding the experience of pain in
knee OA. Finan et al.’s findings suggest that anxiety and depression may have
key roles in the experience of pain for patients with knee OA, and that these
factors may help explain (at least some of) the discrepancy in patients with high

levels of reported pain but minimal knee damage.

Higher levels of depression and anxiety have been found to be associated with
higher reported pain by people with knee OA (e.g. Salaffi, Cavalieri, Nolli, &
Ferraccioli, 1991; Summers, Haley, Reveille, & Alarcén, 1988). These studies
found that both depression and anxiety (as measured by self-report
guestionnaires) were positively correlated with different aspects of pain (including
sensory and affective pain components), meaning that higher levels of
depression and anxiety were associated with higher self-reported pain. However,
the Salaffi et al. study found higher correlations (with r-values of approximately
.6) than the Summers et al. research (r-values of approximately .3), which
highlights that mood may not have a consistent impact on pain in knee OA, and

that other factors may be involved.

Depression and anxiety have also been found to be associated with QST data
(thought to quantify the level of central sensitisation; Courtney et al., 2010) in
knee OA (e.g. Finan, Buenaver, et al.,, 2013). This study found negative
correlations of approximately r = -.3 between both depression and QST data, and
anxiety and QST data. These findings suggest that lower QST values (which
suggest more pain sensitivity and greater central sensitisation) are associated

with higher levels of depression and anxiety. This is in line with the central
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sensitisation literature in which psychological factors are thought to be involved
in the development of central pain processing, and in the transition from
peripheral nociceptive mechanism to either a mixed central/peripheral process or
one defined by central processing (Courtney et al., 2010).

Although the cognitive-behavioural fear-avoidance model (Lethem, Slade, Troup,
& Bentley, 1983) is arguably the most prevalent psychological theoretical
explanation of the link between mood and pain it has several limitations (Pincus,
Smeets, Simmonds, & Sullivan, 2010). The fear-avoidance model does provide
an explanation for how anxiety, depression, and further pain can develop
following the onset of pain, in terms of its proposal that individuals may engage
in behavioural avoidance of the feared experience (i.e. pain) by disengaging from
physical activity, but that this can then result in further pain and the development
of depressed mood. However, it has been described as overly-simplistic, and
criticised for focussing more on the experience of fear, when it could be argued
that avoidance of activity is the key factor involved in the development and
maintenance of mood difficulties in the context of pain, rather than anxiety being
the key factor (Moseley, 2011; Pincus, Vogel, Burton, Santos, & Field, 2006).
Furthermore, the fear-avoidance model does not provide an explanation of why
some people experience anxiety at the onset of pain, and some do not, which is
a common criticism of cognitive-behavioural theory more generally. Also, the
model proposes that depression and anxiety are responses to pain, whereas it
has been suggested that some patients experience depression prior to pain
onset, and that the depressive symptoms can lead to increased behavioural
avoidance, which can lead to increased pain and disability (Pincus et al., 2010;
Pincus et al., 2006). Some of these criticisms lead Pincus and colleagues to
update the fear-avoidance model to account for some of its shortcomings. The
updated model includes a ‘social beliefs pathway’, in which attempted avoidance
of pain can be due to the individual's social and cultural context and the beliefs
regarding pain and health within this context (Pincus et al., 2006). The extended
fear-avoidance model also includes a ‘depression pathway’, which proposes that
depression before injury and the onset of pain can result in further pain and
disability with or without the involvement of fear (Pincus et al., 2006). In the
existing central sensitisation literature, psychological theories have seldom been
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applied to this pain process. However, George, Wittmer, Fillingim, and Robinson
(2007) applied the fear-avoidance model to a QST study with low back pain
patients. As increased depression, anxiety and/or avoidance are thought to lead
to worsened pain in (all forms of) the fear-avoidance model, it means that the
model could account for central sensitisation, as prolonged nociception is thought
to be involved in the development of this central pain process (Courtney et al.,
2010). Therefore, applications of the fear-avoidance model to central
sensitisation are likely to frame depression and anxiety as having causative

status.

Linked to the depression pathway within the Pincus et al. (2006) updated fear-
avoidance model, in a discussion regarding a cognitive-behavioural diathesis-
stress framework regarding the link between depression and chronic pain, Banks
and Kerns (1996) present three potential relationships between depression and
chronic pain: 1. Depression may precede chronic pain; 2. The two difficulties may
begin simultaneously; or 3. Depression begins as a reaction to experiencing pain.
Banks and Kerns (1996) then go on to introduce a diathesis-stress model, which
they propose explains each of these three scenarios. In their diathesis-stress
framework, a proportion of individuals are thought to have a vulnerability to
depressive mood (be that at a behavioural, cognitive or biological level). The
authors suggest that pain then acts as a stressor, and for those patients with a
vulnerability to depression, pain can either trigger low mood and avoidance
behaviour or exacerbate existing depressive symptomatology (Banks & Kerns,
1996). Although this framework does not explicitly apply itself to central
sensitisation, it could account for the role of depression in central sensitisation for
the group of patients who are depressed prior to the onset of pain. The authors
suggest that depression can lead individuals to pay more attention to bodily
sensations and that this can lead to increased sensitivity to pain thresholds and
tolerance (Banks & Kerns, 1996) (which are now thought to be constructs linked
to central sensitisation; Courtney et al., 2010, and could lead to a chronic pain
state). Therefore, similarly to the fear-avoidance model, the diathesis-stress
model suggests that depression can cause the development of central
sensitisation, via a vulnerability to engage in hypervigilant behaviour and

experience unhelpful cognitions (Banks & Kerns, 1996).
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Another key model in terms of understanding the pain-depression relationship is
enmeshment theory (Pincus & Morley, 2001), which is more cognitively-focussed
than the fear-avoidance or diathesis-stress models. Enmeshment theory
suggests that for some individuals, pain and illness beliefs are ‘enmeshed’ or
attached to their beliefs regarding their self-identity, both in terms of who they are
now and who they could be in the future (Morley, Davies, & Barton, 2005;
Sutherland & Morley, 2008). The model proposes that when all three types of
cognition (i.e. beliefs regarding pain, illness, and self-identity) are enmeshed, this
can lead to greater depression and disability (Pincus & Morley, 2001).
Enmeshment theory suggests that depression can occur before or following the
onset of pain, and it also draws on some of the vulnerability ideas from diathesis-
stress frameworks, in terms of some individuals having a vulnerability to
experience low mood in response to pain, although this vulnerability is described
as much more linked to cognitive biases in the enmeshment model (Pincus &
Morley, 2001). Although the model focusses on the role of depression in chronic
pain, it does propose that anxiety may be involved if the individual is fearful of
their perceived future-self (Sutherland & Morley, 2008). Enmeshment theory does
not appear to easily apply to central sensitisation, although it could be that if
enmeshment of beliefs regarding pain, illness, and the self lead to greater
depression and disability (including increased pain; Pincus & Morley, 2001), then
this increased pain could develop to central sensitisation (Courtney et al., 2010).
Therefore, again, this psychological theory could be interpreted to suggest that
depression is involved in the cause and development of central processes in

chronic pain.

The final psychological model of the mood-pain relationship that it is important to
introduce is the pain acceptance model (McCracken, 1998), an acceptance and
commitment theory (Hayes, Luoma, Bond, Masuda, & Lillis, 2006). This theory
suggests that if an individual does not accept their experience of pain and tries to
avoid it, they will miss out on valuable and meaningful life experiences, have a
greater risk of experiencing anxiety and depression, and generally have a lower
level of overall functioning (McCracken, 1998; McCracken & Eccleston, 2003).
The role of chronic pain acceptance could be involved in the development of
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central sensitisation (and its relationship to depression and anxiety) in a similar
manner as discussed for the other psychological models above. Specifically,
patients with low levels of pain acceptance are more likely to engage in
behavioural avoidance of pain (e.g. disengagement from physical activities),
which, as well as having a negative effect on mood, is likely to lead to decreased
use of the damaged body site (e.g. the knee in knee OA) and increased pain
(McCracken & Eccleston, 2003). So, as discussed previously, this increased
nociception could then cause central sensitisation mechanisms to develop
(Courtney et al., 2010). However, acceptance could also provide a hypothesis of
central sensitisation leading to depression and anxiety. If an individual is highly
accepting of experiencing pain and has high pain sensitivity, then it would make
sense that increased experience of pain (at a central level) would trigger less
distress (depression and anxiety) than for someone with low pain acceptance and
high central sensitisation. Therefore, the acceptance model could provide an
understanding of a reciprocal relationship between depression/anxiety and

central sensitisation.

This background has presented details of the limited existing literature regarding
the role of depression and anxiety in central sensitisation in knee OA. The
literature review highlights that although, in principle, psychological models could
explain the suggested relationship between mood and central sensitisation in
knee OA, there is minimal research to enable meaningful inclusion of central
sensitisation within existing psychological theories regarding the pain-mood link.
Therefore, this thesis research aimed to investigate the relationships between
QST data (as a potential measure of central sensitisation), reported pain,
depression, and anxiety for people with knee OA.

This is an important area of Clinical Psychology for several reasons. Firstly, the
British Psychological Society (2008) has highlighted the importance of Clinical
Psychologists working clinically with people with chronic pain conditions (such as
knee OA), in terms of providing a psychological aspect to the team’s assessment
and intervention for each patient. Therefore, with regards to research into
assessment methods of pain in knee OA, it appears important that Clinical
Psychological theory and understanding is involved so that the evidence base is
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not purely medical and that findings regarding mood, for example, are interpreted
from a psychological perspective. This is particularly important given the
suggestion by Phillips and Clauw (2011) that QST could be used to identify a
subgroup of patients who may benefit from additional non-medical interventions,
such as psychological therapy. If this is the direction of travel for QST in painful
disorders such as knee OA, then it is crucial that psychologists are involved in
QST research from the early stages to provide a psychological understanding to
how QST is used and to what factors QST data are associated with. Secondly,
despite the political drive for Clinical Psychology provision for chronic pain
patients within multidisciplinary teams, Clinical Psychologists appear to only be
involved in a small proportion of the knee OA research base. This means that,
without more psychologically-informed research, the evidence base regarding
clinical assessment and intervention of knee OA is likely to remain extremely
medical and to not reflect many of the clinical services being provided to people

with the condition.

This main aim of the thesis research was addressed via three studies, and
background information specifically-related to each of these sub-studies is

provided below.

1.1. Study 1: An Investigation into the Associations Between PPTs and Self-
Reported Pain, Depression, Anxiety, and Demographic Factors in Knee OA

There are different types of QST which induce pain using different stimuli (e.g.
pressure, heat, cold, electrical, chemical; Suokas et al., 2012), although pressure
QST has been found to have the best test-retest reliability for people with knee
OA (Wylde, Palmer, Learmonth, & Dieppe, 2011). As pressure QST is easier and
less invasive to administer than some forms of QST (such as chemical QST), it
is frequently used in knee OA pain research (e.g. Finan, Buenaver, et al., 2013;
Hochman et al., 2013). QST can also be used to measure different constructs
including pain thresholds (the minimum amount of stimulus required to induce
pain), pain tolerance (how much pain stimuli the person can endure), and pain
wind-up effects (multiple ratings of pain in response to repeated application of
painful stimuli) (Rolke et al., 2006).
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There are two main QST algorithms: the method of limits and the method of levels
(Hansson, Backonja, & Bouhassira, 2007). The method of limits involves the level
of a stimulus steadily increasing or decreasing until the perceived sensation
changes (at which point they alert the person administering the QST who ends
the procedure) (Hansson et al., 2007). The method of levels, however, involves
the application of a predefined level of stimulus and requires the person to
indicate whether they can perceive the stimulus or whether it is painful
(depending on the focus of the QST) (Hansson et al., 2007). According to
Hansson and colleagues, the method of limits form of QST is used more

frequently due to the time-consuming nature of the method of levels.

As well as the research which suggests a relationship between
depression/anxiety and QST data in knee OA (Finan, Buenaver, et al., 2013),
significant associations have also been found between QST values and self-
reported pain. For example, Arendt-Nielsen et al. (2010) found a significant
correlation (r = -.24) between self-reported pain (as measured on a VAS
unidimensional tool) and PPT in a knee OA sample. This finding suggests that
lower PPTs (i.e. more pain sensitisation) are associated with higher levels of
subjective pain. The finding of a small correlation suggests that QST and
subjective pain ratings do not measure identical constructs, which could provide
evidence for the suggestion in the literature that QST measures central
sensitisation (Courtney et al., 2010) and self-report measures often measure pain
intensity without the ability to identify the underlying mechanism for this (Jensen
& Karoly, 2001).

The link between demographic characteristics and both self-reported pain and
QST-assessed sensitisation has also been researched fairly extensively
(Fillingim, 2005). The main demographic factor in the pain literature is gender,
with women being frequently found to report higher levels of pain than men on
self-report scales (e.g. Fillingim, 2000). Similarly, women have been found to
demonstrate lower pain sensitivity than men in QST studies (Chesterton, Barlas,
Foster, Baxter, & Wright, 2003; Racine et al., 2012; Riley lll, Robinson, Wise,
Myers, & Fillingim, 1998), although this finding has not always been replicated in
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knee OA samples (e.g. France et al., 2004, who found similar levels of pain
thresholds in male and female knee OA patients). Differences in self-reported
pain and QST-assessed pain sensitivity have also been found between different
ethnic groups, and different age groups (with higher pain/sensitivity in older

compared to younger individuals) (Fillingim, 2005).

Aim.

Based on this literature review, Study 1 aimed to investigate the amount of
variation in PPTs accounted for by the key factors from the knee OA literature
base: self-reported pain; depression; anxiety; and gender. The inclusion of other
demographic factors (e.g. age) was considered, but gender is the key
demographic factor from the literature and, given that the majority of knee OA
begins during older adulthood, a sample of knee OA patients is unlikely to include

much variation in terms of age.

1.2. Study 2: An Investigation into the Inter-Rater Reliability of Pressure
Algometry QST

The inter-rater reliability of QST is important to consider for several reasons. The
QST procedure is fairly time-intensive, and therefore, for pragmatic reasons
within research studies, it is likely that multiple people will often have to be
involved in undertaking the QST. Although QST has been referred to as ‘semi-
objective’ (May & Serpell, 2009), it is dependent on the application technique of
the tester and on the ability of the participant to provide a consistent response
regarding their PPT level (Chesterton, Sim, Wright, & Foster, 2007). This means
that variability in PPT data could be due to either or both of the following reasons:
1. Inconsistency in the application of the QST by the tester (observer error); or 2.
Unreliable responses by the participant (participant error) (Chesterton et al.,
2007). As observer error could vary amongst testers, it is important that inter-

rater reliability is investigated for QST studies with multiple testers.

For QST using PPT algometry, previous research has identified the rate of

applied pressure as the main potential source of measurement error (difference
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between the PPT data collected and the ‘true value’) (Nussbaum & Downes,
1998). This means that if the tester is unable to apply a constant increasing rate
of pressure during the testing, this could introduce error into the data and the
validity of the measure could be affected. The angle at which the QST is applied
has also been highlighted as an important factor which could impact on both
measurement error and the ability of the participant to consistently report the PPT
level (Greenspan & McGillis, 1994).

The inter-rater reliability of QST also has implications for how useful the
procedure could be in clinical settings. It has been suggested that QST could be
used in clinical practice as an assessment tool or outcome measure (Fillingim,
2005; Pavlakovi¢ & Petzke, 2010). It is therefore of paramount importance that
the tool is reliable and consistent when administered by different personnel. For
instance, if the methodology is prone to poor inter-rater reliability, it could be that
patient scores could not be compared to those of other patients tested by different
personnel, or that change over time for an individual patient could only be reliably
monitored if the QST measurements were collected by the same person over

time.

Previous studies have investigated the inter-rater reliability of QST measuring
PPTS, such as Chesterton et al. (2007), who found good inter-rater reliability.
However, this study used fixed-angle pressure algometry, and so it is possible
that more variation could have been present in the QST methodology of this

thesis research as the angle was dependent on the person applying the tool.

Aim.

Therefore, the aim of Study 2 was to establish whether there was an acceptable
level of inter-rater reliability between the two testers who administered the QST
in this thesis research. The reason for conducting this sub-study was to provide
further information of the assessment tools used in the main study (Study 1) to

inform the interpretation of the study findings.
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1.3. Study 3: Rasch Analysis of the STAI-SF

The STAI-SF (Marteau & Bekker, 1992) is a six-item measure of anxiety. It
requires the respondent to indicate the extent to which each item (e.qg. | feel calm)
describes them on a four-point Likert scale (where 1 refers to ‘not at all’, 2 refers
to ‘somewhat’, 3 refers to ‘moderately’, and 4 refers to ‘very much’). The possible
total STAI-SF score ranges from 4 to 24, with higher scores indicating higher
levels of anxiety. The STAI-SF was developed from the full-length 40-item STAI
(form Y) measure, which is composed of 20 items measuring state anxiety and
20 items measuring trait anxiety (Spielberger, Gorsuch, Lushene, Vagg, &
Jacobs, 1983). State anxiety is defined as a fear or worry induced by a situation
perceived as threatening in some way, which is transient in nature, whereas trait
anxiety is thought to be a more stable level of fear or worry that occurs across a
range of non-threatening everyday situations (McDowell, 2006; Spielberger &
Sydeman, 1994).

The STAI-SF includes half of the ‘state anxiety’ items from the full-length STAI
(form Y) and none of the ‘trait anxiety’ measures (Marteau & Bekker, 1992).
Previous pain research has also excluded trait anxiety items of the STAI (e.qg.
Berman, Iris, Bode, & Drengenberg, 2009; Robinson, Bialosky, Bishop, Price, &
George, 2010), based on the argument that state anxiety is a more relevant
construct that trait anxiety in such studies (Robinson et al., 2010). Another six-
item version of the STAI was developed by Chlan, Savik, and Weinert (2003),
which has only one item in common with Marteau and Bekker’s version. In a
comparison of both six-item versions of the STAI, Tluczek, Henriques, and Brown
(2009) observed that the Marteau and Bekker STAI version is more focussed on
cognitive and anticipatory aspects of anxiety than the Chlan et al. version, which
focusses more on the somatic experience of anxiety. Therefore, it appears that
the Marteau and Bekker (1992) STAI-SF is more appropriate for use with knee
OA patients than the Chlan et al. version for several reasons. Anxiety-related
cognitive factors have been found to be important in the experience of chronic
pain, such as that usually experienced in knee OA, including fear-avoidance
beliefs (Waddell, Newton, Henderson, Somerville, & Main, 1993) and pain

catastrophising (i.e. exaggerated beliefs regarding the individual's pain
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experience and their ability to cope with this both currently and in the future;
Keefe, Brown, Wallston, & Caldwell, 1989).

Linked to these cognitive factors, a qualitative study conducted by Pouli, das Nair,
Lincoln, and Walsh (2014) with people with knee OA found that fear regarding
the future (a form of anticipatory anxiety) was an important aspect of the
experience of living with the condition. Anxiety-related cognitive features are also
central to the fear-avoidance model of chronic pain (Lethem et al., 1983; see
earlier in the Extended Background). Based on these reasons, the Marteau and
Bekker (1992) STAI-SF appears an appropriate measure to assess anxiety in
people with knee OA, and, arguably, more appropriate than the Chlan et al.
(2003) version.

The STAI, in its numerous forms, is highly used in both research and clinical
practice, and McDowell (2006) described it as “one of the best measures of
anxiety available” (p.325). Versions of the STAIl have been used in studies
investigating the correlational relationships between pain and psychological
factors both in knee OA patients (e.g. Finan, Buenaver, et al., 2013; Study 1 of
this thesis) and in patients with other musculoskeletal conditions (e.g. Valencia,
Fillingim, & George, 2011). Versions of the STAI have also been used in research
which aimed to identify subgroups of knee OA patients (such as those with high
reported pain levels but low radiological knee damage) in order to develop an
understanding of the assessment and treatment needs of the patients in these
subgroups in clinical practice (e.g. Finan, Buenaver, et al., 2013; Williams et al.,
2004). Therefore, due to the use of the STAI-SF in correlational and subgroup
research with knee OA patients, it is important to ascertain the psychometric utility
of the STAI-SF with this client group in order to critically evaluate the findings of
such research. If the STAI-SF was not found to be an appropriate measure of
anxiety for people with knee OA, then it could lead to difficulties in drawing
conclusions about the relationships between anxiety and other factors in research
using the STAI-SF.

