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Abstract 

 

Chronic low back pain (CLBP) is one of the most prevalent musculoskeletal disorders 

and a major contributor to disability worldwide. Exercise is recommended in guidelines as a 

cornerstone of the management of CLBP. One of the manifold benefits of exercise is its 

influence on endogenous pain modulation. An acute bout of exercise elicits a temporary 

decrease in pain sensitivity, described as exercise-induced hypoalgesia (EIH). This thesis 

explores EIH in people with CLBP via a systematic review and observational studies. 

The systematic review included 17 studies in people with spinal pain. Of those, four 

studies considered people with CLBP revealing very low quality evidence with conflicting 

results. EIH was elicited following remote cycling tasks (two studies, fair risk of bias), but 

EIH was altered following local repetitive lifting tasks (two studies, good/fair risk of bias). 

The observational studies investigated EIH following three different tasks in 

participants with and without CLBP and explored the stability of EIH results. Conflicting 

results from quantitative sensory testing were found for whether EIH is impaired in people 

with CLBP. EIH was only elicited in asymptomatic participants following a repeated lifting 

task, but both participants with and without CLBP showed EIH following a lumbar resistance 

and a brisk walking task. This thesis demonstrates the first evidence of stability of EIH over 

multiple sessions. However, the interpretation of the results can be challenging as stability 

was poor and changes in lumbar pressure pain thresholds also occurred after rest only. 

These findings are important to inform future studies contributing to the elucidation of 

the complex phenomenon of EIH in people with/without CLBP, specifically as the stability is 

a prerequisite for future research.  
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Chapter One 

Introduction 

 

 

 

Parts of this introduction, including Figure 1.2, relate to the article cited below. The 

publication (in German) is attached as Appendix 1 and copyright permission in Appendix 20. 

 

Publication 

Kuithan, P., Rushton, A., Heneghan, N.R. Schmerzmodellierung durch Bewegung-  

Bewegungs-induzierte Hypoalgesie in der Physiotherapie [Pain modulation through exercise - 

Exercise-induced hypoalgesia in Physiotherapy] Article in German. Invited for special issue 

“Physiotherapy” in Der Schmerz (2022) DOI 10.1007/s00482-022-00623-3 
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1.1 Low Back Pain 

 

Pain is defined by the International Association for the Study of Pain (IASP) 

Taxonomy working group as “an unpleasant sensory and emotional experience associated 

with actual or potential tissue damage or described in terms of such damage” (IASP, 2011). It 

is a complex biopsychosocial experience and usually serves an adaptative role (IASP, 2011). 

Nociception is different from pain referring to “the neural process of encoding noxious 

stimuli” (IASP, 2011). A nociceptive stimulus is therefore an actual or potential damaging 

event which can be detected by nociceptors, high-threshold sensory receptors in the peripheral 

nervous system (IASP, 2011). From a clinical perspective, musculoskeletal pain may be 

described in terms of its origins or mechanisms, i.e., nociceptive, peripheral neuropathic, and 

central sensitisation, or nociplastic (IASP, 2021; IASP, 2011; Smart et al., 2011; Vardeh et 

al., 2016). 

Pain, and specifically low back pain (LBP), is a common complaint of people seeking 

healthcare treatment (Hartvigsen et al., 2018). LBP is commonly described as pain in the 

posterior area between the caudal border of the 12th rib and the gluteal folds (Hoy et al., 

2014). Up to 90% of all LBP is labelled non-specific LBP, ruling out specific pathologies and 

also challenging clinical diagnosis, as a specific pathoanatomical cause is unknown (Maher et 

al., 2017). As a result, management is not targeted at a pathoanatomical cause and instead 

aims to improve function and reduce pain and/or disability (Maher et al., 2017). 

LBP contributes to the high disability worldwide causing a high financial burden and 

immense reduction of quality of life (Hoy et al., 2014; Vos et al., 2016). LBP is common 

across all age groups, with a global point prevalence of 540 million people worldwide 
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(Hartvigsen et al., 2018). Reported lifetime prevalence is up to 85%, with most adults 

experiencing LBP at some point (Hartvigsen et al., 2018; Roussel et al., 2013). Most people 

will recover within six weeks, although recurrence rates are high (Hartvigsen et al., 2018). 

Commonly chronic pain is described as pain persisting for a minimum of twelve weeks 

(National Institute for Health and Care Excellence (NICE), 2020). This does not fully reflect 

the complexity of chronic pain, with recurrent chronic pain, (e.g., episodic bouts) not 

fulfilling the criteria of this classification (Dionne et al., 2008; Stanton et al., 2010). 

Moreover, the transition from acute pain to chronic pain is not fully understood; it is unlikely 

a linear process with considerable inter-person variability (Gatchel et al., 2018; Jull et al., 

2015), which is influenced by an individual’s psychological profile (e.g., fear or anxiety) and 

can contribute to a mal-adaptive pain response (Hartvigsen et al., 2018; Hasenbring et al., 

2014). Nevertheless, it has been purported that 33 to 66% of people with LBP develop 

chronic low back pain (CLBP) (Marcuzzi et al., 2015); with one study reporting that up to 

25% of participants with LBP develop chronic widespread pain within five years (Kindler et 

al., 2010). This contributes to high direct and indirect costs (Hartvigsen et al., 2018). 

The relationship between pain and disability and the tipping point of when pain causes 

disability is not sufficiently studied and might highly depend on the individual person. Factors 

such as self-efficacy, fear, or psychological distress should be considered (Lee et al., 2015; 

O'Sullivan et al., 2016). Worldwide only 28% of people have LBP which is considered as 

severe, but those account for 77% of LBP related disability leading to over 46,000,000 years 

lived with disability (Hartvigsen et al., 2018). In primary care, patients with minimal or 

moderate disability or severity of symptoms are common. For example, in a randomised 

controlled trial (RCT) of stratified care for the management of LBP in the United Kingdom of 

Great Britain and Northern Ireland (UK), the mean pain intensity was 5.3/10 and 5.2/10 for 
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the intervention and control group respectively (Hill et al., 2011). The stratification of 851 

participants classified 26% of them as of low risk of persistent disability (mean pain intensity 

of 3.4/10 and 3.5/10; Roland Morris Disability questionnaire indicated minimal disability 

4.6/24 and 4.2/24) (Hill et al., 2011). Findings reveal that people with low to moderate levels 

of pain or disability also contribute to the burden of healthcare. 

A range of classification systems exists to guide clinicians with management 

decisions, with most centred on movement and/ or psychological factors (Hill et al., 2011; 

O'Sullivan, 2005; O'Sullivan, 2012; Schafer et al., 2014; Stanton et al., 2011). However, to 

meet the demands of a biopsychosocially informed management, multiple factors should be 

combined (Falla and Hodges, 2017). For example, the Subgroups for Targeted Treatment 

Back (STarT-Back) screening tool, a brief questionnaire to stratify care, includes 

psychological factors and body function (Hill et al., 2011). Another example is the 

classification of lower back related leg pain, which includes measures of pain sensitivity 

(Schafer et al., 2014). Changes in pain sensitivity, specifically the acute response to exercise, 

are currently not reflected in classification approaches. 

 

1.1.1 Biopsychosocial Implications of Low Back Pain  

 

A biopsychosocial approach to the management of LBP has been advocated for many 

years (Jull et al., 2015; Waddell, 1987) with all domains (biomedical, psychological, and 

social) needing to be considered. The International Classification of Function, Disability and 

Health (ICF) promotes a holistic approach (World Health Organisation (WHO), 2002) where 

a model to facilitate personalised care comprises a biopsychosocial management approach 

(Figure 1.1). 



5 

 

 

Figure 1.1 Model of Disability 

Adapted from the World Health Organisation (2002) 

 

Biological factors (e.g., genetic predisposition, degeneration, such as endplate lesions, 

chronic conditions, poor mental health, and lower health literacy) are risk factors for the 

development of CLBP (Hartvigsen et al., 2018; Pincus et al., 2013). Furthermore, altered 

kinematics, such as increased stiffness of the spine, and altered neurophysiological responses, 

such as changes in the distribution of muscular activity or greater fatigue, have been observed 

in people with LBP (Falla et al., 2014; Goubert et al., 2016; Haddas et al., 2016; Masse-Alarie 

et al., 2016; O'Sullivan, 2012; Shojaei et al., 2017). Interactions between psychological 

factors and motor behaviour have been identified in a recent systematic review (Christe et al., 

2021); the effect size was small, but implied the interdependence of the two domains. 

Psychological distress (e.g., fear avoidance beliefs, depression, or catastrophising), is 

associated with disability in people with LBP (Hartvigsen et al., 2018). Patient reported 

outcome measures are recommended as routine in the UK as part of stratified care to inform 

management planning (NICE, 2020). Focussing on chronic presentations, in about 50% of 

people with CLBP psychological distress plays a major role and often requires additional 

specialised treatment (Apeldoorn et al., 2012). 

Activity
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Social factors exist at an individual and group level (Pincus et al., 2013). The 

individual’s social and cultural identity as well as not fulfilling social expectations can lead to 

substantial social consequences such as social withdrawal or family strain (Hartvigsen et al., 

2018). Additional social factors are located within the occupational setting and thus linked to 

socioeconomic status (Hartvigsen et al., 2018). Employment, and especially job satisfaction, 

incapacity legislation, or benefits can negatively impact on the treatment outcome (Edwards et 

al., 2016; Pincus et al., 2013). This goes beyond the actual occupational task, which is often 

discussed to provoke the onset of LBP. This could include manual labour, awkward positions, 

or heavy lifting (Hartvigsen et al., 2018). Repetitive lifting, which could also account for a 

biological factor, has been considered as a potential factor associated with the development 

but also perpetuation of LBP (Power et al., 2001). However, level one evidence based on 

eight studies could not support this hypothesis revealing no causation for lifting and pain in 

people with LBP (Kwon et al., 2011). 

 

1.1.2 Exercise for the Management of Low Back Pain 

 

Exercise is the cornerstone of physiotherapy management of LBP (Foster et al., 2018). 

Physical activity describes any movement requiring energy expenditure by skeletal muscles 

(Caspersen et al., 1985). Exercise is a sub-category of physical activity which aims to 

maintain or improve a minimum of one component of physical fitness and is characterised as 

planned, structured, or repetitive (Caspersen et al., 1985; Geneen et al., 2017). 

Exercise is well established as having positive effects on all three domains of the 

biopsychosocial model. Public Health England (2020) summarises improvement of biological 
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factors such as strength and endurance, psychological factors, such as mental well-being and 

self-efficacy, as well as social factors, such as social inclusion and employability. Thus, it is 

important to understand, that the effects of exercise are not solely based on musculoskeletal 

structural changes alone (Steiger et al., 2012) and in line with the ICF model, holistic changes 

should be considered. 

Multiple national and international best practice guidelines and recommendation for 

the management of LBP advocate exercise as a first line recommendation (NICE, 2020; 

Oliveira et al., 2018; Qaseem et al., 2017). Numerous different exercises have been 

investigated (Table 1.1), but precise recommendations supported by a body of high-quality 

evidence have yet to be determined. 

 

Table 1.1 Common exercises for the management of low back pain 

References (Hayden et al., 2021b; Owen et al., 2020) 

Exercise Definition Supported in review 

Resistance/ strength Increase ability to exert or resist force 

using load bearing or weight 

+ 

Aerobic Improvement of cardiovascular fitness + 

Yoga Principle with different styles such as 

strengthening, stretching, or breathing 

 

Directional Preferences/ 

McKenzie 

Specific loading/ postural training/ 

traditional principle 

+ 

Functional training/ 

restoration 

Focus on function and activities, 

especially in chronic pain populations 

+ 

(Core) Stabilisation/ 

Pilates/ Motor control/  

Improve control, coordination, strength 

within the “core” region 

++ 

Stretching Elongation of (soft) tissue  

Flexibility Active mobilisation of joints  

Water-based Aqua therapy  

Multimodal Any combination  
Legend: += supported by one review; ++= supported by two reviews 

 

A recent Cochrane review (249 trials, participants n=24486) of exercise therapy for 

people with CLBP (Hayden et al., 2021a) reported moderate certainty evidence supporting the 
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positive effect of exercise compared with no, usual, or placebo treatment for pain (mean 

difference (MD) -15.2, 95% Confidence Interval (CI) [-18.3; -12.2]) and functional outcomes 

(-6.8 [-8.3; -5.3]). A subsequent network analysis (217 RCTs, participants n=20969) found 

greater effects for regaining function and decreasing pain after Pilates, McKenzie (repeated 

directional preference exercises), flexibility (function only), and functional exercise (pain 

only) (Hayden et al., 2021b). Another network analysis by Owen et al. (2020) (89 RCTs, 

participants n=5578) found low quality evidence that the most effective exercises for reducing 

pain compared with a control group was Pilates (MD -1.86 95% CI [-2.5; -1.2]) and resistance 

exercise (-1.14 [-1.7; -0.6]). Stabilisation/ motor control had the highest probability to 

improve physical function (-1.13 [-1.5; -0.74]); and aerobic (-1.18 [-2.2; -0.2]) and resistance 

exercise (-1.26 [-2.1; -0.4]) had the highest probability to improve mental health (Owen et al., 

2020). 

Previous reviews have focussed on specific exercises: Therapeutic exercise, consisting 

mainly of various forms of resistance exercise, reduced pain in the short term based on a 

meta-analysis (6 RCTs, participants n= 664; Hedges g=-0.53 95% CI [-.9; -0.2]) (Bertozzi et 

al., 2013). Another meta-analysis (45 RCTs, participants n= 4462) found exercise effective to 

reduce pain compared to control or other treatments (MD -0.32 95% CI [-0.4; -0.2]; subgroup 

analysis favoured resistance (11 RCTs, n=885, Effect Size (ES) -.50 [-0.8; -0.2]) and 

coordination (12 RCTs, n=1343, -0.47 [-0.8; -0.2] protocols and did not support aerobic and 

combined programs (Searle et al., 2015). However, a more recent review (5 RCTs, 

participants n= 329) suggested walking as an alternative for exercise as results did not differ 

significantly compared to other exercise or exercise plus walking (Vanti et al., 2019). 

Stabilisation exercises have been shown to be successful for the management of participants 

with CLBP (11 RCTs, participants n=413, pain: weighted MD -1.03 95% CI [-1.3; -0.3]; 
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disability -5.41 [-8.3; -2.5]) (Gomes-Neto et al., 2017). A previous Cochrane review of motor 

control exercises found effectiveness to only reduce pain in the short-term (13 RCTs, 

participants n=872, MD -7.53 95% CI [-10.5; -4.5]; but found no clinical superiority over 

other forms of exercise (Saragiotto et al., 2016). 

This section highlights the effectiveness of exercise for the management of LBP, but 

no specific form of exercise has yet been found to be superior to another (Foster et al., 2018; 

Hayden et al., 2021a). Furthermore, it highlights that terminology around exercise has been 

used inconsistently. Whilst general goals for exercise (e.g., improved motor control, strength, 

endurance, flexibility) have been described (Falla and Hodges, 2017), a definitive 

classification for spinal exercises, such as that proposed by Spencer et al. (2016), has not yet 

been comprehensively investigated to inform implementation. Additionally, the immediate 

analgesic effects should also be considered when prescribing exercise (Falla et al., 2014). 

 

1.2 Endogenous Pain Modulation 

 

Endogenous pain modulation (EPM) refers to the ability of the body to inhibit or 

facilitate the experience of pain (Ossipov, 2012). Occurring across multiple different 

peripheral, spinal, and supraspinal levels and structures (Bingel and Tracey, 2008), EPM 

involves both sensory (i.e., nociception) and affective systems (i.e., lived pain experience) 

(Ossipov, 2012) (See Figure 1.2). EPM can contribute to survival in extreme situations and to 

the evaluation of whether nociception is still a source of danger (Woolf, 2011). However, pain 

can also persist or be evoked without external stimuli (Woolf, 2011). In asymptomatic people, 

pain inhibition and facilitation build a balanced equilibrium (Li et al., 2019). 
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Figure 1.2 Overview of Pain Modulation 

Translated from German (Kuithan et al., 2022); DRG= Dorsal root ganglion, arrows indicate 

ascending and descending pathways 

 

Complex facilitating and inhibiting ascending and descending pathways are involved 

in pain processing, leading to different experiences or perceptions of pain as outlined in 

further detail by Kwon et al. (2014). Top-down pain modulation is mainly controlled by 

monoaminergic pathways, which include serotonin (5-HT), norepinephrine, and dopamine 

(Kwon et al., 2014; Li et al., 2019). While research investigating EPM commonly involves 

these biomarkers, different approaches have been used in laboratory settings to reproduce and 

investigate EPM such as exercise-induced hypoalgesia (EIH) and conditioned pain 

modulation (CPM) for pain inhibition, or temporal summation of pain (TS) for facilitation of 

pain. Clinically, pain modulation has also been investigated as an inhibitory effect of 

treatment interventions, including manual therapy (Bialosky et al., 2018; Bishop et al., 2015). 
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1.2.1 Sensitisation 

 

Mal-adaptive EPM has been associated with the term sensitisation and with a 

subgroup of participants with CLBP (Roussel et al., 2013). The IASP defines sensitisation as 

“increased responsiveness of nociceptive neurons to their normal input, and/or recruitment of 

a response to normally subthreshold inputs” (2011). Central sensitisation however is defined 

as an “increased responsiveness of nociceptive neurons in the central nervous system to their 

normal or sub-threshold afferent input” (IASP, 2011). Peripheral sensitisation is considered a 

local phenomenon which is linked to decreased thresholds of nociceptors and therefore 

increased responsiveness due to changes in transducer receptors and ion channels (Vardeh et 

al., 2016). This is linked to the protection of damaged or inflamed tissue and is also referred 

to as the zone of primary hyperalgesia (Vardeh et al., 2016); an increased response to a 

stimulus which would normally be perceived painful (IASP, 2011). In central sensitisation, 

both ascending and descending pathways are involved and lead to different patterns of brain 

activity, in turn this affects both peripheral and central reorganisation, and descending 

inhibition (Apkarian et al., 2009). 

 

1.3 Exercise-Induced Hypoalgesia 

 

1.3.1 Definition and Overview 

 

The phenomenon of EIH is described by Naugle et al. (2012) as an acute hypoalgesic 

response to a bout of exercise which reduces sensitivity to painful stimuli. Therefore, EIH 

refers to a temporary change in pain sensitivity. Hypoalgesia is defined as “diminished pain in 
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response to a normally painful stimulus” by the IASP (2011), thus implying that lower 

sensitivity or a lower response to the testing stimulus is found immediately following 

exercise. Alternatively worded, exercise leads to a raised pain threshold or tolerance. 

EIH is described as an acute response, reflecting within-session changes in pain 

sensitivity (Naugle et al., 2012), which will be considered in this thesis. However, the term 

EIH has also been used to describe changes over multiple sessions. For example, there is level 

one evidence confirming changes in pain sensitivity after multiple sessions of exercise over a 

longer period of time (Barros Dos Santos et al., 2021; Belavy et al., 2021; Polaski et al., 

2019). Terms used interchangeably in the literature with EIH comprising any of the 

following: 1) endogenous pain inhibition/ modulation, 2) diffuse noxious inhibitory control 

(DNIC), a term originating from inhibition of wide dynamic range neurons in the dorsal horn 

which was first researched in rodents (Cummins et al., 2020), or 3) change in sensitivity to 

physical activity (Wideman et al., 2014; Woznowski-Vu et al., 2019). However, some of these 

terms are also used for CPM, highlighting the inconsistency of use of terminology around the 

phenomenon of EIH. 

The first published overview of EIH was in 1996; Janal summarised 15 studies, most 

supported the occurrence of EIH after aerobic exercise in healthy men (Janal, 1996). A meta-

analytic review was published by Naugle et al. in 2012 (25 studies, participants n= 622). For 

asymptomatic participants the mean effect size was moderate for aerobic exercise (11 studies, 

n= 136; pain threshold: ES=0.41; pain intensity: ES=0.59) but large for isometric exercise (12 

studies, n=267, ES=1.02; ES=0.72) and dynamic resistance exercise (2 studies, n=34, 

ES=0.83; ES=0.73) (Naugle et al., 2012). The interest in the phenomenon of EIH is evident 

with numerous review publications since (Lima et al., 2017; Nijs et al., 2012; Rice et al., 

2019; Roussel et al., 2013; Sluka et al., 2018). The most recent review identified over 150 
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publications on EIH (Vaegter and Jones, 2020) and highlighted inconsistency in the design 

and outcome of those studies. Across the included studies in that review, some reported EIH, 

but others showed hyperalgesia or no change in pain sensitivity (Vaegter and Jones, 2020). 

No systematic review had been published at the beginning of this doctoral study 

(2017), as the meta-analytic review was not reported systematically (Naugle et al., 2012). An 

overview of systematic reviews published is provided in Table 1.2. The quality was rated 

applying A Measurement Tool to Assess Systematic Reviews 2 (AMSTAR 2) (Shea et al., 

2017). A high quality systematic review reported large EIH effects for aerobic (7 RCTs , 

participants n= 236; Hedges’ g =-.85 95% CI [-1.58; -.13]) and small effects following 

dynamic resistance exercise (2 RCTs, n=23; g =-.45 [-.69; -.22]), but no effects for isometric 

exercises (3 studies, n=177, g =-.16) in asymptomatic participants (Wewege and Jones, 2021). 

Another systematic review of moderate quality, including 36 studies of different designs, 

found a homogenous and statistically significant effect for EIH in asymptomatic participants 

(n= 1326, ES=0.19, 95% CI [0.11; 0.27]) (Pacheco-Barrios et al., 2020). 
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Table 1.2 Overview of systematic reviews on Exercise-Induced Hypoalgesia 

Review Objective Included 

study designs 

Population/ 

Sample size 

Exercise Comparison Outcome Result AMSTAR 2 

Quality 

(Bonello 

et al., 

2021) 

Studies= 

13 

1) do isometric 

exercises 

produce EIH 

2) the effect on 

patient reported 

measures of pain 

RCT 

non-

randomised 

repeated 

measures 

trials 

Participants 

with local 

MSK pain 

Participants 

n= 346 

Isometric 

exercise 

Any non-

isometric 

interven-

tion 

Experimental 

induced pain 

thresholds, 

measures of 

pain sensiti-

vity; post-test 

within 2hrs 

No consistent 

evidence 

Overall good 

Uncertainty 

about eligibility 

criteria & 

synthesis of 

evidence 

(Pacheco-

Barrios et 

al., 2020) 

Studies= 

36 

To evaluate 

exercise pain 

perception 

modulation 

indexed by pain 

threshold 

change 

RCT 

(parallel, 

crossover 

and pilot) 

and quasi 

experimenta

l studies  

Asymptomatic 

participants 

n= 1326 

any unclear Pain 

threshold 

Small to mod-

erate effects for 

EIH, higher for 

resistance 

exercise, mod-

erate intensity, 

& women  

Overall moderate 

Some uncertainty 

on protocol, 

comparison, risk 

of bias tool, 

synthesis, & peer 

review process 

(Wewege 

and Jones, 

2021) 

Studies=  

13 

Does exercise 

cause a 

reduction in 

experimentally 

induced pain 

RCT 

(crossover 

or parallel) 

Participants 

with & without 

chronic MSK 

pain 

n= 423 

without/ 114 

with pain 

Standar-

dised 

bout of 

exercise 

non-

exercise 

control 

condition 

Sensitivity to 

any form of 

quantitative 

sensory 

testing 

Pre/ post-test 

within 1hr  

Low confidence 

that aerobic & 

dynamic exer-

cises reduce 

experimental pain 

in asymptomatic 

participants 

Overall high 

List of excluded 

studies not 

provided 

(Munneke 

et al., 

2020) 

Studies= 

9 

To investigate 

the association 

between psycho-

social factors 

and EIH 

Cross 

sectional 

studies  

Participants 

with & without 

MSK pain; 

n= 220 without/ 

151 with pain 

Single 

exercise 

session 

N/A EIH and ≥1 

psycho-social 

factor 

Post-test 

within 0.5 hr 

No conclusion 

due to poor 

quality and high 

heterogeneity  

Overall good 

Some 

uncertainty 

about eligibility 

& synthesis 
Reviews included since 2017 and assessed with AMSTAR 2 (Shea et al., 2017) 

Abbreviations: RCT= Randomised Controlled Trial; EIH= Exercise-induced Hypoalgesia; MSK= Musculoskeletal, hrs= hours, N/A= Not Applicable; AMSTAR 2=A 

Measurement Tool to Assess Systematic Reviews 2  
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1.3.2 Mechanisms of Exercise-Induced Hypoalgesia 

 

Underlying mechanisms of EIH are manifold, complex, and still not fully understood 

(Vaegter and Jones, 2020). An overview of common mechanisms discussed in the literature is 

presented in Table 1.3 at the end of this section. Further physiological details are beyond the 

scope of this thesis, but are outlined by Da Silva Santos and Galdino (2018) or Cooper et al. 

(2016). Briefly summarised, when a skeletal muscle contracts, it facilitates mechanosensitive 

afferents triggering a cascade of descending opioid pathways and release of endocannabinoids 

in both the peripheral and central nervous system (Vaegter and Jones, 2020). Activation of the 

central inhibitory pathways is facilitated via opioid, serotonin, and N-methyl-D-aspartate 

(NMDA) mechanisms in the rostral ventromedial medulla and periaqueductal gray (Figure 

1.2, section 1.2) (Lima et al., 2017). Peripheral mechanoreceptors can be activated by exercise 

and might be a contributing factor (Baeske, 2016). Moreover, central and muscular fatigue are 

thought to be related to an increase of non-nociceptive C-fibre activity, which could facilitate 

descending inhibition (Viggiani and Callaghan, 2021). 

A recent review further supports some of the mechanisms behind EIH and provides 

explanatory evidence based on animal models (Lesnak and Sluka, 2020). One of the key 

challenges in animal studies is the differentiation between EIH and stress-induced 

hypoalgesia. In free-running animals voluntary exercise elicited EIH, and was shown to be 

able to prevent or reverse hyperalgesia in inflicted conditions such as neuropathic pain 

(Lesnak and Sluka, 2020). The intensity of training was linked to the extent of EIH, whereas 

the frequency of exercise did not alter EIH (Lesnak and Sluka, 2020). This is partially in 

contrast to findings from a review of human participants with chronic pain, that indicates that 

the increase of frequency improves outcomes (Polaski et al., 2019). Performance until 
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exhaustion might block hypoalgesia and lead to hyperalgesia instead, which was found to a 

greater extent in sedentary animals (Lesnak and Sluka, 2020). Further research is required to 

have confidence of the relevance of these findings to humans. 

It is hypothesised that the equilibrium of ascending and descending pathways can be 

disturbed in people with chronic pain (Lima et al., 2017; Sluka et al., 2018). For example due 

to a lesser amount of M2 macrophages fewer anti-inflammatory cytokines are released, which 

inhibit nociceptors at injured sites (Sluka et al., 2018). This is further associated with chronic 

pain conditions or sedentary behaviour and may partially explain why some participants 

present with hyperalgesia as a response to an exercise task which normally leads to 

hypoalgesia (Lima et al., 2017; Sluka et al., 2018). 

 

Table 1.3 Mechanisms of Exercise-Induced Hypoalgesia 

References: (Baeske, 2016; Cooper et al., 2016; Ellingson et al., 2016; Gajsar et al., 2020; 

Geisler et al., 2019; Jones et al., 2017; Koltyn et al., 2014; Lesnak and Sluka, 2020; Padawer 

and Levine, 1992; Rice et al., 2019; Vaegter et al., 2020b; Van Oosterwijck et al., 2013; 

Viggiani and Callaghan, 2021) 

In
te

ra
c
ti

o
n

 b
e
tw

e
e
n

 c
en

tr
a
l 

m
e
c
h

a
n

is
m

s 

Central mechanisms multi-segmental and segmental 

Opioidergic system endorphins and enkephalins 

• Opioid receptor antagonists (naloxone) blocked analgesic effects 

systematically and in RVM and PAG 

• Mu-opioid receptors activation involved in EIH 

• Peptides, beta-endorphin, met-enkephalin and leu-enkephalin, in PAG, RVM, 

hypothalamus, cortex, and/or DRG 

Serotonergic system (5-HT) 

• elevated post exercise in brainstem, spinal cord, cortex, cerebellum, and 

midbrain 

• RVM serotonin transmitter, reduced by opioid expression, facilitates EIH 

Endocannabinoids in PAG, RVM and dorsal horn 

• ligands, anandamide, and 2-arachidonylglycerol bind cannabinoid receptors 

(1,2) receptors producing analgesic effects 

• interaction with opioid system suggested 

NDMA/ excitatory glutamate receptors 

• exercise can block NR1 (subunit of NMDA receptor) preventing activation of 

NMDA receptors/ hyperalgesia 

Noradrenergic system 
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• increase release of catecholamines (α1, α2, β2 adrenergic receptors) 

• found in PAG, locus coeruleus, dorsal raphe, spinal cord, DRG 

Adenosine receptors 

• A1 adenosine receptors produce EIH centrally and peripherally 

Spinal cord/ DRG (rather long-term changes, than acute bout) 

• Neurotransmitter, intracellular messengers, transcription factors, and growth 

factors 

• Mechanisms due to alternating electrophysiological changes from injury 

Brain: BDNF, TrkB, IGF-1, NMDA noradrenergic system increase in brain, 

Spinal cord: GDNF increase, nitric Oxide increased in cerebrospinal fluid, HSP70 

increase, decrease of IL6, TNF-a, NR1 

DRG: Increase of BDNF, NT-3, SNAP1, GAP43, HSP70; decrease NGF, Substance 

P, NR1, TRPV1, TRPM8, phosphorylated-p38, IL6, IL1β 

 Neuroimmune mechanisms (central and peripheral) 

Reduced Pro-inflammatory cytokine (TNF-a, IL-1b, and IL-6) 

Central: increased anti-inflammatory cytokine (IL-4, IL-1ra, IL-5, and IL-10) 

Peripheral: decreased in anti-inflammatory cytokines (IL-4, IL1ra, and IL-10) 

Increased pro-inflammatory cytokines (TNF-a, IL-1b, and IL6) and chemokine CCL2 

Increased number of M2 vs M1 macrophages, increased serum IL-10,  

Decreased IL-1b and CCL2 in the serum and sciatic nerve 

Decrease of IL-1b, TNFa, and leptin 

Increase T-cells, decrease mechanical and thermal hyperalgesia 

 Peripheral mechanisms 

Peripheral opioid antagonist showed no effect on EIH in animals 

Peripheral A1 adenosine receptors 

Peripheral mechanoreceptors activated potentially inhibiting nociceptors  

Axon: Increase of Axonal growth, GDNF and BDNF, Schwann Cell Proliferation 

Free nerve endings: Normalisation Trka positive fibres, increase epidermal 

innervation, decrease NGF 

 Nitrergic system: nitric oxide in plasma increases 

 Others 

Education (pain or EIH) and expectation  

Cognitive inhibition ability 

Fatigue 

Stress: release of stress-hormones / plasma change might facilitate EIH 

Artefact from testing 

Cardiovascular system: Elevated blood pressure activates baroreceptors affecting 

pain modulation in the brain, would not explain longer effects 

Gate Control Theory as exercise activates large diameter afferent nerve fibres 

Stimulation of primary motor cortex, corticospinal tracts, high threshold motor units 
Abbreviations: RVM= rostral ventromedial medulla; PAG= periaqueductal gray; EIH= Exercise-induced 

hypoalgesia; 5-HT= 5-hydroxytryptamine/ serotonin receptors; DRG= dorsal root ganglion; NDMA= N-methyl-

D-aspartate ; BDNF= Brain Derived Neurotrophic Factor; TrkB= Tropomyosin receptor kinase B, IGF-1= 

Insulin-like growth factor 1; GDNF= Glial cell-derived neurotrophic factor; HSP70= Heat shock protein 70; 

IL= Interleukin, TNF-a= Tumor necrosis factor; NT-3= Neurotrophin-3; SNAP1= Soluble NSF Attachment 

Protein, GAP43= Growth Associated Protein 43; NGF= Nerve growth factor; TRPV1= Transient receptor 

potential cation channel subfamily V member 1; TRPM8= Transient receptor potential cation channel subfamily 

M, CCL2= C-C Motif Chemokine Ligand 2; Trka= Tropomyosin receptor kinase A 
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1.3.3 Assessment of Exercise-Induced Hypoalgesia 

 

The phenomenon EIH cannot be directly measured, but pre-/post exercise testing of 

pain sensitivity has been commonly used as a means of assessment (Naugle et al., 2012; 

Wewege and Jones, 2021). Quantitative sensory testing (QST) is commonly used, typically 

comprising test modalities of pressure pain thresholds (PPT) or thermal pain thresholds (TPT) 

(Wewege and Jones, 2021). Other approaches include pharmacological approaches such as 

interactions with opioid antagonists (Bruehl et al., 2020; Crombie et al., 2018; Koltyn et al., 

2014), blood tests or invasive microdialysis (Gerdle et al., 2014; Meeus et al., 2010), 

functional magnetic resonance imaging (fMRI) (Ellingson et al., 2016; Scheef et al., 2012), 

and somatosensory or laser evoked potentials (Jones et al., 2016). No validated or 

recommended test battery has yet been published with the express aim to assess EIH. 

Furthermore, there is limited evidence examining the appropriateness or equivalence of 

approaches to assess EIH (Baiamonte et al., 2017; Hviid et al., 2019; Jones et al., 2019). This 

also applies for the test site, with optimal testing sites yet to be determined. Data triangulation 

in the form of different test modalities and sites can enhance reliability and validity and 

reduce bias towards a specific hypothesis (Sim and Wright, 2002). 

There is no consensus on which level of a pre-post change in pain sensitivity following 

exercise can be accounted for as EIH. Some studies refer to statistically significant 

differences, most commonly for the repeated measures analysis of variance (RM-ANOVA) 

(Meeus et al., 2010; Vaegter et al., 2016). In line with research on CPM, a percentage increase 

of baseline PPT based on the standard error of measurement (SEM) was calculated to identify 

a meaningful change (Locke et al., 2014). A similar approach to SEM has been applied in 

some studies on EIH by one research group; in these studies, a meaningful change was 
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considered if the absolute change was greater than the SEM (Vaegter et al., 2018; Vaegter et 

al., 2019b). 

When considering the time point of the post-test it is important to consider the 

duration of the effect of EIH. This is not clearly defined, although an upper limit of 30 

minutes has been suggested, however, this might depend on intensity and stimulus (Naugle et 

al., 2012). With robust evidence lacking and 30 minutes derived from a single study which 

used an ergometer task with and without administration of dexamethasone assessing dental 

pain thresholds in six asymptomatic participants, caution should be taken regarding 

generalisability to other populations and exercise tasks (Kemppainen et al., 1990). 

Nevertheless, it is postulated that effects are most pronounced in the first 15 minutes after the 

exercise (Naugle et al., 2012). However, this might be dependent on other factors, such as 

exercise intensity or type. One study confirmed the presence of EIH after five minutes of 

resistance training, but not 15 minutes after the task (Koltyn and Arbogast, 1998). Another 

study showed that EIH persisted five and 15 minutes following an aerobic task (Koltyn et al., 

1996). Additionally, a more recent study showed changes in pain sensitivity after arm cycling 

for up to 24 hrs (Grimby-Ekman et al., 2020). However, systematic reviews restricted the 

timeframe for post-tests from immediate to 120-minutes post-exercise (Bonello et al., 2021; 

Munneke et al., 2020; Pacheco-Barrios et al., 2020; Wewege and Jones, 2021). 

 

1.3.3.1 Quantitative Sensory Testing 

 

QST describes psychophysical tests of different somatosensory functions, where the 

participant reports perception of a controlled stimulus (Mucke et al., 2016; Rolke et al., 

2006b). A peripheral nociceptive or sensational stimulus is used to gain information about 
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pain processing, and loss or change in function reported by the individual (Mucke et al., 

2016). Given the psychophysical nature of QST, it is considered a performance-based 

outcome measure and suited to pain sensitivity evaluation in a laboratory setting and feasible 

in clinical practice (Reimer et al., 2020; Zhu et al., 2019). QST has been used to cluster 

participants to different phenotypes based on sensory characteristic (Baron et al., 2017; 

Coronado et al., 2014; Finnern et al., 2021; O'Neill et al., 2014; Rabey et al., 2015; Smith et 

al., 2017c; Vaegter and Graven-Nielsen, 2016). 

QST can identify different levels of sensory thresholds including: 

• Detection threshold - refers to the first perceived change in sensation when 

applying a tactile stimulus (Mucke et al., 2016). Higher acuity has been noted 

for noxious stimuli (Adamczyk et al., 2021). 

• Pain threshold - refers to the lowest stimulus intensity which will be perceived 

as pain (IASP, 2011). 

• Pain tolerance - refers to the highest stimulus intensity a subject is willing to 

tolerate (IASP, 2011). 

 

For pain thresholds slower Aδ and unmyelinated C fibres and their projection 

pathways, i.e., spinothalamic tract, are tested (Table 1.4) (Hubscher et al., 2013). Next to 

static QST measures, where one stimulus is applied, dynamic QST can further assess the 

response to prolonged or repetitive stimuli (Cruz-Almeida and Fillingim, 2014; Mucke et al., 

2016). 
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Table 1.4 Overview of stimuli and fibres for pain thresholds 

References (Cruz-Almeida and Fillingim, 2014; Mucke et al., 2016; Rolke et al., 2006b) 

Stimulus Fibre type  Central/ peripheral sensitisation Device (example) 

Pressure 

Blunt for 

deeper tissues 

C, Aδ Centrally not examinable or 

unchanged, evidence unknown 

Peripherally sensitisation 

increased, evidence unknown 

Pressure algometer or 

pressure gauge device 

[Somedic, Sweden/ 

Wagner, USA], pin prick 

(skin), cuff pressure 

Thermal heat 

skin  

C, Aδ  Centrally not examinable or 

unchanged, evidence unknown 

Peripheral sensitisation with 

increased sensitivity 

Thermal tester [Medoc, 

Israel] 

Thermal cold 

skin 

C, Aδ  Central sensitisation increased 

Peripherally not examinable or 

unchanged 

Thermal tester [Medoc, 

Israel] 

 

Amongst other factors, ethnicity, gender, age, mood, sleep, reaction time, and stress 

potentially influence QST measures (Cruz-Almeida et al., 2013; George et al., 2007; Geva et 

al., 2014; Hansen et al., 2015; Onen et al., 2001). Level one evidence (16 studies, participants 

n=1965) confirmed that psychological factors, such as catastrophising, depression, and pain 

related fear, negatively influence QST measures (Othman et al., 2020). 

Studies evaluating baseline QST in people with LBP indicate that at least one 

subgroup exist with those presenting with peripheral and/or central sensitisation (Gerhardt et 

al., 2016; Imamura et al., 2013; Lewis et al., 2010; Puta et al., 2013; Roussel et al., 2013). 

Some studies showed that baseline QST in people with CLBP differed from those with 

chronic widespread pain or fibromyalgia (Finnern et al., 2021; Gerhardt et al., 2016; Smart et 

al., 2011). High inter-individual variation of baseline measures is common in QST testing 

and, moreover, there is insufficient evidence that individual pain sensitivity levels affect 

treatment outcome (Klyne et al., 2019; O'Leary et al., 2017). Commonly applied QST 

assessment approaches are outlined in the following sections. 
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Guidelines now exist for QST primarily with the aim to detect neuropathic pain or 

central sensitisation and have been modified for clinical use over one impaired and one 

unimpaired test site using different test modalities (Maier et al., 2010; Rolke et al., 2006a; 

Rolke et al., 2006b). The pre-requisites for EIH evaluation should usefully consider or include 

the following: short testing duration as effects of EIH might not be present for longer than 30 

minutes; sensitisation of tissue due to repeated testing; or interference from the exercise due 

to other factors such as changes in temperature. There is a lack of consensus about the 

optimum test site, and whether the test site matters (local or remote in relation to the painful 

body region or exercise (Hubscher et al., 2013). Some research indicates that topographical 

maps, a visualised representation of multiple test sites over a muscle or body region may 

better represent changes in QST (Binderup et al., 2011; Koo et al., 2013; Ribeiro et al., 2016). 

 

1.3.3.1.1 Mechanical Stimuli  

 

PPT and Pressure Pain Tolerances (PPTOL) are the most used mechanical stimuli and 

can both be tested with an algometer (Table 1.4.). 

Testing PPT activates myofascial afferents, which are sensitive to pressure, and can be 

used to assess both peripheral and central sensitisation (Rabey et al., 2015). Schmitt et al. 

(2020) hypothesised that PPT better detect EIH over cutaneous (thermal) stimuli, as 

nociceptors in muscles present with stronger descending inhibition. Most mechanical 

assessments have sufficient to very good test-re-test reliability (different forms of analysis), 

including tests in people with LBP or other pain populations, and over shorter time periods, 

such as within day or between day reliability (Cruz-Almeida and Fillingim, 2014; 

Middlebrook et al., 2020; Vuilleumier et al., 2015; Walton et al., 2011). Within-session test-
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re-test reliability (stability) has been tested within studies including a rest period. For 

example, a recent study assessed reliability of PPT over the lumbar region and forearm with a 

20 minute rest in asymptomatic participants (Mailloux et al., 2021a). In agreement with 

findings stated above, for PPT the intraclass correlation coefficient (ICC) were excellent (ICC 

2,1 ≥.80) based on two or three measurements, although only moderate reliability was noted 

for the first measurement (Mailloux et al., 2021a). The use of the mean of two consecutively 

repeated pressure pain tests over the lower back has been further supported previously 

(Balaguier et al., 2016a; Balaguier et al., 2016b). However, validity has been investigated less 

in people with spinal pain (Jorgensen et al., 2014; Schenk et al., 2007). For example, criterion 

related validity has been shown for a handheld algometer based on a force plate or compared 

with a computer controlled algometer confirming the clinical use of handhold algometry 

(Kinser et al., 2009; Koo et al., 2013). 

Level one evidence synthesis based on 24 studies found lower PPT over remote test 

sites in people with LBP (PPT scapula: 6 studies, n=464 asymptomatic/ 229 LBP, MD 119.20 

kPa 95% CI [91.8; 146.6]; arm: five studies, n= 203/ 314, 36.32 kPa [2.27; 70.37]; gluteal: 

four studies, n= 173/ 190, 218.93 kPa [49.69; 387.57]; lower leg: five studies, n= 91/ 112, 

68.71kPa [19.15; 117.86], but not over the hand) (den Bandt et al., 2019). 

Considering the approach of producing topographical maps, the lumbar spine area has 

only been explored in a few studies (Balaguier et al., 2016a; Balaguier et al., 2016b; Binderup 

et al., 2011; Falla et al., 2014; O'Neill et al., 2019; Schenk et al., 2007). Five studies included 

participants with and without LBP. Of those, two showed that PPT varied between locations 

(Binderup et al., 2011; O'Neill et al., 2019), whereas three studies did not show any difference 

between the test sites (Falla et al., 2014; Koo et al., 2013; Schenk et al., 2007). Only one 

study tested EIH in people with and without CLBP (Falla et al., 2014). 
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Less research has been conducted testing PPTOL. One of the reported challenges is 

that tolerance thresholds are not reached within the safety limitations of the device 

(Middlebrook et al., 2020), or some studies limit the pain tolerance, for example to 1000 kPa 

(Neziri et al., 2012). Alternatively, cuff pressure has been applied for pain tolerance testing 

(Hviid et al., 2019; Vaegter and Graven-Nielsen, 2016). One study suggested that pain 

tolerances were more indicative of EIH related changes than PPT after a dynamic circuit 

training (Baiamonte et al., 2017), but the effect was only present immediately, and had 

disappeared for repeated measures at five and 15 minutes. Similar results were found in 

another study in asymptomatic people immediately after submaximal isometric knee 

extension (Vaegter et al., 2017a). Hviid et al. (2019) showed changes in PPTOL but not PPT 

after a walking task. Therefore, pain tolerance might be different to pain thresholds based on 

findings in these studies and could add further insight about underlying EIH mechanisms. 

 

1.3.3.1.2 Thermal Stimuli 

 

Altered TPTs have been found in participants with LBP (Hubscher et al., 2014; Rabey 

et al., 2021; Roussel et al., 2013). There is level one evidence (21 studies) showing fair to 

excellent reliability for TPT based on multiple forms of analysis, but slightly lower reliability 

for thermal detection thresholds (Moloney et al., 2012). More recent studies have supported 

the reliability of TPT in different populations and over the lower back (Knutti et al., 2014; 

Middlebrook et al., 2020; Vuilleumier et al., 2015). However, thermal testing devices’ safety 

limitations are often within pain-free ranges. Up to 38% of participants reached the maximum 

for thermal testing as reported in a study in participants with LBP (Vuilleumier et al., 2015). 

Even higher numbers were reported in asymptomatic or acute musculoskeletal trauma 
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participants for cold pain thresholds (CPT) (Middlebrook et al., 2020). TPT can be an 

important measure in testing EIH via a different pathway avoiding effects on pain sensitivity 

from local changes within the muscle tissue, such as fatigue. 

 

1.3.3.1.3 Dynamic Quantitative Sensory Testing 

 

Dynamic testing, such as TS or CPM (Rabey et al., 2021), can add to the 

understanding of processing or responsiveness of the nervous system with assessing real time 

EPM. The testing and standardisation are complex; one possible reason that the long-term 

reliability in asymptomatic people was lower for dynamic compared to static measurements 

(Marcuzzi et al., 2017). Moreover, measurement of the phenomenon EIH itself could be 

accounted for dynamic pain modulation, and therefore used as a potential outcome measure 

for EPM (Koltyn et al., 2014). 

 

1.3.3.1.3.1 Temporal Summation of Pain 

 

TS, also known as wind-up, refers to a series of repetitive or prolonged noxious 

stimuli leading to decreased thresholds due to spatial and temporal summation of dorsal horn 

neurons/ C-fibre-evoked responses (Cruz-Almeida and Fillingim, 2014; Hubscher et al., 

2014). Various protocols and test batteries are described in the literature, which differ based 

on frequency and duration of a stimulus (Adnadjevic and Graven-Nielsen, 2015; Cruz-

Almeida and Fillingim, 2014; Nie et al., 2009). Both mechanical and thermal stimuli have 

been used for TS (Koltyn et al., 2014; Naugle et al., 2014a; Vaegter et al., 2015; Vaegter et 

al., 2016). Reliability has been assessed for different modalities, with outcomes ranging from 
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poor to excellent reliability but showing overall good reliability (Cathcart et al., 2009; 

Graven-Nielsen et al., 2015; Kong et al., 2013; Mailloux et al., 2021a; Middlebrook et al., 

2020). A systematic review and meta-analysis included 29 articles (participants n=1507) on 

TS with a variety of test modalities (mechanical n=16, electric n=9, and heat n=5) in 

participants with LBP (McPhee et al., 2020); TS was facilitated at all stages, but the 

standardised MD was small (standardised MD 0.50 95% CI [0.29; 0.72]). A different 

systematic review including seven studies, found that TS was increased in participants with 

CLBP over the lumbar area but not over the hand (den Bandt et al., 2019). Further research is 

required on standardisation and measurement properties as well as elucidation of the clinical 

relevance (McPhee et al., 2020). 

 

1.3.3.1.3.2 Conditioned Pain Modulation 

 

CPM refers to a decrease in sensitivity of a test stimulus after a remote conditioning 

stimulus (Cruz-Almeida and Fillingim, 2014). This follows the principle that pain inhibits 

pain (Kennedy et al., 2016). Inhibitory descending pathways activated in the brainstem level 

can lead to hypoalgesia similar to EIH (Ellingson et al., 2014; Lemley et al., 2015; Stolzman 

and Bement, 2016; Vaegter et al., 2014). CPM has been shown to be a reliable measure in 

both asymptomatic people and people with CLBP (Kennedy et al., 2016). A recent systematic 

review evaluated 20 studies and showed impaired CPM response across all participants with 

LBP, post-hoc analysis confirmed this only for participants with CLBP (McPhee et al., 2020). 

As was the case for TS, measurement properties and the clinical relevance of CPM should be 

further evaluated as between group changes were small (McPhee et al., 2020). Based on 

current research on validity, CPM should not be used as a biomarker for chronic pain alone as 



 

27 

 

future research on correlation between CPM outcome (standardisation, and lack of normative 

data) and clinical manifestation of pain are required prior a diagnostic or prognostic role 

(Fernandes et al., 2019). 

 

1.3.4 Factors affecting Exercise-Induced Hypoalgesia 

 

In the absence of a deeper understanding of the underlying mechanisms of EIH, as 

with QST, many different factors have been discussed to influence EIH such as age, gender, 

psychological stage, activity level (professional athletes), ethnicity, mood, food, expectations, 

sleep, as well as menstrual cycle and pain (Brellenthin et al., 2017; Hoeger Bement et al., 

2009; Lemley et al., 2015; Naugle et al., 2014a; Ohlman et al., 2018; Stolzman et al., 2015; 

Travers et al., 2018; Umeda et al., 2016). In asymptomatic participants, higher EIH has been 

found for women (12 studies, ES=0.36, 95% CI [0.15; 0.56]) (Pacheco-Barrios et al., 2020). 

As a modifiable factor, levels of physical activity have been discussed equivocally in 

individual studies to both affect or not affect EIH (Black et al., 2017; Peterson et al., 2019; 

Schmitt et al., 2020; Umeda et al., 2016), but this evidence base has not previously been 

systematically synthesised. It has been suggested that EIH might be different in athletes 

(Vaegter and Jones, 2020), where for example increased CPM effects were shown (Flood et 

al., 2017). 

Pain self-efficacy, coping strategies, fear of pain, and perceived stress have been also 

discussed to affect EIH (Vaegter and Jones, 2020). However, a systematic review (Table 1.2) 

did not reveal any interaction between psychosocial factors and EIH based on limited 

evidence (nine studies) and high heterogeneity (Munneke et al., 2020). However, 
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psychological factors have been shown to influence QST measures in people with LBP 

(section 1.3.3). Therefore, it could potentially also affect EIH assessment. 

Two RCTs investigated changes in EIH by influencing the participants’ expectations; 

these studies found that education or knowledge provided prior to the exercise altered the 

effects of EIH (Jones et al., 2017; Vaegter et al., 2020b). An aerobic and a squat task led to 

significantly different changes in pain sensitivity based on the information provided. This 

highlights a cognitive component in the phenomenon of EIH, and therefore, consistent 

information should be considered for standardisation. 

 

1.3.5 Exercise Task Characteristics 

 

The term ‘task' is used in the following Chapters to describe the exercise investigated 

to elicit EIH. Whilst exercise is linked to conditioning or performance related goals (see 

1.1.2), this only relates partially to the phenomenon of EIH, a natural course where the 

exercise task is utilised to elicit a temporary change in pain sensitivity. As this is not a 

common aim of exercise, the umbrella term physical activity task was used. 

A variety of task have been used to elicit EIH (Naugle et al., 2012; Pacheco-Barrios et 

al., 2020; Wewege and Jones, 2021), but no clear consensus has been gained in asymptomatic 

people on task characteristics, such as the type of task, intensity and duration, as well as 

whether the task should be painful. There is even less research in people with pain (see 

section 1.3.6). Most previous studies have assessed laboratory tasks such as cycling protocols 

or isometric contractions, few protocols have used a combination of tasks such as circuit 

training or dynamic exercises (Pacheco-Barrios et al., 2020; Vaegter and Jones, 2020; 

Wewege and Jones, 2021). This is not necessarily reflective of real-world clinical 
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management of people with pain but facilitates standardisation of the tasks. Very few studies 

examined standardised tasks linked to spinal pain, such as the Biering Soerensen test (Gajsar 

et al., 2017), rehabilitative exercises for deep neck flexors (O'Leary et al., 2007), or static 

stretching of the lower back in flexion (Larouche et al., 2020). 

Mixed evidence exists regarding task characteristics for type of task (such as aerobic 

or resistance), intensity, and duration. It is commonly assumed that aerobic exercise tasks 

elicit a systemic response, whereas resistance tasks produce a local response in the muscle 

group involved in the task (Rice et al., 2019). A recent high quality systematic review did not 

find an effect for isometric tasks in asymptomatic participants, but for aerobic tasks (Wewege 

and Jones, 2021). Contradictory, another systematic review found higher effects of EIH 

following resistance exercise but not aerobic exercise (Pacheco-Barrios et al., 2020). 

However, interpretation of these results should be done cautiously due to very low quality 

evidence and methodological concerns (Table 1.2). 

It is further synthesised that tasks of moderate intensity are best to produce EIH in 

asymptomatic participants (ES=0.27; 95% CI [0.16; 0.38]) (Pacheco-Barrios et al., 2020). 

Only a few studies have explored different intensities in the same population group indicating 

more announced EIH with higher intensities (Micalos and Arendt-Nielsen, 2016; Naugle et 

al., 2014b; Schmitt et al., 2020). This provides limited evidence for the discussed dose-

response rate of EIH. The review by Rice et al. (2019) states that for aerobic exercises higher 

intensities such as 200W or 70% of the maximum oxygen consumption elicit EIH based on 

work by Koltyn (2002). For isometric contractions the review indicates that 10-30% of 

maximum voluntary contraction might be sufficient, often held till exhaustion or for ≤ five 

minutes (Rice et al., 2019). But for example, a study (n=134) showed that also a two-minute 

sub-maximal isometric task could reduce pain sensitivity (Foxen-Craft and Dahlquist, 2017). 
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The appropriate duration and intensity of a task to elicit EIH has not been sufficiently 

explored. 

Lastly, the interaction of the pain perceived with the task requires further research. For 

example. in asymptomatic participants EIH could not be elicited after receiving a painful 

stimulus in one study (Gajsar et al., 2018), this indicates an influence of pain on EIH, or 

shared pathways as associated with CPM. Vaegter and Jones (2020) summarise in their 

review that firstly, tasks producing EIH often are moderately painful, with peak pain intensity 

of 5-6/10 on a numeric rating scale (NRS); secondly, that in asymptomatic people painful 

tasks led to higher EIH; and thirdly, this might be different for people with chronic pain. 

 

1.3.6 Exercise-Induced Hypoalgesia in People with Chronic Pain 

 

It can be assumed that in at least some people with chronic pain, descending 

endogenous pain inhibitory pathways are impaired, as for example, shown in participants with 

fibromyalgia (Hoeger Bement et al., 2011; Staud et al., 2005). Additionally, in a chronic pain 

population, a task which would normally lead to EIH might have the opposite effect and cause 

hyperalgesia at lower intensities than expected due to altered sensitisation (Lima et al., 2017). 

A recent systematic review of 13 randomised and non-randomised studies, of which seven 

were lower limb, three upper limb, two neck related pain, and one mixed musculoskeletal 

disorders, could not draw any definitive conclusion due to high heterogeneity, with both 

hypo- and hyperalgesia found following isometric contractions (Bonello et al., 2021). Another 

review included studies with participants with epicondylopathy, knee osteoarthritis, and 

plantar fasciopathy (Wewege and Jones, 2021); one study used a dynamic task (1 RCT, no 

effect), but a meta-analysis was only performed for isometric exercises and revealed no effect 
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(3 RCTs, participants n=114, g= -41 95% CI [-1.08; 25]). A recent overview included over 

fifty articles with different pain conditions such as chronic fatigue syndrome, temporo-

mandibular dysfunction, painful neuropathy, patellar tendinopathy, or shoulder pain (Vaegter 

and Jones, 2020). Across these studies, changes in pain sensitivity varied from hypo- to 

hyperalgesia, as well as a difference or no difference to an asymptomatic control group, or 

absence of an effect. However, the results indicate that more widespread pain conditions, such 

as fibromyalgia or whiplash associated disorders (WAD) might lead to hyperalgesia rather 

than hypoalgesia (Vaegter and Jones, 2020). Furthermore, the body region performing the 

task and its relation to the painful area might influence the findings (Bonello et al., 2021; Rice 

et al., 2019; Vaegter and Jones, 2020). For example, in knee osteoarthritis, level one evidence 

confirmed EIH local to the exercised limb (five studies, participants n=159, standardised MD 

0.26 95% CI [0.02; 0.051]) but not at a remote test site (0.09, [-0.11; 0.29], n = 90 

participants, four studies) (Hall et al., 2020). However, the type of exercise (aerobic: two 

studies or resistance: five studies) did not significantly affect EIH (Hall et al., 2020). Overall, 

this highlights a lack of consistent results in research on EIH in people with chronic pain, and 

high heterogeneity of studies limiting synthesis of evidence. 

 

1.3.7 Exercise-Induced Hypoalgesia in People with Low Back Pain 

 

Evidence for EIH in people with LBP is scarce. At the beginning of this doctoral study 

a summary dated back to 2013 (Roussel et al.) included the same two studies included by 

Naugle et al. (2012), both evaluating cycling protocols. The first study found that 21 

participants with CLBP did not present abnormal central pain processing during submaximal 

aerobic exercise (Meeus et al., 2010). The second study included eight participants with LBP 
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of low to moderate disability; aerobic exercise (25 minutes of cycling) demonstrated EIH 

effects lasting for more than 30 minutes (Hoffmann et al., 2005). The latter study included a 

control group, but these participants did not perform the cycling task. Both studies indicated 

that EIH was present in participants with CLBP (Hoffmann et al., 2005; Meeus et al., 2010) 

and was not impaired in comparison with a control group (Meeus et al., 2010). A third study 

has been published since these reviews. Falla et al. (2014) investigated a three-minute 

repeated lifting task, which is the first evidence of altered EIH in response to a back specific 

lifting task. Participants with CLBP (n=19) showed lower lumbar PPT after the task, whereas 

asymptomatic participants (n=17) showed no change in PPT. Instead of hypoalgesia, 

hyperalgesia was found indicating an altered EIH as response to a local task (Falla et al., 

2014). However, this task was likely of inadequate intensity to produce EIH, since no change 

occurred in the asymptomatic group. 

More recent research by Vaegter et al. (2016) included 37 participants with LBP in 

addition to other musculoskeletal conditions (total n= 61). Participants experienced EIH after 

isometric knee extension and 15 minutes cycling. However, when the group was split 

according to high and low pain sensitivity based on their PPT, participants with high pain 

sensitivity presented with relatively less/ impaired EIH (Vaegter et al., 2016). This indicates 

that baseline pain sensitivity could be a mediating factor for EIH. 

Overall, this highlights a clear lack of research of EIH in people with LBP with only 

four studies in total with inception to 2017. Moreover, none of the included studies reflect 

exercises commonly used for the management of CLBP as outlined in section 1.1.2. Only one 

study explored an occupational task (i.e., repeated lifting) which targeted the back specifically 

(Falla et al., 2014); findings indicated that EIH might be impaired in people with CLBP as 

participants responded with hyperalgesia. However, due to the short duration of the task and 
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no change in the control group further research should explore the response, when EIH can be 

elicited in the asymptomatic control group. 

 

1.3.8 Reliability and Validity of Exercise-Induced Hypoalgesia 

 

Reliability should be assessed prior to validity (Mokkink et al., 2018; Sim and Arnell, 

1993). Stability is a sub term of reliability; identifying that EIH should be consistent and 

therefore the value of the entity should not change on repeated occasions (Sim and Wright, 

2002). Stability therefore precedes the assessment of intra-rater reliability, where the focus is 

on the tester rather than the effect. Since measurement properties for most QST modalities 

show moderate to excellent intra- and inter-rater reliability (section 1.3.3), it could be 

assumed that it can be translated to EIH. However, considering the complexity of the 

phenomenon of EIH, stability should be explored first (Sim and Wright, 2002). 

At the commencement of this doctoral study in 2017, no study had investigated 

stability of EIH. However, some emerging evidence has been published assessing the stability 

of EIH over two sessions of aerobic or isometric tasks in asymptomatic participants with 

overall moderate ICC values (Gomolka et al., 2019; Hviid et al., 2019; Vaegter et al., 2019a; 

Vaegter et al., 2018; Vaegter et al., 2019b). The findings will be discussed in further detail in 

Chapters four and five as those are directly linked to the specific thesis objective of examining 

stability of EIH. 

Some studies have examined the validity of EIH, but none have included participants 

with LBP. After rest no differences in pain sensitivity were found in several studies but 

performance of the exercise task did alter pain sensitivity (Ellingson et al., 2014; Hviid et al., 
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2019; Naugle et al., 2012; Smith et al., 2017a; Smith et al., 2020; Vaegter et al., 2016). This 

provides evidence for adequate construct validity across different study designs (Sim and 

Wright, 2002) and confirms feasibility of the test protocol applied in those studies. 

 

1.4 Aim of the Thesis 

 

The overall aim of the thesis is to explore EIH in people with CLBP. 

The exploration of EIH is important and in the future, a RCT could establish the 

effectiveness of what is the best intervention to elicit EIH in people with CLBP. However, 

further knowledge of two different areas is required prior to testing this. Firstly, EIH in 

symptomatic people, specifically CLBP, needs to be further explored, as it is not known if it 

occurs to the same extent as in asymptomatic people. Secondly, more evidence is needed 

around the “best task” to produce EIH and the best assessment. 

This thesis is of an exploratory nature and contributes to the emerging body of 

evidence on EIH in people with and without CLBP. In line with recommendations from the 

Medical Research Council (MRC) it is placed mainly within phase I (Campbell et al., 2000; 

Craig, 2019) (see Figure 1.3). Only when sufficient evidence is gathered for phase I, 

feasibility trials can be planned and conducted as the next step (phase II - exploratory trial) 

(Campbell et al., 2000; Craig, 2019; Skivington et al., 2021). Phase I covers three key areas 

(Craig, 2019). Firstly, identification of the research base: Empirical evidence is synthesised to 

support the phenomenon of EIH in an asymptomatic population (Naugle et al., 2012; 

Pacheco-Barrios et al., 2020; Wewege and Jones, 2021); but evidence in people with chronic 

musculoskeletal pain conditions, specifically CLBP, is scarce (Bonello et al., 2021; Wewege 
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and Jones, 2021). This gap will be addressed in a systematic review (Chapter three). The 

second area is the identification and development of the theory. Despite over 150 

publications, specific recommendations, for both outcome measures and task characteristics 

are missing (Vaegter and Jones, 2020). These components, including for example different 

test sites, have only been partially explored in asymptomatic people and require further 

elucidation. Regarding measurement properties, the first step towards phase II is to assess the 

stability of EIH over multiple sessions. The third key area is modelling process and outcome, 

which also requires further elucidation of feasibility and the interacting factors of EIH. It 

needs to be further explored whether people with CLBP have impaired or normal EIH, 

especially following exercise tasks representing current management of CLBP. 

 

 

Figure 1.3 Application of the Medical Research Council (MRC) Framework 

EIH= Exercise-induced Hypoalgesia, CLBP= Chronic Low Back Pain 
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1.4.2 Overview of Thesis’ Chapters 

 

Chapter one has provided a background and rationale for this thesis outlining LBP, 

EPM, and the phenomenon of EIH. For Chapter two, empirical research is conducted first. 

When this research was initiated in March 2017, scoping searches revealed limited studies on 

EIH in people with CLBP. QST was assessed at local lumbar and remote sites, exploring 

whether asymptomatic participants demonstrate EIH in response to repeated movement of the 

trunk and whether the response is abnormal in participants with CLBP (objective one). The 

third Chapter reports an evidence synthesis based on the finding of impaired EIH in 

participants with CLBP, a systematic review is extended to all spinal pathologies due to the 

relatively limited research in LBP (objective two). 

Findings from Chapter three confirmed a lack of research on EIH in participants with 

CLBP, specifically on tasks targeting the lower back region or walking tasks. The following 

Chapters four to six are related to one study. This pragmatic observational study explores 

changes in pain sensitivity over local lumbar and remote test sites in participants with and 

without CLBP (objective three). The tasks to elicit EIH comprise of either a lumbar resistance 

task (Chapter four) or a brisk walking task on a treadmill (Chapter five). Objective four is 

related to the stability of EIH over multiple sessions. The sixth Chapter (objective five) 

analysed the testing protocol to inform findings from the previous two Chapters. 

The final Chapter, the discussion, provides a summary for each Chapter followed by a 

reflection of the objectives and relevant methodological considerations. Strengths and 

limitations of this thesis are discussed. The Chapter closes with the clinical implications of the 

overall findings, recommendations for future research, and conclusions of this thesis. 
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Chapter Two 

Lack of Exercise-Induced Hypoalgesia to Repetitive Back 

Movement in People with and without Chronic Low Back Pain 

 

 

 

This study was presented at different national and international conferences as listed at 

the beginning of this thesis and has been published in a peer-reviewed journal (Kuithan et al., 

2019). Some elements, such as the introduction, have been re-worded for the aim for this 

thesis to avoid repetition as an extensive background was provided in the previous Chapter. 

The methods, results, discussion, and conclusion largely reflect the publication verbatim. 

The publication in its original form is attached as Appendix 2. 

 

Publication 

Kuithan, P., Heneghan, N. R., Rushton, A., Sanderson, A. & Falla, D. 2019. Lack of Exercise-

Induced Hypoalgesia to Repetitive Back Movement in People with Chronic Low Back Pain. 

Pain Practice, 19, 740-750. 
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2.1 Abstract 

 

The lack of research on exercise-induced hypoalgesia (EIH) in people with chronic 

low back pain (CLBP) was outlined in Chapter one. 

This cross-sectional observational study was conducted on asymptomatic participants 

(CON) (n=18) and participants with CLBP (n=21). Quantitative sensory testing (QST) was 

applied extensively over the lumbar region and a remote area before and after the task, which 

involved repetitive back movement in form of lifting of a 5kg box for approximately seven 

minutes. QST included pressure pain thresholds (PPT), thermal detection and pain thresholds 

and measures of temporal summation. Topographical maps of the percentage change in PPT 

detected at 16 locations over the lumbar region were generated to explore regional differences 

and compared between groups. 

Mean PPT measured from 16 sites over the lower back, changed significantly in 

asymptomatic participants (+29.78 kPa ±41.4) following task completion indicative of EIH, 

whereas no statistically significant change was observed for the CLBP group (-14.87 kPa 

±61.2). No changes were detected at the remote site for either group. No changes were 

revealed for the thermal tests. Temporal summation data revealed decreasing pain sensitivity 

within the test, but the test response did not change after the task for both group. 

Unlike asymptomatic participants, participants with CLBP showed impaired EIH over 

the lumbar erector spinae muscles following repeated lifting. Although these results should be 

considered in relation to the study limitations, particularly the absence of a control group not 

performing the task, the findings support impaired EIH in people with CLBP. 
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2.2. Introduction 

 

As outlined in Chapter one, the effects of EIH, a short-term endogenous pain 

inhibitory response after exercise, are well documented in asymptomatic people. The EIH 

response can be detected with QST, but the extent of the EIH response depends on several 

factors including the type, intensity, and dosage of the exercise (Micalos and Arendt-Nielsen, 

2016; Naugle et al., 2014b). Only three studies have examined EIH specifically in participants 

with CLBP (Chapter one section 1.3.7), although exercise is recommended as a fundamental 

treatment for the management of LBP in national and international guidelines (NICE, 2020; 

Qaseem et al., 2017). Looking at tasks targeting the lumbar region, only one study indicated 

hyperalgesia after a repetitive lifting task (Falla et al., 2014). However, no EIH was found in 

the asymptomatic group, which should be further investigated. A longer task is hypothesised 

to elicit EIH and therefore, the task was modified accordingly. A study has investigated the 

response to a 2-minute isometric back extension task (Biering Soerensen test) (Gajsar et al., 

2017). EIH was found at remote but not local lumbar sites (Gajsar et al., 2017), however this 

study was limited to asymptomatic participants. Further research is therefore needed to fully 

understand the hypoalgesic response to back-specific task and whether this is affected in 

people with CLBP. 

 

2.2.1 Chapter Objectives 

 

The Chapter objective of this study was to quantify via QST, assessed at local and 

remote sites, whether asymptomatic participants demonstrate EIH in response to repeated 

movement of the trunk and whether the response is dysfunctional in participants with CLBP. 
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This reflects thesis objective one. Based on the study by Falla et al. (2014), the task involved 

repeated lifting of a 5 kg box for approximately seven minutes. The knowledge gained from 

this study may facilitate a greater understanding of the mechanisms contributing to varied 

response to exercise in participants with LBP (i.e., those that lack EIH) and the exacerbation 

of symptoms in some participants with LBP following repeated mechanical work (Gerhardt et 

al., 2016; Hubscher et al., 2014; Puta et al., 2013; Roussel et al., 2013). 

 

2.3 Methods 

 

2.3.1 Study Design and Setting 

 

This observational cross-sectional study was approved by the Ethics committee of the 

University of Birmingham (ERN_16-1389) and was conducted according to the Declaration 

of Helsinki. This report follows the Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) statement for observational studies (von Elm et al., 2014) 

(Appendix 5). All tests were conducted in a single session by the same investigator between 

July 2017 and March 2018. The relevant documentation for ethical approval is attached as 

Appendix 4. 

 

2.3.2 Participants 

 

Participants with CLBP and asymptomatic controls were recruited from the University 

staff and student population. All participants gave written consent prior to data collection and 
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were reimbursed for their time (Appendix 4). Inclusion criteria for both groups were age 

between 18 and 65 years, not being pregnant, and able to communicate in English. 

Participants were considered asymptomatic if they had no previous history of back or lower 

limb pain which warranted treatment from a health care practitioner and no neurological 

disorders. 

Inclusion criteria for the participants with CLBP were back pain lasting more than 

three months, and pain experienced on more than 90 days out of the past six months. A 

history of spinal fractures, spinal stenosis, and radiating leg pain were exclusion criteria as 

were concurrent systemic, rheumatic, or neurological disorders which may have confounded 

testing. They should not have been undergoing active management for CLBP or on higher 

doses of pain medication (> 30 mg of morphine equivalent dose). 

 

2.3.3 Questionnaires 

 

A custom designed questionnaire (Appendix 3) was firstly completed by the CLBP 

participants to assess their average of the last 24hrs, during their latest episode, as well as 

their current pain intensity, all rated on an 11–item NRS, with 0 for no pain and 10 for the 

worst pain imaginable (Breivik et al., 2008). CLBP participants were also asked to rate their 

perceived disability with the Oswestry Disability Index (ODI) (Fairbank and Pynsent, 2000). 

In addition, the following established questionnaires were used to describe the study 

population: The International Physical Activity Questionnaire (IPAQ) (Craig et al., 2003); 

Short Form Health Survey (SF-36v2) for perception of health and wellbeing, comprising of 

the Physical and Mental Component Scale (Scoggins and Patrick, 2009); the 21-item 

depression, anxiety and stress scale (DASS-21) (Henry and Crawford, 2005), the fear 
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avoidance beliefs questionnaire (FABQ) (Osman et al., 2000); and pain catastrophizing scale 

(PCS) (Waddell et al., 1993). 

 

2.3.4 Quantitative Sensory Testing 

 

QST was performed in a consistent order which was PPT testing followed by thermal 

detection and TPT testing starting at the periphery and finishing at the back. TS of repeated 

thermal stimuli was performed last. The tests were chosen based on previous studies and pilot 

testing (Falla et al., 2014; Owens et al., 2016; Rolke et al., 2006a). QST is an established 

method to evaluate EIH and its reliability has been demonstrated in Chapter one (section 

1.3.3). 

 

2.3.4.1 Pressure Pain Thresholds 

 

After a familiarisation period, PPT were measured with an algometer (1 cm² probe, 30 

kPa/sec) (Somedic Production, Stockholm, Sweden). Firstly, PPT were tested over the thenar 

eminence on the right side for the asymptomatic group, and on the most painful side for the 

CLBP participants. In the case of bilateral and symmetrical pain, the right side was selected. 

A grid, orientated on the spinous process of the 5th lumbar vertebrae, was used to mark 16 

testing locations over the lumbar region (Figure 2.1) to explore regional differences in PPT 

changes following the exercise. This was based on a similar approach used previously (Falla 

et al., 2014) but applied bilaterally, with two vertical rows of four points on each side. The 

medial row was directly placed over the erector spinae muscles. Testing was alternated across 
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participants in two different patterns on each side. From test site one the next test site was 

caudal, for test site four the next test site was cranial, this pattern was the same for the right 

side. For all PPT tests, the participants were instructed to push a button as soon as they 

perceived that the sensation of pressure had turned to one of pain. The mean of two 

consecutive readings over each site was used for data analysis (Chapter one, section 1.3.3). 

Topographical maps of the percentage change in PPT for each location were generated based 

on the mean value (Falla et al., 2014). 

 

 

Figure 2.1 Schematic Representation of the Area over the Lumbar Region for Pressure 

Pain Threshold Testing 

The distance between two testing sites was 2.5 cm, and the first sites were 2.5 cm cranial to 

the spinous process of the fifth lumbar vertebrae 

 

2.3.4.2 Thermal Detection and Pain Thresholds 

 

A Thermal analyser TSA-II (Medoc, Israel) with a 30x30mm Peltier thermode was 

applied over the thenar eminence on the right or most painful side as described above, after a 

demonstration on the contralateral side. Three randomised stimuli of either warm or cold were 
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applied for the detection threshold (WDT/ CDT) and then for the pain threshold. Baseline 

temperature was set at 32°C, and the temperature increased or decreased by 1°C and returned 

with a rate of 8°C/s with a five second interstimulus interval. For the pain threshold an 

increase / decrease of 1.5°C/s and return of 8°C/s with ten seconds interval was chosen to 

avoid TS. The minimum temperature was set to 0°C and the maximum to 50°C. The same test 

was then conducted for both groups over the back on the right side corresponding to the PPT 

locations 11-16 (Figure 2.1). For analysis, the mean of three measurements was taken for each 

site. 

