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Abstract 

Physical activity (PA) is recommended for the management of low back pain (LBP). This 

research was undertaken to: establish the use of accelerometers as an outcome measure in 

studies investigating the free-living PA of people with LBP; explore the free-living PA of 

people receiving physiotherapy for LBP; and compare patterns of PA between people with 

acute low back pain (ALBP) and people with chronic low back pain (CLBP). PA was 

measured with the RT3 accelerometer (Stayhealthy Inc., Monrovia, California, USA) which 

is an objective measure of PA. In addition, perceptions of being physically active with LBP 

and the coherence between the lived experience of LBP and physiotherapy management 

were explored. 

A review of PA and LBP literature found that while ‘advice to stay active’ is recommended, 

there is a paucity of research exploring the free-living PA of people with LBP with an 

objective measure, such as an accelerometer. It is unknown if free-living PA is altered in 

people with LBP compared to healthy individuals. Likewise, the psychometric properties of 

many accelerometers are also unknown and this may account for some discrepancies in 

results. 

A pilot study was undertaken in healthy volunteers (N = 21) to determine the minimum 

number of days per week of valid RT3 data required to reliably estimate PA, and the validity 

and utility of the RT3. The RT3 was found to have acceptable utility and good validity, and 

a minimum of four days of RT3 data are required to reliably assess PA. 

A mixed methods (MM) study explored: the responsiveness of the RT3 to measure change 

in PA, compare patterns of PA between people with ALBP or CLBP (N = 111); and semi-

structured interviews were conducted with a sub-group of the LBP participants to explore 

perceptions of PA (N = 13). The RT3 demonstrated limited responsiveness to perceived 

change in PA, measured with the Global Rating of Change (GROC), at week six only; 

perceived PA and measured PA appear to be different constructs. A significant interaction 

between LBP and week of PA measurement was found. Neither LBP group met the 

recommendation for sustained bouts of moderate intensity PA per day. 

Interviewees knew that PA was an important aspect in the management of their LBP. 

However, being active was dependent on perceived control and this was unrelated to LBP 

classification. The use of “trial and error” strategies when increasing PA resulted in a flare 
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of LBP, the reinforcement of negative PA beliefs and behaviours, and poor treatment 

coherence. 

Further research into the design and psychometric properties of accelerometers is warranted. 

People with ALBP have different PA patterns to people with CLBP; yet both groups 

demonstrate an inability to endure sustained and repetitive bouts of moderate intensity PA. 

People with LBP are unsure how to return to habitual PA. Physiotherapists may need to 

consider treatment coherence, and provide more time and support for changing unhelpful 

perceptions and PA behaviours. To conclude, perceptions of PA are not the same construct 

as objectively measured PA, but both constructs are important. 



 

vii 

Publications 

1. Perry, M. A., Dean, S. G., Hale, L. A., & Baxter, G. D. (2009). Low back pain – the 

graduated return to activity: Methodological considerations. Oral presentation to the 

Rehabilitation and Disability Theme Meeting, 4th December 2008. 

Abstract in: Physical Therapy Reviews, 14(1), 2-11(10). 

2. Perry, M. A., Dean, S. G., Hudson, S., Hale, L. A., & Baxter, G. D. (2009). The 

graduated return to activity for low back pain: Exploring the patient’s perspective of 

physiotherapy. Oral presentation to the 3rd International Conference on Movement 

Dysfunction, 31st October 2009. 

Abstract in: Manual Therapy, 14(1), S24(O34). 

3. Perry, M. A., Weatherall., M., Hale, L. A., Baxter, G. D., Dean, S. G., Hurley, D. A., et 

al., (2010). Are people with chronic low back pain less active than people with acute low 

back pain? Oral presentation to the Physiotherapy New Zealand Biennial Conference, 

May 16th 2010. 

Abstract in: New Zealand Journal of Physiotherapy, 38(2), 63. 

4. Perry, M. A., Weatherall., M., Hale, L. A., Baxter, G. D., Dean, S. G., Hurley, D., et al., 

(2010). Responsiveness of the RT3 activity monitor to measure change in the free-living 

physical activity of patients with low back pain. Oral presentation to the Physiotherapy 

New Zealand Biennial Conference, May 16th 2010. 

Abstract in: New Zealand Journal of Physiotherapy, 38(2), 63. 

5. Perry, M. A., Hendrick, P. A., Hale, L. A., Baxter, G. D., Milosavljevic, S., Dean, S. G., 

et al., (2010). Utility of the RT3 triaxial accelerometer in free living: An investigation of 

adherence and data loss. Applied Ergonomics, 41(3), 469-476. doi. 

10.1016/j.apergo.2009.10.001 



 

viii 

Presentations 

1. Poster presentation to the 15th World Confederation for Physical Therapy Congress: 

Vancouver, Canada 2007. 

2. Oral presentation to the Rehabilitation and Disability Theme Meeting: University of 

Otago, Dunedin, New Zealand, 2008. 

3. Oral presentation to the Australasian Faculty of rehabilitation, the National Institute of 

Rehabilitation Research, and the New Zealand Rehabilitation Association: Queenstown, 

New Zealand, 2009. 

4. Oral presentation to the New Zealand Manipulative Physiotherapists Association 

Biennial Conference: Rotorua, New Zealand, 2009.  

5. Oral presentation to the 3rd International Conference on Movement Dysfunction: 

Edinburgh, Scotland, 2009. 

6. Oral presentations to the Physiotherapy New Zealand Biennial Conference: Auckland, 

New Zealand 2010. 

7. Oral presentation to the 7th Interdisciplinary World Congress on Low Back and Pelvic 

Pain: Los Angeles, United States of America, 2010. 



 

ix 

Table of contents 

Acknowledgements ii 

Abstract v 

Table of contents ix 

List of tables xi 

List of figures xiii 

Abbreviations xiv 

Glossary xv 

Chapter 1 Introduction 2 

1.1 Introduction 2 

1.2 Overview 2 

1.3 Thesis style and layout 4 

1.4 Definition of key terms 6 

1.5 Aims and objectives 11 

Chapter 2 Literature review 14 

2.1 Introduction 14 

2.2 Epidemiology of LBP 14 

2.3 PA and health 18 

2.4 Measurement of PA 19 

2.5 PA and LBP 26 

2.6 Critique of accelerometer-measured free-living PA and LBP research 32 

2.7 Conclusion 48 

Chapter 3 Measurement of physical activity in healthy participants 50 

3.1 Abstract 50 

3.2 Introduction 51 

3.3 Method 53 

3.4 Data treatment 56 

3.5 Statistical analysis 57 

3.6 Results 58 

3.7 Discussion 69 

3.8 Conclusion 78



 

x 

Chapter 4 Measurement of physical activity in people with low back pain 80 

4.1 Abstract 80 

4.2 Introduction 81 

4.3 Methods 83 

4.4 Data treatment 92 

4.5 Statistical analysis 99 

4.6 Results 100 

4.7 Discussion 121 

4.8 Conclusion 133 

Chapter 5 Perceptions of physical activity in people with low back pain 135 

5.1 Abstract 135 

5.2 Introduction 136 

5.3 IPA methodology 136 

5.4 IPA and LBP literature review 138 

5.5 Method 144 

5.6 Results 149 

5.7 Discussion 169 

5.8 Conclusion 182 

Chapter 6 Discussion and conclusion 184 

6.1 Introduction 184 

6.2 Overview of the thesis 184 

6.3 Self–reflection 199 

6.4 Implications for clinical practice 200 

6.5 Recommendations for further research 205 

6.6 Thesis summary and conclusion 208 

References 211 

Appendix A Ethics approval and Maori consultation 247 

Appendix B Participant information sheets and consent forms 254 

Appendix C Questionnaires 265 

Appendix D Additional figures and tables 285 

Appendix E Qualitative literature appraisal tool 294 

Appendix F Interview schedule and transcription code 299 

Appendix G Grant funding 302 



 

xi 

List of tables 

Table 1.1 Classification of LBP 7 

Table 2.1 Literature review: papers by study, year, and LBP classification 35 

Table 3.1 Participant profile 58 

Table 3.2 Hours of RT3 wear time and participants with valid RT3 PA data 59 

Table 3.3 RT3 utility questionnaire 61 

Table 3.4 7D-PAR and MVMU/day by week 62 

Table 3.5 Group mean (SD) MVMU/day by day of the week and group mean of each 

participant’s variance (SD) per day of the week 63 

Table 3.6 MVMU/day by day of the week by each individual participant 63 

Table 3.7 Group mean (SD) MVMU/day by week and the group mean of each participant’s 

weekly variance SD 64 

Table 3.8 Mean variance components by day, week, and participant 66 

Table 3.9 Mean ratio (SD) of variance for a random sample of days (two to six) to a weeks 

(seven days) variance by week 67 

Table 3.10 Spearman correlation between MVMU/week and the 7D-PAR 68 

Table 4.1 Difference between normalised and raw RT3 data for mean (SD) MVPA/day 97 

Table 4.2 Participants with valid days of RT3 wear time 103 

Table 4.3 RT3 utility questionnaire 104 

Table 4.4 LBP participant profile 105 

Table 4.5 Work classification 106 

Table 4.6 Work status 106 

Table 4.7 Participants’ satisfaction with physiotherapy care 107 

Table 4.8 Summary of pain, function, and disability 108 

Table 4.9 Summary of health status: physical and mental health components 109 

Table 4.10 Perceived change in PA 109 

Table 4.11 Summary of Baecke Work, Sport, Leisure, and BPAQ 110 



 

xii 

Table 4.12 Summary of RT3 PA 112 

Table 4.13 Repeated measures analysis of variance for LBP classification and week 113 

Table 4.14 AUC, sensitivity, and specificity for MVMU/min and dichotomised change in 

the NPRS, PSFS, RMDQ, and SF-36v2 from baseline to week six 118 

Table 4.15 AUC, sensitivity, and specificity for the week six change in NPRS, PSFS, 

RMDQ, and SF-36v2, with the week six GROC 119 

Table 4.16 Multiple regression for the week six change in MVMU/min with the variables of 

LBP classification, sex, and work classification, and LBP classification, NPRS, PSFS, and 

RMDQ 120 

Table 5.1 Literature review: IPA and LBP papers by study, year, and first author 140 

Table 5.2 Example of the purposive sampling frame 145 

Table 5.3 Primary interview questions 147 

Table 5.4 Interviewee characteristics by pseudonym 149 

Table 5.5 Qualitative theme results 152 

Table 5.6 Themes for the RT3 utility and study participation 167 



 

xiii 

List of figures 

Figure 1.1 Thesis layout 5 

Figure 2.1 Keywords and PRISMA flow diagram of retrieved LBP and PA papers 34 

Figure 3.1 Total hours and reasons for RT3 data loss 60 

Figure 3.2 Bland-Altman plot of baseline and week 8 mean hours of RT3 wear time/day 61 

Figure 3.3 Box plot of MVMU/day by day of the week, and by weeka 65 

Figure 3.4 Ratio of variance from two to six days sampled to seven days by week 68 

Figure 4.1 Study design 84 

Figure 4.2 Bland-Altman plot of mean normalised and raw data for MVPA/day 98 

Figure 4.3 Distribution of the GROC at weeks 6 and 12 100 

Figure 4.4 Flow diagram of participant recruitment 102 

Figure 4.5 Summary of results for BPAQ 111 

Figure 4.6 Summary of PA results from RT3 data 114 

Figure 4.7 Relationship between week 6 MVMU/min baseline change and GROC 115 

Figure 4.8 Relationship between week 12 MVMU/min baseline change and GROC 116 

Figure 4.9 ROC curve: Week 6 MVMU/min baseline change and GROC cut-point 1 117 

Figure 4.10 ROC curve: Week 6 MVMU/min baseline change and GROC cut-point 5 118 

Figure 5.1 Keywords and PRISMA flow diagram of retrieved qualitative papers 139 

Figure 5.2 Overview of qualitative findings 151 

Figure 5.3 Model of the ‘Cage of disability’ 153 

Figure 5.4 Model of the ‘Health system Ferris wheel’ 156 

Figure 5.5 Model of the ‘Steps of independence’ 159 

Figure 5.6 Model of the ‘Activity tightrope’ 163 



 

xiv 

Abbreviations 

ACC Accident Rehabilitation Compensation and Insurance Corporation 

ACSM American College of Sports Medicine 

ALBP Acute low back pain 

BMI Body Mass Index 

CLBP Chronic low back pain 

DLW Doubly-labelled water 

EE Energy expenditure 

GROC Global Rating of Change 

HP Health practitioner. 

ICF International Classification of Functioning, Disability, and Health 

IPA Interpretive Phenomenological Analysis 

LBP Low Back Pain 

MCID Minimal clinically important difference 

MM Mixed methods 

MVMU Mean vector magnitude unit 

MVPA/day Minutes of moderate and vigorous physical activity per day 

MVPA-bout Bouts of MVPA/day lasting at least 10 minutes in duration 

NPRS Numeric Pain Rating Scale 

PA Physical activity 

PSFS Patient Specific Functional Scale 

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

RCT Randomised Controlled Trial 

RMDQ Roland Morris Disability Questionnaire 

7D-PAR Seven Day Physical Activity Recall questionnaire 

SAS Statistical Analysis System 

SC Satisfaction with Care 

SF-36v2  Short-form 36 Health Survey-version 2 

SPSS Statistical Package for Social Sciences  

WHO World Health Organisation 

WS Work status questionnaire 



 

xv 

Glossary 

Abbreviation Definition 

ACC Accident Rehabilitation Compensation and Insurance Corporation: New 

Zealand Government run, no fault insurance company. 

ALBP Low back pain of less than three months in duration; which may or may 

not be the first episode of LBP and/or a sudden or a recent onset of LBP or 

a flare superimposed on an episode of LBP of less than three months in 

duration (de Vet, et al., 2002; Von Korff, 1994). 

CLBP Low back pain lasting longer than three months in duration and/or Pain on 

at least half the days of a 12 month period occurring in single or multiple 

episodes, or if this was the first episode of LBP and it has lasted greater 

than three months, pain on at least half of those days; and/or a flare of 

greater than three months in duration, super imposed on CLBP or recurrent 

LBP (de Vet, et al., 2002; Von Korff, 1994). 

Free-living The Shorter Oxford English Dictionary defines ‘free’ as acting from one’s 

own will or choice and not compelled or constrained; determining one’s 

own action or choice without outside intervention or Acting without 

restriction or limitation; unhampered and unfettered (Trumble, Stevenson, 
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Chapter 1 Introduction 

1.1 Introduction 

This chapter provides an overview and context for the development of the research 

described in this thesis. It also provides a guide to the layout of the thesis, introduces and 

defines key terms, and finally outlines the overall aim and specific objectives of the thesis. 

1.2 Overview 

Low back pain (LBP) is a costly and common condition. Annual incidence rates range from 

10 to 65% (ACC, 2007; Dagenais, Caro, & Haldeman, 2008; Jacob, 2006; Juniper, Le, & 

Mladsi, 2009; Manchikanti, Singh, Datta, Cohen, & Hirsch, 2009; Walker, 2000). When 

people suffer with pain their physical activity (PA) levels decrease and specific activities 

take longer to complete (Simmonds, 2006). There is strong evidence that PA and ‘advice to 

stay active’ are effective interventions in the rehabilitation of people with LBP (Airaksinen, 

et al., 2006; Hayden, van Tulder, Malmivaara, & Koes, 2005; Hurwitz, Morgenstern, & 

Chiao, 2005; Liddle, Gracey, & Baxter, 2007; van Tulder, et al., 2006). Consequently, 

evidence-based guidelines advocate a graduated early return to activity as an important 

aspect of the rehabilitation process (ACC, 2003, 2009; Airaksinen, et al., 2006; van Tulder, 

et al., 2006). 

Although these guidelines exist, the relationship between PA and LBP is unclear (Bousema, 

Verbunt, Seelen, Vlaeyen, & Knottnerus, 2007; Busser, De Korte, Glerum, & Van Lummel, 

1998; Chastin & Granat, 2009; Liszka-Hackzell & Martin, 2004; Ryan, et al., 2009; 

Spenkelink, Hutten, Hermens, & Greitemann, 2002; van den Berg-Emons, Schasfoort, de 

Vos, Bussmann, & Stam, 2007; van Weering, Vollenbroek-Hutten, Tönis, & Hermens, 

2009; Verbunt, Sieben, et al., 2005; Verbunt, Smeets, & Wittink, 2010; Verbunt, et al., 

2001), the optimal means for the delivery of any LBP PA intervention remains undefined 

(Airaksinen, et al., 2006; Hayden, et al., 2005; Hildebrandt, Bongers, Dul, van Dijk, & 

Kemper, 2000; Hurwitz, et al., 2005; Liddle, Gracey, et al., 2007; van Tulder, et al., 2006; 

Vuori, 2001), and it is unknown if PA interventions in people with LBP actually increase 

free-living PA (de Jong, et al., 2005; Hartvigsen, Morso, Bendix, & Manniche, 2010; Ryan, 

Gray, Newton, & Granat, 2010a; Vlaeyen, de Jong, Geilen, Heuts, & van Breukelen, 2002). 

These uncertainties may be due to the complex multi-factorial nature of LBP. Conversely, 

they may also be due to: a lack of specificity in PA-orientated rehabilitation programmes 

developed for LBP; the use of other outcome variables as proxy measures of PA, for 
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example, function, disability, and return to work; or the hitherto lack of a robust objective 

outcome measure to assess free-living PA in people with LBP. 

Another important issue is that large trials investigating PA interventions may not have 

accounted for the treatment expectations of the research participants (Underwood, Harding, 

& Klaber Moffett, 2006). Specifically, rehabilitation strategies which do not take into 

account personal limitations, beliefs, and perspectives of the nature of the problem are 

unlikely to succeed (Borkan, Reis, Hermoni, & Biderman, 1995). Consequently, the 

relationship between patient and health practitioner (HP) and the coherence of prescribed 

treatment with individual illness perceptions may have more bearing on any perceived 

change in PA than the actual choice of therapeutic intervention (Dean, Smith, Payne, & 

Weinman, 2005; Klaber Moffett, 2002; Leventhal, Diefenbach, & Leventhal, 1992; 

McGuirk & Bogduk, 2006). 

The difficulty of determining PA or change in PA in people with LBP is part of the 

complexity of measuring free-living PA in human beings. This complexity arises from the 

lack of a gold standard from which to validate PA outcome measures, and the need to assess 

PA continuously over several days to reliably assess mean daily PA. Accelerometers are 

currently considered to be the most promising means of measuring free-living PA. They are 

considered to be valid, reliable, and relatively unobtrusive (Washburn, Janney, & Fenster, 

1990; Welk, 2005). However, the psychometric properties of all commercially available 

accelerometers, particularly in specific patient populations, are not known (Bousema, et al., 

2007; Verbunt, Huijnen, & Köke, 2009; Washburn, et al., 1990; Welk, 2005). 

The RT3 triaxial accelerometer (Stayhealthy Inc., Monrovia, California, USA), is capable of 

measuring intensity, frequency, and duration of free-living PA, with good reliability and 

validity (Powell, Jones, & Rowlands, 2003; Powell & Rowlands, 2004; Rowlands, Thomas, 

Eston, & Topping, 2004). However, several psychometric properties of the instrument, the 

minimum number of days of RT3 wear per week required to reliably estimate free-living 

PA, and aspects of utility require further research. These properties and aspects of utility 

needed to be established in healthy populations as well as specific patient populations. 

Research presented in this thesis explored the utility and psychometric properties of the 

RT3. Two groups of research participants were recruited; a convenience sample of healthy 

volunteers, and a convenience sample of patients receiving physiotherapy for either acute or 

chronic LBP. The free-living PA of people with either acute or chronic LBP was compared. 
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In addition, the lived experience of being physically active with LBP, and the coherence of 

physiotherapy treatment with individual activity beliefs was explored and compared in a 

purposively selected sub-group of the acute and chronic LBP participants. Finally, the merits 

of objectively measuring change in the free-living PA of people with LBP compared with 

evaluating their perceptions of PA change are discussed. 

1.3 Thesis style and layout 

1.3.1 Thesis style 

The style of this thesis follows institutional recommendations, uses New Zealand English, 

and an author-date citation system. The style and layout, including figures and tables, is 

based upon recommendations contained within the Publication Manual of the American 

Psychological Association (Sixth Ed) (VandenBos et al. 2009). 

1.3.2 Thesis layout 

This thesis is presented in three parts (Figure 1.1, p. 5). 

Part I contains this introductory chapter and a background and literature review chapter (see 

Chapter Two, p. 14 ). Chapter Two has two sections. The first section provides background 

information on the epidemiology of LBP, PA, methods of measuring free-living PA, the 

currently known psychometric properties of the RT3, and the relationship between PA and 

LBP. The second section, the literature review, contains a critique of research which has 

used accelerometers to measure free-living PA in people with LBP. 

Part II contains three chapters that encompass the empirical work for this thesis. Chapter 

Three presents the initial pilot study which used the RT3 accelerometer to measure free-

living PA in a convenience sample of healthy volunteers. This chapter explored aspects of 

the utility, reliability, and validity of the RT3, and the minimum number of days per week of 

RT3 monitoring required to reliably estimate mean daily PA (see, p. 50). Chapters Four and 

Five present the larger mixed methods (MM) study. This involved a QUAN → qual 

approach whereby the quantitative data collection phase preceded the qualitative data 

collection phase and the quantitative aspect represented a larger body of work (Creswell & 

Plano Clark, 2007, p. 41). However, the two aspects are placed parallel to each other in 

Figure 1.1 as they are components of the same study. Chapter Four covers the quantitative 

component, Measurement of PA in people with LBP (see, p. 80); and Chapter Five covers 

the qualitative component, Perceptions of PA in people with LBP (see, p. 135). 
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Part III contains Chapter Six, Thesis Discussion (see, p. 184). This chapter draws the 

findings from the background and literature review presented in Chapter Two, and the 

results from Chapters Three, Four, and Five together. In addition, Chapter Six presents the 

limitations of the research, a self-reflective statement, implications of the results for clinical 

practice, and recommendations for future research. Finally, the conclusion provides a 

summary of the key findings. 

 

Figure 1.1 Thesis layout 
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1.4 Definition of key terms 

This section contains definitions of terms which are central to this thesis and which require 

some explanation. This section is in addition to the index of abbreviations (see p. xiv) and 

glossary of terms (see p. xv). 

1.4.1 LBP 

According to the International Association for the Study of Pain, LBP is defined as the 

presence of pain or discomfort below the lower costal margin and above the gluteal folds 

(Merksey & Bogduk, 1994). LBP may present with or without referred leg pain (Airaksinen, 

et al., 2006). The participants in MM study, presented in Chapters Four and Five, were 

classified into acute low back pain (ALBP) and chronic low back pain (CLBP) groups. 

Traditionally, LBP persisting for longer than three months was classified as CLBP 

(Airaksinen, et al., 2006). This definition leads to the misclassification of many people. For 

example, multiple episodes of LBP lasting less than three months might be classified as 

ALBP but arguably should be classified as CLBP (Von Korff, Jensen, & Karoly, 2000). 

Furthermore, while people with ALBP may make considerable improvements during the 

first month following LBP onset (Pengel, Herbert, Maher, & Refshauge, 2003), many still 

present with moderate to severe LBP and disability several months after onset (Pengel, et al., 

2003; Philips & Grant, 1991; Von Korff, Deyo, Cherkin, & Barlow, 1993). A taxonomy to 

clarify various LBP sub-classification definitions has been proposed (Von Korff, 1994), and 

more recently the meaning of LBP episodes has been defined (de Vet, et al., 2002): see 

Table 1.1 (see p. 7). 



Chapter 1  Introduction  

7 

Table 1.1 Classification of LBP 

Von Korff (1984)  De Vet et al. (2002) 

Transient LBP  Episode of care 

LBP present < 90 consecutive days and no 

recurrence in the following 12 months 
 

Consultation or a series of consultations for 

LBP, preceded and followed by ≥ 3 months 

without HP consultation 

Recurrent LBP  Episode of pain 

Pain present on < half the days in a 12 month 

period, occurring in multiple episodes over 

the year 

 

Pain lasting for ≥ 24 hours, preceded and 

followed by a period of ≥ 1 month without 

LBP 

CLBP  Episode of work absence 

LBP present on ≥ half the days in a 12 month 

period in single or multiple episodes 
 

Work absence due to LBP, preceded and 

followed by a period of ≥ 1 day at work 

ALBP   

Sudden or recent onset of non-recurrent LBP   

First onset   

First ever episode of LBP   

Flare up   

Pain superimposed on recurrent or CLBP   

Note. The first column presents the taxonomy of LBP by Von Korff (1984) and the second column, definitions 

of LBP episodes by De Vet et al. (2002). ALBP = acute low back pain; CLBP = chronic low back pain. 

As there is no consensus on LBP classification amongst researchers, the definitions for 

ALBP and CLBP used in the research contained in Chapters Four and Five (see 1.4.1.1 and 

1.4.1.2) have incorporated the time and episode related definitions presented by Von Korff 

(1994) and de Vet et al. (2002) in Table 1.1. 

1.4.1.1 Acute low back pain 

For the purposes of this thesis, ALBP was defined as: 

• Pain of less than three months in duration, which may or may not be the first episode of 

LBP; 

• A sudden or a recent onset of LBP or a flare superimposed on an episode of LBP of less 

than three months in duration.  
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1.4.1.2 Chronic low back pain 

CLBP was defined as: 

• Pain lasting longer than three months in duration; 

• Pain on at least half the days of a 12 month period occurring in single or multiple 

episodes, or if this was the first episode of LBP and it had lasted greater than three 

months, pain on at least half of those days; 

• A flare of LBP lasting greater than three months in duration, superimposed on 

continuous CLBP or recurrent LBP. 

1.4.2 Free-living physical activity 

In this thesis, PA was defined as “any movement produced by skeletal muscles resulting in 

energy expenditure” (Casperson, et al., 1985). The four principal components of PA are 

intensity, type, frequency, and duration. Free-living is defined as “living freely and 

independently” (Trumble, et al., 2002). In the context of this thesis, the measurement of free-

living PA refers to the assessment of PA as an individual goes about their habitual activities 

without any restrictions being imposed by participation in the study. 

PA includes activities which involve participation in specific household chores, the 

fulfilment of occupational responsibility, spontaneous participation in unplanned movement 

or activities, as well as participation in planned or unplanned sports and leisure activities 

(Pate, et al., 1995; Plasqui & Westerterp, 2007). The assessment of free-living PA is 

important, as this is a measure of all activities of daily life occurring in the participants’ 

usual environment. 

The terms PA, physical fitness, exercise, and energy expenditure (EE) are not 

interchangeable (Blair, Cheng, & Holder, 2001). Physical fitness has been defined as “a set 

of attributes that people have or achieve that relates to the ability to perform PA” 

(Casperson, et al., 1985). Physical fitness is primarily a physiological response while PA is 

usually behaviour driven (Lee & Skerrett, 2001). Exercise is a form of PA and is defined as 

“planned, structured, and repetitive bodily movement done to improve or maintain one or 

more components of physical fitness” (Casperson, et al., 1985). It is therefore only one 

component of PA. EE due to PA refers to the calories per square metre of body surface or 

kilogram per hour used to perform activities above the basic requirements of the body to 
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function (Leenders, Sherman, Nagaraja, & Kien, 2001). Measurement of EE cannot 

determine the type, frequency, or duration of the activities which may have resulted in PA-

related energy loss. 

A decrease in PA or the inability to be physically active can be described as a disability 

(Bussmann & Stam, 1998). Accordingly PA, or specific components of PA, frequently form 

the basis of many health-related goal setting contracts and clinical outcome measures in 

which a change in PA is interpreted as a change in health status (Bussmann & Stam, 1998). 

For example, goals of bending forward to touch the toes, getting dressed, driving to work, 

working, walking, and playing a sport, are all PA-related goals despite some of these 

activities being at an impairment level and others at a functional level. 

1.4.3 Disability: International Classification of Functioning, Disability, and 
Health 

Rehabilitation medicine, which includes physiotherapy, is primarily focussed on optimising 

patient functioning and health (Cieza, Ewert, et al., 2004; Stucki, Ewert, & Cieza, 2002). 

Optimisation occurs by the use of treatment, rehabilitation, and preventative strategy options 

open to the patient and HP (Stucki, et al., 2002). The World Health Organisation’s (WHO) 

International Classification of Functioning, Disability, and Health (ICF) was developed to 

standardise the measurement, terminology, and framework used between different health 

professionals and across different countries (Stucki, et al., 2002; WHO., 2001, p. 5). The 

various components of the ICF attempt to integrate, in a cohesive manner, the different 

biological, individual, and societal perspectives of health (Stucki, et al., 2002). In addition, 

the ICF is also used to facilitate patient and clinician problem solving and goal setting, and 

promote patient-centred care (Steiner, et al., 2002; Stucki, et al., 2002). 

The ICF conceptualises disability as “the negative aspects of the interaction between an 

individual (with a health condition) and that individual’s contextual factors (personal and 

environmental factors)” (Leonardi, Bickenbach, Ustun, Kostanjsek, & Chatterji, 2006, p. 

1220). Interactions are: impairments in body structures and body functions; activity 

limitations; and participation restrictions. This conceptualisation of disability has been 

adopted for use in this thesis. Definitions of the components and interaction categories 

(WHO., 2001, p. 10) and examples from the LBP ICF core set are provided below (Cieza, 

Stucki, et al., 2004). 
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1.4.3.1 Definitions of functioning and disability 

 

• Body structures are the anatomical parts of the body and are usually used to define the 

area where the problem is or is perceived to be, such as trunk (Cieza, Stucki, et al., 2004; 

WHO., 2001, p 12). 

• Body functions are the physiological functions of body systems and the term is used to 

describe the specific function which may be impaired (WHO., 2001, p. 12). In people 

with LBP, categories such as mental functions, sensory functions and pain sensations, 

and neuromusculoskeletal and movement-related functions may be affected (Cieza, 

Stucki, et al., 2004). 

• Activity is the performance of a task or action (WHO., 2001, p. 14) and activity 

limitations are interactions which affect an individual’s actions or behaviours. For 

example, in people with LBP this might include aspects of walking (Cieza, Stucki, et al., 

2004). This level of dysfunction affects the whole body (Wormgoor, Indahl, van Tulder, 

& Kemper, 2006). 