The STAI-SF is also often used to evaluate treatments in knee OA, including
psychological interventions, in order to investigate whether the intervention
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resulted in any significant change in participants’ anxiety levels (e.g. Berman et
al., 2009). Increasing attention is being paid to the utility of psychological
interventions with chronic pain patients, including those with knee OA (e.qg.
Wetherell et al., 2011). A common aim of these psychological interventions is to
reduce patients’ anxiety levels (Roditi & Robinson, 2011), which is important as
it has been suggested that high levels of anxiety may lead to increased
maladaptive reactions (such as avoidance) to the physical symptoms of OA and
to worsening of OA pathology (McWilliams, Goodwin, & Cox, 2004). As with the
use of the STAI-SF in correlational and subgroup research, it is crucial to
investigate the psychometric properties of the measure so that the STAI-SF
results regarding the efficacy of psychological interventions can be interpreted

alongside an understanding of its psychometric utility with knee OA patients.

The psychometric properties of the STAI-SF have been investigated in a wide
range of populations (Marteau & Bekker, 1992; Tluczek et al., 2009), including
chronic pain samples (Berman et al., 2009). These studies found the STAI-SF to
have acceptable (= .7) to good internal consistency (= .8) (Kline, 1999), with
Cronbach’s a values ranging from .79 to .85. Construct validity of the STAI-SF
has also been shown (Court, Greenland, & Margrain, 2010; Marteau & Bekker,
1992; Tluczek et al., 2009). Although test-retest reliability is often reported for
guestionnaire measures, it is arguably not an important characteristic for the
STAI-SF to demonstrate due to the transient and situation-specific nature of state
anxiety (Marteau & Bekker, 1992).

Rasch model and analysis.

The STAI-SF, like many questionnaire measures, was developed using the
standards of reliability and validity (Marteau & Bekker, 1992). These standards
are based on Classical Test Theory, which, although useful, is now being
complemented by more modern psychometric models, such as the Rasch model
(Pallant & Tennant, 2007). The Rasch model (Rasch, 1960) proposes that the
probability of a particular person responding highly to a questionnaire item is a
function of the distance between the individual respondent’s ‘ability level’ (i.e. how

much of the construct being measured they have) and the ‘difficulty level’ of the
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guestionnaire item (i.e. whether a high score on the item indicates a high level of
the construct being measured). In the case of a questionnaire measuring anxiety
(such as the STAI-SF), the Rasch model would propose that the probability of an
individual responding highly to one of the items would depend on both the
person’s level of anxiety and the level of anxiety communicated by the

guestionnaire item (Pallant & Tennant, 2007).

Another aspect of the Rasch model is that the questionnaire should work in the
same regardless of what subgroup the participant belongs to (Tennant &
Conaghan, 2007). This means that males and females, or people of different (pre-
determined) age groups should have the same probability of responding highly
to each questionnaire item, if they have the same level of the construct (e.qg.
anxiety) (Pallant & Tennant, 2007). If items of a measure work in different ways
for different subgroups of a sample (e.g. based on gender or age), then the
guestionnaire is said to show differential item functioning (DIF; Tennant &
Conaghan, 2007).

Rasch analysis is based on the Rasch model, and is thought to offer additional
information regarding the psychometric properties of an ordinal or interval level
scale (Tennant & Conaghan, 2007). Rasch analysis enables researchers to
investigate the extent to which a sample’s responses to a questionnaire measure
fit the Rasch model (Pallant & Tennant, 2007). Rasch analysis also assesses
whether the scale (e.g. the STAI-SF) is unidimensional (Tennant & Pallant, 2006),
which is a characteristic linked to construct validity (Tennant & Conaghan, 2007).
A questionnaire is said to be unidimensional if it measures only one construct
(such as state anxiety), as the STAI-SF claims to be (Marteau & Bekker, 1992).
If there is fit to the Rasch model, Rasch analysis allows ordinal questionnaire data
(as in the case of STAIF-SF data) to be transformed to interval level data, which
means that change scores could be calculated (Tennant & Conaghan, 2007).
This clearly has benefits for using the measure in longitudinal or intervention

research.
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Rasch analysis and the STAI-SF.

The STAI-SF has not previously been evaluated using Rasch analysis for a knee
OA sample, although a literature search found one study which Rasch analysed
the STAI-SF for a sample of patients who attended a primary care General
Practice in the United Kingdom (Court et al., 2010). However, as different groups
of people may respond differently to questionnaire measures, it is important that
psychometric analyses are conducted for specific groups.

Indeed the Court et al. Rasch analysis study may not apply to the use of the STAI-
SF with knee OA patients. Firstly, participants were recruited from patients
attending a general practice who were aged 16 or over, and the mean age of the
sample used for the Rasch analysis was 44.4 years. The mean age of this sample
is therefore younger than the most common minimum age of diagnosis of knee
OA (45 years; Peat et al., 2001). This means that the average age of the Court
sample is likely to be around the youngest age in a knee OA sample. Secondly,
the Court study used age subgroups of <560 and =50 to investigate any response
differences between these age groups. However, the majority of knee OA
patients would fall into the 250 age group, and so it is not possible to generalise
Court’s findings of no item DIF for age group on the STAI-SF to the responses
between age subgroups in knee OA samples. Thirdly, in the Court study 20% of
the participants were attending the health service for an emergency appointment,
which is unlikely to apply to most interactions a knee OA patient would have with
their GP regarding their condition. Fourthly, the authors of the Court et al. (2010)
paper conclude that their Rasch analysis of the STAI-SF suggests that the
guestionnaire is a valid measure of anxiety in primary care general medical
practice. Although a proportion of knee OA patients are managed in primary care,
a significant proportion are managed in secondary care services, such as those
awaiting total knee replacement surgery. Finally, Court’s Rasch analysis used the
rating scale model version, and so the findings may not apply to STAI-SF data
from samples which do not meet the requirements for this version and which
instead require the use of the partial credit model version of Rasch analysis.

Therefore, based on these differences, it would not be advisable to rely solely on
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the information provided by Court and colleagues when considering the

psychometric utility of the STAI-SF with knee OA patients.

Although a larger number of studies have used Rasch analysis to evaluate
different full-length versions of the STAI (e.g. Davey, Harley, & Elliott, 2013;
Kaipper, Chachamovich, Hidalgo, da Silva Torres, & Caumo, 2010; Tenenbaum,
Furst, & Weingarten, 1985; Tenenbaum & Furst, 1985), the Rasch analysis of the
STAI-SF by Court et al. (2010) suggests that the STAI-SF has different Rasch
properties than other versions of the STAI. This suggests that it may not be
appropriate to base judgements regarding the psychometric properties of the

STAI-SF on the Rasch analyses of other STAI versions.

Aim.

Therefore, Study 3 of this thesis aimed to use Rasch analysis to evaluate
psychometric properties of the STAI-SF in a sample of knee OA patients. The
main reason for conducting this sub-study was to provide further information of
the assessment tools used in the main study (sub-study 1) to inform the

interpretation of the study findings.
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B. Extended Methods

This extended methods section will include further details of the methodology of
Study 1, and details of the methodology for Studies 2 and 3.

2.1. Study 1: An Investigation into the Associations between PPTs and Self-

Reported Pain, Depression, Anxiety, and Demographic Factors in Knee OA

Ethical considerations.

See Appendix 2 for my letter of access regarding my involvement in the research
and for an email from the Trent Comprehensive Local Research Network
confirming what was needed for me to become involved in the project. See
Appendix 3 for the ethical approval documentation relevant to study 1 of this
thesis (please note: aspects of these documents relate to parts of the wider study
that the current research is situated within and so are not relevant to this thesis.
However, as ethical approval was granted regarding the full wider project, it is not

possible to separate out the documents).

The key ethical issue considered as part of this research was harm to
participants, particularly due to the use of QST. As the QST measured pain
thresholds rather than tolerance, the algometer was removed as soon as the
participant indicated that the pressure stimulus had changed to a painful stimulus.
The pain was short-term and participants were able to end participation at any
point. These ethical measures are in line with guidance regarding the use of
painful stimuli in research with humans (International Association for the Study of
Pain, 2013), which state “stimuli should never exceed a subject's tolerance limit
and subjects should be able to escape or terminate a painful stimulus at will”. In
the current research, pain thresholds and not tolerance were measured, and the
administration of the painful stimuli was ended immediately once the participant
indicated that their PPT had been reached or once they indicated that they
wanted the QST stimuli to end for any other reason. Linked to this ethical
consideration, informed consent was key. Participants were provided with a

participant information sheet (see Appendix 4) and verbal explanation of the QST
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procedure (see Appendix 5), before completing a written consent form (see

Appendix 6) if they wished to participate in the study.

In terms of the management of harm regarding the questionnaire measures, if a
participant scored highly on the BDI-II (particularly on the item assessing suicidal
ideation) or expressed severe depression, distress or suicidality during any part
of the research process, the Arthritis Research UK Pain Centre’s Standard
Operating Procedures would have been implemented. However, this procedure

did not have to be implemented during my involvement with the research.

Sample size.

G*Power 3.1 software (Faul, Erdfelder, Buchner, & Lang, 2009) was used to
calculate the required sample size in order to conduct multiple regression
analyses with the PPTs as outcome variables. An effect size of 0.15 was used,
based on data from a pilot study conducted within the Arthritis Research UK Pain
Centre. In this pilot study, 19 participants were included and QST pain thresholds
were collected from four body sites. Multiple regression analysis (with depression,
anxiety, gender, and age entered?), were undertaken for each body site PPT
mean. The R? values in these regression analyses ranged from .24 to .51. Using
the smallest R? value of .24 in the effect size (f?) calculation (f? = R?/ (1- R?))
produces an effect size of .32. This is in the medium effect size range (.15 to .34;
Cohen, 1988). The lower end of this effect size range (.15) was used in the
sample size calculation for Study 1 in order to be conservative and to err on the

side of caution.

The model used to calculate the sample size was an a-priori, linear multiple
regression, fixed, R? deviation from zero model. The following model parameters
were used to calculate the ideal sample size: effect size (f?) = .15; power = 80%;
a = .05; four predictors in each multiple regression model (pain NRS, depression,

anxiety, gender)). This sample size calculation showed that 85 participants were

2 Although age was not entered (and pain NRS was entered) in the multiple regression analyses in Study
1 of this thesis, it was judged that this pilot study provided a reasonable comparison to base the effect
size on in order to calculate the required sample size.
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required. Although the final sample size for study 1 (n = 77) was slightly below
this number, it is more than the sample size suggested by the ‘rule of thumb’ for
sample size in multiple regression of 15 participants for each predictor variable
(Field, 2009). Using this ‘rule of thumb’, the minimum required sample size for
each multiple regression model in study 1 would have been 60 participants, which

the actual sample size of 77 knee OA patients clearly surpasses.

Demographic details.

Participants were asked for demographic details as part of the questionnaire
pack, including age and gender. Only necessary demographic information was
be collected. These details were recorded in order to assess who the results are
generalisable and, in the case of gender, to include in the data analysis as a

predictor variable.

Questionnaires.

This research is part of a wider study (yet to be published) which aims to
investigate the utility of questionnaires measuring a variety of psychological
factors in knee OA patients. As the questionnaire pack was fairly lengthy, it was
presented to participants in one of four orders in order to control for any potential
order or fatigue effects. Data from the BDI-Il (Beck, Steer, & Brown, 1996) and
STAI-SF (Marteau & Bekker, 1992) measures in the questionnaire pack was used
for the current study. As not all participants who took part in the wider
guestionnaire study chose to be involved in the QST study, only BDI-1l and STAI-
SF data from the participants who undertook the QST was included in Study 1 of

this thesis.

The STAI-SF has been shown to have adequate psychometric properties in past
studies and has been used in knee OA research (see section 1.3 for details of
this). Similarly, the BDI-II has also been used in previous knee OA research (e.g.
Williams et al., 2004). Harris and D’Eon (2008) investigated the psychometric
properties of the BDI-II with chronic pain patients and found excellent internal
consistency (= .9) (Kline, 1999). Despite some criticism within the pain literature
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that the somatic items of the BDI-II overlap too much with the pain experience,
based on their psychometric analysis, Harris and D’Eon (2008) suggest that it is
appropriate to retain the somatic items and to use the full BDI-Il measure with
chronic pain samples. Therefore, both the STAI-SF and the BDI-Il were
considered appropriate measures of anxiety and depression, respectively, in the

current study.

As part of study 3 in this thesis, the STAI-SF data was Rasch analysed, but
transformed STAI-SF scores were not used in the analysis of study 1. This was
because Rasch-transformed scores were not available for the BDI-II (as this was
outside the scope of the research included in this thesis) and it was not
considered good practice to include a mix of raw and Rasch-transformed scores
in the analysis. Furthermore, as the BDI-Il data was at ordinal level, having
interval-level STAI-SF data (i.e. the Rasch-transformed scores) would still not
allow parametric analyses to be used as the BDI-II data would still necessitate
non-parametric correlation analyses. Despite the Rasch-transformed STAI-SF
data not being used in the analysis of study 1, the findings of the Rasch analysis

were used to critically consider the results regarding the STAI-SF in study 1.

Participants who returned the questionnaire pack with missing data were
contacted, where possible, by a researcher to recollect the data. However,
recollected BDI-Il and STAI-SF data were not included in the current research
due to concerns that it could invalidate the remit of the questionnaires to measure
recent levels of depression and anxiety, respectively. The BDI-Il requires
participants to complete the measure based on how they have felt in the previous
two weeks. The STAI-SF requires participants to complete the questionnaire
based on how they feel at the specific moment. Therefore, any missing data
collected at a later date would correspond to a different time-point than the rest

of the data for that questionnaire.

Pain NRS.

Although there are criticisms that pain intensity NRS measures do not measure
different components of pain (such as affective aspects of pain) (Jensen & Karoly,
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2001), a 0 to 10 point pain NRS was used in this study as the tool is used in a
wide range of pain and musculoskeletal research (Huber et al., 2007), and it is
very quick to complete (Jensen & Karoly, 2001), which was important in order to
reduce the time burden on the participants during the QST session.

Pain pressure thresholds.

PPTs were measured using pain-pressure algometry QST (using the method of
limits) at knee sites (medial and lateral knee joint-line), a distal body site (medial
tibia mid-shaft), and a remote body site (sternum). This form of QST has been
found to have the best test-retest reliability for people with knee OA (Wylde et al.,
2011). Furthermore, the inter-rater reliability of the two individuals administering
the QST in this study was investigated as part of this thesis research (see
sections 1.2, 2.2, and 3.2 of this Extended Paper).

Recruitment and process.

See Appendix 7 for the protocol for the wider study that this study is part of.
Potential participants were identified by designated ‘gatekeeper’ professionals in
each trust involved in the research. These participants were then sent an
invitation letter signed by the healthcare professional responsible for their care.
Along with this invitation letter, prospective participants were sent a participant
information sheet (see Appendix 4), a consent form (see Appendix 6), and the
guestionnaire pack (which included the BDI-Il and STAI-SF measures). A pre-
paid envelope was included for participants to return the completed consent form
and questionnaire pack if they decided to take part in the study.

On the consent form, participants were asked to indicate whether they wished to
participate in the QST part of the study after completing the questionnaires.
Those who indicated that they were interested in taking part in the QST aspect of
the study were then contacted by telephone by a researcher to answer any
guestions the participant had and to arrange a mutually-convenient time for the

QST session if they still wished to participate. The QST session took place in a
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University of Nottingham clinical research room, and participants were

reimbursed for travel expenses.

When participants arrived at the research department, they were met by a
researcher and shown to the clinical assessment room to undertake the QST.
Further information regarding the QST study was provided by the researcher. At
the start of this data collection session, the researcher asked participants to rate
the pain intensity at their most painful knee over the previous week on a 0-10 pain
NRS. The researcher wrote down the participant’s pain NRS rating, and then the
QST procedure was carried out by the researcher as described previously in this

thesis. PPTs were recorded on a paper record form by the researcher.

Duration of participant involvement.

The questionnaire pack was thought to take approximately one hour to complete
(as the pack include numerous questionnaires, many of which related to the wider
study and were not part of this thesis research). As participants completed the
questionnaire pack in their own home, they could respond to the measures at

their own pace. The QST testing session also lasted for approximately one hour.

To participants, the sequence of events in Study 1 were as follows:

Phase 1 The participant was approached by a healthcare professional

involved in their care and provided with details of the research.

Phase 2 If the participant chose to take part, they completed the consent
form and questionnaire pack and returned this to the research team.
If the participant indicated that they did not consent to take part in
the QST part of the study then their involvement in the research

ended.

Phase 3 If the participant consented to take part in the QST part of the study,
they were contacted by a researcher to arrange a convenient time

to attend the QST session. At this session, the participant was
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asked questions about their pain (i.e. the pain NRS) and they then
took part in the QST. At this point, the participant’s involvement in
this thesis research then ended, although there is the possibility that
they may be contacted regarding further aspects of the wider study

if they consented to this.

2.2. Study 2: An Investigation into the Inter-Rater Reliability of Pressure
Algometry QST

Ethical considerations.

This study received favourable ethical approval from Nottingham Research
Ethics Committee one (see Appendix 8 for confirmation of ethical approval). As
this sub-study used the same QST methodology as Study 1 of this thesis, the
same consideration of ethical issues apply to this study as were discussed in

section 2.1.

Participants.

For this sub-study, sample size was calculated based on a similar previous QST
inter-rater reliability research (Chesterton et al., 2007). As intra-class correlation
coefficients (ICCs) were the planned analysis, the sample size was calculated for
this (based on Walter, Eliasziw, & Donner, 1998), and was designed to test for
an ICC of .9 with a null value of .7 (based on Chesterton et al., 2007). For the
sample size calculation, the following model parameters were used: n = 2 (i.e.
two researchers administering the QST); power = 80%; a = .05. From this, it was
calculated that 19 participants would be needed, and therefore the sample of 20

participants for sub-study 2 was of adequate size.

Twenty participants were recruited opportunistically by advertising the study to
students and staff at the University of Nottingham. Those who indicated an
interest in participating were given a participant information sheet and invited to
take part in the study. Recruitment ended after twenty participants were
consented into the study. Participants were eligible to take part if they were able

89



to take part in the QST procedure, if they did not have any significant medical or
psychiatric conditions that could adversely affect the results, and if they were
capable of providing informed consent. Participants screened themselves for
study eligibility.

Healthy control participants were used for Study 2 as this study was concerned
with the inter-rater reliability of two researchers who collected the PPT data by
conducting QST. Therefore, it is not problematic that healthy controls were tested
in this study (and not knee OA participants as in Study 1), as the QST data
collected in Study 2 was not of specific interest itself, as the focus was on the
comparability of PPTs measured by both testers. The aim of Study 2 was to
investigate the inter-rater reliability of data collected via the QST methodology
used in Study 1, and the same researchers administered the QST in both studies.
Furthermore, although difference in PPTs between individuals have been found
for factors such as gender (e.g. Riley Il et al., 1998) and physical health status
(Wylde et al., 2011), such characteristics have not been found to impact on the
reliability of individual participants’ responses in previous QST literature
(Chesterton et al., 2007).

Procedure.