 

2.3.4.3 Temporal Summation 

 

Firstly, a familiarisation test was performed on the contralateral side with five stimuli 

of 46°C with the same thermal tester described above. Participants were asked to rate their 

perceived pain on an NRS from 0-100 for each of the stimuli with 0 for no pain and 100 as 

worst pain imaginable. Then the thermode was placed under the volar mid-forearm on the 

right or most painful side. Ten consecutive stimuli were applied starting at a baseline 

temperature of 40°C increasing within 8°C/s to 48°C, and at the same rate to return to 

baseline. Inter stimulus interval was set as 2.5s adapted from a protocol by Owens et al. 

(2016). 

 

2.3.5 Repeated Lifting Task 

 

Measurements of the sternomanubrial joint line for the top shelves, and the height of 

the lateral epicondyle of the femur for the lower shelves, and the length from the acromion to 
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the head of the ulna for distance from the feet to the shelves were taken to determine the set-

up for the lifting task (Figure 2.2 A). 

Participants performed ten cycles lifting a 5kg box (35.5 cm x 29 cm x 13.5 cm) with 

reinforced handles between six different shelves for approximately seven minutes in total. To 

the beat of a metronome, the participant lifted the box to the top shelf over 2 seconds and then 

could rest for two seconds with the box on the shelf. Figure 2.2 B shows the pattern for each 

cycle. The task was based on a task described in a previous study (Falla et al., 2014), but was 

extended to represent a more functional movement by adding rotation using six instead of two 

shelves. During the task, the participant was asked every minute to rate their pain on an NRS 

from 0-10 and their perceived exertion after the lifting task on a printed Borg scale (Borg, 

1982). They were informed that they could end the lifting task at any time. 

 

 

Figure 2.2 A-B Repeated Lifting Task 

(A) Participant demonstrating the starting position of the lifting task, (B) schematic 

illustration of the lifting sequence 
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Within five minutes of completion of the lifting task, the QST tests were repeated as 

described above, but in the following order: Lumbar PPT followed by thermal tests over the 

lumbar area with the participant in supine. Then the PPT and thermal measurements were 

performed over the hand. This sequence was selected for efficiency of testing, to minimise 

movement of the participant and prioritise testing of the lumbar region. TS testing was 

conducted last avoiding any potential interference with the other tests. The duration of the 

pre-test protocol was slightly longer than the post-test protocol because of the familiarisation 

period. The entire duration varied between 20 to 30 minutes. 

 

2.3.6 Statistical Analysis 

 

For descriptive analysis participants characteristics were summarised for each group. 

Data was checked for normality (Kolmogorov –Smirnov test). If necessary, outliers were 

removed from the analysis based on a z-score >3.29 and reported as such (Field, 2007). For 

rating the SF-36 the provider’s software was used to generate the score for the physical and 

mental component subscales. To detect changes between the two groups, independent t-tests/ 

Kruskal-Wallis test were applied with significance set as p<0.05 (IBM SPSS Statistics 

Version 24). 

A mean of the PPT across the 16 locations of their back was calculated for each 

participant and in addition, the percentage change in PPT was determined for each location 

and displayed as a topographical map (Falla et al., 2014). For the thermal testing, if any 

reading did not meet the pain threshold at 0/50 °C (limit of the equipment), then the data were 

excluded from further analysis. 
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A three-way RM-ANOVA was conducted for the lumbar PPT (local test site) with 

group, time, and location (locations 1-16) as factors. A two-way RM-ANOVA was conducted 

to evaluate changes in PPT detected over the hand with group (CON/CLBP) and time 

(pre/post) as factors. Two-way RM-ANOVAs were also applied for the thermal detection - 

and pain thresholds with group and time as factors. For TS, a three-way RM-ANOVA with 

group, time, and sequence of heat impulse (1-10) was applied. Statistically significant 

differences were followed by Student Newman Keuls (SNK) post hoc analyses and 

Bonferroni corrections (BC) for multiple comparisons. Finally, the correlation of pain, 

perceived exertion, and change in percentage for the QST measurements was tested using the 

Pearson correlation coefficient. Significance was set as p< .05. 

 

2.4 Results 

 

2.4.1 Participants 

 

Participant characteristics of 18 asymptomatic participants (8 men, 10 women) and 21 

participants with CLBP (9 men, 12 women) are presented in Table 2.1. One further participant 

was recruited but only pre QST measures were taken due to technical issues and this 

participant was therefore excluded. The ODI indicated minimal disability (≤20%) in the group 

with CLBP and only two participants reported moderate disability. Participants with CLBP 

reported statistically significantly higher scores on the Borg Scale (mean ± standard deviation 

(SD) CON: 11.1 ± 2.2, CLBP: 13.1 ±1.7; p=.005). 

In contrast to all asymptomatic participants who successfully completed the full task, 

three participants with CLBP terminated the task due to provocation of their LBP during the 
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fourth, sixth, and nineth cycle. In line with the ethical approval, participants were monitored 

during the post-testing, which settled pain, and were given generic advice. However, as 

participants performed the task for as long as they could, their data were retained in the 

analysis and QST was still performed after their final task cycle. 

 

2.4.2 Pain 

 

Four control participants experienced discomfort during the task (peak LBP intensity 

of 2/10 reported by three participants and 8/10 by one participant, group mean: 0.8 ±2.0). 

Overall, the reported peak pain intensity during the task was 4.78 ±2.0 for the CLBP group 

and only one CLBP participant did not perceive LBP during the task. 

 

Table 2.1 Demographic characteristics of the study population 

Characteristic/Questionnaire CON 

Mean± SD 

CLBP 

Mean± SD 

Group Difference 

p- value 

Age 28.2± 12.5 31.7± 13.3 = .406 

BMI 23.3± 4.0 25.4± 3.4 = .084 

DASS21 (Range: 0 to 126) 9.4± 10.1 19.3± 22.5 = .095 

FABQ (0 to 96)  2.6± 5.7 27.2± 11.6 < .001* 

PCS (0 to 52) 5.7± 6.9 14.9± 9.2 < .001* 

Peak Pain Lifting (0 to 10) 0.8± 2.0 4.8± 2.0 < .001* 

Borg Scale Lifting (6 to 20) 11.1± 2.2 13.1± 1.7 =.004* 

SF36-PCS 58.43 ± 3.9 49.36 ± 5.3 < .001* 

SF36-MCS 51.82 ± 4.4 46.51± 13.0 = .091 

IPAQ 14 high, 4 med. 18 high, 4 med. =.0525 

ODI (0 to100)  16.0± 6.8  

Pain last 24hrs  3.9± 2.1  

Pain before task  3.1± 2.0  

Pain episode   4.9± 1.9  
Abbreviations: CON= Asymptomatic Control Group; CLBP= Chronic Low Back Pain Group; BMI=Body Mass 
Index; DASS21= Depression Anxiety Stress Scales; FABQ= Fear Avoidance Believe Questionnaire; PCS= Pain 

Catastrophizing Scale; SF36-PCS= Short Form Health Survey Physical Component Score; SF36-MCS= Short 

Form Health Survey Mental Component Scale; IPAQ= International Physical Activity Questionnaire; ODI= 

Oswestry Disability Index; All independent t-test, except Kruskal-Wallis test for IPAQ 
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2.4.3 Pressure Pain Thresholds (Local and Remote) 

 

For PPT collected over the lower back, the overall scores (mean of 16 locations) were 

pre-test 341.39 kPa ±116.9 and post-test 371.16 kPa ±130.4 for asymptomatic (n=18) and 

320.08 kPa ±113.7 and 305.20 kPa ±101.0 for participants with CLBP (n=20). This led to a 

difference of 29.78kPa ±41.4 for the asymptomatic participants and -14.87 kPa ±61.2 for the 

participants with CLBP. The percentage changes in PPT are displayed in Figure 2.3 

illustrating a mean change for the asymptomatic group of +9.43% ±13.4, 95% CI [2.8; 16.1] 

and -2.10% ±18.4 [-10.7; 6.5] for the CLBP group. 

 

 

Figure 2.3 Boxplot of the Percentage Change in Pressure Pain Sensitivity 

The percentage change of the overall mean of 16 locations for each participant within the two 

groups is shown. A higher percentage change represents signs of exercise-induced 

hypoalgesia. At the group level, the mean change (illustrated by the x) was (mean± SD) 

+9.43% ±13.4 for the asymptomatic group (CON) and -2.10% ±18.4 for the participants with 

chronic low back pain (CLBP). The lower and upper extreme was -19.80% and 28.20% for 

asymptomatic compared to -35.95% and 28.13% for the group with CLBP 
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A three-way RM-ANOVA showed statistically significant interactions for location, 

location and group, and time and location (F= 1.85 – 10.81, p≤ .001 – .025). The significance 

of location/ time and location indicates the heterogeneous response of different test sites over 

the lumbar area. However, for the purposes of this study, the most relevant finding was a 

group and time interaction (F=6.78, p=.001) and the post hoc analysis revealed a statistically 

significant increase in PPT after the task but only for the control group (CON: SNK: p=.019; 

CLBP: SNK: p=.228). However, Bonferroni correction for multiple comparisons revealed no 

statistically significant interaction for time and group (CON: +29.78, Standard Error (SE): 

12.44, 95% CI [-5.0; 64.5] p=.132; CLBP: -14.87, SE: 11.80, [-47.8; 18.1] p=1.00). 

Topographical maps showing the percent change in PPT between pre- and post-test 

over the 16 different locations over the lumbar spine are presented in Figure 2.4. 

 

 

Figure 2.4 Topographical Maps showing the Percentage Change in Pressure Pain 

Thresholds 

Pre-and post-test change over the 16 different locations over the lumbar spine as determined 

in Figure 2.1. The vertical line represents the midline of the spine. The left side shows the 

asymptomatic group (CON), the right side the group with chronic low back pain (CLBP) 
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Based on observation of the topographical maps, further analysis was conducted to 

evaluate changes only within the cranial half of the map. There was an interaction of time and 

group (F=10.23, p=.003; SNK: CON: p=.002, CLBP: p=.265). Correction for multiple 

comparisons confirmed changes for the asymptomatic group (CON: +43.05, SE 13.03, 95% 

CI [ 6.69; 79.42]; p=.132). 

By separating the medial and lateral row, a statistically significant change was 

observed over the medial (PPT test sites 5-12) column only. A statistically significant 

interaction between time and group was found (F= 8.12, p=.007). The post-hoc analysis 

showed a statistically significant change only for the asymptomatic group (SNK: CON: 

p=.001, CLBP: p=.643). Adjustment for multiple comparisons confirmed a statistically 

significant post-task increase in PPT only for the asymptomatic group (CON: +46.93, SE 

13.5, 95% CI [9.18; 84.68]; p=.008). 

For PPT measured over the thenar eminence, the mean ± SD pre-test values were 

259.33 kPa ±77.8 and post-test values 281.94 kPa ±117.4 for the asymptomatic group with a 

difference of +22.61 kPa ±93.1. For participants with CLBP the mean pre-test value was 

276.55 kPa ±88.84 and 278.50 ±72.2 for the post-test with a difference of +1.95 kPa ±40.2. A 

two-way RM-ANOVA revealed no statistically significant differences between groups and no 

statistically significant change over time. 

There was a statistically significant correlation between change in the PPT percentage 

over the hand and the back only in asymptomatic participants (r=.783, p< .001, n=18). 

However, in both groups there was no statistically significant correlation between baseline 

PPT and the percent change in PPT indicating that an EIH response was not dependent on 

baseline sensitivity. 
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2.4.4 Thermal Testing 

 

Results for the cold and warm detection and pain thresholds are presented in Table 2.2. 

Two CDT readings from the hand and one from the back were identified as outliers (z-score> 

3.29) and were removed from the analysis. A two-way RM-ANOVA revealed a statistically 

significant difference for group (F=4.18, p=.049) for the CDT detected over the hand yet 

further post-hoc analysis revealed no further statistically significant differences between 

groups and there was no effect of time. No statistically significant differences and interactions 

between group or time were observed for the CDT performed over the lumbar region nor 

warm detection over the hand and the lumbar area. 

Due to limitations of the device with a safety limit of 0 °C/ 50°C completed data sets 

were limited in both groups for CPT. The difference in CPT between pre- and post-tests was 

+1.6 °C ±5.6 for the asymptomatic participants and a +2.5°C ±4.9 for CLBP group. A two-

way RM-ANOVA showed a statistically significant change over time (F=5.31, p=.028) for 

both groups but there were no differences between groups. 

For the lumbar area, a RM-ANOVA showed no statistically significant group 

difference, although the overall change between pre- and post-task measures across both 

groups was close to statistically significant (F=4.24, p=.054). Imputing 0°C for the missed 

scores did not affect the result. 

For the thenar heat pain thresholds (HPT) the overall difference between pre- and 

post-test was -1.2°C ±2.5 for the asymptomatic group and -1.1°C ±2.7 for those with CLBP. 

A two-way RM-ANOVA showed a statistically significant interaction between group and 

time (F=8.739, p=.006) with the post-hoc analysis confirming a reduction of the HPT for the 
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asymptomatic group only (SNK: p=.037). However, correction for multiple comparisons 

showed no significance (BC: p=.144). No statistically significant changes in HPT were 

measured over the lumbar region. 

 

Table 2.2 Results for thermal detection and pain threshold testing 

Modality & 

Time 

Test 

Site 

CON  CLBP 

N Mean± SD (°C)  N Mean± SD (°C) 

CDT pre Hand 17 30.2 ± 1.0  20 30.5± 0.6 

CDT post 29.9± 1.1  30.5± 0.6 

WDT pre 18 33.9± 1.1  21 34.1± 0.9 

WDT post 33.8± 0.8  33.9± 0.6 

CPT pre 16 14.0± 7.5  18 15.4± 7.6 

CPT post 15.8± 8.5  17.8± 6.2 

HPT pre 14 43.0± 2.9  21 43.5± 3.9 

HPT post 41.2± 3.7  42.4± 2.5 

CDT pre Lumbar 18 29.6± 2.0  20 29.8± 1.6 

CDT post 29.7± 2.0  29.3± 2.0 

WDT pre 18 35.3± 1.3  21 35.5± 1.1 

WDT post 35.0± 1.1  35.2± 1.4 

CPT pre 12 21.5± 6.1  8 24.8± 4.4 

CPT post 19.6± 6.8  22.7± 6.8 

HPT pre 17 43.3± 3.9  20 43.7± 4.1 

HPT post 43.7± 3.5  43.5± 3.0 
Abbreviations: CON= Asymptomatic Control Group; CLBP= Chronic Low Back Pain Group; CDT= Cold 

Detection Threshold, WDT= Warm Detection Threshold, CPT= Cold Pain Threshold, HPT= Heat Pain 

Threshold, pre= pre-test, post= post-test 

 

2.4.5 Temporal Summation 

 

TS data was obtained from 15 asymptomatic and 18 participants with CLBP. Overall, 

a reduction in pain sensitivity to the same stimulus was found over time (Figure 2.5). A three-

way RM-ANOVA revealed interactions for sequence only (F= 22.69, p< .001) with the post 

hoc analysis revealing statistically significant changes between the first and third to tenth 

stimulus (SNK: p< .034). No differences were observed between groups and there was no 

effect of the task on TS. 
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The study population comprised mainly participants with minimal disability due to 

their LBP (ODI≤20). At baseline, no consistent differences in any of the QST measures 

between groups were observed indicating that the sample of participants with CLBP in this 

study did not show obvious signs of peripheral or central sensitisation. This is in contrast with 

previous work using multiple PPT over the lumbar region which showed lower PPT for 

participants with CLBP in a comparable population (Falla et al., 2014; O'Neill et al., 2019). 

The high inter-individual differences and the relatively low levels of pain and disability in this 

sample could explain this. Moreover, no correlation between baseline PPT and changes in 

PPT post-task in this study population was found indicating that the extent of EIH was 

independent of baseline sensitivity. 

The task was perceived by the participants as easy to moderate exercise according to 

the Borg Scale. This is in contrast to most other studies which have examined EIH in response 

to more demanding exercises (Naugle et al., 2012; Vaegter et al., 2015). Yet the current study 

clearly demonstrated an EIH response for the asymptomatic population as seen by the 

statistically significant increase in lumbar PPT measured after completion of the repetitive 

task. 

Furthermore, findings are in contrast to previous studies that did not find evidence of 

impaired EIH in participants with LBP, however no other study has examined the response to 

exercise specifically targeting the back muscles or utilising a functional task (Hoffmann et al., 

2005; Meeus et al., 2010). In a study which evaluated changes in PPT following a lifting task 

albeit of shorter duration and only lifting in the sagittal plane (Falla et al., 2014), a statistically 

significant local decrease in PPT over the lumbar area was shown in participants with CLBP. 

The trend was shown in this study. However, changes were not statistically significant. 
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Differences were observed for the change in PPT between medial and lateral testing 

sites in the asymptomatic group with statistically significant changes observed only for medial 

sites. This is likely because the lateral column was located to a lesser extent over the erector 

spinae, i.e., the iliocostalis lumborum, which were engaged in the task (Bogduk, 2005). 

Moreover, EIH was more evident at cranial sites. This underlines the importance of multiple 

PPT test sites, as interactions of time and location were found. If only a single test site is used 

changes might not be depicted. 

The absence of EIH in this cohort of people with CLBP does not necessarily imply 

that the participants with CLBP lacked descending pain inhibition. It rather could be caused 

by their erector spinae muscles becoming sensitised after the task due to localised muscle 

fatigue. Especially since studies indicate that the erector spinae are more fatigable in people 

with CLBP and changes in muscles activity were found with fatigue or pain (Abboud et al., 

2014; Boucher et al., 2015; Sanderson et al., 2019). 

Research on changes in pain sensitivity over the lumbar region after exercise is 

limited. Comparing the results from this study with the findings from Gajsar et al. (2017), 

similar baseline scores and changes in lumbar PPT (absolute change: men: 34.2 kPa: women: 

18.9 kPa) were found in this study. However, in the study by Gajsar et al.(2017), the increase 

in PPT over the lower back after exercise did not reach statistical significance, unlike the 

current findings. The isometric back extension task used in this previous study also engages 

the hip extensor muscles, over which they found a statistically significant increase in PPT. 

Additionally, Gajsar et al.(2017) examined the PPT at only one site over the lumbar region 

(adjacent to the third lumbar vertebrae (L3)). The findings of this study indicate that test site 

has a statistically significant influence on outcome and that testing sites directly over the 

muscle belly are more likely to demonstrate a change. 
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There was no statistically significant change in pressure pain sensitivity measured at a 

remote site (hand), likely because of the low intensity and duration of the task since remote 

changes are typically seen after excessive or vigorous exercise (Micalos and Arendt-Nielsen, 

2016; Naugle et al., 2014b). 

In contrast to pressure testing, the sensitivity to thermal stimuli did not show a clear 

pattern and was restricted by the temperature range of the equipment used. In line with this 

study, most other studies have used PPT as an outcome measurement for EIH which seems 

more responsive as an outcome measurement (Naugle et al., 2012). This is likely because 

mechanical pressure stimulates receptors within an exercised muscle, whereas the thermal 

stimuli stimulate superficial receptors of the skin. Changes in temperature pain thresholds 

may be caused by exercise-induced changes in skin or body temperature rather than inhibitory 

pain mechanisms (Naugle et al., 2012). Furthermore, the randomisation of stimuli might have 

affected the results (Heldestad et al., 2010). 

The TS of heat stimuli did not differ between groups and did not change pre- and post- 

exercise but did decrease over the series of stimuli. These results are in contrast to those from 

a similar protocol in a similar population without an exercise intervention (Owens et al., 

2016). Other studies also showed an increase in pain intensity using different protocols 

(Brellenthin et al., 2017; Reynolds et al., 2017). However, consistent with findings of this 

study, a reverse effect of TS has been reported in other studies as a reduced wind-up or 

habituation in healthy controls (Penza et al., 2017; Staud et al., 2005). As the protocol applied 

in this study did not induce TS, changes cannot be related to EIH to inform the TS response 

after a repeated lifting task. 
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It is worthwhile to note that there was large variability in QST responses. Some 

participants with CLBP did show increased PPT after the task reflecting the large variability 

in presentation found in any CLBP cohort (Falla and Hodges, 2017). However, the findings of 

this study highlight that even people experiencing chronic symptoms of low severity and 

normal baseline sensitivity can lack an EIH response. It will be relevant in future research to 

investigate if the absence of EIH is associated with poorer outcome to exercise interventions 

in people with LBP. Potentially, the response to a short bout of back-specific exercise could 

be used to understand whether or not a participant is likely to have a positive analgesic 

response to an exercise programme targeting their back muscles. Although, subgrouping 

based on EIH response needs to be fully investigated in future work. 

 

2.5.1 Strengths and Limitations 

 

This is the first study to investigate the effects of repetitive lifting on pain sensitivity 

with an extensive QST test battery including tests of sensitivity to both mechanical and 

thermal stimuli. Nevertheless, there are some methodological considerations that should be 

noted. An a priori sample size was not determined, and it is therefore possible that the sample 

size prevented some differences from reaching statistical significance. It could be argued that 

the average change in PPT measured from the 16 sites over the lower back for the 

asymptomatic participants (i.e., +29.78 kPa) is low and although statistically significant, is 

not a relevant change. Moreover, based on the RM-ANOVA there was no interaction at the 

remote test site for time (CON: +22.61 kPa/ CLBP: +1.95 kPa), even though change in the 

asymptomatic group is somewhat similar to the change over the lumbar region. Nevertheless, 

it should be noted that the average change in PPT for the CLBP group was in the opposite 
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direction (i.e., -14.87 kPa) suggesting a real and relevant difference in response between 

groups. 

No control condition was included in this study; thus, it is uncertain whether the 

changes in PPT are actually due to the exercise performed. The change in PPT at the back 

could be partially attributed to habituation, due to induction of pain itself from the extensive 

psychophysical testing or even expectation effects. Participants were verbally encouraged and 

instructed participants to lift with their back. Therefore, changes in QST might be influenced 

by underlying biomechanical or muscular activations pattern which were not considered in 

this study. Participants were recruited from a University environment and therefore the data 

cannot be generalised to other CLBP populations including those exposed to manual labour 

and heavy lifting or to people with more severe LBP. 

Even in the asymptomatic group, the task produced mild back discomfort in some 

participants. This suggests that the task targeted the right region. However, the duration and 

intensity of the task might not have been extensive enough to produce high levels of EIH, as 

shown for a task with higher discomfort in asymptomatic people (Ellingson et al., 2014). This 

could explain the lack of a systemic effect measured at the remote site. 

Missing data were due to technical limitations of the equipment used but were 

relatively even between groups and thus this did not likely have a statistically significant 

effect on the results. The order of QST was the same for both groups and cannot explain 

group differences. However, it cannot be out ruled that different test modalities have an effect 

on the subsequent test. Finally, the full QST was completed within 30 minutes, which has 

been indicated as the minimum persistence of EIH (Naugle et al., 2012). As thermal tests 
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were performed last, any effects might have been disappeared by that time. It is still not 

clearly defined how long the effects of EIH can be maintained. 

 

2.6 Conclusion 

 

Asymptomatic participants displayed evidence of EIH as revealed by a statistically 

significant reduction in pressure pain sensitivity over the erector spinae, in response to a short, 

repeated lifting task. In contrast, this phenomenon was absent in participants with CLBP who 

presented with low severity pain and disability. This is the first evidence of a longer 

functional task eliciting EIH and future research should be conducted considering similar 

tasks in participants with CLBP to strengthen the available evidence. A systematic analysis of 

EIH in this population can contribute to reduce this gap in research and identify specific needs 

for future research. Due to paucity of studies available evidence from similar pathologies 

could inform the current knowledge of EIH in people with CLBP.  
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Chapter Three 

Exercise-Induced Hypoalgesia in People with Spinal Pain: A 

Systematic Review and Data Synthesis 

 

 

 

The protocol for this systematic review has been registered with PROSPERO and is 

available as Appendix 6 or online under 

https://www.crd.york.ac.uk/prospero/display record.php?ID=CRD42019145586  

 

Publication 

This study has been submitted to the European Journal of Pain and is currently under 

review. Some elements have been re-worded for the aim of this thesis to avoid repetition with 

previous Chapters. This Chapter largely reflects the submitted manuscript verbatim and parts 

of the registered protocol but contains additional in-text information of the methods and result 

sections. Furthermore, an abstract of this Chapter has been submitted at the “2022 World 

Congress on Pain” (International Association for the Study of Pain). 
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3.1 Abstract 

 

This Chapter presents a systematic review on exercise-induced hypoalgesia (EIH) in 

people with spinal pain. Findings from the previous Chapters highlight a lack of research on 

EIH in people with chronic low back pain (CLBP), but an emerging body of evidence has 

examined EIH in recent years. The Chapter objective was to investigate the phenomenon of 

EIH in people with spinal pain reflecting the following three Chapter objectives considering 

1) the region of the task and the type of the task 2) type of spinal complaint; and 3) location of 

test sites in respect to the affected body region. 

A sensitive search strategy of six databases and search engines and hand search was 

conducted including grey literature. Eligibility criteria were any spinal pain complaint, 

physical activity aiming to alter pain sensitivity, observational studies, and within-session re-

test. Risk of bias and cumulative evidence (GRADE) informed the narrative synthesis. This 

review was planned, conducted, and reported following PRISMA guidelines. 

Seventeen studies (four good, ten fair, and three poor risk of bias) were included. Low 

quality evidence supports impaired EIH following isometric tasks and in people with 

whiplash associated disorders; conflicting results for remote and aerobic tasks were found. 

Very low quality evidence supports altered EIH after a local task, hyperalgesia after a 

regional/ work-mimicking tasks, with conflicting results for people with CLBP and chronic 

neck pain. Very low quality evidence supports no difference between local and remote sites. 

As a conclusion, confidence in the existing quality of evidence is low to very low for 

the presence of EIH in people with spinal pain across all three objectives. There is a clear 

need for high quality studies to further elucidate whether EIH occurs in people with spinal 

pain and to establish the role of EIH in rehabilitation.  
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3.2 Introduction 

 

As there is little available evidence for EIH in people with CLBP, this systematic 

review includes all types of spinal pain. Although spinal regions and their pathologies differ 

in their anatomy and function, regional interdependences exist and thus they are commonly 

combined (Heneghan and Rushton, 2016; Hubscher et al., 2013; Marcuzzi et al., 2015). CLBP 

and chronic neck pain (CNP) are common and relevant problems affecting the quality of life 

of people and leading to high costs for the healthcare and social systems (Hoy et al., 2014). 

Moreover, people with chronic spinal pain often present with peripheral and/or central 

sensitisation potentially affecting EPM (Roussel et al., 2013; Uddin et al., 2014). The 

presence of sensitisation has been hypothesised as one of the factors explaining why some 

people with pain do not respond as favourably to exercise as others (Rice et al., 2019). 

To date, one systematic review with meta-analysis limited to RCTs has been 

conducted investigating whether EIH occurs in people with chronic musculoskeletal pain and 

asymptomatic people (Wewege and Jones, 2021). A large summary effect size (Hedges’ g>.8) 

was demonstrated for the presence of EIH in asymptomatic people following aerobic 

exercises, whereas dynamic resistance exercise lead to small EIH (g <.2), and no evidence of 

EIH was found after isometric exercise (Wewege and Jones, 2021). For people with 

musculoskeletal pain, EIH did not occur after isometric exercise based on three studies 

(Wewege and Jones, 2021). However, none of these studies considered people with spinal 

pain; the review included tendino-/fasciopathy or degenerative disorders which may present 

differently to spinal pain. A previous meta-analytic review by Naugle et al. (2012) included 

observational studies on people with spinal pain and recent key focus articles referred to 

further observational studies (Rice et al., 2019; Vaegter et al., 2020a). Recommendations from 
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reviews of clinical trials and observational studies are important to contribute to the overall 

body of evidence (Craig, 2019; Guyatt et al., 2011a). 

Thus, there is currently equivocal evidence ranging from hypoalgesic to hyperalgesic 

effects to no effect following exercise in people with chronic pain (Bonello et al., 2021; 

Naugle et al., 2012; Pacheco-Barrios et al., 2020; Rice et al., 2019; Vaegter and Jones, 2020; 

Wewege and Jones, 2021), but no systematic review to date firstly, investigated spinal pain 

specifically or secondly, investigated if EIH differs depending on whether the exercise was 

performed by the affected body region or not. This is important as current clinical 

management for spinal pain often specifically targets the symptomatic region (Falla and 

Hodges, 2017). Resistance exercise has been hypothesised to elicit localised EIH, whereas 

aerobic exercise produces a systemic response (Naugle et al., 2012). It is also largely 

unknown if EIH differs when tested over the affected body region (local) compared to 

unaffected regions (remote). 

 

3.2.1 Chapter Objectives 

 

The overall objective of the systematic review is to investigate if people presenting 

with spinal pain gain EIH following a bout of a physical activity as outlined as the second 

objective of this thesis. The Chapter objective to synthesise current evidence from 

observational studies is broken down into these three specific Chapter objectives: 

1)  to synthesise current evidence from observational studies to determine whether EIH 

occurs in people with spinal pain and whether this is dependent on the region (e.g., local 

or remote to the affected body region) of the exercise performed and the type of task (e.g., 

aerobic or isometric)  
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2)  to investigate whether these results vary depending on the specific spinal pain complaint 

i.e., CLBP versus CNP as it remains unclear whether there are systematic differences in 

EIH between CLBP and CNP. 

3)  to evaluate differences in test sites with different spatial relation to the affected spinal 

region (i.e., local versus remote sites). 

 

3.3 Methods 

 

3.3.1 Design 

 

This systematic review was designed and reported according to the Preferred 

Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) and protocols, 

Cochrane recommendations by the back pain review group, and STROBE guidelines applying 

a pre-defined and registered protocol (Furlan et al., 2009; Hutton et al., 2015; Moher et al., 

2015; Page et al., 2021; von Elm et al., 2008). The review was first registered on PROSPERO 

on the 16th of August 2019 (CRD42019145586) (Appendix 6). Minor changes in synthesis 

and definitions as well as a search update are outlined online, but no major changes were 

conducted for the rest of the methodology with the final updates in November 2020. This 

Chapter followed the updated PRISMA guideline (Page et al., 2021) and is presented in 

Appendix 7. 
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3.3.2 Eligibility Criteria 

 

Eligibility criteria were defined using PIPOS and are summarised in Table 3.1 

comprising of: population, intervention (task), phenomenon of interest: EIH, outcome 

measurement, and study design. Cochrane recommends the use of PIC(O(S)) for systematic 

reviews on therapeutic interventions but this does not fully represent EIH as the objective of 

this study as it is not the aim of an intervention (Eriksen and Frandsen, 2018). Therefore, 

phenomenon of interest was added from “SPIDER”, which has been shown to be superior for 

qualitative or narrative synthesis (Methley et al., 2014). 

Observational studies with and without a control group were included as the research 

question did not aim for a comparison between people with and without spinal pain, therefore 

this domain was not used. Only observational studies were included as this was deemed most 

appropriate to answer the research aim (Koenders et al., 2016). Based on scoping searches, 

multiple studies did not clearly state their study design. Due to this ambiguity, study design 

and language were evaluated in the second screening stage. 

Whilst different methods have been employed to determine EIH, currently no gold 

standard exists (Lima et al., 2017; Rice et al., 2019; Sluka et al., 2018; Vaegter et al., 2020a). 

Repeated QST, including PPT or TPT, has most commonly been used to determine EIH 

(Wewege and Jones, 2021). Furthermore, tasks including all forms of physical activity were 

included (see Chapter one, section 1.3.5). 
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Table 3.1 Eligibility criteria 

PIPOS Inclusion  Exclusion 

Population • ≥ 18 years old 

• Pain in the lumbar, thoracic, or cervical region 

• Specific, non-specific, and traumatic pain 

• Any level of severity, disability, and stage 

(acute/ chronic) 

• Multiple regions of bodily pain not excluded 

• Mixed presentation ≥80% spinal pain 

• Fibromyalgia 

• Post-traumatic 

stress disorder 

• Non-

musculoskeletal 

disorders 

• Neurological 

injuries 

Intervention/ 

task 
• Any form of physical activity with the aim of 

altering pain sensitivity and of any duration 

performed in any part of the body (region) e.g., 

isometric, concentric, eccentric exercise, or 

combined/ functional/ occupational tasks with 

or without resistance/weights, and/ or aerobic 

exercise (type) 

• Passive, 

psychological, or 

mental exercises, 

such cognitive 

tasks, or 

educational 

programmes  

Phenomenon 

of interest 
• EIH, as change in pain sensitivity/ pain 

modulation/ pain inhibition after a single bout 

of exercise 

• No restriction in elapsed time between the task 

and post-test 

• Test sites could be at the painful region or over 

remote test sites 

• No within-session 

change 

• No EIH 

Outcome 

measurement 
• Performance-based psychophysical measures 

such as pain threshold or tolerance of 

mechanical (pressure), thermal, electrical 

stimuli or dynamic measurements such as TS 

• Assessments such as the nociceptive 

withdrawal reflex, CPM, invasive techniques, 

or imaging techniques 

• Patient reported outcome measurement as for 

example pain score (VAS/ NRS) and pain 

drawings measuring changes in pain sensitivity 

due to physical activity  

• Only measuring 

perceived pain 

using a pain scale 

such as VAS/NRS 

without any 

further relation to 

pain sensitivity as 

not linked to a 

specific stimulus 

to quantify pain 

sensitivity  

Study type • Observational studies  

• In case no or “less conventional” study design 
was stated, reviewers agreed on eligibility 

• Full-text available and written in English 

• Randomised and 

cross-over trials 

and case studies  

Abbreviations: EIH= Exercise-induced Hypoalgesia; TS= Temporal Summation; CPM= Conditioned Pain 

Modulation; VAS= Visual Analogue Scale; NRS= Numeric Rating Scale 
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3.3.3 Information Sources 

 

The following databases and search engines were searched independently by two 

researchers (PK; AD): MEDLINE (OVID interface), EMBASE (OVID interface), CINAHL 

(EBSCO interface), Web of Science, PubMed. The search included all results from inception 

to the 2nd of July 2020, with two independent researchers performing searches on Google 

Scholar to the 22nd July 2020. Additionally, hand searches of the following key journals 

complemented the search: The Journal of Pain, Scandinavian Journal of Pain, PAIN, The 

Clinical Journal of Pain, and European Journal of Pain. Moreover, Grey literature search 

included Ethos for dissertation abstracts, Open Grey, ZETOC and British National 

Bibliography for unpublished research. Further hand searches were conducted for relevant 

key reviews in the area and their reference list (Lima et al., 2017; Naugle et al., 2012; Nijs et 

al., 2012; Rice et al., 2019; Roussel et al., 2013; Sluka et al., 2018). 

 

3.3.4 Search Strategy 

 

The search strategy was developed by the lead author (PK) in discussion with the 

supervisors. Where appropriate, medical subject headings (MESH), text words, and unique 

searching filters of individual databases were used (Baumann, 2016). The concepts searched 

considered the eligibility criteria (PIPO) for the strategy and included 1) population (spinal 

pain or related terms) 2) intervention/ physical activity (task) 3) EIH, or endogenous pain 

inhibition, or pain sensitivity to activity 4) outcome measurements linked to EIH. PICO(S)/ 

PIPOS is limited due to the fact that outcome measures might not be stated in the abstract, 
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therefore a sensitive search with a wide range of terms was used and the search was not 

limited to title and abstract depending on the search engine (Eriksen and Frandsen, 2018). 

Search terms were informed by previous reviews or protocols (Naugle et al., 2012; Wewege 

and Jones, 2021) but further refined for this specific research question. No restrictions were 

applied for the year of publication, study design, or language. Hand searching followed by the 

same two independent researchers. All full line-by-line search strategies are presented in 

Appendix 8. 

 

3.3.5 Selection Process 

 

All references were imported to Endnote X9 (Clarivate Analytics), and duplicates 

were removed by the lead author using the software’s own function followed by visual 

inspection and manual removal. At the first stage of screening two independent researchers 

(PK, AD) screened titles and abstracts, and full-text in the second stage using a pre-designed 

and piloted screening tool of eligibility criteria for each stage. Decisions were made according 

to “include”, “exclude”, and “unsure”. If “unsure” the full-text was considered. If articles 

were considered for the full-text screening stage, the PDF of the full-text was obtained. 

Authors were contacted by email if the determination of eligibility was unclear. For the full-

text screening stage, the same procedure of evaluating eligibility was followed using a pre-

designed screening form. At all stages, an experienced researcher (AR) mediated in case of 

disagreement, or a study was still considered as “unsure”. 
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3.3.6 Data Collection Process 

 

Relevant data from all included studies were extracted independently by two reviewers 

(PK, AD) according to a bespoke proforma. Where further information/ data needed to be 

obtained, the authors of the relevant study were contacted by email. In case of no reply, a 

second request was sent out after two weeks. If not obtained, values from published figures 

were estimated using “WebPlotDigitizer 4.2” by one reviewer (PK) and checked by a second 

reviewer (DA). 

 

3.3.7 Data Items 

 

Data items were defined a priori in the registered protocol. Extracted data items 

included: authors, year, country, spinal complaint, study design, setting, population (size, 

gender, age, spinal pain relevant characteristics), task (region of the task in respect to spinal 

complaint, type, duration, intensity, perceived exertion), outcome measurement for each 

mechanical, thermal, or blood/others testing naming the device, unit, and test sites and 

timepoint of post-test. For the results if available mean and SD, results in change in 

percentage, pre-post score, or absolute difference with effect size and/ or confidence intervals 

were reported. 

For data extraction, results of EIH were presented within 1) the local affected area and 

2) remote area. As a third category 3) the results were compared to the control group if 

available. 

 



 

72 

 

3.3.8 Risk of Bias in Individual Studies 

 

Both reviewers independently assessed ROB of the included studies using a modified 

version of the Newcastle Ottawa Scale (NOS) for observational studies (Wells, 2009). The 

NOS is a well-established tool, but its reliability can be challenged and therefore, further 

modifications are recommended (Hartling et al., 2013; Zeng et al., 2015). Modifications for 

this systematic review included the three domains of selection (*case definition, 

*representativeness, *selection, and *definition of controls), comparability (not considered for 

overall score), and exposure/ outcome (*outcome measurement, and *intervention, 

*consistent for both groups) (Appendix 9). Applying the modified NOS, studies were rated as 

good, fair, or poor. Percentage agreement between reviewers was calculated based on each 

item of the first and third domain as well as the overall score. All disagreement were mediated 

by a third reviewer (NRH). 

 

3.3.9 Effect Measures  

 

Differences from pre/ and post-test/ or absolute or relative change were used as 

presented in the analysis of each individual study or applied analysis model output. Results 

were described within five categories: no EIH (no statistically significant difference between 

pre and post scores in any group); normal EIH (change in EIH, but no statistically significant 

group difference between symptomatic and asymptomatic group) and altered EIH consisting 

of impaired EIH (reduced or no EIH with a statistically significant difference to the 

asymptomatic group, which experienced EIH); increased EIH (more pronounced EIH than the 

asymptomatic group); and hyperalgesia (significantly increased pain sensitivity with or 

without a statistically significant group difference). 
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3.3.10 Synthesis methods 

 

Due to clinical and methodological heterogeneity, meta-analysis was not appropriate 

(McKenzie and Brennan, 2020). For the narrative analyses, data were organised based on the 

three objectives. For the first objective, region of task, commonly used terminology has been 

adopted (Bonello et al., 2021) differentiating between local, within the affected area, and 

remote tasks. However, a third category was derived to better reflect the data defined as 

regional exercise tasks; definitions are outlined in Table 3.2. For the second objective of 

spinal regions, the cervical region was subdivided into CNP and WAD. Differences between 

CNP and WAD have been shown before (for example see Anstey et al., 2016; Chien and 

Sterling, 2010), but have not been investigated for EIH. All studies were evaluated on each of 

the three objectives and if needed, further sub-categories were derived. 

 

Table 3.2 Data synthesis structure based on the three objectives and themes 

Objective Definitions 

1a Region Local 

Affected region of the 

spine is targeted within 

the task as for example 

deep neck flexor 

exercise for people with 

CNP (Falla et al., 2013) 

Remote 

For example, 

cycling in a 

population with 

CLBP 

Regional 

Tasks not directly in the 

local area, but the task is 

designed to target the 

affected region such as 

shoulder movements for 

people with CNP 

1b Type Aerobic Isometric Others 

2 Spinal 

complaint 

CLBP CNP WAD 

3 Test site Local 

Within the region of 

spinal pain 

Remote 

Outside the region 

of spinal pain 

 

Abbreviations: CLBP = Chronic Low Back Pain; CNP= Chronic Neck Pain; WAD= Whiplash Associated 

Disorders 
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3.3.11 Meta-Biases 

 

To avoid publication bias, the grey literature, conference abstracts, and the internet 

were searched including potential study protocols. Currently no study register exists for 

observational studies. 

 

3.3.12 Risk of Bias across Studies/ Confidence in Cumulative Evidence 

 

Following the Grading Recommendations, Assessment Development and Evaluation 

(GRADE) the strength of the overall body of evidence using “very low”, “low”, “moderate” 

and “high” were reported considering all five domains: study limitations, inconsistency, 

imprecision, indirectness, and publication bias. Based on the design of observational studies, 

the starting point for evaluation of quality is “low” (Guyatt et al., 2011a). For narrative 

synthesis, definitions were modified as recommended (Murad et al., 2017). For study 

limitations, sample sizes were considered, defined by power calculation/ a priori calculation 

of sample size or justification from the STROBE guidelines (Vandenbroucke et al., 2014; von 

Elm et al., 2014). These were not covered by the modified NOS for assessment of ROB. 

Inconsistency was based on results of the individual studies (Guyatt et al., 2011d). 

Imprecision was defined as lack of reporting or wide ranges of 95% confidence interval and 

effect size, and numbers of participants (continuous defined as pre/post) ≥400 (Guyatt et al., 

2011b). Indirectness referred to substantial differences in population, intervention (duration 

and intensity) to produce EIH, feasibility of outcome measurement and/or relevance for 

recommended management for people with spinal pain and levels of disability and severity 

(Guyatt et al., 2011c). The fifth domain was publication bias. A huge variety of results 
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reduces the risk of positive reporting, whereas a low number of studies in general might 

increase publication bias; additionally, conflict from industry funding was considered (Guyatt 

et al., 2011e). Serious concerns in more than one domain downgraded the confidence to very 

low quality of evidence. 

 

3.4 Results 

 

3.4.1 Study Selection 

 

The search resulted in 9173 articles for screening; and 119 were reviewed at the full-

text stage. Twenty-eight articles representing 17 studies were included; Figure 3.1 displays 

the PRISMA flow diagram (Page et al., 2021). 

When one study presented data across multiple publications, all articles were included 

as one study (studies n=6) (Table 3.3). To improve clarity and facilitate reading the following 

studies are only referenced with the main relevant or most recent study only in text and tables. 

The full list of excluded studies including justification can be found in Appendix 10. 

 

Table 3.3 Studies resulting in multiple publications 

In text cited as Comprising of publications 

Gerdle et al., 2008a (Gerdle et al., 2008a; Gerdle et al., 2008b; Rosendal et al., 2005; 

Rosendal et al., 2004) 

Ghafouri et al., 2013 (Gerdle et al., 2010; Ghafouri et al., 2013) 

Grimby-Ekman et al., 2020 (Grimby-Ekman et al., 2020; Grimby-Ekman et al., 2017; 

Stensson and Grimby-Ekman, 2019) 

Persson et al., 2009 (Persson et al., 2000; Persson et al., 2003; Persson et al., 2009) 

Strom et al., 2012 (Strom et al., 2009a; Strom et al., 2009b; Strom et al., 2012) 

Vaegter et al., 2016 (Vaegter et al., 2016; Vaegter et al., 2017b) 
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Figure 3.1 Selection Process 

PRISMA flow diagram adapted from (Page et al., 2021); EIH= Exercise-induced Hypoalgesia 
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3.4.2 Study Characteristics 

 

The 17 included studies reflect 434 participants (73% female) (Christensen et al., 

2017; Falla et al., 2014; Gerdle et al., 2008a; Ghafouri et al., 2013; Grimby-Ekman et al., 

2020; Hoffman et al., 2005; Ickmans et al., 2017; Kemppainen et al., 1998; Kuithan et al., 

2019; Larsson et al., 2008; Meeus et al., 2010; Persson et al., 2009; Smith et al., 2017a; Smith 

et al., 2020; Strom et al., 2012; Vaegter et al., 2016; Van Oosterwijck et al., 2012). 

Study characteristics are presented in Table 3.4 for all individual studies, additional 

details are presented in Appendix 11. 

 

Table 3.4 Study characteristics 

Study Spinal 

Pain 

Participants 

n= (women) 

Age (years Mean

/SD or (Range)) 

Task 

Christensen et al., 2017  CNP 

WAD 

16 (10) 

9 (7) 

27.6± 1.8 

33.8± 2.5 

Glenohumeral 

Abduction 

Falla et al., 2014  LBP 19 (11) 32.2± 9.5 Lifting 

Gerdle et al. 2008a CNP 

WAD 

19 (19) 

22 (22) 

41 (21-61) 

36 (24-45) 

Peg Board 

Ghafouri et al., 2013 CNP 34 (34) 45 (29-60) Peg Board 

Grimby-Ekman et al., 2020 CNP 26 (19) 51± 5.12 Arm Cycling 

Hoffman et al. 2005  LBP 8 (0) 40± 10 Cycling 

Ickmans et al., 2017 WAD 26 (15) 43.5 (IQR 30.8–
47.3)  

Cycling 

Kemppainen et al., 1998 CNP 8 (0) (22-35) Cycling 

Kuithan et al., 2019  LBP 21 (12) 31.7± 13.3 Lifting 

Larsson et al, 2008  CNP 20 (20) 43.8± 9.8 Workday 

Meeus et al., 2010  LBP 21 (11) 41.55± 12.4 Cycling 

Persson et al., 2009 CNP 17 (17) 47± 14.8 Isometric 

Smith et al. 2017  WAD 21 (55%) 44.5± 10.5 Cycling  ISO  

Smith et al. 2020  WAD 40 (28) 37.3± 13.6 Treadmill ISO  

Strom et al., 2012 CNP 24 (14) 39± 6  PC task 

Van Oosterwijck et al., 2012  WAD 22 (22) 38.4± 9.2 Cycling 

Vaegter et al., 2016 Mixed 61 (42) 45.4± 11.2 Cycling ISO  
Abbreviations: CNP= Chronic non-specific Neck Pain; WAD= Whiplash Associated Disorders; CLBP = 

Chronic non-specific Low Back Pain; IQR= Interquartile Range; ISO= Isometric 
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Nine studies reported an average pain intensity before the task as 3.5/10 on a visual 

analogue scale (VAS)/ numeric rating scale (NRS) (Hjermstad et al., 2011). Sample sizes 

varied from 8 to 61 participants. For most studies, a comparison could be made to an 

asymptomatic control group representing a normal EIH response, but two studies had a non-

exercising control group (Hoffman et al., 2005; Vaegter et al., 2016). Twelve studies included 

participants with CNP and/or WAD. One study included chronic musculoskeletal pain but 

fulfilled eligibility with 87% of participants presenting with spinal pain; participants were 

divided in groups of high and low pain sensitivity based on their PPT scores. 

The tasks used to produce EIH comprised of aerobic exercises (n=9), isometric 

exercises (n=4), a peg-board task (n=2), and a lifting task (n=2). Additionally, one study 

investigated repeated shoulder abduction, a working day, and a computer task. All studies 

reported task duration, which ranged from 90 seconds to eight hours. Studies assessing two 

tasks were analysed individually, as studies either confirmed scores returned to the baseline 

level or the other session was on a different day. 

 

3.4.3 Risk of Bias within Included Studies 

 

The NOS rating of studies was poor (n=3), fair (n=10), and good (n=4), with good 

indicating a low ROB, and poor a high ROB. The overall ROB rating is outlined in Figure 3.2 

confirming selection bias, full information is provided in Appendix 12. Agreement between 

the two researchers (PK, AD) was 87%, a third researcher (NRH) resolved all disagreements 

through discussion. Only two studies (Ickmans et al., 2017; Kuithan et al., 2019) mentioned 

reporting guidelines (von Elm et al., 2008), the lack of adherence to those impacted data 
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synthesis and thus increased ROB. Some studies reported equivocal sample sizes between 

publications (Gerdle et al., 2008a; Ghafouri et al., 2013; Grimby-Ekman et al., 2020; Strom et 

al., 2012; Vaegter et al., 2016). 

 

 

Figure 3.2 Modified Risk of Bias Scale for all included Studies 

Green (+) indicates criteria are met, red (-) that criteria are not met, and yellow (?) unclear; 

NA= Not applicable 

 

3.4.4 Results of Individual Studies 

 

Results of all individual studies included in the synthesis outlining all data items are 

presented in a table in Appendix 11. For five studies data could not be obtained or authors did 
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not reply, and results were estimated and marked as such. Relevant information for synthesis 

is presented in the next section. 

 

3.4.5 Confidence in Cumulative Evidence 

 

3.4.5.1 Objective one – Exercise-Induced Hypoalgesia in respect to Task Region and 

Type 

 

Two studies (Falla et al., 2014; Kuithan et al., 2019) investigated local tasks, eight 

investigated remote tasks (Hoffman et al., 2005; Ickmans et al., 2017; Kemppainen et al., 

1998; Meeus et al., 2010; Smith et al., 2017a; Smith et al., 2020; Vaegter et al., 2016; Van 

Oosterwijck et al., 2012), and seven investigated regional tasks (Christensen et al., 2017; 

Gerdle et al., 2008a; Ghafouri et al., 2013; Grimby-Ekman et al., 2020; Larsson et al., 2008; 

Persson et al., 2009; Strom et al., 2012). For the type of exercise, nine studies included 

aerobic exercises (Grimby-Ekman et al., 2020; Hoffman et al., 2005; Ickmans et al., 2017; 

Kemppainen et al., 1998; Meeus et al., 2010; Smith et al., 2017a; Smith et al., 2020; Vaegter 

et al., 2016; Van Oosterwijck et al., 2012), four isometric exercises (Persson et al., 2009; 

Smith et al., 2017a; Smith et al., 2020; Vaegter et al., 2016), three studies included work 

mimicking tasks (Gerdle et al., 2008a; Ghafouri et al., 2013; Strom et al., 2012), and two 

studies lifting tasks (Falla et al., 2014; Kuithan et al., 2019). Results are shown in Table 3.5 

with overall quality of evidence determined by GRADE. 
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3.4.5.1.1 Local Tasks 

 

Local tasks (2 studies, n=40 participants with CLBP) were an occupationally informed 

lifting task but of different durations. Both local tasks revealed an altered response; a local 

task revealed impaired EIH in one study of good ROB (Kuithan et al., 2019) and hyperalgesia 

in one study of fair ROB with a shorter task (Falla et al., 2014). Publication bias should be 

considered. Overall, there is very low quality evidence for altered EIH in response to a local 

lifting task in people with spinal pain, specifically CLBP. 

 

3.4.5.1.2 Remote Tasks 

 

Remote tasks (8 studies) included aerobic (cycling and treadmill, n= 233) and/ or 

isometric tasks (n=139) showing conflicting results. Five studies evaluating seven tasks (three 

fair, one good, one poor ROB) showed normal EIH (Hoffman et al., 2005; Meeus et al., 2010; 

Smith et al., 2017a; Vaegter et al., 2016; Van Oosterwijck et al., 2012). Four studies 

evaluating six tasks (two fair, one good, one poor ROB) showed altered EIH (Kemppainen et 

al., 1998; Smith et al., 2020; Vaegter et al., 2016; Van Oosterwijck et al., 2012). An altered 

response, specifically impaired EIH, was observed in all studies except for one study (fair 

ROB). Vaegter et al. (2016) found either normal or impaired EIH depending on high or low 

pain sensitivity at baseline, this was the same for aerobic and isometric tasks. No EIH was 

found in two studies (fair ROB) (Ickmans et al., 2017; Smith et al., 2017a). As detailed above, 

a difference between people with high and low pain sensitivity was found in one of the studies 

(Vaegter et al., 2016). Overall, there is low quality evidence for conflicting results that remote 

exercise leads to normal or impaired EIH in people with spinal pain. 
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3.4.5.1.3 Regional Tasks 

 

Seven studies were included involving the following tasks: peg board (n=75), shoulder 

movements (n=25), a PC task (n=22), a working day (n=20), isometric shoulder contractions 

(n=17), and arm cycling (n=26). The purpose of these tasks was of different nature, with 

protocols aiming for hypo- and hyperalgesic responses and some mimicking occupational 

tasks. Regional tasks led to altered EIH in five studies. Of these, four showed hyperalgesia 

(two good, one fair, one poor ROB) (Christensen et al., 2017; Gerdle et al., 2008a; Ghafouri 

et al., 2013; Strom et al., 2012), and two showed impaired EIH (one good, one fair ROB) 

(Christensen et al., 2017; Persson et al., 2009). Three studies did not show EIH (two fair, one 

poor ROB) (Gerdle et al., 2008a; Grimby-Ekman et al., 2020; Larsson et al., 2008). Overall, 

there is very low quality evidence that regional tasks lead to altered EIH, specifically 

hyperalgesia. 

 

3.4.5.1.4 Objective One – Exercise-Induced Hypoalgesia in respect to Task Type  

 

3.4.5.1.5 Aerobic Tasks 

 

Regarding the type of task, nine studies evaluated ten aerobic tasks. Task duration 

varied from five (median) to thirty minutes. Results were conflicting, with four studies 

showing normal EIH (two fair, one good, one poor ROB) (Hoffman et al., 2005; Meeus et al., 

2010; Vaegter et al., 2016; Van Oosterwijck et al., 2012); four studies showing altered EIH 

(two fair, one good, one poor ROB) (Kemppainen et al., 1998; Smith et al., 2020; Vaegter et 

al., 2016; Van Oosterwijck et al., 2012); and three studies showing no EIH (fair ROB) 

(Grimby-Ekman et al., 2020; Ickmans et al., 2017; Smith et al., 2017a). Overall, there is low 
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quality evidence with conflicting results for either altered or no EIH following aerobic 

exercise in people with spinal pain. 

 

3.4.5.1.6 Isometric Tasks 

 

Four studies included isometric tasks, and all elicit EIH. Of those three studies showed 

an impaired response following an isometric task (two fair, one poor ROB) (Persson et al., 

2009; Smith et al., 2020; Vaegter et al., 2016), and two studies showed normal EIH (fair and 

poor ROB) (Smith et al., 2017a; Vaegter et al., 2016). Overall, there is low quality evidence 

that EIH is impaired in people with spinal pain after an isometric task. 

 

3.4.5.1.7 Work Mimicking Tasks 

 

Work mimicking static tasks, such as peg board exercise (n=2, 20 minutes) or a 

computer task for 90-minutes, showed hyperalgesia in three studies (one good, one fair, one 

poor ROB) (Gerdle et al., 2008a; Ghafouri et al., 2013; Strom et al., 2012); however, one 

study also showed hyperalgesia in the control group (Strom et al., 2012). Microdialysis 

showed hyperalgesia only in the WAD group, but normal EIH in CNP (one study, fair ROB) 

(Ghafouri et al., 2013). Overall, there is very low quality evidence that work mimicking tasks 

lead to hyperalgesia in people with spinal pain. 

 

3.4.5.1.8 Other Tasks 

 

Two studies (good and fair ROB) used a lifting task as a local task (Falla et al., 2014; 

Kuithan et al., 2019). There is very low quality evidence that EIH is altered based on the two 
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contrasting studies (hypo-and hyper-algesia) as discussed above. All other tasks were only 

represented in one study only. 

 

3.4.5.2 Objective Two – Exercise-Induced Hypoalgesia in respect to Spinal Complaint  

 

All seventeen studies examined people with spinal pain as per the eligibility criteria, 

comprising of CLBP (Falla et al., 2014; Hoffman et al., 2005; Kuithan et al., 2019; Meeus et 

al., 2010), CNP (Christensen et al., 2017; Gerdle et al., 2008a; Ghafouri et al., 2013; Grimby-

Ekman et al., 2020; Kemppainen et al., 1998; Larsson et al., 2008; Persson et al., 2009; Strom 

et al., 2012), WAD (Christensen et al., 2017; Gerdle et al., 2008a; Ickmans et al., 2017; Smith 

et al., 2017a; Smith et al., 2020; Van Oosterwijck et al., 2012), and chronic mixed pathologies 

(Vaegter et al., 2016). No other spinal regions, i.e., the thoracic, were examined (Table 3.6). 

 

3.4.5.2.1 Lumbar Region/ Chronic Low Back Pain 

 

For the lumbar region, four studies included participants with CLBP. Two (good and 

fair ROB) are discussed above for local tasks showing altered EIH, with both hypo- and 

hyperalgesic responses (Falla et al., 2014; Kuithan et al., 2019). In addition, two studies of 

fair ROB showed EIH (Hoffman et al., 2005; Meeus et al., 2010) following aerobic/ remote 

tasks. Findings indicate that EIH response might be dependent on the task. Overall, there is 

very low quality evidence with conflicting results for EIH in people with CLBP that EIH is 

normal or altered. 
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Table 3.6 Evidence synthesis spinal complaint (second objective) 

 

Spinal 

Com-

plaint 

Author & year S
a

m
p

le
 

Task 

type 

Region 

of 

Task 

Outcome Finding ROB GRADE 1) study limitation 2) Inconsistency 3) 

Indirectness 4) Imprecision 5) publication bias 

No 

EIH 

Normal 

EIH 

Altered 

EIH 

1 2 3 4 5 Overall evidence  

CLBP 

N=69 

 

Falla et al., 2014  19 Lifting Local PPT CON   FAIR 

++ + + ++ + 

Very low quality with conflicting 

results EIH in CLBP 

[2 studies altered EIH (good and fair 

ROB, both local tasks) and 2 studies 

normal EIH (Fair ROB, both remote 

tasks)] 

Kuithan et al., 

2019 

21 Lifting Local PPT, TPT    GOOD 

Hoffman et al., 

2005 

8 Cycling Remote Pressure  X no 

CON 

 FAIR 

Meeus et al., 

2010 

21 Cycling Remote PPT  X  FAIR 

WAD 

N=140 

Ickmans et al., 

2017 
26 Cycling Remote PPT X   FAIR 

+ + + ++  

Low quality of impaired EIH in 

WAD  

[4 studies (5 tasks) altered EIH; of 

those showed 4 impaired EIH (2 

good, 2 fair ROB) and 1 

hyperalgesia (poor ROB), 2 studies 

normal EIH (good/fair ROB), 2 

studies no EIH (fair ROB)].  

Van Oosterwijck 

et al., 2012 
22 Cycling Remote PPT    GOOD 

 1 test site 

self-

paced 

 

Smith et al., 

2017 

21 Cycling Remote PPT X   FAIR 

Isometric Remote  X  

Smith et al., 

2020 

40 Treadmil

l 

Remote PPT    FAIR 

Isometric Remote    

Christensen et 

al., 2017 
9 G/H 

ABD 

Regiona

l 

PPT    GOOD 

Gerdle et al., 

2008a 

22 Peg 

Board 

Regiona

l 

MD   * POOR 
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CNP  

N=162 

Kemppainen et 

al., 1998  
8 Cycling Remote TPT   I FAIR 

++ ++ + ++ + 

Very low quality for EIH in CNP 

with conflicting results. [5 studies 

altered EIH (3 hyperalgesia (2 good, 

1 fair ROB) and 1 impaired (fair 

ROB) and 1 increased EIH (fair 

ROB), 3 studies no EIH (2 fair, 1 

poor ROB)] 

 

Strom et al., 

2012 

22 PC task Regiona

l 

PPT    as 

CON 

GOOD 

Persson et al., 

2009 

17 G/H 

isometric

Regiona

l 

PPT   less 

test sites 

FAIR 

Christensen et 

al., 2017 

16 G/H 

ABD 

Regiona

l 

PPT    GOOD 

Ghafouri et al., 

2013 
34 Peg 

Board 

Regiona

l 

MD *   FAIR 

Larsson et al., 

2008 

20 Workday Regiona MD *   POOR 

Gerdle et al., 

2008a 

19 Peg 

Board 

Regiona MD   * POOR 

Grimby -Ekman 

et al. 2020 

26 Arm 

cycling 

Regiona PPT/ 

Blood 

X   FAIR 

Mixed 

N=61 

Vaegter et al., 

2016 

61 Cycling Remote PPT, TPT 

Pressure 

 X no 

CON 
 HS POOR 

(No 

CON) 

     Single study 

Isometric Remote 

Abbreviations: ROB= Risk of Bias; = Impaired EIH; I= Increased EIH;  Hyperalgesia;*=Increased anti-nociceptive markers with/ without group difference to 

CON; GRADE + = Concern; ++ = Serious Concern: more than one serious concern downgrades the level of confidence, CLBP= Chronic Low Back Pain; WAD= 

Whiplash Associated Disorders; Mixed= Chronic Musculoskeletal Pain; CNP= Chronic non-specific Neck Pain; CON= Control Group; G/H= Glenohumeral; ABD= 

Abduction; PPT= Pressure Pain Threshold; TPT= Thermal Pain Threshold; MD = Microdialysis; EIH= Exercise-induced Hypoalgesia; HS= High Pain Sensitivity 

Group
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3.4.5.2.2 Cervical Region 

 

3.4.5.2.2.1 Whiplash Associated Disorders 

 

Six studies with nine tasks were conducted in people with WAD. Four studies with 

five tasks showed altered EIH, with three studies showing impaired EIH in four tasks (two 

good, two fair ROB) (Christensen et al., 2017; Smith et al., 2020; Van Oosterwijck et al., 

2012). One study (poor ROB) found hyperalgesia after a peg board exercise and therefore is 

quite different to the other tasks analysed in this population (Gerdle et al., 2008a). Two 

studies (two fair ROB) showed no EIH (Ickmans et al., 2017; Smith et al., 2017a) and two 

studies (good and fair ROB) normal EIH (Smith et al., 2017a; Van Oosterwijck et al., 2012). 

Overall, there is low quality evidence that EIH is impaired in people with WAD. 

 

3.4.5.2.2.2 Chronic Neck Pain 

 

Eight studies included participants with CNP. Five studies showed altered EIH. Of 

those three studies (one good, one fair, one poor ROB) found hyperalgesia (Christensen et al., 

2017; Gerdle et al., 2008a; Strom et al., 2012), one study (fair ROB) impaired EIH (Persson et 

al., 2009), and one study (fair ROB) increased EIH (Kemppainen et al., 1998). EIH could not 

be elicited in three studies (two fair, one poor ROB) with two using microdialysis as an 

outcome (Ghafouri et al., 2013; Grimby-Ekman et al., 2020; Larsson et al., 2008). Overall, 

there is very low quality evidence with conflicting results for altered or no EIH. 

Two studies included participants with WAD and CNP. Christensen et al. (2017) 

found that participants with WAD (n=9) showed hyperalgesia, but participants with CNP 

(n=16) showed impaired EIH (good ROB). A microdialysis study found different nociceptive 
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changes for participants with CNP and WAD after a peg board task (Gerdle et al., 2008a) 

(poor ROB). 

 

3.4.5.2.3 Mixed Spinal Complaints 

 

One study (poor ROB) considered chronic mixed musculoskeletal pathologies, mainly 

including people with CNP or LBP. Higher pain sensitivity, based on the participants’ PPT, 

showed impaired EIH in contrast to the lower pain sensitivity group, which was classed as 

normal EIH in absence of a control group for both aerobic and isometric tasks (Vaegter et al., 

2016). 

 

3.4.5.3 Objective Three - Test Sites in Spatial Relation to the Painful Spinal Region 

 

Eight studies (ten tasks) included both local and remote test sites (Christensen et al., 

2017; Ickmans et al., 2017; Kuithan et al., 2019; Meeus et al., 2010; Persson et al., 2009; 

Smith et al., 2017a; Smith et al., 2020). Four studies evaluating six tasks (one good, three fair 

ROB) showed no differences in the response between the two test regions and remote tasks 

(Christensen et al., 2017; Ickmans et al., 2017; Smith et al., 2017a; Smith et al., 2020). 

Another two studies found unclear results (two fair ROB) due to the amount of test sites or 

the exposed site being the local test site, but both sites were over the neck (Meeus et al., 2010; 

Persson et al., 2009). Two studies showed a different response (two good ROB) after a local 

and regional task, although task region dependence is indicated (Kuithan et al., 2019; Strom et 

al., 2012). Overall, there is very low quality evidence that there is no difference in response at 

local and remote test sites (Table 3.7). 
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Table 3.7 Evidence synthesis test site (third objective) 

Author & 

year 

Task 

region 

Spinal 

com-

plaint 

S
a

m
p

le
 

Task 

type 

Test site (in relation to spinal 

pain region) 

 ROB GRADE  

1) study limitation 2) Inconsistency 3) 

Indirectness 4) Imprecision 5) 

publication bias 
Change 

Local 

Change 

Remote 

Difference 

1 2 3 4 5 Overall evidence 

(n=193) 

Kuithan et 

al., 2019 

Local CLBP 21 Lifting EIH No EIH Yes GOOD 

+ + ++ ++ + 

Very low quality that 

the test site in relation 

to the spinal region of 

complaint does not 

affect EIH 

[4 studies (6 tasks) no 

difference (2 good, 4 

fair ROB), 2 studies 

showed difference 

(both good ROB), 2 

studies unclear results 

(fair ROB)] 

Meeus et 

al., 2010 

Remote 

 

21 Cycling EIH 2/3 test sites 

showed EIH 

Amount test 

sites 

FAIR 

Ickmans et 

al., 2017 

WAD 26 Cycling No EIH No EIH No FAIR 

Smith et al., 

2017 

21 Cycling  EIH  EIH No FAIR 

Isometric EIH EIH No 

Smith et al., 

2020 

40 Treadmill  EIH  EIH No FAIR 

Isometric  EIH  EIH  No 

Christensen 

et al., 2017 

Regional 

 

9 G/H ABD 

 
 EIH  EIH No 

 

GOOD 

CNP 16   

Persson et 

al., 2009 

17 G/H 

isometric 
 EIH  EIH Exposed test 

site 

FAIR 

Strom et 

al., 2012  

22 PC task  No change Yes GOOD 

Abbreviations: ROB= Risk of Bias; = Impaired EIH;  Hyperalgesia, GRADE + = Concern; ++ = Serious Concern; PPT= Pressure Pain Threshold; MD= 

Microdialysis; CLBP= Chronic Low Back Pain; CNP= Chronic non-specific Neck Pain; WAD= Whiplash Associated Disorders; CMSK= Chronic Musculoskeletal 

Pain; CON= Control Group; G/H = Glenohumeral; ABD= Abduction; EIH= Exercise-induced Hypoalgesia
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3.5 Discussion 

 

This is the first systematic review which examines the evidence for EIH in people with 

spinal pain. Low quality evidence was found with conflicting results for remote and aerobic 

tasks, and impaired EIH following isometric tasks and in people with WAD. Very low quality 

evidence was found for altered EIH after a local task, hyperalgesia after a regional/ work-

mimicking tasks, and conflicting results were found for people with CLBP or CNP. Very low 

quality evidence was found for no difference in response at local and remote test sites. This 

indicates the need for further high-quality research investigating EIH in people with spinal 

pain following different types of exercise. 

 

3.5.1.1 First Objective Task Region 

 

The duration of the task could have been a reason why the response varied for local 

tasks, as a dose response relationship has been discussed for EIH (Naugle et al., 2014b; 

Vaegter and Jones, 2020). Both tasks were pain provocative and the perception of pain could 

have interfered with EIH, but other research has showed that EIH can occur in presence of 

high pain levels (Vaegter and Jones, 2020). The conflicting results for remote tasks could be 

explained by many different factors such as sample size, disability of participants, 

determination of EIH, outcome measures, or task intensity (Vaegter and Jones, 2020). 

Overall, very low quality evidence was found for regional tasks eliciting hyperalgesia. As 

some of the included studies differed substantially from commonly applied exercises, it 

remains arguable if changes can be directly related to the task. Hyperalgesia has been shown 

in other patient populations (Meeus et al., 2010; Wideman et al., 2014), and could indicate an 
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impaired endogenous response rather than a physiological response of fatigue (Lima et al., 

2017). Studies using microdialysis should be interpreted with caution due to publication bias, 

and further study information could not be obtained; however, this could add a new 

dimension to the understanding EIH and the role of biochemical biomarkers (Gerdle et al., 

2014). 

 

3.5.1.2 First Objective Task Type 

 

The findings for aerobic tasks are partly in contrast to findings from a recent review in 

asymptomatic people showing a large effect for EIH after aerobic exercises based on RCTs 

(Wewege and Jones, 2021). It remains unclear why EIH was not produced in some studies, 

but this might be due to methodological considerations including the chosen task or outcome 

measurement. Alternatively, the spinal complaint itself could be a factor, as results differed 

between people with CLBP (normal) or impaired EIH in people with WAD. Both chronic and 

widespread pain have been associated with impaired EIH (Vaegter and Jones, 2020). For 

isometric tasks, the findings of this systematic review differ from those of Wewege and Jones 

(2021), but different pathologies were considered. Another systematic review focussing on 

isometric exercises showed inconsistent EIH in people with localised musculoskeletal pain 

(Bonello et al., 2021). Only one study was commonly eligible (Smith et al., 2017a). 

Hyperalgesia following work mimicking tasks comprised of rather static positions, and this 

contrasts with the phenomenon of EIH. Some research in asymptomatic participants showed 

that a twenty-minute computer task led to decreased PPT (Park and Yoo, 2013). This concurs 

with an included study (good ROB) showing hyperalgesia in asymptomatic people (Strom et 

al., 2012). Interestingly, adding stationary cycling while performing a computer task did not 
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lead to hyperalgesia and no changes in PPT occurred (Yoon et al., 2019). This could indicate 

that EIH might also counteract an underlying hyperalgesic response; an interesting finding 

meriting further investigation in a patient population. 

 

3.5.2 Second Objective Spinal Pain Complaint 

 

In context with the nature of WAD, central sensitisation and widespread pain are 

commonly discussed (Anstey et al., 2016) and impaired EIH has been shown for example in 

people with chronic fatigue syndrome (Meeus et al., 2010). A study of good ROB found 

impaired EIH after a standardised task, when this task was repeated on a self-paced base, the 

test site over the calf showed normal EIH (Van Oosterwijck et al., 2012). This might either be 

due to different modalities, the nature of self-pacing, or adaptation. A study of fair ROB 

assessed a short cycling protocol, but the interpretation of the results can be challenged. In the 

absence of a statistically significant pre-post difference, findings were not considered as EIH, 

although the absolute difference over the calf muscle differed between groups (Ickmans et al., 

2017). 

Conflicting results for people with CNP showed the presence of changes in pain 

sensitivity following an acute bout of exercise, but mainly hyperalgesic responses. Although 

most research was undertaken on people with CNP, one study of fair ROB in fighter pilots 

(n=16) assessed a remote intervention (Kemppainen et al., 1998). This might not represent the 

general CNP population. Furthermore, the study used the cold pressor test as outcome 

measurement, which is commonly applied for CPM, and thus might interfere with EIH 

(Kennedy et al., 2016; Vaegter et al., 2014). However, it was observed that hyperalgesia 
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occurred, i.e., after a static and work mimicking tasks as discussed for regional task and type 

of task. There could be a difference in response between WAD and CNP based on two 

studies. However, further comparisons are beyond the scope of this review. 

Only four studies investigated people with CLBP, revealing that EIH is underexplored 

in this population. Very low quality of the overall evidence for conflicting results of either 

normal or altered EIH could indicate that region or type of task play a role in eliciting EIH. 

Finally, PPT pain sensitivity and overall widespread pain could be considered as a relevant 

factor for EIH, as discussed in other reviews (Bonello et al., 2021; Vaegter and Jones, 2020) 

and supported from findings of one study in this review (Vaegter et al., 2016). 

 

3.5.3 Third Objective - Test Sites in Spatial Relation to the Painful Spinal Region 

 

No differences between local or remote sites in relation to the spinal complaint could 

be detected in this review. In the absence of an agreed testing protocol for EIH, both test sites 

and test modalities could affect the EIH response (Jones et al., 2019). For example, Meeus et 

al. (2010) showed a statistically significant change over larger muscles, but not over the 

thumb web space. Small muscle belly size might affect PPT as shown over the thenar 

eminence (Kuithan et al., 2019). Additionally, some people might only show localised 

impairment of pain modulation (Hubscher et al., 2013; Roussel et al., 2013). There could be 

an altered EIH after a local or regional task based on the findings of this systematic review. 

The nature of exercise plays an additional role, as for resistance exercises the effect are more 

pronounced locally (Rice et al., 2019). On the other hand, Lannersten and Kosek (2010) 

showed that following an isometric shoulder task, PPT did not increase consistently over all 
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test sites, whereas after a lower limb task, PPT increased over all test sites in participants with 

shoulder myalgia. This indicates that the task could be more relevant than the test site. 

3.5.4 Limitations 

 

Some limitations of this systematic review need to be considered. The lack of 

adherence to reporting standards of included studies increased the ROB. This is in line with 

study limitations, where only three studies reported a sample size calculation (Ickmans et al., 

2017; Smith et al., 2017a; Smith et al., 2020). The overall ROB was a concern due to only 

four of seventeen studies being categorised as good. Further concerns were caused by 

reporting, imprecision, inconsistency of results, the highly heterogeneous exercise tasks, as 

well as timepoints and characteristics of outcome measures. Despite the sensitive search 

strategy, studies classified as “shoulder pain” for trapezius myalgia, could have been missed. 