• Participation is the involvement in life (WHO., 2001, p. 14) and participation restriction 

affects an individual’s experience of life, such as family life, or recreation and leisure 

(Cieza, Stucki, et al., 2004). This level of dysfunction affects the whole person in a 

social context (Wormgoor, et al., 2006). 

1.4.3.2 Contextual factors 

 

• Personal factors are generally person-specific (WHO., 2001, p 16) and in this thesis 

include age, expectations, attitudes, beliefs, perceptions, and individual personality 

characteristics, such as confidence or self-efficacy. 

• Environmental factors make up the physical, social, and attitudinal environment in 

which people live (WHO., 2001, p. 16) and for LBP typically include categories such as 

services, systems, and policies, for example, societal attitudes (Cieza, Stucki, et al., 

2004). 

The definition of PA adopted in this thesis should not be confused with that of ICF 

‘activity’. The terms PA, activities, and physically active refer to any activity which results 

in movement being produced by skeletal muscles and results in EE, whereas, ICF ‘activity’ 

refers to actions or behaviours. Therefore, some ICF ‘activities’ would result in EE being 
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produced by skeletal muscles while others would not. Likewise, body functions and 

participation may or may not result in the production of EE by skeletal muscles. To denote 

the difference in these terms, if concepts being discussed are specifically related to ICF 

categories, the word ICF will appear in subscript, for example, activity limitations(ICF). 

1.5 Aims and objectives 

1.5.1 Aims 

The overall aims of the research were to: explore what is currently known about LBP and 

free-living PA; enhance understanding of the free-living measurement of PA, and 

perceptions of PA, in people with LBP; explore the perceived coherence between the lived 

experience of LBP and PA, and LBP and physiotherapy; and explore if these outcomes are 

different in people with either acute or chronic LBP. The realisation of these aims will help 

to inform the design of future research involving physiotherapists and the use of 

accelerometers to measure free-living PA in people with LBP. In addition, the results of this 

research may inform the use of accelerometers and PA prescription for the rehabilitation of 

people with LBP in clinical practice. 

1.5.2 Research objectives 

The following objectives were devised to achieve the above aims: 

1. To summarise the epidemiology of LBP, review the methods that are currently being 

used to measure free-living PA and discuss the merits of each method, and review what 

is currently known about LBP and PA. In addition, review the psychometric properties 

of a specific accelerometer, the RT3. Results of these objectives are discussed in Chapter 

Two. 

2. To conduct a systematic search and critique of literature which has explored LBP and 

the free-living measurement of PA with an accelerometer. Results are discussed in 

Chapter Two. 

3. To explore the variability of free-living PA, the minimum number of valid days per 

week of RT3 data required to reliably estimate mean daily PA, and the responsiveness of 

the RT3 accelerometer to measure change in free-living PA. Chapter Three primarily 

presents research which explored the day-to-day and week-to-week variability of PA and 

number of days of monitoring required to reliably estimate mean daily PA in healthy 
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volunteers. Chapter Four presents research which explored the responsiveness of the 

RT3 to measure change in free-living PA in participants with LBP. 

4. To examine any utility issues with the RT3. Utility results are presented in Chapters 

Three, Four, and Five. 

5. To objectively measure and compare PA patterns over time between people receiving 

physiotherapy for either ALBP or CLBP. Secondarily, to explore whether age, work 

classification, LBP classification, or whether change in pain, function, or disability 

explain change in PA. Results of these objectives are presented and discussed in Chapter 

Four. 

6. To qualitatively explore and compare the lived experience of being physically active in 

participants with ALBP or CLBP, and the coherence between participants’ experiences 

of physiotherapy and their experience of LBP. Chapter Five discusses these results. 

7. To evaluate and summarise results from research presented in this thesis and make 

recommendations for further research or clinical practice if appropriate. Chapter Six 

presents this discussion. 



 

 

Chapter Two
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Chapter 2 Literature review 

2.1 Introduction 

This chapter aims to provide background by presenting an overview of information relevant 

to the work described in this thesis, and by presenting a critical review of the use of 

accelerometers in the free-living assessment of physical activity (PA) in people with low 

back pain (LBP). This chapter is divided into two sections. The first section will present a 

narrative review of background information relevant to the primary areas of research 

presented in this thesis: the epidemiology of LBP; PA and health; methods of measuring PA, 

with particular attention given to accelerometers; the RT3 accelerometer; and finally the 

relationship between LBP and PA. The second section of this chapter will present an in-

depth critique of the literature published in this area to date; this will specifically focus on 

research which has used accelerometers to measure free-living PA in people with non-

specific LBP. 

Section one 

2.2 Epidemiology of LBP 

Epidemiology is the study of why and how conditions occur in specific individuals (Adams, 

Bogduk, Burton, & Dolan, 2002). Epidemiological research for LBP encompasses research 

which explores the prevalence, consequences, the natural history, and the identification of 

risk factors for low back disorders (Adams, et al., 2002, p. 79). Despite the plethora of 

epidemiological reviews in this area, results between studies can be inconsistent. 

Heterogeneity of the research is one possible explanation for the inconsistencies: for 

example, the terminology ‘LBP’ versus ‘low back disability’ is likely to lead to different 

results. For this reason McGill (2007) and Adams et al., (2002) refer to low back conditions 

as ‘low back disorders’ and ‘low back trouble’ respectively. For the purposes of consistency 

within this thesis, the term LBP will be used. However, it should be noted that this term does 

not imply that pain was necessarily perceived by the sufferer to be the primary problem. 

2.2.1 Natural history of LBP and prevalence 

For up to 90% of people with LBP it is estimated that most symptoms will have adequately 

resolved to allow resumption of usual activities within six weeks of onset, and that only 2% 

to 10% of people will go on to develop chronic low back pain (CLBP) (van den Hoogen, 

Koes, van Eijk, Bouter, & Deville, 1998; van Tulder, et al., 2006; Von Korff, et al., 1993). It 
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has been suggested that 80 to 90% of health care costs related to LBP are caused by the 

minority of people that go on to develop CLBP (Waddell, 2004, p. 78.). Indeed, those people 

who develop recurrent and CLBP are thought to: explain 85% of total workers’ absenteeism; 

account for a large percentage of health related costs; and have a poor prognosis (van 

Tulder, et al., 2006; Von Korff, et al., 1993; Waddell, 2004, p. 79). The total annual cost 

(direct and indirect) of LBP was reported to be over $9,000 million in Australia in 2001, 

₤12,000 million in the United Kingdom in 1998, and direct costs alone were estimated to 

over $90,000 million in the United States in 1998 (Dagenais, et al., 2008). In New Zealand, 

the Accident Rehabilitation Compensation and Insurance Corporation (ACC) estimates in 

excess of $280 million is spent on direct costs per year (ACC, 2007). Some researchers 

suggest that the prevalence of those with CLBP appears to be increasing (Manchikanti, et 

al., 2009); alternatively, older studies may have missed large numbers of people with CLBP, 

which would explain the apparent increase in prevalence. The latter theory is supported by 

several studies. A prospective study of 490 people with LBP found that 91% of people had 

stopped consulting their general practitioner after three months, despite 21% and 25% of 

people still reporting some level of pain and/or disability after three and 12 months 

respectively (Croft, Macfarlane, Papageorgiou, Thomas, & Silman, 1998). Likewise, van 

den Hoogen et al. (1998) reported that 35% of people with LBP still had pain 12 weeks after 

initial consult, while Kent and Keating (2005) reported that only a third of people consulting 

for LBP will have completely resolved by 12 months. Furthermore, a prospective study of 

252 people with LBP attending physiotherapy found that 78% reported symptom recurrence 

after one year (Burton, McClune, Clarke, & Main, 2004), while Hides et al. (2001) reported 

that 30% of people experienced a recurrent episode of LBP following physiotherapy. 

Therefore, irrespective of health practitioner (HP) consultation, a large proportion of people 

with LBP are unlikely to be symptom free within six to 12 weeks of LBP onset (Burton, et 

al., 2004; Croft, et al., 1998; Hides, Jull, & Richardson, 2001; Kent & Keating, 2005; 

McGill, 2007, p. 10; van den Hoogen, et al., 1998). 

The concept that most musculoskeletal injuries heal within a six to 12 week time frame was 

primarily developed from animal studies (McGill, 2007, p. 10). However, healing in specific 

tissues, such as ligaments, can take years even with relatively minor injuries (Frank, Amiel, 

Woo, & Akeson, 1985). Therefore, the classification of LBP into ‘acute’, ‘sub-acute’ and 

‘chronic’, and the use of various terminologies such as ‘backache’ versus pain or disability 

can be confusing and misleading, as LBP appears to be a relapsing and remitting condition 
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with the identification of CLBP simply being the persistence of acute low back pain (ALBP) 

(Kent & Keating, 2005; Philips & Grant, 1991). 

Nevertheless, epidemiological studies have used a variety of LBP terms, which accounts in 

part for the heterogeneity of prevalence rates. Accordingly, the lifetime prevalence of LBP 

ranges from 13% to 84% (Airaksinen, et al., 2006; Speed, 2004; Waddell, 2004 p. 75; 

Walker, 2000, p. 75); the annual prevalence ranges from 10% to 65% (Jacob, 2006; Juniper, 

et al., 2009; Manchikanti, et al., 2009; Walker, 2000); and, the point prevalence ranges from 

0% to 42% (Juniper, et al., 2009; Manchikanti, et al., 2009; Volinn, 1997; Waddell, 2004; 

Walker, 2000, p. 75). Western countries generally report higher point prevalence in 

comparison to lower income countries (Volinn, 1997). Prevalence also varies within 

countries; people who live and work in highly industrialised urban areas have higher rates of 

LBP than those who perform hard physical labour in rural communities (Volinn, 1997). 

Furthermore, females have a higher prevalence of LBP than males, and LBP is one of the 

most common causes of sickness related work absence in people between the ages of 35 and 

65 years (Manchikanti, et al., 2009; Waddell, 2004). 

2.2.2 Aetiology of LBP 

Over 85% of LBP complaints are of unknown aetiology (McGill, 2007, p. 5); this figure is 

possibly due to the grouping of pain from the various innervated structures in the lumbar 

spine as ‘mechanical’ or ‘non-specific’ LBP (Waddell, 2004, p. 10). The term ‘non-specific’ 

arose from a lack of evidence to suggest that pathology in specific structures results in 

specific LBP presentations, and the current lack of a valid and reliable LBP sub-

classification system (Waddell, 2004, p. 10). However, the inability to determine the cause 

of LBP, and the subsequent prescription of a generalised, ‘non-specific’, rehabilitation 

programme, has also been attributed to poor clinician diagnostic skills, as well as the lack of 

a consensus on diagnostic methods between various HPs (McGill, 2007, p. 5). Studies which 

have linked a specific functional sub-classification system to a specific form of treatment 

have produced good outcomes (Childs, et al., 2004; O'Sullivan, 2005), which seems to 

support McGill’s position (ibid). 

The lack of LBP symptom resolution, regardless of treatment, has led to an increase in 

attention on the inhibition of recovery due to the presence of psychosocial factors (Adams, 

et al., 2002, p. 91). Notably, Waddell (2004) suggested that some researchers and clinicians, 

after finding symptoms which were incongruent with their current understanding of pain 

physiology, or following the inability to determine a biomedical diagnosis and the lack of 
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symptom resolution within a specific time frame, described these patients with LBP as 

“neurotic”: that is, LBP of psychogenic origin (p. 206). Indeed, the presence of psychosocial 

factors may predict up to 3% of new onset LBP cases (Mannion, Dolan, & Adams, 1996; 

Papageorgiou, et al., 1997). However, psychological distress can also arise due to the 

presence of chronic pain, and disappear after the chronic pain has resolved (Mannion, et al., 

2001). Therefore, LBP can lead to the development of psychosocial issues, and the presence 

of psychosocial factors can predispose to the development of LBP and heighten disability. 

The presence of pain symptoms, long after the expected time frame for tissue recovery, may 

also be due to neural plasticity (Ji & Kawasaki, 2009). The presence of high intensity 

stimulation, or prolonged sustained noxious stimulation, may lead to changes in the 

peripheral nervous system, known as peripheral sensitisation, as well as changes in the 

spinal cord and brain, known as central sensitisation (Ji & Kawasaki, 2009; May, 2008; 

Woolf & Salter, 2000). Although it is unknown whether changes in the pain neuromatrix 

area of the brain (anterior cingulated cortex, insular cortex, thalamus, and sensorimotor 

cortex) (Moseley, 2003b) are the cause of or consequence of chronic pain, compared to 

healthy controls morphological differences are present in a variety of chronic pain 

conditions, including CLBP (May, 2008; Schmidt-Wilcke, et al., 2006). 

The perspective taken in this thesis is that LBP is complex. Psychosocial risk factors, 

biomechanical variables, and neurobiological changes or neuronal plasticity are all 

important aspects to consider when treating people with LBP. However, for the purpose of 

research presented in this thesis, LBP has only been classified into two sub-groups (CLBP 

and ALBP) and this classification is primarily by pain duration (see Chapter One, p. 6). 

Therefore, it must be acknowledged that this method of classification simplifies LBP; 

furthermore it may mask the presence of specific clusterings of biomechanical, 

psychological, and neurobiological variables useful for distinguishing between groups of 

people with LBP. 

2.2.3 Risk factors 

LBP is a multi-factorial disorder with numerous possible aetiologies. Consequently, 

exploration of possible risk factors which may predispose people with LBP to chronicity has 

become important in an attempt to mitigate the increasing prevalence of LBP, and to assist 

in the early identification of risk factors, and thus better prevention. Biomechanical factors 

of load, such as static postures, vibration, lifting, pulling, and pushing, increase the risk of 

LBP (Adams, et al., 2002, p 86; McGill, 2007, p. 30). Personal factors, such as genetics, 
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poor muscle endurance, increased spinal mobility, and the presence of additional physical 

disorders, are also thought to be risk factors (Adams, et al., 2002, p. 86; Hestbaek, Leboeuf-

Yde, & Manniche, 2003a; McGill, 2007, p. 32). However, the link between LBP and 

lifestyle factors, such as smoking, socioeconomic status, and obesity, remains unclear 

(Adams, et al., 2002, p. 87; Lee, Kratter, Duvoisin, Taskin, & Schilling, 2005; Manchikanti, 

et al., 2009; Waddell, 2004, p. 92). As identified above, there appears to be a link between 

psychosocial distress and LBP (Manchikanti, et al., 2009; Mannion, et al., 1996; 

Papageorgiou, et al., 1997). Finally, the strongest predictor of LBP is history of a previous 

LBP episode, especially in the previous 12 months (Hestbaek, Leboeuf-Yde, & Manniche, 

2003b; Jacob, 2006; McGill, 2007, p. 28; Pengel, et al., 2003; Waddell, 2004, p. 75). 

Adams et al. (2002) proposed that risk factors could be grouped into four main areas: 

genetic factors; individual factors; psychosocial factors; and, physical risk factors. Their 

model suggested that risk factors are inter-linked with each other: environmental conditions 

may lead to the presence of individual, physical, and psychosocial risk factors; and genes 

may lead to individual, genetic, and psychosocial risk factors. The presence of one or more 

of these risk factors could lead to the development of LBP (Adams, et al., 2002, p. 80). 

2.3 PA and health 

There is a strong relationship between health and PA (Bauman, 2004; Biddle & Mutrie, 

2008, p. 19; Pitta, et al., 2006; WHO, 2007), and between inactivity and all causes of 

mortality (Bauman, 2004; Lee & Skerrett, 2001). Research has shown that the prevalence of 

colon disease, hypertension, diabetes, cardiovascular disease, obesity, cancer, mental health 

disorders, and musculoskeletal injury, are all directly related to levels of PA (Bauman, 2004; 

Blair & Morris, 2009; Carr, 2001; U.S. Department of Health and Human Services, 1996; 

Vuori, 2004). Limited evidence also exists which supports a positive relationship between 

PA and health-related quality life (Brown, et al., 2003).  

A daily minimum of 30 minutes of moderate intensity PA, preferably accumulated in bouts 

of at least 10 minutes in duration, on at least five days of the week, has been shown to 

provide health benefits (Blair & Morris, 2009; Bouchard, 2001); furthermore, more PA may 

increase health gains (Bouchard, 2001). Moderate intensity for adults is classified as 

between 3 and 5.9 metabolic equivalent of task (MET) (Ainsworth, et al., 2000), which is 

the equivalent of being able to speak but not sing during PA, a noticeable elevation of heart 

rate, and the breaking of a light sweat (Carr, 2001; Casperson, et al., 1985; Haskell, et al., 

2007). Thirty minutes of moderate intensity PA, on at least five days of the week, has been 
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developed into a recommendation which has been adopted by the World Health 

Organisation (WHO) and various countries, including New Zealand, the United States of 

America, and the United Kingdom (Biddle & Mutrie, 2008, p. 16; Department of Health and 

Human Services, 2008; Ministry of Health, 2009; WHO, 2004). This threshold, of 30 

minutes of activity on five or more days of the week, is used to distinguish ‘active’ from 

‘inactive’ people for the purposes of epidemiological research. Evidence suggests that the 

vast majority of people are considered ‘inactive’ as they fall short of this threshold (Blair, 

2009). In the United States of America, less than 5% of the population meets the 

recommended threshold of activity (Troiano, et al., 2008), and over 90 million Americans 

are thought to be living with a chronic health condition (Durstine, et al., 2009, p. 22). In 

Canada, Australia, and England the active population ranges from 5% to 15% (Biddle & 

Mutrie, 2008, p. 27). However, in New Zealand, while over 2500 deaths a year result from 

inactivity (Ministry of Health, 2003), 51% of adults are physically active (Ministry of 

Health, 2008, p. 93), which is considerably higher than other developed countries. 

Of course, being physically active is not without risks. Disease-dependent risks are the 

consequences PA may have on an already present disease process; for example, a flare of 

joint inflammation in an individual with rheumatoid arthritis. Activity-dependent risks are 

accident related, such as spraining an ankle while running (Moore, Marsh, & Durstine, 2009, 

p. 19). Caution is always required when specific exercises are prescribed, or when general 

PA advice is provided to individuals with a disease or disability (Moore, et al., 2009, p. 19). 

However, the most commonly cited risks arising from exercise and PA are musculoskeletal 

injuries, cardiac arrest, and sudden death, of which the latter is relatively rare (Biddle & 

Mutrie, 2008, p. 24; Moore, et al., 2009, p. 19). For most individuals, the benefits of PA 

outweigh any risks or adverse effects (Biddle & Mutrie, 2008, p. 24; Moore, et al., 2009, p. 

19). 

2.4 Measurement of PA 

There has been considerable interest for centuries in the measurement of body movement or 

activity of the body (Plasqui & Westerterp, 2007). From a rehabilitation perspective, the 

measurement of PA, or inactivity, can enable appropriate goal setting and the evaluation of 

progress towards set goals (Bussmann & Stam, 1998). Ideally, methods of PA assessment 

should assess free-living PA, over periods long enough to represent habitual PA levels, 

while minimising participant burden (Plasqui & Westerterp, 2007). However, it is 

recognised that there is a trade off between the feasibility and validity of various methods of 
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PA measurement (Esliger & Tremblay, 2007). Some methods of PA assessment, which use 

objective instruments to quantify PA, can be cost prohibitive on a large scale, and can lead 

to an alteration of behaviour; in contrast, other, usually more cost effective, methods are 

entirely subjective and based on recall (Bussmann & Stam, 1998). In addition, the various 

methods of PA assessment measure different aspects of PA. Therefore, choice of PA 

assessment measure is dependent on the outcome measure of interest, and evaluation of the 

psychometric properties (validity, reliability, responsiveness, and utility) of the measure, as 

well as population, circumstance, and environmental considerations (Bussmann & Stam, 

1998; Mason & Redeker, 1993; Montoye, 2000). 

There are various classification systems which group methods of PA measurement 

(Bussmann & Stam, 1998; Chen & Bassett, 2005; Plasqui & Westerterp, 2007). One 

classification proposed by Chen and Bassett (2005) identified four primary methods of PA 

measurement: subjective reports and observation; indirect calorimetry; doubly-labelled 

water (DLW); and portable monitors. Each of these four methods will be briefly reviewed in 

the following sections. 

2.4.1 Subjective reports and observation 

Diaries, questionnaires, and observation are all subjective measures of activity (Chen & 

Bassett, 2005), and a brief description of each measure is outlined below. 

2.4.1.1 Diaries 

Diaries typically contain a self–report of activity. PA is usually recorded at predefined, 

specified intervals, ranging from every 10 minutes to hourly. Diaries are able to measure the 

quantity and types of PA performed in a day, and they are relatively inexpensive. However, 

they require motivation to complete, can become obtrusive, are subjective, and, because they 

are completed retrospectively, they are dependent on recall (Bussmann & Stam, 1998; 

Mason & Redeker, 1993; Washburn & Montoye, 1986). 

2.4.1.2 Observation 

Observation involves the annotation of activity, usually within a free-living environment, by 

an observer or using video monitoring with subsequent interpretation. Observation is time 

consuming, can influence behaviour, and depending of the choice of measure it can incur 

observer fatigue (Bussmann & Stam, 1998; Mason & Redeker, 1993). Despite such 
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limitations, observation records live activity, can quantify the amount and type of PA 

performed, and is reliable (Bussmann & Stam, 1998; Mason & Redeker, 1993). 

2.4.1.3 Questionnaires 

Questionnaires may be written (pen and paper), electronic, or verbal. They contain a series 

of questions requesting recall of activity over a specific interval of time, and usually 

endeavour to quantify parameters of PA such as type, intensity, frequency, and duration, or 

energy expenditure (EE) in addition to perceived psychological benefit. The recollection of 

activity over days, months, or a year, the use of an interviewer, and the subjective aspect of 

questionnaires, are all factors which can affect reliability and validity of this approach 

(Bussmann & Stam, 1998; Mason & Redeker, 1993; Washburn & Montoye, 1986). 

2.4.2 Indirect Calorimetry 

Direct calorimetry measures total heat loss from the body, while indirect calorimetry 

measures total energy production; however, direct calorimetry is laboratory-based and 

therefore not a measure of free-living PA (Ainslie, Reilly, & Westerterp, 2003). Very 

simplistically, for indirect calorimetry, various forms of ventilator hood or respiratory 

chambers measure the rate of maximal oxygen consumption to carbon dioxide production; 

this value is then used to determine EE (Ainslie, et al., 2003). Indirect calorimetry is also 

frequently laboratory-based, but there are also portable devices capable of measuring free-

living PA for up to a maximum of five hours (Ainslie, et al., 2003). This method of PA 

assessment is expensive and is therefore most appropriate for individual assessment of PA. 

Furthermore, because of the equipment required, this method may alter habitual PA 

behaviour (Ainslie, et al., 2003; Mason & Redeker, 1993). 

2.4.3 Doubly-labelled water  

The doubly-labelled water (DLW) method is used to establish total EE, based upon what is 

also a form of indirect calorimetry (Ainslie, et al., 2003). After ingestion of the stable 

isotopes of deuterium (2H) and oxygen (18O), the amount of 2H excreted as water, and the 

amount of 18O excreted as water and carbon dioxide, is calculated from samples of blood, 

saliva, and urine (Westerterp & Plasqui, 2004). 2H is lost more slowly from the body, as it is 

only contained in water; however, as 18O is contained in water and carbon dioxide (CO2), it 

is lost more rapidly from the body (Ainslie, et al., 2003). The difference between the rate of 

2H and 18O loss indicates the rate of CO2 production and this variable is then used to 

estimate EE (Ainslie, et al., 2003). PA, expressed as activity EE, can then be approximated 
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by subtracting the individual’s basal metabolic rate from 90% of the total EE (Casperson, et 

al., 1985). The DLW method is a valid and reliable method of estimating free-living PA, 

from a period of four to 20 days, and is reported to be the ‘gold standard’ or criterion 

measure for EE assessment (Ainslie, et al., 2003; Westerterp & Plasqui, 2004). However, it 

is very expensive, and is therefore not appropriate for the assessment of large numbers of 

participants (Westerterp & Plasqui, 2004). In addition, DLW only provides a summative 

outcome from the entire measurement period (Westerterp & Plasqui, 2004). Therefore, no 

information on daily intensity, frequency, and duration of PA is provided, which limits this 

particular method’s utility (Chen & Bassett, 2005; Westerterp & Plasqui, 2004), and has 

prompted some researchers to suggest that no PA ‘gold standard’ currently exists (Jerome, 

Young, Laferriere, Chen, & Vollmer, 2009). 

2.4.4 Portable monitors: Pedometers and Accelerometers 

Leonardo da Vinci was possibly the inventor of the first pedometer about 500 years ago, 

which makes the use of portable monitors potentially the oldest method of PA measurement 

(Montoye, 2000). Portable monitors range from simple pedometers, to devices which 

combine accelerometry with other physiological measurement or global positioning system 

(GPS) (Chen & Bassett, 2005). Pedometers and accelerometers will be discussed in more 

detail below. 

2.4.4.1 Pedometers 

Pedometers measure step counts, potentially the total distance walked, and provide an 

estimate of an individual’s daily PA (Tudor-Locke & Myers, 2001a). There are numerous 

makes of commercially available electronic pedometers (Plasqui & Westerterp, 2007), 

which are usually relatively small and inexpensive, making them ideal for everyday use 

(Ainslie, et al., 2003; Plasqui & Westerterp, 2007). A review by Berlin, Storti and Brach, 

(2006) suggests that pedometers are very accurate in measuring step counts, in people 

without a disability, who walk at a speed greater than 0.9 m·s-1, but reliability and validity 

are also brand dependent (Berlin, Storti, & Brach, 2006). Pedometers can lack sensitivity 

and are unable to measure frequency, duration, and intensity of activity (Berlin, et al., 2006; 

Plasqui & Westerterp, 2007). Consequently, while pedometers might be highly appropriate 

for use in clinical populations, especially with respect to goals setting, and estimating an 

individual’s general level of PA via step counts (Ainslie, et al., 2003; Tudor-Locke & 

Myers, 2001a), they are not as useful when multiple parameters, such as duration and 

intensity of PA, are of interest. (Plasqui & Westerterp, 2007). 
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2.4.4.2 Accelerometers 

Accelerometers are motion sensors which measure body movement by change in velocity 

with respect to time (Chen & Bassett, 2005; Plasqui & Westerterp, 2007). They are 

relatively burden free, can be used in the continuous free-living assessment of PA for several 

weeks, and have the ability to store data for relatively long periods of time (Bussmann & 

Stam, 1998; Plasqui & Westerterp, 2007). However, accelerometers are generally more 

expensive than pedometers, and frequently require software to enable interpretation of the 

data (Berlin, et al., 2006; Tudor-Locke & Myers, 2001a). 

Accelerometers have the ability to measure the quantity and intensity of PA, by monitor 

specific ‘activity counts’, or by the extrapolation of activity counts into EE (Chen & Bassett, 

2005; Hendelman, Miller, Baggett, Debold, & Freedson, 2000). Some accelerometers, for 

example, the activPAL (PAL Technologies Limited, Glasgow, Scotland), can also identify 

body positions or postural change (Ryan, Grant, Gray, Newton, & Granat, 2008). There is a 

variety of accelerometer transducer types but most are piezo-electric (Chen & Bassett, 2005; 

Mathie, Coster, Lovell, & Celler, 2004), as piezo-electric accelerometers do not respond to 

constant acceleration, and they do not require a constant power supply; therefore they are 

usually small and light weight (Plasqui & Westerterp, 2007). 

Piezo-electric sensors work like a simple mass spring system (Mathie, et al., 2004), and 

typically consist of a piezo-electric element and a seismic mass (Chen & Bassett, 2005). 

Acceleration of the seismic mass results in deformation of the piezo-electric element (Chen 

& Bassett, 2005). This leads to a build up of charge on one side of the sensor which then 

results in the generation of a voltage signal that is proportional to the acceleration (Chen & 

Bassett, 2005). The sampling frequency of the accelerometer regulates data acquisition; 

however, the sampling frequency must be high enough to capture human movement (Chen 

& Bassett, 2005). At the centre of mass, most non-impact PA is between 0.3 Hz-8 Hz 

(Bouten, Koekkoek, Verduin, Kodde, & Janssen, 1997; Winter, Quanbury, & Reimer, 

1976), but because some arm movement might be as high as 25 Hz, accelerometers are 

usually able to sample from 1-64 Hz (Chen & Bassett, 2005). The data are then low and high 

band pass filtered to minimise artefact and electronic noise (Bouten, et al., 1997; Chen & 

Bassett, 2005). The limits of the band pass filter for most commercially available 

accelerometers are typically within the range of 0.1-6 or 10 g; which is adequate as most 

human-generated acceleration at the pelvis generally ranges between 0.05-0.5 g (whereby 1 

g equals 9.81 m·s-2) (Bouten, et al., 1997; Chen & Bassett, 2005). Once filtered, amplified, 
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and then sampled at a predetermined frequency, the voltage signal from the accelerometer is 

converted into ‘raw counts’ and then converted again into accelerometer PA ‘activity 

counts’ (Chen & Bassett, 2005). 

Accelerometers may either be triaxial or uniaxial. Triaxial accelerometer are able to measure 

acceleration in the vertical (transverse), horizontal or anteroposterior (coronal), and 

mediolateral (sagittal) planes simultaneously (Ainslie, et al., 2003; Chen & Bassett, 2005). 

Some researchers have proposed that triaxial accelerometers theoretically provide a more 

valid measure of EE (Chen & Bassett, 2005; Montoye, 2000; Plasqui & Westerterp, 2007; 

Westerterp, 1999b); however, current methods of combining and analysing such triaxial data 

may not yet optimise this technological advantage (Chen & Bassett, 2005). 

Placement of the accelerometer is product dependent, and is typically specified by the body 

movement of most interest (Mathie, et al., 2004), as accelerometer output is altered by place 

of body site attachment (Westerterp, 1999b). When habitual PA, as opposed to specifically 

upper arm or lower limb movement, is the outcome of interest, the accelerometer is usually 

placed close to the body’s centre of mass (Mathie, et al., 2004). Currently, no accelerometer 

can accurately assess PA from one body site of attachment alone. Consequently a 

compromise between validity and participant burden is always present (Westerterp, 1999b). 