See Appendix 9 for the protocol for Study 2. When potential participants indicated
they were interested in taking part in this study, they were sent a participant
information sheet (see Appendix 10). The study was undertaken in a University
of Nottingham clinical research room, and the procedure lasted for approximately
60 minutes per participant. One of two researchers explained the procedure by
verbally reiterating the details included in the participant information sheet. Once
the researcher had confirmed that the individual was eligible to take part and that
they understood the details of the study, the participant provided written consent
by signing a consent form (see Appendix 11).

Before starting the QST procedure, participants were asked by a researcher to
provide demographic details (gender, age). This information was collected in

order for the findings to be placed in the context of the participant sample
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characteristics. QST was then undertaken which measured PPTs on the following
body sites: nailbed (as a learning site for the participant to understand the
procedure), medial knee joint line, lateral knee joint line, medial tibia mid shatft.
The same QST procedure was used as in Study One: see section 2.1 for details.
QST was undertaken for each participant by two researchers trained in the
procedure (the same personnel as in Study One). One researcher conducted the
QST procedure, and then the other researcher repeated this testing. There was
a five minute break between the first and second QST procedures in an attempt

to prevent against any potential pain sensitivity wind-up effects.

To control for any order effects (including any potential impact of repeating the
QST procedure), the order of the testers was counterbalanced, using the method
of ‘complete counterbalancing’. In practice, this meant that one researcher
conducted the first QST set for half of the participant sample, and the other
researcher conducted the first QST set for the other half of the sample.
Participants were assigned an identification (ID) number when they arranged the
appointment time for them to take part in the study. The ID numbers were
assigned in sequentially increasing order (so the first participant was ‘1’, the
second was ‘2’ and so on). Participants assigned with an odd ID number received
the QST from Researcher A first and then from Researcher B, whereas those
with an even ID number received the QST from Researcher B first and then from
Researcher A. Figure 1 illustrates the participants’ journey through the study

process.
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Figure 1. A diagram depicting the study process for Study 2.
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Data analysis.

The means and standard deviations were calculated for each of the four QST test
sites (sternum, medial and lateral knee joint-lines, and medial tibia mid-shaft; no

the nailbed as this was the learning site for the participant, as in Study 1).

The inter-rater reliability for the PPTs at each body site was investigated using
ICC analysis. Hallgren (2012) recommends ICC analysis for the investigation of
inter-rater reliability, and this method of analysis has been used in previous QST
inter-rater reliability research, although not in the majority of these studies
(Chesterton et al., 2007). Based on guidance by Hallgren (2012), inter-rater
reliability in this sub-study was assessed using two-way mixed, absolute
agreement, single measures ICC analysis (McGraw & Wong, 1996). The model
was two-way as both researchers conducted the QST for each participant. The
model was set as mixed-effects as the aim of this sub-study was to investigate
the reliability between two testers rather than to generalise the reliability findings
to other testers. In the ICC analysis, good inter-rater reliability was characterised
by absolute agreement (rather than relative consistent agreement). As QST is
considered within the literature to be an objective measure of pain sensitivity
(Courtney et al., 2010), absolute agreement in terms of inter-rater reliability was
therefore a suitable analysis parameter. Finally, a single-measures ICC model
was used as although all participants in this sub-study were tested by both
researchers (which would usually suggest the use of an average-measures ICC
model), the aim of Study 2 was to inform the findings of Study 1, in which
participants were tested by one of two researchers (and not both as in Study 2)
(Hallgren, 2012).

95% Confidence Intervals (Cls) were also calculated for each ICC, in order to
allow comment on the variability of the inter-rater reliability. ICCs fall between 0
and 1. The classification system proposed by Cicchetti (1994) was used to
categorise the ICC values for the PPTs at each body site. See Table 11 for details
of these qualitative labels and their corresponding ICC cut-off values. The
Cicchetti (1994) classification system is frequently used in inter-rater reliability
research utilising ICCs as a method of data analysis (Hallgren, 2012), and
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therefore appears an appropriate method of describing the ICC data in the current

research.

Table 11.
Details of the ICC classification system proposed by Cicchetti (1994).

ICC value Classification

Less than .40 ‘Poor’

Between .40 and .59 ‘Fair’

Between .60 and .74 ‘Good’

Between .75 and 1.0 ‘Excellent’

2.3. Study 3: Rasch Analysis of the STAI-SF

Ethical considerations.

As this sub-study was part of the same wider research project as Study 1, please
see section 2.1 regarding the ethical approval and ethical considerations for the
Rasch analysis sub-study.

Participants.

The sample for this aspect of the research consisted of 246 people with a
diagnosis of knee OA. The sample size was based on the recommendation for
Rasch analysis, which suggests data should be analysed from approximately 250
individuals (Linacre, 1994). These participants were recruited via the same
recruitment strategy outlined in section 2.1, as the sample for Study 1 were
recruited from the sample for this study (Study 3).
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Procedure.

As the recruitment and data collection aspects of this Rasch analysis sub-study
were identical to those regarding the questionnaire elements of Study 1, these
will not be repeated here. The questionnaire pack posted to participants included
the STAI-SF (Marteau & Bekker, 1992) and a pain intensity NRS. Participants
who returned the questionnaire pack with missing data were contacted, where
possible, by a researcher to recollect the data (as part of the protocol for the wider
study). However, recollected STAI-SF data are not included in the current
research due to concerns that it could invalidate the questionnaire’s remit to
measure ‘state anxiety’ (i.e. collecting different items of the STAI-SF on different
days could result in data collection regarding anxiety in two different ‘states’). As
this study focussed on the psychometric properties of the STAI-SF in a knee OA
sample, data was analysed from all STAI-SF questionnaires completed by
participants in the wider research project with the Arthritis Research UK Pain
Centre at the University of Nottingham, regardless of whether they went on to
take part in the QST procedure. Therefore, some, but not all, of the participants
included in the sample for this sub-study also constituted the sample for Study 1

in this thesis.

Data analysis.

Descriptive statistics were calculated regarding the demographics and pain-level

of the sample.
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Rasch analysis.

As part of the data preparation stage prior to the completion of Rasch analysis,
the internal consistency of the STAI-SF data was evaluated using the Cronbach’s
alpha statistic. Rasch analysis was carried out using the RUMMZ2020 software
(Andrich, Lyne, Sheridan, & Luo, 2003), and the data was checked for accuracy
once it had been entered into RUMM2020. In line with the requirements for Rasch
analysis in RUMM2020, the possible responses for each item were changed from
“1,2,3,0r4 10 ‘0, 1, 2, or 3’ (Andrich et al., 2003). To decide whether the rating
scale (Andrich, 1978) or partial credit version (Masters, 1982) of the Rasch model
should be used, a likelihood ratio test was undertaken. As the likelihood ratio test
was significant (p<.05), the partial credit Rasch model was used. Each individual
item of the STAI-SF was investigated for disordered response thresholds (Pallant
& Tennant, 2007; Tennant & Conaghan, 2007). When disorder thresholds were
observed for an item, that item was re-scored by collapsing adjacent response
options (e.g. 0,1,2,3 could be rescored to 0,1,1,2) (Pallant & Tennant, 2007).
Summary statistics were then inspected for the data including the re-scored item,
and the rescoring was included in the subsequent Rasch analysis if it resulted in

an improved fit to the model (Shea, Tennant, & Pallant, 2009).

Summary statistics in RUMM2020 were analysed as a first step in the Rasch
analysis. Fit residual statistics were calculated for both the items and the persons.
These fit residuals were transformed to estimate a z-score with normal
distribution (Pallant & Tennant, 2007). Therefore, if the item or person showed
good fit with the Rasch model, the transformed mean and SD fit residuals should
equal 0 and 1 respectively (Pallant & Tennant, 2007). Groups of participants
(called ‘Class Intervals’) were created to separate out the participants with a low
or high ‘trait ability level’ (i.e. anxiety level) (Tennant & Conaghan, 2007). These
Class Intervals should be of equal size for each item, including approximately 50
cases per item (Psychometric Laboratory for Health Sciences, 2007). An item-
trait interaction Chi-squared analysis was conducted to test whether the
hierarchical ordering of all of the STAI-SF items was invariant across different
anxiety levels (i.e. the class intervals) (Moreton, Wheeler, Walsh, & Lincoln, 2012;
Tennant & Conaghan, 2007). If this statistic was significant (p < .05, with
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Bonferroni Correction for the number of items), then it can be concluded that the
ordering of the items varies across the spectrum for the state anxiety trait (Pallant
& Tennant, 2007).

The Person Separation Index (PSI) was calculated as a measure of internal
consistency in the STAI-SF data. If the PSI value was 0.7 or above this indicated
acceptable internal consistency reliability (Fisher, 1992; Shea et al., 2009). An
acceptable PSI value would also suggests that the Fit Statistics produced were

reliable without an excessive amount of error.

In the next step of the Rasch analysis, individual items and participants were
investigated for misfit to the Rasch model. To examine item-fit, Chi-square and
Analysis of Variance (ANOVA) statistics with a Bonferroni correction were used.
To investigate the fit for both items and persons, fit residuals were examined, and
values between -2.5 and 2.5 were considered to demonstrate acceptable fit to
the Rasch model (Moreton et al., 2012; Pallant & Tennant, 2007). If misfit of items
and/or persons was found, these would be dealt with by investigating if removal
of these improved the overall fit of the STAI-SF data to the Rasch model (Moreton

et al., 2012; Psychometric Laboratory for Health Sciences, 2007).

DIF was investigated using an ANOVA with a Bonferroni Correction for the
person factors (gender [males and females] and age group [under 65; 65 to 71,
72 and above])3. If a questionnaire item shows DIF then this suggests that the
item is performing differently for people who fall into different subgroup
categories (in this case, gender or age group), even if they have the same level
of anxiety.

Local dependency (Baghaei, 2007) of the items in the STAI-SF data was tested
by examining how the residuals of each item correlated with that of the other

items. If an item is dependent, this means that an individual’s response to it would

3 Although there is no specified method of defining the age groups used in Rasch analyses, the
age groups used were selected because they each contain approximately equal participant
numbers. The ‘under 65’ group contained 77 participants, and the ‘65 to 71’ and ‘72 and above’
groups both contained 84 participants. Furthermore, the age group split made sense in terms of
the 65 years-old age cut-off between ‘adult’ and ‘older adult’ that is often used in NHS contexts.
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have a direct bearing on their response to another item on the same measure
(Baghaei, 2007). A positive correlation of above 0.3 between the residuals of two
items would suggest response dependency between those items (Ramp, Khan,
Misajon, & Pallant, 2009).

Linked to the concept of local response dependency is unidimensionality (Pallant
& Tennant, 2007; Tennant & Pallant, 2006). Unidimensionality was tested for via
the method outlined by Smith (2002). Principal Components Analysis was run on
the residuals to identify two subgroups of items: a set of three items which loaded
positively onto the first component and a set of three items which loaded
negatively. Independent t-tests were then undertaken to look for any differences
in the estimated scores for both subgroups of items, and if more than 5% of these
t-tests were significant (at the p = .05 level), then unidimensionality may be
breached. If more than 5% of the t-tests were significant, a Binomial Confidence
Interval would be used to investigate unidimensionality further, and if the lower
95% Confidence Interval proportion was above 0.05 then the measure would be
considered non-unidimensionality (i.e. multidimensional) (Shea et al., 2009;
Tennant & Pallant, 2006).
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C. Extended Results

This extended results section will provide further details of the results of Study 1
in terms of the data screening, testing of assumptions, and the Bonferroni-Holm
correction for multiple testing. The full findings of Studies 2 and 3 will also be

provided.

3.1. Study 1: An Investigation into the Associations Between PPTs and Self-

Reported Pain, Depression, Anxiety, and Demographic factors in knee OA

Response rate for questionnaire measures.

The response rate for the questionnaire pack (which included the BDI-II and
STAI-SF) was 19%, which is low but in line with the response rates of other

studies undertaken within the Arthritis Research UK Pain Centre.

Data screening.

The data for Study 1 were screened using recommendations by Tabachnick and
Fidell (2013), details of which are provided below.

Inspection of univariate descriptives for accuracy of input.

Firstly, the raw data for all variables were checked for accuracy against the
original record forms and any errors were rectified. Univariate descriptive
statistics were also used to analyse the accuracy of the data input. No out-of-
range values were found for any of the variables. For all participants, gender was
recorded as ‘male’ or ‘female’, age ranged from 43 to 89 years (which is above
the inclusion age of 18 years), and PPTs were all above zero (there is no upper
limit for PPTs). See Table 12 for details of the range of values in the collected
data and the possible ranges for the pain NRS, BDI-Il, and STAI-SF totals.
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Table 12.
Details of the actual and possible range of values for the BDI-Il, STAI-SF and

pain NRS factors.

Factor Range of values in Possible range of data

collected data

BDI-1l total 0-40 0-63
STAI-SF total 6—22 6-24
Pain NRS 2-10 1-10

Means, SDs, medians and inter-quartile ranges were reviewed for the variables,
and these were assessed as plausible (i.e. no extreme values were found for
these descriptive statistics). The presence of high SDs for the PPT data was in
line with the findings of previous PPT QST research (Finan, Buenaver, et al.,

2013) and was therefore not considered problematic.

The data was also screened for univariate outliers as part of inspecting the data
for accuracy of input. For gender, no univariate outliers were detected as there
was an approximately even split between the gender categories. For the
continuous variables (age, pain NRS, BDI-II total, STAI-SF total, and the mean
PPTs for the sternum, medial knee joint-line, lateral knee joint-line and medial
tibia mid-shaft), univariate outliers were identified via the inspection of boxplots
(see Appendix 12). This highlighted the presence of four univariate outliers for
the mean sternum PPT, one for the mean medial knee joint-line PPT, three for
the mean medial tibia mid-shaft PPT, and one for the BDI-II total. No univariate
outliers were detected for age, mean lateral knee joint-line PPT, knee pain NRS,
or STAI-SF total. Inspection of these univariate outliers confirmed that they were

true outliers and were not inaccurately inputted into the dataset.

Missing data.

As data were missing for some of the factors, | checked whether this was missing

at random (MAR). As MAR is not directly testable by statistical procedures

100



(Jaeger, 2006), | examined the data spreadsheet and the questionnaires and
came to the conclusion that the data did not appear to be MAR (i.e. it appeared
to be missing not at random, or MNAR). Data was missing for four participants
for the mean medial knee joint-line PPT and for three participants for the mean
lateral knee joint-line PPT. For these participants, PPT data was missing because
it was not possible to reach the individuals’ PPT for these body sites during the
QST procedure (which suggests that their PPT was higher than for other
participants at these sites). Data was also missing from 11 participants for the
BDI-II total and from one participant for the STAI-SF total. For the participants
with missing data from the BDI-II, eight participants were missing data from one
guestionnaire item only (item 1: one participant; item 4: one participant; item 21:
six participants), two participants were missing data from two items (items 8 and
21: one patrticipant; items 10 and 20: one participant), and one participant was
missing data from 11 items (items 11 to 21). For the participant with a missing
STAI-SF total score, this was because they did not respond to any items from the

measure.

As the missing data appeared to be MNAR, | imputed the data using a maximum
likelihood procedure (as this process can be unbiased with MNAR data despite
the method assuming the data is MAR) (Schafer & Graham, 2002). In order to
investigate the impact of the imputation, Spearman’s correlations were calculated
between the variables of interest for both the original data and the dataset which
included the imputed values (as this analysis was planned as part of the first step
of the multiple regression analyses). Inspection of these correlations showed no
real differences, and so it appeared that the imputed data reflected statistical
reality (Tabachnick & Fidell, 2013). Therefore, the subsequent aspects of the
statistical analysis were conducted on the dataset with imputed values in place
of the missing data. The STAI-SF missing data were not imputed as all items
were missing for the one participant with missing STAI-SF data and so it was
decided that it was more justifiable and meaningful to not impute this data.
Therefore, all analyses including the STAI-SF total factor included data from 76

rather than 77 participants.
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Testing the assumptions of multiple regression.

Linearity and homoscedasticity.

Linearity and homoscedasticity between all the continuous variables (the four
PPT means; pain NRS; BDI-II total; and STAI-SF total) was assessed by
examining bivariate scatterplots (see Appendix 13). These plots suggested that
the relationships between variables were linear, but that many of the relationships
were not homoscedastic (i.e. heteroscedastic: the variability in one variable
appeared to not be the same at all values of another variable; Tabachnick &
Fidell, 2013).

Normality.

Normality was assessed for the continuous predictor variables (pain NRS, BDI-II
total and STAI-SF total) and for each of the outcome variables (mean PPT for
the: sternum; medial knee joint-line; lateral knee joint-line; and medial tibia mid-
shaft) by inspecting histograms and examining this statistically using the
Kolmogorov-Smirnov test. All histograms for the variables suggested that they
were not normally distributed (i.e. the distributions appeared skewed; see
Appendix 14 for the histograms used for assessing the normality of these factors).
This conclusion of non-normality was reinforced by the Kolmogorov-Smirnov test
which was significant for all factors (at the p < .05 level) (sternum PPT mean:
D(77) = .131, p = .002; medial knee joint-line PPT mean: D(77) = .107, p = .030;
lateral knee joint-line PPT mean: D(77) = .119, p = .008; medial tibia mid-shaft
PPT mean: D(77) = .154, p <.001; pain NRS: D(77) = .120, p = .008; BDI-II total:
D(77) = .144, p < .001; STAI-SF total: D(76) = .132, p = .002).

Although the predictor variables (Pain NRS; BDI-II total; STAI-SF total) were not
normally distributed, each had the minimum number of participants per predictor
variable (n = 15; Field, 2009) and did not have bi-modal distributions, and so it
was decided not to transform the data. This decision was based on guidance
suggesting that predictors do not have to be normally distributed (Dancey &
Reidy, 2011). However, outcome variables must be normally distributed (Dancey
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& Reidy, 2011), and so the four mean PPT factors were transformed in order to
meet this requirement. Log, square root and reciprocal transformations were
calculated for each of the PPT outcome variables. Square root transformation
resulted in the most normal distributions for the sternum, medial knee joint-line
and lateral knee joint-line PPT means compared to the other transformation
methods upon inspection of the histograms. For the medial tibia mid-shaft PPT
mean, the log transformation appeared to result in a slightly more normal
distribution than the square root transformation (as for the Kolmogorov-Smirnov
test (log transformation): D(77) = .064, p = .200; whereas for the Kolmogorov-
Smirnov test (square root transformation): D(77) = .102, p = .047). However, the
histogram appeared normally-distributed for the square root transformation of the
medial tibia mid-shaft PPT mean, and so this was assessed as leading to
acceptable normality. Furthermore, although the four mean PPT factors were not
be used in the same multiple regression models, it was judged as more consistent

to use the same transformation method for all outcome variables.

Square root transformations of the PPT mean factors also appeared to retain
linearity and improve the homoscedasticity for the variables of interest upon
inspection of bivariate scatterplots (see Appendix 15). Therefore, the square root
transformations of the outcome variables (rather than the non-transformed PPT
means) were used for all subsequent analyses (i.e. for the remaining
assumptions testing and for the correlation and multiple regression analyses.
However, | will continue to refer to the PPT variables as ‘(body site) PPT mean’

for conciseness.

Univariate outliers.

As briefly discussed previously as part of the data screening process, univariate
outliers were assessed for each variable of interest (each PPT mean; gender;
pain NRS; BDI-II total; and STAI-SF total) by inspecting boxplots for each factor
(see Appendix 12). This analysis identified that the BDI-Il factor had four
univariate outliers (which represented participants with higher BDI-II totals than
other participants), and the medial tibia mid-shaft PPT mean factor had one
univariate outlier (which again represented a higher value than other
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participants). No outliers for the other variables were found. In order to reduce
the impact of the BDI-II total univariate outliers, this variable was transformed, as
recommended by Tabachnick and Fidell (2013). The square root transformation
procedure was used so as to use the same transformation method as for the PPT
mean outcome variables (Field, 2009). This resulted in no univariate outliers for
the transformed BDI-II variable, and this factor appeared to retain acceptable
linearity and homoscedasticity (see Appendix 16). The square root transformed
BDI-1I total will be referred to as ‘BDI-II total’ for conciseness in the subsequent
sections of the analysis. To deal with the impact of the univariate outlier for the
medial tibia mid-shaft PPT mean, as the variable had already been transformed,
it was decided to change the raw medial tibia mid-shaft PPT mean for this
participant so that their score was still ‘deviant’ but not to the extreme that it was

originally (based on recommendations by Tabachnick & Fidell, 2013).