The definition of EIH as ‘no’, ‘normal’, or ‘altered’ might have been overly simplistic as the 

definition of these effect measures depend on statistical significance and therefore on the 

sample size. However, it represents the heterogeneous findings and facilitates readability. 

Only the first post-test was considered for analysis in this synthesis, additional responses in 

pain sensitivity over time following the exercises were therefore not considered. In absence of 

normative data, results from a control group were used to inform interpretation of the results. 

Some protocols did not elicit EIH in asymptomatic people, however comparison between 

groups is beyond the scope of this review. 

The variation of EIH assessment is an important issue and there is no clear definition 

of when changes can be considered as constituting a hypoalgesic effect. There is a lack of 

clear protocols to elicit EIH as well as measurement properties of the outcome characteristics, 

thus no restrictions were applied. Some research supports a dose-response relationship 
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(Naugle et al., 2014b), but also low task intensities have been shown to produce EIH (Foxen-

Craft and Dahlquist, 2017). However, it is also discussed that some asymptomatic people 

seem not to respond with EIH, whereas others do (Vaegter et al., 2018). Lastly, it is important 

to mention that participants’ awareness of the hypothesis can affect EIH outcomes (Vaegter et 

al., 2020b, Jones et al., 2017). Most studies did not report if any information had been given 

to participants regardless of a hyper/hypoalgesic effect. 

Overall, an AMSTAR 2 self-assessment confirmed moderate quality of the completed 

review (Shea et al., 2017). A weakness was that the protocol did not further outline a meta-

analysis but based on scoping searches this was unlikely to be conducted. In addition to it, 

researchers considered as experts in that area were not contacted specifically. Some experts 

were contacted to gain further study information for data extraction. 

 

3.6 Conclusion 

 

For EIH in people with spinal pain, low to very low quality evidence exists for the 

region and type of task, the spinal complaint, and test sites and does not allow specific 

recommendations to be made for the management of people with spinal pain. A lack of 

research was found especially for people with CLBP due to the conflicting results based on a 

small sample (n=69) and two cycling and two lifting tasks only. Further exploration of local 

and remote tasks is suggested for people with CLBP. There is a clear need for high quality 

studies, following reporting guidelines, applying clearly defined protocols for outcome 

measures considering measurement properties.  
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4.0 Outlook Chapters Four to Six 

 

 

The following Chapters four to six reflect one pragmatic observational study exploring 

different tasks over multiple sessions in participants with and without CLBP, ensuring 

consistent methods e.g., a consistent QST protocol. A qualitative component utilising a 

questionnaire was embedded to evaluate the participants’ perceptions of taking part in the 

study. One ethical approval (Appendix 13) therefore encompasses the studies reported in 

Chapters four to six.  

A summary of the project was presented at the Centre of Precision Rehabilitation for 

Spinal Pain’s (CPR Spine) Patient and Public Involvement (PPI) day at the University of 

Birmingham in March 2018. A short overview of the study was presented to the PPI group. 

Then the PPI group provided feedback specifically on the recruitment announcement and 

participant information leaflet documents. Recommendations on language and design of these 

documents are reflected in the current version (Appendix 13). The Table 4.0 on the following 

page shows relevant characteristics of all 78 recruited participants as well as pain and 

disability for the participants with CLBP. 

Chapter four investigates a lumbar resistance task over six identical sessions, and 

Chapter five investigates a brisk walking task over five sessions; addressing thesis objectives 

three and four. Thirty-three asymptomatic controls and thirty-five participants with CLBP 

were randomly allocated either to the lumbar resistance or the brisk walking task on a 

treadmill by a computer-generated sequence. 
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Chapter six investigated the same QST protocol in asymptomatic participants who did 

not perform a task and rested instead; addressing thesis objective five. These participants were 

recruited independently and were not part of the randomisation process. The pragmatic 

observational study methodology is detailed fully in Chapter four using STROBE guidelines 

(Appendix 15). 

Table 4.0 Characteristics of all recruited participants 
 

CLBP 

n= 35 

Asymptomatic 

n= 33 

Asymptomatic  

n= 10 

Task Lumbar 

Resistance 

Brisk 

Walking 

Lumbar 

Resistance 

Brisk 

Walking 

Rest 

Participants n=18 n=17 n=16 n=17 n=10 

Age (years) 25.94± 6.17 27.41± 9.54 22.88± 

4.16 

25.71 ± 

5.14 

25.20± 3.97 

BMI 23.67± 2.47 22.09± 6.35 23.36± 

2.70 

23.53± 2.15 25.79± 4.07 

Gender 10 women, 8 

men 

10 women, 7 

men 

8 women, 

8 men 

10 women, 

7 men 

5 women, 5 

men 

S

F

-

3

6 

 

Physical 

functioning 

77.78± 14.57 88.24± 10.45 97.16± 

4.94 

94.36± 

11.19 

98.00± 4.83 

Pain 63.89± 11.92 68.82± 16.87 83.59± 

13.26 

86.76± 

14.84 

95.00± 5.27 

General Health  66.39± 16.25 70.59± 13.21 72.19± 

18.25 

80.88± 

14.60 

86.50± 10.55 

IPAQ 5 high, 11 

moderate, 2 

low 

9 high, 4 

moderate, 4 

low 

4 high, 12 

moderate 

8 high, 9 

moderate, 

5 high, 4 

moderate, 1 low 

FABQ 28.78± 13.34 26.53± 12.71 

ODI 14.44± 7.78 10.30±5.79 

PCS 9.61± 8.14 8.24±6.68 

TAMPA 35.00± 6.56 31.00± 5.41 

PSEQ 48.00± 7.40 53.65± 5.85 

VAS pain pre 

first session 

38.39± 24.67 21.24± 20.35 

VAS worst pain 

past four weeks 

52.39± 26.07 50.65± 23.34 

VAS average last 

24 hours 

42.50± 23.80 28.24± 21.86 

All Mean ±SD except for categorical data 

Abbreviations: CLBP= Chronic Low Back Pain Group; BMI=Body Mass Index; SF-36= SF-36 v2 Health 

Survey; IPAQ=International Physical Activity Questionnaire; FABQ= Fear Avoidance Believes Questionnaire; 

ODI= Oswestry Disability Index; PCS= Pain Catastrophizing Scale; TAMPA= Tampa scale of Kinesiophobia; 

PSEQ= Pain Self-Efficacy Questionnaire; VAS= Visual Analogue Scale (0-100) 
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Chapter Four 

Exercise-Induced Hypoalgesia and its Stability in People with and 

without Chronic Low Back Pain after a Lumbar Resistance 

Exercise Task 

 

 

 

The abstract related to this Chapter was presented at the IASP World Congress Pain in 

June 2021. Some elements have been re-worded for the aim for this Chapter, but it largely 

reflects the abstract verbatim. 

– Kuithan, P., Heneghan, N.R., Rushton, A., Falla, D. Stability of Exercise-induced 

Hypoalgesic Effects in Chronic Low Back Pain. International Association for the study of 

Pain (IASP) World Congress. Virtual, June 2021 

 

Additionally, elements of this Chapter were presented at international and national 

conferences. 

– Kuithan, P., Heneghan, N.R., Rushton, A., Falla, D. Exercise induced hypoalgesia: stability 

of measures with functional lumbar spine resistance training. Physiotherapy UK 2019. 

Birmingham, UK, November 2019 DOI: 10.1016/j.physio.2020.03.068 

– Kuithan, P., Rushton, A., Nicola R. Heneghan, N.R., Falla, D. Investigating the repeatability 

and stability of exercise induced hypoalgesia in healthy adults. Pain Science in Motion III 

(PSIM). Savona, Italy, May 2019. DOI 10.1097/PR9.0000000000000753  
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4.1 Abstract 

 

Chapter three highlighted the need for further empirical evidence for local tasks in 

people with chronic low back pain (CLBP). Therefore, the objectives of this pragmatic 

observational study were to investigate if participants with CLBP and without (CON) 

experience exercise-induced hypoalgesia (EIH) after a lumbar resistance exercise task and to 

assess the stability of EIH over six sessions in both groups. The two groups (n=15, each) 

performed six sessions of a lumbar resistance exercise task over a period of three weeks. A 

standardised test battery was applied pre-and post-exercise in each session. The primary 

outcome was local pressure pain thresholds (PPT) over eight sites across the lumbar region. A 

RM-ANOVA with factors for group, time, session, and location was applied for local PPT 

and non-parametric tests were used for all other outcome measurements. Intraclass correlation 

coefficient (ICC 3,1) of baseline quantitative sensory testing and absolute pre-post changes 

were used to assess stability of EIH. 

PPT increased after resistance training over the lumbar area for both groups (p< .001; 

absolute difference CLBP: +42.30 kPa 95% CI [7.20; 77.40] CON: +63.44 kPa [28.33; 

98.54]). EIH was present regardless of the session, group, or test site. An increase was found 

across all six sessions. Pressure pain tolerance thresholds were increased in the CLBP group 

only. In contrast, heat pain thresholds changed only in the CON group. However, when 

individual sessions were considered, changes were not statistically significant in most 

sessions for secondary outcomes. For all outcome measures, the stability of baseline measures 

was moderate to good (ICC range 0.512 - 0.876). However, stability of EIH was poor for all 

outcomes. 
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EIH was found to be present over the lumbar area following a lumbar resistance 

exercise task. Findings suggest that localised exercise of the back muscles can elicit EIH in 

participants with and without CLBP. Findings at remote sites were less consistent. No 

adaptation occurred as local EIH remained present when exposed to the same task over six 

sessions. The poor stability of absolute changes, indicative of EIH, raises a concern about the 

use of EIH in research. Prior to application in clinical research, further elucidation of the 

measurement and effect of EIH and the stability of the measures is required.  
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4.2 Introduction 

 

Although resistance exercise is commonly used in clinical practice and recommended 

in guidelines as part of the prevention and rehabilitation of LBP (Chapter one, section 1.1.2), 

its effect on EIH has received little attention. A recent systematic review of RCTs by Wewege 

and Jones (2021) revealed that there was no study on people with CLBP but did show that 

dynamic resistance exercises led to EIH (g =-.45 95% CI [-.69; -.22]) based on two studies in 

asymptomatic participants. Both included studies did not use an isolated task, but utilised a 

combination of different exercises, including a pull-down task targeting trunk muscles 

(Koltyn and Arbogast, 1998; Lee, 2014). Only one study was included which examined EIH 

in participants with chronic musculoskeletal pain, i.e., plantar fasciopathy (Wewege and 

Jones, 2021). Additionally, for isometric exercises, three studies each were included for 

asymptomatic participants and participants with musculoskeletal pain, concluding that 

isometric exercises did not induce EIH for both groups (Wewege and Jones, 2021). This is in 

line with another recent systematic review of good quality (Chapter one, Table 1.2) focusing 

on isometric exercise in participants with and without chronic musculoskeletal pain; no 

studies included people with LBP (Bonello et al., 2021). Findings from the review reported in 

Chapter three revealed that there is very low quality evidence for impaired EIH in people with 

spinal pain after an isometric task, based on four studies, none included people with CLBP. 

As outlined in Chapter three and summarised above, EIH of tasks localised to the 

lumbar region are underexplored. The review identified two primary studies which 

investigated whether EIH occurred in response to a lifting task. The first study showed 

decreased lumbar PPT in participants with CLBP following a lifting task (approximately 200 

seconds), but no change occurred in the asymptomatic group (Falla et al., 2014). The second 
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study (Chapter two) (Kuithan et al., 2019) used an adaptation of the lifting task which was 

implemented for approximately seven minutes; no change in PPT was observed in the CLBP 

group but the asymptomatic group did show EIH, as evidenced by an increase in PPT (see 

Chapter three, section 3.4.5.1.1). Although this lifting task involved movement of the lumbar 

region, it could be considered a provocative task for participants with CLBP given that it 

involved repeated lifting. Additionally, this type of task would rather be classified as an 

occupational task with a functional relevance rather than representing a traditional exercise 

for the management of CLBP. The only other two primary studies investigating EIH in 

participants with CLBP (Hoffmann et al., 2005; Meeus et al., 2010) which were included in 

the systematic review (Chapter three), used a cycling protocol in participants with mild to 

moderate LBP symptoms. 

A systematic review by Pacheco-Barrios et al. (2020) which evaluated EIH in 

asymptomatic participants concluded that PPT increased following exercise (36 studies, 

n=1326; Hedge’s effect size =0.19 [0.11; 0.27]); further subgroup analysis revealed greater 

EIH predominately in women, after moderate intensity exercise and particularly for resistance 

exercise. This was based on very low quality evidence due to the high ROB of non-

randomised studies (Pacheco-Barrios et al., 2020). The review referred to one additional 

relevant study by Gajsar et al. (2017) which examined the effects of a local lumbar task in 

asymptomatic participants; that study showed that the isometric Biering Soerensen test led to 

EIH over the hamstrings, but not over the right lower back at L3 level (p= .007). 

It is evident that further research is necessary to understand whether people with and 

without CLBP experience EIH specifically in response to a lumbar resistance task of their 

back muscles. Meanwhile, the EIH response has been shown to be reliable in asymptomatic 

participants after an isometric task (Vaegter et al., 2019b). No study has examined the 
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stability of the results when people with CLBP perform the same task over repeated sessions. 

Stability of the results is important to inform further measurement properties (Chapter one, 

section 1.3.8). 

Exploring participants’ views can help to explore feasibility for future clinical studies 

and is often underdeveloped in musculoskeletal research (Petty et al., 2012). A feasibility 

study reflects the next phase (II) of the MRC framework (Chapter 1, section 1.4.1) and should 

integrate a qualitative component (Eldridge et al., 2016). Participants’ perception of EIH has 

not been investigated in asymptomatic people previously nor in people with musculoskeletal 

pain disorders. Furthermore, the experience of exercise for patients with LBP needs to be 

further investigated with a qualitative approach (Slade and Keating, 2010). Preliminary 

evaluation of a small sample of the heterogenous LBP population will contribute to working 

towards Phase II of the MRC Framework. 

 

4.2.1 Chapter Objectives 

 

The first objective of this Chapter was to determine whether participants with and 

without CLBP experience EIH immediately following the performance of a resistance 

exercise task of their back muscles. A second objective is whether EIH can be achieved 

repeatedly when performing the same task over six separate sessions. This reflects objectives 

three and four of the thesis. Embedded within this study, the participants’ perception of the 

exercise task and their participation in the study were examined.  
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4.3 Methods 

 

4.3.1 Design 

 

This study gained full ethical approval from the University of Birmingham (ERN_18-

0833) and followed criteria set by the Declaration of Helsinki. All participants gave written 

informed consent and were reimbursed for their time. Full details are provided in Appendices 

13 and 14. 

This study is a pragmatic observational study with repeated measures and is reported 

adapting the STROBE guidelines (von Elm et al., 2014) (Appendix 15). Participants attended 

six sessions over three weeks, as up to six represent standard amount of clinical session for 

people with LBP in the UK (Hill et al., 2011). Allocation to either this resistance task or a 

brisk walking task (Chapter five) was randomised via a computer generated sequence. There 

was a minimum of 48 hours rest in between each session to provide sufficient recovery time 

and to minimise potential carry-over and learning effects which can occur up to 24 hours after 

an exercise (Grimby-Ekman et al., 2020). The first session was used to familiarise participants 

with the test procedures in addition to the baseline assessments. Participants also completed a 

series of questionnaires (see below) during this initial session with subsequent sessions being 

identical in term of completing the test procedure. 

All participants were informed about the aim of the study, i.e., potential hypoalgesic 

effects and for those with CLBP, it was outlined that the task might temporarily increase their 

symptoms. 
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4.3.2 Setting and Participants 

 

Data collection took place in a laboratory setting at the University of Birmingham 

between October 2018 and December 2019. A convenience sample of asymptomatic 

participants was recruited via poster announcements on campus (Appendix 13), social media, 

and via word of mouth. Inclusion criteria were men and women aged between 18 and 65 

years. This age range was limited to 65 years, as is commonplace in musculoskeletal research 

and in line with Chapter two (Kuithan et al., 2019). People aged 65 and older are often 

classified as “older adults” (Wong et al., 2017), and attributed to the likelihood of 

degenerative changes, increasing numbers of comorbidities, as well as a higher prevalence of 

specific spinal pathologies (Hartvigsen et al., 2018; Maher et al., 2017). Existing research 

involving adults with an age range from 60 to 70 years revealed that EIH was impaired, 

especially in those with lower activity levels (Ohlman et al., 2018), Further inclusion criteria 

were,  no relevant history of musculoskeletal complaints in the last two years, no systemic or 

cardiovascular diseases or regular medication such as corticosteroids or beta blockers, as such 

have been shown to alter the heart rate during exercise (Wonisch et al., 2003). Participants 

who were competitive athletes or performed more than 90 minutes of vigorous exercise per 

day were also excluded, as some evidence suggest that EIH might be altered in athletes (Flood 

et al., 2017; Peterson et al., 2019), as well as keeping task performance comparable within 

and between groups. 

Participants with CLBP were recruited via the same approaches as for the 

asymptomatic group as well as via an internal University register of the Centre of Precision 

Rehabilitation for Spinal Pain (https://www.birmingham.ac.uk/research/cpr-

spine/opportunities.aspx) for participants with spinal pain in context of patient and public 
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engagement and a database for research. Inclusion criteria for participants with CLBP were 

the same but participants had to have experienced LBP for the past three months, and on more 

than 90 days out of the past six months as used before in Chapter two. Additional exclusion 

criteria for the CLBP group were radiating leg pain, or low back pain related to trauma, 

fractures, spinal stenosis, and being under active management of their CLBP through specific 

medications prescribed by a GP or receiving therapies e.g., physiotherapy or the use of higher 

doses of opioids (> 30 mg of morphine equivalent dose). 

 

4.3.3 Lumbar Resistance Exercise Task 

 

A functional dynamometer (Primus, BTE Technologies, US) was used to perform 

isotonic resistance exercise. Participants’ individual data were used to design a standardised, 

but individually tailored, protocol for all six sessions. The task comprised of dynamic as well 

as isometric components and allowed the participant to move individually but was also highly 

standardised. From a standardised starting position with an individually comfortable width of 

stance, the task started at knee level with no resistance added (Figure 4.1 A). 

 

Figure 4.1 A-C Lumbar Resistance Exercise Task 

Start (A), mid (B), and end position (C) of the task with the Primus RS 
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The participants then moved in a diagonal pattern pulling the handle up and away 

towards their chest on the contralateral side by rotating and extending their trunk (Figure 4.1 

B - C). The participant returned to the start position in the same way resisting the pull of the 

device working eccentrically. 

Maximum voluntary isometric strength (MVIC) of the trunk for that particular 

movement was tested in the mid position (Figure 4.1 B) on each side at the beginning of each 

session with two consecutive readings and two minutes of rest between attempts as commonly 

practiced (Martinez-Valdes et al., 2017). Following performance of the MVIC, five minutes 

rest was provided before the participant started the resistance exercise task to avoid any 

fatigue from the MVIC testing. The starting position was alternated between left and right 

between participants but remained constant for the individual participant to counteract a 

potentially more announced response on the side which was targeted last. The task was 

divided into four sets (alternating two on each side) with a short rest in between sets lasting 

for approximately 12-minutes in total. The load was based on the individual’s maximal trunk 

strength for each side (50 % of MVIC) and consisted of eight cycles of the movement pattern 

to the beat of a metronome (30 bpm). Each of the following phases lasted two seconds: 1) 

concentric lifting to the middle 2) isometric hold (Figure 4.1 B) 3) concentric lifting to the 

end position 4) isometric hold (Figure 4.1 C) 5) eccentric return to middle 6) isometric hold 

(Figure 4.1 B) 7) eccentric return 8) rest for four seconds (Figure 4.1 A). 

 

4.3.4 Evaluation of Demographics and Low Back Pain related Characteristics 

 

To characterise the sample, demographic details were recorded and all participants 

completed the SF-36 v2 Health Survey as a measure of their general health status (Brazier et 
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al., 1992; Jenkinson et al., 1999) and the IPAQ (Booth, 2000) to determine their physical 

activity levels. During each session, a printed Borg Scale was used immediately after the 

lumbar resistance task for participants to self-rate level of perceived exertion (Borg, 1982). 

Furthermore, outcome expectations for exercise were assessed pre and post participation in 

the study with an modified questionnaire (Resnick et al., 2000), mood and perception after the 

task were assessed each session (Appendix 14).   

Additionally, the CLBP participants completed a custom-designed questionnaire 

(Appendix 14) and the following standardised questionnaires which are commonly used in 

this population: FABQ, ODI, PCS, Tampa scale of Kinesiophobia, Pain Self-Efficacy 

Questionnaire (PSEQ), and Central Sensitisation Inventory (CSI) (Fairbank and Pynsent, 

2000; Mayer et al., 2012; Nicholas, 2007; Sullivan et al., 1995; Vlaeyen et al., 1995; Waddell 

et al., 1993). Data for participants with CLBP were collected digitally using the University of 

Birmingham’s electronic data capture tool REDCap (REDCap consortium, Vanderbilt 

University, Nashville, TN, USA). 

LBP intensity was assessed in those with CLBP using a digital VAS, with 0 indicating 

no pain and 100 being the worst pain. This was performed at the beginning of each session. 

Furthermore, perceived LBP intensity based on a verbal NRS (0-11) was assessed after each 

set and at the end of each session. Although the VAS has been shown to be superior to the 

verbal NRS, it might reflect rather unpleasantness than pain (Hjermstad et al., 2011; Thong et 

al., 2018). Due to practical reasons, the NRS was easier to implement during the lumbar 

resistance task as no extra display was required. A final measure of pain intensity was 

recorded with the digital post-session questionnaire at the end of each session approximately 

20 minutes after completion of the task. 
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4.3.5 Qualitative Evaluation of Participants’ Perceptions 

 

At the end of the final testing session the participants were asked to describe their 

experience on a five-item questionnaire to explore their perceptions of taking part in the study 

for preliminary evaluation. For the qualitative analysis, a pragmatic content analysis (outlined 

in section 4.3.9.4) based on a naturalistic research paradigm was applied. The questions 

included (Appendix 14): 

1. How would you describe your experience over the six sessions? 

2. Were you pleased with the allocation/ your exercise intervention? 

3. Do you think you would have had a different outcome from the other exercise? 

4. If you could change anything in this study, what would it be? 

5. a. CLBP group: Do you think this programme is feasible for people with 

severe low back pain and why?  

b. Asymptomatic group: Do you think this programme is feasible for 

people with low back pain and why? 

 

4.3.6 Quantitative Sensory Testing 

 

Chapter one (section 1.3.3) outlines the absence of a gold standard for outcome 

measurements to assess EIH, although PPT are favoured in some research (Vaegter et al., 

2020a; Wewege and Jones, 2021). In this study, a comprehensive QST assessment was used 
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which included both pressure and thermal testing adapted from the test battery in Chapter two. 

PPT measured over the lumbar region were selected as the primary outcome measure. 

All tests were conducted by the same researcher and author (PK), an experienced 

physiotherapist with expertise in QST. The order of QST was randomised via a computer 

generated sequence into three sections based on the position of the participant. The first block 

of testing was randomised into three different starting positions for PPT and TPT (prone, 

sitting, supine). Testing within a position followed the same order with pain tolerance taken 

last. Measures of TS and the nociceptive withdrawal reflex were always assessed after that 

block. The testing order was the same for pre- and post-tests but varied between sessions and 

participants. 

All test sites were marked with a surgical pen and the participants were encouraged to 

remark the sites in between sessions to improve consistency of the test site. Tests over the 

lumbar region were performed bilaterally whereas for all other test sites, the right side was 

chosen for asymptomatic participants. For those with CLBP, the most dominant pain side was 

chosen, in case both sides were equally affected the right side was chosen. 

The first laboratory session included a familiarisation period with each of the 

modalities. Due to concerns about the validity of the results and low sample size, TS of heat 

pain and data collected from the nociceptive withdrawal reflex are reported in the Appendix 

16. 
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4.3.6.1 Pressure Pain Thresholds 

 

PPT were tested with a Somedic algometer (Somedic Production, Stockholm, Sweden) 

which was applied perpendicular to the skin with a 1 cm² probe (approximately 30 kPa/Sec) 

(Falla et al., 2014; Vaegter et al., 2019a). Once the pain threshold was recorded via the 

participant pushing a button, the device was removed. Two consecutive measurements were 

taken at the same site with a short interval between repeated measures (Chapter one, section 

1.3.3). 

The primary outcome was the PPT measured over the lumbar region which was tested 

over four points bilaterally over the erector spinae muscles (total of eight sites) adapted from a 

previous protocol (Falla et al., 2014). The starting position was kept constant for each 

participant but randomised between sites one, four, five, and eight, between participants 

following the sequence on the ipsilateral side first (1-4 and 5-8, or 4-1, 8-5, and vice versa on 

the right) (Figure 4.2). The pooled mean PPT across the eight test sites was used to assess the 

stability of baseline measures. For stability of EIH, the absolute difference (post-pre) of the 

pooled mean PPT was calculated as commonly used in the field (Wewege and Jones, 2021). 
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Figure 4.2 Overview of Quantitative Sensory Testing Test Sites over the Lumbar Region 

Blue circles indicate test sites 1-8 for Pressure Pain Thresholds, which where 2.5cm apart 

(vertically) and 5 cm horizontally each. The green circle (T) marks the test site for lumbar 

pain tolerance and the orange (TPT) indicates the test site for lumbar heat pain threshold for 

both groups. 

 

Remote PPT test sites were defined as outside the painful region. For the upper 

trapezius, the participant was seated and the PPT was performed over the muscle, at a position 

approximately two centimetres lateral to the levator scapulae muscle. PPT was tested over the 

wrist extensors, detected via palpation of the extensor carpi radialis muscles below the lateral 

epicondyle with the forearm pronated and the palm resting on a plinth. The third test site was 

over the tibialis anterior muscle belly, approximately 8 centimetres below the tibial tuberosity, 

test sites were adapted from previous protocols (Fernandez-Carnero et al., 2010; Nie et al., 

2009). The mean of two consecutive measures was used for data analysis for each site as 

described above. 
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4.3.6.2 Pressure Pain Tolerances 

 

PPTOL were assessed over the lumbar region, 2.5cm cranial to the most cranial PPT 

test site (5) on the right side (Figure 4.2), and over the wrist extensors, 2.5cm caudal to the 

PPT test site in line with the orientation of the tendon. The participant identified the 

maximum level of pain that could be tolerated with the instruction “only press the button 

when the pain is so intense that you cannot tolerate it anymore, your maximum”. In contrast 

to thresholds, this modality has been shown in few individual studies to increase the detection 

of changes in pain sensitivity after an exercise task (Baiamonte et al., 2017; Hviid et al., 2019; 

Vaegter et al., 2017a). The safety limit for the device was set at 2000 kPa by the 

manufacturer. 

 

4.3.6.3 Thermal Pain Thresholds 

 

A TSA-II NeuroSensory Analyzer thermal stimulator and accompanying software 

(Medoc Ltd, Israel) with a 30 x 30mm Peltier thermode was used to determine TPT. For the 

HPT and CPT, the temperature of the thermode was gradually de- or increased (1°C/sec) from 

a baseline temperature of 32°C until the participant perceived pain or the safety limit of 

50.5°C/ 0°C was reached. The return to baseline was set as 8°C/sec. Two consecutive 

measurements, each with 30 seconds of rest, were conducted in a randomised order with a 15 

second rest interval between measurements over the lumbar area (Figure 4.2) and thenar 

eminence. Heat pain was tested over the lumbar area only, as previous studies and internal 

pilot testing revealed that the minimum temperature of 0°C was not low enough to provoke 
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pain in most participants (Chapter two). The mean of two consecutive measures at each site 

was used for analysis. 

 

4.3.7 Bias 

 

The rigorous study design reduced bias by emphasis of not only a high standardisation 

of both the testing procedure and the exercise task, but also for information and instructions 

given to the participants. No additional issues arose during conduction of the study. 

 

4.3.8 Study Size 

 

The sample size was estimated using the software G*power (3.1), based on previous 

PPT data over the same lumbar test sites (Chapter two) (Kuithan et al., 2019), applying an a 

priori within-between interaction repeated measures analysis (effect size f(U)= .475). 

Analysis specified a minimum of 14 participants for each group. Allowing for a potential 

dropout, the aim was to collect 15 full data sets for each group. This sample size (n=15 in 

each group) also fulfilled the prerequisite requirements for assessment of the stability of 

measures (Walter et al., 1998). 

 

4.3.9 Statistical Analysis 

 

Statistical analysis was conducted with Statistica v13.3 and IBM SPSS 26. The level 

of statistical significance was set as p< 0.05. 
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4.3.9.1 Descriptive Statistics 

 

Baseline demographics and participant characteristics were analysed with an 

independent t-test to assess for group differences. Only full data sets of all six sessions were 

considered for analysis. Specifically, if the safety limit of the devices was reached or data 

were missing, it was accounted for as missing in pairwise consideration. 

Exercise task characteristics were examined with a three-way RM-ANOVA with 

group (CLBP, CON), session (one to six) and side (right, left) as factors. Perceived pain 

intensity at five timepoints during and after the lumbar resistance task were assessed with a 

one-way RM-ANOVA. Analysis of questionnaires was descriptive only and participants’ 

perception of the study were summarised. Participants’ views on taking part in the study were 

summarised. 

 

4.3.9.2 Exercise-Induced Hypoalgesia 

 

Data were checked for normality using the Kolmogorov-Smirnov test, as a non-normal 

distribution of the data is a common problem within QST due to high inter-variability of the 

data (Mucke et al., 2016). Only PPT over the lumbar region were normally distributed and a 

four-way RM-ANOVA was performed with factors group (CLBP, CON), session (one to six), 

time (pre/post), and location (eight test sites over the lumbar region (Figure 4.2)). RM-

ANOVA was followed by a post hoc analysis to correct for multiple dependent variables 

(Wilks’ lambda) and post hoc correction for multiple comparisons (Bonferroni). 
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Data from all other outcome measures (remote PPT, TPT, PPTOL) were not normally 

distributed and removal of outliers (based on a z-score of 3.29) did not contribute to the 

normality of the data. Hence non-parametric tests were applied to full data sets. A Friedman 

two-way analysis of variance (ANOVA) was used to assess pre- and post-changes in each 

variable for each group across all six sessions for each group (CLBP, CON) and as a separate 

analysis for each individual session (one to six) with time (pre/post) as factor. Furthermore, 

for changes in response between groups, the absolute change considering all six sessions were 

compared using a Kruskal-Wallis test. For all figures mean and SD are reported for 

consistency and comparison for Lx data and the second objective of stability. 

The presence of EIH was defined as a statistically significant change between pre- and 

post-test as used in the previous Chapters. 

 

4.3.9.3 Stability 

 

To examine the stability of the baseline-measures across each session, ICCs, defined 

as test re-test reliability, were conducted (Sim and Wright, 2002). For this purpose, a two-way 

mixed single score for each outcome (ICC 3,1) based on a consistent rater (PK) for each 

participant was used (Rankin and Stokes, 1998; Weir, 2005). Consistency was chosen over 

agreement, as the previous conducted analysis would detect systematic errors. Normal 

distribution is not a requirement for ICC (Mehta et al., 2018). ICC values were set as poor 

reliability when < 0.5, moderate for < 0.75, good for < 0.9 and excellent with ICC >0.9 (Koo 

and Li, 2016). Absolute consistency was expressed by the SEM, based on the calculation of 𝑆𝐸𝑀 = 𝑆𝐷 ∗ √1 − 𝐼𝐶𝐶 (Weir, 2005). Only full data sets were considered for the analysis. 
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The same approach was applied to assess the stability of the absolute changes in PPT, 

PPTOL, and TPT for sessions one to six using the same ICC (3,1) model as described above. 

 

4.3.9.4 Qualitative Analysis of Participants’ Perceptions 

 

Notwithstanding the preliminary nature of the study, data were analysed with a 

pragmatic content analysis by counting answers and developing themes and codes for open 

parts of the questions by the lead researcher (Bengtsson, 2016). A content analysis is 

positioned within a naturalistic research paradigm, which fits the exploratory nature of the 

thesis (Chapter one section 1.4). Data are collected in a natural setting with little 

contamination by the researcher with the aim to organise collected data and to elicit the 

meanings to then draw realistic conclusions (Bengtsson, 2016; Sim and Wright, 2002). A 

manifest analysis was chosen as only the surface structure of the provided responses were 

analysed (Bengtsson, 2016). For questions two, three, and five frequencies of the responses 

“yes”, “no”, and “unsure” were counted. Further text was used to support this with codes if 

available. Participants’ responses for the open questions one and four were analysed 

inductively. Themes and codes and were generated for each group via de- and re-

contextualisation, followed by categorisation of data (Bengtsson, 2016). This approach fits 

with the aim of gaining preliminary data in this area as well as providing insights to inform 

the design of qualitative components of a future feasibility study. 
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4.4. Results 

 

4.4.1. Participant Characteristics 

 

A total of 30 participants were considered for analysis (CLBP n=15, CON n=15). 

Participant characteristics are reported in Table 4.1. Groups were comparable for gender and 

BMI, although there was a difference between groups in age, with the CLBP group being 

slightly older. Data from dropouts during the study were excluded as not all six sessions were 

completed (additional recruited participants CLBP=2, CON=1, drop out due to time 

constraints or no information provided). One further participant with CLBP was excluded, as, 

although meeting the inclusion criteria at beginning of the study based on one episode of 

LBP, the participant reported no pain and disability (ODI=0) during the course of the study. 

For the CLBP group, the ODI score revealed that the overall disability was minimal 

(<20 %) (Fairbank and Pynsent, 2000). Pain scores based on a VAS are presented in Table 4.1 

reflecting moderate severity. 
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Table 4.1: Baseline characteristics 

* indicates a statistically significant difference based on a student’s t-test/ Chi Square test 

Group CLBP n=15 CON n=15 P 

value Mean± SD Mean± SD 

Age (years) 27.00± 6.20 22.93± 4.30 .046* 

BMI  23.51± 2.65 23.71± 2.38 .833 

Gender 7 men, 8 women 7 men, 8 women 1.0 

SF-

36 

Physical functioning  75.67± 14.38 96.97± 5.06 <.001* 

Pain  60.83± 8.11 83.17± 13.61 <.001* 

General Health  66.00± 17.44 71.67± 18.77 .399 

IPAQ 2 low, 10 moderate, 3 high 11 moderate, 4 high .121 

IPAQ MET 2421.37± 2360.04 2372.77± 1494.60 .947 

FABQ 31.33± 12.69 

FABQ Work  13.47± 7.07 

FABQ Physical activity 12.00± 4.87 

ODI 14.93± 6.50 

PCS 10.33± 8.52 

TAMPA 35.13± 6.92 

PSEQ 48.73± 7.09 

CSI A 32.60± 14.20 

VAS average most recent episode  52.73± 21.09 

VAS pain present time 41.47± 23.69 

VAS worst pain past four weeks 57.20± 23.84 

VAS average last 24 hours  46.33± 21.86 

Dominant pain side Left n=6; right n=9 
Abbreviations: BMI=Body Mass Index; SF-36= SF-36 v2 Health Survey; IPAQ=International Physical Activity 
Questionnaire; MET= Metabolic Equivalent of Task; FABQ= Fear Avoidance Believes Questionnaire; ODI= 

Oswestry Disability Index; PCS= Pain Catastrophizing Scale; TAMPA= Tampa Scale of Kinesiophobia; 

PSEQ= Pain Self-Efficacy Questionnaire; CSI=Central Sensitisation Inventory; VAS= Visual Analogue Scale 

(0-100) 

 

No group differences were found for the IPAQ or SF-36. Further relevant 

characteristics were below the cut off score for TAMPA and CSI, which was used previously 

in a chronic pain population (Vlaeyen et al., 1995, Neblett et al., 2015), or within scores close 

to normal values for FABQ, PCS, PSEQ. There were four days (median, CLBP: Interquartile 

Range (IQR)= 3;4.5; CON: IQR= 4;5) between sessions for both groups. 
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4.4.2 Lumbar Resistance Task Parameters 

 

There was an increase of the MVIC over the six sessions (Wilks 0.53, F=4.30, p= 

.006) in both groups; the post hoc analysis verified a change from the first session to sessions 

three to six (p< .001) (Table 4.2). 

 

Table 4.2: Maximal voluntary isometric contraction and perceived exertion 

CLBP (Mean± SD) 

 Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Mean 

Borg 

scale 

12.67± 

1.99 

12.93± 

2.28 

12.80± 

1.86 

12.87± 

1.68 

13.13± 

2.07 

13.13± 

1.81 

12.92± 

1.51 

MVIC 

Left (N)  

365.45 

±137.48 

414.00 

±157.23 

418.38 

±172.43 

445.38 

±175.42 

438.49 

±164.86 

439.87 

± 152.51 

420.26 

± 152.01 

MVIC 

Right 

(N)  

362.45 

±112.16 

398.04 

±145.36 

407.01 

±150.70 

427.31 

±177.52 

446.17 

 ±170.13 

448.74 

± 179.73 

414.95 

± 150.28 

CON (Mean± SD) 

Borg 

scale 

12.87± 

2.42 

12.8± 

2.18 

13.27± 

1.91 

12.47± 

1.60 

12.8± 

2.08 

12.6± 

1.96 
12.8± 1.73 

MVIC 

Left (N)  

468.91 ± 

118.61 

471.19 

±160.63 

507.84 ± 

182.45 

512.45 ± 

180.82 

507.54 

±158.60 

513.31± 

181.85 

496.87 

± 156.6 

MVIC 

Right 

(N)  

427.58 ± 

131.17 

458.27 ± 

152.14 

501.21± 

158.11 

504.13 ± 

179.95 

507.61 ± 

171.80 

509.88 

± 166.32 

484.78 

± 153.04 

Abbreviations: CLBP= Chronic Low Back Pain Group; CON= Asymptomatic Control Group; MVIC= Maximal 

Voluntary Isometric Contraction 

 

Although the CON group presented with higher MVIC, this difference was not 

statistically significant (F=1.74, p= .198). There was no difference in perceived exertion 

between groups, or between the MVIC recorded on the left and right side for either group. 

One participant of the CLBP group stopped the final set after four/ five of eight repetitions in 

the first two sessions due to pain; their results were included in the analysis. 
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4.4.3 Perceived Pain during Exercise Task 

 

The perceived pain intensity experienced by the CLBP participants during the task was 

described as their normal pain by most participants. Only in 13/90 cases, no pain or pain 

which was described to be different from their usual LBP, was reported. Analysis showed a 

statistically significant interaction for session (F=3.55, p= .006) and timepoints (F=10.23, p< 

.001). Post hoc test revealed that perceived pain ratings for the second set on each side were 

statistically significantly higher compared to the first set (p< .003) but were not different to 

the pain experienced after the task. The decrease over the six sessions was not statistically 

significant for pain intensity during the task in the post hoc analysis (Figure 4.3). 

In 33 cases, no pain after the task was reported when asked in the following session. If 

pain was present it was reported to last usually for about 20 minutes up to a few hours. Only 

on four occasions, pain was experienced longer than 12 hours; these occurred in the first two 

sessions but did not affect adherence to the study. 
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groups (p< .001), demonstrating the presence of EIH regardless of the session, group, or 

specific testing location. The absolute change in PPT averaged over the six sessions was 

+42.30 kPa 95% CI [7.20; 77.40] for the CLBP and +63.44 kPa [28.33; 98.54] for the CON 

group (Figure 4.4). 

Post hoc analysis for session, considering pre- and post PPT, revealed an increase in 

PPT measurements across the lumbar region for both groups (session one to sessions four, 

five, and six p≤ .030), but no interaction was found for group or session. The absolute 

increase of PPT baseline measures from the first to the sixth session was 111.39 kPa [54.80; 

167.97] in the CLBP group and 66.03 kPa [9.44; 122.62] for the CON group. A post hoc 

analysis for location revealed that PPT increased at all eight locations over the lumbar region 

post performance of the lumbar resistance task (all p< .001). The interaction between 

time*location*group revealed a statistically significant increase in PPT at all eight of the 

tested sites over the lumbar region for both groups (all p≤ .025). 

No statistically significant effect was found for *time*session*group (p= .232) 

indicating EIH did not differ across the six sessions or between groups. 
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4.4.4.3 Pressure Pain Tolerances 

 

PPTOL data over both test sites were not normally distributed. Many data were 

missing as either the safety limit of the device was reached, or the test was interrupted due to 

discomfort from previous sessions or slipping of the algometer due to movement of the 

participant. Thus, full data were available for all 15 participants over the wrist extensors and 

14 participants over the lumbar region in the CLBP group whereas 11 data sets were available 

for both test sites for the CON group. 

Over the lumbar region there was a statistically significant increase in PPTOL after the 

task in the CLBP group (p< .001), but not for the CON group. Considering each individual 

session, a change in PPTOL was confirmed for sessions one, two, three, and six (p= .001 - 

.033) in the CLBP group (Figure 4.6 A). The Kruskal-Wallis test confirmed a statistically 

significant group difference in PPTOL (p= .032) with a larger increase of PPTOL of 72.8 kPa 

± 123.33 in the CLBP group compared to 10.41 kPa ± 224.56 in the CON group. 

Over the WE, there was a statistically significant increase in PPTOL for the CLBP 

group (p= .020). Friedman ANOVA for individual sessions revealed a statistically significant 

change only in the final session (p= .020) for the CLBP group (Figure 4.6 B). The Kruskal-

Wallis test revealed a group difference for the change in PPTOL over the wrist extensors (p= 

.005), with an increase of 40.53 kPa ± 116.78 in the CLBP group and a decrease in the CON 

group -26.42 kPa ± 186.31. 
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4.4.4.4 Thermal Pain Thresholds 

 

The TPT data were not normally distributed and therefore non-parametric tests were 

applied. It should be noted that many participants did not reach their pain threshold within the 

safety limits of the device and therefore numbers included in the analysis differed. For lumbar 

HPT, data from 13 for CLBP and 9 CON were included in the analysis. Data from 13 

participants in each group were analysed for the thenar HPT, and for thenar CPT, data was 

available for 11 participants with CLBP and eight participants without. 

Over the lumbar region there was a statistically significant change in HPT after the 

task for the CON group across the six sessions (p< .001), but not for the CLBP group (p= 

.157). Considering each individual session, the HPT changed in the first (p= .020) and third 

(p= .034) session for the CON group. For the CLBP group, there was a statistically significant 

increase in the HPT only in the sixth session (p= .021) (Figure 4.7 A). The Kruskal-Wallis 

test showed that the changes in lumbar HPT differed between groups with a higher increase in 

the CON group (mean± SD CON: 0.78°C ± 1.86, CLBP: 0.28°C ± 1.77; p= .013). 

For the thenar HPT (Figure 4.7 B), there was statistically significant change for the 

CON group only (p= .002). Considering each individual session, the increase in HPT was 

confirmed for the sixth session in the CON group (p= .013). However, the Kruskal-Wallis test 

revealed no group difference. 

Similar results were observed for the thenar CPT (Figure 4.7 C). Across the six 

sessions a change occurred only for the CON group (p= .002). Considering each individual 

session, a decrease in CPT was confirmed for the third session (p= .034) for the CON group 

and the fourth session in the CLBP group (p= .035). The Kruskal-Wallis test revealed a group 
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Table 4.3: Stability of the baseline measures of lumbar Pressure Pain Thresholds  

 

PPT for each session in kPa (Mean± SD) ICC 

3,1 
LB UB SEM 

1 2 3 4 5 6 Mean 

C
L

B
P

 

370.25± 

140.82 

408.65± 

130.94 

400.18± 

114.21 

438.73± 

130.24 

436.40± 

158.43 

481.63± 

189.84 

422.64± 

146.27 
.856 .737 .940 55.51 

C
O

N
 

479.36± 

155.16 

475.18± 

148.72 

521.83± 

113.52 

499.15± 

135.24 

535.64± 

119.84 

545.39± 

137.67 

509.42± 

134.68 
.705 .518 .866 73.15 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; PPT= Pressure Pain 

Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 

 

Table 4.4 Stability of the baseline measures of remote Pressure Pain Thresholds  

 

G
r
o

u
p

 

PPT for each session in kPa (Mean± SD) ICC 

3,1 
LB UB SEM 

1 2 3 4 5 6 Mean 

U
p

p
e
r
 T

r
a

p
e
z
iu

s  

C
L

B
P

 

248.73± 

99.45 

303.67± 

172.64 

307.20± 

160.20 

318.50± 

148.92 

325.03± 

169.97 

321.03± 

175.50 

304.03± 

154.38 
.876 .770 .949 54.36 

C
O

N
 

289.27± 

126.44 

300.20± 

119.62 

317.80± 

105.06 

328.03± 

126.59 

314.23± 

99.45 

348.13± 

112.23 

316.28± 

113.67 
.823 .685 .925 47.82 

W
r
ist e

x
te

n
so

r
s 

 

C
L

B
P

 

277.93± 

148.82 

286.00± 

148.61 

297.60± 

175.49 

375.67± 

194.96 

351.17± 

192.33 

388.20± 

194.37 

329.43± 

177.48 
.868 .756 .945 64.48 

C
O

N
 

325.23± 

181.13 

316.80± 

133.99 

317.77± 

100.28 

359.03± 

139.52 

340.83± 

99.82 

370.23± 

116.48 

338.32± 

129.43 
.630 .425 .824 78.73 

T
ib

ia
lis a

n
te

r
io

r
 

 

C
L

B
P

 

391.07± 

206.46 

400.40± 

219.89 

415.00± 

220.92 

491.00± 

293.41 

450.47± 

226.12 

479.03± 

269.91 

437.83± 

237.73 
.856 .737 .940 90.21 

C
O

N
 

502.23± 

214.48 

497.90± 

180.12 

498.97± 

140.40 

544.10± 

170.55 

586.50± 

178.09 

573.30± 

119.10 

533.83± 

169.04 
.618 .412 .817 104.48 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; PPT= Pressure Pain 

Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 
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4.4.5.2 Pressure Pain Tolerances 

 

Over the lumbar region PPTOL baseline measures showed good ICC for the CLBP 

group and moderate ICC for the CON group. Over the wrist extensors, both groups showed 

good ICC for PPTOL. SEM varied from 122.98 kPa to 215.90 kPa across all PPTOL 

measurements (Table 4.5). 

 

Table 4.5: Stability of the baseline measures of Pressure Pain Tolerances 

 

G
r
o

u
p

 

PPTOL for each session in kPa (Mean± SD) 
ICC 

3,1 
UB LB SEM 

1 2 3 4 5 6 Mean 

L
u

m
b

a
r
 r

e
g

io
n

 

C
L

B
P

 n
 =

1
4

 

670.71  

±  

291.61 

701.43 

 ± 

197.47 

686.86 

 ± 

201.96 

826.64 

±  

288.04 

781.86 

± 

256.33 

839.50 

± 

251.92 

751.17 

± 

252.36 

.762 .588 .899 123.11 

C
O

N
 n

=
1

1
 

1004.64

±  

498.16 

1015.45

±  

362.60 

1105.36 

 ±  

342.97 

1067.18 

±  

320.91 

1038.10

± 

339.15 

1177.09 

±  

371.59 

1075.85

±  

371.55 

.725 .510 .898 194.84 

W
r
ist e

x
te

n
so

r
s 

C
L

B
P

 n
=

1
5
 

497.33 

±  

288.87 

537.00 

± 

290.98 

501.00 

±  

233.16 

582.07 

± 

238.58 

591.87 

 ±  

308.45 

607.00 

± 

329.97 

552.71 

± 

279.20 

.806 .659 .917 122.98 

C
O

N
 n

=
1

1
 

483.82 

±  

242.57 

662.27 

±  

399.66 

616.00 

±  

346.66 

555.09 

± 

357.81 

532.91  

±  

271.62 

539.18 

± 

357.10 

564.88 

± 

325.94 

.850 .702 .949 126.24 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; PPTOL= Pressure Pain 

Tolerance; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 
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4.4.5.3 Thermal Pain Thresholds 

 

Both lumbar and thenar HPT showed moderate ICC for the CON group, and good ICC 

for the CLBP group. For the thenar CPT, the ICC was moderate for both groups. However, it 

should be noted that this was based on very low numbers due to the safety limit of the device 

as indicated above. All baseline scores (mean ± SD) and ICC and SEM are presented in Table 

4.6. 

 

Table 4.6: Stability of the baseline measures of Thermal Pain Thresholds 

 

 G
r
o

u
p

 

n 

TPT for each session in °C (Mean± SD) 
 ICC 

3,1 
LB UB  SEM 

1 2 3 4 5 6 Mean 

L
u

m
b

a
r
 h

e
a

t  

C
L

B
P

 

12 
38.91± 

3.85 

39.82± 

3.66 

40.41

± 2.78 

40.61± 

2.79 

40.75± 

3.79 

41.38± 

3.33 

40.31

± 3.37 
.858 .723 .949 1.27 

C
O

N
 9 

42.22± 

3.54 

44.35± 

2.74 

44.64

± 1.85 

45.69± 

2.26 

45.25± 

2.16 

45.41± 

2.28 

44.59

± 2.67 
.613 .344 .868 1.66 

T
h

e
n

a
r
 h

e
a

t  

C
L

B
P

 13 
40.58± 

3.23 

42.73± 

3.23 

42.85

± 2.85 

43.66± 

3.78 

43.97± 

3.58 

44.31± 

3.67 

43.02

± 3.52 
.764 .583 .905 2.37 

C
O

N
 13 

44.47± 

2.49 

45.67± 

2.26 

45.59

± 2.40 

45.95± 

1.93 

45.74± 

2.55 

46.38± 

2.11 

45.63

± 2.30 
.716 .517 .882 2.45 

T
h

e
n

a
r
 c

o
ld

  

C
L

B
P

 

11 
16.98± 

7.16 

18.45± 

4.37 

16.51

± 4.29 

16.43± 

4.42 

14.92± 

4.58 

16.11± 

4.24 

16.57

± 4.88 
.521 .272 .795 2.33 

C
O

N
 8 

13.69± 

5.02 

13.78± 

4.31 

11.58

± 5.26 

11.13± 

4.05 

10.36± 

4.50 

9.64± 

4.14 

11.70

± 4.60 
.518 .229 .839 1.86 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; TPT= Thermal Pain 

Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 
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4.4.6 Stability of the Absolute Changes 

 

4.4.6.1 Pressure Pain Thresholds 

 

For the absolute change in PPT measured over the lumbar area (average across all 

eight test sites), the ICC was poor (CLBP= .062; CON=.204) with a SEM 65.67 kPa for the 

CLBP group and 73.84 kPa for the CON group (Table 4.7). 

 

Table 4.7: Stability of the absolute changes of lumbar Pressure Pain Thresholds 

G
r
o

u
p

 

Absolute change in PPT for each session in kPa 

(Mean± SD) ICC 

3,1 
LB UB SEM 

1 2 3 4 5 6 Mean 

C
L

B
P

 

53.12

± 

100.10 

15.43 

±  

58.73 

40.14 

± 

 55.44 

47.27 

±  

43.46 

56.29 

±  

56.93 

41.57 

± 

 80.09 

42.30

± 

67.81 

.062 -.056 .305 65.67 

C
O

N
 

60.29

± 

124.42 

71.70 

±  

64.76 

37.05 

±  

59.41 

68.97 

±  

59.60 

71.34 

±  

51.63 

71.28 

± 

 53.68 

63.44

± 

72.38 

.204 .037 .482 73.84 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; PPT= Pressure Pain 

Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 

 

The same was found over all three remote test sites for both groups with poor ICC 

ranging from .114 - .464 and the SEM between 49.37 kPa and 113.02 kPa (Table 4.8). 
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Table 4.8: Stability of the absolute changes of remote Pressure Pain Thresholds 

 

G
r
o

u
p

 

Absolute change in PPT for each session in kPa 

(Mean± SD) ICC 

3,1 
LB UB SEM 

1 2 3 4 5 6 Mean 

U
p

p
e
r
 T

r
a

p
e
z
iu

s 

C
L

B
P

 

26.20± 

80.99 

32.17± 

55.67 

9.57± 

52.17 

11.87± 

43.31 

12.40± 

67.59 

47.50± 

42.15 

23.28 ± 

58.55 
.114 -.024 .376 55.11 

C
O

N
 

16.70± 

45.59 

18.97± 

42.85 

6.07± 

56.28 

34.37± 

75.88 

33.40± 

56.57 

36.13± 

77.56 

24.27 ± 

59.95 
.322 .126 .600 49.37 

W
r
ist E

x
te

n
so

r
s 

 

C
L

B
P

 

14.40± 

83.64 

44.43± 

84.08 

44.33± 

72.19 

29.67± 

45.55 

69.00± 

114.44 

36.50± 

90.36 

39.72 ± 

83.56 
.464 .251 .716 61.18 

C
O

N
 

-10.57± 

138.80 

37.47± 

89.42 

9.60± 

57.11 

-11.40± 

95.20 

46.27± 

81.97 

21.13± 

68.32 

15.42 ± 

92.23 
.216 .046 .495 81.67 

T
ib

ia
lis A

n
te

r
io

r
 

 

C
L

B
P

 

22.87± 

120.54 

22.43± 

130.40 

43.43± 

135.28 

-18.53± 

135.17 

77.23± 

129.06 

57.03± 

90.78 

34.08 ± 

124.73 
.179 .020 .455 113.02

C
O

N
 

22.20± 

143.37 

81.10± 

79.63 

50.07± 

76.76 

34.20± 

101.89 

48.37± 

131.59 

99.87± 

87.87 

55.97 ± 

107.00 
.198 .033 .476 95.82 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; PPT= Pressure Pain 

Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 

 

4.4.6.2 Pressure Pain Tolerances 

 

The ICC was poor for both groups over both test sites for PPTOL (Table 4.9). The 

SEM ranged from 127.63 kPa to 227.01 kPa. 
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Table 4.9: Stability of the absolute changes of Pressure Pain Tolerances 

 

G
r
o

u
p

 

n 

Absolute change in PPTOL for each session in kPa 

(Mean± SD) ICC 

3,1 
UB LB SEM

1 2 3 4 5 6 Mean 

L
u

m
b

a
r
 

C
L

B
P

 

14 
36.57± 

131.54 

63.93± 

119.91 

93.57± 

98.03 

53.86± 

88.44 

112.00±

148.54 

76.86± 

148.02 

72.80± 

123.33 
-.071 -.135 .095 

127.

63 

C
O

N
 11 

52.00± 

194.06 

71.36± 

214.76 

-77.18± 

233.09 

-

39.00± 

276.04 

98.00± 

156.49 

-42.73± 

245.59 

10.41± 

224.56 
-.022 -.116 .232 

227.

01 

W
r
ist e

x
te

n
so

r
s 

 

C
L

B
P

 

15 
23.60± 

90.97 

1.13± 

124.23 
81.67± 

116.45 

22.73± 

103.34 

39.80± 

148.64 

74.27± 

106.34 

40.53± 

116.78 
-.084 -.141 .062 

121.

58 

C
O

N
 11 

44.09± 

164.30 

-92.45± 

199.07 

-54.64± 

206.94 

-40.91± 

224.34 

-3.36± 

87.23 

-20.00± 

116.17 

-26.42 ±

186.31 
.319 .097 .653 

153.

75 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; PPTOL= Pressure Pain 

Tolerance; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 

 

 

4.4.6.3 Thermal Pain Thresholds 

 

The ICC for the absolute change in thermal pain thresholds after the lumbar resistance 

task was poor for all test sites and test stimuli (Table 4.10). 

 

 

 

 

 

 



 

140 

 

Table 4.10: Stability of the absolute changes of Thermal Pain Thresholds 

 

G
r
o

u
p

 n 

Absolute change in TPT for each session in °C 

(Mean± SD) ICC 

3,1 
UB LB SEM

1 2 3 4 5 6 Mean 

L
u

m
b

a
r
 h

e
a

t  

C
L

B
P

 

12 
0.92± 

1.32 

0.73± 

1.84 

-0.14± 

1.80 

0.17± 

1.78 

-0.46± 

1.72 

0.44± 

2.04 

0.28± 

1.77 
.198 .018 .519 1.58 

C
O

N
 

9 
1.78± 

1.20 

0.90± 

2.26 

0.86± 

0.76 

0.66± 

1.71 

0.45± 

2.97 

0.05± 

1.56 

0.78± 

1.86 
.380 .124 .739 1.46 

T
h

e
n

a
r
 h

e
a

t  

C
L

B
P

 

13 
1.48± 

2.09 

-0.41± 

1.62 

0.78± 

1.69 

-0.07± 

2.02 

0.19± 

1.59 

-0.55± 

1.93 

0.24± 

1.91 
.057 -.066 .324 1.86 

C
O

N
 

13 
1.02± 

1.47 

-0.06± 

1.74 

0.69± 

1.96 

0.58± 

1.79 

0.39± 

2.42 

1.05± 

1.27 

0.61± 

1.86 
.138 -.016 .433 1.72 

T
h

e
n

a
r
 c

o
ld

  

C
L

B
P

 

11 
-2.70± 

4.98 

1.58± 

4.54 

1.11± 

3.56 

-0.99± 

2.76 

0.41± 

4.45 

0.28± 

3.14 

0.64± 

3.72 
.029 -.089 .319 3.67 

C
O

N
 

8 
3.79± 

11.00 

0.04± 

3.79 

-2.85± 

2.75 

-1.75± 

2.98 

0.58± 

3.46 

-0.98± 

2.74 

-1.28± 

3.56 
-.070 -.148 .213 3.69 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; TPT= Thermal Pain 

Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 

 

 

4.4.7 Qualitative Analysis of Participants’ Perceptions  

 

Evaluation of the questionnaire responses from the five questions using a pragmatic 

content analysis is presented in the following sections. Full quotes are presented in Appendix 

16. 
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4.4.7.1 Question One: Participants’ Experience over the Six Sessions  

 

Statements from the 15 participants with CLBP derived four themes (Table 4.11). 

Twelve participants with CLBP stated the experience as positive (first theme), covering 

five codes such as enjoyable or interesting. The second theme, covering five codes, was 

related to the effects from study participation reflecting improved performance or pain 

sensitivity. However, challenges were reported (third theme, four codes) as the task and 

testing was perceived as challenging. Two participants stated a reduction in their LBP 

(fourth theme, two codes), but another participant stated the opposite. 

The asymptomatic CON group’s statements led to three themes. Overall, there was 

a positive experience (first theme, eight codes), but it was also challenged as painful, 

tedious or of not sufficient intensity (third theme, four codes). The effect of the 

participation was described a positive on both physical and mental status (second theme, 

six codes). 
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Table 4.11 Participants’ experience over the six sessions  

Group CLBP (n=15)  Asymptomatic (n=15) 

Theme Code n= Theme Code n= 

Positive 

experience 

n=12 

Good/ Great/ 

Positive 

5 Positive 

experience 

n= 10 

Interesting 4 

Interesting 5 Good/ Positive 4 

Enjoyable 3 Enjoyable/ fun 3 

Safe/ looked after 1 Mixture of calm/very 

active 

2 

Unusual 1 Unique 1 

 Good feeling to focus on 

QST 

1 

Rewarding 1 

Professional 1 

Effect from 

participation 

n=6 

Improved task 

performance 

2 Effect from 

participation 

n= 8 

Change in pain 

sensitivity 

6 

Motivation to 

exercise 

2 Improved strength 2 

Getting stronger 1 Improved Memory 1 

Confirmation of own 

strength 

1 Less tired 1 

Back less sensitive 1 Motivation to exercise 1 

 Built resistance to pain 1 

Challenges 

n=4 

Challenging task 2 Challenges 

n= 3 

Slightly painful 1 

Unpleasant QST tests 1 

Challenging to pay 

attention to pain 

1 Tedious task 1 

Too light to feel an 

impact 

1 

Not liking Pressure 

Pain Testing 

1  

Tiring 1 

LBP 

reduction 

n=3 

Reduced LBP 2  

No effect on LBP 1 

Abbreviations: CLBP= Chronic Low back Pain, LBP= Low Back Pain, QST= Quantitative Sensory Testing 

 

 

4.4.7.2 Question Two: Participants’ Satisfaction with the Allocation 

 

Satisfaction with group allocation was reported by 13 of the 15 participants with 

CLBP. Two participants stated additionally that their strength improved (n=2), one reported 



 

143 

 

reduced LBP (n=1), a sense of accomplishment was stated (n=1), and one participant felt 

comforted when the pain withdrawal reflex testing was discontinued due to discomfort. One 

participant was not pleased with the group allocation due to pain, and one participant with 

CLBP did not have a preference.  

In the asymptomatic CON group, 14 participants were satisfied with the group 

allocation, one participant “did not mind”. No additional comments were provided. 

 

4.4.7.3 Question Three: Participants’ Expectation on Different Outcome from the other 

Exercise Task? 

 

Six participants in the CLBP group reported expecting a different outcome from the 

brisk walking task, i.e., that it would improve walking (n=1), be less painful (n=1), or might 

encourage people to undertake regular exercise (n=1). Three participants stated not to expect a 

different outcome, the remaining seven were not sure. 

For the asymptomatic CON group, five participants expected a different outcome from 

the brisk walking task, especially as aerobic exercise has a different aim (n=2), and one 

expected a lower decrease in pain sensitivity (n=1). Four participants answered with did not 

expecting a different outcome, and six asymptomatic participants were unsure. 
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4.4.7.4 Question Four: Participants’ Recommendation for Changes to the Study 

 

Statements from five participants emerged three themes around the study design (one 

code), exercise (two codes) and the QST testing (two codes), ten participants did not provide 

any suggestions (Table 4.12). 

For the asymptomatic group, statements from seven participants led to the derivation 

of three themes (study design (one code), exercise (four codes), and QST testing (three 

codes)), eight participants did not indicate a change (Table 4.12). 

 

Table 4.12 Participants’ perceptions on change of the study design 

Group  CLBP Group Asymptomatic 

Theme Code n= Theme Code n= 

Study 

design 

n=1 

Continuous sessions 

without breaks 

1 Study 

design 

n=1 

Longer time allocation, as study 

took longer than outlined 

1 

Exercise 

task 

n=2 

Longer task 1 Exercise 

task 

n=3 

Handle of task device 1 

More exercise tasks 1 Less exercise 1 

 Heavier Weights 1 

Less recovery time 1 

Testing 

n=2 

Painful skin after 

testing 

1 Testing 

n=3 

Cold limitation of thermal tester 1 

Computer controlled 

testing suggested 

1 Less test sites 1 

 Less pain tolerance tests 1 

No change 

n=10 

No change 

n=8 
Abbreviations: CLBP= Chronic Low back Pain 
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4.4.7.5 Question Five: Participants’ Perceptions of Feasibility and Transferability of the 

Study Programme 

 

Seven of the 15 participants with CLBP reported that this study was feasible for a 

population with more severe CLBP (first theme, three codes) as the task was easy (n=1), 

improved function (n=1), and was individually tailored (n=1). Five participants with CLBP 

were unsure (second theme, four codes). Three stated that the programme would not be 

feasible for people with more severe CLBP (third theme, three codes) as the exercise would 

be too painful (n=2) or difficult (n=1), and the overall pain sensitivity would be too low (n=1) 

(Table 4.13).  

In the asymptomatic CON group, ten participants reported that the programme was 

feasible for people with LBP (first theme, five codes), two participants were unsure (second 

theme, two codes), and three participants did not perceive the programme as feasible for 

people with LBP due to the demand on the back (n=1), pain (n=1), or stiffness (n=1) (third 

theme, three codes) (Table 4.13).  
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Table 4.13 Participants’ perceptions on feasibility and transferability  

Group  CLBP Group Asymptomatic 

Theme Code n= Theme Code n= 

Yes 

 n=7 

Easy task 3 Yes  

n=10 

Task feasible/good for LBP  4 

Improvement of function 2 Maybe difficult 2  

Individually shaped 

protocol 

1 Improve pain awareness 1 

 Strengthening  1 

Relieve Pain 1 

Unsure 

n=5 

Twisting could be 

uncomfortable 

1 Unsure 

n=2 

No experience, but easy task 1 

Maybe not doable on days 

with severe pain 

1 Possibly painful 1 

Improved experience, but 

not severe pain 

1  

Lower loads needed 1 

No 

n=3 

 

Task too painful 2 No  

n=3 

Involves mainly back muscles 1 

Won’t be able to do 
resistance exercise 

1 Causes pain 1 

Pressure sensitivity too 

low 

1 Stiffness after task 1 

Abbreviations: CLBP= Chronic Low back Pain, LBP= Low Back Pain 

 

 

4.5 Discussion 

 

This study contributes to the emerging body of research on EIH in people with and 

without CLBP and is the first to assess stability of both baseline quantitative sensory test 

measures and changes in these measures over six sessions of performing a lumbar resistance 

task. This study uniquely evaluated whether EIH occurred in response to a functional task 

which was specifically designed to target the back muscles. Recent reviews (Bonello et al., 

2021; Wewege and Jones, 2021) including the systematic review presented in Chapter three 

have shown that no studies have assessed resistance tasks in people with CLBP. Given the 
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lack of a gold standard for measuring EIH, a battery of QST was conducted to investigate 

changes in pain sensitivity induced by the resistance task. 

Both groups had similar physical activity levels, one factor discussed to potentially 

influence the extent of EIH (Chapter one, section 1.3.4). The comparable levels of physical 

activity between groups could explain their comparable strength assessed at baseline, 

although there was a trend for lower MVIC in those with CLBP. Other studies have reported 

poorer performance in participants with CLBP when performing an isometric holding task 

with bodyweight (Sanderson et al., 2019) or measures of trunk muscle strength using an 

isokinetic dynamometer (Cho et al., 2014; Moreno Catala et al., 2018). However, 

deconditioning of the erector spinae muscles is not always present in participants with CLBP 

based on level one evidence (Smeets et al., 2006). Whereas more recent synthesis in people 

with recurrent low back pain found very low evidence for changes of deeper trunk muscles 

including erector spinae, multifidus and transverse abdominis muscles, defined as greater 

contraction, redistribution of muscle activity, and delayed postural control (Devecchi et al., 

2021). It should also be noted that the specific task used in this study was not designed to 

localise the erector spinae muscles and involved upper body movement which could 

compensate for lower trunk strength. Additionally, participants in this study presented with 

relatively low levels of disability which may explain why their performance was comparable 

to asymptomatic participants. The task was perceived to be of similar intensity between 

groups across all sessions. 

The baseline MVIC increased over the course of the study in both groups, possibly 

because of familiarisation with the task or neural adaptations which can occur rapidly with 

resistance training resulting in increased strength (Carroll et al., 2001; Nuzzo et al., 2017). 
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The increase of MVIC between sessions, demonstrates that both groups adapted positively to 

the task in terms of an improvement in performance. 

 

4.5.1 Changes in Pressure Pain Thresholds 

 

In this study, both participants with and without CLBP demonstrated EIH in response 

to the resistance task as demonstrated by an increase in lumbar PPT after the task. It should be 

noted that the main effect for group was close to significance (p= .068) with high variability 

of the measures in both groups. The extent of change of PPT over the lumbar region (+42.30 

kPa 95% CI [7.20; 77.40] for the CLBP and +63.44 kPa [28.33; 98.54] for the CON group) is 

similar to the findings from a previous study, considering the same test sites over the lumbar 

region after a shorter lifting task for the asymptomatic group (+46.93 kPa [9.18; 84.68]) 

(Chapter two) (Kuithan et al., 2019). However, in the previous study, EIH was not observed 

in the CLBP group (Chapter two) even though the clinical characteristics of the sample of 

participants with CLBP were similar between studies (i.e., pain and disability levels). This 

difference likely relates to the difference in the task performed since in the study presented in 

Chapter two, the task involved repeated movements, lifting in the sagittal plane a reported risk 

factor for CLBP (Hartvigsen et al., 2018). In contrast, the task selected in the current Chapter 

was designed to more closely reflect a resistance exercise that would be offered as part of the 

rehabilitation programme for people with CLBP. 

Other studies have evaluated the effect of different lumbar tasks on PPT, for instance, 

Paungmali and colleagues (2017) documented a change in lumbar PPT tested over a single 

site of +35.45 kPa 95% CI [16.33; 54.58] after lumbar core stabilisation exercise performed 

for approximately 15 minutes. The increase in lumbar PPT following this task was 
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statistically significantly different to a placebo task (automated passive cycling; -16.93 kPa [-

51.56; 17.71]) and control group -36.64 kPa [-62.48; -10.81]). Joseph and colleagues (2018) 

reported an increase of the PPT assessed over the lumbar area of 19.95 % [15.23; 24.57], 

16.92 % [13.54; 20.29] and 15.68 % [13.10; 18.25] over three sessions combining 

lumbopelvic stability exercises and massage therapy in female elite weight-lifters, changes 

which were statistically significantly different to massage therapy alone. 

The EIH observed over the exercised test sites is potentially linked to local and 

segmental descending inhibition, whereas changes at remote sites indicate supraspinal 

pathways (Lima et al., 2017; Rice et al., 2019). In the current study, there was evidence of 

EIH measured via the PPT at remote sites and this was evident across the six sessions, albeit 

values were below the SEM. When considering individual sessions, the non-parametric tests 

for pre-post changes were only statistically significant for approximately 25 % of the sessions. 

The inconsistent change of PPT at remote sites following the resistance task in this study, is in 

line with the hypothesis that resistance exercise leads to a localised change in pain sensitivity 

only, whereas aerobic exercise results in a systemic effect (Rice et al., 2019). 

It can be argued that the wrist extensors and trapezius muscles were partially involved 

in the lumbar resistance task which may explain the variability of results with some evidence 

of EIH at these sites. Thus, the few signs of EIH over the wrist may represent a local EIH 

response independent of the resistance task performed by the back muscles (Foxen-Craft and 

Dahlquist, 2017). That said, some studies have reported changes in PPT at remote sites 

following lumbar exercises. For example, in the study by Joseph et al. (2018) which examined 

the effects of lumbopelvic stability exercises combined with massage in weightlifters, the task 

led to statistically significant changes in PPT over the upper trapezius (25.66 % 95% CI 

[20.74;30.57]; 18.11 % [14.32; 21.89]; 18.64 % [14.34; 22.93]). Gajsar et al. (2017) also 
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reported that an isometric back lifting task resulted in an increase of PPT over the hand in 

asymptomatic women. 

 

4.5.2 Changes in Pressure Pain Tolerances 

 

Less research has been conducted on changes in PPTOL following an exercise task 

compared to PPT. The statistically significant change in the CLBP group only, which was 

present in two thirds of the sessions, supports the presence of EIH following the task. 

However, the absence of changes in PPTOL in the asymptomatic group, despite changes in 

PPT, raises the question whether the change observed for the CLBP group truly reflects EIH. 

It is possible that those with CLBP tolerated less pressure at first since this is a painful test 

over a painful region which may have prompted them to stop the test earlier. Note that in all 

sessions, the PPTOL scores over the lumbar region were higher in the asymptomatic group. 

With repeated exposure, they may have learnt to tolerate higher pressure in the post test, 

however this is speculative. An alternative explanation is that the change in PPTOL for those 

with CLBP truly reflects EIH. Interestingly, the PPTOL also increased over the wrist in those 

with CLBP despite comparable baseline measures to the asymptomatic participants. It should 

be noted that at baseline PPT measured over the lumbar region was not statistically 

significantly different between groups whereas a difference for PPTOL with lower pressure 

tolerated for those with CLBP was observed. Thus, the PPTOL may be relevant to determine 

a change in sensitisation over the painful region and the added benefit of measuring PPTOL in 

addition to PPT (commonly believed as the gold standard measure of EIH) and should be 

explored further in future studies. Overall, these results should be interpreted with caution 

given that the analyses were conducted on a smaller sample size; data from several 
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participants was either missing as the safety limit of the device was reached, or the test was 

interrupted due to discomfort from previous sessions or slipping of the algometer due to 

movement of the participant. 

 

4.5.3 Changes in Temperature Pain Thresholds 

 

Sensitivity to heat pain is thought to reflect a sign of peripheral sensitisation (Mucke et 

al., 2016), whereas sensitivity to cold is considered as a sign of central sensitisation. At 

baseline, those with CLBP displayed sensitivity to both heat and cold compared to 

asymptomatic participants, which also has been found in previous studies (Hubscher et al., 

2014; Kuithan et al., 2019). Overall, the results in this study showed that the HPT increased in 

both groups in some sessions, but the between group analysis revealed the change in HPT was 

greatest for the control group. Additionally, the HPT tested over the thenar eminence changed 

for the control group only in some sessions, but the Kruskal-Wallis test revealed no group 

difference. In contrast, a statistically significant group difference was observed for the CPT 

tested over the thenar eminence with greater changes observed for the asymptomatic group. 

Other studies have reported changes in HPT following exercise (Jurgens et al., 2014; 

Paungmali et al., 2017) but not for CPT. However, considering that many participants did not 

reach their pain threshold within the safety limits of the device resulting in small sample size 

for these analyses, the non-parametric test was underpowered. Thus, any firm conclusions 

based on these results should not be made. 
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4.5.4 Stability of Measures 

 

The stability of the baseline measurements are consistent with previous literature for 

both PPT and TPT in people with and without spinal pain (Balaguier et al., 2016a; Balaguier 

et al., 2016b; Jones et al., 2007; Knutti et al., 2014; Kong et al., 2013; Middlebrook et al., 

2020; Moloney et al., 2012; Mutlu and Ozdincler, 2015; Waller et al., 2015; Walton et al., 

2011), showing moderate to good ICC over the six sessions for both measures. These findings 

confirm that baseline PPT and TPT can be used as a reliable measure over repeated sessions.  