In summary, the measurement of PA in free-living is complex. Choice of PA measure is 

always a compromise between feasibility and validity. DLW is considered the gold standard 

measure of EE. However DLW, like all the other methods described above, is unable to 

capture all aspects of PA. The assessment of free-living PA actually requires a combination 

of PA measures to capture aspects of the individual’s PA level: frequency, types of activity, 

duration, and intensity (Janz, 2006). In addition, the interval of PA assessment should be of 

sufficient duration to typify habitual activity (Esliger & Tremblay, 2007). 

2.4.5 The RT3 triaxial accelerometer 

The RT3 triaxial accelerometer is a commercially available accelerometer. It has dimensions 

of 71 x 56 x 28 mm, weighs 65.2 g, is powered by AAA batteries, and is reasonably priced 

for researchers. These devices are calibrated at 5.3 Hz, are sensitive between 2-10 Hz, and 

have a dynamic range of 0.05–2.00 g (Powell, et al., 2003). The RT3 is considered safe to 

use with all other electrical equipment that people may wear or operate, for example hearing 

aids and pacemakers. 
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The RT3 measures acceleration forces in three planes of movement and produces activity 

counts; however the precise relationship of acceleration to each activity count is not known 

(Powell, et al., 2003). Counts are a digital representation of converted piezo-electrical 

conductance (Powell, et al., 2003) from the orthogonal displacement along any of the three 

planes (vertical/transverse plane = x axis, anteroposterior/sagittal plane = y, and 

mediolateral/coronal plane = z axis). The RT3 has four different modes of recording activity 

counts and storing data: Mode One samples and stores accumulated activity counts for every 

second in all three planes and will collect data for up to three hours; Mode Two samples and 

stores, for every second, a combined vector magnitude unit (VMU) from the three planes, 

and will collect data for up to nine hours; Mode Three samples and stores an accumulated 

mean vector magnitude unit (MVMU)/min as well as the counts for all three planes, and will 

collect data for up to seven days; and Mode Four samples and stores MVMU/min from the 

three planes, and will collect data for up to 21 days. Specifically, VMU are derived from 

each of the three axes via the equation ([X2 + Y2 + Z2]0.5), a measure which represents the 

square root of the sum of squared values of each individual axis. 

The reliability and validity of the RT3 have been investigated in controlled environments 

(Hale, et al., 2007; Hendrick, Bell, Bagge, & Milosavljevic, 2009; Hendrick, Boyd, et al., 

2010; Jacobi, et al., 2007; Powell & Rowlands, 2004; Rowlands, Thomas, et al., 2004) and 

in populations with specific health conditions in the community (Hale, Pal, & Becker, 2008; 

Hertzog, et al., 2007; Kozub, Oh, & Rider, 2005). Reliability studies in laboratory-controlled 

environments demonstrate good reliability but significant inter-monitor variability (Esliger 

& Tremblay, 2006; Powell & Rowlands, 2004), and good validity (Jacobi, et al., 2007; 

Rowlands, Thomas, et al., 2004). The RT3 has been used in the free-living measurement of 

PA in children (Rowlands, Ingledew, Powell, & Eston, 2004; Rowlands, Pilgrim, & Eston, 

2008), adults with obesity and mental health disorders (Chen, Jerome, LaFerriere, Young, & 

Vollmer, 2009; Dubbert, White, Grothe, O'Jile, & Kirchner, 2006; Faulkner, Cohn, & 

Remington, 2006; Jacobi, et al., 2007; Jerome, Young, Dalcin, et al., 2009; Soundy, Taylor, 

Faulkner, & Rowlands, 2007), older adults (Buchheit, et al., 2004; Witham, et al., 2007), 

people with neurological dysfunction (Hale, et al., 2008; Hale, et al., 2007), and with cardio-

respiratory disorders (Hecht, Ma, Porszasz, & Casaburi, 2009; Hertzog, et al., 2007; Steele, 

Belza, Hunziker, et al., 2003), and in people with LBP (Bousema, et al., 2007; Huijnen, 

Verbunt, Peters, & Seelen, 2009; Verbunt, Sieben, et al., 2005). 

While accelerometers are currently considered to be the most promising means of capturing 

free-living PA, further research is required to evaluate their psychometric properties 
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(Verbunt, et al., 2009). In particular, responsiveness to change in free-living PA requires 

further investigation (Bousema, et al., 2007; Verbunt, et al., 2009; Washburn, et al., 1990; 

Welk, 2005); the RT3 is no exception to this recommendation. The ability to measure 

change is an important aspect of accelerometers’ usefulness and validity (Hays & Hadorn, 

1992); it allows clinicians and researchers to determine clinically meaningful differences in 

a patient’s status (Seefeldt, Malina, & Clark, 2002; Stratford, Binkley, & Riddle, 1996). In 

addition, at the time when this thesis was undertaken no research had established the 

minimum number of valid days of RT3 data collection to reliably estimate free-living PA. 

2.5 PA and LBP 

The relationship between PA and LBP is complex and can be considered from several 

perspectives: firstly, the role of PA in preventing LBP; secondly, the role of PA in the 

management of LBP; thirdly, the effect of LBP on PA; and finally, what people with LBP 

think about PA. Each of these three areas will be discussed in the following sections. 

2.5.1 PA in the prevention of LBP 

Evidence for the role of PA in the prevention of LBP is uncertain. A review by Hildebrandt, 

Bongers, Dul, van Dijk, and Kemper (2000) explored the relationship between leisure time 

PA and LBP in the working population. Of the 34 cross-sectional or retrospective studies 

included, seven demonstrated a positive effect of PA on the prevalence of LBP (Hildebrandt, 

et al., 2000). However, the studies typically contained small samples and due to the 

heterogeneity of results a mete-analysis was not performed. A narrative review of 17 studies 

by Vuori one year later explored the relationship between leisure time PA and the 

prevention of LBP in the general population, and reported that there was some evidence to 

suggest that heavy physical labour was predictive of LBP. Likewise, a longitudinal study of 

5,028 men and 1,258 women in the United States of America found that LBP injuries 

accounted for 10.6% and 10.3% of all reported PA-related musculoskeletal injuries for men 

and women respectively (Hootman, et al., 2002). 

However, the reviews by Vuori (2001) and Hildebrandt et al. (2000) also reported that there 

was evidence to suggest that leisure time PA had a preventive effect on LBP. From the five 

prospective studies included in the review by Hildebrandt et al., three showed a positive 

relationship between PA and the prevention of LBP, while two demonstrated no association. 

More recently, a study exploring the one year prevalence of musculoskeletal injuries in the 

Royal Norwegian Navy found that 15% of the 2,265 participants experienced LBP often or 
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very often. However, when PA was stratified into very low, low, high, and very high, those 

who participated in high levels of PA reduced their odds of having LBP by 28% (Morken, 

Magerøy, & Moen, 2007). Likewise, a study involving 1,387 twins, that is 2,774 

participants, between the ages of 70 and 100 years, also found that being involved in 

strenuous PA, for example, heavy gardening, bicycling or dancing, was protective against 

either ever having LBP or of having LBP lasting more than 30 days (Hartvigsen & 

Christensen, 2007). Finally, the association between PA and CLBP in a cross-sectional study 

of 3,365 adults aged 25 years or older has been explored (Heneweer, Vanhees, & Picavet, 

2009). Heneweer et al. concluded that the relationship between PA and CLBP was most 

likely to be “U-shaped”, as those with a sedentary lifestyle and those who participate in 

strenuous sports were both more likely to develop CLBP. Therefore, it appears that PA both 

protects against and may, at least in some circumstances, be a cause of LBP. 

2.5.2 PA in the management of LBP 

The role of PA in the management and secondary prevention of LBP appears to be LBP sub-

classification dependent. 

2.5.2.1 Evidence for PA in the management of LBP by sub-classification 

A review by Waddell, Feder, and Lewis (1997) compared ‘advice to stay active’ versus ‘bed 

rest’ in people with ALBP. Eighteen trials were identified, of which eight found strong 

evidence demonstrating that ‘advice to stay active’ resulted in less time off work, and an 

equivalent, or faster symptomatic recovery (Waddell, et al., 1997). In contrast, the Cochrane 

review of ‘Bed rest for acute low back pain and sciatica’ containing four randomised 

controlled trials (RCTs), reported that ‘advice to stay active’ as a single treatment for people 

with ALBP had little beneficial effect over ‘advice to rest in bed’ (Hagen, Hilde, Jamtvedt, 

& Winnem, 2004). In 2010, the Cochrane review, ‘Advice to rest in bed versus advice to 

stay active for acute low back pain and sciatica’ (Dahm, Brurberg, Jamtvedt, & Hagen, 

2010) was published. This review merged the Cochrane reviews of ‘Bed rest for acute low 

back pain and sciatica’ (Hagen, Hilde, Jamtvedt, & Winnem, 2004) and ‘Advice to stay 

active as a single treatment for low back pain and sciatica’ (Hilde, Hagen, Jamtvedt, & 

Winnem, 2006). Ten RCTs comprising of 1,923 people were included in the merged review; 

however, only three RCTs specifically explored ‘bed rest’ versus ‘advice to stay active’ for 

those with ‘simple’ ALBP, that is, ALBP without the presence of neurological signs and 

symptoms. The outcomes of interest were pain, function, return to work or absenteeism, and 

self perceived recovery; although, no included RCT reported on this latter variable. A high 
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level of evidence indicated that ‘bed rest’ increases the length of work absenteeism, results 

in slightly higher pain scores, and smaller changes in functional status. Therefore, while 

‘advice to stay active’ alone was not shown to be an effective management option for LBP, 

‘advice to rest in bed’ had a negative effect on several LBP outcomes (Dahm, et al., 2010). 

The effectiveness of ‘advice to stay active’, compared to ‘advice and prescribed exercises’ 

has also been investigated. One study compared the effectiveness of advice alone, to advice 

and exercise (preceded by manipulative therapy) in 1,334 people with either acute or chronic 

LBP (UK BEAM Trial Team, 2004). This large study recruited people presenting with LBP, 

from various providers working in primary health, and randomly assigned them to either 

intervention group. Participants were followed up for 12 months following intervention and 

a high response rate of 75% was achieved at this time. A moderate benefit for the 

combination of exercise beyond that provided by advice alone at three months was found. 

A review comprising of 39 RCTs explored the effectiveness of ‘advice to stay active’ in 

people with LBP (Liddle, Gracey, et al., 2007). The articles included in the review were 

evaluated as being of medium (n = 14) and (n = 25) high quality in accordance with the 

Cochrane Guidelines for Systematic Reviews (van Tulder, et al., 2003). Advice in 

conjunction with exercise was the most commonly cited treatment for people with either 

acute or chronic LBP. However, while ‘advice plus exercise’ was more effective for people 

with CLBP, ‘advice alone’ was just as effective as ‘advice plus exercise’ in people with 

ALBP. In people with sub-acute LBP, ‘advice to stay active’ contained within a back-school 

was shown to be most effective. Back-schools typically include educational sessions of 

anatomy, biomechanics, ergonomics, and some form of exercise training. 

The 2005 Cochrane review ‘Exercise therapy for treatment of non-specific low back pain’ 

by Hayden et al. (2005) also found limited evidence to support the use of specific exercises 

in the management of people with ALBP. This review looked at the effect of exercise on 

pain, function, return to work or absenteeism, and global health. In the 11 RCTs which 

explored the effectiveness of ‘Exercise therapy for low back pain’ in people with ALBP, 

results were equivocal; similarly in the six RCTs which explored exercise in people with 

sub-acute LBP (six weeks to three months), there was also insufficient evidence to support 

or refute the effectiveness of exercises, but some evidence to suggest that graded PA might 

improve work absenteeism (Hayden, et al., 2005). Conversely, from the 43 RCTs included 

in the review, exercise was shown to be slightly more effective than ‘usual care’ in reducing 

pain and improving function in people with CLBP when compared to non-exercise groups 
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(Hayden, et al., 2005). Noted limitations of the review were: a lack of high quality literature 

in the area; the use of heterogeneous outcome measures; and that publication bias was likely 

(Hayden, et al., 2005). Results from this review were edited and published in 2010 but no 

changes were made to the conclusions, consequently the citation remained as Hayden et al. 

2005. 

2.5.2.2 Prescribed versus leisure PA for the management of LBP 

There is little evidence that examines if prescribed exercise is better than recreational PA for 

the management of LBP. One RCT randomised 681 people with LBP to receive either 

recreational PA or the prescription of specific LBP exercises and found that recreational PA 

was more effective. The specific exercise group demonstrated strong positive associations 

with LBP-related disability when examined from a cross-sectional perspective, and this 

association persisted at the six week, 12 week, and eight month follow-up. The authors 

concluded that non-specific recreational PA was more effective at reducing pain and 

improving psychological well-being than specific exercises (Hurwitz, et al., 2005). This 

conclusion is corroborated by a recent review which found low to moderate evidence for the 

inclusion of specific walking interventions in LBP rehabilitation strategies (Hendrick, Te 

Wake, et al., 2010) and by a 2010 Cochrane review ‘Advice to rest in bed versus advice to 

stay active for acute low back pain and sciatica’ which found that physiotherapy or 

prescribed exercises were no more effective at decreasing pain and disability than simple 

‘advice to stay active’ in people with ALBP (Dahm, et al., 2010) 

2.5.3 The relationship between PA and LBP 

The effects of LBP on PA, and of PA on LBP are not yet clear (Liszka-Hackzell & Martin, 

2004; Spenkelink, et al., 2002; Verbunt, et al., 2001). This is possibly due to the complex 

multi-factorial nature of pain. Some evidence shows a strong relationship between LBP and 

other co-morbidities such as hypertension and cardiovascular disease, which may be 

indicative of a decrease in PA (Hestbaek, et al., 2003a). Theory suggests, particularly in 

people with CLBP, that a decrease in PA may result in physical de-conditioning, a decline in 

physical fitness, muscle strength, and a decline in body composition (Verbunt, Seelen, et al., 

2005). Certainly, people with LBP perceive themselves to be less active and of poorer 

general health compared to the rest of the population (Jacob, 2006; Linton, 1985), and some 

research has shown that when people suffer with pain or experience an increase in pain, PA 

or the intensity of PA decreases, and specific activities take longer to complete (Huijnen, 

Verbunt, Roelofs, Goossens, & Peters, 2009; Simmonds, 2006). For example, when spinal 
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pain was induced by the injection of hypertonic saline, a negative relationship was found 

between pain and body acceleration during treadmill tasks (Moe-Nilssen, Ljunggren, & 

Torebjork, 1999), and a study of people with spinal stenosis found a significant increase in 

gait variability, attributed to low walking tolerance and the presence of radicular pain, 

compared to healthy individuals (Papadakis, et al., 2009). Similarly, people who reported 

high levels of pain post lumbar disc surgery were found to have correspondingly low levels 

of PA (Hasenbring, Plaas, Fischbein, & Willburger, 2006). Furthermore, a significant 

improvement in time spent walking, distance walked, stride length, and speed was found 

after pain relieving spinal cord stimulation was given to 15 patients with CLBP (Buchser, et 

al., 2005). 

Conversely, other authors suggest that there is no relationship between pain and PA, 

especially in those with CLBP (Geisser, Robinson, & Richardson, 1995; Linton, 1985; 

Liszka-Hackzell & Martin, 2004). For example, several studies have also shown that there is 

no statistically significant difference in physical fitness and PA levels between healthy 

individuals and people with LBP (Brox, Storheim, Holm, Friis, & Reikeras, 2005; 

Spenkelink, et al., 2002; Verbunt, Seelen, et al., 2005; Verbunt, et al., 2001; Wittink, 

Hoskins Michel, Wagner, Sukiennik, & Rogers, 2000). This has led some researchers to 

suggest that perceived PA is not the same construct as objectively measured PA, and that 

differences in PA and perceived PA might be related to various pain coping mechanisms 

(Hasenbring, et al., 2006; Linton, 1985; Verbunt, Seelen, et al., 2005; Verbunt, et al., 2001; 

Wedderkopp, Leboeuf-Yde, Andersen, Froberg, & Hansen, 2003). 

2.5.4 Perceptions of PA in people with LBP 

People with LBP perceive PA as encompassing activities of daily living, activities which 

cause breathlessness, and organised sports or leisure activities; LBP can affect all of these 

areas (Cook & Hassenkamp, 2000; Keen, et al., 1999; Vroman, Warner, & Chamberlain, 

2009). Typically, fear of pain returning and avoidance of activity dictate the type of 

activities in which people with LBP engage (Keen, et al., 1999). Participation in specific 

activities therefore changes according to the dynamic fluctuations of LBP over time and this 

has been described as “living around the pain” (Borkan, et al., 1995; Keen, et al., 1999). In 

contrast, people with LBP feel empowered when they perceive they have the ability to adjust 

their levels of PA according to their body’s needs (Slade, Molloy, & Keating, 2009a). 

PA is thought to be psychologically and physically beneficial, despite an increase in LBP 

symptoms frequently occurring (Keen, et al., 1999; Underwood, et al., 2006). However, 
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‘advice to stay active’ or an exercise programme were unlikely to be effective if patients 

perceive that their physiotherapist had not listened to them, taken their concerns seriously, 

and believed them (Trede, 2000). Patients perceived that the physiotherapist’s attention to 

them as individuals was crucial to the success of the relationship, and to the rehabilitation 

and management of their LBP (Slade, et al., 2009a; Trede, 2000). Accordingly, while LBP 

group exercise classes were perceived to be important for deriving support from others with 

LBP, classes prevented the individualisation of treatment (Cook & Hassenkamp, 2000). A 

more in-depth critique of literature which has explored the perceptions of people with LBP 

using Interpretative Phenomenological Analysis (IPA) methodology can be found in Chapter 

Five (p. 138). 

2.5.5 Summary 

In conclusion, research suggests that PA may protect against LBP, but the appropriate dose 

of PA is unknown (Hartvigsen & Christensen, 2007; Heneweer, et al., 2009; Hildebrandt, et 

al., 2000; Morken, et al., 2007; Vuori, 2001). Enough evidence recommending ‘advice to 

stay active’ as best practice in the management of ALBP has been found to support its 

inclusion in the development of evidence-based guidelines for seven European countries, 

Australia, and New Zealand (Kendall, Linton, & Main, 1997; van Tulder, et al., 2006). 

Likewise, guidelines for the management of CLBP recommend specific exercise and 

cognitive behavioural therapy as the two most promising approaches in the management of 

CLBP (Airaksinen, et al., 2006). Currently, the optimal means for the delivery of any PA 

intervention for people with LBP is not known. Some research indicates that ‘advice to stay 

active’, and participation in usual and recreational PA is the essential factor for the recovery 

from and prevention of LBP (Hildebrandt, et al., 2000; Hurwitz, et al., 2005; Liddle, Gracey, 

et al., 2007; Vuori, 2001). Other researchers have found that ‘advice to stay active’, in 

conjunction with specific exercise prescription and cognitive behavioural therapy, is more 

effective than advice alone (Airaksinen, et al., 2006; Hayden, et al., 2005). Regardless, 

‘advice to stay active’, resumption of usual PA, and the prescription of specific exercises are 

more favourable than ‘advice to rest in bed’ (Dahm, et al., 2010). This conclusion is 

corroborated by people with LBP also perceiving that PA is important in the management of 

their LBP (Keen, et al., 1999). 

Discrepancies between the results of many of the quantitative papers are most likely due to 

the heterogeneity of the participants included in the studies, different methods of sub-

classifying LBP, varying protocols for prescribing advice and exercise, the use of proxy 
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measures of PA, and the use of a variety of PA outcome measures. However, until measures 

that can accurately assess PA in free-living are used, interpreting the effects of various 

interventions will remain difficult (Dishman, et al., 2005). The following section will 

provide a more in-depth critique of research which has measured the free-living PA of 

people with an objective measure: an accelerometer. 

Section two 

2.6 Critique of accelerometer-measured free-living PA and LBP 

research 

The aim of this literature review was to assess the current level of use of accelerometers as 

an objective measure of free-living PA in people with LBP, and to critique this literature in 

order to gain an understanding of the current knowledge on accelerometer-measured, free-

living PA in people with LBP. 

To achieve this aim a comprehensive and systematic search of the literature was conducted. 

The databases of CINAHL via Ebsco (1981–April 2010); PubMed (1960–April 2010); 

PsycInfo (1967–April 2010); Ovid Medline (1950–April 2010) and; AMED (1985-April 

2010), Scopus Discuss (via Ebsco), and Current Contents Connect via Web of Knowledge. 

Using the key words ‘Back pain AND (activity monitor OR acceleromet*)’, these databases 

were regularly screened for relevant new papers over four years. Papers were included if: 

they explored day time, free-living assessment of PA with an accelerometer; the LBP was 

not artificially induced; and participants were diagnosed with non-specific LBP. Papers were 

excluded if: they involved children or young adults (under the age of 18 years); 

measurement of PA was laboratory-based; the purpose of the study was to measure vibration 

or loading (via an accelerometer at specific vertebral levels) rather than habitual PA per se; 

participants were diagnosed with serious LBP pathology, such as a lumbar stenosis; or if 

participants had received invasive treatment, for example, LBP surgery, or spinal cord 

stimulation. 

A total of 256 papers were found; 27 papers were retrieved for closer inspection after 

checking titles and abstracts (see Figure 2.1, p. 34). From the 27 papers, 10 papers were 

excluded as four explored PA in patients who had either undergone back-related surgery 

(Hasenbring, et al., 2006), had ‘failed’ previous back surgery (Bussmann, van de Laar, 

Neeleman, & Stam, 1998), had undergone spinal cord stimulation (Buchser, et al., 2005), or 

had lumbar stenosis (Papadakis, et al., 2009). Two papers explored PA and LBP in children 
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(Wedderkopp, Kjaer, Hestbaek, Korsholm, & Leboeuf-Yde, 2009; Wedderkopp, et al., 

2003), and two papers assessed laboratory-based PA (Papadakis, et al., 2009; Ryan, Grant, 

et al., 2008). One paper assessed PA with a diary (Huijnen, Verbunt, Roelofs, et al., 2009), 

and one measured sleep PA as opposed to day time PA (Liszka-Hackzell & Martin, 2005). 

Figure 2.1 provides a flow diagram, as per the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) (Moher, Liberati, Tetzlaff, Altman, & The 

PRISMA Group, 2009) of the number of articles and studies found and included in the 

review. 

The 17 papers were derived from 12 studies (see Table 2.1, p. 35). Eight of the studies had 

only one paper reporting results. A case study was used to explore the usefulness (validity) 

of measuring free-living PA by accelerometer in one person with CLBP (Busser, et al., 

1998). Six studies used a case-control design to explore whether PA was statistically 

significantly different compared to control subjects (Chastin & Granat, 2009; Ryan, et al., 

2009; Spenkelink, et al., 2002; van den Berg-Emons, et al., 2007; van Weering, et al., 2009; 

Verbunt, et al., 2001). Finally, a randomised intervention trial was used to explore whether 

‘supervised’ or ‘unsupervised’ Nordic walking was statistically significantly different 

compared to ‘advice only’ for PA, pain, and, function (Hartvigsen, et al., 2010). 

The remaining nine papers were from four studies. Two papers from one prospective cohort 

study explored the free-living PA of people with either acute or chronic LBP (Liszka-

Hackzell & Martin, 2002, 2004). Three papers were written from one nested case-control 

prospective study involving 124 people with sub-acute LBP (Bousema, et al., 2007; 

Huijnen, Verbunt, Peters, et al., 2009; Verbunt, Sieben, et al., 2005). Two papers were 

produced from the exploration of free-living PA in 38 people with CLBP by Ryan and 

colleagues (Ryan, Grant, et al., 2008; Ryan, Gray, Newton, & Granat, 2010b). Finally, a 

controlled trial involving six people with CLBP resulted in the publication of two papers (de 

Jong, et al., 2005; Vlaeyen, et al., 2002). No specific critical appraisal tool was used to 

critique the included papers. As the included papers had various methodologies a descriptive 

analysis was deemed most appropriate. 
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Figure 2.1 Keywords and PRISMA flow diagram of retrieved LBP and PA papers 

All papers included in this critique measured the free-living PA of people with LBP with an accelerometer. 

PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyse; PA = physical activity; LBP 

= low back pain. 
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Table 2.1 Literature review: papers by study, year, and LBP classification 

Study Papers   

by year 

First   

author 

Population
a
 

ALBP (+ CLBP) 

1 2002 Liszka-
Hackzell 

ALBP (< 6 months) n = 15; CLBP (> 6 months) n = 25; 18–
75 age range; mean age = 48 years. Followed for 4 months. 

 2004 Liszka-
Hackzell 

ALBP (< 2 weeks) n = 15; CLBP (> 6 months) n = 15; 18–
75 age range. Followed for 3 weeks. 

Sub acute LBP 

2 2005 Verbunt LBP (4–7 weeks duration), N = 123; mean age = 44 years. 
Lab test + 1 week PA. 

 2007 Bousema LBP (4–7 weeks duration), N = 124. Followed for 1 year. 
106 completed the study. 

 2010 Huijnen LBP (4–7 weeks duration), N = 124; mean age = 44 years. 
Lab test x 2 + 1 week PA. 

CLBP 

3 1998 Busser CLBP (unknown duration), N = 1. 

4 2001 Verbunt CLBP (12 ± 7 years), n = 13; mean age = 45 years. 
Controls: age and sex matched, n = 13; mean age = 45 years. 

5 2002 Spenkelink CLBP (> 6 months), n = 47; mean age = 37 years. 
Controls: age sex matched, n = 10; mean age: 29 years. 

6 2002 Vlaeyn CLBP (> 6 months), N = 6; 18-65 age range; mean age = ? 

 2005 De Jong CLBP (> 6 months), N = 6; 18-65 age range; mean age = ? 

7 2007 Van den 
Berg-Emons 

Chronic pain (> 3 years), n = 18; mean age = 44 years. 
CLBP, n = 6; Neck, n = 7. Other, n = 5. 
Controls: n = 18; age and sex matched; mean age = 44 years. 

8 2008 Ryan CLBP (> 3 months), N = 38; mean age = 45 years. 

 2010 Ryan CLBP (> 3 months), N = 38; mean age = 45 years. 

9 2009 Ryan CLBP (> 3 months), n = 15; mean age = 39 years. 
Controls: n = 15; age, sex, and occupation matched;  
mean age = 40 years. 

10 2009 Chastin CLBP (unknown duration), n = 5; mean age = ? 
Chronic fatigue syndrome, n =14; mean age = ? 
Healthy ‘inactive’, n = 54; mean age = ? 
Healthy ‘active’, n = 53; mean age = ? 

11 2009 Van 
Weering 

CLBP (> 3 months), n = 29; mean age = 44 years. 
Controls: age and sex matched, n = 20; mean age = 41 years. 

12 2010 Hartvigsen CLBP ± leg pain (> 8 weeks), N = 136. 
Followed for 1 year. 126 completed the study.  

Note. LBP= low back pain; ALBP = acute low back pain; CLBP = chronic low back pain; ? = unstated; N = 

total number of participants; n = sub-sample of participants. 

a
 LBP classification was grouped in to acute, sub-acute, and chronic LBP by the papers’ authors. 
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2.6.1 ALBP and CLBP 

Two papers reported on the free-living PA of people with either ALBP or CLBP (Liszka-

Hackzell & Martin, 2002, 2004) (see Table 2.1, p. 35). In the first of these papers, 15 people 

with ALBP, and 25 people with CLBP, completed function, pain, and health-related quality 

of life questionnaires. Then participants were asked to record their pain from 0 to 10 on an 

electronic device, every 90 minutes between the hours of 0800 and 2200, for three weeks. 

PA was measured with the AW-64 Actiwatch (Bio-Lynx Scientific Equipment Incorporated, 

Montreal, Canada), worn on their non-dominant wrist for three weeks. Inclusion in the 

analysis required a minimum of 14 days of PA data collection. PA and pain score data were 

then manipulated to create time-matched scores for every 10 minutes of the defined day. The 

data were used to establish patterns of PA in relationship to pain for 30 participants’ data: 15 

participants with ALBP and 15 with CLBP. The output indicated that pain affected PA 

patterns. For example, participants who had the smallest decrease in pain spent longer 

periods of time engaged in stationary PA (Liszka-Hackzell & Martin, 2002). Unlike the first 

paper, the second paper investigated the relationship between PA and LBP by LBP 

classification from the three weeks of matched pain and PA data. A significant decrease in 

pain (p < 0.01) was found in participants with ALBP over the three weeks. In 10 of the 15 

participants with ALBP, a spike in recorded pain intensity was preceded by a bout of PA 30 

minutes earlier. However, this relationship diminished as recorded pain intensity decreased. 

No relationship was found between PA and pain intensity in the CLBP group (Liszka-

Hackzell & Martin, 2004). Despite the difference in the definition of ALBP between the two 

papers (< 6 months versus < 2 weeks; see Table 2.1, p. 35), the second paper’s study 

protocol is identical to the first phase of the protocol reported in the first paper, thereby 

suggesting that these two papers are from the same study. While the sample size was small, 

results show that LBP affects PA patterns, and a bout of PA increases pain in participants 

with ALBP (Liszka-Hackzell & Martin, 2002, 2004). However, in participants with CLBP, 

while high levels of pain decrease levels of PA, a bout of PA did not increase pain. 

Unfortunately, no direct comparison between the PA of those with acute or chronic LBP was 

made in either paper. 

2.6.2 Sub-acute LBP 

Three papers explored PA in over 120 people with LBP of four to seven weeks duration, 

which the authors defined as sub-acute LBP (Bousema, et al., 2007; Huijnen, Verbunt, 

Peters, et al., 2009; Verbunt, Sieben, et al., 2005) (see Table 2.1, p. 35). One of these papers, 

compared PA at baseline to one year later, when participants had either ‘recovered’ or still 
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had LBP (labelled as ‘CLBP’) (Bousema, et al., 2007). The results of this paper will 

therefore be discussed in more detail alongside the papers discussing PA in people with 

CLBP (see 2.6.3 below). 