Multivariate outliers.

Multivariate outliers were assessed for each planned outcome variable (i.e. the
individual PPT means) along with the continuous predictor variables (pain NRS;
BDI-Il; STAI-SF). In the dataset, no cases had a Mahalanobis D? with a probability
less than or equal to .001, and so it was concluded that no multivariate outliers

were present in the dataset (Tabachnick & Fidell, 2013).

Multicollinearity.

Multicollinearity of the planned predictor variables pain NRS; BDI-II total; and
STAI-SF total was assessed using Spearman’s rho correlations (due to the NRS,
BDI-Il and STAI-SF providing ordinal level data; Field, 2009). Multicollinearity of
the predictor variable gender was assessed using rank-biserial correlations due
to its dichotomous nature and the ordinal level data of the other factors (the PPT
data was reduced to ordinal level data due to the transformations undertaken:
Osborne, 2002). None of the predictor values were found to correlate highly with
each other (i.e. no rs or rm value was over 0.9), and so the multiple regression
assumption of no multicollinearity between predictors was upheld (Tabachnick &
Fidell, 2013).
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To calculate the rank-biserial correlations, the following formula was used: two

times the difference between the mean ranks of the two groups (i.e. male and

female gender) divided by the total sample size (Kraemer, 1982). See Appendix

17 for the SPSS output showing the mean ranks for men and women for each

PPT, calculated using Mann-Whitney analysis. The calculations for the rank-

biserial correlations between gender and each of the other study variables are

shown in Table 13.

Table 13.

Calculations of rank-biserial correlations between gender and the other study
factors.

Factor correlated Calculation of rrb I'rb P of correlation *
with gender

Sternum PPT 2((34.09-45.21)/77) -.29 .030

Medial knee joint- 2((32.86-46.76)/77) -.36 .007

line PPT

Lateral knee 2((33.79-45.59)/77) -31 .022

joint-line PPT

Medial tibia mid-  2((33.77-45.62)/77)  -.31 .021

shaft PPT

Pain NRS 2((39.07-38.91)/77) .00 .975

Depression 2((42.13-35.04)/77) .18 167

Anxiety 2((37.42-39.84)/77) -.06 .633

*P-values taken from Mann-Whitney analyses for each factor (see Appendix 17).

The remaining assumptions (normality of residuals and independent errors) were

assessed following the multiple regression analysis as they required analysis of

residuals.
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Normality of residuals.

Inspection of residual normality P-P plots and of residuals scatterplots for each
multiple regression model suggested that the normality of residuals assumption
was met for all four regression analyses (i.e. the models with sternum, medial
joint-line, lateral joint-line, and medial tibia mid-shaft as outcome variables) (see

Appendix 18 for these plots regarding normality of residuals).

Autocorrelation.

The assumption of uncorrelated residuals (also known as lack of autocorrelation)
for multiple regression analyses was tested with the Durbin-Watson test. The
reference values provided by Durbin and Watson (1951) were used to compare
the Durbin-Watson value for each final multiple regression model to in order to
evaluate the autocorrelation assumption. The reference values used related to
the probability value used in the analysis (p = .05), the sample size, and the
number of predictors included in each analysis. Therefore, for each PPT
regression model, the Durbin-Watson comparison values for four predictors were
used. To investigate positive serial correlation, the Durbin-Watson statistic for
each regression was compared directly to the reference values; and to assess
negative serial correlation the reference values were compared against the value
resulting from the calculation ‘4 minus the Durbin-Watson value’ (Durbin &
Watson, 1951).

There was no evidence of either positive or negative serial correlation for the any
of the multiple regression models (sternum PPT: d = 1.78; medial knee joint-line
PPT: d = 1.77; lateral knee joint-line PPT: d = 1.95; medial tibia mid-shaft PPT: d
= 2.22). Therefore, none of the multiple regression models appeared to violate

the autocorrelation assumption.

Bonferroni-Holm adjustment.

To correct for the repeated multiple regression testing (i.e. for each of the four
PPT factors), the sequential Bonferroni-Holm adjustment was applied to the alpha
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value for each regression model (Holm, 1979): see Table 14 for the corrected

values.

Table 14.

Bonferroni-Holm corrected alpha values for each multiple regression model.
Multiple regression Bonferroni-Holm Corrected alpha
model * adjustment calculation value
Medial tibia mid-shaft PPT | .05/4 .0125
Lateral knee joint-line PPT | .05/3 .0167
Medial knee joint-line PPT | .05/2 .025
Sternum PPT .05/1 .05

* Sequence order of regression models was determined according to smallest to
largest p-values, as per the Bonferroni-Holm method (Holm, 1979), for stage 2 of
each regression model. P-values for the models were: medial tibia mid-shaft PPT
= .001,; lateral joint-line PPT = .003; medial joint-line PPT = .004; sternum PPT =
.006.

The p-values for each multiple regression model (stage 2) were lower than the
corrected alpha value for that particular model. Therefore, all models remained
statistically significant following the application of the Bonferroni-Holm

adjustment.

3.2. Study 2: An Investigation into the Inter-Rater Reliability of Pressure
Algometry QST

Sample demographics.

The sample (n = 20) for Study 2 included 5 men (25% of sample) and 15 women
(75% of sample). The age of participants ranged from 23 to 65 years, and the
mean age was 42.00 years (SD = 12.01). Means of the PPT values at each body
site were calculated for the participants (i.e. a mean of the PPT values for the

body sites tested by researcher A and a mean of the data collected by researcher
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B). Means of these PPT means were then calculated for each researcher so that
there were four PPT means (for each body site) relating to the QST conducted
by researcher A and four PPT means relating to the testing conducted by
researcher B. Mean PPT data were available for all twenty participants for each
body site, except for the medial knee joint line where only eighteen mean PPTs
were included in the analysis. This is because medial knee joint line PPTs for two
of the participants were not able to be recorded due to the testers being unable
to apply enough pressure for the participants to indicate that their PPT level had

been reached.

See Table 15 for the mean PPTs and SDs for each body site for both researchers
separately. This shows that the PPTs collected by researcher B were consistently
higher than those collected by researcher A for all body sites. The SDs, however,
were of similar size, suggested similar variation in the PPT data collected by both

testers.

Table 15.
Means and SDs of PPT data collected by each researcher.

PPTs (kPa): mean (SD)

Body site Researcher A Researcher B

Sternum 255.31 (149.56) 292.97 (154.48)
Medial knee joint-line 355.56 (191.86) 423.91 (190.60)
Lateral knee joint-line 416.34 (192.98) 473.59 (218.55)
Medial tibia mid-shaft 258.09 (165.03) 301.19 (170.10)

Inter-class coefficients.
ICCs (a measure of inter-rater reliability) were calculated for each QST body site

to compare the PPT data collected by the two trained researchers. This provided

guantification regarding the consistency of using the QST tool to measure PPTs
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between the two testers. Qualitative descriptions of the ICC values were applied

according to the system developed by Cicchetti (1994).

Sternum ICC.
For the sternum PPT data, the ICC was within the ‘excellent’ range (ICC = .803).
The 95% CI for the sternum ICC ranged from the ‘fair’ to ‘excellent’ categories
(95% CI [.562, .918]).

Medial knee joint-line ICC.
For the medial knee joint line PPT data, the ICC was within the ‘excellent’ range
(ICC = .869). The 95% CI for the sternum ICC ranged from the ‘fair’ to ‘excellent’
categories (95% CI [.417, .960]).
Lateral knee joint-line ICC.
For the lateral knee joint line PPT data, the ICC was within the ‘excellent’ range
(ICC =.828). The 95% CI for the sternum ICC ranged from the ‘fair’ to ‘excellent’
categories (95% CI [.581, .931)).

Medial tibia mid-shaft ICC.
For the medial tibia mid-shaft PPT data, the ICC was within the ‘excellent’ range
(ICC =.869). The 95% CI for the medial tibia mid-shaft ICC ranged from the ‘good’
to excellent ranges (95% CI [.650, .949]).
3.3. Study 3: Rasch Analysis of the STAI-SF

Response rate.
The response rate for the questionnaire pack (which included the STAI-SF) was

19%, which is low but in line with the response rates of other studies undertaken
within the Arthritis Research UK Pain Centre.
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Demographics and questionnaire/NRS summaries.

The sample for Study 3 consisted of 143 (58.1%) females and 102 (41.5%)
males, and participants ranged in age from 41 to 93. One participant did not
disclose their gender or age. The median knee pain NRS rating for the sample
(minus two cases of missing data) was 8, with an IQ range of 6 to 9. The median
STAI-SF total score was 10, with an 1Q range of 8 to 15. The total STAI-SF score
was not possible to calculate for nine participants due to missing data, with five
participants missing data for one STAI-SF item, one participant missing data for
three items, and three participants missing data for all six STAI-SF items. See

Table 16 for a summary of the participant characteristics for Study 3.

Table 16.

Summary of participant characteristics for Study 3.

n %
Gender
Female 143 58.1
Male 102 41.5
Missing data for gender 1 0.4
Mean SD
Age (years) 68.04 9.46
Median Inter-quartile
range*
Knee pain NRS 8 6-9
(range of possible scores: 1-10)
STAI-SF 11 8-15

(range of possible scores: 6-24)

* 25" and 75 percentiles provided.
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Rasch analysis.

Internal consistency of the STAI-SF data (prior to beginning the Rasch analysis)
was found to be good (Cronbach’s a=.874) (based on the criteria proposed by
Kline, 1999).

For the initial Rasch analysis, five Class Intervals were used as this appeared to
create the most equal group sizes, with the closest to 50 cases per group per
STAIF-SF item, which is the recommendation (Psychometric Laboratory for
Health Sciences, 2007). See Appendix 19 for the Class Interval distributions for
a range of Class Interval numbers from two to six. The closest distributions to the
recommendation of 50 cases per group per item were four and five Class
Intervals. Five Class Intervals were selected as this resulted in a smaller range
of Class Interval sizes (range: 27 to 47, a range of 20) than that of four Class
Intervals (range: 36 to 63, a range of 27), which shows more equal Class Interval

sizes of five groups of ‘trait ability’ (i.e. anxiety severity) were chosen.

All questionnaire items showed ordered thresholds, except for item 3 (I feel
upset). Item 3 was therefore rescored by collapsing options 1 (somewhat) and 2
(moderately) into one response category. Therefore, instead of the possible
response options being 0, 1, 2, or 3 (these are the adjusted values for the Rasch
analysis), the response options for item 3 were changed to O, 1, or 2 (coded 0112
in RUMMZ2020). This rescoring was selected as most appropriate because it
resulted in the thresholds being ordered correctly and retained more scoring
categories that other rescoring options, which is recommended (Psychometric
Laboratory for Health Sciences, 2007). In the analysis in which item 3 was
rescored, four Class Intervals were selected, as this resulted in groups of the

most equal sizes closest to 50 per group per item (see Appendix 20).

See Table 17 for a summary of the initial Rasch analysis and the analysis with
the scoring categories from item 3 rescored to 0112 (‘item 3 rescored’). For both
analyses, both item and person mean Fit Residuals were close to zero, and item
and person SD Fit Residuals were approximately equal to the ideal value of 1,

which suggests that both of these parameters show reasonable fit to the Rasch
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model. The item-person interaction Chi-squared statistics for the initial analysis
were non-significant (32 (24) = 35.31, p >.05), which suggested fit between the
STAI-SF data and the Rasch model for the Class Intervals. However, the item-
person interaction Chi-squared statistics for the ‘item 3 rescored’ analysis were
significant (2 (18) = 30.87, p <.03), which suggested misfit to the Rasch model
for the Class Intervals. The mean location of persons was -1.17 in the initial Rasch
analysis and -1.25 in the rescore item 3 analysis, which are both lower than the
centralised mean of the items (zero). This shows that, in general, the participants
in the sample reported lower anxiety than the average ‘difficulty’ level the STAI-

SF (i.e. the level of anxiety it is designed to measure).

Both the finitial analysis’ and ‘item 3 rescored’ scales passed the test of
unidimensionality. Principal Components Analyses identified three items which
loaded positively onto the first component (items 1, 4, and 5), and three items
which loaded negatively onto the first component (items 2, 3, and 6) (these item
groupings were the same for both analyses). For the initial Rasch analysis, 12
out of 208 t-tests (5.77%; Binomial Cl: 2.80-8.70%) comparing these two groups
of items were significant. For the ‘item 3 rescored analysis’, 11 out of 208 t-tests
(5.29%; Binomial CI: 2.30-8.30%) were significant. Although the percentage of
significant t-tests was over 5% for both analyses, the lower 95% CI limits for both

analyses was below 5%, and so unidimensionality could be assumed.

Table 17.
Summary of the fit statistics for the initial and ‘item 3 rescored’ analyses of the
STAI-SF.

Rasch analysis Number of Item fit Item fit Person Person Chi- Pvalue PS5l % of significant
STAI-SF residual residual fit fit squared i-tests
items (mean) 1500 residual  residual (dif) (proportion CI)
included {mean) (SD)
Initial 3] 0.26 1.19 -0.39 1.09 3531 (24) 06 a7 577%
(2.80-8.70%)
Item 3 rescored [ 0.32 132 -0.37 1.09 30.87 (18) 03 86 5.29%
(2.30-8.30%)
Ideal values Not 0.00 1.00 0.00 1.00 N/A =05 =70 =5%
applicable (Lower CT value
{NAA) =9%)
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As rescoring item 3 did not improve the fit of the data, and in fact resulted in a
worse fit (i.e. the item-person interaction Chi-squared statistic became
significant), the original scoring was retained. Therefore, the subsequent results
are based on the initial analysis.

There was no evidence of response dependency (i.e. no positive correlations
above r = .30 were evident between any of the item residuals). Indeed, the
correlations between the item residuals ranged from r = -.46 to r = .18. Similarly,
no DIF was evident for age or gender (i.e. no significant main or interaction effects
were found for any item in the two-way factorial ANOVA tests with Bonferroni
adjustment, i.e. significance set at p <.01). In the ANOVA tests concerning age
group, there were no significant main effects (assessing uniform DIF) of age
group on the responses for any of the six STAI-SF items (item 1: F (2, 191) =
0.65, p > .05; item 2: F (2, 191) = 0.70, p > .05; item 3 F (2, 190) = 0.62, p > .05;
item 4: F (2, 191) = 0.64, p > .05; item 5: F (2, 192) = 0.12, p > .05; item 6: F (2,
192) = 0.50, p > .05). There were also no significant interaction effects (assessing
non-uniform DIF) between age group and Class Interval on the responses for any
of the STAI-SF items (item 1: F (8, 191) = 1.43, p > .05; item 2: F (8, 191) = 1.48,
p > .05; item 3: F (8, 190) = 1.70, p > .05; item 4: F (8, 191) = 1.07, p > .05; item
5: F (8, 192) = 0.44, p > .05; item 6: F (8, 191) = 1.02, p > .05). In the ANOVA
tests concerning gender, there were no significant main effects of gender on the
responses for any of the STAI-SF items (item 1: F (1, 196) = 3.89, p > .04; item
2: F (1, 196) = 0.0001, p > .05; item 3: F (1, 195) = 1.02, p > .05; item 4: F (1,
196) = 4.01, p > .04; item 5: F (1, 197) = 3.44, p > .05; item 6: F (1, 197) = 0.63,
p > .05). There were also no significant interaction effects between gender and
Class Interval on the responses for any of the STAI-SF items (item 1: F (4, 196)
= 1.45, p > .05; item 2: F (4, 196) = 2.08, p > .05; item 3: F (4, 195) = 0.77, p >
.05; item 4: F (4, 196) = 0.28, p > .05; item 5: F (4, 197) = 1.17, p > .05; item 6: F
(4, 197) = 1.78, p > .05).

To investigate individual person fit the fit residuals for each participant were
examined. Six individuals (2.44% of the sample) responded in an unexpected
way (according to the Rasch model) in that they showed misfit (i.e. their fit
residuals were outside of the fit residual range of -2.5 to 2.5). All of these six
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misfitting individuals had high negative fit residuals (i.e. below -2.5), which
suggests that their responses were too deterministic (Moreton et al., 2012). There
appeared to be no gender bias in these misfitting individuals (female % = 50%).
However, there was evidence for some bias in terms of age group (under 65
years = 16.67%; 65 to 71 years = 66.67%; 72 years and over = 16.67%). These
six individuals were removed from the analysis. In line with guidelines from
Linacre (2010) to establish whether it is beneficial to remove individuals from the
analysis, | cross-plot the person estimates (i.e. the person locations) from the
initial analysis against those from the analysis with six people deleted. As there
were several changes to person locations (notable from the non-linear
configuration of some of the data points on the cross-plot: see Figure 2), it was

decided to leave the six individuals deleted from the analysis.
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Figure 2. Plot of person locations for the initial analysis and for the analysis with
misfitting participants removed.

Once the six misfitting persons were removed, the analysis included two
individuals with high negative fit residuals (who did not have high fit residuals in
the initial analysis). However, their removal did not result in significant changes
in person locations, when the person locations from the ‘six persons removed’
analysis were cross-plot against the person locations from the ‘eight people

removed’ analysis (see Figure 3). Therefore, the ‘six people removed’ analysis
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was used and the two further individuals considered for removal were retained in

the analysis.
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Figure 3. Plot of person locations for the analyses when six and eight misfitting

participants, respectively, were removed.

However, as shown in Table 18, the deletion of the six misfitting individuals in the

initial analysis resulted in a worsened item-person interaction Chi-squared

statistic, which was significant (32 (18) = 30.93, p <.03), which suggested misfit

to the Rasch model for the Class Intervals. As the initial analysis (with no removed

persons) resulted in the best fit statistics, all individuals were included in the

analysis.
Table 18.
Summary of the fit statistics for the initial and ‘six persons removed’ analyses of
the STAI-SF.
Rasch Number of Item fit Item fit Person fit Personfit Chi- Pvalue P35I % of gignificant t-
analysis STAI-SF residual residual regidual residual squared tests (proportion Cl)
items {mean) (5D) (mean) (SD) (df)
included
Initial [ 0.26 1.19 -0.3% 1.09 35.31 (24) 06 BT 5T7T%
{2.80-8.70%)
Six persons 6 0.16 1.16 -0.35 0.93 30.93 03 1 5.94%
removed (18} (2.90-5.90%)
Ideal valuss Naf .00 1.00 Q.00 1.00 NAA =.05 =70 = 5%
applicable (Lower Cf value = 5%)
(hisA)
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In the initial Rasch analysis, extreme scores (i.e. the minimum or maximum
possible scores on the STAI-SF) were found for 35 participants (14.77% of 237
participants who completed all STAI-SF items). The lowest possible STAI-SF total
was scored by 34 participants (14.35% of 237 participants who completed all
STAI-SF items), and the highest possible STAI-SF total was scored by one
participant (0.42% of 237 participants who completed all STAI-SF items).
Therefore, based on the recommendation to conclude the presence of floor or
ceiling effects if over 15% of a sample score extreme scores (Terwee et al., 2007),
it was concluded that floor/ceiling effects were not present in the STAI-SF of the

sample in the current study.