Although an effect for session with increasing values over the lumbar region was 

observed, the ICC was still moderate to good (ICC ≥.705). The progressive increase of lumbar 

PPT which was present in both groups could indicate a favourable response to the task (i.e., 

EIH) which was maintained until the next session. Besides lasting EIH, this result could also 

reflect conditioning or habituation with the testing procedure. Previous work has shown that 

increased PPT were maintained 105 minutes and 24 hours after an arm cycling task in 

asymptomatic participants, whereas in participants with neck pain, PPT decreased 

immediately after the task and then returned to baseline level (Grimby-Ekman et al., 2020). 

Although the factor for time was statistically significant for all analyses in this study, changes 

at each time point were not further discussed (Grimby-Ekman et al., 2020). 

A recent systematic review investigated hypoalgesic effects of exercise over multiple 

sessions based on outcome measures of VAS for pain intensity and questionnaires assessing 

quality of life and disability, but not QST (Polaski et al., 2019). Exercise dosing for the 

treatment of chronic neck pain showed a positive correlation with higher analgesic effects 

with longer duration, however, the authors acknowledged that further research is required to 

elucidate the dose effect and its clinical implications (Polaski et al., 2019). Some studies 
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report that PPT increase over the duration of an exercise programme of multiple sessions 

(Bodes Pardo et al., 2018; Henriksen et al., 2014). Nevertheless, there is equivocal evidence 

with other studies reporting unaltered QST findings after an exercise programme (Bobos et 

al., 2016; Hansen et al., 2020b; Kosek et al., 2013; Kroll et al., 2018; Lluch et al., 2013). 

Nevertheless, a recent systematic review confirmed that exercise leads to increased PPT, and 

improved pain sensitivity, with greater effects over the impaired region in participants with 

chronic pain (Belavy et al., 2021). 

In contrast, the stability of EIH, quantified as an absolute change in the measure, was 

poor for all test sites and outcome measurements for the six sessions regardless of the 

presence of EIH. A recent study on asymptomatic participants assessed the stability of EIH 

after a three-minute wall squat; PPT increased by 100 kPa ± 102 95% CI [65; 135] and 96 kPa 

± 104 [61; 134] over the exercising quadriceps and by 29 kPa ± 57[9; 48] and 22 kPa ± 50 [4; 

39] over the non-exercising trapezius muscle in two identical sessions (Vaegter et al., 2019b). 

Although no systematic error was found between sessions, re-test reliability was low for both 

relative and absolute change (Range ICC (3,1) .03 – .43) (Vaegter et al., 2019b). Agreement 

between sessions was not statistically significant indicating inter-individual inconsistency 

between sessions (Vaegter et al., 2019b). 

The poor reliability highlights a complex issue of testing EIH, as responses seem to 

vary intra-individually in the presence of large inter-individual disparity. Higher 

standardisation of the protocol using lactate thresholds and cycling protocols showed better 

(fair) test-re-test reliability (Vaegter et al., 2019a). However, further validation of the test 

procedure and EIH as a principle should be conducted first before this is taken into further 

clinical studies. 
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4.5.5 Qualitative Analysis of Participants’ Perceptions  

 

As this analysis was embedded in the pragmatic observational study, trustworthiness 

and rigor is limited. Credibility, dependability, and confirmability can be challenged as only 

one researcher conducted the analysis, and questions were not further developed to gain a 

deeper insight. Participants provided predominately yes/ no answers but some space for 

additional comments was provided in the five-item questionnaire. This was not specifically 

aimed to gain full breadth or depth. Therefore, the stage of data compilation remained close to 

the text not being able to draw realistic conclusion in the wider context (Bengtsson, 2016). 

Most of the participants (CLBP n=7/15, CON n=10/15) felt the study programme 

would be feasible for people with/ more severe CLBP. However, extrapolation of the findings 

from healthy participants or participants with mild to moderate disability levels is limited. 

Concerns were raised not only about a painful demanding exercise task and its intensity, but 

also around the assessment of EIH, which challenged the extensive test protocol. There is 

some evidence suggesting that painful exercises have potentially a greater treatment effect in 

people with chronic musculoskeletal pain (Smith et al., 2017b), and moderate pain levels 

might further facilitate the EIH response (Vaegter and Jones, (2020). Future research should 

explore the participants’ perceptions of painful exercise and EIH i.e., reflecting a population 

with more severe LBP/ higher levels of disability.  

This preliminary evaluation can inform the qualitative component of a future 

feasibility study representing the next phase (II) of the MRC framework as well as develop 

future study protocols shaping the assessment and elicitation of EIH.  

 



 

155 

 

4.5.6 Strengths and Limitations 

 

This study was of a pragmatic observational design, following a highly standardised 

testing procedure and exercise task protocol. This study contributes to the emerging body of 

research on EIH in people with and without CLBP and implemented a comprehensive QST 

protocol. The study is the first to assess stability of both baseline QST measures and changes 

in these measures over six sessions of a lumbar resistance task. Additionally, this study 

uniquely evaluated whether EIH occurred in response to a functional resistance task which 

was specifically designed to engage the back muscles. Therefore, no further conclusion can be 

drawn to other types of exercise such as aerobic tasks, which will be explored in Chapter five. 

For reasons of feasibility, practicability, and participants’ availability however, it 

could not be controlled for many confounders which may have affected the stability of the 

measures. This includes controlling for sport and exercises outside of the study between 

sessions, time of the day, and providing the same amount of rest days between sessions. 

There was a small yet statistically significant difference in age between groups. 

Nevertheless, both groups were young and in their mid-twenties and therefore it is not 

expected that the slight difference in mean age impacted on the study results. The participants 

in this study with CLBP presented with relatively mild pain and disability and therefore these 

results cannot be generalised to those with more severe symptoms or levels of sensitisation. 

Although PPT is often accepted as the gold standard to assess EIH, it cannot entirely 

be ruled out that the changes in PPT which were interpreted as EIH in this study, are due to 

habituation with the measures. However, Vaegter et al. (2016) showed that a resting period of 

15 minutes did not lead to increased PPT following an initial measure, and therefore this is 
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unlikely to be a dominant factor in this results. Further validation of the protocol could be 

conducted by testing a non-exercising asymptomatic control group. 

The duration of the QST protocol took up to 30 minutes in some participants and it is 

possible that any EIH may have been short lived and therefore not captured. As discussed in 

previous Chapters, EIH lasts likely for approximately 15 minutes, with only minor effects 

remaining evident up to 30 minutes (Naugle et al., 2012). Sensitisation of the tissue was 

reported by some participants, particularly noted during the PPTOL test, and some 

participants reported the test site felt sensitised over the entire duration of the study, which 

likely influenced their results. 

The power analysis indicated that this study included a large enough sample size. Due 

to the widely dispersed data, it can be argued that a larger sample size could have contributed 

to normal distribution of the data and thus more accurate analysis. Non-parametric tests had to 

be applied to most of the data, which is a compromise in terms of data analysis as these tests 

are known to be less powerful due to the non-normal distribution of data. 

 

4.6 Conclusion 

 

EIH was found to be present locally over the lumbar area in participants with and 

without CLBP in response to a resistance task of the back muscles, with less consistent 

findings at remote sites. Local EIH remained present when exposed to the same task over six 

sessions. 

The reliability of baseline measurements was moderate to good offering some 

preliminary support for clinical practice. However, stability of EIH based on the absolute 
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change was poor. Prior to application in clinical research, further elucidation of EIH and the 

stability of the measures are required particularly for other types of exercise such walking. 
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Chapter Five 

Exercise-Induced Hypoalgesia and its Stability in People with and 

without Chronic Low Back Pain after a Brisk Walking Task 

 

 

 

Parts of these results have been published as an abstract and were presented at the Pain 

Science in motion conference in Savona, Italy in 2019. 

 

– Kuithan, P., Rushton, A., Nicola R. Heneghan, N.R., Falla, D. Investigating the repeatability 

and stability of exercise induced hypoalgesia in healthy adults. Pain Science in Motion III 

(PSIM). Savona, Italy, May 2019. DOI 10.1097/PR9.0000000000000753 
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5.1 Abstract 

 

Where Chapter four focussed on a lumbar resistance task to elicit exercise-induced 

hypoalgesia (EIH), this Chapter utilises a brisk walking task performed on a treadmill. The 

first Chapter objective is to investigate if EIH occurs in participants with and without chronic 

low back pain (CLBP). The second objective of this pragmatic observational study is to 

explore the stability of baseline, and absolute changes over five sessions as an indicator of 

EIH for both groups. 

The outcome measures were identical to the previous Chapter (four), but the task 

differed. The walking task was adjusted to 70% ±5 of the age-predicted heart rate for a 

duration of 15 minutes. The first session included the test protocol to determine exercise 

parameters for the walking task. Analysis included the following five sessions. 

Results obtained from 15 participants in both groups were considered for statistical 

analysis. Both groups showed EIH after the task for lumbar pressure pain thresholds (PPT) 

(Wilks=0.53, F=25.11, p< .001; average absolute difference across five sessions CLBP: 

+35.39 kPa 95% CI [5.58; 65.21]; CON: +39.03 kPa [9.21; 68.84]). Moreover, an increase in 

PPT over sessions was found (Wilks= 0.51, F=5.99, p= .001). Even though changes for 

remote PPT, pressure pain tolerances, and thermal pain thresholds over the thenar eminence 

were statistically significant across five sessions, changes within each session were revealed 

in only 14 of 60 sessions across these outcome measures. Baseline stability of outcome 

measures was moderate to good (ICC (3,1) range .502 to .878), but stability of absolute 

changes was poor (≤ .330). This is consistent with the findings from Chapter four and raises 

some concerns about the clinical use of the principle of EIH and its role in pain modulation. 
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5.2 Introduction 

 

Aerobic exercise is commonly used and is effective for the management of chronic 

musculoskeletal pain, including CLBP (Booth et al., 2017). Walking has been shown to have 

a positive influence on pain and disability in people with CLBP in the short-term (three 

months) and long-term (Vanti et al., 2019). As outlined in Chapter three, only two studies 

have assessed EIH following an acute bout of aerobic exercise in participants with CLBP. 

Both studies used a cycling protocol as a remote/ aerobic task (Hoffmann et al., 2005; Meeus 

et al., 2010). 

A recent systematic review showed that aerobic exercise resulted in EIH in 

asymptomatic participants (7 RCTs, n=236, g=-.85 95% CI [-1.58; -.13]) but no studies 

included people with musculoskeletal disorders (Wewege and Jones, 2021). In contrast, a 

further systematic review on asymptomatic participants only, including 15 RCTs or quasi-

experimental studies, could not support EIH after aerobic exercise (g= .05 [-.0.06; 0.16]) 

(Pacheco-Barrios et al., 2020). Only three studies were included for both of the two 

systematic reviews, even though the main eligibility criteria were similar. As outlined in 

Chapter one (Table 1.2), the review by Wewege and Jones (2021) was of higher quality and 

also required a control group for comparison, whereas this was not specified for the other 

review (Pacheco-Barrios et al., 2020). Additionally, the search strategy was less sensitive for 

the review although eligibility criteria were less strict increasing the bias that relevant studies 

were not included. One study by Meeus et al. (2010) on EIH after cycling in participants with 

and without CLBP was considered in the latter systematic review and in this thesis (Chapter 

three). Overall, most studies across the two reviews used cycling protocols. 
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In contrast to a resistance exercise task as discussed in Chapter four, there is evidence 

that after an aerobic task the effects of EIH are often systemic rather than being localised to 

the exercised area (Rice et al., 2019). However, this has been discussed equivocally and some 

studies showed EIH in the exercised muscle group, but not in other body regions. Moreover, 

the intensity of the exercise task has been discussed as a potential factor contributing to 

discrepancies in study findings (Micalos and Arendt-Nielsen, 2016; Naugle et al., 2014b). 

EIH has been assessed in response to a walking task in only two studies assessing 

asymptomatic participants (Hviid et al., 2019; Nguy et al., 2019). Treadmill walking at low 

(39% of age predicted heart rate/ Borg Scale 9-10) or moderate (59% of age-predicted heart 

rate/ Borg Scale 12-13) intensity for 10-25 minutes led to EIH over the biceps and the 

quadriceps in older adults regardless of the exercise intensity (Nguy et al., 2019). In another 

study, a six-minute walk test was used to elicit EIH in two separate sessions; no changes of 

PPT over the trapezius and quadriceps muscles were found but pain tolerance, measured with 

computer controlled cuff algometry over the lower leg, increased statistically significantly 

after the walking task (Hviid et al., 2019). The study assessed the stability of effects over two 

sessions and showed a poor ICC (3,1) for PPT, and ICC values of .60 95% CI [0.21; 0.80] for 

cuff pressure pain threshold and 0.61 [0.20; 0.81] for cuff pressure pain tolerance (Hviid et 

al., 2019). Some research in asymptomatic participants showed fair reliability of absolute PPT 

changes as indicators for EIH after cycling (Gomolka et al., 2019; Vaegter et al., 2018). 

Furthermore, stricter standardisation based on lactate thresholds improved reliability (ICC 

(Vaegter et al., 2019a). 

So far, no study has examined whether a walking task can induce EIH in people with 

CLBP. Furthermore, stability of EIH has not been explored in people with CLBP after a brisk 

walking task.  
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The same qualitative approach as in the previous Chapter was embedded to explore 

participants’ perceptions of taking part in the study as no qualitative research has investigated 

EIH specifically following an aerobic task. 

 

5.2.1 Chapter Objectives 

 

The first objective of this study was to determine whether participants with and 

without CLBP gain EIH immediately following a brisk walking task. The second objective 

was to determine whether EIH could be achieved repeatedly over five separate sessions. This 

reflects objectives three and four of the thesis. As part of this study, participants’ perceptions 

of the exercise task and their participation in the study were explored. 

 

5.3 Methods 

 

5.3.1 Design 

 

The methodology was the same as applied in the previous chapter (Chapter four). The 

study is a pragmatic observational study with repeated measures. The brisk walking task and 

outcomes linked to the task are outlined below. 
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5.3.2 Brisk Walking Task 

 

All components were conducted on the same treadmill (The Biodex Gait Trainer 3, 

USA) and controlled with a Polar heart rate monitor. 

 

5.3.2.1 First Session 

 

The participant started walking on the treadmill at their preferred warm-up speed for 

two minutes. Then the speed was increased every minute, initially to the nearest whole or half 

km/h then consequently by 0.5 km/h. If brisk walking could not be maintained or reached by 

7km/h an additional increase in treadmill gradient was added every minute by 1%. The test 

was terminated when >70% ±5 of the age-predicted heart rate (220 – age) was maintained for 

five minutes (Camarda et al., 2008). 

 

5.3.2.2 Sessions Two to Six 

 

Participants started with a two-minute warm-up at their preferred speed. According to 

the individual adjusted protocol in the first session, participants then walked for 15 minutes at 

their designated speed and inclination. At each full minute first the incline / then the speed 

(1% incline/ decline; ±0.5km/h) was increased or decreased if their heart rate was not within 

the targeted interval (70% ±5). For sessions two to six, participants listened to the same 

individually chosen music, as pilot testing indicated this could facilitate study adherence. 
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5.3.3 Evaluation of Demographics, Low Back Pain related Characteristics, and 

Qualitative Analysis of Participants’ Perceptions 

 

The same battery of questionnaires was used as in Chapter four (section 4.3.4/ 

Appendix 14) and data on activity levels, general health, and participants demographics were 

collected. For the CLBP group, the questionnaires (FABQ, ODI, PCS, Tampa scale of 

Kinesiophobia, PSEQ, CSI) were considered to further explore the disability and impact of 

their CLBP. 

During the 15 minute walking task participants with CLBP were asked to rate their 

pain on a NRS from zero, no pain, to ten, the worst pain, every minute and immediately after 

the brisk walking task. Furthermore, participants rated their perceived exertion on a Borg 

scale (Borg, 1982). Other pain measures were collected with a digital VAS using the 

University’s data capture tool REDCap (REDCap consortium, Vanderbilt University, 

Nashville, TN, USA) for the CLBP group. 

The same qualitative approach was embedded as described in Chapter four (section 

4.3.5) comprising of a five-item questionnaire. 

 

5.3.4 Quantitative Sensory Testing 

 

The same QST testing (tests and location) was applied as outlined in the previous 

Chapter (Chapter four, section 4.3.6). As a summary, PPT were measured over eight local test 

sites over the lumbar region, and over the tibialis anterior, wrist extensors, and upper trapezius 

muscle. PPTOL was tested over the lumbar region and over the wrist extensors. TPT were 
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measured over the thenar eminence and the lumbar region (HPT only). Furthermore, TS of 

heat stimuli and the nociceptive withdrawal reflex are outlined in Appendix 17. 

 

5.3.5 Statistical Analysis 

 

After the presentation of descriptive statistics and participants’ questionnaires, RM-

ANOVA/ non-parametric analysis for EIH was conducted. Stability of baseline measures and 

absolute changes was assessed with ICC (3,1). As outlined in Chapter four, the same 

methodology was used except for the following modifications: 

Task characteristics were analysed with a RM-ANOVA for group, session, and each of 

the following parameters: pace, heart rate, and incline. Because the first session was used to 

determine the individual treadmill walking protocol, the time differed preventing a true 

comparison. Thus, only five sessions (session two to six) were included in the analysis for 

EIH and stability of absolute change. All figures display the mean and (SD) for consistency 

and comparison for lumbar data and the second objective of stability regardless of the 

distribution of the data. To evaluate the participants’ perceptions of taking part in the study a 

pragmatic content analysis was conducted as described in the previous Chapter (section 

4.3.9.4). 

 

5.4 Results 
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5.4.1 Participant Characteristics 

 

For data analysis, 15 participants for each group were considered (Table 5.1). Two 

additional participants with and without CLBP each dropped out over the course of the study 

due to non-study related medical reasons or no information given. 

The gap between sessions was three days [Median, IQR 3; 5] for the asymptomatic 

group and four days [3; 5] for the CLBP group. No differences were found between baseline 

characteristics of the two groups except for general health and pain sub scores of the SF-36 

confirmed with an independent t-test. Findings of the CLBP group show minimal disability 

(ODI) and mild to moderate pain levels. 
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Table 5.1 Baseline characteristics 

* indicates a significant difference based on a student’s t-test/ Chi Square test 

Abbreviations: BMI=Body Mass Index; SF-36= SF-36 v2 Health Survey; IPAQ=International Physical Activity 

Questionnaire; MET= Metabolic Equivalent of Task; FABQ= Fear Avoidance Believes Questionnaire; ODI= 

Oswestry Disability Index; PCS= Pain Catastrophizing Scale; TAMPA= Tampa Scale of Kinesiophobia; 

PSEQ= Pain Self-Efficacy Questionnaire; CSI=Central Sensitisation Inventory; VAS= Visual Analogue Scale 

(0-100) 

 

5.4.2 Brisk Walking Task Parameters 

 

There was no statistically significant group difference for the performance parameters. 

However, there was a statistically significant difference for the Borg Scale for session 

(F=4.87, p= .001) and group*session (F=2.59, p= .004). Post hoc analysis verified a decline in 

perceived exertion from session two to six in the CON group (p= .028) but not in the CLBP 

group (p= 1.00) (Table 5.2). 

Group CLBP n=15 CON n=15 P 

value Mean± SD Mean± SD 

Age 25.60± 5.28 26.13± 5.34 .785 

BMI 21.71± 6.64 23.40± 2.26 .359 

Gender 7 men, 8 women 7 men, 8 women 1.0 

SF-36 

aver-

age 

score 

Physical functioning 88.00± 10.99 93.94± 11.86 .166 

Pain 71.17± 16.42 88.67± 14.66 .005* 

General Health 68.67± 12.88 81.67± 15.31 .018* 

IPAQ 3 low, 4 moderate, 8 high 9 moderate, 6 high .074 

IPAQ MET 3425.57± 3055.14 4326.43± 4000.12 .494 

FABQ 28.20± 12.15 

FABQ Work 11.27± 7.79 

FABQ Physical activity 11.53± 4.87 

ODI 11.01± 5.69 

PCS 9.13± 6.60 

TAMPA 31.60± 5.41 

PSEQ 53.07± 5.96 

CSI A 32.53± 14.73 

VAS average most recent episode 40.20± 22.50 

VAS pain at present 24.00± 20.09 

VAS worst pain past 4 weeks 48.00± 23.63 

VAS average last 24 hours 27.27± 18.91 

Dominant pain side Left n=6; right n=9 
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Table 5.2 Walking task parameters 

 Session 2 Session 3 Session 4 Session 5 Session 6 Mean 

across 2-6 

CLBP group (Mean± SD) 

Borg scale 11.80± 

1.90 

12.40± 

2.53 

11.53± 

2.13 

10.93± 

2.34 

11.47± 

1.81 

11.63± 

1.80 

Pace (km/h) 6.23± 0.54 6.26± 0.56 6.24± 0.56 6.18± 0.57 6.24± 0.54 6.23± 0.54 

Incline (%) 4.77± 3.60 4.62± 3.69 5.24± 3.62 5.22± 3.58 4.95± 3.51 4.96± 3.51 

Heart rate 

(bpm) 

135.22± 

6.16 

135.61± 

5.87 

134.66± 

4.85 

134.51± 

4.92 

135.44± 

5.60 

135.09± 

4.75 

CON group (Mean± SD) 

Borg scale 13.07± 

2.05 

11.87± 

1.06 

11.53± 

1.13 

11.67± 

1.35 

11.53± 

1.13 

11.93± 

1.04 

Pace (km/h) 6.57± 0.42 6.54± 0.40 6.55± 0.40 6.54± 0.40 6.56± 0.41 6.55 ± 0.40 

Incline (%) 4.25± 2.50 4.32± 2.61 4.48± 2.54 4.25± 2.58 4.57± 2.73 4.38 ± 2.57 

Heart rate 

(bpm) 

134.12± 

4.33 

133.68± 

6.17 

133.46± 

4.59 

133.59± 

5.30 

134.33± 

5.35 

133.84± 

4.60 
Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group 

 

5.4.3 Perceived Pain during the Walking Task in Participants with Chronic Low Back 

Pain 

 

The perceived pain during the walking task, averaged for the 15 minutes and five 

sessions, was 1.25± 1.06/10 on a NRS. Pain levels at the beginning of the session were 1.68± 

1.33/10 and 1.29± 1.37/10 immediately after the task. The average intensity between sessions 

was 2.07± 1.37/10 (digital NRS). Pain levels at the completion of the session, after post 

testing, were 13.51± 14.51/100 (digital VAS). Further analysis was not conducted due to the 

low pain levels. 
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5.4.4 Exercise-Induced Hypoalgesia 

 

5.4.4.1 Lumbar Pressure Pain Thresholds – Primary Outcome 

 

A RM-ANOVA showed a statistically significant effect for time (Wilks=0.53, 

F=25.11, p< .001), session (Wilks= 0.51, F=5.99, p= .001), and location (Wilks= 0.27, 

F=8.63, p< .001). There was no statistically significant effect for group (p= .150) or any 

interaction between these factors. Post hoc analysis showed a statistically significant change 

(p< .001), with a +35.39 kPa CI [5.58; 65.21] for the CLBP group and +39.03 kPa [9.21; 

68.84] in the CON group across five sessions. For the factor session, the change was 

confirmed for sessions two, four, five, and six (p< .006) including both pre- and post-values. 

Considering the baseline measures only, the increase was +66.00 kPa [7.46; 125.54] in the 

CLBP group and +73.33 kPa [14.79; 131.87] in the CON group. Post hoc analysis indicated 

that test site eight (bottom right) was different to test sites one to three, five and six (p< .004), 

but not four (bottom left) and seven. PPT over test site four (top right) were lower than test 

site five and six (p< .034). Furthermore, PPT over test site five were statistically significantly 

higher than test sites seven (p= .016). However, for all locations PPT increased across five 

sessions from pre to post (p< .008). 

The extent of EIH did not differ between groups or between the five sessions as effect 

for time*group*session was not statistically significant (Wilks= 0.80, p= .223) (Figure 5.1). 
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5.4.4.3 Pressure Pain Tolerances 

 

All PPTOL data were not normally distributed, hence a Friedman ANOVA and 

Kruskal-Wallis tests were applied. Results are displayed in Figure 5.3 A-B. PPTOL over the 

lumbar region included data for all participants of the CLBP group and twelve participants of 

the CON group. Both groups showed a statistically significant increase in PPTOL after the 

walking task across the five sessions (CLBP p= .003, CON p= .039). For each individual 

session, the increase was only statistically significant in the fourth and sixth session (both p= 

.020) for the CLBP group. In the CON group no individual session showed a statistically 

significant change. There was no group difference for absolute changes. 

For the test site over the wrist extensors, all participants of the CLBP were considered 

for analysis and eleven of the CON group. Both groups showed a statistically significant 

increase in PPTOL after the walking task across five sessions (CLBP: p< .001; CON: p= 

.029). For individual sessions, the increase was statistically significant in sessions four (p= 

.020) and five (p< .001) for the CLBP group. The CON group showed a statistically 

significant increase in session five (p= .035). No group difference for absolute changes was 

found. 
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5.4.4.4 Thermal Pain Thresholds 

 

All thermal data were not normally distributed, and hence non-parametric tests were 

applied. Especially for the CON group, many data sets were excluded from the analysis due to 

the safety limitations of the device being reached before pain thresholds. Data are displayed in 

Figure 5.4 A-C. 

Lumbar HPT showed no statistically significant change across the five sessions based 

on data of 14 participants of the CLBP group and six for the CON group. However, in the 

CLBP group the final session showed a significant increase in temperature (p= .033). A 

Kruskal-Wallis test showed no group difference for absolute differences between groups. 

Thenar HPT were considered for 14 participants of the CLBP group and eight of the 

CON group. There was a statistically significant increase across the five sessions for both 

groups (both p= .004). The CLBP group showed a statistically significant increase in the final 

session (p= .033); and the CON group for the third session (p= .005). No group difference 

was found for absolute changes between groups. 

Friedman ANOVA for thenar CPT of 13 participants with CLBP and six 

asymptomatic participants revealed no change across five or within individual sessions. No 

group difference was found for pre-post differences. 
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Table 5.3 Stability of the baseline measures of lumbar Pressure Pain Thresholds 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; PPT= Pressure Pain 

Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 

 

 

Table 5.4 Stability of the baseline measures of remote Pressure Pain Thresholds 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; PPT= Pressure Pain 
Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 

 

G
r
o

u
p

 

PPT for each session in kPa (Mean± SD) ICC 

3,1 

LB UB SEM 

1 2 3 4 5 6 Mean 

C
L

B
P

 

434.56 

±96.91 

415.18 

±89.50 

416.83 

±94.27 

457.89 

±120.74 

458.46 

±125.13 

481.18 

±136.52 

444.01 

±111.37 
.668 .494 .856 64.17 

C
O

N
 

496.87 

±164.07 

476.71 

±163.25 

501.50 

±205.99 

534.88 

±196.23 

554.60 

±231.14 

550.05 

±206.66 

519.10 

±192.70 
.856 .737 .940 73.13 

  G
r
o

u

 PPT for each session in kPa (Mean± SD) ICC 

3,1 

LB UB SEM 

1 2 3 4 5 6 Mean 

U
p

p
e
r
 T

r
a

p
e
z
iu

s 

C
L

B
P

 

285.93 

± 

141.34 

267.90 

± 

78.09 

275.37 

± 

67.64 

286.63 

±  

81.79 

278.93 

± 

60.42 

315.17 

± 

90.82 

284.99 

± 

89.28 

.502 .288 .743 63.00 

C
O

N
 

326.00 

± 

137.75 

304.50 

± 

 103.71 

347.80 

± 

122.04 

350.60 

± 

126.07 

372.30  

± 

127.11 

358.73 

± 

152.14 

343.32 

± 

127.28 

.692 .501 .859 70.64 

W
r
ist e

x
te

n
so

r
s 

C
L

B
P

 

311.10 

± 

 117.93 

277.67 

±  

87.98 

286.73 

± 

101.39 

286.13 

± 

 83.73 

332.00 

± 

116.38 

350.63 

± 

109.10 

307.38 

 ± 

104.14 

.531 .317 .762 71.32 

C
O

N
 

353.67 

±  

189.12 

335.57 

±  

208.02 

349.37 

± 

162.35 

426.10 

± 

249.38 

391.07 

± 

177.55 

405.27 

 ± 

193.91 

376.84 

 ± 

195.75 

.672 .476 .848 112.11 

T
ib

ia
lis a

n
te

r
io

r
 

C
L

B
P

 

416.63 

± 

143.23 

353.97 

±  

96.26 

424.93 

± 

200.77 

413.73 

± 

191.89 

438.03 

± 

182.95 

444.53 

 ± 

150.22 

415.31 

 ± 

162.83 

.713 .528 .870 87.23 

C
O

N
 

511.17 

± 

281.95 

420.93 

± 

215.25 

473.30 

±  

215.23 

496.57 

± 

222.26 

536.90 

± 

275.95 

534.33 

± 

216.09 

495.53 

 ± 

236.18 

.704 .517 .866 128.50 
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5.4.5.2 Pressure Pain Tolerances 

 

The ICC for PPTOL was good for both groups over both test sites. Note only full data 

sets were considered (Table 5.5). 

 

Table 5.5 Stability of the baseline measures of Pressure Pain Tolerances 

 

Group PPTOL for each session in kPa (Mean± SD) ICC 

3,1 

LB UB SEM 

1 2 3 4 5 6 Mean 

L
u

m
b

a
r
 

CLBP 

n=15 

893.40 

± 

230.91 

862.47 

± 

253.33 

862.73 

± 

281.69 

884.80 

± 

269.97 

977.20  

± 

313.22 

1016.8

7  

± 

335.63 

916.24 

± 

281.32 

.757 .588 .893 138.67 

CON 

n=12 

951.92 

± 

368.59 

944.08 

± 

421.97 

1069.1

7± 

502.57 

913.33 

± 

383.37 

1006.5

0 ± 

370.44 

1045.7

5± 

368.81 

988.46 

± 

395.09 

.799 .628 .925 177.13 

W
r
ist e

x
te

n
so

r
s 

CLBP 

n=15 

648.33 

± 

232.16 

558.13 

± 

252.71 

592.13 

± 

290.53 

609.40 

± 

281.83 

617.20 

± 

275.44 

723.47 

± 

321.48 

624.78 

± 

274.22 

.839 .709 .932 110.03 

CON 

n=11 

645.36 

±  

329.20 

557.18 

± 

311.45 

557.91

± 

261.01 

603.00  

± 

360.54 

526.91  

± 

222.54 

588.82  

± 

246.19 

579.86  

± 

283.71 

.823 .657 .939 119.36 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; PPTOL= Pressure Pain 

Tolerance; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 

 

5.4.5.3 Thermal Pain Thresholds 

 

The ICC for baseline TPT was moderate for both HPT in the CLBP group and good 

for thenar CPT. For the CON group, the ICC was moderate for thenar HPT, but good for 

lumbar HPT and thenar CPT (Table 5.6). Note that data sets included vary in number with 

participants due to violation of safety limitations in the first session for CPT for one 

participant from the CLBP group. 
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Table 5.6 Stability of the baseline measures of Thermal Pain Thresholds 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; TPT= Thermal Pain 

Thresholds; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 

 

 

5.4.6 Stability of the Absolute Changes 

 

5.4.6.1 Pressure Pain Thresholds 

 

The ICC was poor for the absolute change in PPT over the lumbar region (Table 5.7). 

This was the same for remote PPT. The ICC was poor for both groups over all remote 

test sites (Table 5.8). 

 G
r
o

u
p

 

n TPT for each session in °C (Mean± SD) ICC 

3,1 

LB UB SEM 

1 2 3 4 5 6 Mean 

L
u

m
b

a
r
 H

e
a

t 

C
L

B
P

 

14 
41.34± 

2.44 

42.73

± 2.57 

42.68

± 2.47 

43.53

± 2.34 

43.75

± 2.38 

43.90

± 2.72 

42.99

± 2.57 
.694 .497 .866 1.42 

C
O

N
 

6 
42.61± 

2.45 

43.75

± 3.34 

43.35

± 3.74 

44.79

± 3.22 

44.57

± 3.77 

44.83

± 3.72 

43.98

± 3.26 
.845 .620 .972 1.28 

T
h

e
n

a
r
 H

e
a

t 

C
L

B
P

 

14 
42.75± 

2.70 

44.06

± 2.27 

43.74

± 2.86 

44.40

± 2.43 

44.44

± 2.44 

44.99

± 2.11 

44.06

± 2.50 
.548 .327 .781 1.68 

C
O

N
 

8 
42.74± 

2.56 

43.56

± 3.57 

42.84

± 3.42 

44.67

± 3.55 

44.95

± 3.28 

45.07

± 3.44 

43.97

± 3.29 
.596 .309 .874 2.09 

T
h

e
n

a
r
 c

o
ld

 

C
L

B
P

 

12 
14.25± 

7.77 

15.05

± 6.72 

14.22

± 7.15 

14.52

± 7.04 

13.16

± 7.37 

12.80

± 6.27 

14.00

± 6.86 
.812 .648 0.931 2.97 

C
O

N
 

6 
11.68± 

6.56 

13.26

± 7.40 

13.32

± 7.17 

13.50

± 7.44 

11.07

± 7.26 

11.44

± 7.10 

12.38

± 6.71 
.878 .687 .979 2.34 
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Table 5.7 Stability of the absolute changes of lumbar Pressure Pain Thresholds 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; PPT= Pressure Pain 

Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 

 

 

Table. 5.8 Stability of the absolute changes of remote Pressure Pain Thresholds 

 G
r
o

u
p

 

Absolute change in PPT for each session in kPa 

(Mean± SD) 

ICC 

3,1 

LB UB SEM 

2 3 4 5 6 Mean 

U
p

p
e
r
 T

r
a

p
e
z
iu

s 

C
L

B
P

 

n
=

1
5
 

23.13± 

39.43 

11.77± 

46.19 

-7.27± 

61.85 

33.50± 

38.24 

9.43± 

32.65 

14.11± 

15.34 
.106 -.052 .388 14.51 

C
O

N
 

n
=

1
5
 

6.83± 

61.64 

15.57± 

58.12 

16.03± 

77.30 

17.57± 

86.33 

37.50± 

83.31 

18.70± 

11.32 
-.037 -.139 .187 11.53 

W
r
ist E

x
te

n
so

r
s 

C
L

B
P

 

n
=

1
5
 

28.77± 

63.30 

53.33± 

56.55 

54.30± 

95.15 

37.47± 

81.12 

31.47± 

66.20 

41.07± 

12.06 
.046 -.090 .311 11.78 

C
O

N
 

n
=

1
5
 

49.27± 

121.01 

65.40± 

85.45 

32.50± 

121.28 

80.63± 

64.07 

60.33± 

113.77 

57.63± 

18.02 
.135 -.032 .423 16.76 

T
ib

ia
lis a

n
te

r
io

r
 

C
L

B
P

 

n
=

1
5
 

41.80± 

74.87 

25.70± 

81.63 

21.87± 

48.78 

61.40± 

96.05 

3.93± 

63.64 

30.94± 

21.71 
.087 -.064 .365 20.74 

C
O

N
 

n
=

1
5
 

27.40± 

120.47 

51.27± 

137.23 

74.13± 

131.84 

36.10± 

115.65 

48.70± 

122.87 

47.52± 

17.74 
.229 .035 .525 15.58 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; PPT= Pressure Pain 

Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 

Group 

 

Absolute change in PPT for each session in kPa 

(Mean± SD) 

ICC 

3,1 

LB UB SEM 

2 3 4 5 6 Mean 

CLBP 

n=15 

24.83± 

55.39 

46.16± 

59.72 

17.53± 

47.63 

59.86± 

92.98 

28.59± 

59.60 

35.39± 

65.07 
.091 -.061 .370 62.03 

CON 

n=15 

42.53± 

63.92 

35.67± 

78.92 

41.95± 

50.77 

29.19± 

64.15 

45.80± 

85.92 

39.03± 

68.19 
.303 .092 .594 56.93 
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5.4.6.2 Pressure Pain Tolerances 

 

The ICC was poor for all PPTOL test sites and both groups (Table 5.9). 

 

Table 5.9 Stability of the absolute changes of Pressure Pain Tolerances 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; PPTOL= Pressure Pain 

Tolerance; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 

 

 

5.4.6.3 Thermal Pain Thresholds 

 

The ICC was poor for all thermal pain thresholds regardless of modality, test site, and 

group (Table 5.10). It is to note that CPT over the thenar eminence and HPT over the lumbar 

region included only data of six participants in the CON group. 

P
P

T
O

L
 

Group Absolute change in PPTOL for each session in kPa 

(Mean± SD) 

ICC 

3,1 

LB UB SEM 

2 3 4 5 6 Mean 

L
u

m
b

a
r
 

CLBP 

n=15 

13.73± 

111.75 

37.73± 

129.54 

54.13± 

70.48 

12.27± 

151.72 

45.40± 

135.36 

32.65± 

120.78 
-.003 -.119 .240 120.96 

CON 

n=12 

-0.08± 

113.39 

12.75± 

211.36 

168.58± 

289.52 

131.67

± 

260.11 

84.92± 

106.79 

79.57± 

213.22 
.122 -.056 .454 199.79 

W
r
ist e

x
te

n
so

r
s 

CLBP 

n=15 

89.07± 

219.58 

42.67± 

107.40 

94.13± 

121.86 

158.67± 

131.42 

56.80± 

175.56 

88.27± 

157.63 
.285 .078 .578 133.28 

CON 

n=11 

-16.09± 

138.12 

66.82± 

204.14 

82.64± 

147.84 

101.91± 

142.22 

41.91± 

102.77 

55.44± 

150.65 
-.005 -.134 .303 151.03 
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Table 5.10 Stability of the absolute changes of Thermal Pain Thresholds 

 G
r
o

u
p

  

n Absolute change in TPT for each session in °C 

(Mean± SD) 

ICC 

3,1 

LB UB SEM 

2 3 4 5 6 Mean 

L
u

m
b

a
r
 H

e
a

t 

C
L

B
P

 

14 
-0.17± 

2.08 

0.72± 

1.21 

-0.11± 

1.54 

0.42± 

2.28 

0.94± 

1.07 

0.36± 

1.71 
.118 -.048 .417 2.33 

C
O

N
 

6 
-0.44± 

1.72 

0.48± 

1.29 

0.14± 

1.45 

0.29± 

1.69 

1.71± 

2.64 

0.44± 

1.84 
-.002 -.162 .513 3.37 

T
h

e
n

a
r
 H

e
a

t 

C
L

B
P

 

14 
0.12± 

1.94 

0.42± 

2.10 

0.33± 

2.14 

1.04± 

1.20 

0.49± 

1.12 

0.48± 

1.73 
.153 -.025 .458 2.21 

C
O

N
 

8 
-0.43± 

2.32 

1.74± 

1.71 

0.63± 

1.30 

0.89± 

1.15 

1.09± 

1.67 

0.78± 

1.75 
.103 -.095 .541 3.21 

T
h

e
n

a
r
 C

o
ld

 

C
L

B
P

 

13 
0.04± 

4.58 

1.19± 

5.55 

-0.10± 

3.88 

-0.15± 

3.55 

-0.07± 

2.90 

0.18± 

4.09 
-.042 -.147 .206 6.80 

C
O

N
 

6 
-0.47± 

1.69 

-0.98± 

1.42 

-0.76± 

1.91 

0.36± 

2.32 

0.29± 

2.30 

-0.31± 

1.90 
.360 .033 .824 5.47 

Abbreviations: CLBP= Chronic Low Back Pain; CON= Asymptomatic Control Group; TPT= Thermal Pain 

Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; UB= Upper Bound; SEM= Standard 

Error of Measurement 

 

5.4.7 Qualitative Analysis of Participants’ Perceptions  

 

Evaluation of the questionnaire via a pragmatic content analysis is presented in the following 

section. Full quotes are provided in Appendix 18. 

 

5.4.7.1 Question One: Participants’ Experience over the Six Sessions 

 

Statements from the 15 participants with CLBP derived four themes (Table 5.11). 

Most stated the experience as positive, covering seven codes such as enjoyable, 
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interesting, or professional. The second theme, covering six codes, was related to the 

effect from participation, which was perceived as improving performance, mood, or pain 

sensitivity. However, it was reported as a challenge that the testing did not improve the 

mood (third theme, one code). Two participants stated a reduction in their LBP (fourth 

theme, two codes). 

The asymptomatic CON group’s statements led to three themes (Table 5.11). 

Overall, there was a positive experience (five codes), but it was also challenged as painful 

or as a challenging walking task (third theme, four codes). The effect of the participation 

was described positive on both physical and mental status (second theme, eight codes). 
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Table 5.11 Participants’ experience over the six sessions  

Group CLBP (n=15) Group Asymptomatic (n=15) 

Theme Code n= Theme Code n= 

Positive 

experience 

n=14 

Enjoyable 6 Positive 

experience 

n=9 

Enjoyable 4 

Good/ Positive 6 Good 1 

Interesting 3 Interesting 5 

Professional 1 Professional 1 

Unusual 1 In control of testing 1 

Useful 1  

Very friendly 1 

Effect from 

participation 

n=6 

Task improved mood 1 Effect from 

participation 

n=8 

Higher thresholds in 

thermal testing 

2 

Reduced pain 

sensitivity 

1 Less tired afterwards 1 

Improved work 

performance 

1 Increased confidence in 

testing 

1 

Getting stronger 1 Improved physical and 

mental status 

1 

Hill walking 1 Brighter mood 1 

Motivation 1 Improved concentration 1 

 Sense of 

accomplishment 

1 

Easy 1 

Challenges 

n=1 

Testing did not improve 

mood  

1 Challenges 

n=4 

Painful 1 

Challenging walking 1 

 Only few hard parts 1 

Pain tracker too painful 1 

LBP 

reduction 

n=2 

Reduced LBP 2  

Prevented pain episodes 1 

Abbreviations: CLBP= Chronic Low Back Pain, LBP= Low Back Pain 

 

5.4.7.2 Question Two: Participants’ Satisfaction with the Allocation 

 

Satisfaction with group allocation was reported by 12 of the 15 participants with 

CLBP. One participant was not pleased, indicating a preference to have been in the resistance 

exercise task group, and two participants did not have a preference.  
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In the asymptomatic CON group, equally 12 participants were satisfied with the group 

allocation, two participants did not have a preference and one participant would have 

preferred the resistance task. 

 

5.4.7.3 Question Three: Participants’ Expectation on Different Outcome from the other 

Exercise Task? 

 

Six participants with CLBP expected a different outcome from the lumbar resistance 

task and equally six did not expect a different outcome. The remaining three participants were 

not sure, indicating the comparability of the intensity (n=2). Further codes indicated, that 

strengthening was found to either help or aggravate back pain (n=1 each), but the other task 

would be more beneficial to improve strength (n=2). 

For the asymptomatic CON group, seven participants expected a different outcome 

from the lumbar resistance task, three participants did not. Five participants indicated “do not 

know”. Comments indicated that increased intensity of the exercise task might be needed to 

facilitate strength (n=1), or the exercise task could be more tiring (n=1) or too difficult (n=1). 

 

5.4.7.4 Question Four: Participants’ Recommendation for Changes to the Study 

 

Statements from five participants derived one theme around the exercise task (five 

codes) and 10 participants did not provide any suggestions (Table 5.12). Codes derived were 

around the task duration, the task variation, the incline of the treadmill, as well as the music. 
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For the asymptomatic CON group, statements from eight participants led to the 

derivation of two themes, exercise task (four codes) and testing (six codes). Seven participants 

did not indicate a change (Table 5.12). For the first theme codes covered the task duration, the 

incline and speed of the treadmill, as well as music. Codes for the theme testing were mainly 

around the test modalities as well as study setup. 

 

Table 5.12 Participants’ perceptions on change of the study design 

Group  CLBP Group Asymptomatic 

Theme Code n= Theme Code n= 

Exercise 

task 

n=5 

Longer task 1 Exercise 

task 

n=4 

Longer task 1 

Less/ no incline on 

treadmill 

1 Incline treadmill challenging 

muscles 

1 

More task variation 1 Running instead 1 

Changing music 1 Changing music 1 

Headphones for 

music 

1  

Testing 

n=0 

 Testing 

n=4 

Thermal tester not reaching limits 1 

Did not like Pain Tolerance 1 

Consistency measuring 

PPT/tolerance 

1 

No nociceptive withdrawal reflex 1 

Even number of days between 

sessions 

1 

No 

change 

n=10 

NA 3 No 

change 

n=7 

NA 1 

Nothing 7 Nothing 6 

Abbreviations: CLBP= Chronic Low Back Pain, NA= Not Available, PPT= Pressure Pain Threshold 

 

5.4.7.5 Question Five: Participants’ Perceptions of Feasibility and Transferability of the 

Study Programme 

 

Of the 15 participants with CLBP eight reported that this study programme was 

feasible for people with more severe CLBP (first theme, eight codes). Four were unsure, 
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including if testing could be tolerated by individuals with more severe CLBP (second theme, 

four codes). Three stated that the study programme would not be feasible for people with 

more severe pain, due to the positioning for testing, or the desired intensity could not be 

reached (third theme, five codes) (Table 5.13).  

In the asymptomatic CON group, nine participants reported that the study programme 

was feasible for people with LBP (first theme, eight codes), three were unsure (second theme, 

three codes), and another three participants reported that the study programme would not be 

feasible for people with LBP, due to the exercise intensity, the testing, or overall volunteering 

to participate (third theme, four codes) (Table 5.13).  
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Table 5.13 Participants’ perceptions on feasibility and transferability  

Group  CLBP Group Asymptomatic 

Theme Code n= Theme Code n= 

Yes 

 n=8 

Low intensity 2 Yes  

n=9 

No back aggravation 2 

No stress (rotation) on 

back 

2 Easy task 2 

Accurately measures back 

pain pre/post exercise 

1 Facilitation of exercise 

usually not performed 

because afraid of pain 

1 

Inform physiotherapy 1 People with LBP could 

tolerate 

1 

Change of pain tolerance  1 Younger people 1 

Feasibility of walking 1 Realistic amount of exercise 1 

Realising what stimulates 

back pain 

1 Tailored programme 1 

Can stop if uncomfortable 1 Good for physical/mental 

health 

1 

Unsure 

n=4 

Unsure 1 Unsure 

n=3 

Running would be 

aggravating 

1 

Tolerating pressure on 

lower back 

1 Running slower and longer 1 

Testing over lower back 

uncomfortable 

1 Lower intensity needed 1 

Gradual build up for 

severe pain 

1  

No 

n=3 

 

Struggle with testing 

position 

1 No  

n=3 

Walking speed difficult 1 

Moving between positions 1 Pain tolerance test difficult 1 

Struggle with intensity/ 

heart rate 

1 Not willing to take part 1 

Pressure tolerance so low 

that it can’t be measured 

1 Pressure pain exacerbates 

symptoms 

1 

Incline walking aggravated 

back pain 

1  

Abbreviations: CLBP= Chronic Low Back Pain, LBP= Low Back Pain 

 

5.5. Discussion 

 

This is the first study examining whether EIH occurs over multiple sessions following 

a brisk walking task in asymptomatic participants and those with CLBP. This adds important 
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insights about the stability of baseline measures and absolute changes as an indicator for EIH. 

The individually adjusted brisk walking task elicited EIH in both groups. This is in line with 

previous studies in people with and without spinal pain (Wewege and Jones, 2021) (Chapter 

three). The stability of baseline measures was moderate to good, but stability of absolute 

changes was poor. 

The CON group showed some adaptations to the walking task for perceived exertion 

across the sessions, which was not present in the CLBP group. It can be argued that the 

change from 13.07± 2.05 to 11.53± 1.13 is small, but research on the minimal detectable 

change (MDC) for the Borg Scale is scarce (Ries, 2005). However, the mean across sessions 

did not differ between groups (CON: 11.93± 1.04; CLBP= 11.63± 1.80). For all the other 

walking task parameters, there was no statistically significant difference between groups. Pain 

levels were low during the walking task, which has been discussed controversially in the 

literature for walking tasks (Taylor et al., 2003; Wittink et al., 2001). 

 

5.5.1 Changes in Pressure Pain Thresholds 

 

EIH was found over the lumbar region as well as the over remote areas for PPT and 

both groups responded the same. However, except for the lumbar PPT, changes were not 

present in most sessions when analysed for individual sessions (remote test sites 7/30). This is 

in line with results found previously (Chapter four). The test site over the tibialis anterior 

muscle is directly involved in the walking task. Although there was a statistically significant 

change across five sessions, individual sessions did not show a statistically significant pre-

post change. In contrast, test sites over the upper trapezius and wrist extensors showed 

statistically significant within-session changes in seven out of twenty sessions across both 
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groups. These findings support the notion that aerobic tasks led to systemic changes (Lima et 

al., 2017; Rice et al., 2019). 

Differences between lumbar test sites were found, even though all test sites showed 

statistically significant pre-post changes confirming the presence of EIH. As outlined in 

previous work (Chapter two), changes might be explained by anatomical location, as the most 

caudal test sites might be over ligament structures rather than the muscle, and the most cranial 

sites might be already in the area of floating ribs depending on the height of the participant 

(Bogduk, 2005). Different tissues and underlying structures/ tissue might explain the changes, 

as well as different activation of the trunk muscles during walking (Crawford et al., 2016). 

However, this did not affect the EIH response. 

The systematic review (Chapter three) revealed two studies which examined aerobic 

tasks in participants with CLBP. However, the pressure pain test used by Hoffman and 

colleagues (2005) is not comparable to the PPT applied in this study. The other study showed 

changes after a cycle ergometer over the lumbar test sites (0.76 kg/cm3 ± 2.04 95% CI [-0.16; 

1.69], reflecting percentage change 9.64%± 29.36 [-1.29; 20.58]), the deltoid (+9.05%± 25.83  

[-2.71; 20.81]) and triceps surae (10.76%±29.36 [-2.61; 24.12]) but not over the test site over 

the thumb (Meeus et al., 2010) (Chapter three). These changes are comparable with findings 

in this study. After a walking task, similar changes were found regardless of the intensity of 

walking with PPT changes of 8 % over the biceps and 7 % over the quadriceps (Nguy et al., 

2019). 

Research from cycling protocols showed similar results. In 34 asymptomatic 

participants, 15 minutes of cycling (Borg scale intensity =16) led to an increase in PPT over 

the quadriceps by 51 kPa± 84, 95% CI [22; 80] in the first and in an identical second session 
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by 104 kPa± 117 [63;145], changes over the trapezius were 18 kPa± 54 [-1; 36] and 27 kPa± 

96 [-6; -61] respectively (Vaegter et al., 2018). In a second study with 15 minutes based on 

their age-related heart rate (85.9 %) (Borg scale average 15), absolute change over the leg was 

84.5 kPa± 86.15 in the first and 81.67 kPa± 103.77 in the second session, over the back 31.15 

kPa± 77.22 and 93.52 kPa± 101.68 respectively (Gomolka et al., 2019). Changes over the 

back were not statistically significant in the first session, but in the second session; over the 

hand no statistical significance was found (Gomolka et al., 2019). It was shown in a third 

study that with further standardisation, based on lactate threshold determination, stability 

increased, but EIH was only found over the quadriceps (55 kPa± 70 95% CI [30; 79] and 80 

kPa± 110 [41; 118]) but not the trapezius (10 kPa± 35 [-2; 22] and 15 kPa± 29 [ 5; 25]) 

(Vaegter et al., 2019a). However, this is in slight contrast to findings from this Chapter. 

Firstly, different test sites where used, and the tibialis anterior muscle and the quadriceps 

muscle differ in their function and activity between tasks. Secondly, should a dose intensity 

response exist, these tasks had a higher intensity than the brisk walking task used in the 

current study. 

A study in asymptomatic participants, which used the six minute walk test, did not 

find PPT changes over the quadriceps or trapezius muscle when analysed in comparison to 

quiet rest (Hviid et al., 2019). A recently published study (Vaegter et al., 2021) used the six 

minute walk test in participants with CLBP. The results of that study showed no overall effect 

for PPT, but interestingly of 96 participants only 27 reported an increase of ≥2/10 (NRS) in 

pain and those differed statistically significantly from those with a smaller increase or 

decrease of pain and did not show EIH over both lower back and leg. No further analysis was 

conducted for pain levels in this study, as only two participants had a NRS of >2.2 across the 

five sessions. Moreover, a study comparing painful with non-painful aerobic exercise tasks 
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could not find a different response in asymptomatic participants (Ellingson et al., 2014). 

However, the study used repeated heat stimuli to rate pain intensity and unpleasantness. 

 

5.5.2 Changes in Pressure Pain Tolerances 

 

Both groups showed a statistically significant change in PPTOL across five sessions, 

supporting EIH. However, when considering individual sessions, the CLBP group showed 

statistically significant changes in four out of ten sessions, whereas the CON group only 

showed changes in one session. PPTOL over the lumbar region were also consistently lower 

than in the CON group despite the fact that no group difference occurred for absolute 

changes. Moreover, the safety limit was only reached in participants of the CON group. It 

should be considered that higher forces in application of the algometer have been shown to 

affect reliability of scores (Middlebrook et al., 2020). Alternatively, a cuff could be used; 

following a six-minute walk test PPTOL changed statistically significantly, but no change 

was revealed for PPT (Hviid et al., 2019). This was not tested in a similar study in participants 

with CLBP (Vaegter et al., 2021). Pain tolerance, shown as the duration of a constant applied 

stimulus, was prolonged after an aerobic step test (Gurevich et al., 1994), but this test 

stimulus, as well as a cuff pressure, is very different to the PPTOL as applied in this study. 

 

5.5.3 Changes in Thermal Pain Thresholds 

 

Sensitivity for thermal stimuli changed only for the HPT over the thenar eminence in 

both groups supporting the presence of EIH. However, the results must be interpreted 

cautiously. Due to safety limitations of the device, data sets were reduced to six for thenar 
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CPT and lumbar HPT and eight participants (lumbar HPT) for the CON group. The non-

parametric analysis was therefore underpowered. Compared to Chapter four, more data sets 

had to be excluded due to safety limitations of the device. But in agreement with those results, 

data in the CLBP group, especially over the lumbar area, were lower than in the CON group, 

which could be an indicator for peripheral sensitisation (Hubscher et al., 2013; Roussel et al., 

2013). However, there was no difference in absolute changes between the two groups. 

A cycling task (five minutes, 60-70 rpm) in participants currently experiencing LBP 

(n=12) elicited no changes in TPT over the lumbar and cervical innervated region (Bialosky et 

al., 2009). Outcome measures were heat stimuli of three seconds over the forearm and calf 

which differed from the TPT testing in this study. 

The findings in this Chapter agree with a study by Jones et al. (2019), which showed 

that PPT were more sensitive after cycling compared to heat pain stimulation. However, the 

study used brief laser stimuli (Jones et al., 2019), which is likely to be different to the thermal 

testing used in this study. Nevertheless, for heat pain sensation laser application would not be 

limited to the same extent as experienced with the safety restrictions of the device used in the 

current study. 

 

5.5.4 Stability of Measures 

 

Moderate to good ICC was found for baseline measures, which have been shown in 

various studies for QST in people with and without musculoskeletal pain as outlined in 

Chapter one (section 1.3.3). This further supports that QST can be used for baseline measures 

in a laboratory setting in a reliable way. 
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This is the first study to assess the stability of EIH following a brisk walking task over 

five consecutive sessions in participants with and without CLBP. In contrast to the baseline 

measures, the ICC was poor for all absolute changes. This was the same after a lumbar 

resistance task performed over six sessions (Chapter four). The SEM was higher than the 

change within each session except for remote PPT over the wrist extensors, tibialis anterior 

muscle, and the upper trapezius (CON group only). This could indicate a meaningful change, 

as this classification has been used previously to identify participants with a change greater 

than the SEM (Gomolka et al., 2019; Hviid et al., 2019; Vaegter et al., 2018). 

Overall, the results in this study might be lower due to the higher number of sessions 

and the variability of responses. To date, the stability of EIH has been investigated in three 

studies with cycling protocols over two sessions each (Gomolka et al., 2019; Vaegter et al., 

2019a; Vaegter et al., 2018). Firstly, after 15 minutes of cycling the ICC (3,1) was .45 95% CI 

[-0.1; 0.73]) with an SEM of 86 kPa over the quadriceps and .046 [-.01; 0.73] and a SEM of 

65 kPa over the trapezius (Vaegter et al., 2018). The agreement for participants with a 

meaningful change of pre- and post-test indicating EIH over both test sites based on the SEM 

for each individual session was not statistically significant. In a second study, absolute change 

over the leg had an ICC (3,1) value of .540 ([0.224; -0.752]; SEM 65.23 kPa), and over the 

back of .400 ([0.032; 0.669]; SEM 64.54 kPa), and over the hand of .317 ([-0.023; 0.598]; 

SEM 30.14 kPa) (Gomolka et al., 2019). Based on the same criteria as in the above-

mentioned study, agreement in participants with a meaningful change based on the SEM over 

the leg and the back was not statistically significant. It was shown in a third study that with 

further standardisation, based on lactate threshold determination, reliability increased over the 

quadriceps (ICC 3,1: .45 [0.1; 0.72] SEM Session two 43 kPa/ Session three 57 kPa) and the 

trapezius (.57 [0.1; 0.79], SEM 19 kPa/ 27 kPa) (Vaegter et al., 2019a). In this case agreement 
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between participants with a meaningful change was statistically significant, but still 25% of 

participants showed a different response across the two sessions. The only study examining 

stability after a 6-minute walk test showed poor reliability for PPT but fair to good (ICC 3,1 

.60 and .61) for computer controlled cuff algometry (Hviid et al., 2019). Moreover, this study 

did not show a statistically significant agreement of participants with or without a meaningful 

change. Using computer-controlled cuff pressure would also avoid inaccuracy due to manual 

handling as it would avoid applying high manual pressure. Furthermore, participants’ 

involuntary activation of muscles within the tested area would not affect the measurement. 

This could be considered as a more appropriate measure for mechanical pain tolerance. The 

poor stability of the measures has an impact on the concept of EIH, as this has been used for 

example to predict outcomes similar to CPM (Fingleton et al., 2017). 

 

5.5.5 Qualitative Analysis of Participants’ Perceptions  

 

Considering the limitations of this qualitative study as outlined in Chapter four 

(section 4.5.5) the evaluation can inform future study designs. Participants stated an overall 

positive experience (codes such as enjoyable, interesting, and good) of taking part in the 

study. Challenges were highlighted regarding the testing i.e., around the pain associated with 

testing and some modalities such as the pain withdrawal reflex and pain tolerance. Although 

reproduction of pain is an essential feature of pain sensitivity testing, the participants’ 

perceptions of the amount of testing and different modalities should be considered when 

shaping future protocols. For the exercise task the walking speed and incline could be 

considered as highlighted by some participants (CLBP n=2, CON n=1). An increased incline 

and higher walking speed could trigger the lumbar erector spinae muscles more than a flat 
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brisk walking protocol (Lee et al., 2014). To avoid this impact but allow for a sufficient 

exercise intensity, stationary cycling protocols are a feasible alternative, despite being less 

functional and not as feasible to integrate into daily activities. Overall, more concerns about 

the QST testing in a back pain population were raised, which could be due to the nature of a 

less provocative task in contrast to findings from Chapter four. Within the limitations of the 

pragmatic content analysis, the limited possible extrapolation of these findings to a population 

with more severe pain/ higher levels of disability can only inform qualitative components 

embedded in future feasibility studies as well as contribute to the development of protocols to 

assess and elicit EIH. The preliminary insights support that qualitative studies are needed in 

this area. 

 

5.5.6 Strengths and Limitations 

 

This is the first study to assess EIH over more than two sessions in participants with 

and without CLBP after an aerobic walking task. A standardised QST battery was applied in 

each session. Moreover, the walking task was individualised but also standardised to meet 

different performance levels. 

However, this study faces some limitations. First, it can be argued that the walking 

task itself might have been not strenuous enough to produce EIH. However, considering the 

transferability to the management of CLBP it was deliberately chosen over, for example, a 

running task used in asymptomatic people (Hoffman et al., 2004). Considering feasibility, a 

walking task could also be implemented in daily life outside laboratory settings as no 

equipment would be required. EIH was found over the lumbar area in every session, and the 

extent was comparable to some cycling protocols (Chapter three). Some research favours 
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resistance and coordination protocols and does not endorse aerobic and combined programs 

for the management of CLBP (Searle et al., 2015). But other research shows that aerobic 

interventions decrease pain and increase function in people with CLBP (Meng and Yue, 2015; 

Vanti et al., 2019). A further limitation of this study is that the CLBP group had minimal to 

moderate disability levels and thus does not represent a population within secondary care. 

This could further explain why there was no difference between groups in this study. 

Standardisation of this study did not extend to some between-sessions factors such as 

caffeine intake, time of day, exercise outside the study, and rest between sessions was not 

considered. Additionally, group size was based on calculations from Chapter four and the 

primary outcome of lumbar PPT, so secondary outcome measures might be underpowered in 

addition to less sensitive non-parametric analysis. Lastly, in the absence of a non-exercising 

asymptomatic control group, findings could have occurred from testing itself rather than the 

task. However, no change in QST after a rest period has been shown by others as outlined in 

Chapter one. 

 

5.6 Conclusion 

 

In response to a brisk walking task on a treadmill, EIH was found as demonstrated by 

a change in lumbar PPT regardless of group, session, or test site. In addition, remote PPT, 

HPT over the thenar eminence, and PPTOL increased across the five sessions. However, the 

results for individual sessions were less consistent in both participants with and without 

CLBP. Baseline measures showed good stability indicating the potential benefit of these pain 

sensitivity measures in clinical research. However, absolute changes showed poor stability 
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and therefore, further research should elucidate the underlying mechanisms of EIH and its 

role in pain modulation for future research.  
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Chapter Six 

Analysis of the Protocol in Asymptomatic People 
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6.1 Abstract 

 

Chapters four and five showed exercise-induced hypoalgesia (EIH) after a lumbar 

resistance and a brisk walking task in participants with and without chronic low back pain 

(CLBP). However, the findings were inconsistent for secondary outcome measures. 

Furthermore, it was observed that pain sensitivity decreased across sessions. This Chapter 

reflects thesis objective five and aims to analyse the test protocol in asymptomatic 

participants. To explore if these changes were due to the exercise tasks and not attributed to 

other factors associated with multiple testing, the same test battery was applied. In this 

pragmatic observational study, instead of performing an exercise task, the participants rested 

for 20-30 minutes for all six sessions. 

The findings showed a statistically significant change of lumbar pressure pain 

thresholds (PPT), but no change for most of the other outcome measures. The decreased pain 

sensitivity over the lumbar region raises the question if the changes observed in Chapters four 

and five can be attributed to the exercise task. In absence of a physical task, no increase in 

pain thresholds was observed across the six sessions. This highlights that the increase across 

the six sessions observed in Chapters four and five is likely caused by the exercise task. 

Stability of baseline measures was moderate to good, but stability of the absolute difference of 

pre- to post-test was poor. This emphasises that the test protocol with the quantitative sensory 

testing battery should be further tested before applying it to assess EIH especially when 

repeated PPT are applied.  
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6.2 Introduction 

 

Chapters four and five investigated whether EIH exists in participants with and 

without CLBP, however, the consistent but small increase of lumbar PPT measures across 

sessions prompted the need to investigate whether this phenomenon was indeed real or 

alternatively, was related to repeated testing. Therefore, a sample of asymptomatic non-

exercising participants was recruited with the aim to observe if a similar change occurred in 

the absence of an exercise task. Most changes found after the lumbar resistance or brisk 

walking task in Chapters four and five were below the SEM, hence further testing was 

planned even though a substantial amount of studies have shown no effect on pain sensitivity 

after a resting period using different QST protocols (Ellingson et al., 2014; Mailloux et al., 

2021a; Naugle et al., 2012; Smith et al., 2017a; Smith et al., 2020; Vaegter et al., 2016). An 

increase in pain thresholds which was found across the sessions in the groups who did 

perform an exercise task, could also be caused by adaptation to the testing procedure instead 

of the exercise task. 

 

6.2.1 Chapter Objectives 

 

To analyse the test protocol over multiple session in non-exercising asymptomatic 

participants. Furthermore, stability of baseline measurements and absolute changes were 

evaluated in line with the previous Chapters. 
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6.3 Methods 

 

6.3.1 Design and Participants 

 

As with the two previous Chapters four and five (section 4.3.1/ 5.3.1), a pragmatic 

observational study with repeated measures was chosen. However, participants did not 

perform an exercise task in between pre- and post-testing. 

All participants were asymptomatic based on the same inclusion criteria and the same 

recruitment pathway for asymptomatic participants as outlined in Chapters four and five 

(section 4.3.2/ 5.3.2) was followed. All participants were aware that they would take part as a 

non-exercising participant. As within previous Chapters, characteristics regarding general 

health (SF-36) and physical activity (IPAQ) and demographics were collected. 

 

6.3.2 Sessions 

 

The six sessions were the same except for the introduction and familiarisation in the 

first session as well as task related questionnaires. Participants rested for 20-30 minutes 

between pre and post-tests without performing any exercise in contrast to the tasks outlined in 

Chapters four and five (section 4.3.3/ 5.3.3). 

 

6.3.3 Quantitative Sensory Testing 

 

The same standardised QST battery was applied as outlined in detail in Chapter four 

(section 4.3.6). Briefly summarised, it comprised of PPT over eight test sites across the 
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lumbar region and three remote test sites, TPT over the back and hand, PPTOL over the wrist 

extensors and the lumbar region, TS over the forearm and lumbar region, and the nociceptive 

withdrawal reflex. The latter two modalities are presented in Appendix 18. 

 

6.3.4 Statistical Analysis 

 

Descriptive data were presented for the participants demographics and characteristics. 

Data analysis was conducted with a three-way RM-ANOVA for lumbar PPT considering 

factors for time, location, and session. Non-parametric Friedman ANOVA was applied for all 

other outcome measurements considering both changes across six sessions and within 

individual sessions. All figures show mean and SD to facilitate comparability. For stability 

ICC (3,1) was applied for baseline measures and absolute changes. As within previous 

Chapters, ICC values were considered as poor with an ICC score < 0.5, moderate < 0.75, 

good < 0.9, and excellent > 0.9 (Koo and Li, 2016). It was decided to test only ten participants 

as less variation was expected due to the lack of the exercise task. 

 

6.4 Results  

 

6.4.1 Participants Characteristics 

 

Baseline characteristics of the ten included participants are presented in Table 6.1. 

These were comparable to the asymptomatic groups of Chapter four (Age: 23± 4; BMI: 24±2; 

47% men; IPAQ 73%moderate) and Chapter five (Age 26±5; BMI 23±2; 47% men; 60% 
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moderate IPAQ). No dropouts occurred. There was a median of three [IQR 2; 3] days of rest 

between sessions. 

 

Table 6.1 Characteristics of asymptomatic participants 

 Mean± SD 

Participants n=10 

Age 25.20± 3.97 

BMI 25.79± 4.07 

Gender 5 women; 5 men 

SF-36 

average 

score 

Physical functioning  98.00± 4.83 

Pain  95.00± 5.27 

General Health  86.50± 10.55 

IPAQ 5 high, 4 moderate, 1 low 

IPAQ MET 3815.50± 2849.42 
Abbreviations: BMI=Body Mass Index; SF-36= SF-36 v2 Health Survey; IPAQ=International Physical Activity 

Questionnaire, MET= Metabolic Equivalent of Task 

 

6.4.2 Protocol 

 

 6.4.2.1 Lumbar Pressure Pain Thresholds 

 

A RM-ANOVA revealed a statistically significant effect for time (Wilks=0.34, 

F=17.64, p= .002), which was confirmed in the post hoc test (p= .002) with an average of 

+35.46 kPa 95% CI [16.36; 54.55] across the six sessions (Figure 6.1). No effect was found 

for session or location, and no interactions were present. 
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Table 6.2 Stability of the baseline measures of lumbar Pressure Pain Thresholds 

Abbreviations: PPT=Pressure Pain Thresholds; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; 

UB= Upper Bound; SEM= Standard Error of Measurement 

 

6.4.3.1.2 Remote Pressure Pain Thresholds 

 

ICC was moderate for test sites over the trapezius and wrist extensors, and good over 

the tibialis anterior (Table 6.3). 

 

Table 6.3 Stability of the baseline measures of remote Pressure Pain Thresholds 

Abbreviations: PPT=Pressure Pain Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; 

UB= Upper Bound; SEM= Standard Error of Measurement 

 

6.4.3.1.3 Pressure Pain Tolerances 

 

Full data sets were obtained for both test sites with moderate ICC (Lumbar: ICC= 

.686; Wrist extensors: ICC=.674) and a SEM of 148.71 kPa and 169.67 kPa (Table 6.4). 

 PPT for each session in kPa (Mean± SD) ICC 

3,1 

LB UB SEM 

1 2 3 4 5 6 Mean 

Lumbar 

PPT 

496.77

± 

121.84 

452.23

± 

123.43 

476.97

± 

138.63 

490.06

± 

155.11 

518.31

± 

193.51 

527.71

± 

182.79 

493.67

± 

150.47 

.741 .521 .912 76.58 

 PPT for each session in kPa (Mean± SD) ICC 

3,1 

LB UB SEM

1 2 3 4 5 6 Mean 

Trapezius 

309.00

± 

86.60 

310.80

± 

90.60 

345.35

± 

94.60 

315.30 

±  

98.60 

335.95

± 

102.60 

338.30 

± 

106.60 

325.78

± 

79.53 

.597 .340 .848 50.49 

Wrist 

extensors 

373.35

± 

173.06 

355.50 

±  

130.85 

358.90 

± 

80.47 

365.30

± 

130.26 

363.85

± 

169.74 

347.35

± 

138.39 

360.71

± 

134.69 

.684 .445 .889 75.71 

Tibialis 

anterior 

497.50

± 

205.92 

444.35

± 

142.08 

504.10

± 

164.92 

470.25

± 

148.54 

497.25

± 

218.06 

476.80 

± 

192.22 

481.71

± 

174.31 

.764 .555 .921 84.68 
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Table 6.4 Stability of the baseline measures of Pressure Pain Tolerances 

Abbreviations: PPTOL= Pressure Pain Tolerance; ICC= Intraclass Correlation Coefficient; LB= Lower 

Bound; UB= Upper Bound; SEM= Standard Error of Measurement 

 

 

6.4.3.1.4 Thermal Pain Thresholds 

 

For TPT baseline measures, data was reduced due to the safety limitations of the 

device. However, the ICC was moderate for all outcomes (Table 6.5). 

 

Table 6.5 Stability of the baseline measures of Thermal Pain Thresholds 

 n TPT for each session in °C (mean± SD) ICC 

3,1 

LB UB SEM

1 2 3 4 5 6 Mean 

Lumbar 

heat pain 

threshold 

8 

43.53

± 

2.53 

43.97

± 2.32 

45.72

± 1.88 

45.30

± 2.07 

46.22

± 

2.34 

45.96

± 

1.49 

45.12

± 2.26 
.639 .358 .892 1.36 

Thenar 

heat pain 

threshold 

8 

43.87

± 

2.26 

44.15

± 1.77 

43.97

± 2.40 

44.16

± 2.02 

43.90

± 

2.60 

44.60

± 

2.32 

44.11

± 2.14 
.612 .326 .881 1.33 

Thenar 

cold pain 

threshold 

5 

16.69

± 

6.93 

14.73

± 6.89 

13.50

± 4.86 

12.03

± 4.54 

14.37

± 

6.09 

10.82

± 

3.08 

13.69

± 5.43 
.515 .155 .912 3.78 

Abbreviations: TPT= Thermal Pain Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; 

UB= Upper Bound; SEM= Standard Error of Measurement 

 

 PPTOL for each session in kPa (Mean± SD) ICC 

3,1 

LB UB SEM 

1 2 3 4 5 6 Mean 

Lumbar 

1053.10

±  

258.66 

949.40

± 

226.23 

1020.2

0± 

273.28 

1011.5

0± 

299.6 

1038.1

0± 

339.15 

1065.20

± 

233.94 

1022.9

2± 

265.38 

.686 .447 .889 148.71 

Wrist 

extensors 

760.30

± 

413.96 

633.80

± 

236.62 

668.70 

± 

238.95 

688.70

± 

326.19 

695.50

± 

323.31 

724.70

± 

269.85 

695.28 

± 

297.16 

.674 .432 .884 169.67 
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6.4.3.2 Stability of Absolute Changes 

 

6.4.3.2.1 Lumbar Pressure Pain Thresholds 

 

Stability of the absolute change in PPT pooled across the eight test sites over the 

lumbar region was poor (Table 6.6). 

 

Table 6.6 Stability of the absolute changes of lumbar Pressure Pain Thresholds 

Abbreviations: PPT= Pressure Pain Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; 

UB= Upper Bound; SEM= Standard Error of Measurement 

 

6.4.3.2.2 Remote Pressure Pain Thresholds 

 

Stability of the absolute changes over remote PPT sites was poor (ICC ≤ .145) (Table 

6.7). 