Verbunt et al. (2005) employed a cross-sectional design to explore whether a perceived 

decline in PA was a better predictor of disability than free-living PA. The outcome measures 

of PA were MVMU/day, measured with the RT3 triaxial accelerometer for a minimum of 

five from seven days, and an activity diary to record any times when the RT3 was removed. 

Perceived PA decline was measured on a modified 20 point Physical Activity Rating Scale 

(Vercoulen, et al., 1997), and habitual activity with a modified Baecke Physical Activity 

Questionnaire (BPAQ) (Baecke, Burema, & Frijters, 1982). Fear of movement, depression, 

disability, and pain were also measured. No association was found between habitual PA or 

current PA (measured by the RT3), with any of the pain intensity, fear of movement, 

depression, or disability measures. However, perceived PA decline was significantly 

associated with pain intensity, fear of movement, depression, and disability. When 

participants were sub-classified into either ‘sedentary’ or ‘active’ groups (based on scores 

from the BPAQ), higher, yet statistically non-significant RT3 MVMU/day were found in the 

habitually active group. Interestingly, perceived PA decline was higher for the active group 

(mean 5.6, range 0–20) compared to the sedentary group (mean 3.1 range 0 to 17). 

Consequently, the authors suggested that perceived PA decline was possibly of more 

relevance to people who were previously active than those who were not (Verbunt, Sieben, 

et al., 2005). 

The purpose of the second paper was to explore whether consistent over-prediction of pain 

results in lower physical strength and lower PA levels (Huijnen, Verbunt, Peters, et al., 

2009). In addition to pain, disability, and fear of movement outcomes measures, participants 

were asked to predict how much pain they would anticipate feeling (on a 0 to 100 scale) 

when performing a single leg quadriceps contraction. They were then asked to rate the pain 

intensity when performing the contraction. The difference between these two scores 

(predicted versus actual) was used to determine ‘over-predictors’. Participants classified as 

‘over-predictors’ were participants who had anticipated more pain than what was actually 

experienced when performing the quadriceps contraction. On the first assessment there were 

62 ‘over-predictors’ and 43 ‘correct- predictors’. On the second assessment there were 30 

‘over-predictors’, 73 ‘correct-predictors’, and eight ‘under-predictors’. The grouping from 

the second assessment alone was then used in the statistical analysis. Subsequent to these 

two laboratory-based tests, the RT3 accelerometer was then worn for seven days with the 
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outcome being MVMU/day. Hierarchical regression analysis found that age and fear of 

movement significantly explained physical strength results, and fear of movement 

significantly explained free-living PA in the ‘over-predictor’ group. Interestingly, age and 

fear of movement were negatively associated with laboratory PA, while fear of movement 

was positively associated with free-living PA. In other words, as fear increased, so did free-

living PA. The small number of ‘under-predictors’ (n = 5) prevented any further analyses on 

this group; likewise no further analysis was performed on the ‘correct-predictors’. 

Therefore, it is unknown if those who underestimate pain experience an increase in pain post 

PA, and whether there is any relationship between fear of movement and free-living PA in 

either of these groups. There are some methodological considerations with this paper. It is 

not clear whether participants were blinded to their group sub-classification, whether a full 

complement of data was obtained for the free-living PA assessment, and when the free-

living PA assessment took place. Some of these details can however be deduced from the 

paper by Verbunt et al. (2005), which suggests that 12 participants did not have enough 

valid RT3 data to be included in the analyses. In addition, the paper by Huijnen et al. (2009) 

suggests that participants who were classified as ‘over-predictors’ of pain consistently over-

predicted PA-related pain. However, this group actually only included the ‘over-predictors’ 

from the second assessment; therefore it is unclear how many of the second assessment 

‘over-predictors’ had also over-predicted pain in the first assessment, or indeed if any of the 

‘over-predictors’ in the second assessment had been ‘correct-predictors’ in the first 

assessment. 

Results from these two papers are intriguing, and in some respects conflicting. Verbunt et al. 

(2005) found that free-living PA was not associated with pain, fear of movement, 

depression, or disability, but that pain intensity and perceived PA decline predicted 

disability, while Huijnen et al. (2009) found a positive statistically significant association 

between fear of movement and free-living PA. Huijnen et al. (2009) proposed that the 

positive relationship between fear and PA might be due to people with high pain scores 

adopting different motor patterns so as to avoid the painful movement, and this new strategy 

resulted in an increase in EE. This is despite the outcome of interest in the study being 

MVMU/day and not EE. The authors suggested that people with higher fear scores perhaps 

avoided the PA of walking by bicycling instead; bicycling is a more intense PA thus 

accounting for the increase in MVMU/day found. However, this explanation is questionable 

as walking is the most commonly performed PA (of at least moderate intensity) (Tudor-

Locke & Myers, 2001b). In summary, results from these two papers suggest that depending 
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on the terms used to sub-classify people with sub-acute LBP, the relationship between free-

living PA, fear of movement, pain intensity, and disability will vary. 

2.6.3 CLBP 

Two of the 15 papers which explored free-living PA in people with CLBP have already been 

discussed, as they explored free-living PA in people with either acute or chronic LBP 

(Liszka-Hackzell & Martin, 2002, 2004). The remaining 13 papers will be discussed by 

study design, for example case study, case-control, and longitudinal analysis. 

A case study was used to explore the usefulness (validity) of measuring free-living PA by 

accelerometer (Busser, et al., 1998). The DynaPort ADL monitor (McRoberts BV, Den 

Hague, The Netherlands) was worn around the waist and upper thigh by a male participant 

with CLBP on two consecutive days. Pain on a Visual Analogue Scale (VAS) (Bolton, 

1999) was rated every 30 minutes as the participant completed a maintenance mechanic job 

on day one, and a messenger job on day two. Data from the DynaPort were downloaded to a 

PC, and classified into locomotion, standing, sitting, and lying, by 10 minute epochs. The 

intensity of PA was graded from 0 to 6: 0 = inactivity; 3 = moderate intensity PA, such as 

walking; and 6 = high intensity PA, such as jogging. For the first three hours of each day, 

video analysis was also used. The DynaPort was able to detect the different intensities of PA 

required for the two occupations, with the messenger’s job being more active. LBP was 

affected by PA, as the more active day resulted in higher reported pain scores. The ability to 

change position, which occurred more frequently in the mechanic’s job, resulted in a 

decrease in pain, while the long periods of loading from standing, walking, and bending 

which occurred in the messenger’s job increased pain (Busser, et al., 1998). 

Two papers by Ryan and colleagues (2008 and 2010) reported on the PA of 38 participants 

with CLBP. The first reported on the convergent validity of function and the activPal 

accelerometer (Ryan, Gray, Newton, & Granat, 2008). After completing the Roland Morris 

Disability Questionnaire (RMDQ) (Roland & Morris, 1983), three validated and reliable 

physical function tests: repeated sit-to-stand; 50 foot (15.34 metre) walk test; and a 10 

minute walk test, were performed (Simmonds, et al., 1998). Then each participant wore an 

activPal for 24 hours over seven days, with a range of three to seven days PA data collected. 

Weak (r = 0.32 to 0.44, p < 0.05) but statistically significant relationships were found 

between PA, the physical function tests, and perceived disability (RMDQ) (Ryan, Gray, et 

al., 2008). The second paper reported on the relationship between psychological distress and 

free-living PA (Ryan, et al., 2010b). While the paper presents the same protocol as outlined 
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above, participants were classified, via the modified version of the Distress Risk Assessment 

Method (DRAM) (Bulthuis, Vollenbroek-Hutten, Hermens, Vendrig, & Van Lummel, 

2004), as either ‘distressed’ (n = 29) or ‘non distressed’ (n = 9). Mean PA per day was 

calculated from seven days of data. There were no descriptive characteristic differences 

between the groups, but statistically significant differences were found between the groups 

for disability, somatic anxiety, and depressive symptoms. Results indicate that the 

‘distressed’ group spent significantly less time in standing or walking postures (p < 0.05), 

and the presence of depressive symptoms was a significant predictor of combined time spent 

standing and walking; that is, higher levels of depression resulted in more time spent lying 

or sitting (Ryan, et al., 2010b). In summary, the first paper reported on the convergent 

validity of free-living PA, specific functional tests, and self-reported disability and found 

weak positive associations, while the second paper explored the relationship between CLBP 

and free-living PA and found that being ‘distressed’, rather than pain intensity, significantly 

predicted time spent in PA of at least moderate intensity. Results from these two papers 

suggest that function, disability, and PA are different constructs, and that higher 

psychological distress scores, particularly depression, are negatively associated with 

participation in higher intensity activities. 

Only one paper found and included in this review was of observational design (Bousema, et 

al., 2007); it presents results from the same study and participants (described earlier) by 

Verbunt et al. (2005) and Huijnen et al. (2009). This paper explored whether fear of 

movement, depression, PA decline (measured with a modified Physical Activity Rating 

Scale) (Vercoulen, et al., 1997), and habitual PA, explained ‘disuse’, classified as a decrease 

in mean RT3 counts/day. Disuse was measured with the RT3 from a minimum of five from 

seven days of data collection on two occasions, one year apart. In addition to the outcome 

measures identified, and to the pain, disability, function, and psychological measures 

described above in the critique of Verbunt et al. (2005) and Huijnen et al. (2009), change in 

physical fitness characteristics, such as, weight, body fat, and strength, were also measured 

at baseline and at one year. At one year participants were classified as either ‘recovered’ (n 

= 27) or having CLBP (n = 62). CLBP was defined as continuous LBP over the previous 

year, or in cases where the total number of pain free days in the last 12 months was less than 

21. Thirty five participants had either incomplete data or had withdrawn from the study, and 

were therefore not included in the analysis. At one year, there were no differences between 

the ‘recovered’ and the CLBP group for fear of movement, catastrophizing, and habitual PA 

(as measured by the BPAQ) (Baecke, et al., 1982). In the ‘recovered’ group, there was an 
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improvement in pain intensity, disability, depression, sick leave, and perceived PA decline 

at one year. However, no statistically significant increase in free-living PA, strength, or 

decrease in percentage of body fat was found for the ‘recovered’ group from baseline. 

Interestingly, the CLBP group demonstrated a 12.5% increase in PA from baseline, which 

was significant (p = 0.02), and a significant increase in strength (p < 0.05). Further analysis 

revealed no statistically significant difference in the change of PA between the ‘recovered’ 

and the CLBP group (F = 0.31, p = 0.58). Depression and perceived PA decline were the 

only variables to explain RT3 measured PA decline. Subsequent exploration of the CLBP 

group revealed that only half of this group had increased their free-living PA, which 

indicates that assessment of people with CLBP as a single group might mask results from 

various possible sub-classifications of CLBP. A possible sub-grouping suggested by the 

authors is that of ‘copers’, who use endurance strategies which ultimately result in muscular 

overload, hypertrophy, and then an increase in pain and disability and the development of 

CLBP while maintaining habitual activity levels (Bousema, et al., 2007). Results also 

indicated that a decrease in PA is predicted by depression; however whether the decrease in 

PA precedes depression (or vice versa) remains unknown. 

At first glance, these results suggest that there was no de-conditioning or ‘disuse’ in 

participants with CLBP. However, this assumption could be misleading. Firstly, while the 

longitudinal aspect of this study is commendable, a single week’s PA assessment does not 

necessarily reflect habitual PA. Secondly, the definition for CLBP used in the study meant 

that only those who had almost constant LBP for a year were considered as having CLBP. 

Therefore it is likely that some participants in the ‘recovered’ group still suffered 

intermittent or recurrent LBP. At follow up, comparable fear of movement, catastrophizing, 

and depression, were found between the groups, which is interesting as the ‘recovered’ 

group did not demonstrate a statistically significant increase in PA from baseline, while the 

CLBP group did. A subsequent sub-group analysis of PA increase and decrease in the 

‘recovered’ group would have been valuable, as it is possible that depression and perceived 

decline in PA would have also predicted free-living PA in a sub-group of these participants. 

Finally, PA was initially measured four weeks post onset of LBP. Accordingly, the authors 

have not actually measured disuse, as PA was not measured prior to pain onset; rather, they 

have instead followed the transition of PA in participants with sub-acute LBP through to 

chronicity. 

Six of the studies were case-control (Chastin & Granat, 2009; Ryan, et al., 2009; 

Spenkelink, et al., 2002; van den Berg-Emons, et al., 2007; van Weering, et al., 2009; 
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Verbunt, et al., 2001). Two of the six studies included mixed samples, that is, participants 

with health conditions other than LBP, in addition to the participants with CLBP (Chastin & 

Granat, 2009; van den Berg-Emons, et al., 2007). Verbunt et al. (2001) compared PA in 13 

people with CLBP, and in 13 age- and sex-matched healthy individuals. Baseline 

measurements of self-reported disability, pain, fear of movement, resting metabolic rate, and 

body composition were recorded. In addition, the DLW technique was used to assess PA in 

all participants. The waist mounted Tracmor triaxial accelerometer (Maastricht University, 

Maastricht, The Netherlands) was then worn for 14 days by all participants, and PA 

expressed as the total counts over the time period. No significant difference in PA, DLW, or 

any other physical variable was found between the two groups. Pain, disability, and fear of 

movement showed no association with either DLW or the accelerometer data, but DLW and 

free-living PA were correlated (r = 0.72, p < 0.01) in the CLBP group (Verbunt, et al., 

2001).  

Likewise, a study comparing the day-to-day variability and difference in PA between 47 

participants with CLBP and 10 healthy individuals, initially over 24 hours and then over five 

days, found a small, non-significant, difference in PA and walking speed between the two 

groups (Spenkelink, et al., 2002). Despite this, participants with CLBP spent statistically 

significantly more hours per day lying and sitting down compared to healthy individuals. In 

the second aspect of the study, six participants from the CLBP group and 10 healthy 

individuals wore the DynaPort for five consecutive days. Large day-to-day variability was 

found; however variability was comparable between the two groups (Spenkelink, et al., 

2002). 

In a cross-sectional study by van den Berg-Emons et al. (2007), 18 participants with chronic 

pain of more than three years duration participating in a rehabilitation programme were 

matched with 18 healthy individuals; six of the 18 participants had CLBP. A device 

consisting of four accelerometers (two fixed to the sternum and one on each thigh) attached 

to a pouch on the waist containing a data recorder (Temec Instruments BV, Kerkrade, The 

Netherlands) was used. The duration of each activity (% of the day), combined duration of 

dynamic activities (for example, running), the number of transitions between different 

postures, and the number of walking periods longer than 10 seconds in duration, was 

recorded over one 24 hour period. In addition, variability in the PA counts, mean intensity of 

PA, and speed of PA were assessed. All healthy participants worked, but only one 

participant with chronic pain worked. Despite this, only mean variability in the PA counts 

was significantly different between the groups (p < 0.05). Furthermore, participants with 
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CLBP group had a lower variability in the PA counts (p < 0.014) compared to participants 

with chronic pain of other origin. While not statistically significant, the duration of dynamic 

activities was 14% lower in the participants with chronic pain compared to the healthy 

individuals (van den Berg-Emons, et al., 2007).  

Van Weering et al. (2009) also failed to find a statistically significant difference in PA 

between 29 people with CLBP and 20 healthy individuals. Disability, work status, duration 

of pain, and perceived physical load during work outcomes were collected at baseline. Then 

an MT9 inertial 3-D motion sensor (Omni Instruments LLC, Dundee, Scotland), in 

combination with an MOB18-MT9 data logger (Omni Instruments LLC, Dundee, Scotland), 

was worn on the waist for seven consecutive days. An activity diary was also completed by 

participants to delineate work days from leisure days. Each day was split into three sections: 

morning from 0800-1200 hours; afternoon from 1200-1800 hours; and evening from 1800-

2200 hours. Higher, but statistically non-significant, PA levels were found in the healthy 

group by week and by weekend. When PA was grouped by morning, afternoon, and 

evening, participants with CLBP had significantly higher PA in the morning (p < 0.001) and 

significantly lower PA in the evening (p < 0.05) compared to the healthy individuals. 

Healthy individuals’ activity patterns changed in the weekend compared to the week: during 

the week, lower PA was found in the morning and higher in the evening but this pattern 

reversed in the weekend. In contrast, no reversal in pattern was found for the CLBP group. 

When the 29 participants with CLBP were sub-classified into either ‘employed’ (n = 8), 

‘housekeeping’ (n = 6), or ‘sick leave or disability benefit’ (n = 13), no difference in PA 

levels was found between morning, afternoon, and evening. Two participants were 

unaccounted for but lack of valid days may have resulted in their exclusion from this 

analysis.  

Likewise, a study of 53 healthy occupationally ‘active’ adults, 54 healthy occupationally 

‘inactive’ adults, 14 participants with chronic fatigue syndrome, and five participants with 

CLBP demonstrated similar findings (Chastin & Granat, 2009). PA was measured 

continuously with the activPAL for three to seven days, and variables of mean daily step 

counts, step length, and time spent in one of three categories of position 

(walking/standing/sitting or lying) were collected; sedentary activity was defined as any 

time spent in sitting or lying postures. While neither occupation nor the presence of a 

disability significantly affected sedentary time, as all participants spent 75% of their time 

per day in sedentary postures, the duration of sedentary bouts in the occupationally 

‘inactive’, the CLBP, and the chronic fatigue group was significantly different. In particular, 
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the duration of each bout of sedentary activity was longer. In other words, sedentary time of 

people who are healthy and occupationally ‘active’ is made up of shorter bouts of sedentary 

activity. 

Conversely, Ryan et al. (2009) found that people with CLBP had an altered pattern of PA, 

and a statistically significant decrease in several PA variables compared to age, sex, and 

occupation matched controls. Thirty participants, 15 people with CLBP and 15 healthy 

controls wore the thigh-mounted activPal for 24 hours over seven days. PA was measured as 

steps per day, and cadence during short (< 20 steps), moderate (20-100 steps), long (> 100 to 

499 steps), and extra long (> 499 steps) walks. Significant differences were seen between 

the groups for time spent walking (95% CI 0.3 to 1.1) and number of steps per day (95% CI 

1,754 to 5,207); this equates to a difference of 0.7 hours per day spent walking, and 3,480 

steps per day between the two groups. Steps per minute and number of steps during extra 

long walks were also significantly different. 

The findings of these six case-control papers are conflicting. This is possibly a result of the 

studies being underpowered; all had small sample size. Consequently, detecting a 

statistically important association between PA levels in those with or without CLBP 

becomes difficult. Five studies found no statistically significant difference between time 

spent in PA or in mean PA counts per day or per week in people with CLBP compared to 

healthy controls (Spenkelink, et al., 2002; van den Berg-Emons, et al., 2007; van Weering, 

et al., 2009; Verbunt, et al., 2001); yet, five studies found a statistically significant 

difference in time spent in different postures, mean variability in the PA counts, variability 

in the PA counts, when in the day higher intensity PA occurs, and pattern of sedentary time 

(Chastin & Granat, 2009; Ryan, et al., 2009; Spenkelink, et al., 2002; van den Berg-Emons, 

et al., 2007; van Weering, et al., 2009). Two studies found that patterns of evening PA were 

different between participants with CLBP and healthy controls: participants with CLBP 

spent significantly more time sitting or lying down in the evening (Spenkelink, et al., 2002; 

van Weering, et al., 2009). Previous research has demonstrated a linear increase in pain 

intensity from the morning to the evening in people with various pain conditions, including 

people with LBP (Peters, et al., 2000), and this might be associated with the decrease in PA 

throughout the day. In addition, as the evening is when many social or leisure activities 

occur, the decrease in PA which occurs at this time might explain the high levels of 

perceived disability in people with LBP (van Weering, et al., 2009). 
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Some of the conflicting results between these six case-control studies may also be due to 

differences in methodology. For example, Spenkelink et al. (2002) and van den Berg-Emons 

et al. (2007) only collected data for 24 hours; a minimum of four days PA is required to 

reliably estimate mean daily PA (Baranowski, Masse, Ragan, & Welk, 2008; Jerome, 

Young, Laferriere, et al., 2009). Only one of the case-control studies used occupational 

matched controls (Ryan, et al., 2009); however, the use of occupation may have lead to more 

comparable results, as the previously discussed case study found that occupation 

significantly changed the PA of a person with LBP (Busser, et al., 1998). In addition, which 

PA variables are used as an outcome measure may also result in differing conclusions, for 

example, step counts per day was significantly different (Ryan, et al., 2009), while activity 

counts per day was not (Verbunt, et al., 2001). Overall, no consensus on whether people 

with CLBP have altered total levels of PA compared to healthy individuals currently exists; 

however, if patterns of PA are compared, significant differences can be observed. 

Two studies (three papers) with controlled trials of differing designs (de Jong, et al., 2005; 

Hartvigsen, et al., 2010; Vlaeyen, et al., 2002) explored the effect of an intervention on free-

living PA, and measured change in PA with an accelerometer. Two papers describe the 

outcomes from a replicated crossover single case design, with six consecutive patients with 

CLBP attending a behavioural rehabilitation programme (de Jong, et al., 2005; Vlaeyen, et 

al., 2002). The purpose of this study was to explore the effect of either a ‘graded exposure in 

vivo’ or a ‘graded activity programme’ on the free-living PA in people with CLBP who 

demonstrated high fear of movement. The design was relatively complex, with an initial 

screening period of four weeks, a single education session followed by another four weeks 

of data collection, then randomisation into the first treatment intervention, which was then 

crossed over at four weeks. Outcome measures of fear of pain, fear of movement, 

catastrophizing, and pain intensity were recoded daily for 12 weeks. In addition, pain-related 

fear, pain vigilance, and pain disability were recorded at the initial screening, before and 

after baseline (weeks three and six), at the end of each intervention, and at the 12 month 

follow up. PA was measured with a waist-mounted uniaxial accelerometer five times: at 

baseline, after the education session, at week four of the exposure intervention and at week 

four of the graded activity intervention, and at follow up. The accelerometer output was 

derived from summing the counts for the entire week and then dividing by the time worn. A 

clinically meaningful difference in PA was determined by subtracting the mean baseline 

counts (counts/wear time), and dividing these values by the baseline standard deviation for 

that individual to create standardised z-scores. An increase of five z-scores was deemed 
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relevant. The paper by de Jong et al. (2005) reported on the change in PA after participants 

had received only the first of the two interventions; the second paper explored the crossover 

effect of the graded activity and exposure programmes on PA. After the first intervention, a 

clinically meaningful change in disability was found for both groups; however a clinically 

relevant change in PA occurred only in the graduated exposure group, and this improvement 

remained at the six month follow-up (de Jong, et al., 2005). Results from the crossover 

aspect of the study were similar: irrespective of treatment order, free-living PA increased in 

the exposure in vivo group alongside a corresponding decrease in pain vigilance and pain 

disability; these improvements remained 12 months later (Vlaeyen, et al., 2002). Results 

from these two papers are highly relevant despite the small number and very specific 

characteristics of the participants included: they indicate that graded PA is not as effective as 

graded exposure for increasing PA in people with CLBP who have high fear of movement. 

The third intervention trial explored the effect of either supervised or unsupervised Nordic 

walking on the free-living PA of people with CLBP (Hartvigsen, et al., 2010). The authors 

defined CLBP as continuous LBP of greater than eight weeks duration. An initial 135 

participants were randomised into one of three groups following recruitment from an 

outpatient LBP clinic (Hartvigsen, et al., 2010). The three groups were: ‘supervised Nordic 

walking’ twice a week for eight weeks (n = 45); ‘unsupervised Nordic walking’ which 

comprised of an initial lesson then encouragement to walk as often as possible (n = 45); and 

an ‘advice only’ group who were advised to stay active (n = 45). Pain, disability, function, 

global health status, time off work, and medication were recorded at baseline, and at weeks 

10, 26 and 52. The waist mounted Actigraph GT 256 accelerometer (Actigraph LLC, 

Pensacola, Florida, USA) was worn by participants in the ‘supervised’ and ‘unsupervised 

Nordic walking’ groups, at weeks four and five only. A minimum of 11 from 14 days of 

accelerometer data was required for statistical analysis inclusion. This threshold was met by 

50.4% and 65.2% of participants in the ‘supervised’ and ‘unsupervised Nordic walking’ 

groups respectively. While statistically significant changes in pain, disability, and function 

were found over time within each of the three groups, none of these differences were found 

to be statistically significant between groups. No difference in PA was found between the 

‘supervised’ and ‘unsupervised walking group’; in general low mean counts per day were 

found for all participants, except the Nordic walking instructor (Hartvigsen, et al., 2010). 

The numerous within and between analyses performed make it difficult to interpret the pain, 

disability, and function results due to the likelihood of familywise error; however, results 

indicate that ‘supervised Nordic Walking’ and ‘advice only’ are more effective than 
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‘unsupervised Nordic walking’ for decreasing pain and disability, and increasing function. 

Unfortunately, no baseline measures of free-living PA were taken, therefore change in PA 

by weeks three and four (which was when free-living PA was measured) is unknown. In 

addition, the design of this study did not allow a comparison of the free-living PA between 

the two Nordic groups and the ‘advice only’ group. Therefore, while results indicate that a 

‘supervised Nordic walking’ programme is no more effective than an ‘unsupervised Nordic 

walking’ for increasing PA, it is unknown if the PA in either of these two groups was higher 

than the ‘advice only’ group. 

2.6.4 Summary 

Results from these papers suggest that supervised PA and graduated PA programmes are no 

more effective at increasing PA than unsupervised PA or ‘graded exposure in vivo’ in people 

with CLBP (de Jong, et al., 2005; Hartvigsen, et al., 2010; Vlaeyen, et al., 2002). However, 

the remaining results are inconclusive. One researcher found that an increase in PA increases 

pain in people with ALBP, but not in people with CLBP (Liszka-Hackzell & Martin, 2002, 

2004), while other researchers found that an increase in PA does increase pain in people 

with CLBP (Busser, et al., 1998). Several papers reported that PA is not statistically 

significantly different in people with CLBP compared to healthy individuals (Spenkelink, et 

al., 2002; van den Berg-Emons, et al., 2007; van Weering, et al., 2009; Verbunt, et al., 

2001), and PA does appear to significantly change over 12 months time in people with 

CLBP (Bousema, et al., 2007). However, Ryan et al. (2009) found that PA was statistically 

significantly decreased in people with CLBP compared to healthy individuals. Similarly, 

other PA variables, such as: pattern of PA; step length; and speed were found to be 

statistically significantly different compared to healthy individuals in all (Chastin & Granat, 

2009; Ryan, et al., 2009; Spenkelink, et al., 2002; van den Berg-Emons, et al., 2007; van 

Weering, et al., 2009) but one (Verbunt, et al., 2001) cross-sectional study. Free-living PA 

does not necessarily seem to be associated with function, disability, pain, and perceived PA 

decline (Huijnen, Verbunt, Peters, et al., 2009; Ryan, Gray, et al., 2008; Verbunt, Sieben, et 

al., 2005). Furthermore function, disability, and free-living PA appear to be different 

constructs (Huijnen, Verbunt, Peters, et al., 2009; Ryan, Gray, et al., 2008; Verbunt, Sieben, 

et al., 2005). 

The conflicting results of these studies are probably due to the inclusion of different LBP 

populations, the definition of LBP used or the use of various sub-classification groups, type 

of accelerometer used, and the PA outcome variable of most interest. In addition, some 
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researchers have queried whether these apparently conflicting results are due to a lack of 

responsiveness in some accelerometers or because perception of PA and PA change is a 

different construct to objectively measured PA (Bousema, et al., 2007; Verbunt, Sieben, et 

al., 2005). The current review suggests that more evidence on the relationship between 

objectively measured PA and LBP is required. In particular, more evidence comparing PA 

patterns and change in PA in people with ALBP and CLBP is required. 

2.7 Conclusion 

This chapter has provided an overview of the problem of LBP, methods of measuring free-

living PA, the relevance of activity to health and more specifically to the prevention and 

management of LBP; it has also reviewed current research findings which have explored, 

with an accelerometer, the free-living PA of people with LBP. 

LBP is a prevalent and costly condition. Regular participation in PA is known to have 

numerous beneficial health effects and potentially aids the prevention of LBP. PA or ‘advice 

to stay active’ has been recommended in the rehabilitation of people with either acute or 

chronic LBP. However, only a few studies to date have explored the free-living PA of 

people with LBP, or the effect of a PA based intervention on free-living PA, via an objective 

measure. Therefore, the objective measurement of free-living PA in people with LBP is a 

research priority. Accelerometers are a valid and reliable objective measure of free-living 

PA. The RT3 is an accelerometer capable of measuring intensity, frequency, and level of PA 

in a free-living environment, but its responsiveness to measure change of PA in people with 

LBP, and the number of days required to reliably estimate PA are currently unknown. 

Consequently, research presented in the remained of this thesis has explored some of these 

gaps in knowledge: the objective measurement of free-living PA with the RT3 

accelerometer; the responsiveness of the RT3 to PA change in people with LBP; and what 

people with LBP think about being physically active. In Part II of this thesis, results from 

the pilot study which explored the utility of the RT3, validity, variability of PA, and the 

number of valid days of RT3 data required to reliably estimate daily PA in healthy 

volunteers are presented (Chapter Three). Then results from the mixed-method (MM) study 

which explored the measurement and perceptions of PA in people with LBP are presented in 

Chapters Four and Five (see p. 80 and 135). 



 

 

PART II 

Chapter Three
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Chapter 3 Measurement of physical activity in healthy 

participants 

3.1 Abstract 

Aim: This study explored the variability of physical activity (PA), and the minimum number 

of valid days per week of data required to reliably estimate mean daily PA in healthy 

participants in a repeated measures design using the RT3. The utility and validity of the RT3 

were also explored. 

Method: The RT3 was worn by healthy adults for seven days over three discrete periods of 

time. The Seven Day Physical Activity Recall Questionnaire (7D-PAR) and an activity diary 

were also used to record weekly PA. Hours of RT3 wear time and reasons for RT3 data loss 

were investigated, and a utility questionnaire explored participant perceptions of RT3 utility. 

Variability of RT3 mean vector magnitude units per day (MVMU/day) between days of the 

week and by week was explored, and estimates of the sources of variance calculated. The 

ratio of variance per number of sampled days was compared to the variance from seven days 

to explore the minimum number of valid days of monitoring required to estimate daily PA 

with the RT3 in future research. Weekly correlations between the Seven Day Physical 

Activity Recall questionnaire (7D-PAR) and the RT3 were performed. 