In the initial analysis, no items demonstrated misfit to the Rasch model (i.e. no
items had high fit residuals above 2.5 or below -2.5, had significant Chi-squared
statistics, or had significant ANOVA statistics following a Bonferroni adjustment).
For the six items in the initial analysis, the fit residuals ranged from -1.85 to 1.66.
The Chi-squared analyses found no significant differences between observed or
expected scores for any of the STAI-SF items (item 1: x? (4) = 6.31, p > .05; item
2: y? (4) = 5.08, p > .05; item 3: %2 (4) = 3.76, p > .05; item 4: 2 (4) = 7.10, p >
.05; item 5: 32 (4) = 4.04, p > .05; item 6: 2 (4) =9.01, p > .05). The ANOVA tests
(with Bonferroni correction, i.e. significance set at p <.01) showed no significant
differences between observed and estimated item scores across the Class
Intervals (item 1: F (4, 202) = 1.81, p > .05; item 2: F (4, 202) = 1.11, p > .05; item
3 F (4, 201) =0.79, p > .05; item 4: F (4, 202) = 3.09, p > .01; item 5: F (4, 203)
=1.07, p > .05; item 6: F (4, 203) = 0.50, p > .03).

To more fully assess the impact of removing the misfitting persons (the ‘six
persons removed’ analysis), individual item fit was also investigated for this
analysis. Iltems 1, 2, 3, 5 and 6 did not show misfit (i.e. no items had high fit
residuals above 2.5 or below -2.5, had significant Chi-squared statistics, or had
significant ANOVA statistics following a Bonferroni adjustment). For these five
items, the fit residuals ranged from -1.90 to 1.51. The Chi-squared analyses found
no significant differences between observed or expected scores for these five
STAI-SF items (item 1: 2 (3) = 7.42, p > .05; item 2: 2 (3) = 2.81, p > .05; item
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3: %% (3) = 5.19, p > .05; item 5: ¥ (3) = 1.18, p > .05; item 6: 2 (3) = 7.27, p >
.05). The ANOVA tests (with Bonferroni correction, i.e. significance set at p <.01)
for these five questionnaire items showed no significant differences between
observed and estimated item scores across the Class Intervals (item 1: F (3, 197)
=291, p>.03;item 2: F (3, 197) = 0.71, p > .05; item 3 F (3, 196) = 1.55, p >
.05; item 5: F (3, 198) = 0.51, p > .05; item 6: F (3, 198) = 0.50, p > .04). However,
in the ‘six persons removed’ analysis, item 4 did demonstrate misfit to the model,
as the ANOVA test (with Bonferroni correction, i.e. significance set at p < .01) for
this item showed a significant difference between observed and estimated item
scores across the Class Intervals: F (3, 197) = 4.18, p < .01. This provides further
evidence that removing the misfitting persons has a detrimental impact on other
important aspects of the data fit and suggests that the initial analysis model

provides the best fit to the Rasch model.

As the initial analysis model (i.e. with no items rescored and no items/persons
removed) was shown to be the most appropriate fit to the Rasch model, this
analysis was used as the ‘final scale’. The person-item threshold distribution of
the initial analysis was inspected (see Figure 4). The distribution suggests that
the scale was not well targeted, as the person locations (i.e. score on the STAI-
SF) are not normally distributed across the item thresholds.

Ferson-ltem Threshold Distribution
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Figure 4. Person-item threshold distribution for the initial Rasch analysis of the
STAI-SF.
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As the initial analysis showed fit to the Rasch model, it was possible to provide
‘Rasch values’ (i.e. person locations) to convert raw STAI-SF scores for each
item into interval level data (Tennant & Conaghan, 2007). See Table 19 for the
conversion values. The ‘Rasch values’ were also transformed into scaled scores,
based on guidance in Psychometric Laboratory for Health Sciences (2007) and

Raw score-to-measure (2007).

The following formula was used to transform the logit Rasch values into scaled
scores (where y is the scaled score, s is the wanted range divided by the current
range, and m is the wanted minimum score divided by the value when the current
minimum score is multiplied by s):

y =m + (s multiplied by person location) (Raw score-to-measure, 2007).

In this case, s = 2.466 and m = 15.59.
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Table 19.

Rasch conversion scores and scaled scores for the STAI-SF.

Raw STAI-SF Rasch value Standard Error  Scaled score
total score
6 -3.89 1.30 6.00
7 -2.92 0.98 8.39
8 -2.20 0.79 10.16
9 -1.65 0.69 11.52
10 -1.22 0.62 12.58
11 -0.88 0.57 13.42
12 -0.59 0.53 14.14
13 -0.33 0.50 14.78
14 -0.10 0.49 15.34
15 0.12 0.48 15.89
16 0.33 0.48 16.40
17 0.54 0.48 16.92
18 0.76 0.49 17.46
19 1.00 0.52 18.06
20 1.27 0.55 18.72
21 1.58 0.61 19.49
22 1.98 0.70 20.47
23 Values not available as there was no corresponding

person location in the analysis
24 3.41 1.27 24.00
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D. Extended Discussion

This extended methods section will include a discussion about the thesis
research as a whole. | will then go on to highlight potential areas of limitation for
Studies 1, 2, and 3 separately. | will discuss implications of the research, before

providing a critical reflection regarding this research.

The main aim of this thesis research was to investigate the relationships between
PPTs, reported pain, depression, and anxiety for people with knee OA. The
results of Study 1 suggest that there may be a small relationship between mood
and PPTs in knee OA, with higher levels of depression and anxiety in the
presence of lower PPTs. This is in line with previous knee OA research (e.qg.
Finan, Buenaver, et al., 2013), and may indicate that higher levels of depression
and anxiety are associated with higher central sensitisaion if one accepts the
suggestion that QST measures this central pain process. The current study also
replicates the common finding of higher pain thresholds in men compared to
women (e.g. Riley lll et al., 1998). However, interestingly, Study 1 did not find any
evidence of a correlation between gender and pain NRS. Putting these results
together could suggest that there is either evidence for a real gender difference
in central sensitisation but not pain intensity in knee OA. However, it could also
suggest that there was something about the QST procedure which produced this
gender difference, such as the influence of gender role socialisation (i.e. male
participants not wishing to show ‘weakness’ by ‘admitting’ that their PPT had been
reached; Wise, Price, Myers, Heft, & Robinson, 2002) or the influence of the

researchers’ characteristics (who were both female; Kéllai, Barke, & Voss, 2004).

Although demand characteristics and experimenter effects in QST studies with
healthy participants have received some attention in the literature (e.g. Kallai et
al., 2004), this is not the case for QST studies with clinical groups, such as
individuals with knee OA. Indeed, in the literature, QST is considered an objective
measure of pain sensitivity in musculoskeletal disorders (Courtney et al., 2010).
This thesis research suggests that there can be an acceptable level of inter-rater
reliability in PPT QST (as found in Study 2), but much more investigation of the
impact of contextual and social factors on PPTs and other QST data is needed.
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This is crucial in order to be able to fully understand and interpret research
findings regarding any associations between QST data and other factors.
Furthermore, it is important that these potential contextual issues regarding the
use of QST are understood before QST is introduced as an assessment tool or
outcome measure within in clinical practice with patients with knee OA and other
painful conditions, as has been advocated within the literature (Pavlakovi¢ &
Petzke, 2010).

This research project also highlighted potential measurement issues in using the
STAI-SF with knee OA patients. The Rasch analysis conducted in Study 3 found
that the STAI-SF was mistargetted, in that it did not measure the low levels of
anxiety expressed by a substantial proportion of the knee OA sample.
Furthermore, the low mean person location in the Rasch analysis summary
statistics for the final analysis model also suggested that many of the participants
had a low level of anxiety as measured on the STAI-SF. This suggests that a
measure of anxiety to be used with people with knee OA could benefit from
having more items measuring lower ‘difficulty’ (i.e. lower levels of anxiety). It may
be that the DAPOS measure (Pincus, Williams, Vogel, & Field, 2004) is a more
appropriate measure of mood in this client group, although there appear to
currently be no published Rasch analyses of the DAPOS in a knee OA sample or
any other chronic pain group to comment on the targeting of this measure
compared to the STAI-SF.

In summary, the minimal influence of mood found on PPTs found in Study 1 could
have been influenced by measurement issues with the STAI-SF and pressure
QST methodology. This suggests that it is important for researchers to identify
and attempt to rectify concerns with these pain/mood assessment tools so that
findings in knee OA research studies using these tools are more robust.
Furthermore, the robustness of assessment tools of pain and mood in clinical
practice is also extremely important so that the assessment findings are as

reliable as possible.

In terms of how these research findings (particularly from Study 1) add to the
psychological models of pain and mood, it is not possible to ascertain causation

121



and directionality of the (small) relationships found between depression/anxiety
and PPTs due to the correlational design of Study 1. However, if PPTs are a
guantification of central sensitisation (which could be contested, as previously
discussed), then it could be placed within existing psychological models of pain
based on existing theoretical understandings. All of the psychological models
discussed in the background to this thesis propose that depression and anxiety
in response to an initial pain experience can maintain the experience of pain and
lead to a chronic pain process, via different psychological processes (such as
fear-avoidance, cognitive enmeshment, and lack of acceptance). Therefore, as
central sensitisation is thought to be caused by repeated nociception (Courtney
et al., 2010), then it makes theoretical sense that if depression and anxiety can
lead to further pain (i.e. repeated nociception), then central sensitisation could

eventually develop.

It would be beneficial to conduct further QST research using a range of measures
of the psychological factors that are key to the main psychological models
discussed in the background section (fear-avoidance, diathesis-stress,
enmeshment, and acceptance models) in order to develop these models to

include a consideration of central sensitisation.

Study 1, however, does suggest that it may be important that psychological
models of the pain-mood relationship also include more social factors, such as
gender role expectations. This conclusion is novel within the knee OA literature
base. Although existing psychological models of chronic pain do provide some
space to consider social factors, they are all fairly individualistic and do not
position wider systemic influences as central to the pain experience. This reflects
the dominance of cognitive-behavioural theory and intervention in the chronic
pain field (Roy, 2008), but does mean that wider social discourses and contextual
factors may be overlooked in the assessment and management of pain,
depression, and anxiety for people with knee OA and other chronic pain

conditions.
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Limitations of the Separate Sub-Studies

4.1. Study 1: An investigation into the associations between PPTs
and self-reported pain, depression, anxiety, and demographic factors
in knee OA.

It is important to acknowledge the potential limitations of Study 1. It has already
been suggested that other psychological factors (such as catastrophising, fear-
avoidance, and pain acceptance) may be more associated with central
sensitisation than depression and anxiety were found to be. It may have also
been beneficial to include positive affect in the regression models, as this
protective factor is beginning to be considered as important in both the general
chronic pain literature (e.g. Pincus et al., 2004) and the QST OA literature (e.g.
Finan, Quartana, & Smith, 2013). However, it was beyond the remit of this thesis
research to recruit a large enough sample to include all of these variables as
predictors in the multiple regression models. Also, the mood factors that were
included in Study 1 (depression and anxiety) are the dominant psychological
factors within the literature base, and so it was judged as important to include

these variables above other potentially relevant factors.

In terms of the accuracy and generalisability of the multiple regression analyses,
although the data which violated the assumptions was transformed or adjusted,
this does mean that for some of the factors included in the analyses, the data
were not the actual responses from participants, which some authors believe is
problematic (Field, 2009). Furthermore, although the sample size met the
requirements for the ‘rule of thumb’ of 15 participants for each predictor factor
(Field, 2009), it did not meet the more conservative sample size calculated of 85
participants, which could jeopardise the accuracy and validity of the multiple
regression findings. Also, although the adjusted R squared was used in the
multiple regression models so as to better reflect the real-world population
(Dancey & Reidy, 2011; Tabachnick & Fidell, 2013), Field (2009) has queried the

ability of this adjustment to improve model generalisability.
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Finally, as the participants for Study 1 were recruited from the participants who
completed the questionnaire pack (within the wider pain centre project), there
may be issues regarding response bias and whether the sample in Study 1 are
representative of all people with knee OA. As this study required participants to
attend a University of Nottingham research location, it may be that this excluded
potential participants who were not able to travel, for example due to severe
physical disability or psychological difficulties. This highlights the importance of

considering the study’s findings within these limits on generalisability.

4.2. Study 2: An investigation in the inter-rate reliability of pressure

algometry QST.

The finding of acceptable inter-rater reliability between the two QST
administrators should be interpreted within the context of a number of potential
limitations. As the sample in Study 2 included healthy participants with a younger
mean age than the knee OA sample in Study 1, the representativeness of the
inter-rater reliability findings could be questioned. However, it has been
suggested that inter-rater reliability of QST is not affected by pain status or
demographic characteristics (Chesterton et al., 2007), and so this may not be a
substantial limitation. Furthermore, Study 2 was designed to assess the inter-
rater reliability of the pain-pressure QST at four specific body sites (sternum,
medial knee joint-line, lateral knee joint-line, and medial tibia mid-shaft) between
the two researchers who administered the QST in this thesis research. Therefore,
the findings of acceptable inter-rater reliability are not generalisable to other QST

methodology, other personnel administering the QST, or other body sites.

4.3 Study 3: Rasch analysis of the STAI-SF.

In terms of potential limitations specifically of the Rasch analysis sub-study (Study
3), the fairly low questionnaire response rate may suggest the presence of
response bias, which could limit the generalisability of the Rasch findings.
Furthermore, a Rasch solution of the STAI-SF data without mistargetting was not
found, which could suggest a lack of external validity of the questionnaire with
knee OA patients (which obviously has implications for the interpretation of the
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findings of Study 1). Also, the high proportion of negative fit residuals in the
analysis of person fit shows that a substantial proportion of the responses were
too deterministic, which means that participants consistently scored the same
value for each item (Moreton et al., 2012) (in this case: the lowest score for all
items). This is a problem in Rasch analysis, and could have lowered the accuracy
and generalisability of the findings. However, determinism is more likely when a
measure has a small number of questions, as in the case of the STAI-SF, and
short measures of mood are often considered more appropriate in research with
large questionnaire packs (as in the case of the wider study this thesis research

sits within) and in clinical practice.

Summary of Discussion and Implications

This study provides evidence for questioning the appropriateness of
conceptualising QST as an ‘objective’ measure of pain/‘central sensitisation’ in
knee OA, and suggests that further research is required to investigate contextual
factors involved in the QST process which could impact the data it provides. This
Is particularly important if QST is used in clinical practice to select subgroups of
patients who could benefit from additional interventions such as psychological
therapy (as has been suggested in the literature). If QST was used is this way
within clinical practice, then it would clearly have a direct impact on the work of
Clinical Psychologists within chronic pain settings. Therefore, it is important that
Clinical Psychologists remain involved in QST research so that they are able to
apply a psychological understanding to findings prior to the potential introduction

of the methodology into the clinical settings they may work within.
Critical Reflection
I will now provide a critical reflection on the research included in this thesis, with

a focus on the research process and the theoretical, scientific and ethical

contexts.
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Research process.

| believe that conducting this study within a multi-disciplinary research centre has
impacted on the research process. There have been many positives to this, such
as having access to methodology | would not have had otherwise (i.e. QST), and
being able to network with a large group of researchers with expertise in knee OA
and chronic pain. However, conducting the research within the research centre
has created a challenge in terms of the control | have over the studies. | managed
this challenge by ensuring | had input into the research, which | did by selecting
the factors | would focus on in Study 1, and by shaping the research by
suggesting the addition of the inter-rater reliability study. From discussions with
research colleagues based in large research centres, | have come to appreciate
that this challenge of having individual control over research is often part of the
nature of larger scale research. It is likely that part of this pressure | felt to have
‘enough control’ over the study was linked to that fact that my research work is
part of my training and my contribution will be assessed. Furthermore, | was
‘warned’ by several tutors on my training courses to ensure that | had adequate
input into the research, which no doubt impacted on my feelings around this

aspect of the research process.

Finally, although all three sub-studies included in this thesis are linked to the main
research question (in Study 1), the multi-study nature of the thesis has, during
the process, challenged me in terms of attempting to produce a coherent thesis
and a coherent piece of research. Research supervision has helped me to
develop my thinking around the ‘unifying thread’ in my research. Also, reading
publications regarding other quantitative research of doctoral-level (or above) has
enabled me to appreciate that most quantitative studies have secondary aims
and sub-studies within them. Throughout the research process, it has felt
important to ask myself the question ‘why am | doing this and how does it relate

to my main research question?’.
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Theoretical context.

This research has positivist epistemological underpinnings, with an aim to find an
‘objective truth’. However, throughout my training alongside the completion of this
thesis, | have learned more about qualitative research methods, and critical realist
and social constructionist epistemologies. | think this may have impacted on how
| have approached aspects of the research, which is likely to be different (and
potentially more critical) than medical research colleagues within the research
centre. For example, during the data collection, | have wondered myself what
‘pain’ means to people, and what their experiences of pain and expressing pain
have been like and how they have impacted on them, if at all. Remaining faithful
to the positivist theoretical context has also been challenged during the data
collection process when participants have shared their experiences of how knee
OA has affected them, and | felt interested in these stories. The questionnaires
used aimed to capture some of this, but | felt, at times, that the reductionism of

my quantitative approach may not have fully captured participants’ experiences.

Related to my experiences of the limitations of a quantitative approach, | have
been able to reflect on the differences between my position in regards to the
theoretical underpinnings of the research and that of other researchers involved
in the wider research project. For example, the gender difference in PPTs found
in Study 1 has been interpreted by some colleagues in the research centre as
‘full-proof’ evidence for an innate difference in pain perception between males
and females. | am reluctant to accept this explanation, and, although | do see a
role for biological mechanisms in the experience of pain, | think that the gender
differences found in this research must be considered in the light of the impact
that the QST testers’ ages and gender may have had, as well as the impact of
gender role expectations. The different way | have considered these results
compared to other (more medical) researchers has helped me appreciate the
benefits of having a multidisciplinary research team in order to conduct pain
research based on rich understandings of many of the different factors involved
in the experience and expression of pain. My experiences of conducting this
research in a fairly medical research environment has also helped me consider

the dominant discourses regarding knee OA that clients are privy too, and how
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taking part in psychological research may seem very ‘different’ to most of the

clinical and research contexts a person with knee OA would usually experience.

Scientific context.

Through conducting psychological research focussed on a physical health
condition, | have often felt a ‘pull’ to justify this research, potentially to a greater
extent than | would have done if my research was focussed on a mental health
difficulty. 1 have wondered whether the requirements of my training course has
impacted on this, which state that enough psychological theory must be included.
| also think that the dominance of medical research in the field of knee OA has
affected my experience of the scientific context, and | have felt equally ‘pulled’ to
communicate the importance of a psychological understanding in pain conditions
such as knee OA to medical research colleagues involved in the wider research
project. My position as a psychological researcher in a medical area has also
highlighted the tensions between medical and psychological views of ‘science’,
and | appreciate that this is a challenging position to hold, but one with potential

to develop very novel understandings in a traditionally medical domain.

The use of statistics in this research has also led me to reflect on the dominance
of the common discourse around statistics within quantitative research as being
an objective science. There have been many stages during the statistical
analyses where | have had to make decisions and judgements which then
affected the final results. Although | aimed to make the best judgements based
on the data and appropriate guidelines, this process has helped me to appreciate
the importance of having clear justifications for the choices made in statistical
analyses and to be more critically aware of the decisions made in the analyses
within other research, rather than taking the results at ‘face value’. This critical
awareness of the nature of statistics in scientific research is also likely to benefit

future research | conduct.
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Ethical context.

As this thesis research is part of a much wider project in a large research centre,
the ethical approvals for Studies 1 and 3 were already in place when | became
involved. | have learned a lot from research supervision regarding the complexity
of gaining ethical approval from multiple NHS trusts for research which is
frequently evolving and requiring ethical amendments. | was pleased to have
more direct involvement in the ethics application for Study 2, and want to ensure
that | gain more experience of producing ethics applications in my future research

career.

Finally, the wider research project that this thesis sits within has produced very
large data sets with data from a wide number of questionnaires. | have reflected
on the ethical implications of this, and although it was beyond the remit of my
research questions and this thesis to analyse all of the data, it is very important
that all of the data is used in future publications by the research centre. It seems
necessary, on an ethical level, to value all of the information collected from
participants, and | believe it is important to remember this in the case of large
data sets, where it could be easy to just think of the data as data, rather than as
personal information volunteered by people experiencing a painful medical
condition. This is a belief that | will carry with me into my future research career,
particularly if I am involved in studies with large data sets.
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Appendix 1.