Table 6.7 Stability of the absolute changes of remote Pressure Pain Thresholds 

Abbreviations: PPT= Pressure Pain Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; 

UB= Upper Bound; SEM= Standard Error of Measurement 

 Absolute Change of lumbar PPT in kPa (mean± SD) ICC 

3,1 

LB UB SEM 

1 2 3 4 5 6 Mean 

Lumbar 

PPT 
26.59± 

72.46 

53.60± 

59.55 

32.38± 

45.26 

41.12± 

29.81 

39.58± 

23.04 

19.47± 

26.20 

63.44± 

72.38 
-.041 -.129 .216 73.84 

 Absolute Change of lumbar PPT in kPa (mean± SD) ICC 

3,1 

LB UB SEM 

1 2 3 4 5 6 Mean 

Trapezius 

-30.25 

± 

46.30 

-2.55 

±37.79 

-9.55 

±49.02 

25.05 

±45.62 

11.00 

±51.17 

-12.35 

±53.51 

-3.11 

±48.78 
-.082 -.148 .130 50.74 

Wrist 

extensors 

-14.65 

± 

108.28 

4.10 

±46.05 

13.05 

±68.61 

13.65 

±41.53 

-5.40 

±64.89 

25.95 

±64.32 

6.12± 

67.43 
.145 -.028 .502 62.35 

Tibialis 

anterior 

-6.05 ± 

101.11 

33.75 

±42.74 

-10.30 

±78.41 

4.70 

±67.63 

5.40 

±88.66 

37.05 

±29.09 

10.76±

71.71 
.102 -.053 .448 67.96 
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6.4.3.2.3 Pressure Pain Tolerances 

 

Absolute changes for PPTOL are presented in Table 6.8. The ICC was poor. 

 

Table 6.8 Stability of the absolute changes of Pressure Pain Tolerances 

Abbreviations: PPTOL= Pressure Pain Tolerance; ICC= Intraclass Correlation Coefficient; LB= Lower 

Bound; UB= Upper Bound; SEM= Standard Error of Measurement 

 

6.4.3.2.4 Thermal Pain Thresholds 

 

Due to safety limitations of the device, data sets were reduced to eight and five 

participants, and thus should be interpreted cautiously. The ICC was poor (Table 6.9). 

Table 6.9 Stability of the absolute changes of Thermal Pain Thresholds 

 n Absolute Change of TPT in °C (mean± SD) ICC 

3,1 

LB UB SEM

1 2 3 4 5 6 Mean 

Lumbar 

heat pain 

threshold 

8 

0.90

± 

1.35 

2.04

± 

1.91 

-0.17 

±  

1.85 

1.13

± 

2.08 

0.78

± 

1.64 

0.70

± 

1.91 

0.90

± 

1.83 

-

.087 

-

.155 
.173 1.91 

Thenar 

heat pain 

threshold 

8 

-0.24 

± 

1.47 

0.55

± 

2.05 

0.46

± 

1.03 

0.38

± 

0.89 

-0.05 

 

± 1.51 

-0.23 

± 

2.16 

0.14

± 

1.54 

.108 
-

.063 
.520 1.45 

Thenar 

cold pain 

threshold 

5 

-1.24 

± 

5.06 

-3.47 

±  

3.38 

1.31

± 

3.33 

0.94

± 

1.35 

0.49

± 

2.27 

1.84

± 

5.34 

-0.02 

± 

3.87 

-

.015 

-

.141 
.532 3.90 

Abbreviations: TPT= Thermal Pain Threshold; ICC= Intraclass Correlation Coefficient; LB= Lower Bound; 

UB= Upper Bound; SEM= Standard Error of Measurement 

 Absolute Change of PPTOL in kPa (mean± SD) ICC 

3,1 

LB UB SEM

1 2 3 4 5 6 Mean 

Lumbar -45.50 

± 

116.15 

80.60 

± 

184.54 

5.80 

± 

103.40 

-49.10 

± 

114.70 

18.20 

± 

161.03 

87.90 

±  

182.54 

16.32  

± 

151.29 

.130 -.037 .484 
141.

12 

Wrist 

extensors 

-49.10 

± 

174.64 

28.70

± 

66.91 

78.90

± 

84.89 

-97.70 

± 

224.74 

28.60  

± 

 123.51 

-20.00 

±  

116.17 

-5.10  

± 

148.08 

.003 -.107 .298 
147.

85 
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6.5 Discussion 

 

The results of this pragmatic observational study add to the evaluation of the findings 

presented in Chapters four and five and provide further insight into the stability of the data. 

An increase of lumbar PPT was found despite the lack of an exercise task. However, pain 

sensitivity did not decrease across the sessions. The stability of results was poor, which was 

consistent with findings of Chapters four and five. 

 

6.5.1 Protocol 

 

6.5.1.1 Mechanical Stimuli 

 

An increase of PPT over the lumbar region (+35.46 kPa 95% CI [16.36; 54.55]) was 

found after the task. These changes were similar to the changes in Chapter four (CLBP: 

+42.30 kPa [7.20; 77.40], CON: +63.44 kPa [28.33; 98.54]) and Chapter five (CLBP: +35.39 

kPa [5.58; 65.21], CON: +39.03 kPa [9.21; 68.84]; five sessions). In both Chapters no 

differences between participants with and without CLBP were found for the EIH response. 

This is in contrast to findings from Chapter two, which did not show an increase in the CLBP 

group. 

Other studies assessing topographical maps for QST, i.e., PPT, did not report within-

session sensitisation and an increase from repetitive testing across one region for baseline 

measures or EIH response (Balaguier et al., 2016a; Falla et al., 2014; O'Neill et al., 2019), as 

in agreement with findings from Chapter two. Therefore, findings in this Chapter challenge 

that changes observed in the previous chapters were really caused by the exercise task. 
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Potentially this was simply due to repeated measurements and the amount of test sites across 

the lumbar region. 

In this Chapter, no changes were found over remote test sites indicating that the 

change present in previous Chapters was likely due to the exercise tasks. Although changes 

were not present for most individual sessions, across the five/ six sessions the brisk walking 

or lumbar resistance task led to a significant increase in remote PPT. 

In contrast to previous Chapters, no increase was found across sessions, indicating that 

the exercise task was likely the reason for increased PPT across multiple sessions due to the 

repeated task. This is in line with current level one evidence (Belavy et al., 2021; Polaski et 

al., 2019). However, this study was of a shorter duration and tested within-session changes, 

whereas both systematic reviews assessed changes in pain sensitivity after exercise 

programmes over multiple weeks. However, the clinical relevance of increased PPT following 

exercise requires further research. 

For PPTOL no within-session or change across sessions was found in this study. This 

reinforces that the findings from previous Chapters on PPTOL were caused by the lumbar 

resistance or brisk walking task. 

 

6.5.1.2 Thermal Stimuli 

 

Lumbar HPT showed a statistically significant increase between pre- and post-

measurements indicating a hypoalgesic response after the rest. However, this could also have 

been caused by the TS test site over the back; this is in line with the group performing the 

resistance task (Chapter four), but not the walking task (Chapter five). The test site over the 
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back was the same for both procedures. The exposure from TS could be the cause why 

thresholds increased. No changes were found for thenar HPT, which was not exposed to TS. 

CPT showed a hyperalgesic change, as this was based on only five participants, it should be 

interpreted cautiously. 

 

6.5.2 Stability 

 

Baseline measurements were similar to the findings from the previous two Chapters, 

indicating that the test battery was a reliable approach across the six sessions over three 

weeks. However, the same issue arose with data sets being excluded due to safety limitations 

for thermal outcomes, but complete data sets could be obtained for PPTOL. Although no 

absolute changes were expected, the ICC values for absolute changes were poor for all 

outcome measurements. Nevertheless, this could be because overall changes were small, and 

responses varied between positive and negative responses. A statistically significant effect for 

time was found for lumbar PPT, which could further affect stability. 

 

6.5.3 Strengths and Limitations 

 

This study followed the same highly standardised QST battery and is therefore unique 

to be tested across six sessions over three weeks. This informs the evaluation of the EIH 

effects, i.e., if effects were potentially caused by testing, as well as stability of baseline 

measures. However, as in Chapters four and five, standardisation of participants’ daily 

activities between sessions was not further controlled. Furthermore, participants were able to 
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choose the resting time for any nonphysical tasks such as studying. Moreover, it should be 

noted that this study had a small sample size, which should be considered when interpretating 

these findings. 

 

6.6 Conclusion 

 

This study adds to the evaluation of the findings of EIH reported in Chapters four and 

five. The protocol used in previous Chapters did not lead to changes for most outcome 

measurements but PPT over the lumbar region increased for each session. This challenges the 

idea of whether the changes reported in previous Chapters are really representing EIH. 

Nevertheless, the increase across sessions was likely caused by the exercise tasks, as no 

changes were found in this Chapter in asymptomatic participants, who did not perform an 

exercise task. The stability of baseline measures was moderate to good, but absolute effects 

were poor in agreement with findings from the two previous Chapters. Future research should 

aim to establish a robust testing protocol to be able to analyse changes of EIH in further depth 

as repeated testing might influence the assessment of EIH.  
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Chapter Seven 

Discussion 
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7.1.1 Chapter One - Introduction 

 

The first Chapter introduced the phenomenon of EIH and provided an overview of 

CLBP and EPM. The Chapter concluded with the thesis aims seeking to further explore EIH 

in people with CLBP. Drawing on the MRC framework (see Chapter one, Figure 1.4), 

currently available evidence differed between asymptomatic people (phase I, early phase III) 

and people with CLBP (preclinical stage, early phase I). This then supported the need for 

further empirical evidence from observational studies and a synthesis of available evidence in 

people with spinal pain. 

 

7.1.2 Chapter Two - Lack of Exercise-Induced Hypoalgesia to Repetitive Back 

Movement in People with and without Chronic Low Back Pain 

 

This Chapter focused on a functional lifting task to elicit EIH in participants with and 

without CLBP. Drawing on findings from an earlier study (Falla et al., 2014), Chapter two 

provides the first evidence that EIH is impaired in participants with CLBP after a repeated 

lifting task especially when PPT over the lumbar region were considered. Based on 16 test 

sites an increase of +29.78 kPa ± 41.4 95% CI [-5.0; 64.5] was found following task 

completion in asymptomatic participants over local but not remote test sites. No statistically 

significant change was observed for the CLBP group over both test sites. However, in line 

with Falla et al. (2014) lumbar PPT decreased indicating potential hyperalgesia (-14.87 kPa ± 

61.2 [-47.8; 18.1]). As EIH was present in asymptomatic people, it was concluded that 

impairment of EIH was evident in those with CLBP. 
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7.1.3 Chapter Three - Exercise-Induced Hypoalgesia in People with Spinal Pain: A 

Systematic Review and Data Synthesis 

 

A systematic review of EIH, inclusive of all spinal regions, investigated: 1) local, 

regional, and remote tasks as well as different types of exercise tasks, 2) the spinal region of 

impairment, and 3) the location of test site in relation to the impaired body region. Seventeen 

studies were included (participants n=434 (73% female)). Considerable variation between the 

studies in terms of exercise tasks, outcome characteristics, and results were observed, 

therefore no meta-analysis was conducted. Key findings with the focus on CLBP were: 

 

1. Task region: There was very low quality evidence for altered EIH after a local lifting 

task based on two studies including participants with CLBP (Falla et al., 2014; Kuithan et al., 

2019). Furthermore, these were the only studies for local/lifting tasks, highlighting the 

demand for further research on tasks commonly used in rehabilitation. Low quality evidence 

for remote tasks was found with conflicting evidence to lead to normal or impaired EIH. Two 

of those eight studies included participants with CLBP, which both demonstrated normal EIH 

following a cycling task (Hoffman et al., 2005; Meeus et al., 2010). 

 Task type: There was low quality evidence for aerobic (conflicting results with either 

normal, altered, or no EIH) and isometric (impaired EIH) tasks. Only two studies included 

CLBP as outlined above for the remote/ cycling as well as local tasks. 

2. Spinal region: Very low quality evidence was found for people with CLBP based on 

four studies with conflicting evidence as outlined above. Two studies showed altered EIH as 

response to a local/ lifting task, whereas two studies with an aerobic task showed normal EIH. 

Furthermore, comparisons from other spinal pain conditions were restricted. For WAD there 

was low quality evidence for impaired EIH and very low quality evidence with conflicting 
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results for CNP with either altered or no EIH. One study included mixed pathologies and 

revealed that EIH was impaired in participants with lower baseline PPT (Vaegter et al., 2016). 

3. Test site: There was very low quality evidence that the test site does not affect EIH. 

However, two studies including participants with CLBP assessed both local and remote test 

sites (Kuithan et al., 2019; Meeus et al., 2010). A potential difference was indicated, as one 

study found EIH only over the local test site (Chapter two), whereas the other study found 

EIH over local but not over all remote test sites (Meeus et al., 2010). 

There is a need for further studies firstly, in people with CLBP and secondly, for local 

tasks. Cumulative evidence was impacted by (serious) concerns across all GRADE domains. 

Following reporting guidelines and an appropriate sample size could improve quality. This 

prompted the conduction of the next observational study assessing different tasks in people 

with and without CLBP. 

 

7.1.4 Chapters Four and Five - Exercise-Induced Hypoalgesia and its Stability in People 

with and without Chronic Low Back Pain 

 

Chapters four and five explored EIH following a lumbar resistance or brisk walking 

task in participants with and without CLBP (thesis objective three). The study was the first to 

assess the stability of EIH over multiple sessions (thesis objective four). 

 

7.1.4.1 Exercise-Induced Hypoalgesia 

 

For both lumbar resistance and brisk walking tasks PPT confirmed EIH, regardless of 

session or group. Following the resistance task lumbar PPT increased across six sessions by 
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+42.30 kPa 95% CI [7.2; 77.4] in the CLBP group and by +63.44 kPa [28.3; 98.5]) for the 

asymptomatic group. Equally, lumbar PPT changed after the walking task across five sessions 

by +35.39 kPa [5.6; 65.2] and +39.03 kPa [9.2; 68.8] respectively. Findings of secondary 

outcome measures (remote PPT, PPTOL, and TPT) were less consistent; changes were 

statistically significant across five/six sessions, but not within individual sessions. Overall, 

changes were invariably small, often within the SEM. 

In contrast to Chapter two despite testing a comparable population, there was no 

difference in EIH between people with and without CLBP. Regardless of whether the task 

was pain provocative, i.e., lumbar resistance task, both tasks elicited EIH. 

A decrease in baseline sensitivity over the duration of the study was found. Both 

Chapters confirmed that lumbar PPT increased over the six sessions. 

 

7.1.4.2 Stability of Measures 

 

The fourth thesis objective was to assess the stability of EIH. Baseline measure of all 

outcome measurements showed moderate to good ICC values (3,1) indicating appropriate 

stability across sessions (Chapters four to six). However, the response to the task, indicative 

of EIH, revealed poor ICC (3,1) values across all outcome measurements regardless of group 

or task. The poor stability raises concerns about the interpretation of EIH and should be 

considered in future studies. 
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7.1.4.3 Qualitative Evaluation of Participants’ Perceptions  

 

Evaluation of the participants’ perceptions of both exercise task groups provided some 

valuable data, which can be used to inform future studies, specifically around the duration or 

intensity of the exercise tasks. Some participants felt sensitised from the repeated testing, 

explicitly PPTOL and the pain withdrawal reflex were not tolerated well. Future research 

should be conducted to determine a valid test protocol integrating findings from this study. 

Overall, most participants stated that the study programme including both lumbar resistance 

and brisk walking exercise tasks would be feasible for people with/more severe CLBP. 

Considering the limited possible extrapolation these findings are preliminary and not 

representative for the general back pain population. Analysis of the current version of the 

questionnaire does not allow for further breadth or depth of data. This restricted compilation 

of data, and no realistic conclusions could be drawn. However, it informs future qualitative 

protocols developing a more rigorous way of data collection. Considering the patient 

experience as well as the overall findings of Chapters four and five, it was decided to analyse 

the test protocol (Chapter six).  

 

7.1.5 Chapter Six - Analysis of the Protocol in Asymptomatic People 

 

Chapter six was conducted to analyse the test protocol applied in Chapters four and 

five. The same protocol to assess EIH was tested in ten asymptomatic participants, who rested 

for a similar duration instead of performing a task. A statistically significant increase in PPT 

over the lumbar region (+35.46 kPa 95% CI [16.36; 54.55]) was found across six sessions, 

similar to the findings of participants who performed a task (see above). No statistically 
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significant changes were found for most of the secondary outcome measures. Stability of the 

measures of the baseline protocol was similar with moderate to good stability, but poor for 

absolute changes. No increase across sessions was found for lumbar PPT in absence of an 

exercise task. This implies that changes across sessions were a result of the exercise task. 

 

 

7.2 Exercise-Induced Hypoalgesia in People with Chronic Low Back Pain 

 

Overall, findings of this thesis revealed equivocal results for EIH in people with 

CLBP. The first exploratory study (Chapter two) contributed to the systematic review 

(Chapter three). Very low quality evidence with conflicting results was found, using the 

terminology outlined in Chapter three, EIH might be altered after a local lifting task but not 

after an aerobic task. Therefore, another pragmatic observational study was conducted 

(Chapters four to six), with good ROB based on the modified NOS applied in Chapter three 

(section 3.3.8). However, due to randomisation of participants, the studies cannot directly be 

compared. Both lumbar resistance and brisk walking tasks elicited EIH in participants with 

and without CLBP. Despite the findings of Chapter six challenging that the results of 

Chapters four and five confidently reflect EIH, they support the hypothesis that EIH is 

normal, i.e., not altered, in people with CLBP regardless of the type or region of task. 

An increase in lumbar PPT over time was observed for both exercising protocols 

(Chapters four and five), but not for non-exercising asymptomatic participants (Chapter six). 

This is in line with current level one evidence that exercise over longer periods decreases pain 

sensitivity (Belavy et al., 2021; Polaski et al., 2019). On the other hand, in asymptomatic 
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participants repeated measurements have been shown to increase pain sensitivity over two and 

four months (Marcuzzi et al., 2017). Contrarily in this thesis, PPT remained consistent across 

sessions over three weeks in absence of an exercise task (Chapter six). 

The phenomenon of EIH is still not fully understood (Vaegter and Jones, 2020). The 

plethora of contextual factors as outlined in the introduction, and huge variation of tasks and 

outcome measures make research complex. The confidence in the available evidence remains 

very low. 

 

7.2.1 Do Findings Present Exercise-Induced Hypoalgesia? 

 

Multiple factors should be considered to answer whether the findings of this thesis as 

well as cumulated evidence truly present EIH. This thesis provides an important rationale, and 

the following aspects should be considered to design feasible protocols for future studies. 

 

7.2.1.1 Study Design and Quality of Reporting 

 

Although multiple articles on EIH have been published (Vaegter and Jones, 2020), 

very few examined the task characteristics or outcome measures. Most studies had firstly, 

methodological issues, such as small ample size and high risk of bias, and secondly, did not 

follow reporting standards. Overall evidence was downgraded consistently across previous 

systematic reviews (Bonello et al., 2021; Pacheco-Barrios et al., 2020; Wewege and Jones, 

2021). The systematic review in Chapter three also showed similar findings, as only four of 
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17 studies were of good ROB, three studies did a power analysis, and two stated reporting 

guidelines. Concerns (serious) across all GRADE domains were found. 

By applying an observational study design the effect of EIH can be overestimated 

(Vaegter and Jones, 2020), thus a power analysis should be conducted. This was implemented 

in Chapter four, after being recognised as a limitation in Chapter two (Kuithan et al., 2019). 

The final study was randomised for feasibility and to accommodate for participation bias of a 

pain provoking task. While this can reduce selection bias, it increases randomisation bias 

(Odgaard-Jensen et al., 2011). RCTs (MRC phase III) rank higher in the hierarchy of 

evidence, but the research on EIH is still not sufficiently answered for phase I, bypassing 

phase II. Therefore, observational studies were adequate to answer the thesis’ aim (Faraoni 

and Schaefer, 2016; Koenders et al., 2019). Currently there is a gap in the research on EIH for 

phase II. Feasibility studies can include qualitative approaches (Eldridge et al., 2016). The 

patients’ experience of exercise is underexplored in people with LBP (Slade and Keating, 

2010). Despite being a preliminary evaluation via a simple questionnaire of a small non-

representative sample of the wider population with CLBP, participants’ perceptions in this 

thesis provided valuable feedback on the exercise tasks and outcome measures for shaping 

future studies. This supports integration of qualitative approaches into research on EIH.  

Further explorative research should allow for an appropriate sample size, adhere to 

reporting guidelines, and carefully choose the design based on the research question and 

position within the MRC framework. 
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7.2.1.2 Psychosocial Factors 

 

The role of the psychosocial factors on EIH needs to be further explored as currently 

there is insufficient evidence (Munneke et al., 2020). Factors such as mood or sleep have been 

associated with altered QST results, therefore, it could equally affect EIH (see Chapter one, 

section 1.3.3/1.3.4). Findings from this thesis did not observe any obvious relationship on any 

recorded demographic characteristics (Chapter two). Additionally, results of a brief mood and 

an exercise expectation questionnaire were comparable for groups and sessions (Chapters four 

and five), however, it can be argued that those were not specific enough. A recent study 

(asymptomatic men, n=33) found that physical activity level but not mood influenced EIH 

(Schmitt et al., 2020). This goes beyond the scope of this thesis but warrants further 

investigation. 

Additionally, a cognitive component of EIH has been suggested (see Chapter one, 

section 1.3.4), which should be considered when informing participants about the study and 

potential hypoalgesic effects. 

 

7.2.1.3 Task Characteristics 

 

This thesis contributes to the understanding of EIH and showed an increase of lumbar 

PPT after a local lifting (asymptomatic only), a lumbar resistance, and a brisk walking task. 

Statistically significant changes were found for all tasks, implying the presence of EIH. 

However, due to the complexity of EIH and manifold factors influencing both outcome 

measures and the task, it is still unknown to what extent the change can be referred to the task 

itself. When reflecting upon the results from Chapter six, one factor why PPT changed only to 
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a small extent could have been that the tasks simply were not adequate in intensity, duration, 

or type. However, this would not explain the increase in baseline PPT across sessions and as 

outlined for each Chapter, tasks were comparable to tasks which previously elicited EIH 

(Naugle et al., 2012; Pacheco-Barrios et al., 2020; Wewege and Jones, 2021). Moreover, 

current recommendations, despite uncertain generalisability (Chapter one, section 1.3), were 

followed (Rice et al., 2019). 

A few studies in asymptomatic participants considered local tasks for the lumbar 

region (Gajsar et al., 2017; Larouche et al., 2020; Mailloux et al., 2021b). Following the 

Biering Soerensen task, EIH was not elicited over lumbar test sites, but over the hamstrings 

(Gajsar et al., 2017). No EIH was found following either an anterior pelvic tilt or resistance in 

extension locally over the back or over the wrist, whereas isometric contraction of the wrist 

elicited EIH (Mailloux et al., 2021b). A lumbar stretch led to increased PPT over the back and 

wrist, whereas a stretch of the wrist only led to increased PPT over the wrist (Larouche et al., 

2020). Studies replicating these tasks in participants with CLBP have not been published yet. 

It could be argued that lower back tasks might be less favourable to elicit EIH over the lumbar 

region compared to peripheral exercises, where a wider body of literature is available. 

Equivocally, Chapters two and four confirmed EIH over the lumbar region after a local task. 

There is a lack of evidence on lower back tasks to confidently answer this. 

Chapter three synthesised that there is very low quality evidence that work mimicking 

tasks lead to hyperalgesic responses in people with CNP. These tasks, such as a peg board 

task, do not represent management of spinal pain. The study by Falla et al. (2014) is as yet the 

only study which reported hyperalgesia in people with CLBP following an exercise task. No 

further evidence was found in this thesis, but findings from Chapter two indicated 

hyperalgesia rather than hypoalgesia, however, this was not statistically significant. Further 



 

231 

 

research is required to understand why some people respond with hyperalgesia (Lima et al., 

2017). 

Overall, this thesis highlights the problems of designing a suitable task to produce 

EIH, which can be highly standardised, but also allows transferability into a clinical setting. 

 

7.2.1.4 When do changes account for EIH? 

 

Some methodological considerations emerged around the assessment of EIH. Most 

studies did not further investigate the applied QST protocol to assess EIH. Research outlined 

in Chapter one (section 1.3.8), has shown no statistically significant changes after rest for 

various test modalities. However, this was retrospectively analysed in Chapter six. 

There is no clear definition as to when changes in QST are defined as EIH. As in 

common practice, statistically significant changes were obtained from RM-ANOVA/ non-

parametric tests within this thesis. One research group defined a meaningful change based on 

a change greater than the SEM (Vaegter et al., 2018). However, the MDC would be most 

appropriate to reflect a real meaningful difference, as the MDC considers errors from both 

pre- and post-measures, but thus requires a greater change to count as meaningful (Weir, 

2005). Some researchers have already applied this to asymptomatic participants (Mailloux et 

al., 2021a). Relative changes of PPT over the wrist (8 % ± 16) and back (7 % ± 12) were 

slightly above the MDC (7-9 %) following an isometric wrist task (n= 23), and after a back 

exercise (n=11, lumbar PPT change 8 % ± 12) (Mailloux et al., 2021a); relative changes were 

similar to findings from this thesis. It is common that a substantial number of individuals do 
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not elicit EIH, for unknown reasons (Vaegter et al., 2019a; Vaegter et al., 2018; Vaegter et al., 

2019b). Especially for studies with a small sample size this can lead to misinterpretation. 

In this thesis, the focus was on absolute changes as commonly reported for EIH. It can 

be argued that the relative change is more representative accounting for baseline differences. 

As baseline PPT increased over the duration of the second study, this could have affected the 

outcome. On the other hand, relative changes are in general smaller, and fluctuations will 

have a bigger impact on the analysis. Nevertheless, analysis for relative changes did not lead 

to different results in this thesis and are consequently not reported in further detail. 

 

7.2.1.4.1 Test Site 

 

Optimal outcome measures also include agreement on the optimal test site. It is 

hypothesised that people with widespread body pain or WAD often present with local and 

global dysfunction of EIH or even hyperalgesia (Rice et al., 2019; Vaegter and Jones, 2020). 

Features of central sensitisation are less prevalent in people with CLBP (Chapter one, section 

1.3.3) and could affect pain modulation. A study on baseline QST showed that participants 

with local LBP had lower PPT over the back, whereas participants with widespread LBP pain 

showed increased sensitivity over local and remote test sites as well as to thermal stimuli 

(Gerhardt et al., 2016). In this thesis, no remote changes occurred (Chapter two) or at least 

were not present in each session (Chapters four and five), although Chapter three synthesised, 

based on very low quality evidence, that there was no difference in outcome for different test 

sites (i.e., local and remote). However, there was not sufficient evidence for people with 

CLBP and functional tasks. Rice et al. (2019) refer to a study with participants with shoulder 

myalgia, where local EIH over the exercised shoulder muscles was impaired, but not remote 
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EIH following a quadriceps task (Lannersten and Kosek, 2010). This would support the 

hypothesis of differences between local and remote test sites in respect to the painful body 

region and exercise group for at least a subgroup of participants. Further studies assessing 

both local and remote test sites are listed in reviews (Rice et al., 2019; Vaegter and Jones, 

2020); however, a pattern was not identified. Future research on EIH should include test sites 

in both exercised and painful regions as well as over a remote muscle. 

Regarding the optimal test site, various structures have been used including soft tissue, 

i.e., muscle, or periosteum/ bone (Arendt-Nielsen, 2015; Waller et al., 2015). One factor 

which should be considered is creep or hardness of tissues and changes from both testing and 

task (Andersen et al., 2006; Viggiani and Callaghan, 2021). The test site over the thenar 

eminence (Chapter two) was replaced, as in line with other studies no signs of EIH were 

found over the thumb (Meeus et al., 2010). Smaller amounts of muscle tissue might be a 

disadvantage. However, there is little research on PPT over different parts of the muscle and if 

they respond to EIH, but sensitivity might be higher over the muscle belly (Andersen et al., 

2006). Retrospectively, the test site over the wrist extensors and tibialis anterior were less 

optimal for application of higher pressures due to handling of the device and direction of force 

applied. Future research should consider different test sites, such as the quadriceps for the 

lower limb (Bonello et al., 2021; Vaegter and Jones, 2020). Furthermore, standardised test 

sites could contribute to consistency for future syntheses. 

The amount of test sites over the lumbar region were reduced from eight to four on 

each side (medial rows) for Chapters four to six. Location showed a significant interaction in 

Chapter two (16 test sites, F=10.81, p< .001), Chapter four (Wilks= 0.42, F=4.35, p= .004) 

and Chapter five (Wilks= 0.27, F=8.63, p< .001). Post hoc analysis revealed that EIH did not 

differ between locations for Chapter four, but did for Chapter five, although EIH occurred 
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over all test sites. Most previous studies tested only one lumbar PPT site lateral of L3 (Gajsar 

et al., 2017; Meeus et al., 2010). Consequently, a test site 2.5- 3.0 cm lateral of the spinous 

process of L3 should be included in future research to facilitate direct comparison. Further 

recommendations for test sites could be achieved through an evidence synthesis or through 

expert consensus. 

 

7.2.1.4.2 Pressure Pain Thresholds 

 

PPT are acknowledged to assess pain sensitivity (Smith et al., 2017c). Compared to 

the other test modalities it is a quick, clinically applicable, and relatively inexpensive method 

(Beales et al., 2021; Zhu et al., 2019). In all empirical studies of this thesis no difference in 

baseline PPT between participants with and without CLBP was observed. This is in contrast 

to level one evidence (den Bandt et al., 2019), but could be explained by high variability of 

inter-individual PPT (Cruz-Almeida and Fillingim, 2014), a small sample size, or lower levels 

of disability of participants included in this thesis. 

The most relevant aspect to critically reflect upon is the amount of test sites. Applying 

topographical maps could facilitate the increase in PPT irrespective of EIH (Chapter six). So 

far only a few studies have used a similar amount of test sites (Chapter one, section 1.3.3). In 

this thesis, within- and between-session adaptation instead of sensitisation was found as PPT 

pain sensitivity decreased instead of increased. In contrast, no change in asymptomatic 

participants and hyperalgesia in participants with CLBP was found over eight lumbar test 

sites (Falla et al., 2014). Protocols testing PPT slightly differed in this thesis, especially, the 

short interstimulus interval could have led to effects similar to TS. Computer-controlled PPT 
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produced TS with intervals between one and ten seconds (Nie et al., 2005); one second 

compared to three seconds showed a higher increase (Nie et al., 2006). However, the 

interstimulus interval used in this thesis for PPT was longer than one second and only two 

stimuli were applied over the same test site. Experimental analysis of PPT considering only 

the first of the two measures did not lead to different results (Chapters two, and four to six). 

No increase between the first and second test was reported in a different study measuring PPT 

over multiple lumbar test sites (O'Neill et al., 2019). To further support this, no other studies 

reported adaptation or sensitisation within or between test sites even if the topographical map 

included more test sites (Balaguier et al., 2016a; Binderup et al., 2011). Further research is 

required to explore the effect of multiple test sites. 

The assessor was trained to apply the pressure at a rate of 30 kPa/sec which has shown 

to be reliable (Chesterton et al., 2007), other protocols applied a higher rate, i.e., 50 kPa/sec 

(Rolke et al., 2006b). It can only be hypothesised that a higher rate would have led to less 

sensitisation of tissue due to reduced contact time. 

 

7.2.1.4.3 Secondary Outcome Measures 

 

For secondary outcome measures two problems occurred. Firstly, safety limitations 

reduced the amount of data sets, and secondly, data was not normally distributed. 

Notwithstanding the expense of the equipment and a methodological concern due to 

safety limitations, it is suggested that TPT changes do not show EIH as well as mechanical 

stimuli (Jones et al., 2019; Kuithan et al., 2019; Schmitt et al., 2020). However, based on the 

current understanding of EIH and underlying mechanisms, measures should not rely on PPT 
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alone. As commonly tested over a muscle, this could reflect physiological changes within the 

muscles, such as performance fatigability (Berardi et al., 2021), rather than EPM. 

Although CPT have been shown to be impaired in at least some people with spinal 

pain (Hubscher et al., 2014), it might not be an appropriate outcome measure for EIH. Even a 

different thermal tester (ATS PATHWAY, Medoc Ltd, Israel) allowing for lower 

temperatures of minus 10°C was not sufficiently cold to elicit pain thresholds (unpublished 

data, University of Birmingham). A considered alternative was the cold pressor test, but this 

is also commonly used for CPM and therefore could interfere with EIH (Mlekusch et al., 

2016; Pokhrel et al., 2013; Vaegter et al., 2016). CPT and HPT were randomised with only a 

short interstimulus interval. Randomisation of the parameters seems only to affect detection 

thresholds (Heldestad et al., 2010), but other research suggests that HPT could affect CPT as 

well as repeated testing led to habituation and decreased sensitivity (Kuhtz-Buschbeck et al., 

2010). Adaptation was shown for HPT over the back in another study with multiple test sites, 

as the second stimulus had a statistically significantly higher mean threshold (O'Neill et al., 

2019). In this thesis, the interaction of TS with a series of heat stimuli potentially affected 

HPT over the lumbar area (Chapters four to six) and therefore limit the validity of the results. 

Chapter two included detection thresholds, the physical activity of the task could have 

changed body temperature, and transpiration or perception of the skin, this has potentially a 

greater impact on detection than pain thresholds (Bakkers et al., 2013; Pertovaara et al., 

1996). Due to inconclusive results and the extensive test protocol, detection thresholds were 

not included in Chapters four to six. A slower rate of increases or decreases in temperature or 

a bigger thermode could have reduced the number of missing data (Bakkers et al., 2013). An 

alternative solution could be to incorporate prolonged heat exposure, or the application of a 
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laser as described in other studies (Bialosky et al., 2009; Jones et al., 2016). This could be 

considered for future laboratory studies but should avoid any form of CPM. 

PPTOL was not only limited by the safety limitations of the device, some test sites 

also showed bruising and therefore, could either not be tested, or areas might have been 

sensitised from previous sessions. Moreover, greater inaccuracy in testing has been reported 

with higher intensities for PPT (Middlebrook et al., 2020). Another study used a pressure 

algometer and tested over the web space of the hand; no complications were reported in that 

study, although multiple trials were conducted (Baiamonte et al., 2017). However, it has been 

indicated that PPTOL might be superior to PPT in detecting EIH (Hviid et al., 2019; Vaegter 

et al., 2017a). There is less research on PPTOL, but these studies mainly used cuff pressure, 

which could lead to blood flow restrictions rather than soft tissue impairment. 

From a communication and participants’ perspective, pain tolerance tests are very 

different to testing pain thresholds. The understanding of maximal pain or tolerance was 

interpreted quite differently at an individual participant level in this thesis despite 

standardised instructions. Based on findings on PPT, participants’ control of the application of 

pressure as well as psychological factors might be relevant to further understand PPTOL 

(Lalouni et al., 2021). From that point of view, further exploration of the difference between 

threshold and tolerance is of interest, e.g., to explore people with different pain perceptions 

and considering the impact of different psychological models on pain processing (Hasenbring 

et al., 2014). Measurement properties of PPTOL require further investigation in terms of 

reliability, but also on tissue recovery time after each test, where cuff pressure might be 

advantageous. 
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There was a series of issues with TS and the nociceptive withdrawal reflex. TS did not 

lead to an increase in perceived pain, the opposite was found in this thesis. Furthermore, the 

nociceptive reflex was not further analysed due to the amount of data, as some participants 

did not tolerate the test, or no reflex could be elicited. Findings for both tests are further 

discussed in Appendix 19. 

 

7.2.1.4.4 Alternative Outcome Measures 

 

As an alternative to EIH, EPM could be measured with CPM. Some research indicates 

that EIH is correlated to CPM results in healthy controls and might be caused by experienced 

pain during the exercise equivalent to the conditioning stimulus (Lemley et al., 2015). 

However, the opposite was reported in other studies (Ellingson et al., 2014; Szikszay et al., 

2020; Vaegter et al., 2014). CPM measures EPM but might be less suitable to assess EIH due 

to potential shared pathways (Alsouhibani et al., 2019; Gajsar et al., 2018; Samuelly-Leichtag 

et al., 2018; Vaegter et al., 2014). 

Another form to test EPM is ‘off-set analgesia’, which refers to a local disproportional 

reduction in perceived pain after a small decrease of the noxious stimulus by descending EPM 

(Szikszay et al., 2020; Yelle et al., 2009). In asymptomatic people, the Biering Soerensen test 

led to no direct or indirect changes in off-set analgesia responses (Szikszay et al., 2020), 

which therefore might not share the same pathways as EIH. An isometric quadriceps task 

showed changes in PPT but not in off-set analgesia and no further correlation (EIH, offset 

analgesia) was found (Harris et al., 2018); fMRI showed different activation patterns 

indicating spatial filtering of nociceptive information for EIH and non-opioidergic off-set 
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analgesia (Harris et al., 2018). Similar problems with the test protocol occur as in EIH, and 

therefore, would not be a current alternative. All these methods did not involve an exercise 

task, and therefore do not relate to changes within intervention programmes/ clinical practice.  

Next to performance-based outcome measures such as QST, additional outcome 

measures have been discussed, e.g., blood tests or imaging. Test modalities such as cortisol 

levels have been systematically reviewed (Barros Dos Santos et al., 2021). The understanding 

of hyperalgesia instead of EIH still needs to be explored further, including the role of anti- 

and pro-inflammatory cytokines (Docherty et al., 2022). Microdialysis has been assessed by 

mainly one research group (Gerdle et al., 2014). It is likely that especially Interleukin-6 is 

mainly produced locally in the muscle and peripheral circulation is less pronounced which 

would support local investigations (Docherty et al., 2022). Even though this is a promising 

approach, it is unlikely to be implemented in clinical practice due to its invasive nature. 

Further high quality studies are needed to investigate underlying physiological mechanisms 

by applying both exploratory and explanatory approaches (Lesnak and Sluka, 2020). 

Alternative methods could investigate cortical structures/functions, such as fMRI (Ellingson 

et al., 2016; Geisler et al., 2019; Scheef et al., 2012), and provide further insight into EIH. 

 

7.2.2 Newly Emerging Evidence 

 

Four additional relevant studies have been published since the inception date of 

Chapter three. Woznowski-Vu et al. (2021) focussed on sensitivity to physical activity in 97 

participants with LBP (< six months). Perceived pain on a NRS, psychological factors, and a 

SPA-Sensory item, including PPT, were outcome measures to assess pre- post-changes 
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following a two-stage lifting task (duration not specified) (Woznowski-Vu et al., 2021). In 

contrast to findings from Chapter two, changes were found over the remote test site over the 

web space between the thumb and index finger indicating a hyperalgesic response (MD -

18.80 kPa ± 73.10; p= .007), but not over the lumbar test site (3.97 kPa ± 97.29; p= .597) 

(Woznowski-Vu et al., 2021). This study also included a three-month follow-up, in contrast to 

psychological factors and the pain responses, no statistically significant correlation was found 

for EIH. This adds to the evidence that EIH might be altered in some people with CLBP, 

specifically after a local task, and adds to conflicting results in people with CLBP in general. 

However, based on the modified NOS (Chapter three) the ROB was poor. 

As discussed in Chapter five, in a study by Vaegter et al. (2021) EIH was not present 

after a walking task considering all 96 participants with CLBP; but when the task increased 

pain levels, participants (27/96) showed impaired EIH, whereas if not, EIH was present 

(72%). As outlined in Chapter three, pain sensitivity might affect EIH (Vaegter et al., 2016). 

A recently published RCT did not show differences in EIH following a three-minute wall 

squat task by injecting either hyper- or isotonic saline (Hansen et al., 2021). Findings of 

Chapter two did not show significant correlations. Chapters four and five showed no 

difference for a painful task, but no further analysis was conducted due to the small sample 

size and focus on multiple sessions. Future research should explore the interaction of pain 

perceived during the exercise and its effect on EIH, as this might be relevant for managing 

people with musculoskeletal pain. Adding this finding to the available evidence in people 

with LBP, it supports that aerobic/remote tasks might lead to normal EIH (based on the 72%). 

An upgrade of the recommendation to low quality evidence could be considered, as this was a 

well conducted study (ROB= poor; but due to no control group) with a large a priori 

calculated sample size. 
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In addition, two randomised studies have been published including only participants 

with CLBP. In a pseudorandomised clinical trial (n=81), no changes in PPT after each of the 

three exercise modalities (walking (20 minutes, 65.85%±7 HR, Borg Scale= 3), resistance 

(mix of core stability and general body weight exercises), and stretching (major back/hip 

muscles)) were found, the same as for the group with a control condition (Sitges et al., 2021). 

Another randomised experimental study investigated different intensities of lumbo-pelvic 

coordination training, similar to an isometric contraction (high (10 min, 180 mmHG) and low 

(5 min 100 mmHG)), and a sham task (Xu et al., 2021). Changes in PPT were found over four 

out of ten trunk muscles for high intensity, over three muscles for low intensity, and no 

change for the sham condition (total n=42). Interpretation of the results were questionable due 

to test sites over deep muscles as well as reporting and interpretation of the results, i.e., for the 

sham group. Overall, the Cochrane ROB 2 tool showed that both studies had some concerns, 

especially for the randomisation process. ROB was subsequently high (Sterne et al., 2019), 

limiting the internal validity of the results. 

Despite the difference in study design, there is conflicting evidence that there is altered 

EIH in response to a local task in people with CLBP. Chapter three (two studies) and one 

additional study (Woznowski-Vu et al., 2021) found altered EIH, whereas two studies 

revealed normal EIH (Chapter four) (Xu et al., 2021) and one study revealed no EIH (Sitges 

et al., 2021). In contrast to Chapter three (two studies) and Chapter five which showed normal 

EIH, two further studies showed no EIH after an aerobic/ remote task (Sitges et al., 2021; 

Vaegter et al., 2021); however, the study by Vaegter et al. (2021) showed normal EIH for the 

majority of participants, i.e., for those where walking did not increase pain intensity. 
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7.2.3 Stability of Exercise-Induced Hypoalgesia 

 

Despite numerous published studies, basic principles of research methodology, such as 

establishing measurement properties, have not been sufficiently explored. This thesis provides 

the first evidence for stability of EIH over multiple sessions, and the first evidence in people 

with CLBP. Stability was poor across all outcome measures for all groups. This is in contrast 

to evidence in asymptomatic participants, which showed moderate ICC (3,1) values (range = 

0.33 – 0.61) for absolute changes in PPT following aerobic exercise (Gomolka et al., 2019; 

Hviid et al., 2019; Vaegter et al., 2019a; Vaegter et al., 2018), and ICC (3,1) ranging from 

0.03 to 0.43 for relative changes after resistance exercise (Vaegter et al., 2019b). However, 

the categories for ICC values differed. Based on ICC values in this thesis poor stability was 

defined as a ICC value  < 0.5 (Koo and Li, 2016). The other research group around Vaegter et 

al. had a less conservative approach defining poor as < 0.40. In this thesis, five and six 

sessions were evaluated, whereas the other studies only considered two sessions (Gomolka et 

al., 2019; Hviid et al., 2019; Vaegter et al., 2019a; Vaegter et al., 2018), this could further 

explain the difference in outcome. Stability of measures is of high importance for any further 

assessment of validity (Sim and Arnell, 1993). If EIH was used as a treatment goal for EPM, 

it would need to be reproduced in every session. Due to the poor stability, it can be argued 

that EIH can confidently be used for future purposes, such as stratification of care, or 

prediction of treatment outcome, as reported in knee osteoarthritis (Hansen et al., 2020b; 

Wideman et al., 2014). 

Chapters four to six were a pragmatic observational study informed by current 

guidelines for reliability (Kottner et al., 2011) and ICC were used (Koo and Li, 2016). The 

randomisation of testing could explain lower ICC values for baseline measures compared to 
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other literature focussing purely on reliability of baseline measures (Chapter one section 

1.3.3), as little is known of the interactions of different test modalities (Heldestad et al., 

2010). This highlights the importance of standardised protocols and further elucidation of 

interactions. 

Different numbers of rest days between the sessions could have sensitised tissue to a 

different extent. Additionally, there might have been a training effect across sessions. This 

was avoided in studies by the other research group by having two sessions only. Less 

functional tasks allowed for higher standardisation, which has been shown to increase 

stability (Vaegter et al., 2019a). 

An effect from exercise programmes on EIH over multiple weeks has been shown in 

recent studies. Hansen et al. (2020a) showed that military training (seven weeks) increased 

EIH in asymptomatic participants (n=38); interestingly those who presented with hyperalgesia 

in the first session (26%) regained EIH and presented with greater increase in PPT following a 

wall-squat. Another study showed that EIH was greater after high intensity stationary cycling 

over the quadriceps femoris, whereas after the programme (six sessions over two weeks) the 

EIH response was the same for high and low intensity in cancer survivors (n=19) (Clifford et 

al., 2021). It can be argued that findings from Chapters four and five were adaptations, where 

the sessions accounted for the “exercise programme”, but a RM-ANOVA confirmed the same 

EIH response across sessions. It would be interesting to explore this further, as it indicates 

that EIH might be responsive to exercise programmes, which could play a role in 

rehabilitation. However, this remains speculative. 
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7.3 Strength and Limitations 

 

7.3.1 Strengths 

 

This thesis is unique in testing EIH after different functional and clinically relevant 

tasks in people with CLBP, adding to the empirical body of evidence from findings of 

observational studies (Chapters two, four, and five) as well as synthesising the existing 

current evidence (Chapter three). Secondly, it is the first evidence of stability of EIH over 

multiple sessions. It therefore adds one more piece to the complex puzzle of elucidating EIH. 

A standardised testing protocol was used informed by existing research, which was 

analysed in Chapter six, and standardised tasks were applied. The researcher was a highly 

experienced musculoskeletal physiotherapist with relevant training in QST. This reduces the 

chance of systematic errors. Recommendations for future studies such as location and amount 

of test sites were outlined. 

Methodologies and reporting followed latest guidelines for observational studies and 

systematic reviews (Page et al., 2021; von Elm et al., 2008). The designs were chosen to 

better reflect rehabilitation settings focusing on functional tasks as outlined for the ICF. 

Furthermore, the work has been published and cited in peer-reviewed journals and was 

presented at national and international conferences. 
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7.3.2 Limitations 

 

There are some limitations which should be considered. The recruitment was within a 

University setting representing people of younger age and lower levels of pain and disability. 

Therefore, the results might not be transferrable to people with more severe pain/higher 

disability and the wider non-University population. Participants self-selected for the different 

tasks and had a very positive attitude towards exercise in general. 

The same researcher conducted both QST tests, controlled the tasks, and performed 

the data analysis, which increases the potential for bias. Nevertheless, outcomes were 

performance based and participant controlled by pressing a button to indicate pain thresholds, 

consequently the researcher has only an indirect impact. Control of random errors was only 

partially feasible. Further standardisation was not always possible, for example restricting 

participants to other activities between sessions (Chapters four to six). 

The testing itself could have led to changes due to adaptation or sensitisation 

considering results from the non-exercising participants in Chapter six. At the beginning of 

the thesis sufficient evidence based on individual studies confirmed construct validity 

(Chapter one section 1.3.8), but retrospectively Chapter six could have been conducted prior 

to Chapters four and five. 

A power analysis was conducted for Chapter four based on the primary outcome 

measure data (lumbar PPT) presented in Chapter two (Kuithan et al., 2019). However, for 

most other outcome measures data sets were reduced due to safety limitations, and non-

normative distribution limited the power of interpretation of the results. 
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Lastly, the terminology and the classification used for EIH in this thesis, might be 

slightly simplistic. Based on the findings, and additional evidence also showing hyperalgesia 

after an exercise task in people with and without spinal pain, the terminology of the 

phenomenon of EIH might be not entirely appropriate, as it does not reflect all changes in 

pain sensitivity specifically considering people with pain. 

 

7.4 Clinical Implications 

 

Currently, there is still limited evidence on EIH. Poor stability of EIH raises concerns 

for clinical implications. However, this thesis provided preliminary insights in both task 

characteristics and outcome measures, but the weak evidence base currently precludes this 

being used with confidence in a clinical or rehabilitation setting. It is beyond the scope of this 

thesis to evaluate the clinical relevance of the effects of EIH. 

 

7.5 Future Research 

 

Findings from this thesis contribute to a rapidly emerging body of evidence on EIH 

and specifically in people with CLBP (Phase I MRC, see Chapter one Figure 1.3). Overall, 

further high quality studies are required, applying validated protocols to optimise study 

designs. 

Some points of interest for future research were raised in recent reviews (Bonello et 

al., 2021; Rice et al., 2019; Vaegter and Jones, 2020): understanding pain sensitivity and 
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perception of the effects of EIH; mediating factors such as pain perception or activity level; or 

the relationship to CPM. Aspects specifically addressed in this thesis comprised of stability, 

clinically relevant protocols, and local tasks. Further RCTs were recommended to reduce bias 

and not to overestimate the effects of EIH (Vaegter and Jones, 2020). Based on the MRC 

(Craig, 2019) it is recommend to explore the phenomenon first via observational studies to 

inform subsequent high-priced RCTs. Nevertheless, this thesis agrees on the need for 

validated protocols and comparable interventions, using PPT as outcome measures over both 

local and remote test sites (Vaegter and Jones, 2020). EIH is not an unidimensional factor 

(Woznowski-Vu et al., 2021) and research should fully reflect the biopsychosocial model. 

Once the phenomenon of EIH is better understood, it could contribute to prognostic 

factors. However, research should address the following aspects before a RCT can establish 

the effectiveness of what the best intervention is to elicit EIH in people with CLBP.  

First, a synthesis of evidence is needed to further elucidate appropriate tasks to 

produce EIH and what outcome measures can be applied to assess this. Based on the 

heterogeneity of current literature, the preferred design is a Delphi Consensus Study which 

allows experts from different research groups to develop a framework i.e., a test protocol. The 

project should follow guidelines for Delphi studies (Junger et al., 2017; Spranger et al., 2022). 

An international conference such as the International Association for the Study of Pain World 

Congress could connect researchers/experts from different groups and continents to discuss 

this in a workshop (first round) allowing open discussions and sharing of experiences (Mars et 

al., 2015). This could then be followed by a more standard Delphi approach (round two and 

three) finding consensus via a survey to determine content of a new test protocol. 
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As mentioned previously the reporting quality of studies and case series in the field of 

EIH is often poor stressing the importance of following reporting guidelines. Furthermore, it 

can be argued that positive reporting/ publication bias might be present. Additionally, it is 

unlikely that another review would lead to a consensus. Several reviews (Bonello et al., 2021; 

Naugle et al., 2012; Pacheco-Barrios et al., 2020; Rice et al., 2019; Vaegter and Jones, 2020; 

Wewege and Jones, 2021) synthesising different study designs did neither allow 

recommendations with moderate or high level of confidence nor provided specific 

recommendations for the intervention to elicit EIH or the best outcome measures. Pressure 

cuff testing for pain thresholds and tolerance should be included as an outcome measurement 

which was not utilised in this thesis. The amount of test sites should be considered carefully 

and not be excessive and further research would be needed to explore the effects of 

topographical testing. A less functional task, such as isokinetic exercise or cycling, might help 

to improve the stability of EIH as it can be standardised to a greater extent. 

Once a test protocol is established an observational study can assess stability and 

validity of the newly developed test protocol, the pre-requisite for future studies (second step). 

This would finalise phase I of the MRC Framework allowing to initiate phase II (feasibility 

study). As part of a future feasibility study, the qualitative component can be informed by the 

preliminary evaluation of participants’ perceptions. Once completed, it can then be transferred 

to people with musculoskeletal conditions, i.e., CLBP. 

 

7.6 Conclusion 

 

This thesis outlined important and unique findings of EIH in people with and without 

CLBP. Evidence synthesis (Chapter three) found low to very low quality evidence with 
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conflicting results. For people with CLBP there was very low evidence that aerobic cycling 

tasks led to normal EIH (two studies, fair ROB) and that local tasks (repetitive lifting) elicited 

altered EIH (two studies, one good, one fair ROB). Local tasks are relevant as they better 

reflect normal management for people with spinal pain. One of the two included studies was 

Chapter two; the first study which demonstrated impaired EIH in participants with CLBP 

following a local task while asymptomatic participants showed EIH. Altogether, the 

systematic review highlighted a paucity of studies assessing EIH in people with spinal pain, 

specifically CLBP. Across included studies the ROB was high, and sample size calculations 

and use of reporting guidelines were lacking. 

Integrating the additional empirical findings into the existing body of literature 

showed equivocal results. After a lumbar resistance and brisk walking task both participants 

with and without CLBP showed EIH across multiple sessions (Chapters four and five). As the 

increase of lumbar PPT was also present after rest (Chapter six), interpretation of the results 

should be done cautiously. Analysis of the test protocol is recommended prior to future 

research on EIH. Finally, stability of absolute changes was poor, although the effect occurred 

in each session. This outlines a challenge for future studies and needs to be addressed first. 

This thesis further underlines the complexity of assessing and eliciting EIH in 

presence of many unexplored interacting factors in asymptomatic people and those with 

CLBP. Overall, findings of this thesis are important to inform future studies contributing to 

the elucidation of EIH in people with and without CLBP, specifically on the stability, a 

prerequisite for further research.  
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Low back pain (LBP) is a major clinical problem with substantial socio-economic impact. Whilst 
some individuals seek medical and therapeutic interventions for pain relief, many more live with LBP 
where there is no specific cause or known pathology, termed non-specific LBP.   Current diagnosis 
of LBP and optimal therapies are insufficient, and knowledge concerning the interaction between 
musculoskeletal pain and motor performance being incomplete (Hong et al., 2013; Kalichman et al., 
2010; Parsons and Courtney, 2014; Vos et al., 2012). Many studies in this field have been 
performed under static conditions which do not represent patients' daily-life routines (Gallagher and 
Callaghan, 2015; Gallagher and Callaghan, 2016; Mazaheri et al., 2013). In the present project a 
series of activities of daily living (ADL) will be analysed using a comprehensive assessment. 

Biomechanics of body segments (kinematic and kinetic evaluation), synergistic motor outcome (via 
high-density electromyography recordings) (EMG) and cortical activity (via electroencephalography) 
(EEG) will be studied in people with LBP and age-and gender matched control participants. 

The general aim of the project is to understand how the brain orchestrates sensory-motor 
integration and motor control to manage pain. The specific aim of this project is to study the 
association between changes in motor control abilities and different pain domains (in line with the 

Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials - IMMPACT - 
recommendations (Dworkin et al., 2005; Gewandter et al., 2014) that including physical functioning, 
pain quality, pain intensity and emotional functioning). To date, changes in motor control abilities 
and different pain domains have never been quantified systematically together during ADL.  

The project is divided into three separate studies which focus on different motor tasks 

1. Postural control in normal and challenged conditions (voluntary holding of a steady 
inclined position) 

2. Gait Initiation and Sudden Unplanned Gait Termination  

3. Walking along curvilinear path and turning strategies  

SUMMARY OF STUDY 1 

 

1. Postural control in normal and challenged conditions 

Working Hypotheses  

1. The postural effects, induced via proprioceptive stimulation, are different in LBP compared 
to healthy participants likely due to a change in body schema.  
2. LBP participants will display a limitation in reaching challenging postural conditions 
(voluntary holding of a steady inclined position) as expression of inability to voluntarily switch to a 
new postural set  
 
Background working hypothesis 1   

Postural control to maintain an upright stance is one of the most important and basic requirements 
in the daily life of humans. The sensory inputs involved in postural control include visual and 
vestibular inputs, as well as proprioceptive and tactile somatosensory inputs. These multisensory 
inputs are integrated to represent the body state (body schema) and as reference to generate and 
control motion (Maurer et al., 2006; Schweigart and Mergner, 2008).  

Posture can be tested by measuring movement of the body’s center of mass relative to the base of 
support (controlled by the Center of Pressure (CoP) movements (Winter et al., 1998) in standing 
under the instruction to stand relaxed or minimize movement, referred as postural sway.  

Limiting postural sway requires adequate trunk control, since any rotation around the ankle joints 
(considering the standing body as an inverted pendulum controlled at ankle joint (Morasso and 
Schieppati, 1999; Winter et al., 1998) will induce variation in gravitational moments around the spine 
that have to be controlled by trunk musculature to maintain trunk alignment (Creath et al., 2005; 
Hodges et al., 2002; Oullier et al., 2002). In addition, small deviations from the single inverted 
pendulum approximation do occur, as postural sway comprises trunk movements that are 
coordinated with movements of the lower extremities to reduce excursion of the body’s center of 
mass (Hodges et al., 2002; Oullier et al., 2002). The latter case specifically applies when balance 



 
 

needs to be achieved under dynamic, critical or unstable conditions (Courtine et al., 2007; De 
Nunzio et al., 2008; De Nunzio et al., 2005; Mientjes and Frank, 1999; Schieppati et al., 1994). 

Niels and Sinnott in 1991 (Nies and Sinnott, 1991) were the first to investigate balance control in 
patients with LBP, by measuring CoP movements. Subsequently, many comparable studies have 
been published and a recent review concluded that there is consistent evidence that LBP coincides 
with increased sway amplitude and/or sway velocity (Ruhe et al., 2011). 

However, there are no previous studies investigating whether LBP alters the integration of 
proprioceptive inflow to create their body schema and manage posture. 

Sensory information conveyed along afferent fibres from muscle proprioceptors plays an important 
role in the control of posture in humans (Kavounoudias et al., 1999; Kavounoudias et al., 1998; Roll 
et al., 1989b; Schieppati and Nardone, 1999) and jointly contribute to the body schema formation 
(Roll et al., 1989b). Tendon vibration almost selectively activates muscle spindle primary endings 
and elicits a discharge in the fast conducting large-diameter group Ia afferent fibers (Roll and Vedel, 
1982; Roll et al., 1989a) thereby providing a means to influence proprioceptive inflow. Thus we will 
evaluate whether proprioceptive information is differently integrated to balance the body in people 
with LBP versus healthy controls. 

  

Methods working hypothesis 1 

To evaluate the 1st working hypothesis, we will apply unilateral vibration to various regions of the 
body (see methods for details) during a quiet stance condition with eyes open and eyes closed. 

Surface EMG will be recorded from the lumbar erector spinae, selected lower limb and neck 
muscles bilaterally. EEG as well as CoP movements and ankle torque will be recorded. 

We will compare the biomechanical differences (especially kinetic: CoP movements and ankle 
torque) between people with LBP and age and gender-matched participants in exploiting 
proprioceptive input subserving posture and correlate the differences with measures of motor 
control (level of muscle activation variability determined from the EMG recordings) and its cortical 
signature (EEG local field desynchronizations in sensorimotor and parietal cortex (Wagner et al., 
2016).     

 

Background working hypothesis 2   

To accomplish the 2nd working hypothesis, we will evaluate how balance is maintained under a 
challenged condition characterized by voluntarily holding a steady, inclined posture, up to the limit of 
stability (McCollum and Leen, 1989; Schieppati et al., 1994). This condition implies both greater 
activation of postural muscles than in normal stance to counteract the increased momentum of 
gravity, and conscious descending input to the spinal cord.  

A previous study (Schieppati et al., 1994) has assessed this challenged stance condition in young 
and elderly healthy people, and in idiopathic parkinsonians; finding that while sway area was 
minimal during normal stance, it increased progressively when the subjects leant forward or 
backward showing a clear fine-tuned function of body support from the tibialis anterior and soleus 
muscles, and sway control from extensor and flexor digitorum muscles. Age influenced the extent of 
Antero-Posterior (A-P) leaning without changing the relationship between sway area and A-P 
displacement, while people with Parkinson’s showed impairment in achieving this challenged stance 
condition, still maintaining the same relationship between muscle activity and body inclination 
(indicating a preserved feedback mechanism reflexly controlling balance (De Nunzio et al., 2008)). 
These previous findings highlight that posture inclinations represent a clear different postural set as 
people with Parkinson’s fail to integrate normal afferent input into a novel reference system (the 
critical posture, deliberately assumed). 

 

Methods working hypothesis 2 

Based on these premises we will use the challenged posture test to study the ability of people with 



 
 

LBP to modulate the gain of different postural loops voluntarily reaching a new postural set.  

The same experimental set-up of the previous project session will be used to extract information 
regarding motor control and its neural correlates in switching across different postural sets.  

 

SUMMARY OF STUDY 2 

 

2. Gait Initiation and Sudden Unplanned Gait Termination 

 

Working Hypotheses  

1. LBP participants will exhibit a modification of the Anticipatory Postural Adjustments during 
gait initiation compared to healthy participants as pain may influence the feedforward subcortically-
mediated motor actions accomplished during this task.  
2. LBP will be associated with an alteration of the Compensatory Postural Adjustments 
executed during a sudden unplanned gait termination since pain may impair the ability to control a 
startle response. 
 
Background working hypothesis 1 

The identification of biological factors that play a role in the persistence of symptoms is vital for the 
development of interventions to treat LBP. A plausible biological mechanism that may impede LBP 
recovery is the control of postural perturbations by the central nervous system (CNS). Ineffective 
control of postural perturbations increases the risk of excessive forces being experienced by 
passive structures of the spine (Cholewicki and McGill, 1996; Panjabi, 1992), contributing to the 
persistence of LBP. During ADL, people may experience postural perturbations in the form of self-
initiated movements, standing on a moving bus, or being hit by an external object. Anticipatory 
(APAs) and compensatory (CPAs) postural adjustments are alterations in muscle activity by the 
CNS to control forces imparted on the body by postural perturbations (Tisserand et al., 2015; Viton 
et al., 2000). APAs can be observed prior to a predictable perturbation and serve to minimise the 
perturbation’s effect (MacKinnon et al., 2007), while CPAs are observed following a perturbation 
and are a mechanism to re-establish postural equilibrium (Alexandrov et al., 2005; Park et al., 
2004).  

A well-studied example of APAs occurs during the transition from stationary standing to stepping 
forward to initiate gait (Crenna and Frigo, 1991; Rogers et al., 2001). These APAs involve a 
sequence of muscle activations and changes in the ground reaction forces (GRFs) that move the 
net CoP beneath the feet backward and toward the initial swing limb (see Fig. 1). This sequence of 
activity produces the forces and moments necessary to propel the body forward and toward the 
single-stance limb for the regulation of whole body balance and posture before and during initiation 
of the voluntary step.  



 
 

 

Figure 1 - adapted from Viton et al. 2000 

 

A variety of studies in animals and humans have investigated the neural mechanisms contributing to 
the generation of the APAs that precede and accompany voluntary movement concluding that the 
putative regions involved in the control of posture and the intended movement are organized 
separately (Schepens and Drew, 2003; Schepens and Drew, 2004). Based on the findings of lesion 
studies, Massion (Massion, 1992) proposed that the neural networks responsible for the control of 
APAs are organized subcortically. This idea is supported by studies in quadrupeds showing that the 
pontomedullary reticular formation is involved in the control of posture through brain stem–spinal 
pathways that may be engaged through motor corticofugal connections (Drew et al., 2004; 
Matsuyama and Drew, 1997). Thus the motor cortical command for a goal directed movement might 
include feedforward signals for generating the postural adjustments that anticipate and accompany 
movements (Massion et al., 2004; Massion et al., 1999). A previous extensive study (MacKinnon et 
al., 2007) confirms there is an initial phase of movement preparation during which the APA-stepping 
sequence was progressively assembled, and that this early preparation did not involve the 
corticomotor pathways which only contribute to the following voluntary initiation of the prepared 
APA-stepping sequence. These findings are consistent with a feedforward mode of neural control 
whereby the motor sequence, including the associated postural adjustments, is prepared before 
voluntary movement. 

 

Methods working hypothesis 1 

Preparation of APAs prior to stepping will be studied in people with LBP with the aim of testing the 
influence on feedforward subcortically-mediated motor actions. 

We hypothesise that the APA-stepping sequence could be differently assembled in people with LBP 
leading to a generation of an impaired voluntary first step action during walking.  

Kinetics and kinematics of the body segments, lower limb and trunk muscle activity as well as 
cortical involvement in voluntary generation of the first walking step will be acquired and analysed. 
Variability of the onset timing of APAs and the accompanying EMG activity will be correlated with 
the onset of the volitional first walking step movement to explore if LBP can alter the independency 
between plan and control of APA and voluntary motor actions.  

 

Background working hypothesis 2 

Sudden unplanned gait termination is a dynamic motor task. We stop abruptly in response to 
unexpected events, such as a car not stopping at a pedestrian crossing, a door closing, an alarming 
sound, and so on. 



 
 

Sudden stopping or termination of gait requires abrupt deceleration of the forward progression of 
the body and the assumption of a stable posture (Hase and Stein, 1998). This task may be 
particularly demanding individuals with LBP, as it reduces their gait stability and could even lead to 
an increased incidence of falls (Gryfe et al., 1977; Stenhagen et al., 2013).  

Sudden stopping is accomplished in a single step, always with one foot forward (leading leg) and 
the other back (trailing leg) (Sparrow and Tirosh, 2005). The trailing leg decreases the acceleration 
and lowers the centre of mass (CoM) (extension synergy), while the leading leg increases the 
braking force and further decelerates the CoM (flexion synergy (Hase and Stein, 1998; O'Kane et 
al., 2003). If the effect of these two mechanisms is too weak or they intervene too late in the step 
cycle, the momentum of the CoM will carry the body forward over the extended leading leg. This will 
also cause the subject to rise on his toes, thus converting some kinetic energy into potential energy, 
or moving the arms and rotating the body about the vertical axis (O'Kane et al., 2003; Oates et al., 
2010). In any of the previously reported strategies the trunk and its mass play a major role in storing 
and reducing the CoM momentum.  

Moreover, from a neurophysiological perspective a sudden and unexpected gait termination motor 
action could possibly be characterised as a startle reaction. Therefore, we could expect shorter 
reaction times than the calculated minimum time for processing of sensory information at the 
cerebral cortex and therefore an APA followed by a CPA with the first triggered entirely by activity at 
subcortical levels (probably involving the startle circuit).  

 

Methods working hypothesis 2 

In this part of the project, we will explore the hypothesis that LBP may negatively affect a person’s 
ability to abruptly stop walking, in other words, their ability to compensate for the imbalance due to 
the mechanical perturbations in the sagittal plane and that pain could lead to a different assembly 
and release of the APA compared to the CPA strategy.  

We hypothesise that, in order to compensate for instability in the sagittal plane, they may show a 
longer and multi-step gait termination strategy and impaired transfer of the forward momentum from 
the sagittal to the frontal plane. Furthermore, compared with healthy participants, patients may be 
unable to adequately coordinate trunk movements in order to maintain whole body stability, as well 
as they may be unable to execute an effective lower limb flexion–extension pattern in order to scale 
the braking forces needed to decelerate the forward momentum. 

This objective will be obtained using the same experimental set-up reported above to study APAs 
during gait initiation.    

 

SUMMARY OF STUDY 3 

 

3. Walking along a curvilinear path and turnings strategies 

 

Working Hypothesis  

1. LBP participants will exhibit an impaired ability to walk along curved trajectory as trunk control 
and stability are likely affected by pain  

 

Background 

Human walking has been extensively studied from kinematic, kinetic and physiological viewpoints 
(Barker et al., 2006; Coutts, 1999; Ivanenko et al., 2006; Sousa and Tavares, 2015). However, 
investigations have frequently isolated the walking person from his/her natural context, by studying 
gait in limited conditions, such as straight-ahead walking, and often on a treadmill. 

Even though locomotion along a straight path may represent an easy task for a normal human, it is 



 
 

rarely encountered in everyday life. Often, humans are faced with changes in path direction, which 
can be either unexpected or anticipated in advance. In both of the cases, the central nervous 
system (CNS) must abdicate to the symmetry of the locomotion apparatus, which seems to be 
adapted to straight-ahead walking (Rossignol, 1996; Rossignol et al., 1996). 

Walking in a curved path may thus involve a trade-off between automatic forward progression and 
voluntary rotation of the body (Domenici et al., 1998; Labruyere and van Hedel, 2012), thereby 
resulting in the production of smooth, adapted trajectories (Hase and Stein, 1999). Constraints of 
equilibrium, already present during straight-ahead locomotion (Cavagna and Margaria, 1966; Pozzo 
et al., 1998), also challenge the CNS during curved walking (Godi et al., 2010; Guglielmetti et al., 
2009; Thigpen et al., 2000). 

Walking along curved trajectories implies a different spatiotemporal pattern of muscle activation 
than straight walking. This is due to the constraints of the task (Courtine and Schieppati, 2003a; 
Courtine and Schieppati, 2003b). Stride length of the inner leg (closer to the centre of curvature) is 
necessarily shorter than that of the outer leg, because the distance between the feet is not annulled 
during curved walking and the step frequency is the same for both legs. Swing velocity is greater for 
the outer than the inner foot. The inner foot is placed on the floor at a greater angle than the outer 
foot with respect to the trajectory. Stance phase duration is shorter in the outer than inner leg. 
Ground reaction force is greater for the outer foot at heel strike and toe-off, whereas it is greater for 
the inner foot during the mid-stance phase (Turcato et al., 2015). Trunk roll is greater towards the 
inner than the outer side, whereas it is symmetrically and alternately distributed during straight 
walking. Mediolateral displacement of body centre of mass toward the supporting leg is shifted 
inwards, to create the centripetal force that keeps the body moving along the circular path (Courtine 
and Schieppati, 2003a; Courtine and Schieppati, 2003b; Turcato et al., 2015). These kinematic and 
dynamic constraints require an adapted mode of control. Amplitude and timing characteristics of the 
muscles’ activation are significantly associated with the spatial and temporal adaptations to 
curvilinear locomotion (Courtine et al., 2006; Courtine and Schieppati, 2004).  

 

Methods 

Given i. the substantial complexity of the changes required to smoothly accomplish locomotion 
along a curved trajectory and ii. the importance of trunk control, mainly operated via proprioceptive 
inflow integration from paraspinal muscles (Courtine et al., 2007; Schmid et al., 2005), we will 
investigate the capacity of people with LBP to walk along a 180° curved path.  

We hypothesise that LBP could induce poor posturokinetic coordination and affect biomechanics of 
gait to some extent, showing an impaired control compared to walking straight-ahead or compared 
to asymptomatic subjects. 

Variability of paraspinal muscle activity will be studied via high-density EMG, in conjunction lower 
limb and neck muscle activity. Sensorimotor and parietal cortex involvement will be studied as 
controlling an automatic/stereotyped motor task (CPG generation) superimposed on a voluntary 
synergistic motor modulation to control body rotation (gait adaptation) (Wagner et al., 2016). 

 
7. CONDUCT OF PROJECT 
 
 Please give a description of the research methodology that will be used  
 
Design: Cross-sectional. 
 
All studies will be conducted in the human movement laboratory of the School of Sport, Exercise 
and Rehabilitation Sciences. 
 
For each study, participants will attend a single laboratory session. All measurements will be 
done as follows:  
 
Study 1: Postural control in normal and challenged conditions  
Postural assessment will be performed using two Force Platforms (BTS Bioengineering, Italy) 



 
 

embedded in the floor and positioned at floor level to avoid vivid edges. The quiet upright posture 
assessment will be performed in order to detect the instant position of the Center of Pressure 
(CoP). Participants will be asked to stand barefoot on the force platform (one foot on each force 
platform) with their feet spaced 17 cm apart (measured between heels) and a 14° angle between 
feet (McIlroy and Maki, 1997), with arms at their sides looking at a visual target adjusted to eye-
level height, 40 cm in front. All participants will receive the same instructions: to keep their gaze 
fixed on the visual target, standing for at least 40 s. In order to ensure accuracy and reiteration 
across trials, foot positioning will be marked on the platform. During the challenged condition trials 
the participants will be asked to lean forward or backward as far as possible. To assure safety, an 
experimenter will stand close to the participant preventing any possible fall, which in any case 
would be very unlikely.  
Inclinations will be accomplished without lifting toes or heels and within minimal bending at the hip 
or knees, and keeping the trunk as straight as possible. 
Eyes-open (EO), and eyes-closed (EC) conditions will be recorded, and 6 consecutive trials 
(Pinsault and Vuillerme, 2009) (3 EO, 3 EC randomly assigned) will be collected. In order to avoid 
possible fatigue, a 1-minute rest will be given between trials.  
 
The CoP displacement will be analysed off-line from the unfiltered platform signal by using two 
different parameterisations techniques (Baratto et al., 2002): i) global parameterisation which 
numerically expresses the overall size of the sway patterns, in time and frequency domains; and 
ii) structural parameterisation which identifies subunits of posturographic data related to the 
underlying motor control process.  
In order to compute structural parameters, a Sway Density Plot (SDP) will be calculated by 
counting the number of consecutive samples of the posturographic trajectory which, for each time 
instant, fall within a test circle (Ø 2.5 mm) (Baratto et al., 2002). SDP describes a regular series of 
peaks and valleys. Peaks correspond to time instants in which the ankle torque is relatively stable 
and is associated to the feed-forward control actions (motor commands); valleys are related to 
time instants in which the ankle torque rapidly shifts between two consecutive stable points.  
The main reason for clinical interest in the analysis of the CoP signal is the fact that its time 
structure can reveal something of the postural control mechanism and its pathological 
modifications, because the CoP signal is proportional to the ankle torque (Morasso and Sanguineti, 
2002; Morasso and Schieppati, 1999). This torque is the combination of the descending motor 
commands as well as the mechanical properties of the muscles acting around the ankle. The 
descending motor commands modulate, at the same time, the ankle torque and the ankle stiffness 
(Baratto et al., 2002). 
The following indices, will be computed for each trial and condition (EO, EC):  

• the Sway Path (SP) of the CoP (integrating the instant velocity of the CoP over the total 
recording time);  

• the frequency bandwidth (including the 80% of the amplitude spectrum area (FB1) (Baratto 
et al., 2002)), separately computed for the antero-posterior (A-P) and medio- lateral (M-L) CoP 
movements direction;  

• the Mean amplitude of the Peaks (MP) of the Sway Density Plot (SDP) - MP is an a-
dimensional value which estimates the posture stability degree; 

• the Mean Distance (MD) between two consecutive peaks of the SDP (for details see 
(Baratto et al., 2002)) – it represents the amplitude of the feed-forward control actions (motor 
commands); 

• the Median CoP position along M-L direction will be calculated as index of participants’ 
asymmetrical weight distribution on the feet.  