Results: The 21 participants wore the RT3 for an average of 14 hours/day and perceived 

that the RT3 was acceptable to wear. An estimated 443.3 hours (6.7%) of PA data were not 

recorded by the RT3: RT3 technical factors (48.4%) and participant factors (52.8%) 

contributed equally to this loss. Overall 33.9% of the total variance was due to day-to-day 

and week-to-week fluctuations. A minimum of four valid days of RT3 data collection is 

required to estimate mean PA, in a free-living healthy population. Moderate associations (r 

= 0.46 - 0.58) were found between the 7D-PAR and the RT3. 

Conclusion: The RT3 demonstrates good utility, and has moderate validity and reliability 

for the repeated measurement of free-living activity PA. If technical issues and strategies to 

manage participant adherence are adequately considered, a minimum of four valid days of 

data collection would be sufficient to reliably estimate mean daily PA in longitudinal and 

repeated measures studies. 



Chapter 3 Measurement of physical activity in healthy participants  

51 

3.2 Introduction 

Physical activity (PA) in the course of paid employment, during sport and leisure time, and 

activities of daily living improves health outcomes (Bauman, 2004; Hildebrandt, et al., 

2000; Probert, Tremblay, & Gorber, 2008; Zhang, et al., 2006), therefore it is important for 

researchers to be able to measure PA. Accelerometers have been shown to provide an 

objective method of measuring PA in a range of healthy (Ainsworth, Richardson, Jacobs, 

Leon, & Sternfeld, 1999; Busser, et al., 1998; Cuthill, Fitzpatrick, & Glen, 2008; Dall & 

Kerr, 2009; Estill, Macdonald, Wenzl, & Petersen, 2000; Troiano, et al., 2008) and patient 

populations (Balogh, et al., 2004; Hale, et al., 2008; Hertzog, et al., 2007; Huijnen, Verbunt, 

Peters, et al., 2009; Jerome, Young, Dalcin, et al., 2009; Ryan, et al., 2009; Sloane, Snyder, 

Demark-Wahnefried, Lobach, & Kraus, 2009; Steele, Belza, Cain, et al., 2003; Steele, 

Belza, Hunziker, et al., 2003; Steele, et al., 2000; Verbunt, Sieben, et al., 2005). To assess 

PA effectively, accelerometers must be valid and reliable, and they must be acceptable to 

wear for extended periods of time (Berlin, et al., 2006; Going, et al., 1999; Hertzog, et al., 

2007). In addition, enough valid days of data must be collected to enable a reliable estimate 

of PA (Baranowski & de Moor, 2000; Baranowski, et al., 2008; Berlin, et al., 2006). 

The RT3 is one of several commercially available accelerometers (Freedson & Miller, 2000; 

Ward, Evenson, Vaughn, Rodgers, & Troiano, 2005; Westerterp, 1999a, 1999b) and it has 

been used as an outcome measure of PA in over 20 free-living studies as discussed in 

Chapter Two (see p. 24). Few studies have reported on the utility of the RT3, or explored the 

free-living day-to-day variability of RT3 measured PA. Similarly, few studies have explored 

the minimum number of valid days per week of RT3 data collection required to reliably 

estimate PA. Furthermore, this research has never been conducted in a healthy population, 

thus comparisons between populations are difficult. 

Repeated measures design can investigate reliability and variability of PA in free-living over 

time, for example, by defining how daily and weekly fluctuations contribute to overall 

activity variation (Levin, Jacobs, Ainsworth, Richardson, & Leon, 1999; Trost, Pate, 

Freedson, Sallis, & Taylor, 2000). Consequently, the use of a repeated measures design to 

explore PA over time has been recommended (Levin, et al., 1999; Trost, et al., 2000); 

however, this design has rarely been used in studies exploring psychometric properties of 

the RT3 (Verbunt, et al., 2009). Variability in free-living PA is due to several factors, these 

include: the types, frequency, and patterns of PA (Levin, et al., 1999); the sex and age of 

participants (Matthews, Hebert, Freedson, et al., 2001); seasonal variation (Levin, et al., 
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1999); the activity output and type of measurement tool employed (Coleman & Epstein, 

1998; Matthews, Hebert, Freedson, et al., 2001); and measurement error (Baranowski, et al., 

2008; Baranowski, et al., 1999). 

Utility, which encompasses design aesthetics and ease of use, is another important property 

of an outcome measure (Seva, Duh, & Helander, 2007), as poor utility can cause data loss. 

Ideally, accelerometers should be simple, easily understood, unobtrusive, and accurate 

(Freedson & Miller, 2000; Law, 1987; Trost, McIver, & Pate, 2005; Ward, et al., 2005). 

Utility is therefore a combination of technical factors and participant factors. Technical 

factors include limitations, such as, malfunction of hardware, incomplete data transfer, and 

sensitivity to noise. Participant factors include: adherence, experience, social context, and 

cognitive understanding (Chamorro-Koc, Popovic, & Emmison, 2009; Slaven, Andrew, 

Violanti, Burchfiel, & Vila, 2006; Steele, Belza, Hunziker, et al., 2003). Loss of 

accelerometer data, due to any of these utility issues, can negatively impact on estimates of 

PA, and may necessitate an increase in the minimum number of valid days of data collection 

required to reliably estimate PA (Trost, et al., 2005). An increase in the required number of 

days of monitoring increases economic and participant burden, two factors that are 

particularly relevant in PA studies that employ a longitudinal, repeated measures design in 

free-living. 

3.2.1 Aims 

The aims of this study were to: 

• Ascertain mean RT3 hours/day wear time and the magnitude and reasons for observed 

RT3 data loss; 

• Identify any utility issues with the RT3 accelerometer in a healthy population; 

• Explore the day-to-day and week-to-week variability of RT3 measured PA, and explore 

the estimates of the sources of free-living PA variance; 

• Explore the minimum number of valid days per week of RT3 data required to reliably 

estimate PA activity, while achieving a balance between adherence to wear time and 

variance of the measurement; 

• Explore the relationship between the RT3 and the 7D-PAR. 



Chapter 3 Measurement of physical activity in healthy participants  

53 

3.3 Method 

3.3.1 Sample size 

When estimating variance, precision improves very little with every extra participant 

recruited over n = 20 (Mead, 1988, p. 128). The recruitment of 24-25 participants was 

intended. This allowed for an estimated 10 to 15% drop out rate. 

3.3.2 Participants 

Healthy volunteers (N = 24) were recruited from two New Zealand cities: Dunedin (n = 10) 

and Wellington (n = 14). Participants were recruited by public and University campus 

advertising over a four week period during the early part of autumn (May 2006). Advertising 

was by flyers placed in City Council and University amenities such as fitness centres. 

3.3.2.1 Inclusion and exclusion criteria 

Inclusion/exclusion criteria were: 1) being of good general health, with no current or pre-

existing medical conditions limiting PA; 2) the ability to walk independently both inside and 

outside the home without aids; and 3) being between the ages of 18 and 65 years, which is 

representative of the working age population in New Zealand. Participants were assessed for 

study eligibility by the candidate and by a colleague based in Dunedin. 

3.3.3 Procedures 

The University of Otago, School of Physiotherapy Ethics Committee reviewed and approved 

the study protocol (see Appendix A, p. 248). Following the provision of written informed 

consent, weight and height were recorded, along with the age, sex, occupation, hours of 

work, and the number of days per week involved with regular PA. Weight, height, sex, and 

age were entered into the ‘Stayhealthy’ RT3 specific software program (supplied by the 

manufacturer) on a laptop computer. These data were then downloaded to the RT3 device. 

The RT3 was clipped onto the belt or waistband in the centre of the lower back, and 

participants were advised to keep the RT3 in this position during all waking hours, apart 

from water-based activities and sporting activities which precluded the use of hard devices, 

for example rugby. An additional purpose of this study was to investigate reliability and 

utility of the RT3 prior to its use in a population with LBP. Previous research has shown that 

RT3 placement does not significantly alter mean vector magnitude units (MVMU) at a 

variety of treadmill speeds (King, Torres, Potter, Brooks, & Coleman, 2004; Powell & 

Rowlands, 2004; Torres, Potter, Coleman, & King, 2003); however the manufacturers 
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recommend placing the RT3 over the right hip. Clinical experience suggests that people with 

LBP may have an antalgic gait and placement over one hip might therefore distort the RT3 

axis readings. Accordingly, participants were requested to wear the RT3 in the centre of the 

lower back. 

Participants were instructed to record the primary activity for each waking hour in an 

activity diary; they were also asked to record any reasons for RT3 removal and when 

removal had occurred. Likewise, if the position of the RT3 was changed, participants were 

requested to note the change of position in the activity diary, and to return the RT3 to its 

original position when appropriate. The RT3 was to be placed in a prominent and clearly 

observable position overnight to help prevent the participants forgetting to wear it the next 

morning. During the week of wear, each participant was contacted twice to ascertain any 

utility issues with the RT3, and to encourage adherence to the protocol. 

At the end of the first week the activity diary was collected and participants completed the 

Seven Day Physical Activity Recall questionnaire (7D-PAR). The RT3 was removed and 

data downloaded using the ‘Stayhealthy’ software. Wearing of the RT3 for seven 

consecutive days, in conjunction with completion of a new activity diary, was repeated three 

and seven weeks later: that is, weeks four and eight. An RT3 Utility questionnaire exploring 

participants’ perceptions of the RT3s acceptability was completed at the end of week eight. 

Following data collection and download, completed data were cleaned, categorised, and 

manually coded for statistical analysis. 

3.3.4 Measures and instruments 

3.3.4.1 Personal information sheet 

The personal information sheet (see Appendix C, p. 266) was used to record study 

participants’ contact details and personal characteristics including: sex, weight, height, age, 

occupation, and ethnicity. In addition, one open question asked if participants played any 

sports regularly, and if so, which sports and on how many days of the week participation 

occurred. Weight was measured with an electronic scale (Model 915, Salter, Kent, England). 

3.3.4.2 Seven Day Physical Activity Recall Questionnaire (7D-PAR) 

The 7D-PAR (Sallis, et al., 1985) (see Appendix C, p. 267) has previously demonstrated 

high reliability and validity as a measure of energy expenditure (EE), and has been used as a 

measure of estimated free-living PA (Ainsworth, et al., 1999; Bonnefoy, et al., 2001). Prior 
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to completion of the 7D-PAR, participants were instructed that ‘moderate activity’ was 

equivalent to “normal walking” or other activities of comparable intensity; vigorous 

housework and heavy manual labour were the equivalent of ‘hard activity’; and running was 

classified as ‘very hard activity’. The amount of time, in minimum 10 minute epochs, spent 

in light, moderate, hard, and very hard activities during every hour of the morning, afternoon 

and evening during the seven days of RT3 wear was then recorded. In addition, number of 

minutes spent stretching and lifting weights per day was recorded. Due to the level of detail 

required, this questionnaire took 20-30 minutes to complete and required the use of a series 

of prompt questions to facilitate recall of PA (Sarkin, et al., 1997). Then the total amount of 

time spent in each activity intensity category per day and per week was calculated. Total 

daily EE (kcal/kg) was calculated as the average number of hours in each activity multiplied 

by the metabolic equivalent (MET) value assigned to the activity category (light = 1.5, 

moderate = 4, hard = 6, very hard = 10). 

3.3.4.3 Activity diary 

The activity diary (see Appendix C, p. 269) was an A4 sized sheet consisting of seven 

columns divided into 24 rows. Each cell provided space for the main activity of each hour or 

reasons for RT3 removal to be recorded. The activity diary was used to determine reasons 

for RT3 removal and the magnitude of RT3 data loss, and to prompt recall while completing 

the 7D-PAR (DeVoe, 2004; Sarkin, et al., 1997). 

3.3.4.4 Utility questionnaire 

The utility questionnaire (Hale, et al., 2008) (see Appendix C, p. 268) asked participants to 

comment on the convenience and acceptability of the RT3, and any difficulties associated 

with wearing the RT3. The questionnaire consisted of four statements where the level of 

agreement with the statement was marked on a 100 mm anchored line. Two closed questions 

asked if participants would be agreeable to “wear the RT3 again for future research 

projects?” and if they felt the “RT3 was user friendly?”. A final open ended question asked 

participants for “Any further comments?”. 

3.3.4.5 RT3 triaxial accelerometer 

The specific dimensions of the RT3 and its four modes of recording PA data have been 

discussed in Chapter Two (see p. 24). Mode Four samples and stores data from three planes 

and provides MVMU/min for up to 21 days. Due to the storage capacity of this mode, Mode 

Four was chosen for this study. 
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As recommended in the literature (Rowlands, Thomas, et al., 2004), the nine RT3 units used 

for this study underwent preliminary testing. This consisted of standardised laboratory-based 

activities of stair climbing and walking. Stair climbing consisted of walking up and down 

one flight of stairs, and walking occurred on a treadmill at a speed of four km/hr. Each RT3 

was tested individually and the activities were repeated three times for 10 minutes each, with 

a break of three minutes in between each test. The nine RT3s showed an average within-

RT3 coefficient of variation (CV) equal to 13.1% and standard error of measurement (SEM) 

of 3.7 MVMU/min for stairs. For walking, the within-RT3 CV was 7.2%, SEM 3.6. 

Between-RT3 CVs and SEMs were 12.5% and 3.5 for stairs, and 6.3 % and 3.2 for walking. 

One RT3 unit consistently recorded lower values than the other accelerometers in all 

activities; this device was withdrawn from the study. The remaining eight RT3 units were 

divided evenly between the two research centres. 

3.4 Data treatment 

3.4.1 Number of valid days of RT3 wear 

The amount of PA data collected should be sufficient to reliably estimate participants’ usual 

activity status (Trost, et al., 2005). Consequently, a minimum number of hours per day, and 

days per week are usually required before participants’ PA data will be included in statistical 

analyses (Ward, et al., 2005). The minimum threshold of required hours per day and days 

per week of PA data is termed number of valid days. The number of valid days should be set 

prior to data collection commencing (Ward, et al., 2005). In the current study, a theoretical 

threshold of a minimum of 10 hours of RT3 data on five from seven days (including one 

weekend day) was set (Gretebeck & Montoye, 1992). This was a theoretical threshold, as no 

participants in the current study would have been excluded on the basis of invalid wear time. 

Instead, this theoretical threshold was used to gauge utility by evaluating the number of 

participants meeting the inclusion threshold, and the effect of repeated weeks of testing on 

the number of participants eligible for statistical inclusion. 

3.4.2 Hours of RT3 wear time 

Hours of RT3 wear time were calculated by subtracting the hours of non-wear from 24 hours 

(Troiano, et al., 2008). Non-wear time was defined as periods during which excessively low 

RT3 counts were identified: 60 minutes of continuous MVMU/min of 10 or below 

(Buchheit, Platat, Oujaa, & Simon, 2007). To analyse the hours and reasons for RT3 data 

loss, hours of RT3 wear time ascertained from the RT3 data were cross-referenced with the 

corresponding time in the activity diary. The activities recorded in the activity diary and 
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reasons for RT3 removal were transferred on to an Excel spreadsheet for later analysis. 

Hours of RT3 data which were missing, despite the participant recording in the activity diary 

that the RT3 was worn, were also transferred on the Excel spreadsheet. Activities which 

lasted less than 60 minutes and which also required removal of the RT3, such as washing 

and bathing, were not accounted for. Likewise, hours of sleep, as recorded in the activity 

diary, were not considered to be activity data, and were therefore not included in any 

missing data analyses. 

3.5 Statistical analysis 

Demographic data, wear hours from the RT3 and reasons for data loss, and responses from 

the utility questionnaire, were all summarised by simple descriptive statistics. A Bland-

Altman analysis, with calculation of limits of agreement, (Bland & Altman, 1986, 1999) was 

performed to investigate agreement between baseline and week four, baseline and week 

eight, and week four and eight daily hours of wear time for participants with complete RT3 

data sets. In addition, the week four and eight Bland-Altman analysis was used to confirm 

hours of wear time which had been estimated from the activity diary for participants missing 

a whole week of RT3 data. 

Tables and plots of the mean and mean standard deviation of the MVMU/day by day of the 

week and by weeks were used to illustrate the variability in readings. A mixed linear model 

was used to quantify variability due to variation by day of the week and by the three 

different weeks, in relation to between-participant variability, by estimating variance 

components by restricted maximum likelihood. 

Simulations were used to examine the optimal number of days of wear for the monitor. One 

hundred random samples of measurements were taken from the measurements of each 

individual participant, of two to six days within each week, from each of the three weeks of 

the study. The mean of these samples was calculated for each participant, providing a 

simulation of data that would result from measuring each participant for between two and 

six days, and using the mean of these measurements for any particular week as an outcome 

variable in, for example, a randomised controlled trial. For each week the variance of these 

simulated data (the two to six day mean daily PA combinations) were compared to the 

variance of the mean MVMU/day for seven days of measurements for each week.  

The relationship between the 7D-PAR (kcal/day) and the RT3 (MVMU/day) was calculated 

with Spearman's correlation for each week. 
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All analyses used either SAS version 9.1 (SAS Institute and Inc., Cary, North Carolina, 

USA) or PASW® Statistics version 17.0 (SPSS, IBM, Chicago, Illinois, USA). Simulation 

analyses were performed by Dr. Mark Weatherall. 

3.6 Results 

3.6.1 Demographic data 

Twenty-four participants were recruited; however, three participants withdrew due to work 

commitments over the first two days of the baseline week. None of these data were included 

in any analyses. The profiles of the 21 participants (13 female, eight male) who completed 

the study are presented in Table 3.1. As three participants were full time students the range 

(minimum to maximum) of hours of work per week was 0 to 55. Similarly, the range for the 

numbers of days per week involved in regular activity was 0 to 7. Table D.1 in Appendix D 

(see p. 286) presents participants’ occupation and usual sporting activities. 

Table 3.1 Participant profile 

Characteristic (N = 21) Mean (SD) 

Age 35.0 (14.0) 

BMI (kg/m2) 23.9 (2.2) 

Hours of work a week 35.0 (14.3) 

No. of days per week involved in regular activity 3.5 (1.9) 

Note. Mean (SD) age, BMI, hours of work per week. BMI = body mass index. 

3.6.2 Hours of RT3 data 

3.6.2.1 Hours of RT3 wear time 

Table 3.2 (see p. 59) presents the mean (SD) hours of RT3 PA data collected. While the 

mean (SD) hours of wear time was reasonably consistent over the three repeated weeks, the 

between-participant variability of wear time increased from baseline to weeks four and 

eight. All participants met the theoretical inclusion criteria threshold of a minimum of five 

days with 10 hours of RT3 data collected at baseline and week four. The loss of two 

participants’ RT3 data due to a technical failure in week eight meant that 19/21 (90%) of 

participants achieved the theoretical threshold in week eight. 
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Table 3.2 Hours of RT3 wear time and participants with valid RT3 PA data 

Week Total hours of 

RT3 wear 

time collected 

Mean 

hours/day 

wear time 

(SD) 

Participants with 

≥10 hours of data on 

5 or more days 

N 

Participants with ≥ 

10 hours of data on 

7 days 

n (%) 

0 (N = 21) 2,134 14.5 (1.0) 21  21 (100.0) 

4 (N = 21) 2,101 14.3 (1.5) 19  18 (86.0) 

8 (N = 19) 1,858 14.0 (1.4) 19  13 (68.0) 

Total 6,093     

Note. Total hours of RT3 data collected over the three weeks of measurement, hours collected at baseline (0), 

and at weeks 4 and 8, the mean (SD) hours of RT3 wear time per week, the number of participants with 5 valid 

days of data per week, and the number and percentage of participants with seven valid days of data per week. 

3.6.2.2 Magnitude and reasons for hours of RT3 data loss  

In total, 6,535.8 hours of PA data were recorded in participants’ (N = 21) activity diaries; 

equivalent to over 14 hours of ‘awake’ time for each individual per day, per week of 

measurement. The RT3 contained no data for an estimated 443.3 (6.7%) hours of time 

marked as ‘awake’ in the activity diaries. RT3 activity data loss increased from 42.0 hours at 

baseline, to 85.0 in week four, and 316.3 hours in week eight. Most of the non-recorded RT3 

activity hours occurred in weeks four and eight (91.0%). Figure 3.1 (see p. 60) illustrates 

that accelerometer (48.4%) and participant factors (52.8%) contributed equally to the 443.3 

hours of RT3 data loss. Specifically, technical malfunction in week eight resulted in two 

participants obtaining no RT3 data. According to each participant’s diary, it was estimated 

that 93 (13.3 mean hours of daily wear time), and 107.5 hours (15.4 mean hours of daily 

wear time), of RT3 data were lost due to this technical malfunction. Combined, the 200.5 

hours of data loss accounted for 45.2% of the 443.3 total hours of RT3 data loss. 

Consequently, only 61 of the 63 possible average daily observations (3 weeks x 21 

participants) were recorded. 

Forgetting to wear the RT3 accounted for 169.6 hours (38.2%) of the total data loss. Three 

female participants reported removing the accelerometer due to the RT3 not blending in with 

their clothing. This accounted for 19.5 hours of RT3 data loss over the three measurement 

weeks and was categorised as ‘Appearance’ in Figure 3.1 (see p. 60). Data loss due to 

participation in sports and water-based activities were fairly uniform over the three recorded 

weeks and accounted for 18 hours (4.2%) of data loss. This occurred with: Soccer (6 hours); 

Netball (4 hours); Running (3.5 hours); Cycling (2.5 hours); Dancing (1 hour) and 
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Swimming (1 hour). In weeks four and eight a total of seven hours of data (1.6%) were lost 

due to fear of losing the RT3 when engaged in social activities. 

 

Figure 3.1 Total hours and reasons for RT3 data loss 

The black bars depict total hours of RT3 related factors of data loss and the grey bars depict total hours of 

participant related factors of RT3 data loss over the three weeks of data collection. 

3.6.2.3 Change of RT3 mean daily wear hours by week 

Bland-Altman plots demonstrated that the mean (SD) difference in mean daily wear hours 

was statistically significantly different between baseline and week eight, but not between 

baseline or week four, and week four and week eight. These latter two plots can be found in 

Appendix D (see p. 287 and 288). The Bland-Altman plot of the mean (SD) difference in 

wear hours from week four to eight was also used to corroborate the estimated hours of data 

loss for the two participants whose RT3 failed in week eight (see p. 288). 

The Bland-Altman plot analysis demonstrated that mean (SD) difference in mean daily wear 

hours between baseline and week eight for the participants with complete RT3 data sets (N = 

19) was 0.7 (1.3) hours. The 95% confidence interval for the mean difference in wear hours 

was 0.1 to 1.3. The limits of agreement around the average hours of daily wear time were 

between ± 2.5 hours (Figure 3.2, p. 61). The Bland-Altman plot suggests that while the 

mean hours of RT3 wear time were similar between baseline and week eight, there were 
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more participants with less than 13 hours of wear time at week eight, causing an increase in 

variability as the hours of RT3 wear time approach 12 per day. 

 

Figure 3.2 Bland-Altman plot of baseline and week 8 mean hours of RT3 wear 

time/day 

3.6.3 Perceptions of RT3 utility 

Results from the RT3 Utility questionnaire are presented in Table 3.3. 

Table 3.3 RT3 utility questionnaire 

Question (N = 21) Mean (SD) score 

on 100 mm line
a
 

Median 

(IQR) 

Range         

(Min to Max) 

1. The RT3 was acceptable to wear 
for seven days? 

82 (18)     83 (72, 100)  44 to 100 

2. It was easy to remember to wear 
the RT3 daily? 

89 (17)  100 (78, 100)  39 to 100 

3. The RT3 interfered with daily 
activities? 

24 (20)     22   (6,   33)     0 to   67 

4. The RT3 was annoying to wear? 23 (20)     22   (0,   39)     0 to   56 

Note. The mean (SD), median (IQR), and range (Min to Max) at week 8. IQR = inter-quartile range; Min = 

minimum; Max = maximum. 

a
 Higher scores indicate increasing agreement with the statement, lower scores increasing disagreement. 
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Sixteen participants responded to the open question: in total 37 comments were made. 

Discomfort due to the position of the RT3 on the back, especially with sitting at work or 

driving, was reported by 12 of the 16 (75%) responding participants, and was the strongest 

theme to emerge from the open question. Discomfort resulted in 5 of the 16 responding 

participants (31%) shifting or removing the RT3 during specific aspects of their job for 

periods of over one hour (Network engineer, Physiotherapist, Personal trainer and two 

students). Two other participants (Business analyst and Solicitor) removed the accelerometer 

when seated at work due to discomfort. Three participants (18.8%) felt that the RT3 limited 

the clothing they could wear. Other themes were: catching and breaking the RT3s clip on a 

chair when arising (n = 3, 14.3%); excessive movement of the monitor with high intensity 

activities (n = 3, 14.3%); catching of the RT3 on a satchel/backpack (n = 4, 19.0%); one 

participant felt that the RT3 was too big, one felt that it interfered with lifting children, and 

another worried that the RT3 might fall into the toilet. 

All participants (N = 21, 100%) said that they would wear the RT3 again for research. Four 

participants (19%) thought that the RT3 was ‘Maybe’ user friendly, while 17 (81%) 

participants agreed that ‘Yes’ the RT3 was user friendly. 

3.6.4 Activity 

3.6.4.1 PA data: 7 D-PAR questionnaire and the RT3 accelerometer 

Table 3.4 (see p. 62) presents the mean (SD) MVMU/day and the mean (SD) daily EE from 

the 7D-PAR by week. For weekly mean (SD) MVMU/min see Appendix D (p. 289). 

Table 3.4 7D-PAR and MVMU/day by week 

 N Week Mean (SD) 
a, b

 Median (IQR) Range (Min to Max) 

7D-PAR  21 0  12.5   (5.1)  10.2   (9.2, 14.8) 5.6 to   30.8 

(kcal/kg) 21 4  13.2   (6.7)  10.8   (9.0, 15.0) 4.8 to   42.0 

 21 8  11.4   (4.1)  10.3   (8.8, 13.1) 3.9 to   28.3 

RT3  21 0  25.6 (13.9)  22.0 (17.0, 31.6) 4.1 to   97.5 

MVMU/day 21 4  26.5 (14.5)  23.8 (17.3, 31.8) 3.5 to 129.1 

 19 8  25.8 (13.0)  24.6 (17.1, 31.0) 4.6 to   86.1 

Note. Mean (SD), median (IQR), and range (Min to Max) for the 7D-PAR (kcal/kg) and RT3 MVMU/day at 

baseline (0) and weeks 4 and 8. IQR = inter-quartile range; Min = minimum; Max = maximum; MVMU/day = 

mean vector magnitude units per day; 7D-PAR = Seven Day Physical Activity Recall questionnaire. 

a The mean (SD) value was calculated using all valid days of data, by week, for all participants. 

b MVMU/day values were calculated by dividing each individual’s MVMU/week by a factor of 70,000 and 

each individual’s weekly 7D-PAR kcal/kg values by a factor of 700. 
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3.6.5 Variance of PA by day and by week 

3.6.5.1 RT3 MVMU/day by day of the week and weekly variance 

MVMU/day by day of the week, over the three weeks is presented in Table 3.5. The group 

mean variance by day of the week ranged from a high of 11.9 on Sundays to a low of 7.1 on 

Fridays (see also Figure 3.3, p. 65). 

Table 3.5 Group mean (SD) MVMU/day by day of the week and group mean of each 

participant’s variance (SD) per day of the week 

 Mon Tue Wed Thu Fri Sat Sun 

MVMU 
(SD)a b 

27.0 
(10.6) 

26.4 
(7.4) 

24.3 
(7.4) 

26.6 
(7.8) 

25.8 
(7.8) 

25.4 
(11.5) 

25.5 
(13.8) 

Mean SD  8.8 8.0 7.9 8.2 7.1 9.8 11.9 

Note. MVMU/day = mean vector magnitude unit/ per day; Mon = Monday; Tue = Tuesday; Wed = 

Wednesday; Thu = Thursday; Fri = Friday; Sat = Saturday; Sun = Sunday. 

a
 Mean (SD) MVMU/day and the mean variance values are divided by a factor of 10,000. 

b
 N = 21 for baseline and week 4, and N = 19 for week 8. 

When the MVMU/day by day of the week was calculated for each individual participant the 

variance for each day of the week was higher (see Table 3.6) than that calculated for the 

group (see Table 3.5). 

Table 3.6 MVMU/day by day of the week by each individual participant
 

Day Mean (SD)
 a b

 Median (IQR) Range (Min to Max) 

Monday  27.0 (13.6)  25.3 (17.1, 31.7)  11.1 to   81.8 

Tuesday  26.4 (13.1)  24.6 (17.6, 29.7)  10.2 to   67.7 

Wednesday  24.4 (10.5)  23.5 (16.8, 29.4)  4.6 to   54.8 

Thursday  26.7 (11.1)  24.7 (18.0, 31.9)  5.4 to   60.1 

Friday  26.1 (10.8)  24.8 (20.1, 31.8)  11.4 to   70.9 

Saturday  25.8 (15.7)  23.4 (15.8, 32.1)  3.5 to   86.1 

Sunday  25.8 (19.8)  21.5 (15.8, 28.2)  4.3 to 129.1 

Note. Mean (SD), Median (IQR), and Range (Min to Max) for MVMU/day by day of the week. MVMU/day = 

mean vector magnitude units per day; IQR = inter-quartile range; Min = minimum; Max = maximum; 

MVMU/day = mean vector magnitude units per day. 

a
 Mean (SD) MVMU/day and the mean variance values are divided by a factor of 10,000. 

b
 N =21 for baseline and week 4, and N = 19 for week 8. 
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3.6.5.2 RT3 MVMU/day by week and weekly variance 

All participants were more active at week four which is demonstrated by the highest mean 

and lowest SD value (see Table 3.7). However, there was more within-participant variation 

in the day-to-day activity of week four which is demonstrated by the high mean variance of 

11.2, compared to the 9.5 found for weeks one and eight. The group mean variance between 

days within the week of measurement are higher than the group mean variance for day by 

week on all days except Saturday and Sunday (see Table 3.5, p. 63). A Box plot of 

MVMU/day by week can be found on p. 65. 