Search strategy

The following limits were placed on the search strategy: clinical trial or
randomized controlled trial or controlled clinical trial or phase 1 clinical trial or
phase 2 clinical trial or phase 3 clinical trial or phase 4 clinical trial; humans;

adults; English language studies; peer-reviewed journal; remove duplicates.

Osteoarthritis

1. osteoarthritis/

2.  osteoarthritis/

3.  osteoarthritis, hip/

4.  osteoarthritis, spine/

5.  osteoarthritis, knee/

6. osteoarthrosis/

7. gonarthritis/

8. gonarthrosis/

9. gonitis/

10. coxarthritis/

11. coxarthrosis/

12. coxitis/

13. (osteophyte$).mp.

14. (joint space adj6 narrow$).tw.

15. (degenerative adj2 arthritis or osteoarthr$ or osteo-arthritis).mp.
16. l1or2or3ord4or50or6or7or8or9orl0orllorl2oril3orl4oril5

Psychological intervention

17. CBT/

18. (cognitive behav$ therap$).mp.
19. cognitive behav$ treatment/
20. cognitive behav$ intervention/
21. (cognitive therap$).mp.

22. cognitive treatment/
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23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
4.
55.
56.

cognitive intervention/
(behav$ therap$).mp.
behav$ treatment/
behav$ intervention/

computerised CBT/

(computerised cognitive behav$ therap$).mp.

computerised cognitive behav$ treatment/
computerised cognitive behav$ intervention/
CCBT/

cCBT/

ACT/

(acceptance and commitment therap$).mp.
(acceptance commitment therap$).mp.
(acceptance and commitment).mp.
acceptance-based/

(acceptance based).mp.

mindfulness/

meditation/

vipassana/

mindfulness based stress reduction/
mindfulness-based stress reduction/
MBSR/

(mindfulness based cognitive therap$).mp.
(mindfulness-based cognitive therap$).mp.
MBCT/

relaxation/

(family therap$).mp.

(systemic therap$).mp.

(couple therap$).mp.

(couples therap$).mp.

pain management group/

PMG/

Pain management programme/

Pain management program/

143



S57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.

PMP/

pain management training/
self-management group/
self-management training/

self management group/

self management training/
educational intervention/
psychoeducation/
psychoeducational/
psychoeducational intervention/

psychoeducational treatment/

(psychoeducational therap$).mp.

psychosocial intervention/
psychosocial treatment/
(psychosocial therap$).mp.
psychological education/
psychological intervention/
psychology intervention/
(psychological therap$).mp.
(psychology therap$).mp.
(psychotherap$).mp.
counselling/

counseling/
hypnotherap$.mp.

guided imagery/

arthritis self-management/
arthritis self management/
self-management/
self-care/

self-help/
self-improvement/

self management/

self care/

self help/
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91.
92.
93.
94.
95.
96.

97.
98.

Anxiety

99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.

self improvement/

patient education/

patient teaching/

patient training/

expert patient/

(non surgical or non-surgical or non pharmacological or non-
pharmacological or conservative management or conservative
therap$).mp.

(group program or group programme or group therap$).mp.

17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29
or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or
42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54
or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 or 66 or
670r68or69or 70or 71 or72or73or74or750r760r77or78or79
or 80 or 81 or 82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or
92 or 93 or 94 or 95 or 96 or 97

anxiety/

GAD/

generalised anxiety disorder/
generalised anxiety/
generalized anxiety disorder/
generalized anxiety/

panic disorder/

panic/

agoraphobia/

agoraphobic/

health anxiety/

health phobia/

health-related anxiety/
health related anxiety/

social anxiety/
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114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.

social phobia/

PTSD/

post-traumatic stress disorder/
posttraumatic stress disorder/
post-traumatic stress/
posttraumatic stress/

OCD/

obsessive compulsive disorder/
obsessive-compulsive disorder/
phobia/

phobic/

fear/

state anxiety/

trait anxiety/

anxious/

stress psychological/

(anxi$ or agitat$ or nervous$ or apprehen$ or worr$ or stress$).mp.

99 or 100 or 101 or 102 or 103 or 104 or 105 or 106 or 107 or 108 or 109
or 110 or 111 112 or 113 or 114 or 115 0r 116 or 117 or 118 or 119 or
120 or 121 or 122 or 123 or 124 or 125 or 126 or 127 or 128 or 129 or

130

Full Search: 16 and 98 and 131
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Appendix 2

Letter of access for my involvement in the research and an email
regarding the approval needed for my involvement

/ Nottingham University Hospitals NHS |

MBS Trust

Rossarch & Innovation
Hedingham integrabed Clinical Ressanch Cenira
C Flaor, South Bock

CHAG Campus
Derty Road
RECH 20Za Hottingham
HET EUH
20452013 Tol= 0916 970 2049
M= Vistoria Tew AR
3 Seaolt Sourl
Scolt SSraed
Lednasier
LE2 GEZ
Dvear Victorla

Re: Latfer of Access for Rasoarch

Study Tite:  Measures of pein refevant fo knae cstecarbitis

Chief Investipater  Bryan Monatan
Lacal Collabarater at MUH:  Praf. Nadina Lincoln
RAD Raf  {0ORHOOE CLRM ID E7 484
Spengor: Univ of Molbngham

A5 an axisling MHS amplayea you do not requira an edditions! hanarary rasaarch contract with this NHS
organisalion. We ana galisfied (kal (he resaarch aclivilies tha you wil undariake in thee NHES crganisation
ara commansurate with the activilies you undertake for vour emglover. Your employer is respensible for
ensuring such checks as are necessary have been carmed o, Thes Iether confirms your right of access
b corduct ressarch Brough Nottingham Universily Hospitals NHS Trust for the purposs and an the
tarms and conditions set out bedow, This rght of access commences on 22022012 and ends on
V2013 undass ferminaled sarker in acoordance with the clauses balow

You hava a right of seoass to condusl such research as confimad in writing in the lalter of permission
for ressarch frarm bis NHE crganisafian. Pleass nole thal you canned slart the resaarch unlil the
Principal Invesligstor for the research project has recedead a bather from ws giving parmessicn o conduct
the project.

Wou are considered {o be a lega! visiior to Nottingham University Hospitals NHS Trust premises. You
are ol etiled 1o ary form of paymen of access lo olher bapelits provided by this organisation to
amplayess and this |efler does not give rise to amy otbar redationship bebwesn you and this MHS
argaresatian, in padicuar that of an amployee

While underdaking research ihrosgh Nottingham University Hospitals NHS Trust you will remain
accountable to your amployer Nottinghamshise Healthcare NHS Trust bul you are raguired ta follow
fha reasomable instructons of wour nominsted mengger in this NS crganisaticn o those given an her
behalf @ refalion io the ferms of this dighd of access,

We are here or you
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//:ﬁ?.
Mottingham University Hospitals NHS

Where any [hind party claim is mada, whethar ar nof legal praceadings am ﬁ?ﬁ;&ugmng oyt of
ar in connaction with your Aght of access, you ana reguired to co-oparate Tully wilh any invasligation by
this NHE organisalicn in copneclion with amy such clam and 1o give all such essistance as may
reagonably be requred regarding the canduel aof ary legal procesdings.

You must act in accordance with Noffingham University Hospitals NHS Trust palicies and
proceduras, which ara evailsble (o you upon request, and the Ressareh Govemnanss Framewodk

You Gra reguinad b coc-operaba with Nottingham University Hespifals NMHS Trust in discharging is
dulies under the Haalh and Safety s Work etz Act 1974 and ethar health and safaly legislatian ard ta
B2 reasorabie cans lor fe haalth and safety of yaurself and ofhars while on Hottingham University
Hospitals WHS Trust premisas, Although you are nol @ cortract haldar, you must obearve the same
slandards of care and propricly n dealing wih patients, staff, wisdors, equpment snd premises 85 s
axpacied of & contract hakder and you must acd spproprialely. responsibly and pralessionally al all mes,

You are required 1o ensure fkal all mformabion regarding patienis ar staff remains secwe and oy
canfithantiad at all tmas. Yiau must ensure thal 5.-|3-.| urderatard and mmpl'.' Mlh 1he reqmarnema o 1l
MHE Canfidentamlily Code of Prachice S 1]
the Dela Profection Act 1895 Funhermma ynu shauld be :w:nr-a !hal ur'n:lur Ih& .l’u:t unatiharised
disclasura af infarmation i an offance and such disclesures may beed o prosecution

Mottingham University Hespitals NHS Teust wil not indemnily you againg! any liabiity incurred ag a
reslt of any breash of confidentiality or breach of the Dais Protection Act 1598 &ny bresch of iha Data
Frofeclion &cl 1983 may reaull in legal aclion against you andiar your substanbee employer

ow should engune Ehal, whare you are issuad with an iganiily ar security card, a blaep numbar, amail or
torary Booound, kevs or probechive clalhing, these are relurmed upon erminabion of fhis srangemeand,
Please alsa ansure that while on ihe premises you wear your |10 bagge ai all tmas, or are able to prova
wour ientily ¥ challenged. Pleass nole thal this MHE arganisation accepls no respansiilty for damage
toor loss of paraonal progerty.

We may tenminate your right bo atlend al any lime ailher by giving seven daye’ wiillan notice fo yau o
immadiabaly without ary notice if you are in breach of any of the tarms or conditions describad n this
letler or f you sommil any act thal we reasonably consider 1o amaunt o seraus miscondues or o b
derupdive andlor prajudiclal ba the interesls andfor business of Ehis NHE omanlaation or # you ane
comvicled of any ciminal offence. Your substantive employer is rasponaibla for yowr conduect during this
research progel and may in he drcumstances dascribed above instigats disciplinary action against you.

W your circumstances change in relafon fo yaw bealih, criminal recard, professianal regisirafion or any
othier aspect that mey mpect on your aullabiily o conduct researsh, ar your rale In research changes,
yau mued infarm the NHS oceganisation that employs you through ils normal procedures. You must ass
Iniform your nominabed manager i this MHS aganisation.

Fouws 5|I1E.ﬁﬂ!|:.l
— ¥
S AR

Sue Barklie
Research Manager

e n8 HR daparimerd of the Rallinghamakire Heallhcars NHES Trust

We are here for you
From: Brindley Christina (Trent CLRN) [mailto:Christina.Brindley@nuh.nhs.uk]
Sent: 13 February 2012 10:03

To: Bryan Moreton

Cc: Victoria Tew
Subject: RE: Letters of Access (9227)
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Hi Bryan

If the psychologist is only attending at NUH then a letter of access is only
required at NUH. If she is required to attend SFH, then we would require a LoA
there too. | will require a copy of her signed and dated CV to add her to the

research team, with a covering email.

You will then receive two letters: one will be the letter of access, and the other
will be an amendment approval letter for the addition of a researcher. Please
ensure both are in place before the psychologist commences any research

activity.

The research passport will need validating by one of my managers here at NUH
who will be able to issue the letter of access, so please let me know if | can help
with organising this, once the details are completed by the University and HR

first.

Many thanks in advance.

Kind regards

Christina

Christina Brindley
Lead Network Research Management & Governance Facilitator

Trent Comprehensive Local Research Network

A new IT system to support CSP across the NHS is being rolled out by the
NIHR Clinical Research Network. You may experience some delays to our
service whilst the new system beds in and we apologise to anyone affected. We
want to assure you that all those involved are working hard to ensure that full

service is restored as soon as possible.

Nottingham Integrated Clinical Research Centre
Nottingham University Hospitals NHS Trust

149



Queen's Medical Centre Campus
C Floor, South Block

Derby Road

Nottingham

NG7 2UH

Tel: 0115 9249924 extension 70641
Fax: external 0115 849 3295 Internal 35295

Trent CLRN website: http://www.crncc.nihr.ac.uk/about us/ccrn/trent/

Trent CLRN inbox: [nuhnt.trentclrn@nhs.net]nuhnt.trentclrn@nhs.net

From: Bryan Moreton [mailto:Bryan.Moreton@nottingham.ac.uk]
Sent: 09 February 2012 09:42

To: Brindley Christina (Trent CLRN)

Cc: Victoria Tew

Subject: Letters of Access (9227)

Hi Christina,

We would like a psychologist to conduct some of the QST at City Hospital for
my study (9227) to help Maggie. She has applied for a letter of access from
NUH to conduct the research. However, | just wanted to check she wouldn’t

need anything else.

| remember you previously said regarding QST that ‘Letters of access are only
required if you physically need to be at a GP practice for any reason related to
the research.” That would imply that she only needs one from NUH and not from
the PCTs for the GP patients. However, | just wanted to check whether she
would need one from SFH. | figure it is not needed, but it is always worth

checking (especially seeing as Maggie and | have a LOA from SFH).

Thank you,
Bryan
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Appendix 3

All ethical documentation relevant to Studies 1 and 3 of this thesis
research: final approval letters and approval details from Comprehensive
Local Research Network (CLRN)

Moreton Bryan

From: Brinciay Chvistna {Trent CLAN) [Christina, Brindiey & nuh.nhs uk)
Sent: 17 Decamber 2012 15:24

To: Bryan Maretan

Subject: RE: Update re amendment 10 57488

My apologies as | shouk have been quicker and completed it last week. Non-substantial amendmaents are classified
as notifiable {requiring up to 35 days 1o review) or non-notifiable {implementable immediately). As this amendment
included a new document [poster) and changes which | wanted to notify Trusts of to approve, | have reviewed the
amendment and requested the letters/emails. Should you be missing any appraval letters, please let me know. in
tarms of paperwork, | have completed the 35 day review emall below, (from the day you submitted the
amendment] just in case anvy letters are delayed,

Dear Sryan
Re: 57488 ~ Measures of pain relovant to knee ostacartheitis - Amendment 10 {non-substantial, notifiable)
Date of Submission to REC: N/A

Thank you far submisting the above amendment. As your Lead CLRN, we have made this amendment avatable to
each participating NHS Trust. As such, local governance review is now under way at each site that has issued NHS
Permission. Sites that have not yet issued NHS Permission (if applicable] have also been notified of the amendment
and will corsider it &s part of their overall govermance réview

f applicable, please ensure you send coples of your regulatory approvads) {REC, MMRA and other supporting
dacuments) to this emall address or thraugh the 1RAS document submission. We will make these avadable to all

participating sites,

Trusts within England have 35 calendar days 10 undertake their local governance review, Accordingly, subject to the
three conditions below, you will be able to implement the amendment on 04/01/2013, a1 all sites already in receipt
of N#S Permission:

- You may not implement this amendment until and uniess you receive, and forward 1o us, all required regulatory
approvals [where appiicable)

~ You may not implement this amendment at any site which informs you that they require additional review time,
untdl they natify you that this review has been satisfactorily completed.

- You may not implement this amendment at any site that withdraws its NHS Permission.

NB: you may anly implement changes that were described in the amendment notice or ketter,

If you receve your regulstory approvals after this date, and submit the document(s) to us, you may then
immediately implement at all sites in England that have NHS Permission in place and that have not requested
addition review time, or withdrawn NHS Permission.

AS LIS the responsibiity of each individual NHS Trust in England to notify you if you may not locally implement the
amendment, you are nol required 1o wait for receipt of the Notification of Continued NHS Permission from an NHS
Trust in England in relation to the amendment before you may implement on the above date.

Please note that as Chief Ivestigator, it remains your responsibility to ensure the Pls at each of your sites (if
appiicable) are informed of this amendmans.

Please comtact me if you require any further assistance,

Kind regards
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Christina

Christina Brindiey
Lead Network Research Management & Governance Facllitator
Trent Comprehansive Local Research Network

Nottingham Heaith SGence Partners
Nottingham University Hospitals NHS Trust
Queen's Medical Centre Campus

C Floor, South Block

Derby Road

Nottingham

NG7 2UH

Tel: 0115 9245924 extension 70641
Fax: external 0115 845 3295 Internal 35295

Email: christing brindlay@auh nhs uk
Trent CLRN website: hitp//www croce nihrac uk/about usfcomitrent/

Study documentation and enquiries - Trent CLRN inbox: pyhint trenicim@nhs net
PLEASE NOTE: we will be operating a limited service from 21 December until 2 January.

On beha!f of 38 of us at Trent CLRN, we would like to wish you a very Merry Christmas and a Happy New Year!

From: Bryan Maretan [madto:Bryan Moreton@nottingham.ac.uk)
Sent: 17 December 2012 15:11

To: Beingley Christing (Trent CLRN)

Subject: RE: Update re amendment to 57433

Hi Chrisiing,
Thank you Tor sorting that oul quickly as always,
Best,
Beryan
From: Brindiey Christina (Trent CLAN) [malke;Chrsting. Brndieyinuh,nhs.uk]
Sant: 17 Dacember 2012 11:50
To: Bryan Moreton
Subject: Update re amandment to 57488
Hi Bryan

Just ta let you know | have teday requested the appravals for the most recent non-substantial amendment
[amendment 10) 31 the current approved Trusts, except NUH,

Kind regards
Christs

Christina 8rindiey
Lead Network Research Management & Governance Facilitator
Trent Comprehensive Local Research Network

Nottinghsm Health Science Partners
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Sherwood Forest Hospitals NHS Trust approval email

Moreton n

From: Brincley Christing {Trant CLAN) [Christina, Brindiey @ nuh, nhs.uk]
Sent: 18 Dacember 2012 06:49

To! Bryan Maretan

Subject: NIHRA CSP - rel 57468 - non-substanta! amendment approvad (SFH)
HiBryan

Please see below the acknowledgement that Sherwood Forest Hospitals NHS FT are happy for you to implement this
amendment.

Kind regards
Christina

Christina Brindley
Lead rh M &G Facllitator

L

Trent Comprahansive I.oal Research Network

Nottingham Health Science Partners
Nattingham University Hospitals NHS Trust
Queen's Medical Centre Campus

C Floor, South Block

Derby Road

Nottingham

NGT 2UM

Tol: D115 5249924 extension 70541
Fax: external 0115 849 3295 mternal 35295

: shristing brindiey@nuh.ohs,uk
Trent CLRN website: http:fwww.crnesnihirocukiabout us/scendtrens/
Study documentation and enguiries - Trent CLRN inbox: nubnt trentelrn@nks net

PLEASE NOTE: we will be operating a limited service from 21 December until 2 January,

On behalf of all of us at Trent CLRN, we would like to wish you a very Merry Christmas and a Happy New Year!

From: Sarmanths Jones - Ressarch Nurse Team Leader -SFH-XKMH [mailto: Ssnanm.lmam-tt nhs.uk]
Sent: 18 December 2012 16:50

To: Brindiey Christina (Trent CLRN)

Cc: Kramer Guy - Evaksation & Monitoring Assistant - SFH-KMH

Subject: RE: NIHR C5P - ref 57488 - non-substantial amendment for approval (SFH)

Dear Christina,
Thank you for the infarmation regarding the non-substantial amandmant for this study. Plaase accept this amail as our
acknawiedgrment of our receipt of the information.