• The Median CoP position along A-P direction will be calculated as index of participants’ 
ability in weight shifting during critical stance condition trials. 
 
Studies 2 and 3: Gait Initiation, Walking along curvilinear path and Gait Termination  

 
The participants will undergo a kinematic evaluation of walking with an infrared camera based 
optoelectronic system (BTS Bioengineering, Italy). Participants, starting with their feet on the 
force platforms, will be asked to walk barefoot at their usual cadence, along a 6-m rectilinear 
walkway, making a continuous turn, following a curvilinear path with 120 cm radius of gyration 



 
 

and walk back to the starting point. A set of at least three repetitions will be acquired. A 2 
minutes rest between walking trials will be given to avoid participant exhaustion. 
Synchronised with lower limb joint kinematics the coronal and sagittal walking plane will be 
videotaped. Videotape archiving of the participant’s gait is advisable for a number of reasons. 
For example a videotape record allows a close examination of abnormal foot dynamics such as 
varus/valgus and mid-foot abnormalities. A videotape of the participant, not encumbered in any 
way by markers, provides the researcher with an overall or "global" view of the participant and 
additional documentation for later presentation and discussion. Camera height will be adjusted to 
exclude face visualisation from the video.  
In addition, anthropometric measurements will be taken which include the participant's height, 
weight and leg length. Data used for the estimation of the joint center locations will be collected, 
i.e. the knee and ankle widths (as seen in the coronal plane of the limb), the distance between 
right and left pelvic anterior superior iliac spine (ASIS) and the vertical distance in the sagittal 
plane of the supine participant between ASIS and the greater trochanter (with the femur rotated 
such that the greater trochanter is oriented as lateral as possible). 
The optoelectronic system consists of 8 infrared cameras (100 Hz sampling rate) that track the 
3D motion of passive retroreflective markers. All data will be acquired using BTS SMART 
Capture software and saved to disk for off-line analysis. 
The retroreflective 22 marker set used in the lab will be placed according to the protocol 
described in Davis et al. (Davis et al., 1991). The markers will be placed on the participant 
according to the following specifications: 
Trunk: 1. right acromion process, 2. left acromion process, 3. 7th cervical spinous process. 
Pelvis: 1. right ASIS, 2. left ASIS, 3. over the 5th lumbar spinous process. 
Thigh: 1. right greater trochanter, 2. left greater trochanter, 3. right lateral femur epicondyle, 4. 
left lateral femur epicondyle, 5. along the right femur axis oriented so that the longitudinal axis of 
the thigh lies in the plane formed by the three markers, 6. along the left femur epicondular axis . 
Shank: 1. right head of fibula, 2. left head of fibula, 3. right malleolus, 4. left malleolus, 5. along 
the right fibula axis oriented so that the longitudinal axis of the shank lies in the plane formed by 
the three markers, 6. along the left fibula axis. 
Foot: 1. right toe, 2. left toe, 3. on the lateral aspect of the right foot at the fifth metatarsal head, 
4. on the lateral aspect of the left foot at the fifth metatarsal head, 5. right heel (positioned so that 
the heel-toe marker vector is parallel to the sole of the foot), 6. left heel (positioned so that the 
heel-toe marker vector is parallel to the sole of the foot). 
 
Electomyographic (EMG) assessment 
Surface EMG measurements will be acquired during walking tests, synchronized with kinematic 
and kinetic (force) data. Surface electrodes for EMG measurements will be located and placed 
on the participant following a standard guideline provided by the SENIAM project 
(www.seniam.org). The SENIAM (Surface ElectroMyoGraphy for the Non-Invasive Assessment 
of Muscles) is a European concerted action in the Biomedical Health and Research Program 
(BIOMED II) of the European Union.  
Bipolar Ag-AgCl surface electrodes will be used to record EMG bilaterally from: 
- Tibialis Anterior (TA) 
- Soleus (Sol) 
- Gastrocnemius Medialis (GasM) 
- Tibialis Posterior (TP), 
- Erector Spinae (ES), 
- Peroneus Longus (PL), 
- Biceps Femoris long head (BF), 
- Tensor Fascia Latae (TF) 
- Vastus Lateralis (VL). 
A completely wireless EMG acquisition system will be used (BTS Bioengineering, Italy). Each 
skin site will be shaved with disposable razors and cleaned with alcohol before electrode 
placement (Hermens et al., 1999; Perotto, 1994). All data will be acquired at 1,000 Hz using BTS 
EMG Analyser software and saved to disk for off-line analysis.  
 
High Density Surface EMG 
Surface EMG signals will be detected with semi-disposable adhesive grids of electrodes (OT 



 
 

Bioelettronica, Torino, Italy) placed over the lumbar erector spinae. Each grid consists of 8 rows 
and 8 columns of electrodes (1-mm diameter, 10-mm inter-electrode distance in both directions). 
To characterize the spatial distribution of muscle activity, the following variables will be extracted 
from the bipolar signals: Root mean square (RMS) and mean frequency (MF) averaged over all 
signals and the two coordinates of the centroid of the root mean square map (x and y-axis 
coordinates for the medial-lateral and cranial-caudal direction, respectively (Falla et al., 2008), 
(Falla et al., 2014).  
   
Kinematics and EMG data reduction and analysis 
Synchronised kinematics and EMG acquisition and data processing will be performed using 
Analyser software (BTSS.p.a.) and custom written routines in LabView National Instruments 
software.  
 
Kinematics 
After the walk is complete and all camera information are collected, the two-dimensional 
coordinates of the centroid of each marker image will be determined for each frame of 
optoelectronic camera data. Three dimensional marker coordinates will be computed 
stereometrically from the two dimensional camera data. The instantaneous orientation of an 
orthogonal, marker-based, embedded coordinate system will be determined for the trunk and 
pelvis and each thigh, shank and foot segment. The marker-based embedded coordinate 
systems for the thigh, shank and foot will then be realigned with the instantaneous, joint center-
based, embedded coordinate systems. The angular offset values used in this realignment 
process will be computed from the standing data that will be collected prior to the walking test. 
Finally, three dimensional limb rotation angles will be calculated from the embedded coordinate 
system information.   
The analysed Kinematic indexes will be: 
-  temporal parameters of walking cycle (Davis et al., 1991) 

• stance and swing phase duration (% stride cycle) for right and left side, 

• double stance phase duration (% stride cycle) for right and left side, 

• stance and swing phase duration (time duration of the stride cycle) for right and left side, 

• time duration of the stride phase (s) for right and left side, 

• walking cadence (step/minutes) 
- spatial parameters of walking cycle (Davis et al., 1991) 

• step length (m) for right and left side, 

• stride velocity (m/s) for right and left side, 

• swing velocity (m/s) for right and left side, 

• stride length (m) for right and left side, 

• step width (m) for right and left side 

• walking velocity (m/s) 
- three dimensional joint rotation during stride cycle along sagittal, coronal and horizontal 
anatomical plane, for right and left side (Davis et al., 1991) 

• pelvis rotation (deg),  

• hip rotation (deg),  

• knee rotation (deg),  

• ankle rotation (deg), 
- elevation angles for right and left side (Borghese et al., 1996; Ivanenko et al., 2008b; Lacquaniti 
et al., 1999) 

• thigh (deg) 

• shank (deg) 

• foot (deg) 
 
EMG 
The EMG signals will be off-line band-pass filtered (fourth-order zero-lag Butterworth digital filter, 
bandwidth 20 – 400 Hz) to attenuate DC offset, motion artefacts, and high-frequency noise 
(Hermens et al., 1999). The filtered signals will be full-wave rectified and low-pass filtered 
(fourth-order zero-lag Butterworth digital filter, cut-off frequency 10 Hz) to obtain the muscle 
activation patterns. To facilitate comparisons between participants and among different walking 



 
 

speeds, the EMG from each muscle will be normalized to its peak value from self-selected 
walking and resampled at each 1% of the gait cycle (Clark et al., 2010).  
 
Matrix Factorisation Algorithm 
We will use a version of probabilistic ICA (pICA) that, in addition to allowing estimates of the 
noise for each data dimension, also allowed the basis vectors and activation coefficients to be 
constrained to be nonnegative (Hojen-Sorensen et al., 2002; Kolenda et al., 2002)  
http://mole.imm.dtu.dk/toolbox/menu.html.  
The correct number of basis vectors will be indicated by an ad hoc procedure based on variance 
and likelihood curves. We will apply the above algorithm, varying the number of bases from one 
to eight. We then calculate the amount of variance and the likelihood of the data set explained by 
each algorithm with a particular number of bases. However, several studies consistently showed 
that the EMG activity of trunk and leg muscles during human adult locomotion is adequately 
reconstructed as a linear combination of four to five basic patterns, each one timed at a different 
phase of the gait cycle (Cappellini et al., 2006; Clark et al., 2010; Davis and Vaughan, 1993; 
Gizzi et al., 2011; Ivanenko et al., 2005; Ivanenko et al., 2008a; Ivanenko et al., 2004; McGowan 
et al., 2010; Olree and Vaughan, 1995; Patla, 1985).  
The average shape of each pattern, once it is time-normalized to stride duration, is little affected 
by changes in walking speed (Ivanenko et al., 2004), direction (walking backwards versus 
walking forwards, (Ivanenko et al., 2008a)), loading or unloading of the limb and body (McGowan 
et al., 2010), or changes in locomotion mode (running versus walking; (Cappellini et al., 2006)). 
The similarity of the average waveforms irrespective of walking or running speed suggests that 
each command is shaped relative to the overall duration of the gait cycle, so that the resulting 
muscle activations have a short duration at high speeds and a longer duration at low speeds. 
Similarity of the average waveforms will be tested according with walking direction conditions 
(rectilinear or curvilinear). 
 
Activation characteristics contributing to reduced complexity 
An examination of the characteristics of muscle activation responsible for possibly reduced 
locomotor output complexity (Falla et al., 2014) will be realised. LBP participants will be 
separated into groups based on the number of modules required for EMG reconstruction (2, 3, or 
4 modules), performing the Matrix Factorization (pICA) analysis assuming four modules for all of 
the participants. This procedure will assess how the muscle weightings differed among groups 
and how activation profiles differed among modules within the same group. The muscle 
weightings for each module will be correlated across groups to quantify the similarity (i.e., 
module 1 across groups, module 2 across groups, etc.). High correlations indicate similar 
module composition. Within each group, correlations of activation timing profiles between 
modules were computed to assess whether modules are independently active. High correlations 
indicate a lack of independent module activation.  
 
EMG magnitude 
To assess the potential effect of the EMG magnitude on the number of modules identified, raw 
EMG in millivolts from each muscle will be averaged by condition (i.e., rectilinear or curvilinear) 
over all the gait cycles for each participant for the respective walking condition. The values from 
all muscles will be averaged together to obtain a single composite measure for each walking 
condition of each participant. 
 
Correlation between kinematics and modules of EMG reconstruction 
The trajectories of the body Center of Mass (COM) and feet are highly regular and repeatable in 
human gait (Winter, 1991). They are determined by the combined rotation and translation of the 
lower limb segments. The pelvis, thigh, shank and foot oscillate back and forth relative to the 
vertical with a similar waveform, time-shifted across different segments (Bianchi et al., 1998; 
Borghese et al., 1996), and in so doing they carry the trunk and feet along. When the segment 
elevation angles are plotted one versus the others, they describe regular loops constrained close 
to a plane common to both the stance and swing phase (Borghese et al., 1996; Ivanenko et al., 
2008b; Lacquaniti et al., 1999). The specific orientation of the planar covariance reflects the 
phase relationships between the segment elevation angles, and therefore the timing of the inter-
segmental coordination (Bianchi et al., 1998). 



 
 

The planar covariance in walking, with the corresponding muscle activation patterns inserted at 
the time of occurrence along the gait loop will be also calculated to study the phase coupling 
between the elevation angles and the muscles activation patterns along rectilinear and 
curvilinear walking. 
 
The same analysis procedures will be adopted on kinematic, kinetic and EMG data selected 
around the gait initiation and termination phase.  
 
Kinematic (motion), kinetic (force and torque) and EMG acquisition will be realised in one single 
session for LBP participants and healthy volunteers.  
 
Pain Domains Assessment 
Quantitative sensory tests will be performed including pressure pain thresholds and thermal pain 
thresholds (Rolke et al., 2006a) over regions of the lumbar spine and at a remote site (non-
dominant hand). Pressure pain thresholds will be measured over locations distributed across the 
lumbar region using a pressure algometer (Somedic, CE). Participants here simply indicate when 
they perceive pain for the first time during pressure stimulation with slowly increasing intensity 
(50 kPa/sec). Stimulation will stop with the report of pain. Thermal pain thresholds will be 
measured with a Thermal Sensory Analyzer II, Medoc, Israel (CE certification enclosed). 
Temperature change will stop with the report of pain.  
 
Healthy Controls: Self Reports  
Questionnaire data as described below will be obtained from the controls:  

• SF-12 Health Survey: A measure of the general health status of the patient (Brazier et al., 
1992)  

• Depression, Anxiety, Stress Scales (DASS): A self-rating measure of depression, anxiety 
and stress (Lovibond and Lovibond, 1995) 

• International Physical Activity Questionnaires (IPAQ) to measure physical activity of 
participants (Booth, 2000) 
 
LBP participants Self Reports  
Questionnaire data as described below will be obtained from the participants:  

• Back pain questionnaire: Questions pertaining to back pain area, intensity and duration. 

• International Physical Activity Questionnaires (IPAQ) to measure physical activity of 
participants (Booth, 2000) 

• SF-12 Health Survey: A measure of the general health status of the patient (Brazier et al., 
1992) 

• The Van Korff scale (VKS): A measure to grade severity of chronic pain (Von Korff et al., 
1992) 

• The Pain Catastrophizing Scale (PCS): A measure of catastrophic thinking related to pain 
(Osman et al., 1997).  

• Depression, Anxiety, Stress Scales (DASS): A self-rating measure of depression, anxiety 
and stress (Lovibond and Lovibond, 1995) 

• The Oswestry Disability Index will be used to assess pain-related disability specifically 
related to LBP (7 items (Fairbank and Pynsent, 2000)) 

• Fear Avoidance Believe Questionnaire (Waddell et al., 1993) 
Additionally, participants will report the area where the pain is felt by completing a pain drawing 
through sketch software on an iPad.  
 
Multifactorial fall risk assessment will be realised using the following tools: 

• Timed Up and Go test (TUG) (Okubo et al., 2016) 

• Tinetti Performance Oriented Mobility Assessment (POMA) (Sterke et al., 2010; Thomas 
and Lane, 2005)   

• Activities-specific Balance Confidence (ABC) Scale (Lajoie and Gallagher, 2004)    

• Tinetti Falls Efficacy Scale as measure of fear of falling (Hauer et al., 2010; Tinetti et al., 
1990) 

 



 
 

 
 
8. DOES THE PROJECT INVOLVE PARTICIPATION OF PEOPLE OTHER THAN THE  

RESEARCHERS AND SUPERVISORS? 
  

          Yes    No     
 
Note: ‘Participation’ includes both active participation (such as when participants take part in an 
interview) and cases where participants take part in the study without their knowledge and consent at 
the time (for example, in crowd behaviour research). 
 
If you have answered NO please go to Section 18. If you have answered YES to this question 
please complete all the following sections. 
 
 
9. PARTICIPANTS AS THE SUBJECTS OF THE RESEARCH 
Describe the number of participants and important characteristics (such as age, gender, location, 
affiliation, level of fitness, intellectual ability etc.). Specify any inclusion/exclusion criteria to be used. 
 
30 healthy and physically active participants & 30 participants who experience chronic non-specific 
LBP (NSLBP) will be recruited for study 1. The same group of healthy and physically active 
participants as well as the 30 participants with non-specific LBP will undergo studies 2 and 3 as 
the 3 studies could be merged and realised into one single testing session. Resting periods among 
and within the sessions will prevent for any kind of possible muscular fatigue.  
 
Inclusion criteria:  

• Both females and males are eligible for the study.  

• The age range will be restricted to 18- 65 years to limit age effects on physical measures of 
the lumbar region.  

• LBP and control participants will have the capacity to give the consent at his/her own will. 

• Pain-free participants will be included if they have no relevant history over the last three 
years of back or lower limb pain or injury that limited their function and/or required treatment from 
a health profession. 

• Individuals with chronic NSLBP will be considered for the study.  
The following definition for NSLBP is low back pain which is not related to serious pathology and/or 
does not have a specific cause (also known as simple or mechanical low back pain). Chronic refers 
to a sub type where back pain problem may have persisted at least 3 months and has resulted in 
pain on at least half the days in the past 6 months. If possible, participants should be willing to 
refrain from analgesic medication on the day of testing. 
 
Exclusion criteria:  

• Concurrent systemic, rheumatic or neuro-musculoskeletal disorders which may confound 
testing or are currently pregnant.  

• Radicular low back pain or pain related to trauma, fractures, spinal stenosis.  

• Participants with higher doses of opioids (> 30 mg of morphine equivalent dose) will be 
excluded. 

• Participants under active management of LBP through specific medications prescribed by 
a GP, consultant or therapists (physiotherapist, osteopath, chiropractor) less than 3 months before 
the possible enrolment.     
 

 
10. RECRUITMENT 
Please state clearly how the participants will be identified, approached and recruited. Include any 
relationship between the investigator(s) and participant(s) (e.g. instructor-student). 
 
 Note: Attach a copy of any poster(s), advertisement(s) or letter(s) to be used for recruitment. 



 
 

Healthy subjects will be recruited via poster advertisement at the:  
-School of Sport, Exercise and Rehabilitation Sciences, College of Life and Environmental 
Sciences of the University of Birmingham 
Research or staff members of the PI of the study will not be recruited as participants. 
 
 LBP participants will be recruited, via poster advertisement, from the community and population 
of staff and students at the University of Birmingham.  
 
Interested volunteers will be asked to contact the PI through email / telephone or face to face. 
All information regarding the experiment will be provided in the ‘Participant Information Leaflet’, 
that will be provided to interested volunteers.  
The investigators involved in this project will explain the experiment procedures to the participants 
and answer any questions they may have.  
The investigators’ telephone and e-mail references will be provided on the ‘Informed Consent’ and 
‘Participant Information Leaflet’. 
Data collection will take place in the School of Sport, Exercise and Rehabilitation Sciences, at the 
Human Movement Laboratory. 

 
11. CONSENT  
 
a) Describe the process that the investigator(s) will be using to obtain valid consent.  If consent is not 
to be obtained explain why. If the participants are minors or for other reasons are not competent to 
consent, describe the proposed alternate source of consent, including any permission / information 
letter to be provided to the person(s) providing the consent. 
 
All information regarding the experiment will be provided in the ‘Participant Information Leaflet’ 
(see attached) which will include a description of the study, inclusion and exclusion criteria, risk 
and benefits. The information about the study will also be provided verbally by an investigator.  
Written informed Consent (see attached) will be obtained after the study has been explained and 
the volunteers have the opportunity to ask any questions they may have.  
 
 

     Note: Attach a copy of the Participant Information Sheet (if applicable), the Consent Form (if 
applicable), the content of any telephone script (if applicable) and any other material that will be used 
in the consent process.  
      
  b) Will the participants be deceived in any way about the purpose of the study? Yes  No  
 
 If yes, please describe the nature and extent of the deception involved. Include how and when 
the deception will be revealed, and who will administer this feedback.  
 
 

 
12. PARTICIPANT FEEDBACK 
Explain what feedback/ information will be provided to the participants after participation in the 
research. (For example, a more complete description of the purpose of the research, or access to the 
results of the research). 
   

Each participating subject will receive a complete explanation of the study and its purpose following 
the measurements.  Participants will be invited to leave their email address to receive the publication 
of the study results.  

 
13. PARTICIPANT WITHDRAWAL  
a) Describe how the participants will be informed of their right to withdraw from the project.  
 



 
 

The participants’ right to withdraw from taking or continuing the experiment will be clearly reported 
on the Consent Form and Information leaflet and will also be expressed verbally to the volunteers. 
Participants will be free to withdraw at any time during the experimental session and will have the 
right to withdraw their data from the study up to 1 month following data collection without giving a 
reason. 

 
b) Explain any consequences for the participant of withdrawing from the study and indicate what will 
be done with the participant’s data if they withdraw. 
 

There are no consequences for dropping out or withdrawal from the study. In case of experiment 
interruption or withdrawal by the participant, personal data for participant identification and all the 
data acquired until the point of withdrawal will be deleted.  

 
14. COMPENSATION          
Will participants receive compensation for participation? 
i) Financial         Yes  No  
 ii) Non-financial        Yes  No  
If Yes to either i) or ii) above, please provide details.   
 
Participants will be reimbursed at a rate of 15 £/ hour for participating in the experiment. Each 
experimental session is expected to take 1.5 h for LBP participants and healthy volunteers  

 
If participants choose to withdraw, how will you deal with compensation? 
Participants will be offered compensation based on the time completed (fraction of the total amount 
based on the time spent at the laboratory). 

 
15. CONFIDENTIALITY  
     
a) Will all participants be anonymous?     Yes  No  
 
b) Will all data be treated as confidential?     Yes  No  
 
Note: Participants’ identity/data will be confidential if an assigned ID code or number is used, but it will 
not be anonymous. Anonymous data cannot be traced back to an individual participant. 
 
Describe the procedures to be used to ensure anonymity of participants and/or confidentiality of data 
both during the conduct of the research and in the release of its findings. 
 

To reach complete anonymity of the participants, a table will be created to assign an identification 
number to each participant before being enrolled in the study. The participant, if enrolled in the 
study, will be asked to remember the assigned identification number and use it during the 
evaluation session as a mean of identification. The table (key list) containing the connection 
between the participants’ names and the identification numbers will be kept in a locked cabinet in 
the office of the Principal Investigator. It will not be given to a third party, and it will be stored for 
10 years in line with University of Birmingham Research Governance guidelines. The key list will 
never be present in electronic form. In case of experiment interruption or withdrawal by the 
participant, personal data for participant identification will be deleted. 
All the data collected during the experiment will be strictly confidential, and will not be disclosed to 
a third party other than the participant and the Principal Investigator. All data will be collected and 
stored under the identification number allocated at the recruitment. 

 
If participant anonymity or confidentiality is not appropriate to this research project, explain, providing 
details of how all participants will be advised of the fact that data will not be anonymous or 
confidential.  
 
 



 
 

 
16. STORAGE, ACCESS AND DISPOSAL OF DATA 
 Describe what research data will be stored, where, for what period of time, the measures that 
will be put in place to ensure security of the data, who will have access to the data, and the method 
and timing of disposal of the data.  
 
All data from the experiment will be stored in electronic form. The access to the data will be secured 
through the use of access password and in any case all the acquired data will be anonymous to 
fully protect the privacy of the participating subjects. 
Only PI (Prof. Deborah Falla (DF)) and study supervisors (Dr. Alessandro Marco De Nunzio, Dr. 
Alison Rushton, Dr. Nicola Heneghan) will be granted with the access to the data. Copy of the 
encrypted data will be stored on external hard drive and secured in a locked cabinet in the office 
of the Principal Investigator (DF). It will not be given to a third party, and it will be kept stored for 
10 years along with the sheet reporting the access password.  
Anonymised data will be submitted for publication, where participants will not be identifiable. The 
results of the study will be presented at conferences and submitted for publication in scientific 
journals. Copies of publications can be sent to participants upon their request. 

 
OTHER APPROVALS REQUIRED? e.g. Criminal Records Bureau (CRB) checks or NHS R&D  
             approvals.  
 

 YES  NO  NOT APPLICABLE 

 
 If yes, please specify.  
 
 

 
17. SIGNIFICANCE/BENEFITS 
Outline the potential significance and/or benefits of the research  
 
There is no immediate benefit to the participants of the study. However the results of this project 
will increase our understanding of changes in sensory-motor control and muscle synergies 
behavior in response to LBP. This knowledge is relevant for the development and design of 
rehabilitation programs for individuals with LBP. 

 
18. RISKS 
 
 a) Outline any potential risks to INDIVIDUALS, including research staff, research participants, 
other individuals not involved in the research  and the measures that will be taken to minimise any 
risks and the procedures to be adopted in the event of mishap 
 



 
 

We believe that the risk from the procedures proposed within this project is very small. 
 
Non-invasive mounting/attaching procedures of surface electrodes include slight discomfort from minor 
abrasion of the skin area. 
 
Remote risk of falling: 
 
There could be a remote risk of falling during the postural challenging condition trials as the participants will be 
asked to lean forward or backward as far as possible. To assure a completely safe environment, an 
experimenter will stand close to the participant during the entire duration of the tests. 
This procedure will prevent any possible fall, which in any case would be very unlikely. 
 
It will be emphasized that participants are free to withdraw at any stage of the study.  
 
 Induced anxiety, stress or pain: 
 
Because of their simplicity, motor tasks accomplished by the participants will not lead to anxiety or stress 
higher than that already expected from everyday life. Scheduled resting periods during the testing sessions will 
avoid prompting pain or muscular fatigue.    
 
Exacerbation of participant’s low back pain: 
 
The participants will be asked to execute simple motor tasks which are usually carried out during a normal daily 
routine (e.g. standing, walking) and there is a remote risk of little exacerbation of low back pain which will be 
mitigated just allowing longer resting time and, in the unlikely case that this will not be sufficient and the patient 
feels uncomfortable , the study session will be immediately stopped and the participant will be disengaged from 
the study.  
 
Risks induced by pressure and thermal pain threshold test: 
 
The process of evaluating pressure or thermal pain threshold is completely safe, and these tests are commonly 
applied on people with LBP to elucidate the peripheral and central processing mechanisms that underlie 
changes in pain sensitivity (Blumenstiel et al., 2011; Hubscher et al., 2014; O'Neill et al., 2011). 
There is a remote risk for the participants with LBP to have a further pain sensitization undergoing the thermal 
and pressure pain threshold evaluation. In the unlikely event of a sensitization and persistent increase of LBP 
the session will be immediately stopped, and the participant will be disengaged from the study.  
 
Moreover, there is no risk of skin bruising or burning induced by the thermal pain threshold test as the device 
used (Thermal Sensory Analyzer II, Medoc) features safety standards which prevent from any damage to the 
skin. The device has a temperature limit of 45 C°, and an analog circuit which overrides the system and lowers 
the temperature gradually as soon as this limit has been reached. 



 
 

b) Outline any potential risks to THE ENVIRONMENT and/or SOCIETY and the measures that will be 
taken to minimise any risks and the procedures to be adopted in the event of mishap. 
 

No risks to the environment and/or society can be identified in this study. 

    
19. ARE THERE ANY OTHER ETHICAL ISSUES RAISED BY THE RESEARCH? 
 
 Yes  No  
 
 If yes, please specify 
 

 
 
20. EXPERT REVIEWER/OPINION 
 
You may be asked to nominate an expert reviewer for certain types of project, including those of an 
interventional nature or those involving significant risks.  If you anticipate that this may apply to your 
work and you would like to nominate an expert reviewer at this stage, please provide details below.   
 
 
Contact details (including email address) 
 
 Brief explanation of reasons for nominating and/or nominee’s suitability 
 
  

21. CHECKLIST 
 
Please mark if the study involves any of the following: 
 
• Vulnerable groups, such as children and young people aged under 18 years, those with learning disability, 
or cognitive impairments  
 
• Research that induces or results in or causes anxiety, stress, pain or physical discomfort, or poses a risk 
of harm to participants (which is more than is expected from everyday life)  
 
• Risk to the personal safety of the researcher  
 
• Deception or research that is conducted without full and informed consent of the participants at time study 
is carried out  
 
• Administration of a chemical agent or vaccines or other substances (including vitamins or food substances) 
to human participants.  
 
• Production and/or use of genetically modified plants or microbes  
 
• Results that may have an adverse impact on the environment or food safety  
 
• Results that may be used to develop chemical or biological weapons  
 
Please check that the following documents are attached to your application.  
 

 ATTACHED NOT 
APPLICABLE 

Recruitment advertisement     
Participant information sheet     
Consent form     
Questionnaire      
Interview Schedule 
  

    
 



 
 

22. DECLARATION BY APPLICANTS 
 

I submit this application on the basis that the information it contains is confidential and will be used by 
the 
University of Birmingham for the purposes of ethical review and monitoring of the research project 
described  
herein, and to satisfy reporting requirements to regulatory bodies.  The information will not be used for 
any 
other purpose without my prior consent. 
 
I declare that: 

• The information in this form together with any accompanying information is complete and 
correct to the best of my knowledge and belief and I take full responsibility for it. 

• I undertake to abide by University Code of Practice for Research 
(http://www.as.bham.ac.uk/legislation/docs/COP_Research.pdf) alongside any other relevant 
professional bodies’ codes of conduct and/or ethical guidelines. 
• I will report any changes affecting the ethical aspects of the project to the University of 
Birmingham Research Ethics Officer. 

• I will report any adverse or unforeseen events which occur to the relevant Ethics Committee 
via the University of Birmingham Research Ethics Officer. 
 

 
Name of principal investigator/project 
supervisor: 

 
 

 
Date: 

 

 
   
Please now save your completed form, print a copy for your records, and then email a copy to the 
Research Ethics Officer, at aer-ethics@contacts.bham.ac.uk. As noted above, please do not submit a 
paper copy. 
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6. ORIGINAL APPLICATION FOR ETHICAL REVIEW AND ANY SUBSEQUENT 
APPROVED AMENDMENTS: 
 
  Please complete the table below for the original application and any subsequent 
amendments submitted  

Title and 

reference 

number of 

applicatio

n or 

amendme

nt 

Key points of 

application and/or 

changes made by 

amendment (include: 

aims of study, 

participant details, 

how participants were 

recruited and 

methodology) 

Ethical 

consideration

s arising from 

these key 

points (e.g. 

gaining consent, 

risks to participants 

and/or researcher, 

points raised by 

Ethical Review 

Committee during 

review) 

How were the ethical 

considerations 

addressed? 

(e.g. consent form, 

participant information, 

adhering to relevant 

procedures/clearance 

required) 

Original 

application 

 

Influences 

of low 

back pain 

on sensory 

integration 

and motor 

control 

during 

activities of 

daily living 

 

Aims: To understand how the 

brain orchestrates sensory-motor 

integration and motor control to 

manage pain by studying the 

association between changes in 

motor control abilities and 

different pain domains. 

 

Participants: Healthy subjects 

will be recruited via poster 

advertisement at the:  

- School of Sport, 
Exercise and 
Rehabilitation Sciences, 
College of Life and 
Environmental Sciences 
of the University of 
Birmingham 

LBP participants will be recruited, 

via poster advertisement, from 

the community and population of 

staff and students at the 

University of Birmingham. Control 

participants will be age and 

gender matched to the LBP 

participants.  

 

Methods: Biomechanics of body 

segments (kinematic and kinetic 

evaluation), synergistic motor 

outcome (via high-density 

electromyography recordings) 

(EMG) and cortical activity (via 

electroencephalography) (EEG) 

will be studied in people with 

Consent: Prior 

to beginning 

any part of the 

experiment, it 

is important 

that 

participants 

will be fully 

informed of 

what is 

expected of 

them during 

the 

experiment.  

 

Risks: Remote 

risk of falling; 

induced 

anxiety, stress 

or pain; 

exacerbation 

of participant’s 
LBP; risks 

induced by 

pressure and 

thermal pain 

threshold test 

Consent: All information 

regarding the experiment will be 

provided in the ‘Participant 
Information Leaflet’ which will 
include a description of the study, 

inclusion and exclusion criteria, 

risk and benefits. Written informed 

consent will be obtained after the 

study has been explained and the 

volunteers have the opportunity to 

ask any questions they may have. 

It will be emphasized that 

participants are free to withdraw at 

any stage of the study.  

 

Risks: Remote risk of 

falling; To assure a completely 

safe environment, an 

experimenter will stand close to 

the participant during the entire 

duration of the tests. 

Induced anxiety, stress or 

pain; motor tasks accomplished 

by the participants will not lead to 

anxiety or stress higher than that 

already expected from everyday 

life. Scheduled resting periods 

during the testing sessions will 

avoid prompting pain or muscular 

fatigue. 

Exacerbation of 

participant’s LBP; motor 

tasks will replicate those which 

are usually carried out during a 
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LBP and age-and gender 

matched control participants.  

Quantitative sensory tests will 

be performed including pressure 

pain thresholds and thermal pain 

thresholds over regions of the 

lumbar spine and at a remote 

site. 

The project is divided into three 

separate studies which focus on 

different motor tasks 

4. Postural control in 
normal and 
challenged 
conditions (voluntary 
holding of a steady 
inclined position) 

5. Gait Initiation and 
Sudden Unplanned 
Gait Termination  

6. Walking along 
curvilinear path and 
turning strategies  

 

 

Committee 

Points: More 

information 

required on the 

methods and 

equipment used 

in the 

quantitative 

sensory testing. 

Clarification 

required for 

withdrawal 

deadline, 

anonymity and 

exclusion 

criteria clarified 

to participants. 

normal daily routine. Any 

exacerbation will lead to a longer 

rest time and if necessary the 

participant will be disengaged 

from the study. 

Risks induced by 

pressure and thermal 

pain threshold test; The 

process of evaluating pressure or 

thermal pain threshold is 

completely safe, and these tests 

are commonly applied on people 

with LBP. The device used 

features safety standards which 

prevent from any damage to the 

skin 

Committee Points: All 

committee points were 

addressed in the final draft 

of the approved study, as 

shown above. In addition, 

a withdrawal deadline of 

one month following the 

experiment was clarified 

and a new system to 

obtain anonymity was 

created.  



 

7.  DETAILS OF PROPOSED NEW AMENDMENT 
Provide details of the proposed new amendment, and clearly and explicitly state how 
the proposed new amendment will differ from the details of the study as already 
approved (see Q6 above).   

  
 
We are requesting two new amendments:  
1. Adding a fourth evaluation which investigates a different motor task, and expands on the 
quantitative sensory testing aspect 
2. Amending study recruitment to a] include using social medial as a means of recruitment for 
this study and b] adjusting recruitment information to accurately reflect the Quantitative sensory 
tests detailed in the previously approved study.  

 
Amendment 1 
 
SUMMARY OF STUDY 4 

4. Muscle behaviour during a dynamic lifting and rotation task and 
the effect on pain perception and sensitivity 

Working Hypotheses  

1. It is hypothesised that the pattern of muscle behaviour will be less 
varied in individuals with low back pain (LBP) than in control 
participants.  

2. It is hypothesised that individuals with LBP will have less range of 
motion during the repetitive task than those with no pain. 

3. It is hypothesised that individuals with LBP will demonstrate altered 
pain perception and sensitivity to quantitative sensory testing both 
before and after the repeated lifting task. 

Methods 





 

comparisons, the movements will be timed with an audible metronome as a 

reference (Falla et al., 2014). Participants will be instructed to complete each 

movement within two seconds and then will be allowed to rest for two 

seconds prior to completing the next movement. On this basis, with the 

maximum of 15 repetitions the entire task will take approximately 10 

minutes. Patients will be advised that if the task provokes more discomfort 

than they would normally experience during activities of daily living, they can 

stop the task any time, either to rest or stop the task completely. However, a 

previous comparable study demonstrated no lasting effects beyond some 

temporary discomfort for some participants (Falla et al., 2014). In addition to 

this, pilot studies will be used to determine the optimal timing for movements 

and repetitions to allow for successful completion of the task.  

EMG  
EMG acquisition and processing will be the same as previously described in the 
methodology presented for the approved study. The key differences are as follows: 

- Arrays of surface electrodes will be used to record EMG from the erector spinae 
instead of the bipolar EMG previously described  

- Bipolar EMG surface electrodes will be used to record EMG signals from additional 
trunk musculature bilaterally, including the External Oblique (EO) and the Rectus 
Abdominis (RA) 

 
Kinematics 

Movement analysis and processing will be the same as previously described 

in the methodology presented for studies 2 and 3. The key differences will be 

as follows:  

- The focus of this study is in the movement of the trunk; therefore, the analysed 
kinematic index will reflect this. The spine will be divided into three triangular 
segments for analysis of rotation and range of motion (Muller et al., 2016).Thus 
additional markers will be placed over the spinous processes of S1, T12, T6 and C7 
and 10 cm lateral to the spinous processes of T12, T6 and C7. 

 
Data will be acquired in a single session for all participants lasting approximately 2 hours 
per participant. 
 
Quantitative sensory testing 
Pain pressure threshold with an Algometer, thermal pain threshold testing with a thermal 
stimulator and detection of vibration using a vibrameter over multiple sites of the lower back, 
within lumbar dermatomes and over a remote side (hand) will be tested before the task 
referring to standardised protocols (Falla et al., 2014; O' Conaire et al., 2011; Rolke et al., 
2006b). Pain threshold measurements and detection of vibration will be repeated immediately 
following the lifting task.  
 

Amendment 2 
 
Amending study recruitment to a] include using social medial as a means of recruitment for 
this study and b] adjusting recruitment information to accurately reflect the Quantitative 
sensory tests detailed in the previously approved study.  
 
a] Recruitment will be conducted, as previously stated in the approved study, through poster 
recruitment at the University of Birmingham.  
This will now include posters being displayed both in the physical space within the University 



 

of Birmingham and through associated accounts on social media websites. This recruitment 
information will be posted passively (not as paid-for adverts) on social media websites 
including Facebook and Twitter. These posts will be visible to anybody who views or 
subscribes to the accounts but will not be posted excessively or onto a page or group where 
it is not appropriate.  
b] These posters have also been amended slightly to include information relating to the 
quantitative sensory testing. 

 

7.  JUSTIFICATION FOR PROPOSED NEW AMENDMENT 
  

Amendment 1 
 

This new amendment will allow the addition a new investigation to the 

experimental procedure which represents a lifting task which broadly reflects 

a functional activity of daily living. 

Muscle behaviour is known to be altered with fatigue and pain (Hodson-Tole 

and Wakeling, 2009; Tucker et al., 2009). Recent advances in high density 

electromyography (HDEMG), has allowed researches to investigate muscle 

behaviour in a more comprehensive manner (Falla et al., 2014; Martinez-

Valdes et al., 2016). Using this technique, it has also been shown that there 

are significant differences in the activation of the lumbar erector spinae in 

participants with LBP during a repeated dynamic movement when compared 

to pain free participants (Falla et al., 2014). In this previous experiment it 

was shown that the activation of this muscle in individuals with LBP 

remained stationary during movement, while in pain free participants the 

distribution of activity changed and this difference in muscle behaviour was 

also associated with greater muscle fatigue for the patient group.  However, 

this study only assessed the lumbar erector spinae unilaterally during a task 

which included only sagittal movement (Falla et al., 2014). 

Previous studies have shown that there is also a link between the rotation of 

the trunk and LBP. This link includes a decreased range of motion during 

rotation in the both pelvic and lumbar region in patients with LBP (Shojaei et 

al., 2017a; Shojaei et al., 2017b; Sung, 2014). Furthermore it was also found 

that manual labourers who lift loads whilst undergoing trunk rotation were 

more likely to develop LBP (Hoogendoorn et al., 2000). Yet currently no 

studies have evaluated the distribution of erector spinae muscle activity 

during repeated rotational movements in people with LBP. Such knowledge 

will allow for a deeper understanding of how a dynamic movement is 

completed in individuals with and without LBP and inform future research.  

To investigate the second working hypothesis, it is necessary to complete a 

kinematic analysis of the movement required to investigate the first working 

hypothesis. This kinematic analysis is important because the participants will 

not be forced to conform in their movement strategy; instead a suggested 

movement will be demonstrated prior to commencement of the experiment. It 

is expected that while most participants will copy the demonstrated strategy 



 

initially; individuals who have LBP may utilise adaptive movement strategies 

as has been demonstrated in previous studies (Basques et al., 2016; Falla et 

al., 2014; Koes et al., 2006; van Tulder and Koes, 2006).  

Regarding the third hypothesis, research provided evidence that at least some patients with 
low back pain present altered pain thresholds, decreased endogenous pain inhibition as well 
as facilitated temporal summation (Falla et al., 2014; Nijs et al., 2015; Rabey et al., 2015; 
Roussel et al., 2013; Vaegter and Graven-Nielsen, 2016). However, the changes in pain 
thresholds and mechanical detection after repeated movements has not been well 
investigated in LBP. Such knowledge could inform the establishment of subgroups for pain-
mechanism based treatment approaches. 
 

Amendment 2 
 
This new means of disseminating the recruitment material is intended to better reflect the daily 
habits of potential participants. It has previously been shown that recruitment though social 
media is an effective means of reaching and recruiting more participants over a short period 
of time (Khatri et al., 2015). This means of advertising will also allow for the recruitment of a 
sample which is more representative of the population, as it is not limited to individuals who 
visit the University of Birmingham campus. The recruitment information which will be 
displayed through social media will not differ from that displayed on the physical campus. 
The slight amendments to the content of the recruitment posters has enabled accurate 
presentation of the study. 
 

 

8. ETHICAL CONSIDERATIONS 
What ethical considerations, if any, are raised by the proposed new 

amendment?   

 

 
The task may contribute to a temporary exacerbation of a participant’s LBP consistent with 
how their pain may be exacerbated through normal physical activity. 
 

The trunk rotation and lifting task presented has been designed to reflect 

normal function and is not expected to cause symptoms beyond those that 

participants may experience during routine activities of daily living or physical 

exercise. Participants will however be advised to immediately stop the task 

and rest until they feel able to continue and they will also have the option to 

stop and withdraw from the study at any time. Participants will be monitored 

carefully for symptom reproduction by the research team which includes 

experienced clinicians and researchers. 

 



 

9. DECLARATION BY APPLICANTS 
 

I make this application on the basis that the information it contains is confidential and 

will be used by the 

University of Birmingham for the purposes of ethical review and monitoring of the 

research project described  

herein, and to satisfy reporting requirements to regulatory bodies.  The information will 

not be used for any 

other purpose without my prior consent. 

 

I declare that: 

• The information in this form together with any accompanying information is 
complete and correct to the best of my knowledge and belief and I take full 
responsibility for it. 

• I undertake to abide by University Code of Conduct for Research 
(http://www.birmingham.ac.uk/Documents/university/legal/research.pdf) 
alongside any other relevant professional bodies’ codes of conduct and/or 
ethical guidelines. 

• I will report any changes affecting the ethical aspects of the project to the 
University of Birmingham Research Ethics Officer. 

• I will report any adverse or unforeseen events which occur to the relevant 
Ethics Committee project to the University of Birmingham Research Ethics 
Officer. 
Signature of Principal 

investigator/project supervisor: 

 

 

Date: 

12/04/17 
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Appendix 4 Questionnaire Chapter two 
 

 



 



 

Appendix 5 STROBE Guidelines Chapter two 

 

Checklist of items that should be included in reports of cross-sectional studies 

Retrieved from https://www.strobe-statement.org/download/strobe-checklist-cross-sectional-studies-

doc 

 
 

Item 

No Recommendation 

Section 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in 
the title or the abstract 

2.1 

abstract 

(b) Provide in the abstract an informative and balanced 

summary of what was done and what was found 

2.1 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the 

investigation being reported 

2.2 

Objectives 3 State specific objectives, including any prespecified hypotheses 2.2.1 

Methods  

Study design 4 Present key elements of study design early in the paper 2.3.1 

Setting 5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data collection 

2.3.1 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of 

selection of participants 

2.3.2 

Variables 7 Clearly define all outcomes, exposures, predictors, potential 

confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

2.3.3; 

2.3.4;  

2.3.5 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of 

methods of assessment (measurement). Describe comparability 

of assessment methods if there is more than one group 

2.3.3; 

2.3.4;  

2.3.5 

Bias 9 Describe any efforts to address potential sources of bias Chapter 

three 

includes 

RoB 

Study size 10 Explain how the study size was arrived at 2.5.1 

Quantitative 

variables 

11 Explain how quantitative variables were handled in the 

analyses. If applicable, describe which groupings were chosen 

and why 

2.3.6 

Statistical methods 12 (a) Describe all statistical methods, including those used to 

control for confounding 

2.3.6 

(b) Describe any methods used to examine subgroups and 

interactions 

2.3.6 

(c) Explain how missing data were addressed 2.3.6 

(d) If applicable, describe analytical methods taking account of 

sampling strategy 

NA 

(e) Describe any sensitivity analyses 2.3.6 

Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg 

numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and 

analysed 

2.4.1 

(b) Give reasons for non-participation at each stage 2.4.1 



 

(c) Consider use of a flow diagram NA 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, 

clinical, social) and information on exposures and potential 

confounders 

2.4.1; 

2.4.2 

(b) Indicate number of participants with missing data for each 

variable of interest 

2.4 

Outcome data 15* Report numbers of outcome events or summary measures 2.4.3; 

2.4.4.; 

2.4.5 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-

adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and 

why they were included 

2.4.3; 

2.4.4.; 

2.4.5 

(b) Report category boundaries when continuous variables were 

categorized 

NA 

(c) If relevant, consider translating estimates of relative risk into 

absolute risk for a meaningful time period 

NA 

Other analyses 17 Report other analyses done—eg analyses of subgroups and 

interactions, and sensitivity analyses 

2.4.3 

Discussion  

Key results 18 Summarise key results with reference to study objectives 2.5 

Limitations 19 Discuss limitations of the study, taking into account sources of 

potential bias or imprecision. Discuss both direction and 

magnitude of any potential bias 

2.5.1 

Interpretation 20 Give a cautious overall interpretation of results considering 

objectives, limitations, multiplicity of analyses, results from 

similar studies, and other relevant evidence 

2.5; 2.6 

Generalisability 21 Discuss the generalisability (external validity) of the study 

results 

2.5; 2.6 

Other information  

Funding 22 Give the source of funding and the role of the funders for the 

present study and, if applicable, for the original study on which 

the present article is based 

NA see 

publication 

 

*Give information separately for exposed and unexposed groups. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological 

background and published examples of transparent reporting. The STROBE checklist is best used in conjunction 

with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of 

Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the 

STROBE Initiative is available at www.strobe-statement.org. 

  



 

Appendix 6 PROSPERO Chapter three





















 

Appendix 8 Full Search Strategy Chapter three 
 

Full line-by- line search strategy for Medline and EMBASE 

Medline (Ovid Interface) EMBASE (OVID interface)  

1. 1 Exp Back Pain  Exp backache  

2.  Exp low back pain  Exp low back pain  

3.  Exp neck pain  Exp neck pain  

4.  Exp Neck injuries  Exp neck injury  

5.  Exp Back injuries  Exp back injury  

6.  Exp thoracic injuries  Exp thoracic injury  

7.  Thoracic pain  mp Exp Thorax pain  

8.  Exp Sacrococcygeal  Exp Sacrococcygeal region   

9.  Spinal Pain  mp Exp Sacroiliac Joint  

10.  Exp Chronic pain  Exp Spinal pain  

11.  Exp Sacroiliac joint   Exp chronic pain  

12.  1-11 OR Population 1-11OR Population 

13.  Exp Exercise   Exp Exercise   

14.  Activity  mp Activity  mp 

15.  Training  mp Exp Training  

16.  Task  mp Task  mp 

17.  Exp Muscle  Exp Muscle Contraction  

18.  Exp Movement  Exp Movement  

19.  13 18 OR Task 13 18 OR Task 

20.  Exercise Induced mp Exercise Induced hypoalgesia  mp 

21.  Exercise-Induced mp Exercise-Induced hypoalgesia  mp 

22.  Endogenous pain mp Endogenous pain inhibition  mp 

23.  Pain sensitivity  mp Exp Nociception  

24.  Hypoalgesic  mp Hypoalgesic  mp 

25.  Hypoalgesia  mp Exp hypoalgesia  

26.  Exp analgesia  Exp analgesia  

27.  Antinociception  mp Exp antinociception  

28.  Exp Pain perception   Pain modulation  mp 

29.  Pain modulation  mp 20- 28 OR Phenomenon 

30.  20- 29 OR Phenomenon Exp Pain threshold  

31.  Exp Pain threshold  Quantitative sensory testing  mp 

32.  Quantitative sensory mp Exp Pain measurement   

33.  Exp Pain  Pain rating  mp 

34.  Pain rating  mp Exp Magnetic Resonance  

35.  Exp Magnetic  Exp Endorphins   

36.  Exp Endorphins   Exp opiate  

37.  Opioid  mp Exp Hematologic Tests  

38.  Exp Hematologic  Exp Endocannabinoids  

39.  Exp  Exp Serotonergic system  

40.  Serotonergic system  mp Exp Immune system  



 

41.  Exp Immune system  Exp Autonomic nervous system  

42.  Exp Autonomic   30 – 41 OR Outcome  

43.  31- 42 OR Outcome 12, 19, 29, 42 AND  

44.  12, 19, 30, 43 AND  Limitations to humans  

45.  Filter HUMAN    

 

Search strategy for CINAHL Plus (EBSCO interface) 

Population MH"back pain+" or MH"low back pain+" or MH"neck pain+" or MH"back 

injuries+" or MH"neck injuries+" or “thoracic” or MH "thoracic injuries+" or 
MH"sacrum+" or MH"sacroiliac joint+" or MH"coccyx+" or MH"chronic pain+" 

AND 

Task MH”exercise+” or MH”physical activity” or “training” or “task” or MH”muscle 
contraction+” or MH”movement+” 

AND 

Phenomenon “Exercise Induced hypoalgesia” or “Exercise-Induced hypoalgesia” or “Endogenous 
pain inhibition” or “pain sensitivity” or “hypoalgesic” or “hypoalgesia” or 
“analgesia” or “antinociception” or “pain perception” or “pain modulation” 

AND 

Outcome  MH”pain threshold” or “quantitative sensory testing” or MH“pain measurement” or 
“pain rating” or MH”magnetic resonance imaging+” or MH”endorphins” or 
MH”opioid Peptides+” or MH”hematologic tests+” or “endocannabinoid” or 
“serotonergic system” or MH”immune system+” or MH”autonomic nervous 
system+” 

 

 

Search strategy Web of Science (all data bases Clarivate Analysis) 

Phenomenon (TS=exercise induced hypoalegsia) OR (TS=Exercise-induced hypoalgesia) OR 

(TS=endogenous pain inhibition) OR (TS=Pain sensitivity) OR (TS=Pain 

modulation) OR (TS=Hypoalgesic) OR (TS=Hypoalgesia) OR (TS=Analgesic) OR 

(TS=Antinociception) OR (TS=Pain perception)  

AND 

Population (TS=Back Pain) OR (TS=Low back pain) OR (TS= Neck Pain) OR (TS=Neck 

injury) OR (TS=Back Injury) OR (TS= Thoracic Injury) OR (TS= thoracic Pain) 

OR (TS= sacro coccygeal) OR (TS=Sacroiliac joint) OR (TS=Spinal Pain) OR 

(TS=Chronic Pain) 

AND 

Task (TS=Exercise) OR (TS=Activity) OR (TS=Training) OR (TS=Task) OR 

(TS=Muscle Contraction) OR (TS=Movement) 

AND 

Outcome (TS=Pain threshold) OR (TS=Quantitative sensory testing) OR (TS=Pain 

measurement) OR (TS=Pain rating) OR (TS=Magnetic Resonance Imaging) OR 

(TS=Endorphins) OR (TS= Opioid) OR (TS=Hematologic Tests) OR 

(TS=Endocannabinoids) OR (TS=Serotonergic system) OR (TS=Immune system) 

OR (TS=Autonomic nervous system) 

 

 

Search strategy PubMed CENTRAL 

Population ("back pain"[MeSH Terms] OR back pain[Text Word] OR "neck pain"[MeSH 

Terms] OR neck pain[Text Word] OR “Spinal Pain” OR "neck injuries"[MeSH 
Terms] OR neck injury[Text Word] OR "back injuries"[MeSH Terms] OR back 

injury[Text Word] OR "thoracic injuries"[MeSH Terms] OR thoracic injury[Text 

Word] OR “Thoracic Pain “ OR "chronic pain"[MeSH Terms] OR chronic 
pain[Text Word] OR "sacroiliac joint"[MeSH Terms] OR sacroiliac joint[Text 

Word] OR "sacrococcygeal region"[MeSH Terms] OR coccygeal region[Text 

Word]) 

AND 

Task  ("exercise"[MeSH Terms] OR exercise[Text Word] OR activity[Text Word] OR 

training[Text Word] OR “Task” OR "muscle contraction"[MeSH Terms] OR 
muscle contraction[Text Word] OR "movement"[MeSH Terms] OR 

movement[Text Word])  

AND 



 

Phenomenon (“exercise induced hypoalgesia” OR “exercise-induced hypoalgesia” OR "pain 
threshold"[MeSH Terms] OR “Pain sensitivity” OR “Hypoalgesic” OR 
“Hypoalgesia” OR "analgesia"[MeSH Terms] OR analgesia[Text Word] OR 
“antinociception” OR "pain perception"[MeSH Terms] OR pain perception[Text 
Word] OR “Pain modulation”) 

AND 

Outcome ("pain threshold"[MeSH Terms] OR pain threshold[Text Word] OR “Quantitative 
Sensory Testing” OR "pain measurement"[MeSH Terms] OR Pain 
measurement[Text Word] OR "magnetic resonance imaging"[MeSH Terms] OR 

Magnetic Resonance Imaging[Text Word] OR "endorphins"[MeSH Terms] OR 

Endorphins[Text Word] OR "Opioid Peptides"[Mesh] OR "hematologic 

tests"[MeSH Terms] OR Hematologic Test[Text Word] OR 

"endocannabinoids"[MeSH Terms] OR Endocannabinoids[Text Word] OR 

“Serotonergic system“ OR "immune system"[MeSH Terms] OR immune 
system[Text Word] OR "autonomic nervous system"[MeSH Terms] OR autonomic 

nervous system[Text Word]) 

 

 

Search Strategy Google 

“Exercise induced hypoalgesia” AND (back or neck)  
“endogenous pain inhibition” AND (exercise or activity) AND (back or neck) 
“pain sensitivity” AND "exercise" AND ("back pain" or "neck pain") 
“pain modulation” AND (exercise or activity) AND (back or neck) 

 

Search strategy grey literature, encompassing dissertation abstracts 

Source Search term 

Ethos 

 exercise induced hypoalgesia 

 endogenous pain inhibition 

 pain sensitivity and exercise 

 pain modulation and exercise 

Open Grey 

 exercise induced hypoalgesia   

 endogenous pain inhibition 

 pain sensitivity and exercise 

 pain modulation  

ZETOC 

 exercise induced hypoalgesia   

 “endogenous pain inhibition” AND “Exercise” 

 “pain sensitivity” and “exercise” 

 “pain modulation” and “exercise” 

British National bibliography 

 exercise induced hypoalgesia   

 endogenous pain inhibition 

 pain sensitivity and exercise 

 pain modulation and exercise 

 

Journals for hand searches 

The Journal of Pain Scandinavian 

Journal of Pain  

The Clinical 

Journal of Pain 

European Journal of 

pain 

PAIN 

 

  



 

Appendix 9 Modification Newcastle- Ottawa Scale Chapter three 
 

Modified Newcastle-Ottawa- Scale (NOS) (Wells, 2009) 

SECTION ONE SELECTION Score 

1 Case Definition (Justification: Spinal pain is usually non-specific, and imaging or 

hospitalisation is not common, and most cases will be self-reported) 

a Requires some validation e.g. ≥2 parameter regarding dysfunction, such as e.g. 
VAS, NDI/ODI, pain drawing, years of complain and results are reported in 

the article to get an overview of the included population and severity/ disability 

levels 

* 

b Self-report with no reference to severity or disability, or only inclusion criteria 

stated but no results reported  

 

c No description  

2 Representativeness of the Cases 

a All eligible cases with outcome of interest over a defined period of time, all 

cases in a defined catchment area, all cases in a defined hospital or clinic, 

group of hospitals, health maintenance organisation, or an appropriate sample 

of those cases (e.g. random sample)  

* 

b This excludes any study recruiting via a register and not reporting numbers of 

contacted/responded/ included as well as self-referral/ or a convenient sample 

 

c Not satisfying requirements in part (a), or not stated.  

3 Selection of Controls (Justification: Hospitalisation is not relevant) This item assesses 

whether the control series used in the study is derived from the same population as the 

cases and essentially would have been cases had the outcome been present. 

a Community controls (i.e. same community as cases and would be cases if had 

outcome)  

* 

b No description or different community to recruit healthy controls  

4 Definition of Controls  

a If cases are first occurrence of outcome, then it must explicitly state that 

controls have no history of this outcome. If cases have new (not necessarily 

first) occurrence of outcome, then controls with previous occurrences of 

outcome of interest should not be excluded. 

* 

b No mentioning of history of outcome 

 

 

SECTION TWO COMPARABILITY 

“Either cases and controls must be matched in the design and/or confounders 
must be adjusted for in the analysis. Statements of no differences between 

groups or that differences were not statistically significant are not sufficient for 

establishing comparability. “That implies that it has to be controlled prior to 

study, not only a comparison after data collection) 

 

 Controlled for age  * 

 Controlled of for gender * 

SECTION THREE EXPOSURE/ OUTCOME  

1 Description of EIH outcome measurement, as there is no validated tool for EIH  

a Outcome measurement and test points clearly described and standardised in 

both groups to reproduce the testing procedure 

* 



 

b Outcome measurement and test points are not sufficiently described and/or not 

standardised to reproduce the procedure e.g. test location not specified, order/ 

randomisation not clear 

 

2 Same methods and intervention for both groups?  

yes * 

3 Description of Physical Activity Intervention  

a Physical Activity to produce EIH is well described and implemented in a 

standardised way in both groups to reproduce the testing procedure 

* 

b Physical Activity to produce EIH is not sufficiently described and/or not 

standardised in terms of parameters such as e.g. position, duration, intensity 

 

 

Table for Quality rating Scoring algorithm modified (McPheeters et al., 2012) 

Available from https://www.ncbi.nlm.nih.gov/books/NBK107322/ Last accessed 24.03.2022 

Rating * Points in Selection Domain * Points in Outcome Domain 

Good ≥3 ≥2 

Fair 2 ≥2 

Poor 0-1 0-1 

For the research question the control group is not relevant. Therefore, the second category 

was removed. The lowest grade was accounted for risk of bias. 

References 

MCPHEETERS, M. L., KRIPALANI, S., PETERSON, N. B., IDOWU, R. T., JEROME, R. 

N., POTTER, S. A. & ANDREWS, J. C. 2012. Closing the quality gap: revisiting the state of 

the science (vol. 3: quality improvement interventions to address health disparities). Evid Rep 

Technol Assess (Full Rep), 1-475. 

WELLS, G. A., SHEA, B., O'CONNEL, D. ET AL.  . 2009. The Newcastle-Ottawa scale 

(NOS) for assessing the quality of nonrandomised studies in meta-analyses. [Online]. 

Available: http://www.ohri.ca/programs/clinical_epidemiology/nosgen.pdf [Accessed]. 

 

  



 

Appendix 10 Excluded Studies Chapter three 
 

Eligibility 

criteria 

Reason Number N= Total 

N= 

Phenomenon Not EIH 

 

Note:  

not listed for 

other reasons 

(Balaguier et al., 2017b) (Bruehl et al., 2002; 

Bruehl et al., 2013; Bruehl and Chung 2006; 

Bruehl et al., 2003; Bruehl et al., 2004) 

(Daenen et al., 2012) (de-la-Puente-Ranea et 

al., 2016) (Do et al., 2018) (Flor et al., 1999) 

(Franco et al., 2018) (Fuller and Robinson 

1995) (Gross et al., 2008) (Ibrahim 2018) 

(Kumar and Prasad 2010) (Lackner and 

Carosella 1999) (Ljungquist et al., 2003) 

(McCracken et al., 1998) (Saha et al., 2019) 

(Smith et al., 2016) (Tang et al., 2008) 

(Vincent et al., 2013) (Cichon et al., 2019) 

(Goudman et al., 2020) (Harvie et al., 2020) 

(Jones et al., 2020) (Qu et al., 2020) 

27 27 

Phenomenon No within 

session retest 

(Balaguier et al., 2017a) (Bobos et al., 2016) 

(Bodes Pardo et al., 2018) (Calixtre et al., 

2016) (Celenay et al., 2016) (Jeong et al., 

2016) (Knost et al., 1999) (Kroll et al., 2018) 

(Lima et al., 2018) (Marshall and Murphy 

2008) (Moseley 2005) (Murray et al., 2017) 

(Rabey et al., 2017; Schreiber et al., 2014) 

(Tsauo et al., 2004) (Waling et al., 2000) 

(Woznowski-Vu et al., 2019b) (Karlsson et 

al., 2015) (Perez-Cabezas et al., 2020) 

19 19 

Population Healthy 

Participants 

(Binderup et al., 2010) (Bishop et al., 2012) 

(Foxen-Craft and Dahlquist 2017) (Gajsar et 

al., 2018) (Koltyn et al., 2013) (Lemley et al., 

2014) (Park and Yoo 2013) (Yoon et al., 

2019)  

8 12 

 

No spinal 

pain 

(Calixtre et al., 2016) (Cook et al., 2010) 

(Scioli-Salter et al., 2016) (Deering et al., 

2019) 

4 

Task Not physical 

task 

(Dissanayaka et al., 2016) (Fernandez-

Carnero et al., 2019) (Perez-Cabezas et al., 

2020) 

3 3 

Outcome Not pain 

sensitivity  

(Danneels et al., 2016) (Lima et al., 2018) 2 10 

Only VAS/ 

NRS  

(Andersen et al., 2008) (Keyserling et al., 

2005) (Linton et al., 1996) (Mankovsky-

Arnold et al., 2017) (Sullivan et al., 2010) 

(Wittink et al., 2001) (Kalezic et al., 2010) 

(Woznowski-Vu et al., 2019a) 

8 



 

Design Thesis  

(search 

included 

relevant 

studies) 

(Karlsson 2017) (Kroll 2018; Micalos 2012; 

Vægter 2014) 

5 39 

Abstract (no 

full text) 

(Demirel et al., 2015) (Salter et al., 2017) 2 

Study design 

not 

observational 

(Winter and McCauley-Callagy 2002) 

(Andersen et al., 2008) (Bialosky et al., 2009) 

(Bobos et al., 2016) (Bodes Pardo et al., 2018) 

(Celenay et al., 2016) (Dissanayaka et al., 

2016) (Galindez-Ibarbengoetxea et al., 2018) 

(Gallego Izquierdo et al., 2016) (Jeong et al., 

2016) (Joseph et al., 2018) (Kashyap et al., 

2018) (Kroll et al., 2018)  (Lima et al., 2018) 

(Linton et al., 1996) (Lluch et al., 2014a; 

Lluch et al., 2014b) (Marshall and Murphy 

2008) (Moseley 2005; Murray et al., 2017) 

(O'Leary et al., 2007) (Paungmali et al., 2018; 

Paungmali et al., 2017) (Petersen et al., 2015) 

(Trampas et al., 2015) (Waling et al., 2000) 

(Yeung et al., 2003) (Deering et al., 2019) 

(Fernandez-Carnero et al., 2019) (Hughes and 

Patterson 2020) (Perez-Cabezas et al., 2020) 

(Suso-Marti et al., 2019) 

32 

    110 
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Appendix 11 Data Extraction Table Chapter three 
 

Results of all included studies and study characteristics for local, remote, and regional tasks 

Data extraction for local tasks 

Author & 

Year 

Country 

Spinal 

Complaint 

Setting 

Population Exercise 

(Type, 

duration, 

intensity, 

perceived 

exertion) 

Outcome 

measurement 

(test, device, unit, test 

sites, time point post-

test) 

Results 

(% change, diff., or pre/ post) 

significant changes only 

1 Local, 2 Remote (1+2= 

pooled), 3 CON/comparison 

Summarised 

findings 

 

Sample, 

Age (yrs), 

Gender 

Participants’ 
characteristics 

Mechanical Thermal Mechanical Thermal 

Falla et al., 

2014  

Germany  

 

CLBP  

 

Laboratory  

CLBP: 

N=19, Age 

32.2 ±9.5, 

58% 

women 

Con: 

N=17, Age 

29.4±7.4 

47% 

women 

ODI= 13.8+7.0%; 

D(mos)= 

31.6+28.2; VAS 

avg= 3.1+ 2.0; SF-

36= 67.6 ± 11.8; 

SF36-PCS=61.3 

±13.9; SF36-MCS 

= 68.3 ±13.7; 

TSK= 32.1 ± 6.8; 

PCS= 14.5 ± 8.7; 

STAI= 40.1 ± 7.2 

Pain pre=1.9 ±1.5 

25 cycles of 

lifting a 5kg box 

up and down on 

an adjusted shelf, 

1s moving 3s 

resting (~200s) 

 

Pain post 

160s=2.6±2.5 

PPT 

(Somedic, 

kPA) over 

8 Lx test 

sites, after 

the task 

N/A 1)PPT ↓in 
CLBP, ↑ pain 
sensitivity 

(pre: 

268.0±165.9 

kPa; post: 

242.0±166.7 

kPa) 

3)No change in 

PPT in CON 

N/A 

 

Impaired EIH 

in people with 

CLBP tested 

locally after 

lifting showing 

decreased PPT 

after a short 

lifting task.  

No change 

occurred in 

CON. 

Kuithan et 

al., 2019,  

UK  

CLBP: 

N=21, Age 

31.7±13.3, 

ODI= 16.0±6.8; 

DASS= 19.3±22.5; 

FABQ=27.2±11.6; 

PCS= 14.9±9.2; 

Repetitive 

rotational lifting 

task 5kg box, 10 

cycles ~7 min, 

PPT 

(Somedic, 

kPA) 16 

Lx test 

Thermal 

detection 

& pain 

thres-hold 

1)No 

significant 

change (2.10% 

±18.4; CI: [-

1)No sig. 

changes 

2)↑ CPT 
CLBP 

Impaired EIH 

over local test 

sites for 

people with 



 

 

CLBP 

Laboratory/ 

University 

setting 

12 women 

Con: 

N=18,  

Age 

28.2±12.5, 

10 women 

 

SF36-PCS= 49.36± 

5.3; SF36-MCS= 

46.51±13.0; 

IPAQ= 18 high, 4 

medium 

NRS: 24hrs 

=3.9±2.1, pre= 

3.1±2.0, episode= 

4.9±1.9 

2s moving 2s 

resting, or till 

pain toler-ance/ 

exhaustion  

Borg Scale 

CLBP=13.1±1.7 

/Con= 11.1±2.2; 

Peak lifting 

NRS= 4.8 ± 2.0 

sites, hand, 

within 5 

min of 

completion 

of the task 

QST 

started PPT 

measured 

first 

(cold & 

warm), 

Medoc 

TSA-II, 

°C, Hand 

& Lx 

TS: 

Series of 

10 heat 

stimuli 

(VAS 0-

100)  

10.7, 6.5]) 

over Lx PPT 

in CLBP 

group 

2)No change 

over thenar  

3)↑ in CON 
over Lx region 

(9.43% ±13.4; 

CI: [2.8, 

16.1]) pre 

341.39±116.9/ 

371.16±130.4 

increase of 

+2.5 ±4.9°C, 

safety limit 

of the device 

n=18 

3)No group 

differences 

↑ CPT +1.6 
±5.6°C 

(hand, n=16), 

indicates 

thermal 

algesia but 

safety limit  

CLBP (PPT) 

after lifting 

showing no 

change, but 

CON showed 

increased 

PPTs. 

No remote 

changes in 

both groups.  

Legend: yrs= years; CLBP= chronic non-specific low back pain; CON= Control group; D= Duration; mos=months; avg= average; 

Mean ± = SD, or (range); ODI= Oswestry Disability Index; VAS= Visual Analog Pain Scale; NRS= Numeric Rating Scale; SF-36= 

Short Form Survey; Quality of life; PCS= Pain Catastrophising Scale; STAI= The State-Trait Anxiety Inventory; DASS= 

Depression, Anxiety and Stress Scale; MCS= Mental Component Scale; SF-36-PCS= Physical Component Scale; TSK= Tampa 

Scale of Kinesiophobia; FABQ= Fear Avoidance Believe questionnaire; IPAQ= International Physical Activity Questionnaire; s= 

seconds; PPT= Pressure Pain Thresholds; Lx= Lumbar; CPT= Cold Pain Threshold; ↓= decrease/decreased;↑= increase/ 
increased; CI= Confidence Interval EIH = Exercise Induced Hypoalgesia; Data which could not be obtained from the authors and had 

to be estimated were marked as italic and were described as such in the tables 

  



 

Data extraction for remote tasks 

Author 

& Year 

Country 

Spinal 

complain

t 

Setting 

Population Exercise  

(Type, duration, 

intensity, 

perceived 

exertion) 

Outcome 

measurement 

(test, device, unit, test 

sites, time point post-

test)) 

Results (% change, diff., pre/post, 

significant changes only) 

1 Local, 2 Remote (1+2= pooled), 3 

CON/ comparison 4) during exercise 

Summarised 

findings 

 

Sample, 

Age (yrs), 

Gender 

Participants

’ 
characterist

ic 

Mechanical  Therma

l/ blood 

test  

Mechanical Ther

mal/ 

blood 

test 

Hoffman et 

al., 2005, 

USA 

 

CLBP  

Laboratory 

CLBP 

N=8, 

Age 40±10, 

4 women 

Con N=10, 

Age 34±8, 

no exercise 

ODI= 

23±16; 

D(yrs)= 

7±4 

Cycling at 50% of 

VO2 max for 5 min 

then 70% for 20 

min; graded con-

tinuous 2 min stage 

protocol to 50W  

Pressure Pain 

stimulator 

(Lucite) 

constant force 

(9.8N) over 

index finger: 

pain rating 0-

100 

2 min post task 

N/A 1)No local test sites 

2)Pain rating (mm) ↓ with 
exercise  

79±12/ 57±26 (=28%)  

3)No comparison as CON 

did not exercise 

N/A 

 

Remote 

Pressure Pain 

stimulation 

showed EIH 

after cycling in 

people with 

CLBP, no 

control group 

Meeus et 

al., 2010, 

Belgium  

 

CLBP  

 

CLBP 

N=21, 

Age 41.55± 

12.40,  

11 women 

ODI= 

18.57 

(15.09); 

sedentary 

VAS= 

3.63 

(2.50); SF-

36= 

Max of 6 bouts on 

cycle ergometer 

(1min for each of 

two plateau phases 

of ↑ WL, incl. 
warm-up &cool 

down) each 

followed by 90s 

PPT (Fisher 

Force Dial 

FDK 40 Push 

Pull Force 

Gage, Wagner, 

kg/ cm3), 

Lateral of L3, 

skin web finger 

Blood 

test 

Nitric 

oxide 

levels, 

directly 

post 

Authors provided data 

1)Lx CLBP ↑pre: 8.67 ± 2.85 / 
post: 9.43±3.57 Diff: 0.76 

±2.04 [-0.16; 1.69] % Change 

9.64± 29.36 [-1.29; 20.58] 

2)% Change ↑ Deltoid: +9.05± 
25.83 [-2.71; 20.81]; ↑Calf: 

No 

signi-

ficant 

chang

e 

EIH as CON 

However, 

based on 

obtained data 

PPT in CLBP 

significantly 

increased over 

local, but only 



 

Laborator

y  

CON 

N=31, 

Age 

39.88±12.6

3, 

21 women 

540.74 

(129.60) 

rest, 130W (final 

boost) 

D 1000s CLBP n=1, 

1348s CLBP n=3/ 

CON n=2 1741s 

CLBP n=17/ CON 

n= 29 

(thumb & 

index finger), 

calf, deltoid, 

directly after 

task 

10.76±29.36 [-2.61; 24.12]; 

↓Thumb -12.69± 20.46 [-

22.01; -3.38] 

3)↑ Mean PPT in Con & 
CLBP CON= 7.11±2.74/ 

7.56±3.17 

CLBP=8.10±3.02/8.28±3.49 

over 2/3 of 

remote test 

sites (deltoid 

and calf) 

Kemppaine

n et al., 

1998, 

Finland  

CNP 

 

Laboratory 

CNP N=8 

Con N=8 

 

Age 22-35 

All male 

fighter 

pilots 

History of 

acute in-

flight neck 

pain 

attacks 

Cycle ergometer 

WL 50, 100, 150, 

200 W/ 60rpm, 

Steady state 3-4 

min, stepwise ↑5-8 

min, no exact D; 

Power CNP= 

325W, CON= 

315W 

N/

A 

Cold pressor test, 

hand submerged in 

4°C water, time (s) to 

pain, sensory 

intensity (SI) & 

unpleasantness (UR) 

(both%); after 

exercise at 200W, 

(1hr not reported 

here) 

No further details obtained 

1)No local test sites 

2)Cold pressor test (s) ↑ in NP but not 
in CON (all post values estimated) 

Time Pre: 26.8 ±9.8/ Post 45.66±23.6; 

SI Pre: 46.0±14.6/ 10.73± 3.4; UR: 

44.8±13.4 / 1.63±2.2 

3)Time Con 28.2 ±4.4s /31.09±7.4; 

SI: 43.3±11.2 / 27.66±15.8; UR: 

49.8±14.6 / 27.92±14.6 

After cycling 

remote Cold 

Pressure Test 

time ↑, pain 
intensity & 

unpleasantness 

rating ↓ in 
pilots with NP 

but time did not 

↑ in CON  

Ickmans et 

al., 2017, 

Belgium  

 

WAD  

University 

Hospital 

Laboratory 

WAD 

N=26, 

Age 43.5 

(IQR 30.8–
47.3), 

15 women 

Con N= 26, 

Age 37.0 

(25.8– 53), 

D(mos) = 

Med 28.5 

(IQR 6.8-

77.3) 

VAS pre = 

57 (IQR 

21.5 – 

73.8) 

Unemploy

ed N=10 

Submaximal 

aerobic cycling 

Aerobic Power 

Index Test & age-

predicted heartrate 

(75%), ↑25Watt 
/min, ~ 60rpm 

D: Median 5min 

(IQR WAD 4-6/ 

CON 5-6) 

Workload:125W 

PPT (Fisher, Force 

Dial, Wagner 

kg/m²) traps & 

calf  

Occlusion Cuff 

Pressure arm, PT 

& VAS 3/10 

TS 10 PPT over 

Traps & Calf 

CPM arm cuff 

3/10 VAS, TS 

N/

A 

1)No changes in PPT 

2)No changes in PPT, Cuff Pressure, 

TS and CPM; TS (calf) ↓ pre:1(0 -
2.3)/ 0(0 – 2) 

3)TS calf 1(0-2)/ 1 (0-1.3) no group 

difference 

 

PPT calf Difference (post-pre 

exercise) higher in CON 0.3(-0.3-0.7) 

compared to WAD -0.1(-0.4 – 0) 

Study reported 

EIH as 

impaired, but 

no sign. change 

in PPT pre/post 

were found in 

both groups. 