Table 3.7 Group mean (SD) MVMU/day by week and the group mean of each 

participant’s weekly variance SD 

 Baseline (N = 21) Week 4 (N = 21) Week 8 (N = 19) 

Mean MVMU/day (SD)
a
 25.6 (9.4) 26.5 (6.3) 26.1 (8.4) 

Mean SD 9.5 11.2 9.5 

Note. MVMU/day = mean vector magnitude unit/ per day. 

a
 Mean (SD) MVMU/day and the mean variance values are divided by a factor of 10,000. 
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a) 

 
b) 

 

Figure 3.3 Box plot of MVMU/day by day of the week, and by week
a
 

a) Box plot of mean MVMU/day by day of the week, from baseline, and weeks 4 and 8. b) Box plot of 

MVMU/day by week. Mon = Monday; Tue = Tuesday; Wed = Wednesday; Thu = Thursday; Fri = Friday; Sat = 

Saturday; Sun = Sunday. The circles indicate the mean value. The middle horizontal line of the box depicts the 

median, and the upper and lower horizontal lines of the box depict the inter-quartile range. The whiskers on 

the box depict the range (Minimum to Maximum). MVMU/day = mean vector magnitude per day.  

a
 Mean of MVMU/day were divided by a factor of 10,000. 
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3.6.5.3 Variance of PA by day of the week and by week 

Table 3.8 demonstrates that between-participant variance consistently accounted for the 

greatest proportion of total variance. Overall 33.9% of the variance of PA was due to day-to-

day (14.7%) and week-to-week (19.2%) variation. The percentage of daily variance in PA 

was similar for baseline (36.3%) and week eight (31.3%); in week four, the percentage of 

day-to-day variance accounted for only 5.6% of the total variance while between-participant 

variance accounted for 94.4% of the total variance. The Intra-class Correlation Coefficient 

(ICC) value between the three weeks of measurement was 0.66 calculated as the residual 

divided by the variance. 

Table 3.8 Mean variance components by day, week, and participant 

Component Value Percentage of total 

Day 27.4 14.7 

Week 35.8 19.2 

Residual (Participant) 123.4 66.1 

Total 186.6  

   

Baseline   

Day 70.8 36.3 

Residual (Participant) 124.5 63.7 

Total 195.3  

Week 4   

Day 11.8 5.6 

Residual (Participant) 197.5 94.4 

Total 209.3  

Week 8   

Day 53.9 31.5 

Residual (Participant) 117.0 68.5 

Total 170.9  

Note. Mean variance by day, week, and participant for all weeks of measurement, and mean variance for day 

and participant at baseline, and weeks 4 and 8. 

3.6.6 Ratio of MVMU/day variance for two to six days of RT3 PA data 
compared to the mean MVMU/day of seven days of RT3 PA data 

Simulations of between two and six days of RT3 data were obtained by taking 100 random 

samples of two to six days of RT3 data for each participant’s data set, and for each week of 

measurement, and calculating the mean variance for “X” number of days of data collection. 
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The ratio of mean variance for any random number of days of RT3 data collection (two to 

six days), compared to the mean variance for a full seven-day week of RT3 data collection 

demonstrated that any less than four days of data collection would increase the number of 

participants required per group by at least 30%. Table 3.9 demonstrates that setting a 

minimum number of valid days of data collection per week, to determine mean MVMU/day, 

is dependent on the day-to-day variability within a week. More specifically, the ratio of 

variance for week four is higher, with three days of data collection, than at baseline or week 

eight (see Figure 3.4, p. 68). In addition, the ratio of the variances of the samples of the two 

to six days to that for the full seven days would be the inflation in sample size needed for a 

randomised controlled trial (RCT) based on the variance from fewer days of wear compared 

to a full seven days. Therefore, if mean MVMU/day is estimated from fewer days of data 

collection, there is a large increase in sample size requirements compared to that required if 

seven days of data were consistently collected. For example, if the data from baseline was 

used to estimate sample size for trials using MVMU as an outcome variable, and the 

minimum number of valid days of RT3 data was set at two, a 50% increase in sample size 

would be necessitated. However, if the data from week four were used to estimate sample 

size and again the minimum number of valid days of RT3 data collection was set at two, a 

sample size increase of 170% per group would be required. Using data for any of the three 

weeks, a sample size increase of only 10 to 30% would be required if a minimum of four 

valid days were collected 

Table 3.9 Mean ratio (SD) of variance for a random sample of days (two to six) to a 

weeks (seven days) variance by week 

Number of days 

randomly sampled 
Baseline Week 4 Week 8 

2  1.5 (0.5)  2.7 (1.1)  1.7 (0.7) 

3  1.3 (0.4)  2.0 (0.4)  1.4 (0.5) 

4  1.1 (0.3)  1.3 (0.2)  1.1 (0.3) 

5  1.1 (0.2)  1.3 (0.2)  1.1 (0.3) 

6  1.1 (0.1)  1.1 (0.1)  1.0 (0.2) 
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Figure 3.4 Ratio of variance from two to six days sampled to seven days by week 

Baseline is the bottom solid line; Week 4 is the top dotted line; and Week 8 is the middle line depicted by the 

small dashes. 

3.6.7 Relationship between 7D-PAR (kcal/kg) per day and RT3 MVMU/week 

A reasonably consistent and moderate correlation was found between the RT3 MVMU/day 

and the 7D-PAR (kcal/kg) over the three weeks of testing (see Table 3.10). Large 95% 

confidence intervals were estimated for all three weeks. 

Table 3.10 Spearman correlation between MVMU/week and the 7D-PAR 

Week Correlation coefficient 95% CI 

0 0.46 (0.04, 0.75) 

4 0.58 (0.20, 0.81) 

8 0.50 (0.05, 0.78) 

Note. Correlation of RT3 MVMU/week and 7D-PAR (kcal/kg) at baseline (0), and weeks 4 and 8. CI = 

confidence interval; MVMU/week = mean vector magnitude units per week; 7D-PAR = Seven Day Physical 

Activity Recall questionnaire. 
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3.7 Discussion 

The current study explored: hours of RT3 wear time, and reasons for RT3 data loss; the 

perceived utility of the RT3; the variance of PA by day of the week and by week; the 

minimum number of valid days per week of RT3 data required to reliably estimate free-

living PA; and the association between the RT3 and a commonly used PA questionnaire in a 

group of healthy volunteers. In brief, results demonstrated high levels of wear time and that 

an estimated 6.7% of RT3 data were lost over the three repeated weeks of measurement. The 

two commonest reasons for RT3 data loss were technical failure of the RT3 (45.2%) and 

forgetting to wear the RT3 (38.2%). Participants found the RT3 was acceptable to wear but 

felt that further consideration to positional placement of the RT3 on the waist was required. 

There was high variability of PA between days within a week, and in particular weekend 

days. Overall 34% of the variance of activity was due to day-to-day and week-to-week 

variation. A minimum of four valid days of RT3 data collection would ensure a reasonable 

estimate of free-living daily PA levels, while minimising the elevation of sample size 

required to reliably estimate group mean PA levels compared to that required if a full seven 

days of RT3 data were collected. Moderate weekly reliability was found (ICC = 0.66). 

Finally, there were moderate correlations (r = 0.46-0.58) found between the RT3 

MVMU/week and the 7D-PAR (kcal/hr) over the three recorded weeks. These results will 

be discussed in more detail below. 

3.7.1 Participant profile 

The healthy volunteers in the current study had a relatively low mean age of 35.0 years. This 

may indicate that advertisements on campus were more successful than those placed city-

wide; however, only two of the participants were students, and all remaining participants 

worked either full- or part-time. The mean BMI (23.9) kg/m2 of the participants was lower 

than the national average of 27.4 kg/m2 (Ministry of Health, 2008, p. 106). The relatively 

low mean age and BMI may indicate that these participants may be more physically active 

than the general populace. Consequently, these results can not be generalised to the general 

population. However, the mean and range (minimum to maximum) of days per week spent 

in organised PA was 3.5 and 0 to 7 respectively, indicating that some participants were 

regularly active whilst others participated in no regular PA. Furthermore, the relatively low 

mean age is also a strength of this study. Younger people have more variability in their day 

to day PA than older people and people with a disability (Lores, Garcia-Rio, Rojo, Alcolea, 

& Mediano, 2006). Therefore, the estimates for minimum days of wear (see 3.7.5, p. 74) 

were based on maximum daily PA variability, rather than minimum daily PA variability. 
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3.7.2 Hours of RT3 wear time and reasons for RT3 data loss 

3.7.2.1 Mean hours/day wear time 

The current study found consistently high levels of wear time with 90% (14.5 hours), 89% 

(14.3 hours) and 87.5% (14.0 hours) of a standard 16 hour day containing activity data over 

the three separate weeks of study (Table 3.2). A 16 hour day represents the likely maximum 

hours of wear time if the RT3 was removed while sleeping (Macfarlane, Lee, Ho, Chan, & 

Chan, 2006). Similar results from research using a waist mounted accelerometer within a 

free-living population over a seven-day measurement period have been reported previously 

(Macfarlane, et al., 2006; Troiano, et al., 2008). Furthermore, research indicates that as age 

of the population being investigated increases, the mean hours/day wear time increases 

(Troiano, et al., 2008), while mean hours/day wear time decreases when the PA of people 

with specific health conditions is explored. For example, in people with chronic obstructive 

pulmonary disease the mean wear time was 13.1 hours/day over a three-day measurement 

period (Steele, et al., 2000), and in people with a mixture of neurological conditions the 

mean wear time was 11 hours/day over two seven-day measurement periods (Hale, et al., 

2008). Such lower mean hours/day wear time may arise from increased hours of rest due to 

the underlying health condition. 

3.7.2.2 Magnitude and reasons for RT3 data loss 

It was estimated that 6.7% of RT3 hours of wear time were not recorded compared to the 

6,535.8 hours of PA recorded in the activity diary. The estimated 443.3 hours of RT3 data 

loss was equally due to RT3 related factors (48.4%) and participant related factors (52.6%). 

Data loss due to connection faults between the RT3 and the battery in the final week of data 

gathering caused 45.2% of the total data loss and accounted for 93.3% of the RT3-related 

factors (Figure 3.1). New batteries were used for each week of monitoring, and all RT3s 

were purchased three months prior to study commencement and had not previously been 

used except for laboratory based calibration tests. Therefore, it is unlikely that this result 

was due to either a fault in the battery or ‘wear and tear’ on the RT3s. More likely, the 

connection plates between the battery and the RT3 case were faulty. The lack of a data 

memory system in the RT3 meant that any loss of battery power resulted in an irretrievable 

loss of all data accumulated up to that point in time and until the RT3 was re-set again. It is 

likely that the rate of technical failure in the current study is related to the number of repeat 

measures, and the number of accelerometers used (9) relative to the number of participants 
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(21), as well as RT3 design limitations, and is not necessarily related to the population being 

investigated. 

Previous research has also reported ‘technical faults’ or battery failure with the RT3. In a 

study investigating people with LBP, Verbunt et al. (2005) reported a similar percentage loss 

of participants’ data (10%); Hertzog et al. (2007) in a repeated measures study with 65 

cardiac patients, reported the need to replace 20 accelerometers from a pool of 72 RT3s over 

a three month period; and Sloane et al. (2009) reported that 13% (15/115) of participants’ 

data at baseline was unusable in an activity activation programme in cancer survivors. While 

Chen et al. (2009) did not provide an exact figure on the amount of data loss; they did state 

that battery failure and battery connectivity were the most common cause of data loss in a 

weight loss study comprising 1,685 participants. However, technical issues with 

accelerometers are not limited to the RT3 (Estill, et al., 2000; Sirard, Melanson, Li, & 

Freedson, 2000; Williams, Klesges, Hanson, & Eck, 1989). For example, Estill et al. (2000) 

found that 8% of data files were unusable when using a wrist-worn accelerometer to 

measure PA in office and line production workers. 

Forgetting to wear the RT3 increased over the three repeated weeks and was responsible for 

an estimated 169.5 hours (38.2%) of total RT3 data loss. Despite the twice weekly contact 

with participants, as well as use of an instruction sheet and an activity diary, this was the 

primary cause of participant-related data loss (74.2%) (see Figure 3.1). Furthermore, there 

was decreasing adherence to hours/day wear time with each subsequent week of data 

collection. For example, 18 hours of RT3 data were lost due to forgetfulness at baseline 

compared to 63 hours and 88.5 hours in weeks four and eight respectively (see Table 3.2). 

Forgetting to wear the accelerometer is a phenomenon that has been reported extensively in 

the literature (Conn, Minor, Mehr, & Burks, 2000; Kochersberger, McConnell, Kuchibhatla, 

& Pieper, 1996; Steele, Belza, Hunziker, et al., 2003; Van Coevering, et al., 2005). Van 

Coevering et al. (2005) reported that only 50% of adolescent participants collected a 

continuous seven days of data in a one week study, whilst Conn et al. (2000) found that 28% 

of participants (average age 74 years) did not complete a full complement of seven to nine 

days of data collection; therefore, adherence is not necessarily related to age. The use of 

frequent cues and incentive payments has been found to increase participant adherence 

(Trost, et al., 2005; Van Coevering, et al., 2005); no incentive payments were provided to 

the participants in the current study, and it is possible that the cues were not varied or 

frequent enough to encourage adherence as time progressed. However, the additional use of 

an activity diary was beneficial not only to provide more detail of daily activity and act as a 
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cross reference to the RT3 output (Buchheit, et al., 2007), but also to provide a prompt to 

wear the RT3 daily. 

Misplacement of the RT3, its appearance, fear of losing the RT3, and discomfort were 

additional reasons for RT3 PA data not being recorded. Placement site of the RT3 was 

particularly uncomfortable for two participants whose occupations (Solicitor and Business 

Analyst) required sitting for a high proportion of their day. Removal of the RT3, either for a 

sports activity or for bathing following the sports activity, resulted in participants forgetting 

to reattach the RT3. These hours of data loss are therefore linked to the sporting activities of 

the participant; consequently, as participants become more active the amount of data lost 

due to removal of the accelerometer may exceed the actual duration of participation in the 

sport or leisure activity. The development of a lightweight, smaller, and waterproof 

accelerometer, capable of being worn continuously, would negate these issues. In the 

interim, some researchers have adjusted for sports-related data loss by the imputation of an 

estimate of the specific activity’s EE (Buchheit, et al., 2007). While data loss due to sporting 

activity is important to recognise, sports-related data loss accounted for only 18.5 of the 

6,535.8 hours of PA recorded in the activity diary. 

3.7.2.3 Change in RT3 wear time over the three repeated weeks of measures 

Limits of agreement for wear time were between ± 2.3 and 2.5 hours for the week-to-week 

hours of wear time reliability comparisons, and there was little evidence of important bias 

for week-to-week comparisons. Only the average difference in daily wear hours from 

baseline to week eight was statistically significant; however as the adherence to wear hours 

decreased over time, this result was not unexpected. There was an increase in variability, 

shown by an increase in the scatter of the differences, as the magnitude of measurement 

dropped below 13 hours/day wear time, especially for baseline and week eight, and weeks 

four and eight. However, as the number of participants for these three analyses was small, 

these findings should be treated cautiously until future studies have investigated change in 

wear hours from week-to-week in larger sample sizes and in a range of populations. 

In addition to assessing the mean hours/day wear time difference between weeks of 

measurement, the Bland-Altman plot for weeks four and eight was conducted to confirm the 

estimate of data loss from the activity diary for the two participants who lost a complete 

week of RT3 data at week eight. In the week eight activity diaries, 93 hours (mean 13.3 

hours/day) and 107.5 hours (mean 15.4 hours/day) of PA were recorded for the two 

participants respectively. These activity diary hours were used as an estimate of RT3 hours 



Chapter 3 Measurement of physical activity in healthy participants  

73 

of data loss. The estimation of this data loss was found to be consistent with the weekly 

variation demonstrated by the 19 participants with complete data between weeks four and 

eight, and lies within the Bland-Altman limits of agreement. 

3.7.3 Perceptions of RT3 utility 

Most participants reported that: the RT3 was acceptable to wear; remembering to wear the 

RT3 was easy; and the RT3 did not interfere with daily activities (Table 3.3). However, 

participants reported that: sitting or driving with the RT3 situated on the central lumbar 

spine was uncomfortable; the RT3 was easily caught under the backrest of chairs; got 

knocked off during sit to stand activities, and sometimes fell off when going to the 

bathroom. These experiences resulted in a fear of losing the RT3, and added a burden of care 

to the participants. The reports of discomfort and fear of losing the RT3 are comparable with 

previous research (Hale, et al., 2008). These utility issues in the current study may not have 

occurred if the RT3 had been placed on the belt line over the lateral pelvis. However, the 

RT3 was placed in a more posterior position due to the intent to pilot this placement site for 

participants with LBP in subsequent trials. In addition, previous research had noted that too 

lateral a placement over the pelvis could result in either the RT3 getting knocked off, or the 

breakage of the clip (under the armrest of the chair) when participants went from sitting to 

standing (Steele, Belza, Hunziker, et al., 2003). 

3.7.4 Variability of PA by day and by week 

Overall, 34% of the variance of PA was due to day-to-day and week-to-week variation 

(Table 3.8). Mean PA varied little by day of the week, ranging from a mean (SD) of 243,000 

(74,000) MVMU/day on Wednesdays to mean (SD) of 270,000 (106,000) MVMU/day on 

Mondays (see Table 3.6 and Figure 3.3). Likewise, by week, the mean (SD) MVMU/day 

ranged from a low of 256,000 (94,000) at baseline to a high of 265,000 (63,000) at week 

four (see Table 3.7 and Figure 3.3). However, there was high variability between day of the 

week, with mean variance highest on the weekend days of Saturday (9.8) and Sunday (11.9) 

compared to week days, for example Friday (7.1). This suggests that a lot of PA on one day 

may be followed by some days of relatively lower PA within any given week. Previous 

research has also demonstrated higher PA variance on weekend days compared to working 

days (Metzger, et al., 2008) 

Between-participant variance was the greatest source of variance (see Table 3.8). Previous 

studies have reported between-participant variance to be the largest source of variance when 
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assessing either free-living PA with the TriTrac-R3D accelerometer, which was the 

predecessor of the RT3 (Coleman & Epstein, 1998), or free-living inactivity with the 

Computer Science Application (CSA) accelerometer (CSA Inc. Shalimar, Florida, USA), 

(Matthews, Ainsworth, Thompson, & Bassett, 2002). Conversely, other research has found 

that within-participant variance is the greatest source of variance when free-living PA was 

measured with the Caltrac accelerometer (Hemokinetics Inc., Madison, Wisconsin, USA) 

(Levin, et al., 1999). The differences in these variance findings between the various studies 

are possibly due to differences in participant characteristics, such as sedentary versus active 

participants, and the different types of accelerometers being used. 

3.7.5 Number of days of monitoring required to estimate PA 

There is no definitive answer on whether three or four days of valid PA data should be 

recommended as the minimum number of days of data collection per week required to 

estimate mean daily PA. This is because the choice of using a minimum of three or four 

valid days of data depends on the day-to-day variability within a week, which is further 

dependent on the population being investigated. In the current study, week four had the 

highest variability between days. Consequently, the ratio of variance for five or less days of 

data collection compared to the variance from seven days of data collection resulted in a 

larger inflation of sample size requirements, compared to the corresponding number of days 

for baseline and week eight. 

Previous research using a variety of PA outcome measures has reported a range of recording 

days (5-28) as required to reliably measure PA in healthy, free-living adults (Baranowski, et 

al., 1999; Coleman & Epstein, 1998; Matthews, Hebert, Freedson, et al., 2001; Trost, et al., 

2000). Reliability is the ability of a measure to replicate results and is commonly associated 

with random error (Baranowski, et al., 2008). In the current study, the ICC had a modest 

value of 0.66. This value was lower ICC values of 0.82 and 0.85 reported for the 

measurement of free-living PA, with the RT3, in healthy adults and adults with a 

neurological disability respectively, on two seven day weeks, spread eight weeks apart by 

Hale, et al. (2008). 

Every measure has true variability, random error, and systematic error. PA measurements 

may be affected by random error from two factors in particular: natural, biological, and 

behavioural variability is the expected variation within an individual’s daily and weekly 

routine, and the variability between different individuals’ routines; and analytical error, due 

to the way in which data has been collected and processed (Baranowski, et al., 2008). 
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Importantly, an accurate estimation of PA variance is dependent upon the homogeneity of 

the population, limiting the amount of error in the measurement system (Baranowski & de 

Moor, 2000), and maintaining high adherence to wear times to maximise the number of 

valid days from which to determine mean PA (Coleman & Epstein, 1998; Conn, et al., 

2000). There is more day-to-day variability in people with a more spontaneous lifestyle, and 

spontaneity may be affected by health issues and age (Lores, et al., 2006). Therefore, it is 

possible that the higher variance and lower ICC found in the current study compared to that 

of Hale et al. (2008) may be due to the presence of neurological disability and age 

differences in the populations; 51 (18.1) years for the healthy adults in Hale et al. (2008) 

versus 35.0 (14.0) for participants in the current study. 

The particular days from within a seven-day week used to estimate PA may affect estimated 

PA (Baranowski, et al., 2008; Baranowski, et al., 1999). For example, data from week four 

in the current study illustrated the paradoxical phenomenon whereby days of high activity 

may be followed by days of low activity; however, when the week four group mean of 

MVMU/day was calculated from the full seven days of data, the within-participant day-to-

day fluctuations of PA were evened out. Therefore, depending on which days of the week 

PA data is collected from, either an under- or overestimation of mean MVMU/day may 

occur. Unfortunately, other than the stipulation of a least one weekend day, the days on 

which the accelerometer is worn, are not typically controlled by the researcher. 

No published research to date has reported on the minimum number of days to reliably 

assess PA with the RT3 in free-living healthy adults. All research thus far has been 

conducted in populations with specific health issues. Regardless, there is consistent evidence 

that more days of data provides a more reliable estimate of PA. Recent research, published 

while this thesis was being undertaken, also found that the use of seven days of data 

compared to three or four days of data collection improves the estimate of PA only 

marginally in people with various health conditions (Hale, et al., 2008; Hertzog, et al., 2007; 

Jerome, Young, Dalcin, et al., 2009). Therefore, results from the current study and from 

other researchers’ work indicate that a minimum of four valid days per week of RT3 data is 

optimal, as it would enable researchers to reliably estimate mean PA while accounting for 

participants’ varying ability to be adherent to requirements for accelerometer wear. 

3.7.6 Relationship between the RT3 and the 7D-PAR 

A moderate association was found between RT3 MVMU/week and the EE calculated from 

the 7D-PAR (kcal/kg) over each of the three weeks of monitoring (r = 0.46-0.58). Previous 
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research comparing the RT3 with activity diaries or activity questionnaires in free-living 

adults has reported a wide range of correlation coefficients (r = 0.24–0.54) (Hertzog, et al., 

2007; Macfarlane, et al., 2006; Peterson, Yates, Atwood, & Hertzog, 2005; Philippaerts, 

Westerterp, & Lefevre, 2001; Sloane, et al., 2009). Most recently Sloane et al. (2009) 

reported, from a longitudinal study, correlations of the 7D-PAR with the RT3 of r = 0.54 at 

baseline, r = 0.24 at one year, and r = 0.53 at two years. The moderate associations found in 

all of these studies, including the current study, suggest that the relationship between 

accelerometers and activity questionnaires is not strong, and that the two methods may 

capture different aspects of activity. PA questionnaires are an indirect method for estimating 

PA, and rely on an accurate and thorough recall of all activities in discrete blocks of time; 

therefore they are susceptible to bias. Conversely, accelerometers do not necessarily capture 

light and high intensity activities accurately, especially if they occur on a gradient 

(Matthews, et al., 2002; Rowlands, Eston, & Powell, 2006); and accelerometers can not be 

worn with water-based activities or contact sports. The use of an activity questionnaire or 

activity diary in addition to accelerometry might provide a more complete picture of free-

living PA. 

3.7.7 Limitations 

There are several limitations to this research. There is the possibility of bias as the 

recruitment strategy was not diverse, and this is reflected in the relatively young mean age 

(35 years) of the group. Consequently, the MVMU/day recorded for this group is potentially 

higher than that for the general populace. In addition, participants were not asked if each 

week of monitoring represented habitual PA. Therefore, it is unknown whether the PA 

recorded reflected habitual activity. Participants were encouraged to keep their PA relatively 

constant between the weeks of measurement; unfortunately, this did not occur in all cases. 

For example, one participant in week four ran a marathon, and then due to illness 

participated in no further moderate or vigorous PA for the remainder of the week. The 

removal of this outlier was considered as the data did not reflect habitual PA. However, the 

number of participants in this study was already small (N = 21), and habitual activity is 

never completely constant, therefore data for this participant were left in the analysis. A 

larger sample size would have minimised the effect of these fluctuations in mean variance to 

some degree. Similarly, the utility and validity results should be considered carefully; 

however, the findings are consistent with other studies involving a wide range of 

participants and various accelerometers. 
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The RT3 was not compared to any other accelerometer, thus it is difficult to determine if the 

participants would have found the RT3 preferable or easier to remember to wear than any 

other accelerometer. Also, while the RT3 data were cross referenced to the activity diary, 

participants were only asked to record their main activity for each hour. Consequently, RT3 

data were only noted as missing when 60 minutes of continuous MVMU/min of 10 or below 

was recorded. Therefore, numerous activities of less than 60 minutes in duration requiring 

removal of the RT3 were possibly unaccounted for. Increasing the frequency of activity 

diary input, for example, to every 30 minutes, might have yielded further categories of data 

loss and improved the accuracy of these results; however, this may have placed considerable 

burden on participants, which can further affect reliability (Stone & Broderick, 2007). In 

addition, using the activity diary to estimate hours of RT3 data loss presumes that the 

activity diary is an accurate account of all PA undertaken. Diaries are, however, subject to 

recall bias (Stone & Broderick, 2007). Therefore, while results presented might not 

accurately reflect hours of RT3 data loss and all the reasons for data loss, this is the first 

study to publish this type of utility information. 

To minimise bias and error in the measurement of PA with the RT3 a few steps were 

undertaken. Firstly, the reliability of each RT3 to measure functional activities commonly 

performed in free living (to replicate study conditions) was assessed. Assessing 

accelerometer reliability prior to use is recommended (Powell, et al., 2003; Ward, et al., 

2005); however, calibration with a mechanical shaker was not performed and therefore, the 

reliability of the RT3s with a standardised test is not known. Secondly, each participant 

received the same RT3 unit on each subsequent week of measurement (Ward, et al., 2005). 

Thirdly, multiple measures of PA, including an activity diary, were used to promote 

adherence and to gain a more complete picture of free living PA (Trost, et al., 2005); and 

finally a repeated measures design was used to improve the internal validity of the study 

(Levin, et al., 1999). 

Previous studies have found that the amount, type, and intensity of activity can vary between 

seasons (Matthews, Hebert, Stanek III, et al., 2001), but particularly when comparing 

Spring/Summer with Autumn/Winter (Pivarnik, Reeves, & Rafferty, 2003). Weather 

changes are a possible reason for the variance seen with the daily fluctuations in PA. 

However, seasonal variation is unlikely to be a major contributing factor of weekly variance 

in the current study, as each participant was monitored, in a temperate climate, over the five 

months of May to September (Autumn and Winter). 
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3.7.8 Recommendations 

In a repeated measures design, pilot testing of accelerometers should be considered to 

ascertain any specific participant or technical issues in the population of interest, for 

example, placement site of the accelerometer, magnitude, and cause of data loss. This study 

found that extensive data were lost due to battery connection faults. Provision of an internal 

memory system within the RT3 would address this fault. Placement of the RT3 in the lower 

back would not be acceptable for participants with LBP disorders, nor for participants who 

spend long periods of time sitting. The decline in wear hours, and subsequently valid days, 

should also be taken into account when planning further studies, particularly for determining 

power calculations and strategies to maximise adherence. 

The association found between the self report questionnaire and the RT3 indicates that these 

tools measure different aspects of PA; however, questionnaires and accelerometers both 

have limitations. Interpretation or definition of intensity, duration, and frequency by 

researchers as well as previously mentioned factors such as recall, can introduce potential 

bias into the estimate of PA with questionnaires. Estimates of PA with accelerometers are 

influenced by hours of wear time, number of days of wear time, and the inability of 

accelerometers to capture all aspects of PA, such as, water-based activities or activities on a 

gradient. The requirement of at least one weekend day appears to be important when 

estimating weekly PA. To gain a more complete picture of PA, at least two methods of PA 

assessment should be used in conjunction. 

Further RT3 recommendations, drawing on results from Chapters Three, Four, and Five can 

be found in the discussion chapter (see Chapter Six, p. 205). 

3.8 Conclusion 

This study explored the magnitude of and reasons for RT3 data loss, adherence to wear time, 

and any participant perceived utility issues in a population of healthy volunteers. In addition, 

the concurrent and construct validity, and sources of PA variance were explored. The RT3 

was perceived to be acceptable to wear, and missing RT3 data were equally due to RT3 

technical issues and participant-related factors. The RT3 was moderately associated with the 

7D-PAR and demonstrated moderate reliability. High levels of day-to-day variance suggest 

that a minimum of four days of data collection are required to reliably estimate PA with the 

RT3.



 

 

Chapter Four 
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Chapter 4 Measurement of physical activity in people with low 

back pain 

4.1 Abstract 

Aim: The quantitative aspect of this mixed methods (MM) study explored the 

responsiveness and utility of the RT3 to measure free-living physical activity (PA) in people 

receiving physiotherapy treatment for low back pain (LBP), and compared the free-living 

PA of people with acute and chronic LBP. 

Methods: A non-experimental, observational, anchor-based design involving retrospective 

rating of perceived PA change in a cohort of two LBP groups was used. Participants were 

classified as either acute low back pain (ALBP) or chronic low back pain (CLBP). The RT3 

was worn at baseline, and weeks six and 12. The main outcome measure was mean vector 

magnitude units per minute (MVMU/min). Perceived PA change was measured with the 

Global Rating of Change (GROC) at weeks six and 12. In addition, demographic data and 

participant characteristics were collected at baseline, and pain, function, disability, health 

status, and satisfaction with care were measured at baseline, and at weeks six and 12. An 

RT3 utility questionnaire was completed at baseline and week 12. 