Kramar - please can you print this off and add It to the study fila.
Thanks

Sam

Mrs Sam Jones

Research Nurse Team Loader

Evaluation, Audit & Research Dept
Research & Development Office
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NHS Derby City and Derbyshire County Primary Care Trusts approval
letter

Derby Hospitals INHS|

NHS Foundation Trust

RESEARCH & DEVELOPMENT OFFICE Royal Dertry Mospital
Uttcxetnr Road
2Please telephone on 01332 787223 Dty
Fax No: 01332 724744 pEz e
E-mall: mays.jawad1@nhs.net Tek 01332 300131
. Miricom: 01332 256944
18" Decamber 2012 wywwy derbryhospitals nbe uk
Or Bryan Moraton
Instiute of Woerk Health and Organisations
University of Nottingham
Nottingham
NGE 188
Dear Dr Morston

Ro: Measures of Pain Relevant to Knee Osteocarthritis

Ref: DSCPCT/2011/023 & DCPCT/2011/008
IRAS: CSP: 57488

1 acknowiedge the receipt of your amendment dated 07 12.12 enclosing the foliowing reviesd
documentation for the above study

« Cowvering emal regarding amendment 10 {non-substantial), 07122012
« Poster, v1.0, 08112012

« Pamcipant invite letter: Study 2, v7, 2W11/2012

« Partcipant information sheet Study2, v8, 28/11/2012

* Participant consent form: Study 2, v8, 201172012

1 have reviewed the revised documents on behal of Derbyshire County and Derby City PCT
and can confirm that there are no Bsues. You may therefore use the abave documents with
PCT appraval

Please do not hes#tate to contact any mamber of the Research and Development staff if you
o8l we can be of assislance.

Yours sincerely,

AL~

Mays Jawad
Rasearch Mana: t and Ge % Manager
Rassarch & Development Department

This amendment has been reviewad by Christina Brindley, TRENT CLRN

Smokng s net p d amywhere in the buildings and
@ of Dertys Mospttale. For sdvics and suppont sbout

grourds
Chair; Jomn Rivers C8E DL @hving up smoking please call freephone GEDD 757 S50, Chiel Executive: Susan Jomes
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NHS Nottingham City Primary Care Trust, NHS Nottinghamshire County

Primary Care Trust and County Health Partnerships approval email

Moreton Bryan

From: Pearson Emma [Emma. Pearson @ natishe.nhs.uk]

Sent: 20 December 2012 12:00

Yo: Beyan Moralon & notsnghanm ac uk

Ce: chrstina brindley @ nubunhs.uk; TRENTCLRN (NOTTINGHAM UNIVERSITY HOSSITALS
NHS TRUST)' (NUHNT TRENTCLAN @ nbs, net); sponsor @ notingham, ac.uk

Subject: Amandmeant 10 CHP, NCPCT and NCoFCT

Attachments: NIHR CSP - red 57488 « non-substantial amendment for approval

Rasent to inciude Cowunly Haalth Partnerships.
Dear Prof Mortan

Title: Measures of pain relevant to knee osteoarthritis
CSP ref: 57488

REC ref: 10/HO403/70

Amendment 10 (non-substantial)

Pleasa accapt this amall as confirmation of continuing NHS permission for this amendment which has baen
received by Nottinghamshire Healthcare NHS Trust's R&D Department on behalf of County Health
Parinership's, NHS Nottingham City and NHS Nottinghamshire County and can now be implemented.

Pleasa contact us using the contact details below if you require any further information.

Kind regards

Emma Pearson
Rasearch Governance Facllitator

Nottinghamshire Healthcare NMS Trust
Institute of Menty' Heakh

University of Nottingham nnoavation Park
Triarmph Noad

Nottingham

NG7 2TU

Tel: 0115 748 4320
Mobile: 07915 144382
Emall: emma pearson@nottshenhs. uk

LA AR R R R R R R A A A A R R R R R

This email and any files transmitted with it are confidential and intended solely for
the use of the individual or entity to whom they are addressed. If you have received
this email in erxor please notify the gystem security managexr

|Serviceleskitiottsho .nhs.uk) Aoy views or opinions presented are solely those of the
aender and 40 not pecessarily represent those of Hettinghasehire Healthcars HHS Trust,
unless otherwigse specifically stated.

R
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NHS Bassetlaw Primary Care Trust approval letter

NHS

Rotford Hospital
Naorth Road

Dr Bryan Moreton Retford
Research Fellow oy
University of Nottingham
Institute of Work health and Organisation Tel 01777 274400
International House Fac Q1777 740635
:::‘d:;hc:n“pu' www, bassetiaw-pct nhs uk
NGS 188
DATE 19112112
Dear Dr Moreton
Ethics Reference Number: 10/H0403/70 Study 1D; s74887

Project Title: Measures of pain reflevant to knee ostecanhrits

UKCRN portfolio 10 9227

Thank you for submitting the above project to Bassetlaw PCT. The project has naw been given
Organisational Approval by

Mr Ancrew Beardsall, R & D Lead, on behalf of Bassatiaw PCT

This now includes the amendments to the study as made

Amendment 1 (mnor) 07/1N2010 (REC acknowledged 1411V2010)

Amendment 2 (minor} 27/10v2010 {(REC acknowledged 16/11/2010)

Amandment 4 (minor} 17/12/2010 (REC acknowledged 12/01/2011) [There is not an amendment 3, 38
REC mcarrectly labelad amandmant 3 as amendment 4)

Amendment 5 (substantial) 21/04/2011 (REC approved 12/05/2011)

Amendment 6 (substantial) 2681082011 (REC approved reissue 150&2011

Minor amendment (amendment 8) 28/006/2012

Mnor amendment 10 {non-substantial), 07/12/2012

Although Organisational approval has been given for this study @ dees not guarantee that independent
contraciors such as GPs, dentists, optometrists and community pharmacesis will be able to take part in
your study

Conditions of approval

Piease note that approval for this study Is dependent on full compliance with the following. To
that end, please complete and return the form attached to this letter confirming your
acceptance of these terms and conditions:

Versian | July 2003 Page 1043
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- You dare required ta ensure that all infarmation regarding patients or staff remains secure and
sirictly confidential b all brmas. You must ensure thal you understand and comply with the
requiremants of the NHS Confidentiakty Coda of Practice

(finpsy e ol o, iik'ass e IR0 YIRS 540068254 patf and the Dada Pratection Aot
{1658), Furthermora, you should be sware that under the Act. unautharised disclosune of
infarmation is an offence and such disclasures may lead fo prosecution.

- You st ot hold persan identifiable data on porlable media unless & is encrypled. Pratecting
data files with pesswords does nat consbfute ancryptian

. Ta complete yearhyTinal reports s requested, and lo feedhask study findings fo he Research
ard Dewelopment Depariment and participants (as appropriate)

] Ta endaavour ta publish andfor disseminete resasrch findings on comgletion of the praject

- Ta infarm the Research and Development Department of any changes that secur, &4,
amendments o approved documentation, project not startad for any reason, change in
personneal atc

. That you infarm ihe Resaarch and Development Depaniment which GP Praciices you have
recruited to yaur study from Bassaetiaw PCT (whare soplicable)

] That you inform the Research and Development Depariment of sll serious adverse incidents’
In accordamnce with Trust Palicy andiar Legal requirements [&.g. Sponsar, MHEA), This & in
addition to the: reporing of sericus or unespected adversa avents and adversa drug reaclions
(which may affisc! the canduct and continuation of the study) to the approwing research ethics
commithai

. That you are awana of and comply with the PCT Research and Development Palicies and Best
Practice Guidancs

= That yau agres o cosperate with a Research Goyvemance Awdit of the project if requasted by
the Research and Development Department

. That you have read and agree to abide by the Ressarch Gavemance Framewark (RGF) far
Health and Social Care (second edition 200%)

The Ressamch Govemance Framawark for Healh & Social Care sets aul the responsdiliies of all
these involeed in research in order to enhance the ethical and scentific quality of health ressarch and
1o galeguard patients and the public. The lead investigatar and all mvoheed in the research have a
responsibikty to comply with Research Gevarnance.

Full detels can ba found in the RGF document avallable af wwiw.dhpov uk o sia the Research and
Evaluation Degariment

' ours sincerely,

fncrew Baardsall
Head of Quikty

Copy ta Tren Comprehensive Local Research Metwark

Wersion , July 2008 Page 2 af 3
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Appendix 4

MNottimngham University Hospitals H‘ Nottingham

=

Evaluation of questionnaire measures for patients with osteocarthritis of the
knee

Chief Imvestigator; Or Bryan Moreton

Cao-investigators: Prof. Mading Lincoln, DOr David Walsh, Prof. Michssl Doherty, Prof Brigitte
wizammel

Sponsor: University of Mottingham

INFORMATION SHEET
|
Wiie would like to invite you fo take part im our research study. Before you decids we would like
woul fo undarstand whiy the Uninversity of Mottingham is doing the research, how your information
will b= used, what the study will rvohie and the potential benefits and risks. Take your time to
resd the following information and fesl free to talk to others sbout the shedy i you wish.
Please, ask us if thers is amything that is not clear.

WHY 15 THIS 5TUDY BEING DONE?

There are slready many trestments thet cen help people with paine but pain remains the
commaonest problem of people with arthnfis. Pain can be very complex, both in how it feels and
how it affects people. Different trestrnents cam help pain in different weys, but can slso
sometimes ceusse problems of their own. More research is nesded to gain & befter
understanding of how pain sffects people and things that might cause or mprove arthetis pain.
Researchers in the Arhritis Research UK Pain Cenire at the University of Mottingham are
camying out & number of ressarch studies to identify different mechanisms that contributs to
arthritis pain, and what people think and fesl sbout it This particular shudy sims fo advance
our understanding of existing measures relevant fo the mechanisms of ostecarthritis knee
pain and to examine the factors associsfed with the experence of pain. Gaining a betlter
understanding of the assessment of pain will help us develop treatments to improve quality of
life.

WHY HAVE | BEEN INVITED?

We are inviting people with csiecarthritis that causes pain in one or both knees. You hawve
been invited sither because your doctor (or another healthcare professional responsible
for your care] thinks that vou may be sble to help us, or because you have previoushy
indicated that you would be happy to be contacted shout research studies such as this.

DO | NEED TO TAKE PART?

NOIT I5 ENTIRELY WOLUNTARY.

It is wp to you to decids whether to join the study. %ouw do not have to be invoheed in this
research if you dio not want to. If you decide that you do not want to take part. vou do not
hawve fo give a reason for this. If you agres to take part. we will ask you to complete and sign the
consant form included in the letter and retum it with the questionnaires in the pre-paid envelope.

Participant information sheet Study 2, Wersion 6
2608 2011
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WHAT ARE WE ASKING YOU TO DO?

iz are =esking voluntesrs with ostecarthritis of the knee to take part in our study. We have
sant you 8 booklet of questionnaires abowt your pain, youwr arthritis and its trestment, how you
rmanage it, and sbout your general heslth and well-being. We estimate thet the questionnaires
miay tske people up to G0 minutes fo complate. but you will b2 able to complete them at your
own pace. We would like you to complete as much of the questionnaires as you can and then
refurn tham in the pre-paid envelope provided. Please note that questions about your pain
are referring to your knee pain caused by ostecarthritis.

You may also be invited to take part in Quantitative Sensory Testing (25T). @5Tis a
non-invasive test {i.e., no needles are used) that measures how sensitive nerves are by
recording the smallest force that is required for pressure to be felt as pain. If you
participate, during the test, a researcher will press a blunt probe onto certain parts of
your body. The probe consists of a rod with an end the size of a 5p piece, mounted in a
hand held device connected to a computer. The force with which the probe is pressed
onto your skin will be gradually increased until you indicate, by pressing a button, as
soon as the sensation has changed from pressure to pain. At that point, the researcher
will immediately take the probe off your skin. The sensation of pain will be mild and
temporary in nature. The researcher will press the probe on your knees, legs, and
another site such as the front of your chest. Each region will be tested three times with
short rest pericds between. Before starting the procedure, we will familiarise you with
the test by applying the probe to one of your hands so that you will know what to
expect and how to respond as soon as you feel any pain. You will be able to indicate at
amy point if you do not wish to continue. The researcher administering the Q5T will
also go over any questions from the questionnaires that were not answered.

Before taking part in Q5T a researcher will contact you by telephone to discuss Q5T
with you, answer any questions that you may have, ensure that you are suitable to take
part and, if you are, arrange a time that is convenient for you to attend Academic
Rheumatology, Clinical Sciences Building, City Hospital, Nottingham. If you have
already taken part in @5T in another study conducted by the Arthritis Research UK
Pain Cemntre (University of Mottingham) then you may not be reguired to participate
agaim.

We are also seeking your permission to lock in your hospital notes, if relevant, for other
information that may be helpful to the research, for example, medical history and medicines
that hewve been prescribed. Finzlly, you may be invited to complete the questionnaires again
gt three and six months after initisl asses=ment to examine change over time. This will be
conducted entirely through the post, but we may telephone you to remind you of this.

If you would prefer not to take part in the QST and'or the three and six month follow-up
assessments, but you are happy fo complete the initial set of questionnaires, we would be
wery grateful for your participation. You will be able to indicate your preference{s) on your
consent form.

Please feel free to contact us by telephone or by post if you would like a researcher to
visit you at home to help you complete the gquestionnaires.

EXPEMSES AND PAYMENTS
All travel expenses will be fully reimbursed for attending Academic Rheumatology. There
will however be no payment for taking part in the study.

Participant information sheet Study 2, ersion &
26.08 2011
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WHAT ARE THE BEMEFITS OF TAKING PART?

Taking part im our study means that you may possibly help peopls with arthrts in the future, as
information may be used to develop new treatments and improve management of arthitis. We
do not expect you to directly gain from taking part.

WHAT ARE THE POSSIELE DISADVANTAGE S OF TAKING PART?

Taking part in this study does not require you fo teke any new treatmients, nor to change the way
you manage your arthritis. We apprecste that taking part will use your time and may thersfore
be incomvenient. Some of the guestions from the questionnaires cowver topics that may be
considersd sensitive or embarrassing, but sl nformstion provided will be kept strictly
confidentisl. If you take part in the Q5T, then you will feel slight discomfort in the area
whiere the probe is placed. However, the feeling will be temporary and any sspect of your
imsohsement in the shudy can stop st any time f you do not wish fo continuws.

WILL MY TAKING PART IN THE 5TUDY BE KEPT CONFIDENTIAL®?

ez, We will follow ethical and legal practice and sl information about you will be handled in
confidence. Information will not be used or disclosed in a form that might identify youw without
your conssnt.

WHAT WILL HAPPEM IF | DON'T WANT TO CARRY ON WITH THE 5TUDY?

“our parbcipation is voluntary and you are free to withdraw at any time, without giving any
reason by either informing the researcher administering the Q5T or phoning the shedy
contacts on 0115 248 6545 This will not affect the standard of care you receive, and your
legal rights will not be affected. If you withdrene then the information collected =0 far cannot be
erased and this imformation may still be used in the project analysis.

WHAT WOULD WE DO WITH THE INFORMATION THAT YOU GIVE US?

The gquestionnaire and Q5T data will be fransferred to an electronic database and used in
anahysiz. The electronic files will b2 stored on password protected computers and storage
devices (e.g.. CDs). The questionnaire sheets will be stored at the University of Mottingham in
locked cabinets for seven years before being destroyed. We will store personal information
such as names in 8 separste file from the guestionnaire shests. and we will assign an
anonyrmous identity code to all data. Only the researchers and the authorsed representatives
of the study sponsor will hawve sccess to your personal dats. Your personal detsils will not be
provided to amyons else, or used for any purpese other than our research. They will be
desfroyed after it is no longer necessary to contact you.

WHAT WILL HAPPEM TO THE RESULTS OF THE RESEARCH STUDY?

The information that you provide will help us refine the assessment of pain in people with
osteoarthrifis. The results of the study may b= presanied to other researchers, at meetings
and through publication in scientific journals. A summany of the findings will slso be provided
to Arthritis Research UK, which is funding this stody. We will ensure that it will not be possible
for anyone to identify you from the published findings of the study.

Vie will put & summary of the results on our website hitpcwesw nottimphar.ac.ukipaincentre
when the study is fimished. If you ask the researcher, we would be happy to send you a copy
of the results when they are available.

WHO 15 ORGANISING AND FUNDING THE 5TUDY?
This research i= being organised by the University of Moftingham and is being funded by
Arthritis Research LIK.

Participant infermation sheet Study 2, ersion B
2608 2011
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WHO HAS REVIEWED THE 5TUDY?

All res=arch in the MHS is looked st by an independent group of people, called 5 Ressarch
Ethics Committee. to protect your interests. This study has been reviewsd and given
fawourable opimion by Mottingham Ressarch Ethics Committes.

WHAT IF THERE I5 A PROBLEM?

If you hawve concems sbout any aspect of the way you have besn trested during the course of
the study, please discuss them with the researcher administering the QST or the Chisf
Investigator. If you wish to rasise your concems with someone who is independent of the
research team, please contact the Moftingham University Hospitals PALS Deparment on QE00
183 0204,

FUTURE CONTACT

This study is & part of a larger programme of research into arthritis pain. We would be grateful
if you could indicate on the consent form whether you would be willing for us to contact you
sbout other paris of our research in the future. Please note that the boxes on the consent

form need to be initialled rather than ticked. i is important that you sign and date the
consent form and initial rather than tick the boxes.

If you hawve any further guestions sbout this study, or wish to contact the study sponsors, please
contact

Crr Bryan Moreton {Chief Investigator)
Uninversity of Mottingham

Instibute of Work, Health and Organisations
International House

Jubilee Campus

Wipllaton Road

Motfingham, MGEE 188

Telephone: 0115 546 6545

Email: bryan.morston@nottingham.ac.uk

Thank you for taking the time to read this invitation

Participant information sheet Study 2, VWersion &
26082011
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Appendix 5

Instructions for QST patients
The idea of these tests is to look at pain thresholds in people with OA. We
aren’t looking at how much pain you can tolerate, simply at what point you start
to feel pain. The pain you feel will only be fleeting, as the test will be stopped as
soon as you indicate that you have started to feel pain.
You will hold this push button in your dominant hand and | will start to apply a
graded pressure on your finger nail bed.
You will feel pressure as the probe is pressed down and the pressure will be
gradually increased.
As soon as the pressure starts to change to pain, you should press the button
and | will withdraw the probe.
The first test is on the finger nail and is really just a practice to let you know how
it feels.
Then | will do the same on other parts of your body. Specifically the sternum,
around the knee joint and on the lower leg.
At each site | will take 3 readings with a few seconds in between.
Between each site there will be a 2 minute break.
The computer records your pain threshold of each test and this will be
compared with other volunteers who also have osteoarthritis in their knee.
Also in a week’s time we can see if your results have changed from the first set
of tests.
If, for any reason, you want to stop, let me know straight away.

Do you have any questions?
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Appendix 6

Mottingham University Hospitals ) _ﬂ__’ Nottingham

CONSENT FORM
(Version &
26.08.2011)

Evaluation of questionnaire measures for patients with ostecarthritis of the knee

Chief Investigator: Cr Bryan Moreton
Co-investigators: Prof. Mading Lincaln, Cr Dawid Walsh, Prof. Michasl Doherty, Prof. Brigitte
Soanmel

Sponsor: University of Mottingham
REC ref: 1IWHO403:70
Please initial box

1. | canfirm that | have read and wnderstand the information sheet wersion number &
dated 26.08.2011 for the sbowe stwdy and have had the opporfunily o ask
guestions.

2 | understand that my paricipstion is wohluntary and that | am fres o withdraw at any

tire, without giving any reason, and without my medical care or legal nights bsing
afizcted. | understand that should | withdraws then the infarmation collected so far
cannot be erased and that this mformation may =il be used in the praject analysis.