Therefore, we 

consider that 

EIH was not 



 

15 women (WAD 100-150/ 

CON 125-150) 

directly after task produced in 

both groups.  

Smith et 

al., 2017, 

Australia  

 

WAD 

 

Laborator

y  

WAD 

N=21, 

Age 

44.5±10.5,  

55% 

women 

CON 

N=19, 

Age 37.4± 

10.8, 

74% 

women 

NDI=20% 

Med (IQR 

16,31); 

Grade II 

WAD; D 

=66% > 

2yrs; Med 

5yrs (4,6); 

TSK= 41 

(34,44); 

PCS =12 

(2,19); PDS 

SSS =10 

(5,16); 

VAS (wk) 

= 3.4±1.8; 

24hrs 

VAS= 

2.9±1.8;  

CON: 

sedentary 

Aerobic Bicycle 

Exercise 

Start at 25W, ↑ by 
25W/ min to 75%of 

predicted HR, 

N=17; D= 30 min, 

Avg power output 

(W) WAD 62.8 

(47.3,76.8), CON 

81.7 (70.8,99.2) 

PPT 

(Somedic 

AB, kPa), 

C5, tibialis 

anterior; 

directly 

after task 

CPM Test 

stimulus 

heat over 

Cx 

(VAS), 

Conditio

ning 

stimulus: 

cold 

pressor 

test 

1)No change in PPTs in both 

groups 

2)No change in PPT 

3)No difference 

Post-

test not 

reporte

d  

No changes 

after cycling in 

both groups 

over both local 

and remote 

test sites 

(PPT). 

Normal EIH 

(PPT) in 

people with 

WAD after 

Wall squat 

exercise over 

local and 

remote test 

sites 

Isometric Wall 

squat, 3 min or 

fatigue, 100° knee 

flexion, WAD/ 

CON n=18/17  

Peak RPE WAD= 

5(3,9) CON= 6(5,8) 

Time (s) WAD= 

106(43,180), CON= 

152(122,180) 

All data estimated (Median 

only) No further details 

obtained. 

1) PPT neck ↑ 222.92/ 
305.21 

2)PPT Tib ant ↑ 351.44/ 

492.01 

3) no group differences, ↑ in 
both groups, both locally 

and remote Con: neck 

315.95/ 401.84; Tib ant 

415.34/ 584.66 



 

Van 

Oosterwijc

k et al., 

2012, 

Belgium 

 

WAD  

 

Laboratory 

WAD 

N=22, 

Age 

38.4±9.2, 

all women 

 

Con N=22, 

Age 

37.1±14.6, 

all women 

 

D (mos) 

=82.1±90.7 

(6-396); 

31.8% 

widespread 

pain; 

Session 1: 

SF 36 

bodily 

=44.2±21.6

; General 

health= 

32.8 ±19.7; 

Pain= 

50.7± 26.7; 

Fatigue= 

54.2± 25.3; 

SSS= 42.0 

±20.5 

Ergo-spirometry, 

Aerobic Power 

Index test, ↑ 25W 
/min to 75% HR 

WAD= 4.3±.92 

min; 116±25W max 

Con: 4.2±.1.1 min; 

115±29W max  

PPT (Fisher, 

Wagner) 

FDK 40 for 

control 

group. FDK 

10 in WAD 

group/ kg) 

skin web 

between 

thumb and 

index finger, 

calf, L3, 

bilateral; 

directly after 

task, 1 week 

between 

tasks 

N/A 1)No local test sites 

2)WAD ↓ in PPT over all test sites. 
Hand: 4.31±1.69/ 3.97±2.03; Lx: 

4.67±2.20/ 4.48±2.14, Calf: 

4.24±1.52/ 3.94±1.51 

3)Group diff as CON ↑ Hand: 
5.09±1.72 / 5.32±1.71; Lx: 

6.06±2.42/ 6.45±2.48; Calf: 

5.57±1.5 /5.77±1.67 

WAD group 

shows a ↓ in 
all remote test 

sites after 

cycling, 

whereas 

healthy people 

showed an ↑ 
in PPT 

Self-paced 

cycling WAD 

showed PPT ↑ 
over the calf 

as CON, but 

other test sites 

a ↓ differing 
from CON 

Self-Paced and 

physiologically 

limited ergometer 

test, based on D, 

HR, and WL WAD 

WL=41±16W/ D 

(min)=10.3±6.1 

CON: WL= 

48±15W/ 

D=12.7±4.3 

1)No local test sites 

2)PPT hand/back ↓; calf ↑ 

Hand: 4.02±1.77/ 3.78±1.95, Back: 

4.70±2.20 / 4.60±1.97, Calf: 

3.74±1.49 / 3.94±1.70 

3)Group diff for Lx/ hand, calf ↑ in 
both 

Hand: 4.56±1.59/ 4.78±1.77; Lx: 

5.41±2.05 /5.98±2.29; Calf: 

5.42±1.78 / 5.80±1.94 

Smith et 

al. 2020, 

Australia 

 

WAD 

Laborator

y 

WAD 

N=40, 

Age 

37.3±13.6,  

70% 

women 

 

NDI= 37 CI 

(33,41); 

VAS 

(100mm) 

=50 CI[43, 

56]; 

D=28 mos 

(3,120); 

Aerobic Treadmill 

Walking based on 

Aerobic Power 

Index 

75% age-predicted 

HR, 4min 5-7km/h, 

↑2% incline/ 2min 

D=30 min, Peak 

power output (W) 

WAD=306 CI 

PPT 

(Somedic, 

kPa) 

Articular 

pillar C5/6, 

tibialis 

anterior pre 

and directly 

after 

exercise 

N/A Authors provided data 

1)Cx no changes 268.53±146.13/ 

258.93±143.36 =-2.03±18.90%  

2)Tib ant no change 377.78± 208.51/ 

384.38±217.47 = 3.39±25.45% 

3)CON neck: pre: 303.47±110.01/ 

317.33±135.18 = 7.78%±30.66 Tib 

Ant 494.17±203.06/ 550.27±230.56 

= 13.31±25.67%  

Impaired EIH 

compared to 

CON over 

local and 

remote test 

sites after 

isometric and 

aerobic 

exercise in 



 

CON 

N=30, 

Age 

40.4±14.3, 

78% female 

PCL-5= 23 

(18,37); 

TSK= 

38(30,44); 

PCS 

12(7,22) all 

Median 

(IQR) 

IPAQ 7 low, 

18 mod, 14 

high 

[229,384], CON= 

597[497,697]; RPE 

(0/10) WAD=4 

(IQR 3,5), 

CON=5(3,6) 

4) dorsum 

right hand 

(2nd and 3rd 

metacarpal) 

Tested pre 

and during 

exercise at 

90 and 180 s 

for both 

exercise 

groups. 

There was a 

15 min rest 

period 

between 

tasks  

4)During exercise: Hand WAD 

249.56±109.40/during 

303.25±113.85 /post 291.75± 138.14 

= 22.69±39.39% 

CON:298.63±104.98/during 

387.80±116.01 /post 373.53±111.24 

=30.42±28.38% 

participants 

with WAD. 

For changes 

during 

exercise PPT 

over the hand 

increased 

during the 

exercise for 

both groups 

but greater 

increase in 

CON  

Isometric Quad-

riceps contraction 

(Biodex) 90°knee 

flexion MVC 15s 

(best of 3), 10min 

rest, till exhaustion 

/3min at 20-25% of 

MVC. Peak MVC 

WAD= 119 

[105,134] 

CON=158 

[135,180]; RPE 

(0/10) WAD& 

CON=5(IQR 3,7) 

Authors provided data 

1)Cx 256.60±143.96/ 250.28±149.40 

= -.063±30.34% 

2)Tib ant 383.88±192.24/ 

397.15±193.44 = 6.08±21.17% 

3)CON Cx 299.63±106.46/ 

335.33±109.21 =14.33±21.84%; Tib 

ant 501.07± 209.90/ 573.37±225.85 

=16.8±21.77% 

4) Hand: WAD 264.53±127.78/ 

during 298.87±118.78/ post 

267.78±120.43 = 4.33±30.00%; 

CON: Hand 315.83±93.29/ during 

387.77±113.25/ post 377.20±110.41 

=22.98±29.90% 

Vaegter et 

al., 2016 

& 2018 

Denmark 

 

Mixed 

N=61, Age 

45.4±11.2, 

42 women 

 

Primary 

source of 

pain: 

CLBP=37, 

NP=16 

LS: D(y)= 

5.0 (2-53); 

Bicycling exercise 

15 min 70 rpm, 2 

min warm up, 

resistance ↑ up to 
75% Vo2max over 

3 min, 10 min at 

75% 

PPT 

(Somedic, 

kPA), traps, 

quadriceps, 

biceps 

brachii  

N/A Authors provided data 

PPTs ↑, but less in people with HS; 
Cuff PT (kPa) ↑ in LS; Cuff PTOL 

(kPa) ↑ PTOL limit (cm)↓ in LS; 
Cuff PTOL↑ in HS; TS↑ only in HS 

PPT Dom. Quadriceps: 

pre493.82±392.02 /post 

574.22±416.92 %=22.38±30.33 

Both cycling 

and isometric 

exercises led 

to an increase 

in PPT 

indicating EIH 

in people with 

chronic msk 



 

Mixed 

 

Laborator

y  

Study 

subgrouped 

participants 

in low (LS) 

and high 

pain 

sensitivity 

(HS) based 

on PPTs 

 

No CON 

group 

Note: local 

and remote 

test sites 

not possible 

to 

distinguish 

NRS peak 

24hrs= 7(3-

10); Pain 

sites N=4 

(1-11); 

Depres-sion 

HADS 0-

21= 8 (0-

13); 

Anxiety 

HADS= 

11(0-15); 

PCS=22.1 

(8.8) 

HS: D (y)= 

8.0 (2-40); 

NRS = 8 

(3-10); Pain 

sites 

N=5(1-14); 

Depression

= 9 (0-13) 

Anxiety = 

10 (0-16); 

PCS=27.7 

(12.9) 

W LS= 97.5(50-

210)/ HS=95 (40-

185) 

HR LS= 151(135-

167)/ HS= 153(137-

170) 

RPE LS= 15 (11-

19)/ HS= 15 (13-

18) 

Computer 

controlled 

cuff 

algometry 

(Noci-tech) 

over lower 

leg: cuff 

pressure PT 

(kPa), Cuff 

pressure 

PTOL (kPa), 

VAS Cuff 

PTOL limit 

(cm)  

TS 10 cuff 

pressure (2 

min) 3 

scores (VAS 

I – III); 

directly after 

task 

[14.77; 29.99]; Non-dom.: 

544.82±421.85 / 621.21 ±419.67 

%=23.26±35.93 [14.24;32.27]; 

Biceps: 297.86± 245.64/ 

342.53±270.24 %=25.36±41.60 

[14.92;35.80]; Traps: 

347.82±244.40/ 388.67±267.76 

%=15.43±23.57 [9.51;21.34] 

Cuff pressure PT: 20.70±12.57/ 

21.10±13.92 %=6.07 ±40.64 [-4.13; 

16.27]; PTOL 53.77±18.70/ 

56.14±1942 %=5.26±14.29 

[1.68;8.85]; PTOL limit: 7.26±2.84/ 

7.33±2.87 %=1.36±32.47 [-6.79; 

9.51] 

HS: TS pre: 3.2±2.1/ 4.5±2.3/ 5.2±2.4 

post: 4.0±2.3/ 5.6±2.1/6.4±2.3 

pain. 

However, 

people with a 

higher pain 

sensitivity 

based on their 

PPT seem to 

respond with 

reduced EIH. 

Findings 

supported by 

response to 

cuff pressure 

and pain 

tolerance. 

Isometric exercise 

dom. quadriceps 

Based on MVC 

(different day) 90° 

knee flexion, 30% 

MVC for 90s 

MVC LS= 

25.8(11.5) HS= 

21.3(9.8) 

Authors provided data 

PPTs ↑, but less in HS; Cuff PT and 
PTOL, and PTOL limit ↑ in LS; Cuff 
pressure PTOL ↑ in HS 

PPT Dom. Quadriceps: pre 

507.25±402.04/ 558.08±408.22 

%=14.23±28.36 [7.11; 21.34]; Non-

dom. 544.27±397.06 / 591.55 

±414.82 %=12.44±24.25 

[6.26;18.53]; Biceps: 

308.73±248.11/ 330.35±267.44 

%=10.22±23.46 [4.33;16.11]; Traps: 



 

348.35±242.92/ 377.02±248.33 

%=10.32±19.35 [5.47;15.18] 

Cuff pressure PT: 20.79±14.16/ 

21.63±15.09 %=5.99 ±29.20 [-1.34; 

1.34]; PTOL 53.44±18.98/ 

56.84±18.52 %=7.74±14.97 

[3.98;11.50]; PTOL limit: 

7.36±2.75/ 7.04±2.95 %=-

5.15±18.86 [-9.88; -0.42] 

Legend: CLBP= chronic non-specific low back pain, CON= Control group; CNP= Chronic non-specific Neck Pain; WAD= 

Whiplash Associated Disorders; CMSK= chronic Musculoskeletal Pain; LS= Low sensitivity, HS= High sensitivity, D= Duration, 

yrs=years, mos=months, Med = Median, ± = SD, ( range), CI= Confidence interval, SSS= Symptom Severity Score, ODI= Oswestry 

Disability Index, VAS= Visual Analog Pain Scale, SF-36 = Short Form Survey, HADS= Hospital Anxiety and Depression Scale , 

PCS= Pain Catastrophizing Scale; NDI= Neck Disability Index, PCL-5=Posttraumatic Stress Disorder Checklist for DSM-5, 

IPAQ= International Physical Activity Questionnaire, WL= workload, W= Watt, HR = Heart rate, PPT= Pressure Pain 

Thresholds, CPT= Cold Pain Threshold, PT= Pain threshold, PTOL= Pain tolerance, TS=Temporal Summation, Traps= trapezius, 

Cx= cervical spine, Lx = lumbar spine, Dom= dominant, SI= Sensory Intensity response, UR= Unpleasantness Response, ↓= 
decrease/decreased, ↑= increase/ increased; Data which could not be obtained from the authors and had to be estimated were marked as 

italic and were described as such in the tables  



 

Data extraction for regional tasks 

Author 

&  

Year  

Country 

Spinal 

Complai

nt 

Setting 

Population Exercise  

(Type, 

duration, 

intensity, 

perceived 

exertion) 

Outcome measurement 

(test, device, unit, test 

sites, time point post-

test) 

Results (% change, diff., or pre/post) 

significant changes only 

1 Local, 2 Remote (1+2= pooled), 3 CON / 

comparison 

Summarised 

findings 

 

Sample, 

Age (yrs)  

Gender 

Participants

’ 
characteristi

cs 

Mechanic

al  

Blood test/ 

MDs/ others 

Mechanical Blood test/ MD/ 

others 

Strom et al.  

2012, Strom 

et al., 2009 

a+b  

Norway, 

 

CNP 

Laboratory  

CNP 

N=24, 

Age 39±6

14 women

Con 

N=28, 

Age 33±6

16 women

VAS pre-

start 10 ± 7 

mm; MCSS= 

2.5 (0.3-4.1); 

Pain D= <12 

mos =3; 1-4 

yrs =13; 5-10 

yrs= 3, >10 

yrs= 5 

Pain pre 

active side 

=10.5(8), 

inactive 9(7) 

Computer 

based task 

correction of 

typo-graphical 

errors 90 min  

+ financial 

reward, CNP 

=10±2pages/1

5 min, 90±19s 

per page, 

CON= 11±2/ 

82±15s Pain 

post task 

active/ 

inactive side: 

CNP 57±25/ 

46±46 CON 

43±28/ 33±27 

PPT (Somedic, 

kPA), Traps & 

ECRB, active 

(expos) & inactive 

side, Sternum. 

Post-test 15 min 

after task (30 min 

not reported here) 

N/A 1)↓Traps exposed; pre 343±170/ change 

β2= -32[-61; -3]; inactive 365±182/ β2= -
39[-78; -2] 

2)Changes not significant after 15 min 

3)No group differences, CON exp Traps 

350±154/ β2= -30[-59; -10]] 

Full analysis based on 30 min, no further 

data could be obtained 

N/A 

↓ of local 

PPT, but no 

change in 

remote PPT 

15 min after 

a 90 min 

computer 

task in CON 

& CNP 



 

Persson et 

al., 2000, 

2003, & 

2009 

Sweden 

 

CNP 

Univeristy 

laboratory 

CNP 

N=17, 

Age 47 

(24-62)  

Con 

N=25, 

Age 44 

(21-61) 

 

All 

female 

hospital 

cleaners 

D(yrs)=7 

(range 1.5 -

25); pain 

drawing; 

15/17 

palpation 

traps painful; 

pain on the 

day; VAS (0-

100mm) pre 

=42 (range 4-

68) 

Endurance 

test 1kg belt 

on wrist, 

lifting arm to 

90°abduction 

till exertion 

CNP=209 s 

(124-391s), 

VAS (mm)= 

74 (range 42-

97) 

CON=330s 

(210-616s) Al

RPE=19/20 

PPT (Somedic, 

kPA), 3 sites over 

Traps, 4 Deltoid, 

bilateral=14 sites, 

& 3 Quads (CNP = 

20 sites), directly 

after task (+10 

&+20 min not 

reported here) 

N/A 

 

Normalised data 

1)Traps exp 230±88=/↑15% CI [1-30]  

2)Deltoid exp 261± 102 ↑ 13% CI [0-26]  

3)No group comparison, but ↑ over all 4 test 
sites in CON PPT 

Exp Trap 273±83/ ↑13% CI [7-19], left 

Trap 271±77/ ↑6% CI [0-12], exp Deltoid 

277±98/ ↑23% CI [11-34], left Deltoid 

315±105/ ↑6% CI [2-11] 

N/A 

↑ PPTs over 
both local and 

remote sites of 

the exposed 

test side only 

after shoulder 

endurance 

task. 

However, 

CON group 

showed an 

increase on 

both exposed 

and un-

exposed sites  

Christensen 

et al., 2017 

Denmark 

 

CNP 

WAD 

 

Laboratory  

CNP: 

N=16, 

Age 27.6 

±1.8,  

10 women

NDI= 18.8 

±1.9; D(yrs)= 

5.5 ±1.1; 

VAS(wk) 

=3.3±0.9 

Shoulder 

abduction 6 

series with 

8min rest after 

each of first 3 

slow series / 

break 10min/ 

42s after each 

of last 3 fast 

series CNP= 

25%/ WAD 

=67% > mini-

mally 

difficult; VAS 

CNP =4.3± 

1.8; 

WAD=4.8±18 

PPT 

(Somedic, 

kPA) over 

Splenius 

capiti (Cx) 

Temporalis

, ECRB 

bilateral 

PPT after 

task 

completion 

reported 

not after 1st 

movement 

series 

Pain 

drawing 

(quantified 

area in 

arbitrary 

units) 

Authors provided data 

1)PPT Cx ↓ 179.6±93.9/ 
151.0±73.0 

2)↓ Temporalis (195.2±84.5/ 
172.0± 82.9); ECRB 

(235.2±112.0/ 195.7±91.7) 

Not 

reported 

PPTs after 

arm abduction 

showed 

• Hyper-

algesia in 

CNP 

• no changes 

in WAD 

• EIH in 

CON 

WAD 

N=9, 

Age 

33.8±2.5, 

7 Women 

NDI= 41.3 

±3.8; D(yrs)= 

4.5 ±1.1; 

VAS(wk)= 

4.4±0.4 

No sign. change  

Con 

N=25, 

Age 

29.9±1.6, 

17 women

 3)Con ↑ over Cx & Temporalis, 
whereas CNP ↓, no change in 
WAD  

CON: Cx: 227.0±80.7/ 

253.8±94.9, Temporalis 

341.0±82.8/ 374.7±95.2 



 

Grimby -

Ekman et 

al. 2020, & 

2017; 

Stensson & 

Grimby, 

2019 

Sweden 

 

CNP 

Laboratroy 

CNP N= 

26, Age 

51±5.12, 

19 women

Con 

N=12, 

Age 

34.6±16 

7 women 

HADS-

Anxiety 

(n=25) 

=1.2(0.40); 

work 

percentage= 

54% (47.2); 

SMBQ 

(n=25) 

=1.6(0.37); 

Sleep 

Quality= 

3.8(1.3); Pain 

sites = 

10(6.26) 

Arm cycling 

25 laps/min 

for 30 min 

with load 

100g 

(women)/200

g (men) ↑ by 
200g every 10 

min to 

500/600g 

RPE 

median=14 

CNP; 

CON=10, 

Model based 

mean 

VAS=2.37/4.7

3 

PPT 

(Somedic, 

kPa) three 

test sites 

over Traps, 

tested 15 

min after 

task (+105 

min and 

next 

morning 

not 

reported 

here) 

Blood test 60 

min post 

task 

a)DHEA-S 

(µmol/L) 

(CNP n=12, 

Con= 8) 

b) 

Anandamid

e, OEA, 

PEA 

,SEA,2-AG 

(all nM), 

Glutamate 

(µM) (CNP 

n=21, 

CON=11) 

Authors provided data 

1)Local PPT did not 

change directly after 

the task 

355.13±202.01/ 

338.14±188.73 

3)CON did not 

change 

355.94±138.93 / 

384.86±145.03, no 

group difference 

present 

*based on RM-

ANOVA of data 

provided 

a) DHEA-S showed 

no significant time & 

group interaction; a 

decrease was 

observed in Con 

(3.6/2.9 µmol/L). No 

change in the CNP 

group (2.2/2.3 

µmol/L) 

b)1+2) No significant 

diff between pre and 

post-test 

3) Anandamide 

decreased in CON 

0.85(0.14)/ 

0.63(0.13) but no 

between group 

difference 

For PPT pre 

and post 

exercise 

showed no 

significant 

difference 

(CNP & 

CON) after 

arm cycling. 

For Blood 

tests there was 

no clear 

response. 

Analysis 

showed 

altered 24h 

response 

considering 

all test points. 

Ghafouri et 

al., 2013; 

Gerdle et al 

2010 

Sweden 

CNP 

Laboratory  

CNP 

N=34, 

Age 45 

(29-60), 

all women 

Con: 

N=24, 

Age 44 

(27-56) 

 

All 

women 

Inclusion 

criteria: 

> 6months, 

neck pain on 

the day & 

tightness in 

trap. region 

Estimated 

NRS pre 4±1 

Peg board 

exercise, 30 

cm apart, 

moving PEG 

(11.8g) back 

and forth 30 

cm at 1.3Hz, 

seated, for 20 

min. 

Estimated 

data: NRS 

post 6±2 

N/A 

 

Micro dialysis traps, 

NAE: both SEA, 

PEA levels as 

antinociceptive 

markers, 20 min 

after task 

The levels of PEA & SEA in CNP 

significantly ↑ both pre & post exercise 
compared with CON. Pre-post diff. within 

group not significant. 

1)PEA 1.75 (0.10–8.60) /2.25 (0.10–6.80); 

SEA 2.00 (0.10–18)/ 1.45 (0.10–20); 

3)CON: PEA 0.65 (0.00–3.37/ 0.50 (0.10–
2.30); SEA 0.60 (0.00–2.7)/ 0.55 (0.10–1.8) 

Microdialysis 

showed no 

difference 

after a peg 

board task in 

CNP and 

CON. CNP 

had higher 

anti-

nociceptive 

parameters. 



 

Larsson et 

al., 2008 

Denmark/ 

Sweden 

 

CNP  

Workplace 

CNP N= 

20, 

Age 

43.8±9.8 

Con 

N=20, 

Age 

45.2±11.

3 

 

All 

women 

with 

repetitive 

work  

Inclusion 

criteria: 4/10 

NP, 90 days 

within last 

yr., but pain 

< 5/11 body 

regions. Pain 

avg working 

day (mm) = 

34.8 CI 

[20.9] 

A working 

day (8hrs) 

assessed with 

task exposure 

based on a 

score 

VAS after 1h 

recovery 

CNP= 17.2 ± 

21.7 mm 

CON= 4.6 ± 

8.3 mm 

N/

A 

Microdialysis traps, 

Serotonin 

Glutamate (lmol), 

Pyruvate (lmol), 

Lactate, Potassium, 

Bradykinin (BKN) 

(pg/ml), Serotonin 

(5-HT) (nM), Cyto-

kine (pg/mL): IL-

1b, IL-2, IL-4, IL-5, 

IL-6, IL-8, IL-10, 

IFN—g, GM, CSF, 

TNF-α. Sample 
taken pre (120 min), 

during (every 

60min), &60 min 

post 

All mean throughout day; no further details 

could be obtained. 

CNP ↑ of glutamate, CNP = 71.28± 42.39 
CON 35.60±15.35 (Estimated data pre/post 

work CNP: 68± 13/ 49±6 CON:42±6 / 

36±3) time effect both groups 

Pyruvate CNP=186.53 ±88.66/CON= 

125.23±62.51; BKN CNP 

=12759±8717/CON=12165±8904, time 

effect both groups 

Cytokine overall time effect both groups, 

IL-1b ↓ CNP = 303± 184, CON= 380± 247 

and IL-8 ↑ CNP =966±739, 
CON=1053±751 

5-HT ↑for CNP, not accounted for work. 
CNP = 10.58±10.80. CON= 2.19±1.19/ 

post recovery CNP = 9.24± 8.32 

CON=1.45±2.87. 

Microdialysis 

study over a 

working day ↑ 
[5-HT], 

glutamate, & 

pyruvate in 

CNP could 

indicate 

activated 

peripheral 

muscle 

nociceptive 

processes. 

Analysis does 

not answer 

EIH question. 

Gerdle et 

al., 

2008a+b;  

Rosendal et 

al., 2004 & 

2005  

Sweden 

 

CNP & 

WAD 

  

Laboratory  

 

CNP 

N=19, 

Age 

41(21-

61), all 

women 

Start CNP 

after start of 

work task 

(mos)= 66(7-

216) 

Baseline 

VAS(mm) 

=29±5 

20 min 

repetitive 

low-force arm 

work (Peg 

board) 

(moving short 

wooden pegs 

(23g) 1Hz, 

30cm, seated,  

Perceived 

exertion rate 

(0-9) 

estimated 

data 

N/A Microdialysis traps: 

Bradykinin (BKN) 

(pg/ml), Kallidin 

(pg/ml), Potassium 

(K+) (mmol/l), LDH 

(U/ml), Collagen 

Turnover (%), 

Plasma Creatine 

Kinase, RR (%)and 

Interstitial Lactate 

(mmol/L), Lactate 

dehydrogenase 

(LDH) 

(U/ml)Pyruvate 

Data represent baseline/ exercise/1st 

recovery, no further details could be 

obtained. 

↑BKN estimated 

3312.25±770.8/8039.53±2569.17/6857.71±

2877.5 

Kallidin ↑ estimated 385.35±121.4/ 

800.20±242.8/ 563.79±202.3 

Interstitial lactate ↑ estimated 4.42±0.3/ 

5.06±0.4/ 4.75±0.3 

Pyruvate ↑ estimated 

180.83±14.4/216.53±20.2/200.30±16.4 

↑Glutamate] estimated 47.37±3.7/ 

64.25±5.2/ 49.14±3.4 

Microdialysi

s study. 

After Peg 

Board task 

CNP 

showed 

metabolic 

alterations: 

Increase in 

lactate, 

pyruvate, 

and 

potassium 

and 



 

CNP=6.39±0.

6 

CON 

=1.54±0.3 

WAD: no data 

provided 

Pain VAS 

(mm) post 

exercise 

CNP =70±5; 

WAD 

=71±24; 

CON =7±2 

(µmol/L), Glutamate 

(µmol/L), serotonin 

(5-HT), Interleukin-

6 (IL-6) (pg/ml), 

WAD only: BKN 

(pg/ml), Kallidin 

(pg/ml), Lactate 

(mmol/L), Pyruvate 

(µmol/L), K+ 

(mmol/l), 

Interleukin-6 (IL-6) 

(pg/ml), Glutamate 

(µmol/L), Serotonin 

(5-HT) 

Data sample every 20 

min at baseline (140-

160 min after 

catheter insertion), 

during the task (160-

180 min), and 10 

min after task / 1st 

recovery (180-200 

min) & 2nd recovery 

(280-300 min, not 

reported here) 

K+ estimated 4.14±02/ 4.82±0.52/ 

estimated 4.55± 0.1 

IL-6 ↑ estimated 1530.16±203.5/ 

3115.68±570.0/ 2096.55±393.4 

RR Lactate ↑ pre 20.8±.8 /post 22.0±1.0 

increased 

levels of 

algesic 

substances 

(glutamate) 

compared to 

CON. 

Higher 

increase in 

BKN after 

exercise. 

However, 

baseline 

differences 

existed & 

the 

mechanism 

of EIH is 

not clearly 

evaluated. 

For WAD 

peripheral 

nociceptive 

processes 

are 

activated. 

Higher IL-6, 

and lower 

Pyruvate 

with 

different 

responses in 

WAD 

N=22, 

Age 

36(24-

45), all 

women 

Inclusion 

criteria 

≥WAD 
Grade II, and 

6mos, 

Baseline 

VAS(mm)= 

53±4 

BKN ↑estimated 3106.72±392.5/ 

4545.45±822.1/ 3569.17± 719.4 

Kallidin ↑ estimated 186.71± 55.2/ 

778.10±143.5/ 309.97±92.0 

K+ 4.18 ± 0.11/4.48 ± 0.11/4.27±0.10 

Pyruvate 91.7±10.0/ 108.8±10.6/ 

140.6±16.3 

Interstitial Lactate: 2.83±0.24/ 

3.03±0.42/2.81±0.31 

RR [3H]- collagen 47±9.0% 

Con 

N=20, 

Age 

36(26-

56), all 

women 

CON 

Baseline 

VAS= 0±0  

BKN ↑ estimated 2130.43±411.1/ 

3569.17±822.1/ 2849.80±668.0 

Kallidin ↑ estimated212.46±55.2/ 

347.65±55.2/ 214.31± 40.5 

↑[K+] 4.17 ± 0.05/ 4.46 ± 0.07 /4.23±0.23 
or 4.14±0.07¶  

↑[IL-6] (pg/ml) 1760 ± 258/2920 ± 

497/2677±460 

↑Glutamate 36.7 ± 4.1/45.9 ± 4.2/ 44.3±5.9 

Pyruvate: 135.7±11.8/ 155.4±13.9/ 

132.1±12.6 

RR Lactate ↑ CON=19.4±1.0/21.5± 0.9; 
interstitial Lactate 3.11±0.29/ 3.39±0.36/ 

3.12±032 No group diff between CNP & 

CON in RR Lactate, but in interstitial 

lactate 



 

↑LDH only combined CNP & CON 
0.99±0.66 / 1.84±2.23 

RR [3H]- collagen 62± 8.7%, significantly 

higher than in WAD 

Lactate, 

Kallidin, 

and 

Pyruvate 

compared 

with CON 

were found 

Legend: CNP= chronic non-specific neck pain, CON= Control group; WAD= Whiplash Associated Disorders, ± = SD, ( range), 

SMBQ=shirom-Melamed Burnout Questionnaire, NDI= Neck Disability Index, MCSS= musculoskeletal Complaint Severity Scale, 

, D= Duration, yrs=years, mos= months, RR= relative recovery, NAE=N-Acylethanolamine, PEA=N-Acylethanolamine, 

SEA=Nstearoylethanolamine, OEA= oleoylethanolamide; PEA= palmitoylethanolamide; SEA= stearoylethanolamide; AG= 

arachidonoylglycerol, DHEA-S Dehydroepiandrosterone, sulphated form, ECRB= Extensor Carpi Radialis Brevis, 

Traps=trapezius, Quads= quadriceps, exp= exposed, Diff= Difference, ↓= decrease/decreased, ↑= increase/ increased, β2= 
Estimated regression coefficients and 95% confidence intervals (CI) based on the fitted linear models of pressure pain threshold 

(PPT, kPa) changes from before starting the computer work to 15min after, ¶reported equivocal in publication, exp= exposed test 

side; Data which could not be obtained from the authors and had to be estimated were marked as italic and were described as such in the 

tables 

 



 

Appendix 12 Risk of Bias Results Chapter three 

Author & 

Year, Self-

reported 

study 

design 

Selection **** Comparability ** Exposure/ Outcome *** Overall 

Risk of 

Bias 

Case 

definition 

adequate 

Representat

iveness of 

the cases 

Same 

selection 

of controls 

and cases 

Definition 

of controls 

* Controlle

d for Age  

Controlle

d for 

gender 

* Descripti

on of 

EIH 

outcome 

measure

ment  

Identical for 

outcome and 

intervention 

Descripti

on of 

task 

*  

Christensen 

et al., 2017 

Cross-

sectional 

* Yes, 

NDI, 

VAS, 

duration 

* Yes, 

chart 

provided  

Not 

reported, 

matched 

for gender/ 

age 

*Yes, 

healthy and 

questionnai

re 

3 * Age 

matched 

*Gender 

matched 

2 * Yes, 

referenc

e for 

further 

details 

* Yes * Yes, 

standardis

ed proto-

col, well 

described 

3 GOOD 

Questionabl

e to produce 

EIH as short 

task & long 

breaks 

Falla et al., 

2014  

Not stated 

* Yes, 

duration, 

ODI, 

VAS 

GP, PTs 

and adver-

tisement 

in popular 

press 

Not stated * Yes, 

questionnai

re 

2 * Age 

matched 

*Gende

r 

matched 

2 *Yes, 

PPT  

*Yes *Yes, 

lifting 

task 5kg 

3 FAIR 

Fairly short 

task 

Gerdle et 

al.,2008a,b 

Rosendal et 

al. 2004  

Rosendal et 

al., 2005  

A micro 

dialysis 

study/ in-

vivo 

Only for 

TM: sick-

leave, 

NMCQ, 

WAD: 

VAS only 

TM and 

WAD 

from 

same 

register, 

no 

further 

details 

given 

Local pain 

& rehabili-

tation 

centre (TM 

and WAD), 

but adverts 

for 

controls, 

time point 

unclear 

*Yes, but 

not able to 

match for 

work 

1 Not 

stated, 

control 

group 

before 

WAD 

*Only 

female 

1 *Yes, 

micro 

dialysis 

followi

ng 

protoco

l 

*Yes *Yes, 

Peg 

board 

3 

 

 

POOR 

Questionab

le to 

produce 

EIH as 

minimal 

task and 

outcome  



 

Ghafouri et 

al., 2013 

Gerdle et 

al., 2010 

Pilot com-

parative 

cross-

sectional 

No, 

screening 

& 

examinati

on but not 

reported 

Recruited 

via local 

daily 

newspap

er  

*Yes, 

recruited 

via local 

daily 

newspaper, 

no further 

description  

*Yes, no 

further 

descriptio

n  

2 Yes, but 

not prior 

to 

study? 

* Only 

female 

1 *Yes, 

microdial

ysis 

*Yes Peg board 

exercise, 

not stated 

in pilot, 

no further 

reference  

2 FAIR 

Questionabl

e to produce 

EIH? 

severity/ 

outcome? 

Grimby-

Ekman et al., 

2020; 

Grimby-

Ekman et al., 

2017; 

Stensson & 

Grimby-

Ekman, 2019 

Not stated, 

except pilot  

*Yes, 

NRS, pain 

sites, 

HADS, 

Sleep and 

Burn Out 

Symptom

s 

Recruited 

from 

physioth

erapy 

clinics 

and 

universit

y 

hospital  

No 

university, 

but also 

friends 

and family 

of the 

symptoma

tic group 

*Yes, no 

more than 

3 days 

with pain 

in last 12 

months 

2 No No 0 *Yes, 

PPT as in 

Persson 

blood test 

as well 

(1hr after 

task) 

* Yes *Yes, 

arm 

cycling 

3 FAIR 

Recruitment 

and case 

definition 

only 

Hoffman et 

al. 2005  

Not stated 

*Yes, 

duration, 

ODI 

Not 

stated, 

n=8 

Not stated *Yes, no 

previous 

history 

2 Not 

stated 

40(10)/ 

control 

34(8) 

Not stated 

LBP 4 

male/4 

female 

/control 

7/3 

0 *Yes, 

tested 

for 

repro-

ducibilit

y 

No, 

baseline 

assessment 

for Control 

only 

*Yes, 

maximal 

cycling 

text 

2 FAIR 

Unclear on 

cases, no 

exercise for 

control 

Ickmans et 

al., 2017, 

Case-

control/ 

cross- 

sectional 

*Yes, 

WAD, 

VAS, 

duration 

Hospital, 

adverts in 

patient 

support 

group  

No, some 

matched 

with 

patients, 

and 

similar 

adverts 

*Yes, pain 

free, 

inactive, no 

chronic 

disease 

2 * Age 

matched 

*Gende

r 

matched 

2 *Yes, 

reproduci

ble PPT, 

CPM, TS, 

Occlusion 

cuff 

Pressure  

* Yes * Yes, 

ergomete

r, 

submaxi

mal 

aerobic 

exercise  

3 FAIR 

Lack in 

reporting 

recruitment 

only 

 



 

Kemppaine

n et al., 

1998, Not 

stated 

No, only 

in-flight 

(neck) 

pain 

attacks 

no further 

details 

given, 

same air 

force 

*Yes, 

same air 

force 

*Yes, no 

experience 

2 Age 

likely, 

not 

provided 

*Only 

male 

1 *Yes, 

cold 

pressor 

test 

*Yes  No, 

unclear 

on exact 

times 

2 FAIR, 

Severity 

unknown, 

poorly 

reported  

Kuithan et 

al., 2019 

Cross-

sectional 

observa-

tional 

*Yes ODI, 

VAS, 

PCS, 

FABQ, 

SF-36, 

DASS 

University 

populatio

n, self-

reporting 

only 

* Yes, 

same 

population 

and 

advertisin

g 

*Yes, no 

history 

3 Yes, but 

not prior 

to study 

Yes, but 

not 

prior to 

study 

0 **Yes, 

reproduci

ble for 

PPT & 

Thermal 

tests, 

location 

of TS? 

*Yes 

(3/21 LBP 

could not 

finish task) 

*Yes, 

reproduci

ble, 

rotational 

lifting 

task 

3 GOOD, 

University 

population 

Larsson et 

al, 2008  

Not stated 

Yes, 

clinical 

examinati

on and 

more 

assessed, 

not 

reported 

Four 

industrial 

compani

es 

contacte

d 

*Yes, 

correspon

ding work 

*Currently 

no 

reporting 

of 

symptoms 

only 

2 No test 

TM 

43.8(9.8)/ 

control 

45.2(11.3

) 

*Only 

female 

1 *Yes, 

micro 

dialysis 

Unsure, but 

correspondi

ng tasks 

No, 8h as 

regular 

working 

day 

1 POOR 

Questionab

le to 

produce 

EIH as 

measured 

pre/post 

workday 

Meeus et 

al., 2010 

Experiment

al 

*Yes, ODI, 

Vas, SF-

36 

University 

hospital 

and 

Physioth

erapists 

Similar, 

but two 

different 

cities  

*Yes, no 

current 

confirmed 

questionna

ire 

2 Yes, 

tested, 

but not 

prior to 

study 

Yes, 

tested, 

but not 

prior to 

study 

0 *Yes, 

NO and 

PPT 

*Yes (some 

could not 

finish the 

task 

Control=2, 

LBP=4) 

Yes, 

cycle 

ergomete

r, but 

limitatio

n stated 

difficulty 

to 

standardi

ze 

2 FAIR 

Lack in 

reporting 

recruitment 

only 



 

Persson et 

al., 2009, 

Persson et 

al., 2003, 

Persson et 

al., 2000 

Before-after 

trial/ corre-

lative 

*Yes, 

duration, 

pain 

drawing, 

VAS 

No, 

contacted 

participant

s based on 

prior 

study 1 

year ago, 

hospital 

cleaners 

19/25 

accepted 

 

Unclear, 

different 

profession

s for 

control 

*Yes, no 

pain last 

three 

months 

2 Control 

group 

first, not 

matched 

*Only 

female 

1 *Yes, 

PPT 

No, slight 

modificatio

n in 

outcome 

(PPT) CNP 

+ PPT 

Quadriceps

, and 

additional 

follow up 

*Yes, 

static 

endurance 

task 

 

2 FAIR 

Fairly short 

task was 

~209 

(Pain)/330 

seconds 

(Con), 

confusing 

reports 

between 

papers 

(outcome) 

Smith et al., 

2017 

 Cross-

sectional 

pre-post- 

*Yes, NDI, 

duration, 

VAS, 

TSK, PCS 

Whiplash 

Grade II 

no 

further 

informati

on 

Not 

mentioned 

*Yes, no 

history 

and 

questionna

ire 

2 Control 

significa

ntly 

younger 

Yes, but 

not 

prior to 

study 

0 *Yes, 

clear for 

local pain 

sensitivit

y and 

over leg, 

thermal 

pain 

threshold

s 

*Yes *Yes, 

ergomete

r, 

standardi

sed 

submaxi

mal test 

& wall 

squat  

3 FAIR 

Lack in 

reporting 

recruitment 

only  

Smith et al. 

2020  

Pre-post 

study 

*Yes, NDI, 

PCS, 

TSK, 

VAS, 

PCL-5, 

duration, 

TSK, 

PCS 

Healthcare 

practition

ers, 

advertise

ment, 

patient 

database 

No, local 

university, 

word-of-

mouth, 

and 

advertisin

g 

*Yes, no 

history in 

last 12 

months 

2 Not 

prior to 

study 

Not 

prior to 

study 

0 * Yes, 

clear 

descriptio

n  

*Yes * Yes, 

standardi

sed 

treadmill 

& 

isometric 

program

me 

3 FAIR 

Lack in 

reporting 

recruitment 

only 

Strom et al., 

2012, 

*Yes, 

muscle 

Advertisin

g in local 

*Yes, 

advertisem

*Yes, 

working 

3 Not 

tested, 

Recruit-

ment 

0 PPT 

location 

*Yes *Yes, 

standardi

2 GOOD 



 

Strom et 

al.,2009a, b 

Not stated 

complain 

severity 

score, 

VAS, 

duration 

papers 

and the 

internet 

ent local 

papers and 

internet 

PC 

workers 

and 

healthy  

control 

significan

t 

younger, 

covariate 

included  

unclear 

not 

prior, 

not 

tested 

only as 

muscle, 

not 

direct 

location 

sed 

computer 

office 

task.  

Questionab

le to 

produce 

EIH as 

computer 

task 

Van 

Oosterwijck 

et al., 2012 

Controlled 

experi-

mental 

*Yes, 

duration, 

CWP, SF-

36, SSS 

Red cross 

emergenc

y unit 

over 6 

months, 

all 

contacted, 

but no 

numbers 

*Yes, 

friends 

and 

relatives 

of cases 

for control 

 

*Yes, 

questionna

ire and no 

relevant 

recent Hx 

3 *Yes, 

age 

matched 

*Only 

female 

 

 

2 Different 

algo-

meters to 

adjust 

for 

group 

changes 

 

*Yes *Yes, 

submaxima

l exercise 

stress test 

and self-

paced well 

described 

and 

references 

2 GOOD 

Lack in 

reporting 

recruitment 

 

Vaegter et 

al., 2016,  

Vaegter et 

al., 2018, 

Experi-

mental pre-

post within-

subject 

*Yes, 

chronic 

MSK 

pain, 

duration, 

VAS, pain 

sites 

recruited 

from 

multidisci

plinary 

pain 

clinic, no 

numbers 

No control group. 

However, they report of 

previously published 

similar study in healthy 

1 No control group. 

However, they 

report of 

previously 

published similar 

study in healthy 

0 *Yes, 

PPT, 

CPT, 

Cuff 

algometr

y 

No control 

group 

*Yes, both 

ergo-meter 

& 

isometric 

contraction 

of 

Quadriceps 

muscle 

2 POOR 

Mixed 

chronic 

MSK pain, 

mainly lack 

of control 

group & 

recruitment 
Abbreviations: NDI= Neck Disability Index; VAS= Visual Analog Scale; EIH= Exercise Induced Hypoalgesia; ODI= Oswestry Disability Index; LBP= Low back 

pain; GP= General Practitioner; PT= Physiotherapy; PPT= Pressure Pain Threshold; TM= Trapezius Myalgia; NMCQ= Nordic Ministry Council Questionnaire; 

WAD= Whiplash Associated Disorders; HADS= Hospital Anxiety and Depression Scale; CPM= Conditioning Pain Modulation; FABQ= Fear Avoidance Beliefs 

Questionnaire; PCS= Pain Catastrophizing Scale; DASS= Depression Anxiety Stress Scales; SF-36= Short Form Health Survey; TS= Temporal Summation; CNP= 

Chronic neck pain; TSK= Tampa Scale of Kinesiophobia; PCL-5= The Posttraumatic Stress Disorder Checklist; CWP; SSS= Symptom Severity Score; MSK= 

musculoskeletal; CPT= Cold Pain Threshold 

* highlights that the criteria is fulfilled. 

PK and NHR were part of the publication Kuithan et al ( 2019), as the other reviewer (AD) was not involved in this publication, it was decided against another neutral 

reviewer, as internal bias   
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UNIVERSITY OF BIRMINGHAM 
APPLICATION FOR ETHICAL REVIEW 

 

Who should use this form:   

 
 This form is to be completed by PIs or supervisors (for PGR student research) who 

have completed the University of Birmingham’s Ethical Review of Research Self 
Assessment Form (SAF) and have decided that further ethical review and approval is 
required before the commencement of a given Research Project. 

 
 Please be aware that all new research projects undertaken by postgraduate 

research (PGR) students first registered as from 1st September 2008 will be 
subject to the University’s Ethical Review Process.  PGR students first registered 
before 1st September 2008 should refer to their Department/School/College for 
further advice. 

 
Researchers in the following categories are to use this form:  
 

3. The project is to be conducted by: 

o staff of the University of Birmingham; or  

o postgraduate research (PGR) students enrolled at the 

University of Birmingham (to be completed by the student’s 

supervisor); 

4. The project is to be conducted at the University of Birmingham by visiting 
researchers. 
 

Students undertaking undergraduate projects and taught postgraduate (PGT) students 
should refer to their Department/School for advice. 
 
NOTES: 
 
➢ An electronic version of the completed form should be submitted to the Research 

Ethics Officer, at the following email address: aer-ethics@contacts.bham.ac.uk. Please 
do not submit paper copies. 

➢ If, in any section, you find that you have insufficient space, or you wish to supply 
additional material not specifically requested by the form, please it in a separate file, 
clearly marked and attached to the submission email. 

➢ If you have any queries about the form, please address them to the Research Ethics 
Team. 
 

 

  Before submitting, please tick this box to confirm that you have consulted and 

understood the following information and guidance and that you have taken it 



 

 
 

into account when completing your application: 
 

• The information and guidance provided on the University’s ethics 
webpages 
(https://intranet.birmingham.ac.uk/finance/accounting/Research-
Support-Group/Research-Ethics/Ethical-Review-of-Research.aspx) 
 

• The University’s Code of Practice for Research 
(http://www.as.bham.ac.uk/legislation/docs/COP Research.pdf)  

 

UNIVERSITY OF BIRMINGHAM 
APPLICATION FOR ETHICAL REVIEW 

OFFICE USE 

ONLY: 
Application No: 
Date Received: 

 
24. TITLE OF PROJECT  

Investigating the analgesic effect of walking and resistance exercise in healthy 
adults 

 
25. THIS PROJECT IS:  

 University of Birmingham Staff Research project  
 University of Birmingham Postgraduate Research (PGR) Student project  

          Other    (Please specify):        
 

 
26. INVESTIGATORS  

 
g) PLEASE GIVE DETAILS OF THE PRINCIPAL INVESTIGATORS OR SUPERVISORS 

(FOR PGR STUDENT PROJECTS)  
 

Name:      Title / first name / family name Professor Deborah Falla 
Highest qualification & position held: Chair in Rehabilitation Science and 
School/Department  School of Sport, Exercise and Rehabilitation 
Telephone: 
Email address: 

  

Name:      Title / first name / family name Dr. Alison Rushton 
Highest qualification & position held: Senior Lecturer  
School/Department  School of Sport, Exercise and Rehabilitation 
Telephone: 
Email address: 

  

Name:      Title / first name / family name Dr. Nicola Heneghan 
Highest qualification & position held: Lecturer  
School/Department  School of Sport, Exercise and Rehabilitation 
Telephone: 
Email address: 

 
h) PLEASE GIVE DETAILS OF ANY CO-INVESTIGATORS OR CO-SUPERVISORS (FOR 

PGR STUDENT PROJECTS) 
 

Name:      Title / first name / family name  
Highest qualification & position held:  



 

 
 

School/Department   
Telephone:  
Email address:  

 
 
i) In the case of PGR student projects, please give details of the student 

 

 Name of Pauline Kuithan Student No: 
 Course of PhD Email 
 Principal Prof. Deborah Falla  

 

 Name of student:  Student No:  
 Course of study:  Email address:  
 Principal supervisor:    

 

27.  ESTIMATED START OF PROJECT  
 
  ESTIMATED END OF PROJECT         

 
 

28. FUNDING 
 
 List the funding sources (including internal sources) and give the status of each source.   
   

Funding Body Approved/Pending /To be 
submitted 

 
Nil 

 

 
If you are requesting a quick turnaround on your application, please explain the reasons 

below (including funding-related deadlines).  You should be aware that whilst effort will 
be made in cases of genuine urgency, it will not always be possible for the Ethics 
Committees to meet such requests.  

 

 

 
29. SUMMARY OF PROJECT 

 Describe the purpose, background rationale for the proposed project, as well as the 
hypotheses/research questions to be examined and expected outcomes. This description should 
be in everyday language that is free from jargon.  Please explain any technical terms or discipline-
specific phrases.   

 

The purpose of this project is to firstly investigate the feasibility of conducting a 
trial with six exercise sessions to investigate changes in pain sensitivity in healthy 
individuals.  
The secondary purpose is to assess the reliability of the effects of endurance or 
resistance exercise on pain processing, known as exercise induced hypoalgesia 
(EIH). 
 
Background rationale 
 

• Pain processing 
Pain is defined as “an unpleasant sensory and emotional experience associated 
with actual or potential tissue damage, or described in terms of such 

Date: 01/07/2018 

Date: 31/01/2020 



 

 
 

damage”(Pain, 2017). If pain persists, both peripheral and central sensitisation can 
occur. These terms refer either to local or central changes in the pain processing 
pathways, leading, amongst other effects, to reduced pain thresholds and/or higher 
pain intensities (hyperalgesia) (Pain, 2017). This can be caused by reduced 
endogenous activity of descending inhibitory pathways as for example the release 
of endorphin- and opioid-like substances affecting pain sensitivity and perception. 
However, factors influencing pain modulation are still not fully understood in 
healthy individuals. The findings can then contribute to improve care for patients 
with chronic musculoskeletal pain.  
 

• Quantitative Sensory testing (QST) 
Pain processing can be assessed using Quantitative Sensory Testing (QST), a 
relatively new approach, which is well established to evaluate EIH and sufficient 
reliability has been shown (Balaguier et al., 2016; Costa et al., 2017; Graven-
Nielsen et al., 2015; Marcuzzi et al., 2017; Moloney et al., 2012; Potter et al., 
2006). QST involves different stimuli, such as thermal or pressure stimuli, applied 
to the participant, who then indicates the point at which their pain threshold or 
tolerance is met. Another more dynamic measurement is temporal summation, 
where a series of moderately painful stimuli are applied and changes over time are 
evaluated. QST can help to distinguish between different impairments of pain 
processing as different stimuli are transmitted via different pathways (Rabey et al., 
2015; Rolke et al., 2006b; Vaegter and Graven-Nielsen, 2016). Another certified 
measurement which is established in pain research, but not yet in EIH, is the pain 
withdrawal reflex (von Dincklage et al., 2009; von Dincklage et al., 2013). The test 
provides an objective measurement of a muscular response to a small electric 
stimulus applied to the skin.  
 

• Exercise induced hypoalgesia (EIH) 
Exercise leads to temporary hypoalgesic changes (lower) in pain sensitivity, which 
has been demonstrated in the form of increased pain thresholds following exercise 
(Naugle et al., 2012). That means for example, that more pressure can be applied 
before the pressure turns into pain. The decreased pain sensitivity could be 
explained by activated central inhibitory pathways, also known as endogenous pain 
inhibition (Lima et al., 2017). Research has shown equivocal results, but has 
indicated that the extent of EIH depends on physical activity status, with greater 
activity facilitating EIH; psychological state; and ethnicity (Brellenthin et al., 2017; 
Naugle et al., 2014a; Stolzman et al., 2015; Umeda et al., 2016). In healthy people, 
the effect of various intensities of aerobic and strength exercise, i.e. isometric 
exercise, demonstrated an extended period of increased thresholds. This 
endogenous pain inhibition could be used for people with chronic pain, as pain 
processing is affected in some of those. However, research to date has shown 
varying effects for EIH and the exact type and intensity of exercise to best induce 
EIH in healthy individuals remains unclear. Some evidence suggests a greater 
effect following isometric and high intensity exercises (Black et al., 2017; Gajsar et 
al., 2017; Koltyn, 2002; Micalos and Arendt-Nielsen, 2016; Naugle et al., 2012; 
Vaegter et al., 2015). Other research supports a dose-response relationship 
(Naugle et al., 2014b), but whether only local or additional remote changes after 
moderate activity occur remains open. 



 

 
 

 
Reliability and reproducibility of EIH 
 
No previous study has evaluated the reproducibility of EIH over multiple sessions 
with the same intervention. Therefore, it is important to investigate if the effects of 
EIH remain stable over sessions, or if the effects will adapt over time due to 
habituation. As the effect of EIH could be used for rehabilitation of chronic 
musculoskeletal disorders, we first need to understand how healthy people 
respond to an exercise programme of either strength or endurance over several 
weeks. 
So far only two studies have conducted two identical sessions and analysed the 
effects of EIH (Vaegter et al., 2018a; Vaegter et al., 2018b) showing a trend for an 
even greater amount of EIH in the second session. However, a clinical setting 
usually involves an average of around 6 sessions as for example for people with 
low back pain (Hill et al., 2011). We chose 3 weeks to avoid any training effects as 
well as additional confounders (Baumgartner, 2000). In addition, this task mimics 
exercise and could contribute to implementation of exercise to change pain 
sensitivity in daily life and could be feasible to lead to behavioural changes in the 
future referring to the first objective of the study. Analysis of data will allow a power 
analysis and further repeated measures analysis might detect if fewer than six 
sessions would be sufficient for the second objective. However, to our best 
knowledge no previous literature can inform this decision. 
 
Aims and objectives 
Aim 1: To investigate the feasibility of conducting a trial with six exercise sessions 
to investigate changes in pain sensitivity in healthy individuals.  

Objectives: 
o to evaluate if exercise interventions and outcome measurements are 

appropriate (acceptance and appropriateness) 
o to examine the distribution of QST scores and their standard deviation as a 

base to inform sample sizes for a future adequately powered RCT 
o to find indicators for possible correlation and relationship in the results 

 
Aim 2: To assess the reliability and stability of the effects of EIH with a repeated 
endurance or a resistance exercise protocol on pain processing  
Objectives: 
o to investigate if the effects of EIH are reproducible and stable over multiple 

sessions 
o to evaluate if there is a difference between each sessions and if habituation 

occurs over time 
 

Expected outcomes 
 
If the study is feasible we will take this study to the next stage, a definitive trial in 
healthy participants, and the aim to adapt this design to a symptomatic population 
in the future.  
Furthermore, the results from the current study may inform further research to 
shape treatment programs for participants with musculoskeletal disorders and 



 

 
 

chronic pain. I.e. we expect that the results of the feasibility study, independent 
from the results of the reliability study, will allow us to better interpret the data and 
inform and justify adaptation to the programme. 
 

 
30. CONDUCT OF PROJECT 

 
 Please give a description of the research methodology that will be used  
 

Design 
 
Feasibility trial with two intervention arms following the CONSORT guidelines 
(Eldridge et al., 2016) with an embedded reliability study using a test-retest design 
following the GRRAS guidelines (Kottner et al., 2011). This is in line with the UK 
Medical Research Council framework for complex interventions, where feasibility 
trials will be conducted before a randomised control trial. 
 
Location 
CPR Spine laboratories of the School of Sport, Exercise and Rehabilitation 
Sciences. 
 
Allocation  
Participants will be randomly allocated via a computer generated sequence to 
either an endurance or a resistance exercise training intervention. Participants and 
researchers will be aware of the allocation and cannot be blinded. 
 
Overview of intervention 
 
Participants will attend 6 sessions spread over 3 weeks with a minimum of 48 hrs 
rest in between each session to provide rest and recovery time and to minimise 
learning effects (see figure1). The first session will be used to familiarise participant 
with the test procedures and to design each participants’ individually adjusted 
intervention based on their individual heart rate or maximum voluntary contraction 
strength. The following sessions will be identical to each other and will be 
calibrated to the functional capacity of each participant using results from their first 
session. 
 





 

 
 

 The task starts at knee level on the left side and ends at chest level on the right 
hand side or vice versa. The participant returns to the start position in the same 
way. The pictures demonstrate the start, mid and end positions. To detect maximal 
isometric strength the maximum of 3 consecutive readings from the mid position 
will be used. 

Picture 1: Start, middle and end position of the task with the Primus RS 
 
Resistance will be produced by the device. Participants will be familiarised with the 
protocol to ensure correct performance with emphasis on the trunk muscles.  

Training session (2nd – 6th session) 
During each session the participant will start with a two-minute warm-up simulating 
the movement as shown in the picture above without any resistance. 
The 15-minute exercise will be divided into four sets (alternating two on each side) 
with a small break to change settings on the device in between. 
The movement will be based on individual maximal trunk strength and consist of 8 
cycles of the movement pattern above consisting of the following phases: 
1) concentric lifting to the middle  
2) isometric (hold) in the middle position  
3) concentric lifting to the end position  
4) isometric (hold) in the end position 
5) eccentric return to middle position  
6) isometric (hold) in the middle position 
7) eccentric return to start position  
8) rest 
 
Measurements 
 
Tests will be conducted by the same researcher during each session, Pauline 
Kuithan, M.Sc. Sport Physiotherapy and Master in Manual Therapy, who is an 
experienced physiotherapist with over ten years of clinical experience and 
expertise in quantitative sensory testing.  
All measurements will be done as follows: 
 
Questionnaires 



 

 
 

• Demographic details (ethnicity, age, height, weight, resting heart rate, 
education level and occupation). 

• SF-36 v2 Health Survey for the general health status of the participant 
(Brazier et al., 1992; Jenkinson et al., 1999).  

• International Physical Activity Questionnaires (IPAQ) (Booth, 2000). 

• Mood questionnaire (attachment 4). 

• Questionnaire on expectations of exercise - pre- and post-study adapted from 
Resnick et al. (Resnick et al., 2000) (attachment 5). 

• A printed Borg Scale (BS) to rate their level of perceived exhaustion will be 
provided (Borg, 1982). 
 

Quantitative sensory testing  
 
These tests or variations thereof have been used and reviewed in previous projects 
within the school without any complications (ERN_16-1389) and (ERN_17-0893). 
The conducting researcher and physiotherapist is experienced in the test 
procedures, and is in constant communication with the participant. Both the 
researcher and participant are able to stop each test at any time. 
 
Thermal pain threshold testing (heat and cold) 
For thermal testing (heat and cold) the TSA-II NeuroSensory Analyzer thermal 
stimulator and accompanying software (Medoc Ltd, Israel) will be used utilising a 30 
x 30mm Peltier thermode. For heat pain threshold, temperature will be gradually 
increased from a baseline temperature of 320C until the maximum temperature of 
500C. For cold pain threshold, temperature will be gradually reduced from the 
baseline temperature of 320C to a minimum temperature of 00C. Two measurements 
each will be conducted in a randomised order over the lumbar area on the right side 
and at the thenar eminence on the right side. To avoid interaction with the thermal 
temporal summation (described below), thermal thresholds will be taken first. 
 
Pressure pain threshold (PPT) and pressure pain tolerance 
PPT will be tested with a pressure algometer based on previous established and 
approved protocols. The algometer will be applied statically and dynamically 
perpendicular to the skin at a constant rate of pressure increase. Once pain 
threshold has been identified via the participant pushing a button, the device will be 
removed. Two consecutive measurements will be taken at the same site. 
The following sites will be tested on the right site or bilaterally in a randomised 
order: 

• 8 points over the lumbar erector spinae muscle (bilaterally over lower back) 
• Mid-point of the muscle belly of tibialis anterior (lower leg) 

• Mid-point of the muscle belly of extensor carpi radialis (forearm)  

• Mid-point of the upper trapezius (upper back/ neck) 
 
In addition, another two consecutive readings on each side over the lower back 
and one over the right forearm will be conducted to assess pressure pain 
tolerance. The participant identifies the maximum level of discomfort that can be 
tolerated and the device will be removed immediately. In contrast to thresholds this 
modality has been proofed to better detect changes in pain sensitivity after 



 

 
 

exercise (Baiamonte et al., 2017). The same procedure will be conducted on a 
remote site. We will refrain from further pain tolerance testing so as not to interfere 
with the effects of EIH (Gajsar et al., 2018).  
Final selection of equipment will be based on equipment availability at the point of 
testing.  
 
Temporal summation (thermal) 
After familiarisation consisting of a pre-test of five stimuli on the contralateral side, 
ten consecutive heat pulses will be applied on the right forearm and the lumbar 
region. For each pulse completed a verbal pain rating score from 0-100 will be taken. 
This is a similar protocol to that which we have used previously, adapted from 
(Owens et al., 2016). This test might interfere with the other results, this test will 
always be conducted last. 
 
Temporal summation (pressure) 
Ten consecutive pressure pulses will be applied unilaterally over the lumbar area. 
We will use a previous established protocol with a self-developed software. For each 
pulse completed, the pressure will be gradually increased at a rate of 2N/Cm2/s to 
the peak value and maintained at this value for one second before being released at 
the same rate. There will be a 1 second interval between each pulse. Pain intensity 
will be taken using the numerical rating scale (0 being no pain to 10 being pain as 
bad as could be) for each pulse. 
 
Pain Withdrawal Reflex 
A surface electrode on the foot will produce a series of short and low intensity 
electrical impulses. If a physiological threshold is reached within the participant a 
muscular ‘twitch’ response will be detected via a different surface electrode placed 
on a muscle belly on the lower leg. The stimulus is a similar intensity to a static 
shock from touching a door, and the muscular response is more akin to a twitch 
than a big movement. The procedure has been successfully tested in multiple 
studies both in healthy and symptomatic people, and does not cause any damage 
to the skin. Participants will rate the intensity of each stimulus. The researcher is 
experienced in applying this test and patients can stop the test any time during the 
procedure.  
 
Data Analysis 
Data will be analysed with IBM SPSS Statistics 23. 
1. For descriptive statistics we will present a flow chart for recruitment, and 

baseline demographics of both groups. For results we will report the mean or 
median, standard deviation and 95% confidence interval of each measure for 
each session. We will report data from the questionnaires and correlate those 
with the QST results (difference pre/post-test of one session) and with the 
exercise questionnaires for each session, and perceived exhaustion (Borg 
Scale) using non-parametric correlation. We will explore willingness, adherence 
and experience in a qualitative approach. 

2. For reliability and stability of the results, data will be check for normality and a 
repeated measures ANOVA will be performed for each measurement method 
for the six sessions using a 95% confidence interval (CI). Considered factors for 



 

 
 

each test will be intervention (endurance/ strength), session (1-6), pre/post, and 
location (local/remote). Squared partial eta will be calculated for effect size. 
This will be followed by a post hoc analysis. Furthermore, we will calculate intra-
class correlation coefficients (ICC) for intra-tester reliability and limits of 
agreement for between test day reliability (Bland and Altman, 1999). Pearson’s 
correlation coefficients will be conducted for the relationship between QST 
outcomes and questionnaires. Level of statistical significance will be set as 
p<0.05. 

 
31. DOES THE PROJECT INVOLVE PARTICIPATION OF PEOPLE OTHER THAN THE  

RESEARCHERS AND SUPERVISORS? 
  

          Yes         No     
 
Note: ‘Participation’ includes both active participation (such as when participants take part in an 
interview) and cases where participants take part in the study without their knowledge and consent 
at the time (for example, in crowd behaviour research). 
 
If you have answered NO please go to Section 18. If you have answered YES to this question 
please complete all the following sections. 
 
 
32. PARTICIPANTS AS THE SUBJECTS OF THE RESEARCH 

Describe the number of participants and important characteristics (such as age, gender, 
location, affiliation, level of fitness, intellectual ability etc.). Specify any inclusion/exclusion 
criteria to be used. 



 

 
 

40 healthy participants will be recruited for this study, aiming for 20 in each group. 
This is based on the reliability study rather than the feasibility aspect of the study 
(Walter et al., 1998). 
 
Inclusion criteria:  

• Both men and women are eligible for the study.  
• The age range will be restricted to 18 - 55 years to limit age effects on 

physical performance 

• Participants must have the capacity to give the consent at his/her own 
will. 

• Participants will be considered as pain-free and included if they have no 
relevant history over the last two years of back or limb pain or injury that 
limited their function and/or required treatment from a health 
professional. 
 

Exclusion criteria:  
• Concurrent systemic, rheumatic or neuro-musculoskeletal disorders 

which may confound testing or are currently pregnant.  

• Current musculoskeletal pain or pain related to trauma or history of 
musculoskeletal pain in the last 12 months that required treatment from 
a health care practitioner  

• On average more than 90 minutes of vigorous physical activity per day 
or professional high-level competitive athletes. 

• Cardiorespiratory disorders such as severe asthma or exacerbation, 
which affects exercise performance, as well as cardiac problems. This 
includes medications to control the blood pressure. 

 

 
33. RECRUITMENT 

Please state clearly how the participants will be identified, approached and recruited. Include 
any relationship between the investigator(s) and participant(s) (e.g. instructor-student). 

 
 Note: Attach a copy of any poster(s), advertisement(s) or letter(s) to be used for recruitment. 
 



 

 
 

Healthy subjects will be recruited via poster advertisement (attachment 1) at the 
University of Birmingham, affiliated social media, and from the community and 
population of staff and students at the University of Birmingham. 
Interested volunteers will be asked to contact Pauline Kuithan through email / 
telephone or face to face. 
All information regarding the experiment will be provided in the ‘Participant 
Information Leaflet’, which will be sent or given to volunteers who indicated their 
interest.  
An investigator (PK) involved in this project will explain the experimental measures 
and the exercise intervention to the participants and answer any questions they 
may have.  
The investigators’ telephone and e-mail references will be provided on the 
‘Participant Information Leaflet’ (attachment 2). This leaflet summarises the 
protocol and requirements of the study. Following an expression of interest, the 
participant will be screened by one of the research team to assess eligibility and 
answer any questions the participant may have about the study.  
 
Both documents have been reviewed by a ‘Patient and Public Involvement’ group 
in March 2018 and changes made. Data collection will take place in the School of 
Sport, Exercise and Rehabilitation Sciences. 

 
34. CONSENT  

 
a) Describe the process that the investigator(s) will be using to obtain valid consent.  If consent 
is not to be obtained explain why. If the participants are minors or for other reasons are not 
competent to consent, describe the proposed alternate source of consent, including any 
permission / information letter to be provided to the person(s) providing the consent. 
 

 
Prior to participating in the study, the ‘Participant Information Leaflet’ will be handed 
out again, summarised and discussed. Then a written consent form (attachment 3) 
will be read and signed by all participants. This includes information about data 
storage and that data will only be used for the purpose of research, statistical and 
audit purposes by the University of Birmingham in accordance with the provisions 
of the EU General Data Protection Regulation 2016/679. 

     Note: Attach a copy of the Participant Information Sheet (if applicable), the Consent Form (if 
applicable), the content of any telephone script (if applicable) and any other material that 
will be used in the consent process.  

      
  b) Will the participants be deceived in any way about the purpose of the study? Yes  No  
 
 If yes, please describe the nature and extent of the deception involved. Include how and when 

the deception will be revealed, and who will administer this feedback.  
 

 

 
35. PARTICIPANT FEEDBACK 

Explain what feedback/ information will be provided to the participants after participation in the 
research. (For example, a more complete description of the purpose of the research, or 



 

 
 

access to the results of the research). 
   

A summary of the study will be offered to participants via email after the completion 
of the entire study and data analysis. 

  
36. PARTICIPANT WITHDRAWAL  

b) Describe how the participants will be informed of their right to withdraw from the project.  
 

Participants will have the opportunity to withdraw from the study at any point and 
up to two weeks following completion of data collection (6th session), without having 
to give a reason. This will be stated on the participant information sheet and written 
consent form with contact details provided. 

 
b) Explain any consequences for the participant of withdrawing from the study and indicate what 

will be done with the participant’s data if they withdraw. 
 

There will be no consequences if a participant chooses to withdraw from the study. 
Participants will be informed that all data collected up to point of withdrawal will be 
included in data analysis unless the participant specifies otherwise. 

 
37. COMPENSATION          
Will participants receive compensation for participation? 

i) Financial        Yes  No  
ii) Non-financial        Yes  No  
If Yes to either i) or ii) above, please provide details.   
 

i) Participants will be reimbursed £35 for completion of the study 

 
If participants choose to withdraw, how will you deal with compensation? 

Participants will not be reimbursed for the time they contributed to the experiment 
on an hourly basis. 

 
38. CONFIDENTIALITY  
     

a) Will all participants be anonymous?    Yes  No  
b) Will all data be treated as confidential?    Yes  No  

 
Note: Participants’ identity/data will be confidential if an assigned ID code or number is used, but it 

will not be anonymous. Anonymous data cannot be traced back to an individual participant. 
 
Describe the procedures to be used to ensure anonymity of participants and/or 
confidentiality of data both during the conduct of the research and in the release of its 
findings. 

 



 

 
 

All participants will be allocated an ID number to enable pseudo-anonymisation. 
Only necessary personal data will be collected during the study. All the data will be 
kept securely locked in a cabinet or saved on a University of Birmingham secured 
network and remains strictly confidential throughout. The data will only be shared 
with the participant, investigator and research team. It will not be given to a third 
party, and it will be stored for 10 years in line with University of Birmingham 
Research Governance guidelines. All data will be collected and stored under the 
identification number allocated at the point of recruitment. 

 
If participant anonymity or confidentiality is not appropriate to this research project, explain, providing 
details of how all participants will be advised of the fact that data will not be anonymous or confidential 

 
 

 
39. STORAGE, ACCESS AND DISPOSAL OF DATA 

 Describe what research data will be stored, where, for what period of time, the measures that 
will be put in place to ensure security of the data, who will have access to the data, and the 
method and timing of disposal of the data.  

All data will be stored securely in electronic format. Access to data will required a 
password and all data will be managed in accordance with the EU General Data 
Protection Regulation 2016/679.  
The investigators, Pauline Kuithan, and supervisor team will have access to the 
anonymised data. 
Consent forms will be securely stored in a locked filing cabinet in Centre of 
Precision Rehabilitation for Spinal Pain (CPR Spine) at the University of 
Birmingham.  Data will be kept for a minimum of 10 years under the University’s 
Code of Practice for Research. 

 

40. OTHER APPROVALS REQUIRED? e.g. Criminal Records Bureau (CRB) checks or NHS R&D  
             approvals.  

41.  
 YES  NO  NOT APPLICABLE 

 If yes, please specify.  
 

 

 
42. SIGNIFICANCE/BENEFITS 

Outline the potential significance and/or benefits of the research  
 

This research will contribute to the basic understanding and short-term 
mechanisms of pain relief with exercise. It will be shown if it is feasible to conduct 
this trail in a bigger study and moreover transfer it to symptomatic populations if 
indicated. In the future, it can then help to tailor intervention for chronic (low back 
pain) pain in the future. Reliability and stability of the benefits of exercise on pain 
sensitivity will be assessed in a high-quality methodological study and providing a 
robust protocol for testing. This is important for further understanding of the 
mechanisms behind EIH and potential differences between healthy people and 
those with chronic pain. 
However, there is no immediate benefit to the participants of the study others than 
the effects of the exercise sessions. If participants are interested in their test results, 
these can be handed out to the participants after the study is completed. 