Results: The 67 ALBP and 44 CLBP participants, had a mean (SD) age of 43.3 (13.9) years. 

A small positive, statistically significant relationship was found for change in MVMU/min 

between baseline and week six with GROC (11.6%, F(1, 96) 12.6, p < 0.0001). Area under 

the curve (AUC) for Receiver Operator Characteristic (ROC) curves for GROC cut-points of 

1 and 5, and MVMU/min change at week six, were 0.73 and 0.6 respectively. At week six, a 

4 point change in GROC cut-point 1 corresponded to a 40 unit change in MVMU/min, 

which may represent the minimal clinically important difference (MCID). A repeated 

measures ANOVA found a significant interaction between week of measurement and LBP 

classification. Forty-eight (43%) participants reported that the RT3 was bulky and 

uncomfortable. 

Conclusions: The RT3 has moderate utility, but demonstrated limited responsiveness to a 

perceived change in PA. There was a significant difference in the free-living PA of people 

with either ALBP or CLBP. LBP classification was the only variable which significantly 

contributed to change in PA. Accurate measurement of PA change is important. Therefore, 

further research exploring the responsiveness of objective measures of free-living PA is 

warranted.
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4.2 Introduction 

As discussed in Chapter Two, guidelines recommend the prescription of specific exercises 

for people with chronic low back pain (CLBP), and advice and resumption of habitual 

physical activity (PA) for people with acute low back pain (ALBP) (Airaksinen, et al., 2006; 

van Tulder, et al., 2006). However, few researchers have used an objective measure of free-

living PA to measure change in PA in people with low back pain (LBP) (de Jong, et al., 

2005; Hartvigsen, et al., 2010; Vlaeyen, et al., 2002). Therefore, the effect of these 

recommendations on free-living PA remains unknown. Furthermore, the relationship 

between PA and either acute or chronic LBP remains unclear. 

Results from papers exploring accelerometer measured free-living PA in people with CLBP 

are inconclusive. For example, people with CLBP may or may not have decreased PA 

compared to healthy individuals (Bousema, et al., 2007; Chastin & Granat, 2009; Ryan, et 

al., 2009; Spenkelink, et al., 2002; van den Berg-Emons, et al., 2007; van Weering, et al., 

2009; Verbunt, et al., 2001). However, PA patterns, such as, time spent in moderate and 

vigorous physical activity per day (MVPA/day), and duration and number of bouts of 

PA/day, are significantly different in people with CLBP (Chastin & Granat, 2009; Ryan, et 

al., 2009). The relationship between objectively measured free-living PA and ALBP is also 

unclear. ALBP may decrease PA, and PA may increase ALBP (Liszka-Hackzell & Martin, 

2002, 2004). In addition, there is limited evidence to suggest that there is any relationship 

between accelerometer-measured change in free-living PA and change in disability, 

function, pain, fear of movement, or depression in people with LBP (Huijnen, et al., 2010; 

Ryan, Gray, et al., 2008; Ryan, et al., 2010b; Verbunt, Seelen, et al., 2005). The lack of 

responsiveness in some accelerometers was one rationale proposed to account for these 

conflicting findings (Bousema, et al., 2007). 

Ideally, effective outcome measures should demonstrate good utility, and be reliable, valid, 

and responsive (Hays & Hadorn, 1992; Kirshner & Guyatt, 1985; Law, 1987; Seefeldt, et 

al., 2002; Stratford, Binkley, Riddle, & Guyatt, 1998). The RT3 has good reliability, is a 

valid measure of PA and energy expenditure (EE) (Powell & Rowlands, 2004; Rowlands, 

Thomas, et al., 2004; Verbunt, et al., 2001), and has reasonable utility (see p. 61). 

Responsiveness is an important psychometric property as it reflects the precision of an 

outcome measure to reliably identify when a change has occurred (Beaton, 2000; de Bruin, 

Diederiks, de Witte, Stevens, & Philipsen, 1997; Hays & Hadorn, 1992; Stratford, Binkley, 

et al., 1996). Determining if a change in status has occurred is of particular relevance to 
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clinicians, health researchers, and policy makers (Liang, 2000; Relman, 1988). However, 

establishing the responsiveness of objective measures of free-living PA is challenging, 

because fluctuations in a measurement with time may either be due to measurement error, or 

fluctuations from day-to-day, week-to-week, month-to-month, and year-to-year; in such 

cases, these are not necessarily the result of a “true and meaningful change” (Stratford, 

Finch, et al., 1996). The 'Minimal clinically important difference’ (MCID) tries to capture 

the magnitude of a change that represents actual change in the variable of interest above that 

induced by measurement error or random fluctuation (Stratford, Finch, et al., 1996). 

In conclusion, LBP guidelines recommend either ‘advice to stay active’ or the prescription 

of specific exercises for the management of people with either acute or chronic LBP 

respectively. However, objective measures of free-living PA have rarely been used to 

establish if the recommendations result in a change in PA. Therefore, establishing the 

responsiveness of the RT3 to measure free-living change in PA is a research priority. 

Furthermore, no research has compared the free-living PA between people with acute or 

chronic LBP receiving physiotherapy treatment, or compared time or epochs of time spent in 

various intensities of PA. Therefore, which specific PA parameters are important to consider 

during rehabilitation, if any, are unknown. Finally, the relationship between variables which 

might explain change in PA, and the utility of the RT3 in people with LBP both require 

clarification. 

4.2.1 Aims 

The aims of the quantitative aspect of this mixed methods (MM) research were to: 

• Explore the responsiveness of the RT3 accelerometer to measure change in the free-

living PA of people receiving physiotherapy treatment for LBP; 

• Compare the accelerometer measured free-living PA between people receiving 

physiotherapy treatment for either acute LBP or chronic LBP; 

• Identify any utility issues with the RT3 accelerometer in people with LBP. 

A secondary aim was to: 

• Explore how much of the variance in the change in MVMU/min was explained by 

specific personal characteristics, such as LBP classification, sex, and work classification, 

and change in pain, function, or disability. 
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4.3 Methods 

4.3.1 Study design 

The current study had a non-experimental, observational, anchor-based design (Jaeschke, et 

al., 1989; Stratford, Binkley, et al., 1996; Stratford & Riddle, 2005). Anchor-based designs 

have been recommended to assess responsiveness when RCTs are not practical or when a 

reasonable change score, in the variable of interest, can not be estimated (Stratford, Binkley, 

et al., 1996; Stratford & Riddle, 2005). RT3 data were collected at three times, study onset 

and after six and 12 weeks, in a cohort of LBP participants classified as either acute LBP or 

chronic LBP. The ALBP group was expected to have a greater change in PA over the study 

course compared to the CLBP group. The latter group was expected to improve only slightly 

or remain the same. Study participants also retrospectively rated their own perceived PA 

change at weeks six and 12 of the study (see Figure 4.1, p. 84). At the end of the 12 weeks, a 

sub-group of participants were asked to participate in semi-structured interviews. The 

method, results, and discussion for the qualitative aspect of this mixed method (MM) study 

can be found in Chapter Five (see p. 135). 

4.3.2 Sample size 

Based on previous research in participants with CLBP (Bousema, et al., 2007), the mean 

(SD) change over time in MVMU/day measured by the RT3 was 38,000 (72,000). In order 

to detect a difference of this magnitude, 58 participants in each of the two LBP groups were 

needed at 80% power with a type I error rate of 5%. After 20 participants (ALBP = 10 and 

CLBP = 10) had completed the study another sample size calculation was performed to 

confirm this initial estimate. A clinically important difference was calculated by a Receiver 

Operator Characteristic (ROC) curve for the performance of the RT3 in discriminating 

Global Rating of Change (GROC). A change value of 84,000 MVMU had 75% sensitivity 

and 75% specificity for detecting GROC. The SD of the RT3 was 139,000. At 80% power, a 

total of 88 participants, 44 in each LBP group, were needed to detect this difference and at 

90% power 59 participants in each LBP group were required. These calculations were in 

accordance with the earlier power calculation. 

4.3.3 Participants 

A convenience sample was recruited by advertisements placed with local newspapers and 

radio stations, and by flyers in Wellington City Council owned amenities: libraries, 

swimming pools, and gyms. In addition, 27 private physiotherapy practices and one public 
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District Health Board with two hospital outpatient rehabilitation clinics advertised and 

recruited participants for the study. All participants were recruited from the Greater 

Wellington Region of New Zealand. Recruitment was over 15 months between February 

2008 and May 2009. 

 

Figure 4.1 Study design 

A non-experimental, observational, anchor based design involving retrospective rating of perceived PA change 

in a cohort of two LBP groups. The n values indicate the intended recruitment of participants. 

4.3.3.1 Inclusion and exclusion criteria 

Inclusion criteria were: LBP and receiving physiotherapy for LBP, usual activities limited 

by LBP, able to read and write in English as all questionnaires were in English, able to 

provide signed informed consent, between 18 and 80 years of age, and a Roland Morris 

Disability Questionnaire (RMDQ) score of ≥ 4 to ensure that people had a least mild 

disability due to LBP. 

Exclusion criteria were: unable to read or write English, younger than 18 or older than 80 

years of age; receiving physiotherapy for a complaint other than LBP; specific or systemic 

spinal pathology, for example malignancy, inflammatory bone or joint disease, nerve root 

involvement; a positive response to screening questions indicating possible serious 

pathology (ACC, 2003; Waddell, 2004, p. 12); spinal surgery within the last 12 months; 

pregnancy; or, if past or present medical conditions other than LBP prevented usual PA. 
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4.3.4 Protocol 

The Central Regional Ethics Committee, the local NZ Ministry of Health, Health and 

Disability Ethics Committee, reviewed and approved the study protocol (CEN/07/11/080) 

(see Appendix A, p.249). 

4.3.4.1 Recruitment via physiotherapist 

The treating physiotherapist raised possible study participation with the potential participant, 

and completed screening using the inclusion and exclusion criteria. This happened within 

the first three patient visits to the therapist. If the patient met the inclusion criteria and was 

interested in participating in the study, contact details for the patient were forwarded to the 

researcher. 

4.3.4.2 Recruitment via advertising or flyer placed in City Council amenities 

Public advertising contained simple inclusion and exclusion information as well as contact 

details for the researcher. If a member of the public was interested, they were able to make 

contact with the researcher via email or phone (see Appendix B, p. 263). 

4.3.4.3 Eligibility and consent 

Study eligibility was initially checked via a telephone conversation. This conversation also 

allowed the potential participant to clarify what study involvement would require and ask 

questions. At a convenient time for the participant, a face to face meeting was arranged to 

obtain informed written consent, and complete confirmatory screening by the inclusion and 

exclusion criteria, and baseline measurements. On this first day of contact, a written copy of 

the study protocol was also presented to participants. The majority of participants 66/114 

(58%) requested that all contact occur at the participant’s home, 39/114 (34%) at the work 

place, and a further 25/114 (22%) elected to meet at the researcher’s educational institution. 

Participants were free to withdraw from the study at any time. 

4.3.5 Procedures 

At the first visit, personal information was collected about participants’ date of birth, sex, 

self-identified ethnic group, duration of LBP (see Appendix C, p. 270), and their height and 

weight were measured. Baseline measures for the Numeric Pain Rating Scale (NPRS), the 

Patient Specific Functional Scale (PSFS), the RMDQ, the Short-Form Health Survey (SF-

36v2), and Work status (WS) were collected (see 4.3.6, p. 87 for more specific details on 

each measure). 
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The participant's weight, height, sex, and age, were entered into the ‘Stayhealthy’ 

manufacturer supplied RT3 software program. The RT3 was set to Mode Four, which 

collects mean vector magnitude unit per minute (MVMU/min). Prior to the demographic 

data being uploaded onto the RT3, the life status of either an AAA Energizer® 

Rechargeable or an Energizer® Ultimate Lithium battery (Energizer®, St Louis, USA) was 

checked on a 59–092 ENERGY CHECK® LCD battery checker (ANSMANN, Assamstadt, 

Germany). Batteries reporting over 98% charged were used. 

The RT3 was placed within a holder. Based on the utility findings from Chapter Three (see 

p. 61) which found that some participants disliked the colour of the RT3 holder, participants 

were offered either a grey manufacturer-provided holster device (Stayhealthy Inc., 

Monrovia, California, USA). Inc, or a black Nokia® (1100/2300/1110) compatible cell 

phone case (Nokia®, Helsinki, Finland). Participants were offered this choice of case type 

and colour to improve adherence to wear time. 

Participants were asked to wear the RT3 on their right hip during all waking hours for seven 

consecutive days. They were asked to remove the RT3 during involvement in water-related 

activities such as bathing and swimming. If participants specifically requested to wear the 

RT3 on their left side, this was allowed. As discussed previously (see Chapter Three, p. 53), 

placement of the RT3 does not statistically significantly affect RT3 output. Therefore, 

consistency on which hip the RT3 was placed was emphasized over side of placement. 

In addition, participants completed an activity diary to document their main activities for 

each waking hour over the seven days. They were also asked to record when the RT3 was 

removed, the reason for removal, and the activity occurring during this interval. During the 

seven day period, each participant was contacted daily by means of their self-selected 

preferred method of communication, for example: e-mail; short message service (SMS); or 

telephone. Daily contact was used to encourage adherence with wearing the RT3, and 

recording of activities in the activity diary. Daily contact was used to maintain adherence to 

daily wear due to experience from the pilot study reported in Chapter Three (see p. 59) and 

from results in previous research (Trost, et al., 2005; Van Coevering, et al., 2005). 

After seven days, participants were visited and asked to complete the Baecke Physical 

Activity Questionnaire (BPAQ) and the RT3 Utility questionnaire, and the activity diary was 

collected. The RT3 was removed and data downloaded using the 'Stayhealthy' software. 

These data were visually scanned to check that an acceptable level of wear time had been 
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obtained (Chen, et al., 2009). Participants who did not meet the criteria, either due to low 

adherence to RT3 wear time or if the RT3 had reset to zero (thereby containing no data), 

were asked to repeat the week of measurement. Participants were allocated the same RT3 for 

the three weeks of assessment where possible. This same procedure of wearing the monitor 

for seven days and completion of the activity diary was repeated approximately six and 12 

weeks after baseline (see Figure 4.1, p. 84). 

All questionnaires except the Utility questionnaire (that is the NPRS, PSFS, RMDQ, SF-

36v2, BPAQ, and WS) were completed again at the end of weeks six and 12. The utility 

questionnaire was only completed again at the end of week 12. The GROC was completed at 

the end of weeks six and 12, in conjunction with a return to habitual PA question at week 

12. The Satisfaction with Care (SC) questionnaire was completed if the participant had 

finished physiotherapy treatment at week six. At week 12, regardless of completion of 

physiotherapy treatment, the remaining participants also completed this questionnaire. 

4.3.6 Measures and instruments 

4.3.6.1 Personal information sheet 

The personal information sheet (see Appendix C, p. 270) was used to collect study 

participants’ contact details, and record the weight, height, age, occupation, ethnicity of 

participants, acceptance of LBP claim by ACC, RT3 number, and duration of LBP. Weight 

was measured with an electronic scale (Model 915, Salter, Kent, England). 

4.3.6.2 Numeric Pain Rating Scale (NPRS) 

The NPRS is an 11 item scale, 0 (No pain) to 10 (Worst imaginable pain), that rates 

perceived pain intensity (Kahl & Cleland, 2005). The measure demonstrates good test-retest 

reliability, is responsive to change, and has high convergent validity with other pain 

measures such as the Visual Analogue Scale (VAS) (Angst, Verra, Lehmann, & 

Aeschlimann, 2008). Participants were asked to rate: the worst their pain had been in the last 

24 hours; the best their pain had been in the last 24 hours; and their pain at present, with the 

mean of all three responses used for analysis (see Appendix C, p. 272). The MCID for the 

NPRS is a change of 2 points (Cleland, Childs, & Whitman, 2008; Kahl & Cleland, 2005). 

4.3.6.3 Patient Specific Functional Scale (PSFS) 

The PSFS (Stratford, Gill, Westaway, & Binkley, 1995) consists of three items of functional 

difficulty selected by the individual. The PSFS has been shown to be responsive in a range 
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of populations including those with LBP (Beurskens, et al., 1999; Pengel, Refshauge, & 

Maher, 2004; Pengel, et al., 2007). Each item is rated on an 11 point scale from 0 (Unable to 

perform activity) to 10 (Able to perform activity at pre-LBP level). The average of all three 

items was taken. The MCID is a change of at least 2 points (Cleland, Fritz, Whitman, & 

Palmer, 2006; Westaway, Stratford, & Binkley, 1998) (see Appendix C, p. 273). 

4.3.6.4 Roland Morris Disability Questionnaire (RMDQ) 

The RMDQ (Roland & Fairbank, 2000; Roland & Morris, 1983) (see Appendix C, p. 274) is 

a 24 item disability questionnaire that was derived from the 136 item Sickness Impact 

Profile–health status questionnaire (SIP) (Bergner, Bobbitt, Carter, & Gilson, 1981). It has 

good content validity (Roland & Fairbank, 2000) and good construct validity when 

compared against the physical items of the SF-36 and the SIP (Deyo & Centor, 1986; 

Jensen, Strom, Turner, & Romano, 1992). Various studies have reported that the RMDQ is 

responsive to change (Lauridsen, Hartvigsen, Manniche, Korsholm, & Grunnet-Nilsson, 

2006; Pengel, et al., 2004; Stratford, et al., 1995). The MCID is dependent on the baseline 

disability measure, but can range between 5 for those reporting high disability, 4 for those 

with moderate disability, and 2 or 3 points for those reporting lower disability (Lauridsen, et 

al., 2006; Maughan & Lewis, 2010; Stratford, et al., 1998). As it was anticipated that people 

with high and low levels of disability would be included in the study, the MCID for the 

RMDQ was set at 4. 

4.3.6.5 Short-Form Health Survey (SF-36v2) acute version 

Inclusion of a generic health status outcome measure has been recommended for use in LBP 

studies (Bombardier, 2000). The SF-36v2 (Ware, 2000) is the latest version of the SF-36; it 

is a generic health status measure which includes an acute version. The acute version 

enquires about health status in the last four weeks (see Appendix C, p. 275). The new 

version is a more valid and reliable outcome measure than the previous edition (Ware, et al., 

2007, p. 170–175, 196–201, and 207–229). The SF-36v2 provides information on eight 

health domains: Physical Functioning; Role Physical; Bodily Pain; General Health; Vitality; 

Social Functioning; Role Emotional; and Mental health. The eight domains can be collapsed 

into the Physical Component Summary (PCS) and the Mental Component Summary (MCS). 

The PCS reflects “physical morbidity and aetiology”, and the MCS “psychological or mental 

morbidity and aetiology” (Ware, et al., 2007, p. 77). Each dimension is scored from 0 to 

100. However, converting the raw scores into normative values has been recommended to 

facilitate a more accurate understanding of the effects of a disease or condition on an 
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individual’s health status, and for cross study comparison (Ware, et al., 2007, p. 82). Norm 

based scores have a mean of 50 and SD of 10 (Ware, et al., 2007, p. 82). Raw scores were 

obtained by following recommended standardised procedures (Ware, et al., 2007, p. 53), and 

then converted by the specified algorithm into norm-based values (Ware, et al., 2007, p. 61) 

using New Zealand specific values (Scott, Tobias, Sarfati, & Haslett, 1999). The MCID for 

the SF-36v2 is > 2 for the PCS, and > 3 for the MCS (Ware, et al., 2007, p. 129). 

4.3.6.6 Satisfaction with Care (SC) 

The SC questionnaire (Hudak & Wright, 2000) contains a 5 point scale asking participants 

to rate their satisfaction with their care by a health practitioner (HP). The scale ranges from 

1 (Very dissatisfied) to 5 (Very Satisfied). This non-validated questionnaire was completed at 

week six if participants had finished physiotherapy, or at week 12 on completion of the 

study. Patient satisfaction is one of the core set of concepts recommended for inclusion in 

LBP studies (Bombardier, 2000) (see Appendix C, p. 283). 

4.3.6.7 Work Status (WS) 

The WS questionnaire is a non-validated questionnaire. It consists of one question which 

asks participants to select which option best describes their current work status from 10 

available categories (Bombardier, 2000) (see Appendix C, p. 271). WS questionnaires are 

designed to evaluate either health-related work outcome or work-related disability due to 

LBP (Amick, Lerner, Rogers, Rooney, & Katz, 2000). 

4.3.6.8 Global Rating of Change (GROC) 

The GROC (Jaeschke, et al., 1989) is used as a criterion measure to evaluate perceptions of 

change for a specific variable of interest (Davidson & Keating, 2002; Jaeschke, et al., 1989; 

Stratford, Binkley, et al., 1996). In this study the GROC was used to evaluate perceived 

change in PA as measured by the RT3. The GROC consists of a 15 point scale ranging from 

-7 (A very great deal worse) to 7 (A very great deal better). The middle of the scale, 0, 

equated to “No change”. Participants were asked two questions: “How would you rate your 

physical activity this week compared to the week when you first wore the RT3?” and “How 

important would you say this change is to you?” The GROC was measured at the end of 

weeks six and 12. There is no consensus on the MCID for the GROC, as scores of ≥ 3, ≥ 4, 

and ≥ 5 (Stratford, Binkley, Solomon, Gill, & Finch, 1994) have all been reported in the 

literature. In addition, at the end of week 12, participants were asked if their PA was back to 
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normal. This dichotomous question was placed at the end of the week 12 GROC 

questionnaire; however this question is not a part of the GROC (see Appendix C, p. 281). 

4.3.6.9 Baecke Physical Activity Questionnaire (BPAQ) 

The BPAQ (Baecke, et al., 1982; Baecke, Burema, & Frijters, 1997) is a recall measure of 

habitual activity. The BPAQ contains three subscales which focus on work or occupational 

PA, leisure PA, and sporting PA; each subscale is scored from 1 to 5. The total score is the 

sum of all three subscales. The BPAQ was completed at baseline, and weeks six and 12, and 

was modified in this current study by asking participants to think about activity during the 

past week (see Appendix C, p. 282). Numerous studies have modified the BPAQ to ask 

about shorter time-frames of habitual PA and still demonstrated good validity and reliability 

(Hertogh, Monninkhof, Schouten, Peeters, & Schuit, 2008; Ono, et al., 2007; Philippaerts & 

Lefevre, 1998; Philippaerts, et al., 2001; Vogels, Westerterp, Posthumus, Rutters, & 

Westerterp-Plantenga, 2007; Voorrips, Ravelli, Dongelmans, Deurenberg, & Van Staveren, 

1991). 

4.3.6.10 Activity diary 

The activity diary was an A4 sheet identical to the activity diary used in Chapter Three (see 

Appendix C, p. 269). Each cell provided space for the main activity of each hour or reason 

for RT3 removal to be recorded. This version of an activity diary is not validated. 

Information from the activity diary was used to ascertain hours per day of RT3 removal and 

reasons for RT3 removal. 

4.3.6.11 RT3 Utility questionnaire 

The Utility questionnaire (Hale, et al., 2008) was modified from Chapter Three, to consist of 

three items scored on a 5 point scale. The three items consisted of the questions: “How easy 

was it to remember to wear the RT3?”; “How many times during the week did the RT3 fall 

off?”; and “How acceptable was it to wear the RT3 for seven days?”. In addition, two 

dichotomous yes/no questions asked whether the RT3 interfered with any usual daily 

activities, and whether there were any times throughout the week when it was not 

appropriate to wear the RT3. ‘Yes’ answers were followed by ‘Why?’ questions. One final 

open ended question asked the participants for any further comments (see Appendix C, p. 

284). This questionnaire has face and content validity, but has not been formally evaluated. 
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4.3.6.12 The RT3 triaxial accelerometer 

The dimensions and specifics of the RT3 have been reported earlier in the thesis (see p. 24). 

In the current study, RT3 Mode Four was chosen for data collection as it allows for the 

storage of more than seven days of data.  

Prior to their use in the field, nine RT3 units underwent preliminary testing as recommended 

in the literature (Powell & Rowlands, 2004; Rowlands, Thomas, et al., 2004). The first 

testing of the RT3 units occurred with all accelerometers placed in a mechanical jig, in 

which each RT3 was tested six times for five minutes. The jig had a frequency of 3.3 Hz, 

and acceleration of 7.3 m·s-2, that is 0.74 g. The nine RT3 units showed an average within 

coefficient of variation (CV) for MVMU/min of 8.4% with a standard error of measurement 

(SEM) of 32.0 MVMU/min. The between-RT3 CV was 35.6%, SEM 135.7 MVMU/min. 

The greater between-RT3 variance has been reported previously, hence the importance of 

ensuring that participants receive the same RT3 on each subsequent data collection point 

(Powell & Rowlands, 2004). 

As the study progressed, eight RT3 units were either lost or destroyed, and thus six new 

monitors were purchased. It was not possible to use the jig again, therefore standardised 

treadmill tests at 4 km/hr and 8 km/hr were performed with 10 RT3 units set to Mode Four 

(MVMU/min). Each speed was repeated for three trials of seven minutes, with a three 

minute rest in between. The first and last minute of each trial was removed, leaving three 

tests of five minutes duration for the walk and run respectively. For the 4 km/hr walk, the 

within-RT3 CV was 3.5%, SEM 75.8 MVMU/min. The between-RT3 CV was 12.4%, SEM 

67.5 MVMU/min. The within-RT3 CV for 8 km/hr run was 3.5%, SEM 75.7 MVMU/min, 

and the between-RT3 CV was 15.2%, SEM 330.0 MVMU/min. While these tests were not 

performed on a jig, they do represent aspects of activity that would commonly be measured 

by the RT3 in a free-living environment. Like the jig results, the between-RT3 CV was 

greater than the within-RT3 CV. However, the within- and between-RT3 CVs for the 

treadmill tests are substantially lower compared to the jig tests. The decreased variance in 

the treadmill tests may be due to the method of fixation around the waist resulting in less 

movement, or the remote possibility of there being less variance between repeated measures 

of field tests than a standardised mechanical jig. These results were considered acceptable 

and no RT3s were removed from use in this study. 

The primary outcome from the RT3 data was MVMU/min. Secondary outcomes were 

minutes of moderate and vigorous physical activity per day (MVPA/day), and bouts of 
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moderate and vigorous physical activity per day lasting at least 10 minutes in duration 

(MVPA-bouts). 

4.4 Data treatment 

Following the collection of each accelerometer at the end of each week of testing, RT3 data 

were downloaded as a Comma Separated Value ('.csv') file. Each .csv activity file was 

cleaned, and categorised for statistical analysis. Activity diary data and questionnaire data 

were entered onto an Excel spreadsheet and were also cleaned and categorised for statistical 

analysis. 

4.4.1 RT3 data cleaning 

At present there is little consensus within the literature on how to clean, code, and categorise 

accelerometer data. The process is also dependent on the specific accelerometer being used. 

Cleaning, coding, and categorisation primarily results in three outcome variables: minutes of 

wear time per day, number of valid days of accelerometer data per week, and minutes spent 

in various intensities of activity. 

Although all research should follow data cleaning and management recommendations 

(Ward, et al., 2005), there are few protocols in the literature which provide explicit detail for 

the method and rationale undertaken in RT3 free-living research. While the intention of this 

study was not to develop a protocol for RT3 data cleaning and management, it was 

necessary to devise a method for the cleaning, coding, and categorisation of the RT3 data 

collected in the current study; the rationale for each decision will be detailed below. 

4.4.1.1 Hours of RT3 wear time 

Wear time can be defined as 1440 minutes per day, minus non-wear time (Troiano, et al., 

2008). However, several authors have observed the presence of low-level, but non-zero, 

MVMU/min within data files when non-wear time was recorded in an activity diary, for 

example, during sleep (Chen, et al., 2009; Hecht, et al., 2009; Orrell, Doherty, Miles, & 

Lewin, 2007). This makes establishing non-wear time from sedentary PA difficult. This type 

of noise was found in the RT3 data collected in Chapter Three. 

Researchers have used cut-points and contiguous minutes to help establish non-wear time 

from sedentary PA. A variety of cut-points to establish wear time from non-wear time for 

the RT3 have been discussed in the literature. The cut-point is usually a pre-defined activity 
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count value; any MVMU/min data below this value may be considered as non-wear time. 

Cut-point values used for the identification of non-wear time in the RT3 are: 0 MVMU/min 

(Orrell, et al., 2007), 5 MVMU/min (Hecht, et al., 2009), 10 MVMU/min (Buchheit, et al., 

2007), 15 MVMU/min (Buchheit, et al., 2005, 2006; Buchheit, et al., 2004), or a criterion if 

any value of MVMU/min was immediately followed or preceded by a MVMU/min of 0 

(Chen, et al., 2009). The ‘X’ number of contiguous minutes below the designated 

MVMU/min cut-point is the second factor required to classify non-wear time from wear 

time. In the literature, this period varies from 15 minutes (Chen, et al., 2009) to 60 minutes 

(Orrell, et al., 2007). 

An algorithm to determine RT3 wear time has recently been proposed (Hecht, et al., 2009). 

The algorithm is as follows: “Is the MVMU/min value > 5?”; “In the preceding 20 minutes, 

are there at least two MVMU/min > 5?”; and, “In the following 20 minutes, are there at least 

two MVMU/min > 5?”. If two or more of these conditions are positive then the RT3 was 

considered worn (Hecht, et al., 2009). Chen et al. (2009) and Hecht et al. (2009) rationalised 

their use of 15 and 20 minutes (respectively) by demonstrating that 80% of epochs classified 

as sedentary, with values of 0 to 5 MVMU/min, last between 1 to 4 minutes (Chen, et al., 

2009). 

For this study, non-wear time was determined by Hecht’s et al. (2009) method. However, 

the method was tailored to the accelerometers being used in the current study. It was 

apparent from a visual inspection of the data that the RT3s in the current study intermittently 

recorded MVMU/min of > 5 but ≤ 10 during periods of time recorded as “sleep” in the 

activity diary. Therefore, non-wear time was indicated by a cut-point of >10 MVMU/min. 

4.4.1.2 Number of valid days of wear 

The number of days for which valid data were collected was determined from the hours of 

wear time per day. Wear time per day, measured in hours, was determined from the 

maximum minutes available in a 24 hour period, after accounting for non-wear hours. The 

number of days with valid data was used to determine the eligibility of participants’ RT3 

data for statistical analyses. 