3 | understand that relevant sections of my medical notes and data collected in the
study may be lookad at by authonsed indwiduals from the University of Mottingham,
the research grous and regulatary autharities where it is relevant to rmy {aking partin
this study. | give permission for these individuals 1o have access io these records
ard to collect, store, analyse and publish infermation obiained from my pardicipation
in this study. | understand that my personal detsils will be kept confidentisl

4 | agres to taks part in the above study. I:l
b [Cptional) | agres to tske part in Quantiative Sensory Testing. |:|
g. [Optional) | agree to take part in the three and s month follow-up 3ssessments. I:l
i [Cptional) | agres to being contacted in the future sbout other research studies. I:I
Wame of Participant Diate Signature
Marmnz of Person taking consant Diate Signaturs

3 copies: 1 for participant, 1 for the project notes and 1 for the medical notes
[EITHERJFLEASE RETAIN THIS COPY FOR ¥OUR RECORDSJORIPLEASE RETURN THIS
COPY WITH YOLUR QUESTIONMNAIRES IN THE PRE-FAID ENVELOFE

Study 2
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Appendix 8

The University of

Nottingham

UNITID KINGDOR - CHING + MALDSA

tp/fwwwoncttingham acukiwho

Institute of Work, Health & Organisations t

Bryan Morston ﬁﬂlvd & Haalth S

H
lm-mme of Work, Health & Orgoneation

The University of Nottingham
YANG Fuja Buidng

Jbriee Carpn

Nottingham

NGS 158

L 444 (0)115 9515918
08/07/2013

Dear Bryan
FWHO Ethics Committee Review

Thank you for subminng your praposal on *A 1ast of interraber refability foe establishing pain pressurs
threshoids with quantitative®. This propasal has now baen reviewad by FWHO's Ethics Cammittea 10 the
axant that it is described in your submission.

| am happy fo tal you that the Committee has found no problams with your proposal. If thare are any
significant changes or developments in the methods, treatment of data ar debreding of participants, then you
a6 cbiged 10 seek furthar ethical approval for thesa changes,

We would remind all researchers of their athical responsibiities to research participants, The Codes of
Practice satling out these responsitilities have been published by the Britsh Paychalogical Society. If you
hava any concams whatsoavar dunng the conduct of your research then you should consult thoss Codes of
Practice and cortact the Ethics Commitiee.

You should ako take note of lsswes relating 1o safety, Smmmﬁembelm-nhsamymu
pages of the University web ste. Partcularly ralavant may ba
The Salaly Handbook, which deal with working myimnlha Univarsity.

Responsibxity for complianca with tha Unihersty Data Protection Policy and Guidance lies with ail
resesrchers,
Ethics Committea approval does not altar, replace or remaove those responsiilities, nor doss it certity that
they have been met.
Wa would remind all rssearchers of their responsibilites:

* 1o provide feeddack to partiopants and pamticipant organsations Whenever appeopeiate, and

* 1o publish ressarch for which ethical approval is given in approprate acadamic and professional

Joumals,

Yours sincaraly
A &o\v\a_/{\é:@ e

Professor Nadina Lincoln
Chair IWHO Ethics Committee
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Appendix 9

The University of

Nottingham

Protocol version 1.0 (30.06.2043)

[Title

A test of miersies reliability for establishing pain pressure
threshalds with quantitstive sensory testing.

[ Short fitle

Intemater relizbiy in wa T

Chiet Investigator

Ur Bryan Moreton

Instfitute of Wark, Health and Crganisations
Jubiles Campus

Winllaton Road

Nottingham

MNGE 1BE

LCo-Investigators

Wizs Victora 12w

Traines Chnical Peychologist

Trent Doctorate in Clinica! Psychology, University of
Mottingharn

Institute of Wark, Health and Crganisations

Jubile= Campus

Winllaton Road

Wottingham

MNGE 1BE

W= Maggie Whesler

Clinical co-ordinstor (Research)
Arthritis Research UK Pain Centre
Academic Rheumatology

Clinical Sciences Building

City Hospital

HNGE 1PE

[ Tbjeciives

To examine the Interates reliabiliy of Fain Fressune
Thresholds (PFT) using Quantitative Sensorny Testing

{@sT).

Study Configurafion

ngle centre study. |

sample size estimate

The sample size estmate was based on niracass
correlation cosfficients (ICC). The value of mwas fixed to
twa (i.e., twa raters). The sample size caleulation (based on
Walter =t al, 1888} was designed 1o f=st for an 1CC of 0.8
and the null value set st 0.7 (of, Chesterton =t al., 2007
With an alpha of 0.05 and a bets of 0.20, 19 pariicipants
would be needed.

Humber of parficipanis

Agproximately 20 participants.

ETigibility critenia

Farticipants will be eligible &

= They are able to tske part in the procedure.
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= |heydonot have any significant redical or
paychistric conditions that could adversely affect the
results.

+ They ar= capable of providing inforrmed consent.

Descrniphon of
procedure

The study will b2 camed cut in accordancs with previous
25T studies conducied at the Arhritis Besearch LK Fain
Zentre (University of Motlingham). Participants will b=
recruited opportunisticslly. They will be provided with an
information sheet and asked to sign and date a consent
form before starting the study.

Those indicating an interest in faking part will first be
screened by a researcher o ensure eligibdity and to
corfirmn that they have undersiond the contenis of the
information sheet. Participants will be invited fo take part in
JET at Acadernic Radiclogy or Academic Rheumatology
{University of Notingham), in an assessment room. Before
starting the procedure, the parficipants will be asked to
complets a few guestions abouwt their current pain stafus
{=.g.. @ Numeric Riating Scale §-10 for any pain in any
regian of the body). FET will be assess=d using an
slectronic algometer with a laplop recording/display device.
The algomsier a= a 1cm diameter probe, which will be
applied with graded pressure to test sikes. At the time ai
which the participant indicates that the stimulus is
sxperienced as pain rather than pressure, the probe will be
refracied immedisiely ceasing stimulstion.

The partizipants will be familiarised with the procsdurs
before the start of the assessment by applying the stimulus
to 3 lzaming sitz on one hand. This will ensure that the
participant understands the nature of the stimulus and how
to respond when pain is felt. The stimulus will be applisd to
sites on the knes (medial joint line and lateral joint line),
bower leg (fibizlys anterior) and sternum. These sites were
chosen on the basis of systematic review of pressure
algomestry studies.

The stirmulus will be applied fo each test site three times
with rest interesls betwesn. Two minuie rest intervals will
b= interspersed between sies. The padicipanis will b2
tested once by ons researcher (W.T. ar MW at esch bady
site. then, following a short fiwe rminute break, they will be
tested by a second researcher. This means that the
participants will go through the entire test procedure wics,
This design was chosen to profect against wide-up effects.
The rest perods will protect against any fatigues caused by
repeiitive testing. The order of researchers will be counter-
balanced =o that half of the parficipants are tested first by
W.T. and the othar half by M.V, 10 control for order effects.
The ressarchers will haws undergone specialist training
with & Somedic Senseho: algpometer. In addition, the
participants will be akble to stop the {esting procedure at any
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fime and can wathdraw ther consent withaut gnang an
explanation.

Al data collected during the study will be stored
anonymously and in sccordance with the dats protection

act {1882} Dr Bryan Moreton will b= custodian of the data.

Duration of study

The study will run approsarmatehy © to 5 wesks in total. The
testing procadure will take approximately one hour per
participant.

Uutcome measures

The pnmary outcome wll b= PFT.

stanstical methods

The dats will be swmmansad far 2sch anatomical site using

the me=an and standard deviation. In addition, 95%
confidence intervals will be calculated. |pferrater reliakility
will be calculated using ipiEciass comrelstion cosfiicients.
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Appendix 10

The Ueirwirsity of

' | Nottingham

A test of interratar reliability for establishing pain pressure thresholds with
quantitative sensory testing.

Chigf Inwestigator: Dr Bryan Moreton
Co-imvestigators: Miss Vicioria Tew and Mrs Maggie Whesler

INFORMATION SHEET (version 1, 30006_2013)

W would like to inwite you o take part in our research study. Before you decide we
wioudd like you to understand wihy the University of Mottingham is doing the research, how
your inforrnation will b2 used, what the study will involve and the potential benefits and
risks. Take your time to read the following information and feel fres to talk to others
albout the study if you wish. Please, ask us if there is anything that is not clear.

WHY 15 THIS STUDY BEING DONE?

Cuantitative Sensory Testing (LI5T) is a mathod wsed to establish pain thresholds that can
be contrasted betwesn different body arexs and across difersnt individusls. This study is
being conducisd fo exarmine how reliable Q5T measurements are when adminisizred by

differsnt people (intarrater reliability).

WHY HAVE | BEEN INVITED?
You hawe b=en invited because you may b= able to help us in our research study.

0D | NEED TO TAKE PART?

MO IT 15 ENTIRELY VOLUNTARY.

It i= up to you o decide whether to join the sfudy. You do not have to be involied in
this research if you do not want to. If you decide that you do not want to take part. you
do not have o give a reason for this. If you agree to take part, we will ask you fo
comgpletz a sign a consent form.

WHAT ARE WE ASKING ¥OU TO DO?

25T is a non-invasive test (Le., no needles are us=d) that measures how sensitive
nerves ane by recording the smallest pressure change that is required fo be felt as pan.
If you choose o fake part, you will b= invited to answer sorme questions about your
current state of pain and o carmy out Q5T at Academic Rheumatclogy or Academic
Radiclogy (University of Nottingham).

If you participate, during the test, the resesrcher will press a blunt probe onto certain
parts of your body to apply pressure. The pressure probe consists of a rod with an end
the size of 3 Bp piec=, mounted in 3 hand held device connected 10 3 computer. The
probe will b= lightly pressed onto your skin then the force with which the probe is
pressed onto your skin will be gradually increased. As spon as you indicate that the
pressure is felt a5 pain, the researcher will enmediately take the probe off your skin.
The sensaton of pain will b= mild and ternporary in nature. The pressures used haws
b=en selected to not damage your skin.

The ressarcher may put the probs on yowr knees, legs, and the front of your chest.
Each region will be test=d three times with short rest pericds between. You will be
tesied at each site once by one researcher, then following a short five minwete break,
you will be tested apain by a second researcher o that their measurements can be
compared. Before starting the procedurs, we will familiarise you with the test by
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applying the probs to one of your hands so that you will know what to expect and how
to respond as soon 35 you feel any pain. You will be able to ndicate 31 any point if you
do not wish to continue.

EXPENSES AND PAYMENTS
All travel expenses will be fully reimbursed for sttending the test. There will however be no

payment for taking part in the study.

WHAT ARE THE EENEFITS OF TAKING PART?
Taking part in our study means that you may possibly help peogle with pain in the future,
a5 the inforrnatsion may be used to refine the way we ssses: pain threshaolds. We do not

expect you o dirscthy gain from taking part.

WHAT ARE THE PO SSIELE DI SADVANTAGES OF TAKING PART?

Ve appraciats that tsking part will use your time and may thersfore be incomeenisnt. You
will feel sight discomfort in the area where the Q5T probe i= placed. Howswer, the feeling
will be temporary and any aspect of your involemeant in the study can =top at any tirne if
vou do nod wish to continue.

WILL MY TAKING PART IN THE STUDY BE KEPT CONFIDENTIAL?

es. We will follow ethical and legal practice and all inforrmation about you wiill be
handled in confidence. Information will not be used or disclosad in a form that might
rdeniify you vithout your consent.

WHAT WILL HAPPEN IF | DON'T WANT TO CARRY ON WITH THE STUDY?
Your participation is woluntary and you are free o withdraw 3t any time, without giving
any reason by either informing the researcher administering the G5T or phoning the
study contacts on either 0115 46 6545 or 0115 823 1676, If you withdraw then the
nformation collected so far cannot be erased and this information may still be used in
the project analysis.

WHAT WOULD WE DO WITH THE INFORMATION THAT ¥OU GIVE US?

The Q5T data will be tran=ferred to an elecironic dafabase and used in analysis. The
lectranic files will be stored on password protected computers and storage dewices
{=p.. CO=). &ny research inforrmation on pager will be stored at the University of
Motiingham in locked cabinets for seven years befors being destroyed. Personal
mformation will b= stored separately from research dafa and we will assign an
amonymous identity code to all data. Only the researchers and the authonsed
representatives of the University of Mottingham will have acoess to your personal data.
Your personal detsils will not be provided 1o anyons else, or used for any punpose
other than our ressarch. They will b= destroyed after it is no longer neces=sany o
contact you.

WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY?
The results of the sfudy may be presentzd o other researchers, st mesfings and through
pullication in scentific journals.

If you ask the ressarcher, we woukd b2 happy to send you a copy of the results when
they are available.

WHO HAS REVIEWED THE STUDY?

The research has been looked at by an independent group of people, called a
Resesarch Ethics Comrnittes, to protest your inferests.
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WHAT IF THERE 15 A PROBLEM?

If you have concems sbhaout any aspect of the way you have been treated during the course
of the sfudy, plzase discuss them with the resesrcher administenng the Q5T or the Chief
Irnrestigatar.

FUTURE CONTACT

We would be grateful if you could indicatz on the consent form whether you would be
willing for us ta contact you skbout any further pars of our res=anch in the fiture. Please
note that the boxes on the consent form need to be initialled rather than tickead. It
is important that you sign and date the consent form and initial rather than tick the
boxes.

If you hawve any further questions about this study, please contact either:

Dr Bryan Moreton (Chisf Investigator) Wrs Maggie Whesler
Uniwersity of Mottingham Acsdemic Rhevmaiology
Institute of Work, Health and Organisations  Clinical Sciences Building
Irternational Houss ity Hospital

Jubiles Carngus Hucknall Foad

Wiolaton Road Mottingham

Nottingham, MGE 188 WNGE 1FB

Telephons: 0115 846 6545 Telephons: 0115 823 1676

Email; bryan.morstoni@nottingharm.ac.uk  Email: maggewhselen@notingham.sc.uk

Thank you for taking the time to read this invitstion.
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Appendix 11

The Ueirwersity of

' | Nottingham
CONSENT FORM
{\fersion 1
30.08.2013)
A test of interrater reliability for establishing pain pressure thresholds with
quantitative sensory testing.

Chief Investigator: Cr Bryan Moreton
Co-investigators: Miss Viciona Tew and Mrs Magpie Vhesler
Please initial box

1. | confirrm that | have read and understand the information shest version
number 1 dsted J0.06.2013 for the sbovs study and haws had the |:|
opporunity to ask questions.

2 | understand that my participation s voluntary and that | am fres o
withdraw 3t any time, without giving any reason, and without rmy legsl |:|
rightz= being afiected. | wnderstand that should | withdraw then the
infarmation collected so far cannot b= erased and that this information
may slill be wsed in the project analysis.

E | understand that relevant sections of my data collscted in the study may
be looked at by suthorised ndividesls from the Universidy of Mottingham, |:|
the ressarch group and regulatony authonties whers i is relevant to my
taking part in this stedy. | give permission for these individuals to hawe
access o these records and fo collect sfore, analyse and pukblish
infarmation obtained from my pardicipation in this study. | understand that
my persanal details will be kept confidential.

4 | agree to take part in the above study. |:|

5 [Cptional) | agree to being contacted in the futwre about other ressanch |:|
=

Wame of Participant Diate Signature

Mame of Person taking consent Diate Signaturs

185



Appendix 12
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Appendix 13
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Appendix 14
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Appendix 17

Mann-Whitney analysis SPSS output for each factor

Ranks
GENDER N Mean Rank | Sum of Ranks
M 34 45.21 1537.00
SQRT_SternumPPTmea 43 34.09 1466.00
" Total 77
Test Statistics?®
SQRT_Sternu
mPPTmean
Mann-Whitney U 520.000
Wilcoxon W 1466.000
Z -2.164
Asymp. Sig. (2- .030
tailed)
a. Grouping Variable: GENDER
Ranks
GENDER N Mean Rank [ Sum of Ranks
M 34 46.76 1590.00
SQRT_MedJLPPTmea
43 32.86 1413.00
" Total 77
Test Statistics?®
SQRT_MedJL
PPTmean
Mann-Whitney U 467.000
Wilcoxon W 1413.000
z -2.708
Asymp. Sig. (2- .007
tailed)

a. Grouping Variable: GENDER
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Ranks

GENDER N Mean Rank | Sum of Ranks
M 34 45.59 1550.00
SQRT_LatJLPPTmea 43 33.79 1453.00
" Total 77
Test Statistics?
SQRT_LatJLP
PTmean
Mann-Whitney U 507.000
Wilcoxon W 1453.000
Z -2.298
Asymp. Sig. (2- .022
tailed)
a. Grouping Variable: GENDER
Ranks
GENDER N Mean Rank | Sum of Ranks
M 34 45.62 1551.00
SQRT_MidtibPPTmea 43 33.77 1452.00
" Total 77

Test Statistics?

SQRT_Midtib
PPTmean
Mann-Whitney U 506.000
Wilcoxon W 1452.000
Z -2.308
Asymp. Sig. (2- .021
tailed)

a. Grouping Variable: GENDER
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Ranks

GENDER N Mean Rank | Sum of Ranks
M 34 38.91 1323.00
NRSPAIN_1 F 43 39.07 1680.00
Total 77
Test Statistics?®
NRSPAIN_1
Mann-Whitney U 728.000
Wilcoxon W 1323.000
Z -.031
Asymp. Sig. (2- .975
tailed)
a. Grouping Variable: GENDER
Ranks
GENDER N Mean Rank | Sum of Ranks
M 34 35.04 1191.50
SQRT_BDITotal F 43 42.13 1811.50
Total 77
Test Statistics?
SQRT_BDITot
al
Mann-Whitney U 596.500
Wilcoxon W 1191.500
Z -1.383
Asymp. Sig. (2- .167
tailed)

a. Grouping Variable: GENDER
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Ranks

GENDER N Mean Rank | Sum of Ranks
M 34 39.84 1354.50
STAI_Total F 42 37.42 1571.50
Total 76
Test Statistics?®
STAI_Total
Mann-Whitney U 668.500
Wilcoxon W 1571.500
4 -.478
Asymp. Sig. (2- .633
tailed)

a. Grouping Variable: GENDER
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Appendix 18

Sternum PPT:

Regression Standardized Residual

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: SQRT_SternumPPTmean
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Medial knee joint-line PPT:

Regression Standardized Residual

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: SQRT_MedJLPPTmean
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Lateral knee joint-line PPT:

Regression Standardized Residual

Normal P-P Plot of Regression Standardized Residual
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Dependent Variable: SQRT_LatJLPPTmean
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Medial tibia mid-shaft PPT:

Regression Standardized Residual

Normal P-P Plot of Regression Standardized Residual
Dependent Variable: SQRT_MidtibPPTmean
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Appendix 19

2 Class Intervals

Class Interval:

STAI-SF item 1 2
1 107 100
2 106 101
3 107 99
4 107 100
5 107 101
6 107 101

Mean frequency: 106.8 100.3

Ideal value: 50 50

3 Class Intervals

Class Interval:

STAI-SF item 1 2 3
1 64 70 73
2 63 70 74
3 64 70 72
4 64 69 74
5 64 70 74
6 64 70 74
Mean frequency: 63.8 69.8 73.5
Ideal value: 50 50 50
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4 Class Intervals

Class Intervals:

STAI-SF item 1 2 3 4
1 63 59 49 36
2 63 58 49 37
3 63 59 57 27
4 63 58 49 37
5 63 59 49 37
6 63 59 49 37
Mean frequency: 63.0 58.7 50.3 35.2
Ideal value: 50 50 50 50
5 Class Intervals
Class Interval:
STAI-SF item 1 2 3 4 5
1 41 47 46 37 36
2 41 46 46 37 37
3 41 47 46 45 27
4 41 47 45 37 37
5 41 47 46 47 27
6 41 47 46 47 27
Mean frequency: 41.0 46.8 45.8 41.7 31.8
Ideal value: 50 50 50 50 50
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6 Class Intervals

Class Interval:

STAI-SF item 1 2 3 4 5 6
1 41 23 43 39 35 26
2 41 46 34 38 37 11
3 41 23 43 39 33 27
4 41 23 43 38 35 27
5 41 a7 34 38 37 11
6 41 a7 34 38 37 11

Mean frequency:  41.0 34.8 38.5 38.3 35.7 18.8
Ideal value: 50 50 50 50 50 50
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Appendix 20

Class Intervals:

STAI-SF item 1 2 3 4
1 42 49 59 57
2 42 48 59 58
3 42 49 59 56
4 42 49 58 58
5 42 49 59 58
6 42 49 59 58
Mean frequency: 42.0 48.8 58.8 57.5
Ideal value: 50 50 50 50
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