 

 
 

43. RISKS 
 
 a) Outline any potential risks to INDIVIDUALS, including research staff, research participants, 

other individuals not involved in the research  and the measures that will be taken to minimise 
any risks and the procedures to be adopted in the event of mishap 

Please see attached risk assessment form for further details. Quantitative 
sensory testing have been successfully used in previous projects after receiving 
ethical approval. 
Quantitative sensory testing 
The TSA-II device has a high safety level to protect the participant that high 
(51°C) or low temperature (0°C) can only last for a very short time. As our 
participants, don’t present sensory loss and qualified assessors are conducting 
the test and reviewing the temperature and the participants’ response, it is 
unlikely that damage to the skin can be caused.  
 
For Pressure Pain Thresholds and Pressure Pain Tolerance blunt pressure will 
be applied till the participant indicates pain threshold (the point at which the 
sensation goes from pressure to a sensation of discomfort) or pain tolerances 
(the point at which the sensation of discomfort cannot be tolerated anymore). 
The pressure will be applied by an experienced researcher and physiotherapist 
and the participants can stop the test any time they want to and it is unlikely that 
the skin can be damaged. 
 
The Pain Withdrawal Reflex can be stopped any time if the participant cannot 
tolerate the stimulus any longer. However, usually the pain ratings are very low 
for the short stimulus. Preparation of the skin involves application of an abrasive 
paste or sandpaper to the superficial skin layer, which has been used in multiple 
studies within the school, and rarely causes minor skin irritations.  
 
Exercise 
The exercise will be supervised throughout by an experienced researcher and 
physiotherapist, PK. Participants will have sufficient time for familiarisation with 
the procedure. The researcher is also familiar with each device and its set-up 
and will instruct the participant how to use the emergency stop functions. 
Participants will be advised that they may experience muscle soreness for short 
periods of time, similar to what they would experience following a session of 
unaccustomed exercise at the gym. However, the entire tests and protocols are 
individually established and thus persistence soreness is not expected.  

 
b) Outline any potential risks to THE ENVIRONMENT and/or SOCIETY and the measures that will be 
taken to minimise any risks and the procedures to be adopted in the event of mishap. 

 

No expected risks  
    
44. ARE THERE ANY OTHER ETHICAL ISSUES RAISED BY THE RESEARCH? 
 

 Yes  No  
 
 If yes, please specify 

 



 

 
 

45. EXPERT REVIEWER/OPINION 
 

You may be asked to nominate an expert reviewer for certain types of project, including those of 
an interventional nature or those involving significant risks.  If you anticipate that this may apply 
to your work and you would like to nominate an expert reviewer at this stage, please provide 
details below.   
 

Name 

Contact details (including email address) 
Brief explanation of reasons for nominating and/or nominee’s suitability 

 
46. CHECKLIST 

 
Please mark if the study involves any of the following: 

 
• Vulnerable groups, such as children and young people aged under 18 years, those with learning disability, 

or cognitive impairments  
 

• Research that induces or results in or causes anxiety, stress, pain or physical discomfort, or poses a risk 
of harm to participants (which is more than is expected from everyday life)  

 

• Risk to the personal safety of the researcher  
 

• Deception or research that is conducted without full and informed consent of the participants at time study 
is carried out  

 
• Administration of a chemical agent or vaccines or other substances (including vitamins or food substances) 

to human participants.  
 

• Production and/or use of genetically modified plants or microbes  
 

• Results that may have an adverse impact on the environment or food safety  
 

• Results that may be used to develop chemical or biological weapons  
 
Please check that the following documents are attached to your application.  

 
 ATTACHED NOT 

APPLICABLE 

Recruitment advertisement: Attachment 1    
Participant information sheet: Attachment 2    
Consent form: Attachment 3    
Questionnaires: Attachment 4-5     
Interview Schedule     

 
47. DECLARATION BY APPLICANTS 
 

I submit this application on the basis that the information it contains is confidential and will be used by 
the 

University of Birmingham for the purposes of ethical review and monitoring of the research project 
described  

herein, and to satisfy reporting requirements to regulatory bodies.  The information will not be used for 
any 

other purpose without my prior consent. 
 
I declare that: 

• The information in this form together with any accompanying information is complete and 
correct to the best of my knowledge and belief and I take full responsibility for it. 

• I undertake to abide by University Code of Practice for Research 
(http://www.as.bham.ac.uk/legislation/docs/COP Research.pdf) alongside any other relevant 



 

 
 

professional bodies’ codes of conduct and/or ethical guidelines. 

• I will report any changes affecting the ethical aspects of the project to the University of 
Birmingham Research Ethics Officer. 

• I will report any adverse or unforeseen events which occur to the relevant Ethics Committee 
via the University of Birmingham Research Ethics Officer. 

 

Name of principal investigator/project 
supervisor: 
 

Deborah Falla 
 

Date: 23/10/18 

   
Please now save your completed form, print a copy for your records, and then email a copy to the 
Research Ethics Officer, at aer-ethics@contacts.bham.ac.uk. As noted above, please do not submit a 
paper copy. 
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Amendment A 

 

 

UNIVERSITY OF BIRMINGHAM 
APPLICATION FOR ETHICAL REVIEW –  

REQUEST FOR AMENDMENTS  
 

 

Who should use this form:   

 
➢ This form is to be completed by PIs or supervisors (for PGR student research) who are 

requesting ethical approval for amendments to research projects that have previously 
received ethical approval from the University of Birmingham.  

 
Please be aware that all new research projects undertaken by postgraduate 
research (PGR) students first registered as from 1st September 2008 will be 
subject to the University’s Ethical Review Process.  PGR students first registered 
before 1st September 2008 should refer to their Department/School/College for 
further advice. 
 

➢ What constitutes an amendment?   
 
Amendments requiring approval may include, but are not limited to, additions to the 
research protocol, study population, recruitment of participants, access to personal 
records, research instruments, or participant information and consent documentation.  
Amendments must be approved before they are implemented. 

 
NOTES: 
 
➢ Answers to questions must be entered in the space provided  
➢ An electronic version of the completed form should be submitted to the Research 

Ethics Officer, at the following email address:  aer-ethics@contacts.bham.ac.uk.  
Please do not submit paper copies. 

➢ If, in any section, you find that you have insufficient space, or you wish to supply 
additional material not specifically requested by the form, please submit it in a separate 
file, clearly marked and attached to the submission email. 

➢ If you have any queries about the form, please address them to the Research Ethics 
Team
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UNIVERSITY OF BIRMINGHAM 
APPLICATION FOR ETHICAL REVIEW -  

REQUEST FOR AMENDMENTS  

OFFICE USE 

ONLY: 
Application No: 
Date Received: 

 
10. TITLE OF PROJECT  
 

Investigating the analgesic effect of walking and resistance exercise in healthy adults 
 
 

 
11. APPROVAL DETAILS 
  What is the Ethical Review Number (ERN) for the project? 
   

ERN_18-0833 

12. THIS PROJECT IS:  

 University of Birmingham Staff Research project  
 University of Birmingham Postgraduate Research (PGR) student project  

          Other    (Please specify):        
 

13. INVESTIGATORS  
 

j) PLEASE GIVE DETAILS OF THE PRINCIPAL INVESTIGATORS OR SUPERVISORS 
(FOR PGR STUDENT PROJECTS)  

Name:      Title / first name / family name Professor Deborah Falla 
Highest qualification & position held: Chair in Rehabilitation Science and 

Physiotherapy 
School/Department  School of Sport, Exercise and Rehabilitation 

Sciences 
Telephone: 
Email address: 
  

Name:      Title / first name / family name Dr. Alison Rushton 
Highest qualification & position held: Senior Lecturer  
School/Department  School of Sport, Exercise and Rehabilitation 

Sciences 
Telephone: 
Email address: 
Name:      Title / first name / family name Dr. Nicola Heneghan 
Highest qualification & position held: Lecturer  
School/Department  School of Sport, Exercise and Rehabilitation 

Sciences 
Telephone: 
Email address: 

 
k) PLEASE GIVE DETAILS OF ANY CO-INVESTIGATORS OR CO-SUPERVISORS (FOR PGR 

STUDENT PROJECTS) 
l) In the case of PGR student projects, please give details of the student 

 Name of student: Pauline Kuithan Student No: 
 Course of study: PhD   
 Principal supervisor: Prof. Deborah Falla   

 
14. ESTIMATED START OF PROJECT 
 ESTIMATED END OF PROJECT    

Date:    01/07/2018 

Date:     31/01/2020 
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15. ORIGINAL APPLICATION FOR ETHICAL REVIEW AND ANY SUBSEQUENT APPROVED AMENDMENTS: 
  Please complete the table below for the original application and any subsequent amendments submitted  
 Title and reference 

number of application or 
amendment 

Key points of application and/or 
changes made by amendment 
(include: aims of study, 
participant details, how 
participants were recruited and 
methodology) 

Ethical considerations arising 
from these key points (e.g. 
gaining consent, risks to 
participants and/or 
researcher, points raised by 
Ethical Review Committee 
during review) 

How were the ethical 
considerations addressed? 
(e.g. consent form, 
participant information, 
adhering to relevant 
procedures/clearance 
required) 

Original application Aims: A feasibility study with a 
reliability and stability aspect on 
changes in pain sensitivity after 
exercise 
 
Participants: Healthy subjects will be 
recruited via poster advertisement 
on campus and via intranet. 
 
Methods:  
Quantitative Sensory Testing 
(Pressure and thermal pain 
threshold and tolerance, nociceptive 
reflex) will be analysed before and 
after an exercise intervention.  
 
 

Consent: Written consent is 
gained before the start of the 
study. 
 
Risks: Only remote risks are 
considered. Testing pain 
sensitivity entitles the application 
of painful stimuli. However, this 
will not lead to any tissue damage. 
 
Committee points: 
1. Clarification for six sessions 
2. Information on pain perceived 

during the study (participant 
information leaflet) 

3. Exclusion criteria 
4. Amount of pain tolerance  

Changes were made as outlined 
below and approved. Amendment
does not affect these changes. 
 
 
 
 
 
 
 
1. Further reference to justify 6

sessions is provided 
2. Information leaflet changed 
3. Exclusion criteria described in 

more details 
4. Reference for no more pain 

tolerance is provided 
 

Amendment 1 Minor changes in methods (time and 
details of protocols) and 
reimbursement  

Committee points: 
Reimbursement 

Changes made: reimbursement of
participants pro rata 



 

 
 

 
16. DETAILS OF PROPOSED NEW AMENDMENT 

Provide details of the proposed new amendment, and clearly and explicitly state how the proposed 
new amendment will differ from the details of the study as already approved (see Q6 above).   

  
This amendment will expand the current project  to include a new group of people with chronic 
low back pain. The same methods, pain sensitivity testing before and after an exercise intervention 
over 6 sessions we used previously, will be applied. 

Proposed title change:  Investigating the analgesic effect of walking and resistance exercise  

Because this is an extension of the project we would like to change the title as it better represents the 
study. 
 
Why is amendment needed? 
Chronic low back pain is the most common cause of years lived with disability (Vos et al., 2012). 
Moreover, it leads to a high financial burden with both direct and indirect costs for the health care 
system (Hill et al., 2011; Hong et al., 2013). Exercise is the management of choice (Falla and Hodges, 
2017). However, the underlying mechanisms of effect of exercise are still not explored sufficiently. In 
the originally approved study, we examined temporal changes in pain sensitivity directly after exercise 
in healthy people. Preliminary data support the observation, that changes in pain sensitivity are stable 
over multiple sessions. The exercise interventions chosen for this project were tolerated well by the 
participants and there were no adverse reactions or events.  
 
In people with chronic low back pain, dysfunction of this endogenous pain inhibition (exercise induced 
hypoalgesia) has been shown in our previous project (ERN_16-1389B) and supports the aim for 
further research. These results could contribute to the prediction of the outcome of exercise 
programmes for people with low back pain.  
 

1. Population 
Inclusion criteria: People with chronic non-specific low back pain 
The following definition for non-specific chronic low back pain is pain in the region of the lower 
back which is not related to serious pathology and/or does not have a specific cause (also known 
as mechanical low back pain). Chronic refers to a sub type where back pain has persisted at least 
3 months and has resulted in pain on at least half the days in the past 6 months. If possible, 
participants should be willing to refrain from analgesic medication during the testing episode. 
Exclusion criteria:  

• Concurrent systemic, rheumatic or neuro-musculoskeletal disorders which may confound 
testing or are currently pregnant. 

• Acute radicular low back pain or pain related to acute trauma, fractures, or spinal stenosis.  

• Participants under active management of LBP through specific medications prescribed by 

a GP, consultant or therapists (physiotherapist, osteopath, chiropractor) less than 3 

months before the possible enrolment others than PRN (per necessary). 

• Exercising for more than 90 minutes of vigorous intensity per day or competing in 
professional or high-level sport 

 
2. Compensation 

Reimbursement of back pain participants will be £7.50/h 
 

3. Recruitment 
We will recruit via posters displayed at the University of Birmingham (Attachment 1), the CPR 
Spine register and social media affiliated with the centre or researcher. 
 

4. Patient reported Outcome measurements 
Questionnaires (Attachment 7)  
To better describe our population we will include frequently used standardised and validated 
questionnaires for people with low back pain such as the Oswestry Disability Index or the 
Fear Avoidance Beliefs Questionnaire (Brown et al., 1997; Fairbank and Pynsent, 2000; 



 

 
 

Lame et al., 2008; Osman et al., 2000; Waddell et al., 1993). Furthermore, we will adapt 
questionnaires from this study with questions regarding their pain before, within and after 
each session. We will use a numeric rating scale to assess and monitor pain levels during 
the exercise (Breivik et al., 2008). 
 
Pain drawing 
In addition, we will ask participants to shade painful areas on a body chart using an iPad 
(see picture). Pain drawing have been used in previous projects and its method has been 
validated (Barbero et al., 2015). 

 
 
17.  JUSTIFICATION FOR PROPOSED NEW AMENDMENT 
  

Based on preliminary testing, the study is feasible and can be extended to a population with chronic 
low back pain. This is supported by discussing this study in a local Patient and Public Involvement 
event and by comments from participants from the ongoing study. 
As described above, chronic low back pain is a massive financial burden for the healthcare system 
and its management needs to be further improved. Chronic pain can lead to changes in pain 
sensitivity as earlier shown in a previous project. To make clinically relevant conclusions, we will take 
the preliminary findings from the original study, which will hopefully be completed in May 2019. If we 
know how healthy people respond, this will help to inform how people with chronic low back pain will 
respond and if those differ over six sessions.  
 
Feedback form our current participants suggested that the exercise targets the right area, i.e. lumbar 
region for the resistance task, but as it is adjusted to individual levels, it seems to be feasible.  

“Do you think this programme is feasible for people with low back pain and why?”  

• Resistance group (4 sets of 8 repetitions, 50% of voluntary isometric maximum strength):  
“possibly because it could help to strengthen their back and possibly relieve some of the pain” 
“yes they can do it” 

• Walking group (brisk walking for 15 minutes at ~70% of heart rate (220-age) on a treadmill) 
“yes, it didn't aggravate my back at all” 
“yes, the walking programme is tailored to their heart rate so is achievable per any level of 
fitness and is functional” 

 
Findings will help to shape future management of low back pain. Based on previous results (ERN_16-
1389B) pain sensitivity is impaired in people with chronic low back pain after a lifting task. If these 
results remain stable over multiple session has not been tested before. This could have potentially 
an impact on positive outcomes of exercise programmes. 

 
18. ETHICAL CONSIDERATIONS 

What ethical considerations, if any, are raised by the proposed new amendment?   
 

Pilot testing and data collection up to now did not reveal any adverse effects or issues with the 
conduction of the study and participants accepted both testing and exercise without any issues. 
However, we are currently only testing in an asymptomatic population. 
 
In this amendment we will expand the currently tested protocol to a different group which is more 
vulnerable and therefore it is to expect that this might cause adverse effects or reproduce/ increase 
the participants’ symptoms. 
 
In people with low back pain, the tasks (i.e. resistance exercise) might lead to a temporary increase 



 

 
 

of symptoms, likely to be described as temporary stiffness, or soreness. Nevertheless, exercise is 
safe and recommended as the treatment of choice for management of low back pain (O'Sullivan et 
al., 2017; Smith et al., 2017; Werber and Schiltenwolf, 2016). Increase in symptoms would be similar 
if attending a gym. The aim of the study is not to provoke those symptoms, and for that reason the 
intensity will be adjusted to 50% of their maximum voluntary strength/ walking based on a comfortable 
pace and 70% of their maximal heart rate. Most exercise programmes will use higher intensities in a 
population, who is currently not undergoing any treatment. However, the intensity seems to be 
sufficient to produce temporary analgesic effects. 
Furthermore, all sessions are supervised by a musculoskeletal physiotherapist, with more than 10 
years of clinical experience in that area. Moreover, in our previous study (ERN_16-1389B), which 
comprised a more provocative rotational task, no lasting problems were reported. Pain perceived 
during the task settled quickly after the session (for most participants with ending of the task or during 
the post-test of pain sensitivity). 
Furthermore, this task will be adjusted to each individual participant, they can stop anytime, and there 
will be a minimum of 2 days between each session to have adequate recovery time. 
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UNIVERSITY OF BIRMINGHAM 
APPLICATION FOR ETHICAL REVIEW –  

REQUEST FOR AMENDMENTS  
 

 
 

Who should use this form:   

 
➢ This form is to be completed by PIs or supervisors (for PGR student research) who are 

requesting ethical approval for amendments to research projects that have previously 
received ethical approval from the University of Birmingham.  

 
Please be aware that all new research projects undertaken by postgraduate 
research (PGR) students first registered as from 1st September 2008 will be 
subject to the University’s Ethical Review Process.  PGR students first registered 
before 1st September 2008 should refer to their Department/School/College for 
further advice. 
 

➢ What constitutes an amendment?   
 
Amendments requiring approval may include, but are not limited to, additions to the 
research protocol, study population, recruitment of participants, access to personal 
records, research instruments, or participant information and consent documentation.  
Amendments must be approved before they are implemented. 

 
NOTES: 
 
➢ Answers to questions must be entered in the space provided  
➢ An electronic version of the completed form should be submitted to the Research 

Ethics Officer, at the following email address:  aer-ethics@contacts.bham.ac.uk.  
Please do not submit paper copies. 

➢ If, in any section, you find that you have insufficient space, or you wish to supply 
additional material not specifically requested by the form, please submit it in a separate 
file, clearly marked and attached to the submission email. 

➢ If you have any queries about the form, please address them to the Research Ethics 
Team.   
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19. TITLE OF PROJECT  
 

Investigating the analgesic effect of walking and resistance exercise in healthy adults 
 

 
20. APPROVAL DETAILS 
  What is the Ethical Review Number (ERN) for the project? 
   

ERN_18-0833 

21. THIS PROJECT IS:  

 University of Birmingham Staff Research project  
 University of Birmingham Postgraduate Research (PGR) student project  

          Other    (Please specify):        
 

22. INVESTIGATORS  
m) PLEASE GIVE DETAILS OF THE PRINCIPAL INVESTIGATORS OR SUPERVISORS 

(FOR PGR STUDENT PROJECTS)  
 

Name:      Title / first name / family name Professor Deborah Falla 
Highest qualification & position held: Chair in Rehabilitation Science and 

Physiotherapy 
School/Department  School of Sport, Exercise and Rehabilitation 

Sciences 
Telephone: 
Email address: 

 

Name:      Title / first name / family name Dr. Alison Rushton 
Highest qualification & position held: Senior Lecturer  
School/Department  School of Sport, Exercise and Rehabilitation 

Sciences 
Telephone: 
Email address: 
Name:      Title / first name / family name Dr. Nicola Heneghan 
Highest qualification & position held: Lecturer  
School/Department  School of Sport, Exercise and Rehabilitation 

Sciences 
Telephone: 
Email address: 

 
n) PLEASE GIVE DETAILS OF ANY CO-INVESTIGATORS OR CO-SUPERVISORS (FOR 

PGR STUDENT PROJECTS) 
o) In the case of PGR student projects, please give details of the student 

 

 Name of student: Pauline Kuithan Student No: 
 Course of study: PhD   
 Principal supervisor: Prof. Deborah Falla   

 
23. ESTIMATED START OF PROJECT 
 ESTIMATED END OF PROJECT     

Date:    01/07/2018 

Date:     31/01/2020 



 

 

 

 

24. ORIGINAL APPLICATION FOR ETHICAL REVIEW AND ANY SUBSEQUENT APPROVED AMENDMENTS: 
 
  Please complete the table below for the original application and any subsequent amendments submitted 

Title and reference 
number of application or 
amendment 

Key points of application and/or 
changes made by amendment 
(include: aims of study, 
participant details, how 
participants were recruited and 
methodology) 

Ethical considerations arising 
from these key points (e.g. 
gaining consent, risks to 
participants and/or 
researcher, points raised by 
Ethical Review Committee 
during review) 

How were the ethical 
considerations addressed? 
(e.g. consent form, 
participant information, 
adhering to relevant 
procedures/clearance 
required) 

Original application Aims: A feasibility study with a 
reliability and stability aspect on 
changes in pain sensitivity after 
exercise 
 
Participants: Healthy subjects will be 
recruited via poster advertisement 
on campus and via intranet. 
 
Methods:  
Quantitative Sensory Testing 
(Pressure and thermal pain 
threshold and tolerance, nociceptive 
reflex) will be analysed before and 
after an exercise intervention.  
 
 

Consent: Written consent is 
gained before the start of the 
study. 
 
Risks: Only remote risks are 
considered. Testing pain 
sensitivity entitles the application 
of painful stimuli. However, this 
will not lead to any tissue damage. 
 
Committee points: 
5. Clarification for six sessions 
6. Information on pain perceived 

during the study (participant 
information leaflet) 

7. Exclusion criteria 
8. Amount of pain tolerance  

Changes were made as outlined 
below and approved. Amendment
does not affect these changes. 
 
 
 
 
 
 
 
5. Further reference to justify 6 

sessions is provided 
6. Information leaflet changed 
7. Exclusion criteria described in 

more details 
8. Reference for no more pain 

tolerance is provided 
 

Amendment 1 Minor changes in methods (time and 
details of protocols) and 
reimbursement  

Committee points: 
Reimbursement 

Changes made: reimbursement of
participants pro rata 



 

 

 
25. DETAILS OF PROPOSED NEW AMENDMENT 

Provide details of the proposed new amendment, and clearly and explicitly state how the proposed 
new amendment will differ from the details of the study as already approved (see Q6 above).   

  
This amendment will expand the current project  to include a new group of people with chronic 
low back pain. The same methods, pain sensitivity testing before and after an exercise intervention 
over 6 sessions we used previously, will be applied. 

Proposed title change:  Investigating the analgesic effect of walking and resistance exercise  

Because this is an extension of the project we would like to change the title as it better represents the 
study. 
 
Why is amendment needed? 
Chronic low back pain is the most common cause of years lived with disability (Vos et al., 2012). 
Moreover, it leads to a high financial burden with both direct and indirect costs for the health care 
system (Hill et al., 2011; Hong et al., 2013). Exercise is the management of choice (Falla and Hodges, 
2017). However, the underlying mechanisms of effect of exercise are still not explored sufficiently. In 
the originally approved study, we examined temporal changes in pain sensitivity directly after exercise 
in healthy people. Preliminary data support the observation, that changes in pain sensitivity are stable 
over multiple sessions. The exercise interventions chosen for this project were tolerated well by the 
participants and there were no adverse reactions or events.  
 
In people with chronic low back pain, dysfunction of this endogenous pain inhibition (exercise induced 
hypoalgesia) has been shown in our previous project (ERN_16-1389B) and supports the aim for 
further research. These results could contribute to the prediction of the outcome of exercise 
programmes for people with low back pain.  
 

5. Population 
Inclusion criteria: People with chronic non-specific low back pain 
The following definition for non-specific chronic low back pain is pain in the region of the lower 
back which is not related to serious pathology and/or does not have a specific cause (also known 
as mechanical low back pain). Chronic refers to a sub type where back pain has persisted at least 
3 months and has resulted in pain on at least half the days in the past 6 months. If possible, 
participants should be willing to refrain from analgesic medication during the testing episode. 
Exclusion criteria:  

• Concurrent systemic, rheumatic or neuro-musculoskeletal disorders which may confound 
testing or are currently pregnant. 

• Acute radicular low back pain or pain related to acute trauma, fractures, or spinal stenosis.  

• Participants under active management of LBP through specific medications prescribed by 

a GP, consultant or therapists (physiotherapist, osteopath, chiropractor) less than 3 

months before the possible enrolment others than PRN (per necessary). 

• Exercising for more than 90 minutes of vigorous intensity per day or competing in 
professional or high-level sport 

 
6. Compensation 

Reimbursement of back pain participants will be £7.50/h 
 

7. Recruitment 
We will recruit via posters displayed at the University of Birmingham (Attachment 1), the CPR 
Spine register and social media affiliated with the centre or researcher. 
 

8. Patient reported Outcome measurements 
Questionnaires (Attachment 7)  
To better describe our population we will include frequently used standardised and validated 
questionnaires for people with low back pain such as the Oswestry Disability Index or the 
Fear Avoidance Beliefs Questionnaire (Brown et al., 1997; Fairbank and Pynsent, 2000; 



 

 

Lame et al., 2008; Osman et al., 2000; Waddell et al., 1993). Furthermore, we will adapt 
questionnaires from this study with questions regarding their pain before, within and after 
each session. We will use a numeric rating scale to assess and monitor pain levels during 
the exercise (Breivik et al., 2008). 
 
Pain drawing 
In addition, we will ask participants to shade painful areas on a body chart using an iPad 
(see picture). Pain drawing have been used in previous projects and its method has been 
validated (Barbero et al., 2015). 

 
 
 
26.  JUSTIFICATION FOR PROPOSED NEW AMENDMENT 
  

Based on preliminary testing, the study is feasible and can be extended to a population with chronic 
low back pain. This is supported by discussing this study in a local Patient and Public Involvement 
event and by comments from participants from the ongoing study. 
As described above, chronic low back pain is a massive financial burden for the healthcare system 
and its management needs to be further improved. Chronic pain can lead to changes in pain 
sensitivity as earlier shown in a previous project. To make clinically relevant conclusions, we will take 
the preliminary findings from the original study, which will hopefully be completed in May 2019. If we 
know how healthy people respond, this will help to inform how people with chronic low back pain will 
respond and if those differ over six sessions.  
 
Feedback form our current participants suggested that the exercise targets the right area, i.e. lumbar 
region for the resistance task, but as it is adjusted to individual levels, it seems to be feasible.  

“Do you think this programme is feasible for people with low back pain and why?”  

• Resistance group (4 sets of 8 repetitions, 50% of voluntary isometric maximum strength):  
“possibly because it could help to strengthen their back and possibly relieve some of the pain” 
“yes they can do it” 

• Walking group (brisk walking for 15 minutes at ~70% of heart rate (220-age) on a treadmill) 
“yes, it didn't aggravate my back at all” 
“yes, the walking programme is tailored to their heart rate so is achievable per any level of 
fitness and is functional” 

 
Findings will help to shape future management of low back pain. Based on previous results (ERN_16-
1389B) pain sensitivity is impaired in people with chronic low back pain after a lifting task. If these 
results remain stable over multiple session has not been tested before. This could have potentially 
an impact on positive outcomes of exercise programmes. 
 

 
27. ETHICAL CONSIDERATIONS 

What ethical considerations, if any, are raised by the proposed new amendment?   
 

Pilot testing and data collection up to now did not reveal any adverse effects or issues with the 
conduction of the study and participants accepted both testing and exercise without any issues. 
However, we are currently only testing in an asymptomatic population. 
 
In this amendment we will expand the currently tested protocol to a different group which is more 
vulnerable and therefore it is to expect that this might cause adverse effects or reproduce/ increase 
the participants’ symptoms. 



 

 

 
In people with low back pain, the tasks (i.e. resistance exercise) might lead to a temporary increase 
of symptoms, likely to be described as temporary stiffness, or soreness. Nevertheless, exercise is 
safe and recommended as the treatment of choice for management of low back pain (O'Sullivan et 
al., 2017; Smith et al., 2017; Werber and Schiltenwolf, 2016). Increase in symptoms would be similar 
if attending a gym. The aim of the study is not to provoke those symptoms, and for that reason the 
intensity will be adjusted to 50% of their maximum voluntary strength/ walking based on a comfortable 
pace and 70% of their maximal heart rate. Most exercise programmes will use higher intensities in a 
population, who is currently not undergoing any treatment. However, the intensity seems to be 
sufficient to produce temporary analgesic effects. 
Furthermore, all sessions are supervised by a musculoskeletal physiotherapist, with more than 10 
years of clinical experience in that area. Moreover, in our previous study (ERN_16-1389B), which 
comprised a more provocative rotational task, no lasting problems were reported. Pain perceived 
during the task settled quickly after the session (for most participants with ending of the task or during 
the post-test of pain sensitivity). 
Furthermore, this task will be adjusted to each individual participant, they can stop anytime, and there 
will be a minimum of 2 days between each session to have adequate recovery time. 
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any other potential risk factor occurs. As our participants, don’t present 
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Hazard and Risk Assessment Summary (for research work) 
 

Assessor Pauline Kuithan  Location of Activity 
(list all locations) 

CPR Spine Laboratory  Date of Assessment 21.02.2019 

        

Supervisor 
(if not above) 

Prof. Deborah Falla  Activity/Experiment 
Assessed 

Investigating the analgesic effect of walking and resistance exercise  
Treadmill - Biodex Gait Trainer 3 

   (attach protocols) 

 

ASSESSMENT OF HAZARD AND RISK ACTION REQUIRED 
ACTIVITY/HAZARD  

(List only hazards from which there is a significant 
risk of harm under foreseeable conditions) 

PERSONS 
AT RISK  

(See key) 

ACTIVITY 
INVOLVES… 

(See key) 

RISK 
RATING 
(See key) 

LIKELIHOOD  
of HARM 
(See key) 

(For example: Is chemical/biological/manual handling/equipmen
risk assessment required; Is code of practice(COP)/standard

operating procedures(SOP) required. Where risk 
assessments/COP/SOP exists please attach them) 

  C B M E R H M L Y Pr Po R  

               
 Falling on  treadmill/ trip hazard 
 

Pa   x x   x    x   The treadmill has an emergency stop which both participants and 
researcher are aware of. In case of a fall the treadmill will stop to stop an
further potential damage. However, walking on a constant speed without
perturbation is unlikely to cause falls. 

               
               
               

Unexpected failure of the treadmill, false usage of the 
device 

Pa   x x    x    x  In case of malfunction of the device, the emergency stop can be activate
or the participants can get of it. Both participant and researchers will be 
familiarised with the procedure and how to walk on the treadmill.  
 
The walking task is adapted to the individual heart rate for each participa
I.e. the walking pace and incline of the treadmill will be adjusted, so that 
the participant can walk comfortably. The session is supervised by an 
experienced physiotherapist, who monitors the exercise. Both participan
and therapist can stop the exercise at any point when for example the pa
intensity increases and is likely to persist till after the session or 
exacerbation of symptoms is expected. 

               
               
               
 

Key PERSONS AT RISK  ACTIVITY INVOLVES…  RISK RATING  LIKELIHOOD  RISK SIGNIFICANCE Date for Review  
 Ug Undergraduate  C Chemicals  H High  Y Yes/ Very High   Y Pr Po R      
 Pg Postgraduate  B Biological fluids/material  M Medium  Pr Probable  H ✓ ✓ ✓ ✓  ✓ = Significant risk   
 S Staff  M Manual Hazard e.g. trip        L Low  Po Possible  M ✓ ✓ ✓ ✓      

 C Contractor  E Equipment hazard     R Remote  L ✓ ✓ X X  X = Insignificant risk   
 V Visitor  R Radioisotope                  
 Pa Patient/Experimental subject          
 Pu General Public       GUIDANCE FOR WRITING THIS ASSESSMENT CAN BE FOUND HERE   
 Yp Young Person          
 



 

 

 

 

Hazard and Risk Assessment Summary (for research work) 
 

Assessor Pauline Kuithan  Location of Activity 
(list all locations) 

CPR Spine Laboratory  Date of Assessment 21.02.2019 

        

Supervisor 
(if not above) 

Prof. Deborah Falla  Activity/Experiment 
Assessed 

Investigating the analgesic effect of walking and resistance exercise  
Paintracker, Dolosys, Berlin, Germany 
certified and tested for medical use  (DIN EN ISO 13485:2012) 
 

   (attach protocols) 

 

ASSESSMENT OF HAZARD AND RISK ACTION REQUIRED 
ACTIVITY/HAZARD  

(List only hazards from which there is a significant 
risk of harm under foreseeable conditions) 

PERSONS 
AT RISK  

(See key) 

ACTIVITY 
INVOLVES… 

(See key) 

RISK 
RATING 
(See key) 

LIKELIHOOD  
of HARM 
(See key) 

(For example: Is chemical/biological/manual handling/equipmen
risk assessment required; Is code of practice(COP)/standard

operating procedures(SOP) required. Where risk 
assessments/COP/SOP exists please attach them) 

  C B M E R H M L Y Pr Po R  

               
 Preparation of skin Pa   x x    x    x For good conduction the skin needs to be prepared in the same manner 

for electromyography, a well-established procedure within the centre. No
damage to the skin is expected, but minor skin irritation might occur at a 
level comparable to that expected due to shaving or exfoliating.   

               
               
               

Unexpected failure of the device Pa   x x    x    x The device is tested and approved for medical use, therefore it is unlikely 
that a failure of the device can lead to any tissue damage. However, the 
researcher is observing the test and can interact and remove the device 
case of emergency.  
This is not adding extra risk or hazards to a population with low back pai

               
               
               

 

Key PERSONS AT RISK  ACTIVITY INVOLVES…  RISK RATING  LIKELIHOOD  RISK SIGNIFICANCE Date for Review  
 Ug Undergraduate  C Chemicals  H High  Y Yes/ Very High   Y Pr Po R      
 Pg Postgraduate  B Biological fluids/material  M Medium  Pr Probable  H ✓ ✓ ✓ ✓  ✓ = Significant risk   
 S Staff  M Manual Hazard e.g. trip        L Low  Po Possible  M ✓ ✓ ✓ ✓      

 C Contractor  E Equipment hazard     R Remote  L ✓ ✓ X X  X = Insignificant risk   
 V Visitor  R Radioisotope                  
 Pa Patient/Experimental subject          
 Pu General Public       GUIDANCE FOR WRITING THIS ASSESSMENT CAN BE FOUND HERE   
 Yp Young Person          
 



 

 

 





 

 

 







 

 

 





 

 

 





 

 

Appendix 14 Questionnaires Chapters four, five, and six 
 

At each session, participants completed a custom-designed mood questionnaire and a 

modified Outcome Expectations for Exercise Scale (OEE) questionnaire on expectations of 

exercise pre-(first and final session) and post-(all sessions) exercise adapted from Resnick et 

al. (2000). This included perceived changes in pain sensitivity for thermal and pressure pain 

as well as activity undertaken between sessions. It is to note that for the asymptomatic group 

(CON) a non-electronic version of the questionnaires was used based on the same wording. 

Perceived pain was only evaluated in the CLBP group. Chapter six with the non-exercising 

control group filled in questionnaires at the beginning of the study and the mood 

questionnaire only. 

Resnick, B., et al. (2000). "Outcome expectations for exercise scale: utility and 

psychometrics." J Gerontol B Psychol Sci Soc Sci 55(6): S352-356. 

Mood Questionnaire first session 

 

 

 



 

 

OEE first session 

 

  



 

 

OEE Session post (Chapter four and five only) 

 

  

 

 



 

 

Mood Questionnaire session two to six 

 

 



 

 

OEE Session 2-6 post (Chapter four and five only) 

 

 



 

 

OEE end of study (Chapter four and five only) 

 

 



 

 

Low back Pain Questionnaire (participants CLBP Chapter four and five only) 

 

 



 

 



 

 

 



 

 

 



 

 

Appendix 15 STROBE Guidelines Chapter four (representative of 

Chapters five and six) 
 
Checklist of items that should be included in reports of cross-sectional studies. 

It should be noted this study had a randomised design. 

Retrieved from https://www.strobe-statement.org/download/strobe-checklist-cross-sectional-studies-

doc 

 
 

Item 

No Recommendation 

Section 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the 
title or the abstract 

4.1 

(b) Provide in the abstract an informative and balanced summary of 

what was done and what was found 

4.1 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation 

being reported 

4.2.1 

Objectives 3 State specific objectives, including any prespecified hypotheses 4.2.2 

Methods  

Study design 4 Present key elements of study design early in the paper 4.3.1 

Setting 5 Describe the setting, locations, and relevant dates, including periods 

of recruitment, exposure, follow-up, and data collection 

4.3.2 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of 

selection of participants 

4.3.2 

Variables 7 Clearly define all outcomes, exposures, predictors, potential 

confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

4.3.3 -5 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of 

methods of assessment (measurement). Describe comparability of 

assessment methods if there is more than one group 

4.3.8 

Bias 9 Describe any efforts to address potential sources of bias 4.3.6 

Study size 10 Explain how the study size was arrived at 4.3.7 

Quantitative 

variables 

11 Explain how quantitative variables were handled in the analyses. If 

applicable, describe which groupings were chosen and why 

4.3.8 

Statistical methods 12 (a) Describe all statistical methods, including those used to control 

for confounding 

4.3.8 

(b) Describe any methods used to examine subgroups and 

interactions 

NA 

(c) Explain how missing data were addressed 4.3.8 

(d) If applicable, describe analytical methods taking account of 

sampling strategy 

NA 

(e) Describe any sensitivity analyses NA 

Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg 

numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and analysed 

4.4.1 

(b) Give reasons for non-participation at each stage 4.4.1 

(c) Consider use of a flow diagram 4.4.1 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, 

clinical, social) and information on exposures and potential 

confounders 

4.4.1-

4.4.3 



 

 

(b) Indicate number of participants with missing data for each 

variable of interest 

4.4 

Outcome data 15* Report numbers of outcome events or summary measures 4.4-7 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-

adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why 

they were included 

4.4-7 

(b) Report category boundaries when continuous variables were 

categorized 

NA 

(c) If relevant, consider translating estimates of relative risk into 

absolute risk for a meaningful time period 

NA 

Other analyses 17 Report other analyses done—eg analyses of subgroups and 

interactions, and sensitivity analyses 

NA 

Discussion  

Key results 18 Summarise key results with reference to study objectives 4.5 

Limitations 19 Discuss limitations of the study, taking into account sources of 

potential bias or imprecision. Discuss both direction and magnitude 

of any potential bias 

 

4.5.5 

Interpretation 20 Give a cautious overall interpretation of results considering 

objectives, limitations, multiplicity of analyses, results from similar 

studies, and other relevant evidence 

4.6 

Generalisability 21 Discuss the generalisability (external validity) of the study results 4.5.5/ 

4.6 

Other information  

Funding 22 Give the source of funding and the role of the funders for the 

present study and, if applicable, for the original study on which the 

present article is based 

NA 

 

*Give information separately for exposed and unexposed groups. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological 

background and published examples of transparent reporting. The STROBE checklist is best used in conjunction 

with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of 

Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the 

STROBE Initiative is available at www.strobe-statement.org. 

  



 

 

Appendix 16 Additional Results Chapter four 
 

Results OEE and mood questionnaire are presented descriptively as the median score for both 

groups (CLBP, CON). 
 

OEE pre and post study 
Modified OEE before and after the study (median), values represent: 

1= strongly agree; 2 = agree; 3= neither agree nor disagree; 4= disagree; 5= strongly disagree 

Exercise… 
CLBP 

pre 

CLBP 

post 

CON 

pre 

CON 

post 

Makes me feel better physically 2 2 1 2 

Makes my mood better in general 2 2 1 2 

Helps me feel less tired 2 2 2 2 

Makes my muscles stronger 1 2 2 2 

Is an activity I enjoy doing 2 2 2 1 

Gives me a sense of personal accomplishment 2 2 1 2 

Makes me more alert mentally 2 2 2 2 

Improves my endurance in performing my daily 

activities 
2 2 2 2 

Helps to strengthen my bones 2 2 2 2 
 

Mood 

Mood was assessed at the beginning of each session with a modified Likert scale. The group 

median for alertness (1= Extremely sleepy, fighting sleep; 5= Extremely alert and wide 

awake); Motivation (1= Very low motivation; 5= Very high motivation); and Level of 

Sadness (1= extremely sad and blue; 5=extremely cheery and optimistic) 

 

 Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 

Alertness 

CLBP 3 4 4 3 4 4 

CON 4 4 4 4 4 4 

Motivation 

CLBP 4 4 4 4 4 3 

CON 4 4 4 4 4 4 

Level of Sadness 

CLBP 4 4 4 4 4 4 

CON 4 4 4 4 4 4 
  



 

 

OEE 

OEE results after each session are shown in the table (Median) based on a Likert-Scale 1= 

strongly agree; 2 = agree; 3= neither agree nor disagree; 4= disagree; 5= strongly disagree. 

Whereas the final two questions were on the intensity of the exercise with a modified 

Likert 5-item scale: 1= A lot less; 2= less; 3= the same; 4= more; 5= a lot more. 

 

 The exercise… Group Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 

made me feel better CLBP 3 3 2 2 2 2 

CON 2 2 2 2 2 3 

improved my general 

mood 

CLBP 2 3 2 2 2 2 

CON 3 2 2 2 2 2 

made me feel more 

awake 

CLBP 2 2 2 3 2 2 

CON 2 2 2 2 3 3 

made me feel 

stronger  

CLBP 3 3 2 3 2 2 

CON 3 2 3 2 2 2 

I enjoyed doing the 

exercise session 

CLBP 2 2 2 2 2 2 

CON 2 2 2 2 2 2 

gave me a sense of 

personal accomp-

lishment 

CLBP 3 2 2 2 2 2 

CON 2 2 2 2 2 2 

made me more alert 

mentally 

CLBP 2 2 2 2 3 2 

CON 2 3 2 2 3 3 

made me feel like I 

had im-proved my 

endurance 

CLBP 3 2 2 2 2 2 

CON 3 3 3 3 3 3 

made me less 

sensitised to pressure 

CLBP 3 3 3 3 3 2 

CON 2 3 2 2 2 2 

made me less 

sensitised to thermal 

stimuli 

CLBP 3 3 3 3 3 2 

CON 3 3 3 2 2 2 

 
 Modified Likert-Scale 

Today’s intensity felt LBP NA 3 3 3 2 3 

CON  3 4 2 3 3 

Overall my 

sensitivity to pain felt 

CLBP NA 3 3 3 2 3 

CON NA 2 3 3 3 3 



 

 

Temporal Summation 

 

Temporal Summation (TS) was conducted after the QST test battery. Ten consecutive 

heat pulses of 50°C were applied firstly over the right forearm and then over the lumbar region. 

Temperature increased with a rate of 8°C/sec from the baseline temperature of 40°C with an 

interstimulus interval of 2.5sec. For each pulse, a verbal pain rating score from 0-100 on a 

numeric rating scale (NRS) was taken based on a previous protocol (Chapter two). Due to initial 

findings, the length of the protocol, and further questionnaires with the CLBP group TS was 

not tested in participants with CLBP. For analysis, three NRS scores representing the ten stimuli 

(I= 1st-4th, II= 5th-7th, III=8th-10th stimuli) were considered and reported descriptively since 

no evidence of TS was found. 

Data from the remaining participants (8/15) were excluded as full data sets were not 

obtained due to participants stopping the test due to pain or technical issues. However, this 

was not due to TS and occurred mainly during the first set of stimuli. 

Temporal summation pain scores (NRS 0-100) for the CON group over both lumbar and 

thenar test sites pre and post the exercise averaged across six sessions are presented below. 

 N= Lumbar 

I 

Lumbar 

II 

Lumbar 

III 

N Hand I Hand II Hand III 

Pre 7/15 48.68 

±32.53 

38.91 

±32.57 

32.39 

±33.13 

10/15 56.77 

±28.91 

50.11 

±29.42 

44.05 

±30.99 

Post 7/15 46.77 

±32.52 

35.44 

±31.35 

28.71 

±31.20 

10/15 57.42 

±30.97 

47.79 

±30.89 

40.56 

±31.93 

 

  



 

 

Nociceptive Withdrawal Reflex 

 

The final measurement was the nociceptive withdrawal reflex to avoid any interaction 

such as conditioning pain modulation or offset analgesia which can affect both QST 

measurements and EIH (Gajsar et al., 2018b, Alsouhibani et al., 2019). A Dolosys Pain 

Tracker (Dolosys GmbH, Germany) was used to assess the nociceptive withdrawal reflex of 

the tibialis anterior muscle as an objective and patient independent outcome on pain 

sensitivity (Neziri et al., 2010, Jakuscheit et al., 2017). Sitting on a plinth with legs hanging 

over the edge, two surface electrodes on the medial arch of the left foot produced a series of 

short low intensity electrical impulses (20-45 stimuli). If a physiological threshold was 

reached, a muscular ‘twitch’ response was detected via surface electrodes placed over the 

tibialis anterior. Electrodes were left attached to the skin during the exercise and positions 

marked with a surgical pen in between sessions. It was tested on the contralateral side to the 

PPT over the tibialis anterior muscle to avoid any interactions with the test side. For analysis, 

the mean intensity required to produce a reflex (minimum of three) was assessed a bespoke 

software provided by the company (Dolosys GmbH, Germany). 

Analysis of the pain tracker was limited due to the fact that many participants did not 

tolerate the test and stopped early due to discomfort or unpleasantness, or no threshold could 

be obtained. 

For three participants in the CON group the device was not available for all six 

sessions. Results below represent data of CLBP (n= 5,4,5,4,5,5) per session one to six) and 

for CON (n=7,7,9,8,9,11). In eight cases (CLBP) and seven cases (CON) only a pre or post 

score was obtained. No further analysis was conducted due to the inadequate sample size. The 

mean for the CON group was 7.06±0.59 mA across the pre-tests and 12.01±1.38mA for the 

post-tests. In the CLBP group the average pre score was 9.25±1.42 mA and 13.13±2.23 mA. 

No scores were obtained in nine participants of the CLBP group and three in the CON group. 

In the CON group the device was not available for the first sessions in four participants. 

Visual observation indicated higher thresholds after the exercise for both groups and all 

sessions as a potential sign for EIH. 

 



 

 

 

Difference (Mean) of the nociceptive reflex in mA for each of the six session for both groups. Please 

note low numbers as outlined in text. 
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Participants’ perception of study participation 

 

A five-item questionnaire as outlined in earlier was conducted at the end of the study. 

This was important to gain further insight of the participants point of view. The outcomes can 

help to contribute to the conduction of qualitative research in EIH. For example, this would be 

required for a feasibility study. 



 

 

CLBP Group 

Participants’ quotes for CLBP group are presented for each of the five questions 

regarding their experience, the allocation, outcome, changes, and transfer of the study to a 

more severe CLBP group. Original quotes were modified for clarification of context. 

How would you describe 

your experience over the six 

sessions? 

Were you 

pleased with 

the 

allocation/ 

your exercise 

intervention? 

Do you think 

you would 

have had a 

different 

outcome from 

the other 

exercise? 

If you could 

change 

anything in 

this study, 

what would 

it be? 

Do you think this 

programme is feasible 

for people with severe 

low back pain and 

why? 

interesting! At first, I 

struggled with the exercises 

but after my 2nd visit, they 

were not so bad. Didn't enjoy 

the prodding into various parts 

of the body, but hopefully the 

results will be useful in the 

research 

yes possibly nothing I can 

think of as 

everything 

was 

explained 

well and was 

efficient. 

I think the exercise 

could cause issues with 

people with severe 

back pain as there is a 

little bit of twisting 

involved with can be 

uncomfortable.  

Was challenging and I felt like 

I improved as time went on 

Yes, I felt it 

improved my 

general fitness 

and strength in 

my back 

May have 

made walking 

quicker and 

easier. 

I think this 

study is 

good, to 

improve 

perhaps 

continuous 

sessions 

rather than 

break in 

between? 

Yes, though at times I 

did want to not do the 

exercises I feel that 

people with low back 

pain should try 

exercising to help them 

as I always feel better 

afterwards though I 

don't always have time 

to exercise. 

interesting, but no big effect 

on back pain 

yes no no yes, the exercise is not 

very intensive or 

damaging 

Tiring and good It hurt so I 

wasn't overall 

happy 

I might have 

felt stronger 

rather than in 

pain 

Instead of 

repeating 

pressure on 

the same 

area come 

back to it as 

my skin still 

hurt 

No, the exercise was 

painful 

was enjoyable and interesting  yes. preferred 

resistance over 

cardio 

not sure  none depends on pain. 

exercise was a way 

harder when my back 

pain was more severe. 

There would probably 

be days I would not be 

able to complete the 

programme 

it was a great experience and 

made me realized my 

strengths over the period of 

time 

yes, 

absolutely. 

Maybe, but I 

am content 

with the same. 

nothing, it 

seems 

perfect for 

me 

yes, it will help them 

know about their pain 

tolerance and severity 

and further improve 

their overall endurance 

too. 



 

 

I really enjoyed these 

exercises. I also feel very 

motivated to start exercising 

on a daily basis as I feel that 

my pain has decreased overall 

over the last few weeks (even 

though I have pain sometime 

after each session). 

Yes, I am very 

pleased with 

the exercise 

intervention. 

They gave me 

a sense of 

accomplishme

nt and gave 

me insight into 

my own 

physical 

strengths.  

Not that I can 

think of. I am 

pleased with 

what I have 

done during 

the exercises. 

No 

suggestions 

here, sorry.  

I think this study can 

give a wider 

understanding of how 

pain is perceived by 

each individual, how 

different muscles 

interacts differently in 

pain perception in 

different positions 

(laying down, sitting 

etc.) and how exercises 

can help to improve 

pain for lower back.  

it was quite interesting. I have 

never been part of an 

experiment. I felt very safe, 

and that I was taken care. It 

was a challenge to have to pay 

attention to the pain and try to 

rate it.  

Yes, 

especially 

when she 

stopped with 

pain tracker, 

that was really 

annoying and 

hard. 

I don`t know. I 

haven't done it 

to be able to 

compare.  

I don`t think 

so. 

No, I believe that 

people with severe 

back pain would feel a 

lot more the pressures, 

and they wouldn't be 

able to the resistance 

exercise as it requires a 

good deal of back 

muscle moving.  

it is the thing which makes the 

pain less on my back. 

Absolutely yes I am not sure I would use 

something 

like a 

machine, not 

a human 

hand, to 

perform the 

act of giving 

pain to the 

subject with 

the purpose 

of zero 

margin of 

error. 

Partly agree, since it 

has made me feel 

better, but I am not sure 

whether I should 

describe my pain as 

severe. 

Very positive, I feel I've 

become stronger and my back 

is less sensitive to pain.  

Yes, it 

definitely 

helped my 

back pain.  

No.  Increase the 

length of 

time spent 

doing the 

exercises. 

Definitely, as the study 

tales into account 

contributing factors and 

physical capabilities 

each session so if 

there's any fluctuations 

in back pain, eg being 

more severe, it's 

recognised, and the 

intensity lowered.  

good yes don't know 0 yes, it's not pretty easy 

but not that difficult 

either. 

0 Yes Yes Nothing Loads might need to be 

decreased 

good yes yes add more 

exercise 

Yes, more stronger 

Enjoyed the exercise, made 

me feel need to do more 

exercise in daily basis.  

N/A Encourage me 

to do regular 

exercise, 

perhaps. 

N/A Yes, the exercise 

relatively easy.  



 

 

Interesting and different to 

what I usually do 

yes Not sure 0 Maybe not as it could 

be too painful for them 

to do the exercise.  

 

Asymptomatic control group 

 

Participants’ quotes for CON group are presented for each of the five questions regarding 

their experience, the allocation, outcome, changes, and transfer of the study to a group 

with LBP. Original quotes were modified for clarification of context. 

 

How would you describe your 

experience over the six 

sessions? 

Were you 

pleased with 

the 

allocation/ 

your exercise 

intervention? 

 

Do you think 

you would 

have had a 

different 

outcome from 

the other 

exercise? 

If you could 

change 

anything in 

this study, 

what would it 

be? 

Do you think this 

programme is feasible 

for people with low 

back pain and why? 

decreased sensitivity after 

exercise 

yes yes handle primus Yes, they can do it 

really good, very unique yes not sure make the cold 

more cold (less 

than 0) 

possibly because it could 

help to strengthen their 

back and possibly 

relieve some of the pain 

calm but sometimes demanding yes no nothing no because my allo-

cation mainly involved 

my back muscles, so 

would not be suitable for 

people with back pain 

It was rewarding to see how my 

ability including strength, 

technique, pressure and pain 

tolerance and others improved 

over the past three weeks. I did 

enjoy the sessions as they were 

a mixture of relaxing and very 

active moments. I felt good 

when having to concentrate on 

my pain and pressure 

thresholds. Overall a fun and 

interesting experience 

very pleased I probably 

would have as I 

think the 

strength 

exercise 

focusses more 

on other things 

I am no expert in 

the field to make 

any suggestions 

Yes, though it could be 

difficult for the but 

could help them improve 

their awareness of pain 

tolerance 

interesting yes no the study took 

20-30 minutes 

longer than what 

I was informed 

initially 

No, the back and forth 

bending on the machine 

would probably cause 

pain 

It was interesting to learn about 

the different activities that were 

being done and the rationale 

behind them. I found the 

exercise a bit tedious but didn't 

I didn't mind Maybe if I had 

done cardio and 

gotten my heart 

rate up, my 

body would be 

the amount of 

pain test spots -> 

although it might 

be necessary 

If someone has low back 

and had to do the 

exercise I did, they 

might find it painful -> 

so maybe not feasible 



 

 

mind it some of the pain tests I 

didn't look forward to 

warmer and less 

sensitive 

depending on the 

exercise 

all right yes NA NA yes, it is trying to find a 

solution to LBP 

slightly painful but interesting 

to see changes before and after 

exercise 

yes yes can think of any no. back is a bit stiff 

after exercise 

after six sessions I have 

experienced how pain can 

change after doing exercise 

yes maybe I would 

have had a 

lower decrease 

in pain 

nothing  Yes, because exercise 

tasks are feasible to do 

by this population 

my sensitivity to pain generally 

decreases 

yes no variety of pain 

tolerance test 

Yes, as the exercise are 

good for people with 

low back pain 

It was overall pleasant and 

well-guided by the researcher. 

Everything was explained to 

me carefully and with attention, 

I've felt no pressure or anything 

negative during its conduction 

yes  I couldn't say nothing I guess I couldn't say as I 

haven't experienced low 

back pain, but exercises 

weren't demanding 

I really enjoyed the sessions 

and would happily be involved 

again 

yes can't be sure nothing I can't see why not. 

Very good. It helped me to 

improve my memory and feel 

less tired. Also, I love doing 

exercise, so I enjoyed a lot 

these six sessions 

Yes, I was I don't know I don't know. I 

enjoyed this 

study so I don't 

really think I’d 

change anything 

Yes, because you are 

doing exercise and it 

helps to avoid back pain 

I feel the sessions have helped 

to improve my physicality and 

be less sensitive to pain. I feel 

more adopt to take on strength 

exercises and resistant to pain.  

yes not particularly, 

I don't know 

what to expect 

less resistance / 

strength 

exercises 

Yes, as they could still 

take on the exercises, 

even though they might 

be more suspectable to 

the pains and pressures 

felt desensitised to pain as the 

sessions increased felt the 

exercise was a bit too light to 

fell an impact 

yes no same 

outcome 

heavier weights 

in the exercise 

reduce recovery 

time 

Yes, exercises were easy 

and short duration so 

you can easily put it into 

daily routine 



 

 

Appendix 17 Additional Results Chapter five 
 

OEE and Mood Questionnaires 

OEE pre and post study 
 

Modified OEE before and after the study (median): 

Values represent 1= strongly agree; 2 = agree; 3= neither agree nor disagree; 4= disagree; 5= 

strongly disagree 

Exercise… 

CLBP 

pre 

CLBP 

post 

CON 

pre 

CON 

post 

Makes me feel better physically 1 1 1 2 

Makes my mood better in general 1 1 1 2 

Helps me feel less tired 2 1 2 2 

Makes my muscles stronger 1 1 1 2 

Is an activity I enjoy doing 1 1 1 2 

Gives me a sense of personal accomplishment 1 1 1 2 

Makes me more alert mentally 1 1 1 2 

Improves my endurance in performing my daily activities 1 2 1 2 

Helps to strengthen my bones 1 2 2 2 

 

Mood 

Mood was assessed at the beginning of each session with a modified Likert scale. The group 

median for alertness (1= Extremely sleepy, fighting sleep; 5= Extremely alert and wide 

awake); Motivation (1= Very low motivation; 5= Very high motivation); and Level of Sadness 

(1= extremely sad and blue; 5=extremely cheery and optimistic) 

 

  Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 

Alertness 

CLBP 4 3 3 3 4 4 

CON 4 4 4 4 4 4 

Motivation 

CLBP 4 4 4 4 4 4 

CON 4 4 4 4 4 4 

Level of Sadness 

CLBP 4 4 4 4 4 4 

CON 4 4 4 4 4 4 
  



 

 

OEE 

OEE results after each session are shown in the table (Median) based on a Likert-Scale 1= 

strongly agree; 2 = agree; 3= neither agree nor disagree; 4= disagree; 5= strongly disagree. 

Whereas the final two questions were on the intensity of the exercise with a modified 

Likert 5-item scale: 1= A lot less; 2= less; 3= the same; 4= more; 5= a lot more. 

 

 The exercise… Group Session 

1 

Session 

2 

Session 

3 

Session 

4 

Session 

5 

Session 

6 

made me feel better CLBP 2 2 2 2 2 1 

CON 2 2 2 2 2 2 

improved my general 

mood 

CLBP 2 2 2 2 1 2 

CON 2 2 2 2 2 2 

made me feel more awake CLBP 2 2 2 2 2 2 

CON 2 1 2 2 2 2 

made me feel stronger  CLBP 2 2 3 2 2 2 

CON 3 3 3 3 3 3 

I enjoyed doing the 

exercise session 

CLBP 2 1 2 2 2 2 

CON 2 2 2 2 2 2 

gave me a sense of 

personal accomplishment 

CLBP 2 2 2 2 2 2 

CON 2 2 3 2 2 2 

made me more alert 

mentally 

CLBP 2 2 2 2 2 2 

CON 2 2 2 2 2 3 

made me feel like I had 

im-proved my endurance 

CLBP 3 2 2 2 2 2 

CON 3 3 3 3 3 3 

made me less sensitised to 

pressure 

CLBP 2 2 2 2 2 2 

CON 2 2 2 2 2 2 

made me less sensitised to 

thermal stimuli 

CLBP 3 2 2 2 2 2 

CON 2 3 2 2 3 2  
 Modified Likert-Scale 

Today’s intensity felt LBP NA 4 3 2 2 3 

CON NA 3.5 2 2 2 3 

Overall my sensitivity to 

pain felt 

CLBP NA 3 3 2 2 3 

CON NA 3 2.5 3 3 3 

 

TS 

Only the CON was tested as the protocol could not show any signs of temporal 

summation (Appendix 16). 

 

 





 

 

Participants’ perception of study participation 

 

CLBP Group 

Participants’ quotes for the CLBP group are presented for each of the five questions regarding 

their experience, the allocation, outcome, changes, and transfer of the study to a group with 

more severe LBP. Original quotes were modified for clarification of context. 

 

How would you describe 

your experience over the six 

sessions? 

Were you 

pleased with 

the 

allocation/ 

your exercise 

intervention? 

Do you think 

you would 

have had a 

different 

outcome from 

the other 

exercise? 

If you could 

change 

anything in 

this study, 

what would 

it be? 

Do you think this 

programme is feasible 

for people with severe 

low back pain and 

why? 

Very happy, it makes me 

more stronger. 
YES YES 

Exercise 

time can be 

longer. 

I am not sure. 

Very enjoyable  

neither yes 

or no, happy 

to be in 

either  

Yes weights 

might have 

triggered my 

back pain 

differently 

Ability to 

change 

playlist 

each 

session  

Yes, its low intensity/ 

weight bearing 

exercise and should be 

accessible. No 

rotations involved, 

Fun. Enjoyed the exercises 

involved 
Yes No Nothing 

Yes because it 

accurately measures 

back pain before and 

after exercise and that 

could help inform 

physio’s as to what 
helps 

Very positive, very friendly 

and professional  

Yes, it felt 

effective but 

wasn't as 

vigorous as 

my usual 

exercise 

choice, but 

was still a 

challenge 

which 

surprised me 

Potentially, I 

am unsure 

what other 

options were 

available but 

higher 

intensity 

would've 

provoked 

pain after 

finishing 

which 

walking 

didn't 

Nothing :) 

Possibly not, they may 

struggle with lying flat 

on front/back and 

moving between  The 

exercise might be 

possible, but they 

could struggle doing it 

at an high enough 

intensity to reach the 

correct heart rate 

zone I think 

quite unusual, exercise in 

general improves my 

mood, but being measure 

does not 

absolutely no 

wearing 

headphone

s while 

no, pressure tolerance 

may be so low that it 

isn't even measurable 



 

 

listening to 

music 

Interesting study yes Yes n/a 

Yes as could study 

how their pain 

tolerance differ after 

exercising 

I could feel my pain 

sensitivity reduced a lot 

over the time 

yes 

may be core 

strengthenin

g would help 

more in back 

pain 

nothing 

yes as anyone can 

easily incorporate 

walking in their day to 

day life 

Two words.... Hill Walking. 

Experience has been 

enjoyable and interesting.  

Yes.  No.  n/a 

Yes, depending on 

whether they can 

tolerate pressure on 

lower back.  

Useful and motivating  
Yes it is 

appropriate  
No 

Base on my 

understand

ing all is 

appropriat

e and 

adequate  

To some degree yes. 

Positive. 

Neither 

pleased nor 

displeased. 

Not sure. 

I 

encountere

d no 

problems 

with the 

study so 

would not 

suggest 

changing 

anything. 

Yes, it can help people 

realise what 

stimulates the back 

pain. In my case, it 

became clear that 

walking exercises do 

not aggravate my 

lower back pain. It 

highlighted to me that 

sitting is a major 

contribution to back 

pain instead. 

It was reasonably 

enjoyable  

I might have 

preferred 

being in the 

weight 

trained 

group as I 

already feel 

reasonably 

fit and the 

incline 

walking did 

trigger some 

back pain.  

I feel it might 

have helped 

with 

strengthenin

g the 

muscles of 

my lower 

back which I 

don't feel 

occurred 

from the 

walking  

Reducing 

or 

removing 

the incline 

in the 

treadmill 

walking  

I would be inclined to 

say no because the 

incline walking did 

flare up my lower back 

pain  



 

 

good  yeas  

yeas, 

improve my 

strength  

0 

yeas, simple activity 

everyone can do with 

no need for 

equipment  

It was a great experience to 

take part in those sessions, 

as I am interested in 

physiotherapy-related 

topics, I am very happy I 

could help. 

Yes, 

everything 

was great. 

It was a good 

moderate 

activity 

which I really 

enjoyed, but 

more intense 

activities 

would in 

general have 

different 

outcomes. 

Everything 

was good. 

It is okay, but I think 

some people 

especially measuring 

the pain tolerance 

over their back might 

be very 

uncomfortable. 

Overall pleasant, I usually 

manage my back pain with 

exercise, which I couldn't 

do for a couple of weeks 

due to an illness and my 

schedule, so these sessions 

helped to prevent / 

minimize the pain episodes 

I've had in the last month. 

Yes, though I 

would prefer 

more intense 

exercising 

Not 

regarding 

the pain - I 

think even 

these 

sessions 

helped to 

reduce pain  

- 

I think so, maybe with 

more severe pain a 

more gradual build-up 

would be needed, but 

overall exercise helps 

with pain 

management.  

It was a good experience. I 

helped me to perform 

better in my work and 

reduce the lower back pain 

after long work sessions.  

Yes, 

completely.  
No. 

Maybe, it 

could try 

with a 

different 

exercise 

routine. 

But, I think 

it worked 

very well.  

Yes, because it does 

not require a high 

effort of your back to 

accomplish the tasks. 

Furthermore, you can 

stop if you feel 

uncomfortable.  

 

 

Asymptomatic Control Group 

 

Participants’ quotes for the CON group are presented for each of the five questions regarding 

their experience, the allocation, outcome, changes, and transfer of the study to a group with 

LBP. Original quotes were modified for clarification of context. 

 

 

 

 



 

 

How would you describe 

your experience over the six 

sessions? 

Were you 

pleased 

with the 

allocation/ 

your 

exercise 

intervention

? 

Do you think 

you would 

have had a 

different 

outcome from 

the other 

exercise? 

If you could 

change 

anything in 

this study, 

what would it 

be? 

Do you think this 

programme is feasible 

for people with low 

back pain and why? 

at times walking 

challenging. Increase in 

tolerance of pain in 

cold/heat yes unsure 

Machine that 

tests heat + 

cold needs to 

go lower 

temperature

s I didn’t like 
the pain 

tolerance 

yes, the walking 

programme is tailored 

to their heart rate so is 

achievable per any 

level of fitness and is 

functional 

painful but sense of 

accomplishment yes yes 

more 

consistent 

way of 

measuring 

ppt & 

tolerance 

no, cause the speed of 

walking might be 

difficult for people 

with clbp. People may 

find pain tolerance 

test difficult/ unwilling 

to take part 

pressure pain hot and cold 

pain yes no nothing 

yes, it didn't aggravate 

my back at all 

I feel that my tolerance to 

heat and pressure has 

increased between each 

session and each time 

before and after the 

exercise, particularly in the 

last three sessions yes 

no, I think it 

would have 

been very 

similar NA 

Not if they were given 

running exercise, I 

think that may 

aggravate a pre-

existing condition such 

as low back pain 

It was interesting and I felt 

in control of what was 

being done to me. For 

example, we didn't do the 

electric impulses test at all 

because I found it too 

painful yes 

perhaps, my 

shoulder 

strength is 

less good 

than my 

cardio, so 

the other 

test would 

have 

probably 

tired me out 

more 

I'd prefer to 

have 

different 

music each 

session. It 

gets a bet 

repetitive 

always 

listening to 

the same 

tracks 

No the pressure that is 

applied to the lower 

back would be likely to 

exacerbate their 

symptoms, should 

imagine 

It's been a good time. I 

enjoyed the sessions, 

especially after the session 

I felt more concentrated in 

my studies 

yes 

everything 

good 

no I don’t 
think so 

nothing or 

maybe run 

instead of 

walk 

yes because I think 

exercise is good for 

everything physical 

mental and emotional 

health 



 

 

pretty the same. I enjoyed 

them. It was quite easy and 

not tired to be fair 

more or 

less, not 

too bad to 

good 

normal 

I don't know 

because I 

have never 

heard about 

the other 

exercise 

I think I will 

feel more 

comfortable 

if the 

exercise was 

longer every 

session 

Yes, I strongly do. 

Because it's not 

complicated to follow 

and the most 

important it's easy 

The sessions have been 

really interesting and made 

enjoyable and relaxed by 

the researcher. Over the 

sessions I have become 

more confident in being 

able to identify the point at 

which pressure turned into 

pain. The sessions were 

very well organised and 

always run smoothly and 

on time 

I would 

have 

preferred 

the 

resistance 

exercise 

interventio

n. 

However, 

the 

treadmill 

exercise 

was fine I am unsure 

Have more 

even gaps 

between the 

sessions 

rather than 4 

or 1 day in 

between 

Yes I do because I feel 

they would still be 

able to complete the 

walking on the 

treadmill 

I could feel how only 15 

minutes of walking can 

improve my physical and 

mental status yes 

I think that 

the other 

exercise 

would be too 

challenging 

for me 

It was 

difficult for 

me to last for 

15 minutes 

on the 

treadmill not 

due to 

endurance 

but muscle 

strength. The 

inclination 

on the 

treadmill 

was really 

challenging 

my muscles 

I believe that this 

programme is feasible 

for younger adults. It 

is based on realistic 

amount of exercise 

that people can 

perform during a 

week.  

I feel less tired after the 

exercise yes yes 

the pain 

tracker 

system 

Yes, they usually not 

perform exercises 

because they are 

afraid to get pain 

It's a good experience. It's 

hard to do only some parts yes maybe yes 

It is ok in this 

way I 

couldn't 

change 

anything 

Yes I think it is feasible 

because people with 

LBP could tolerate it 

The whole protocol is quite 

interesting 

I don't 

know I don't know 

 I would not 

change 

anything 

Yes, but the running 

part I think it should 

be slower and longer 



 

 

I really enjoyed it excellent 

experience yes 

maybe the 

other type 

would be 

strength 

training 

nothing 

everything 

was well 

organised 

I think it is, since the 

parameters used are 

individualised 

accordingly. However, 

a lower intensity 

might be needed for 

them.  

interesting and eye 

opening yes yes nothing 

yes, exercise on the 

treadmill didn't seem 

to affect my back, so 

may not cause people 

with LBP any further 

pain 

I found the experience 

interesting and left feeling 

brighter mood yes 

I don't know 

for sure 

 I wouldn't 

change 

anything I do think it is feasible 

  



 

 

Appendix 18 Additional Results Chapter six 
 

OEE 

Modified OEE before the study (median) 

Values represent 1= strongly agree; 2 = agree; 3= neither agree nor disagree; 4= disagree; 5= 

strongly disagree 

Exercise…  

Makes me feel better physically 1 

Makes my mood better in general 1 

Helps me feel less tired 1.5 

Makes my muscles stronger 1 

Is an activity I enjoy doing 1 

Gives me a sense of personal accomplishment 1 

Makes me more alert mentally 1 

Improves my endurance in performing my daily activities 1 

Helps to strengthen my bones 1 

 

Mood Questionnaire 

 

Mood was assessed at the beginning of each session with a modified Likert scale. The group 

median for alertness (1= Extremely sleepy, fighting sleep; 5= Extremely alert and wide 

awake); Motivation (1= Very low motivation; 5= Very high motivation); and Level of 

Sadness (1= extremely sad and blue; 5=extremely cheery and optimistic)  

 Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 

Alertness 4 4.5 4 4 4.5 5 

Motivation 4.5 5 4 4 4 4.5 

Level of Sadness 4 4.5 4 4 4 5 

 

Temporal Summation 

 

For consistency Temporal Summation (TS) was tested but was not found. 

  Hand I Hand II Hand III  Lumbar I Lumbar II Lumbar III 

 N Mean± SD N Mean± SD 

Pre 
10 

61.89±23.86 50.04±29.50 41.42±29.35 
9 

52.56±26.61 38.52±29.43 33.20±28.53 

Post 66.83±23.11 52.76±28.24 44.55±30.45 53.02±27.03 37.45±30.18 31.96±29.17 

 





 

 

Appendix 19 Discussion of Temporal Summation and Nociceptive 

Withdrawal Reflex 
 

 

Temporal summation of pain (TS) of heat could not be shown in Chapter two, even 

though the applied protocol has been shown to produce TS before (Owens et al., 2016). 

Therefore, the protocol was modified to have shorter breaks and a higher intensity. Findings 

from the modified protocol did not lead to TS, and therefore are only presented in the 

Appendix of the relevant Chapters four to six. As alternatives to the TSA-II device, the 

CHEPS by the same company (Medoc, Israel) enables a higher frequency (Kong et al., 2013). 

However, this device was not available for the series of studies included in this thesis. The use 

of PPT or other mechanical pressure was specifically avoided, due to the already high 

numbers of PPT and PPTOL, even though this has been shown to be a useful alternative 

(Ickmans et al., 2017; Middlebrook et al., 2020; Nie et al., 2005; Nie et al., 2006; Nie et al., 

2009). Alternatively cuff pressure could be used (Graven-Nielsen et al., 2015), which is now 

commercially available, but maybe not feasible for clinical practice in the near future. Cuff 

pressure testing has recently gained interest, potentially enhanced due to the problems from 

other test modalities (Cummins et al., 2020). 

The nociceptive withdrawal reflex was applied in Chapter four to six (Appendices 16-

18). Based on being one of the very few non-subjective measurements addressing an 

additional aspect of pain modulation. It is expected that thresholds are higher after the 

exercise, as demonstrated in a study by Guieu et al. (1992) after a 20-minute cycling protocol. 

In general, the procedure was not well tolerated by participants. In other cases, a reflex could 

not be produced even with high intensities above 30 mA. Due to these problems, the data set 

was insufficient even for descriptive analysis (data saturation commonly below 50%). Most 



 

 

studies used a different test site, i.e., hamstrings, for the reflex (Linde et al., 2020). However, 

this protocol was established in agreement with the manufacturer. A recently published 

systematic review highlights the lack of standardisation and the inconsistency of results 

(Linde et al., 2020); although the nociceptive withdrawal reflex is a promising tool for 

objective pain measurement, further research needs to be conducted to validate the concept. 

Standardisation of electrodes was high within and between sessions, but conduction could be 

altered as skin might be warmer and moist after the exercise. In this study it was observed that 

more asymptomatic participants tolerated the testing procedure. Lower thresholds in 

participants with chronic musculoskeletal pain have been reported previously (low quality 

evidence) (Linde et al., 2020). Furthermore, participants might have been able to learn to 

control the reflex as it has been shown in other research in young asymptomatic participants 

(Ruscheweyh et al., 2015) and participants with CLBP (Krafft et al., 2017), potentially 

affecting the results over multiple sessions. For both TS and the nociceptive withdrawal reflex 

further research is required. 
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