Little consensus exists in the literature on the minimum number of wear days to estimate 

activity. However, adherence to wear time appears to decrease with each repeated time point 

of measurement (Rousham, Clarke, & Gross, 2006; Van Coevering, et al., 2005). A large 

cross-sectional epidemiological study (N = 4,867) reported the use of 10 hours on four or 
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more days of data collection with the Actigraph accelerometer to measure time spent in PA 

(Troiano, et al., 2008). For the RT3, the required hours of wear per day for a day to be 

considered valid, and the minimum number of valid days per week before data can be 

included in statistical analyses varies. Examples of valid RT3 data include: three days with 

eight hours (Dubbert, et al., 2006), and five days with 10 hours inclusive of one weekend 

day (Bousema, et al., 2007; Soundy, et al., 2007). Valid accelerometer data have also been 

described as less than 20% of missing counts in a standard day, with the standard day being 

defined by the daily wear time of at least 70% of the population being investigated 

(Catellier, et al., 2005). 

Recent studies suggest that, when PA is being assessed over several different time points, 

three to four days of valid RT3 data provide enough information to reliably estimate mean 

daily activity, while maximising the number of participants whose data can be included in 

the statistical analysis (Hale, et al., 2008; Hertzog, et al., 2007; Jerome, Young, Laferriere, et 

al., 2009). As a specific example, Jerome et al. (2009) investigated both the number of valid 

wear days and hours of wear time per day, while investigating MVPA/day in 1,592 

individuals with obesity. When 10 hours of data on four days were compared against six 

hours of data on four days, the group’s mean time spent in MVPA/day changed by less than 

one minute on three different data collection periods. These findings are consistent with 

results found for the healthy participants in Chapter Three of this thesis (see p. 66). 

Consequently, the minimum number of valid days for this study was set at six hours on at 

least four days of the week, including one weekend day. Participants whose data did not 

meet this threshold were not included in any RT3 PA-related statistical analyses for that 

specific week of data collection. 

4.4.1.3 Cut-points for MVPA/day 

A cut-point was used to determine MVPA/day. Moderate PA is usually defined as ≥ 3 to < 6 

metabolic equivalent of task (MET) and vigorous PA ≥ 6 MET (Ainsworth, et al., 2000; 

Pate, et al., 1995); in the current study these two categories were combined. 

The TriTrac-R3D, which was the predecessor to the RT3, had been validated against indirect 

calorimetry (Chen, et al., 2003; Chen & Sun, 1997). However, several studies have shown 

that the RT3 and the TriTrac-R3D are not interchangeable, and that the cut-points 

determined for one model should not be used with the other (DeVoe, 2004; DeVoe, 

Gotshall, & McArthur, 2003; Jacobi, et al., 2007; Rowlands, Thomas, et al., 2004). For this 

reason, only RT3 validation studies of MVMU/min cut-points in adults are reviewed below. 
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One study validated RT3 MVMU/min against a criterion method (Rowlands, Thomas, et al., 

2004). These cut-points were determined by comparing steady state oxygen consumption to 

RT3 MVMU/min in 15 men with a mean age of 20.7 years. Three sorts of activities with 

known MET values were evaluated: structured treadmill walking at 4 km/hr and 6 km/hr; 

treadmill running at 8 km/hr and 10 km/hr; and unregulated activities consisting of kicking a 

ball, playing hopscotch, and sitting quietly. Moderate activity (≥ 3 MET) corresponded to ≥ 

1,316.6 MVMU/min for treadmill walking and running activities, ≥ 732.4 MVMU/min for 

unregulated activities, and ≥ 984.0 MVMU/min for all activities combined.  

Another study showed that cut-points derived from free-living PA are different to those 

derived from laboratory, and more specifically treadmill, calculations (Hendrick, et al., 

2009). For example, the cut-point to delineate moderate PA from low PA was found to be 

lower in the study by Hendrick et al. (2009) (N = 10) compared to Rowlands et al. (2004) 

with treadmill determined cut-points (N = 15); 1,009 MVMU/min compared to 1,316.6 

MVMU/min respectively. Furthermore, another study involving 20 older adults explored the 

cut-point between moderate and low intensity PA during standardised functional tasks such 

as standing, sitting at rest, sitting being active, walking, and stair climbing (Sumukadas, 

Laidlaw, & Witham, 2008). Counts below 250 MVMU/min indicated resting, and sitting 

activities (Sumukadas, et al., 2008). However, neither Hendrick et al. (2009) nor Sumukadas 

et al. (2008) used indirect calorimetry or doubly labelled water (DLW) to validate their 

proposed threshold cut-points or their mean MVMU/min values for each activity intensity. 

The RT3 cut-point determined by Rowlands et al. (2004) from treadmill activities alone (≥ 

1,316.6 MVMU/min) is typically used for delineating moderate intensity PA from low 

intensity PA in free-living studies (Jerome, Young, Dalcin, et al., 2009; Jerome, Young, 

Laferriere, et al., 2009). However, participants in the current study were unlikely to be 

similar to the young, male, and healthy participants in Rowlands et al. (2004). It is also 

recognised that there are individual differences related to age, weight, and gender when 

determining moderate intensity PA (Ainsworth, et al., 2000). Therefore, in the current study, 

the MVPA was set at ≥ 984.0 MVMU/min to ensure that MVPA from a diverse selection of 

people would be recorded, as well as MVPA from unregulated activities. This lower MVPA 

figure was the validated cut-point established from the mean cut-point of regulated and 

unregulated moderate intensity PA found in a laboratory setting (Rowlands, Thomas, et al., 

2004). 
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4.4.1.4 Normalisation of time spent in MVPA/day to a 12 hour day 

Previous research has found that comparing each valid day of data, either within-or 

between-participants, when there is unequal wear time on each day, affects estimates of 

daily PA (Mathie, et al., 2004). However, data reduction methods to compare valid days are 

rarely reported within the literature (Chen, et al., 2009; Ward, et al., 2005). Consequently, 

Ward et al. (2005) called for the explicit disclosure of data reduction methods in published 

studies. At present there are no standardised data reduction methods in place for free-living 

studies using the RT3. Therefore, comparison of time spent in specific PA intensities 

between studies is difficult (Chen, et al., 2009). 

Recently, Chen et al. (2009) proposed a data reduction method for the RT3, assessing the 

mean minutes of MVPA/day and MVPA-bouts/day in 1,615 adults; this method was adopted 

in the current study. MVPA was calculated as the sum of all minutes per day spent above the 

moderate cut-point threshold (Chen, et al., 2009). Therefore, MVPA-bouts were defined as 

epochs of MVPA lasting ≥ 10 minutes in duration, allowing for one minute below the 

threshold (≥ 984 MVMU/min), for every nine minutes of MVPA. An algorithm was 

designed to find the first minute defined as moderate intensity (≥ 984 MVMU/min), and 

then check that there were at least nine minutes of MVPA in the ten minute time frame. 

Then the algorithm drops the first minute and ‘picks’ up the next additional minute. If this 

new window of ten minutes also contained at least nine minutes of MVPA, the picked up 

additional minute was considered to be part of the original bout of exercise. Each ‘picked 

up’ new minute was considered similarly. To determine the estimated weekly and daily 

mean of MVPA and MVPA-bouts for the normalised data, a weighted average of weekday 

and weekend MVPA was calculated. Mean MVPA/day = (5 × mean week day MVPA) + (2 

× mean weekend day MVPA)/number of valid days (Chen, et al., 2009). 

To better allow comparisons across studies, Chen et al. (2009) also explored the effect of 

normalising minutes of MVPA on any given day to a 12 hour day. Normalisation was 

achieved by dividing the total number of MVPA minutes from one day by the daily wear 

hours for that participant, and then multiplying by 12. The effect of this procedure resulted 

in a difference of less than a minute between the normalised and raw data. For example, the 

raw mean (SD) spent in MVPA/day was 16.9 (17.0) minutes versus 17.1 (17.2) for the 

normalised data (Chen, et al., 2009). 

In the current study, each participant’s RT3 data were processed by a specifically designed 

computer program, Movement Data Manipulator (MDM) (Hunt, 2009). The MDM is a 
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program developed to work with '.csv' files produced by the RT3. The program automates 

the data cleaning process and produces a single output file, in Microsoft Excel format, 

summarising the data from the input files. The interface to the program is designed for use 

via the World Wide Web. Based on the protocol designed by Chen et al. (2009), the program 

converts data contained in the RT3 '.csv' file into RT3 variables of: the mean MVMU/day 

and MVMU/min; mean raw and normalised minutes of MVPA/day; and mean MVPA-

bouts/day. 

Table 4.1 shows that use of normalised minutes of MVPA/day results in a mean decrease or 

underestimation of 4.1 minutes at baseline and week six, and 3.9 minutes at week 12 

compared to the raw data. 

Table 4.1 Difference between normalised and raw RT3 data for mean (SD) MVPA/day 

 Baseline mean (SD) 

min/day (N = 106) 

Week 6 mean (SD) 

min/day (N = 100) 

Week 12 mean (SD) 

min/day (N = 99) 

 Norm Raw Diff Norm Raw Diff Norm Raw Diff 

MVPA/day 54.3 
(37.0) 

58.5 
(40.1) 

-4.1 
(8.3) 

57.2 
(39.5) 

61.3 
(42.0) 

-4.1 
(10.7) 

54.7 
(36.1) 

58.6 
(41.0) 

-3.9 
(10.4) 

Note. Norm = normalised data (minutes of MVPA normalised to a 12 hour day, summed and divided by the 

weighted mean of valid days to provide mean minutes of MVPA/day); MVPA = moderate and vigorous 

physical activity; Raw = raw data (time spent in activity, summed and divided by the number of days of valid 

data); Diff = Normalised minus Raw data. 

A Bland-Altman plot was plotted to illustrate the agreement between mean minutes of 

MVPA/day with normalised and raw data; as results from the Bland-Altman analyses for 

baseline, and for weeks six and 12 were similar, only the plot of baseline data is shown (see 

Figure 4.2, p. 98). 
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Figure 4.2 Bland-Altman plot of mean normalised and raw data for MVPA/day 

MVPA = moderate and vigorous physical activity. 

At baseline (N = 106) the mean (SD) difference in minutes of MVPA/day from raw to 

normalised data was -4.1 (8.3) minutes 95% (CI -5.8, -2.6). The limits of agreement were ± 

17.2 (Figure 4.2, p. 98). Although this difference was statistically significant, it is unlikely 

that a misclassification of a mean difference of four minutes of MVPA/day is clinically 

relevant. The Bland-Altman plot suggests that as PA (MVPA/day) increases, the difference 

between the raw and normalised data increases. In other words, as MVPA/day increases, 

normalisation of the data will increase the underestimation of MVPA/day, indicating that 

those who were more active were more affected by the normalisation procedure. However, a 

maximum of eight participants had a mean MVPA/day of more than 110 min per day in any 

of the three weeks of measurement. Furthermore, the benefits of being able to compare 

results from the normalised data of MVPA/day in the current study with normalised data 

from other papers outweighed the small underestimation of MVPA/day caused by 

normalising the data. 
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4.5 Statistical analysis 

Simple data exploration was performed by calculation of descriptive statistics and, where 

appropriate, plots of the distribution of continuous variables. Weight and height were 

converted to body mass index (BMI). One question in the RT3 Utility questionnaire was 

reversed to make all scores positive. Change scores were calculated by subtracting week six 

and 12 data from baseline. Descriptive statistics were also calculated and plots performed 

for each variable by LBP classification. A repeated measures analysis of variance explored 

change in MVMU/min by LBP classification and time in a two by three level model 

(Portney & Watkins, 2000, p. 442). 

Linear regression explored the association between the week six and 12 MVMU/min, 

BPAQ, and GROC change from baseline. There was little evidence of an association 

between MVMU/min and GROC at 12 weeks, therefore all remaining analyses were 

explored for week six minus baseline only. 

A ROC curve was used to explore responsiveness of change in MVMU/min (Portney & 

Watkins, 2000, p. 105) in relation to the GROC. For this purpose the 15 point GROC scale 

was dichotomised into two groups: participants who had perceived a positive change in PA, 

and participants who had either perceived a decline or no change in PA. The GROC cut-

point of ≥ 5 was chosen, as this magnitude of positive change represents an important 

change in the variable of interest (Stratford, et al., 1994). A second cut-point was chosen 

after an exploration of the GROC data frequency distribution with a histogram (see Figure 

4.3). The second cut-point was defined as a mean GROC of ≥ 1. ROC curves were 

performed for both of these cut-points in the exploration of perceived change to 

accelerometer measured PA change (MVMU/min) at week six. 

The optimal cut off for the ROC was identified as the point of highest overall accuracy, 

coupled with the best balance between sensitivity and specificity; this value was considered 

to be the MCID (Farrar, Portenoy, Berlin, Kinman, & Strom, 2000). Secondary analyses 

were used to explore change in MVMU/min with literature determined cut-points for the 

week six change in the NPRS, PSFS, RMDQ, and the SF-36v2 questionnaires. Exploration 

of the week six NPRS, PSFS, RMDQ, and SF-36v2 change from baseline, with GROC cut-

points 1 and 5 were also performed. 

Finally, multiple linear regression was used to explore the week six MVMU/min change 

from baseline with: participant characteristics which might predict change in PA (age and 
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occupation); and the week six change in pain (NPRS), function (PSFS), and disability 

(RMDQ) (Portney & Watkins, 2000, p. 589). All statistical analyses were performed using 

PASW® Statistics version 17.0 (SPSS, IBM, Chicago, Illinois, USA). 

 

Figure 4.3 Distribution of the GROC at weeks 6 and 12 

Cut-point 1 is denoted by the continuous line; cut-point 5 the dashed line. GROC = Global Rating of Change 

4.6 Results 

4.6.1 Recruitment 

There were 157 patients who volunteered to be in the study; however 43 did not meet the 

inclusion criteria, therefore 114 patients were recruited in to the study. A flow chart of 

participants’ progress in the study is shown in Figure 4.4 (p. 102). Ninety-six of the 114 

(85%) participants were enrolled from private physiotherapy clinics, 13/114 (11.4%) from 

city council amenities, and 5/114 (4%) from public hospital outpatient rehabilitation 

facilities. 
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4.6.1.1 Magnitude and reasons for RT3 data loss 

Technical failure, whereby the accelerometer reset to zero resulting in a loss of all data 

collected for that week, occurred in 14 RT3s. At baseline, nine RT3 units reset to zero and 

six of the participants agreed to repeat the week of data collection. In week six, four RT3 

units reset to zero, and three participants agreed to wear the accelerometer again. However, 

for one participant their RT3 reset to zero a second time, and the participant did not agree to 

wear the accelerometer again on this second occasion. In week 12, one RT3 reset to zero and 

this week was repeated by the participant. In total, 14/342 (4%) of the possible weeks of 

RT3 data collection were lost due to this form of technical failure. However, due to 

participants repeating weeks of data collection, only 1.5% of data was lost. 

Five weeks of RT3 data were lost due to water damage either from the RT3 being dropped 

down the toilet or from being dropped into a river. Four of these weeks of data collection 

were repeated. In addition, eight monitors were either lost (three were subsequently found) 

or accidentally destroyed by participants. 

4.6.1.2 Number of participants at baseline and weeks six and 12 

Three participants withdrew during the baseline measurement period (see Figure 4.4, p. 

102). In addition, 14 participants had various combinations of invalid weeks of RT3 data 

and questionnaire data. Five of these 14 participants withdrew after either the collection of 

all baseline measures (n = 4) or after week six (n = 1). These five participants gave consent 

for all successfully collected data to be analysed. Therefore questionnaire results are 

presented for 111 participants at baseline, 107 at week six, and 106 at week 12. 

Valid RT3 data were collected from 106 participants at baseline, 100 participants at week 

six, and 99 participants at week 12. A total of three weeks of valid RT3 data was collected 

from 97 participants; 88 participants with the same RT3 on all three weeks, eight 

participants with a different RT3 at week six and 12, and one participant with a different 

RT3 at week 12 (see Figure 4.4). The discrepancy between the number of participants 

contributing to questionnaire data and RT3 data is due to either: technical faults in the RT3 

resulting in a loss of data, the physical loss of an RT3, or the RT3 data being deemed 

invalid.
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Figure 4.4 Flow diagram of participant recruitment 

Number of participants recruited with various amounts of data collection. 
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4.6.1.3 Number of valid days and hours of RT3 wear time per day 

A valid day of RT3 data collection was defined as more than six hours of wear time being 

recorded on the RT3 unit. A minimum of four valid days from a seven day week was 

necessary before the data were included in any RT3 statistical analyses for the 

corresponding week. The mean (SD) number of valid wear days for baseline (N = 106) was 

6.8 (0.6) days, 6.4 (0.8) for week six (N = 100), and 6.4 (0.9) for week 12 (N = 99). Only 

two of 111 participants did not meet the minimum number of hours and days per week wear 

time (Table 4.2, p. 103). One participant failed to meet this target on all three weeks of data 

collection, and one participant failed to meet this target at week six. Neither of these 

participants consented to repeat their invalid week(s) of RT3 data collection. The mean (SD) 

hours of RT3 wear time for the 106 participants with valid RT3 data was 13.1 (1.7) at 

baseline, 12.9 (1.5) for the 100 participants with valid RT3 data at week 6, and 12.8 (1.6) for 

the 99 participants at week 12. 

Activity diary entries reported that the RT3 was not worn for 496 hours of ‘awake’ hours. 

Forgetting to wear the RT3 accounted for 387 hours of missing data, removal for social 

events 37 hours, water-based activities 45 hours, and 27 hours for contact sports. However, 

over 9,532 hours of RT3 data were collected at baseline, 8,493 hours at week six, and 8,365 

hours at week 12, amounting to a total of 26,390 hours of data collection. The 496 hours 

reported non-wear time amounts to a 1.8% loss of data. 

Table 4.2 Participants with valid days of RT3 wear time 

Participants with ≥ 6 hours of 

RT3 data on: 

Week Participants not meeting 

required wear hours per 

week 
4 days 5 days 6 days 7 days 

Participants with 

valid data 

0 1 1  6 11 88  106 

6 2 2  15 21 62  100 

12 1 7  8 20 64  99 

Note. Participants with valid RT3 data at baseline (0), and at weeks 6 and 12. 
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4.6.2 RT3 utility 

Table 4.3 presents results from the RT3 Utility questionnaire. The RT3 was found to be 

mostly acceptable to wear, easy to remember, and the RT3 did not usually fall off the 

participants. In response to the two dichotomous questions, the majority of participants did 

not feel that the RT3 interfered with their normal daily activity, or that the RT3 was 

inappropriate to wear in their usual work, home, or social environment. However, 48 

participants reported that the RT3 was bulky and uncomfortable, and that they would have 

preferred a smaller, thinner device. Thirty-two participants reported that the RT3 limited 

what items of clothing they could wear. For example, when wearing a dress there was 

nowhere on which to clip the RT3. Nineteen participants reported feeling self-conscious in a 

variety of social situations; ten would have preferred a different method of attachment or 

location of attachment; and nine participants were afraid of losing the RT3. 

Table 4.3 RT3 utility questionnaire 

N Week Mean (SD) Median (IQR) Range (Min to Max) 

111  0 13.5 (1.5) 14.0 (13.0, 15.0) 8.0 to 15.0 

103  12 13.2 (1.7) 14.0 (13.0, 14.0) 6.0 to 15.0 

Note. Mean (SD), median (IQR), and range (Min to Max) at baseline (0) and week 12. Score of 15 obtained by 

summing the results from three questions: “How easy was it to remember to wear the RT3?”; “How many times 

during the week did the RT3 fall off?”; and “How acceptable was it to wear the RT3 for seven days?”. Maximal 

score of 15 indicates good perceived utility. IQR = inter-quartile range; Min = minimum; Max = maximum. 
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4.6.3 LBP participant characteristics 

4.6.3.1 Age, BMI, and number of days since LBP onset 

Table 4.4 shows the summary for age, BMI, and duration of LBP for the 111 participants 

who completed baseline data collection. Sixty-three of the 111 (56.8%) participants were 

women and 48/111 (43.2%) men. Thirty-nine of the 63 women (61.9%) had ALBP and 24 

(38.1%) CLBP, while 28/48 (58.3%) of the men had ALBP and 20/48 (41.7%) had CLBP. 

The mean (SD) duration of days since LBP onset was lower for participants who classified 

their occupation as manual: 115.4 (212.3) compared to those participants who classified 

their occupation as sedentary 467.4 (1,119.7). 

Table 4.4 LBP participant profile 

  N Mean (SD) Median (IQR) Range (Min to Max) 

Age (years)  111  43.3      (13.9)  42.7   (31.9,      53.1) 18.0 to      77.1 

ALBP  67  40.9      (12.4)  40.7   (29.5,      49.3) 19.3 to      71.2 

CLBP  44  46.9      (15.4)  46.1   (37.1,      58.3) 18.1 to      77.1 

BMI (kg/m
2
)  111  27.4        (5.8)  25.9   (23.1,      31.1) 18.1 to      51.2 

ALBP  67  28.1        (6.4)  26.3   (23.2,      31.8) 18.5 to      51.2 

CLBP  44  26.4        (4.4)  25.4   (23.1,      29.1) 18.1 to      36.5 

LBP (days)  111  391.3 (1,005.4)  61.0   (16.0,    155.0) 3.0 to 7,300.0 

ALBP  67  26.7      (23.7)  21.0   (10.0,      45.0) 3.0 to      92.0 

CLBP  44  943.5 (1,438.1)  220.5 (122.0, 1,368.8) 93.0 to 7,300.0 

Note. Mean (SD), median (IQR), and range (Min to Max) for BMI, and days since LBP onset for the total 

group and by LBP classification at baseline. LBP = low back pain; ALBP = acute low back pain; CLBP = 

chronic low back pain; BMI = body mass index; IQR = inter-quartile range; Min = minimum; Max = 

maximum. 

4.6.3.2 Ethnicity 

Seventy-eight (70.3%) participants identified themselves as New Zealand European, eight 

(7.2%) as Maori, and three (2.7%) as Pacific Islander. The remaining 22 participants were 

Indian, American, English, Irish, and Chinese. 

4.6.3.3 Compensation 

The majority of participants, 86/111 (77.5%) were entitled to claim compensation from the 

Accident Rehabilitation Compensation and Insurance Corporation (ACC) for this episode of 

LBP. In the ALBP group, 58/67 (86.6%) participants were eligible for compensation and 
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reimbursement of treatment related costs, compared to only 28/44 (63.6%) of participants in 

the CLBP group. 

4.6.3.4 Work classification 

Table 4.5 presents work classification results. 

Table 4.5 Work classification 

Work classification ALBP CLBP Total 

 N (%)  

Manual 16 (23.8) 8 (18.2) 24 

Sedentary 51 (76.1) 36 (81.8) 87 

Note. Frequency and percentage of self perceived work classification at baseline for the total group and by 

LBP classification. LBP = low back pain; ALBP = acute low back pain; CLBP = chronic low back pain. 

4.6.3.5 Work status 

Seventy-one of the 111 (64.0%) participants remained in their usual job at baseline; 43/71 

(60.6%) with ALBP and 28/71 (39.4%) with CLBP. There were 12 (10.8%) participants on 

sick leave due to LBP; 8/12 (66.7%) with ALBP. The number of participants on paid sick 

leave decreased from 12 at baseline to three at week 12. However at week six, one 

participant was on unpaid leave as they were no longer entitled to paid sick leave. No 

participants were on disability benefit for LBP or for any other health related disability. One 

participant was unemployed for reasons unrelated to LBP (see Table 4.6). 

Table 4.6 Work status 

Week Usual 

job 

Light 

duties 

Sick 

leave 

Unpaid leave + 

Unemployment 

benefit 

Student 

+ 

Retired 

Keeping 

house 

0 (N = 111) 71 5 12 1 16 6 

ALBP 43 3 8 1 7 5 

CLBP 28 2 4 0 9 1 

6 (N = 107) 77 4 3 1 17 5 

ALBP 49 1 2 0 8 4 

CLBP 28 3 1 1 9 1 

12 (N = 106) 76 4 3 3 16 4 

ALBP 48 2 2 0 8 3 

CLBP 28 2 1 3 8 1 

Note. Work status: frequency for the total group and by LBP classification at baseline (0), and at weeks 6 and 

12. LBP = low back pain; ALBP = acute low back pain; CLBP = chronic low back pain. 
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4.6.4 Satisfaction with physiotherapy care 

Table 4.7 presents the results for the SC questionnaire which was completed at week six, if 

the participant had been discharged from physiotherapy, or at the conclusion of the study. At 

week six 58/111 (54.7%) of participants had been discharged from physiotherapy. The 

majority 42/64 (65.6%) of the ALBP group had been discharged by week six compared to 

16/42 (38.1%) of the CLBP group. 

Table 4.7 Participants’ satisfaction with physiotherapy care 

 Very 

dissatisfied 

Slightly 

dissatisfied 

Neither 

dissatisfied 

nor satisfied 

Slightly 

satisfied 

Very 

satisfied 

N (%) 

Total (N = 106) 4   (3.8) 7   (6.6) 6   (5.7) 33 (31.3) 56 (52.8) 

ALBP (n = 64) 1 (25.0) 4 (57.1) 3 (50.0) 21 (63.6) 35 (62.5) 

CLBP (n = 42) 3 (75.0) 3 (42.9) 3 (50.0) 12 (36.4) 21 (37.5) 

Note. Frequency and percentage of satisfaction with care results for the total group and by LBP classification. 

Satisfaction with care was collected at either week 6 or week 12. LBP = low back pain; ALBP = acute low 

back pain; CLBP = chronic low back pain. 

4.6.5 PA returned to pre LBP level 

At week 12, 57/111 (51.4%) participants thought that their PA had returned to pre-LBP 

levels. More participants with ALBP (46/67, 67.2%) reported that their PA had returned to 

pre-LBP levels, compared to 11/44 (25.0%) of the participants with CLBP. 
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4.6.6 Pain, function, and disability 

Table 4.8 shows descriptive statistics for pain (NPRS), function (PSFS), and disability 

(RMDQ). A larger positive change occurred between week six and baseline and a smaller 

additional change occurred between week six and 12. 

Table 4.8 Summary of pain, function, and disability 

Total N N = 111 N = 107 N = 106 N = 107 N = 106 

ALBP (n) 67 64 63 64 63 

CLBP (n) 44 43 43 43 43 

Week 

 0 6 12 6-0 12-0  

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

NPRS /10 3.5 (1.7) 2.4 (1.8) 2.2 (2.0) -1.1 (1.8) -1.3 (2.0) 

ALBP 3.3 (1.6) 2.2 (1.9) 1.7 (1.8) -1.2 (1.7) -1.6 (2.1) 

CLBP 3.7 (1.9) 2.7 (1.7) 2.9 (2.0) -1.0 (2.0) -0.8 (1.9) 

PSFS /10 3.6 (1.9) 6.3 (2.5) 6.8 (2.6) 2.7 (2.8) 3.2 (2.6) 

ALBP 3.5 (2.6) 7.1 (2.2) 7.7 (2.2) 3.4 (2.7) 4.0 (2.3) 

CLBP 3.7 (1.6) 5.2 (2.6) 5.5 (2.6) 1.5 (2.4) 1.8 (2.5) 

RMDQ /24  8.8 (4.4) 4.3 (4.2) 3.8 (4.0) -4.3 (4.5) -4.9 (5.0) 

ALBP 9.2 (4.5) 3.2 (4.2) 2.6 (3.7) -5.9 (4.1) -6.5 (4.1) 

CLBP 8.1 (4.0) 6.0 (3.7) 5.5 (4.0) -2.0 (3.9) -2.5 (3.9) 

Note. NPRS, PSFS, and RMDQ mean (SD) by week, and the week 6 and 12 mean (SD) difference from 

baseline (0) for the total group and by LBP classification. LBP = low back pain; ALBP = acute low back pain; 

CLBP = chronic low back pain; NPRS = Numeric Pain Rating Scale with maximal pain scored as 10; PSFS = 

Patient Specific Functional Scale with no functional deficit scored as 10; RMDQ = Roland Morris Disability 

Questionnaire with maximal disability scored as 24. 
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4.6.7 Health status 

Table 4.9 presents normalised results for the SF-36v2 PCS and MCS component scores. 

Descriptive statistics for the eight health domains are presented in Appendix D (see p. 292). 

Table 4.9 Summary of health status: physical and mental health components 

Total N N = 111 N = 107 N = 106 N = 107 N = 106 

ALBP (n) 67 67 63 64 63 

CLBP (n) 44 44 43 43 43 

Week 

 0 6 12 6–0 12–0 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

SF-36v2 PCS 36.9 (7.6) 44.0 (9.0) 45.7 (9.2) 7.1 (8.8) 8.7 (9.3) 

ALBP 37.2 (8.3) 44.9 (9.2) 47.4 (9.4) 7.8 (9.6) 10.0 (10.2) 

CLBP 36.7 (6.5) 42.6 (9.2) 43.2 (8.6) 6.2 (7.4) 6.8 (7.5) 

SF-36v2 MCS 47.1 (9.5) 49.1 (8.1) 50.1 (7.9) 1.6 (8.0) 2.7 (9.4) 

ALBP 47.6 (9.3) 49.8 (7.0) 50.7 (7.5) 1.9 (8.3) 3.0 (9.9) 

CLBP 46.4 (9.8) 48.0 (9.6) 49.1 (8.6) 1.1 (7.7) 2.2 (8.7) 

Note. SF-36v2 mean (SD) scores by week, and the week 6 and 12 mean (SD) difference from baseline (0) for 

the total group and by LBP classification. Scores were normalised to a mean (SD) of 50 (10). LBP = low back 

pain; ALBP = acute low back pain; CLBP = chronic low back pain; SF-36v2 = 36-Item Short-Form Health 

Survey; PCS = Physical Component Summary; MCS = Mental Component Summary. 

4.6.8 Perceived change in PA 

The median for the 15 point GROC scale was 5.0 compared to 0.0, and 5.5 compared to 2.0 

for the ALBP and CLBP groups respectively, at weeks six and 12 (see Table 4.10). 

Table 4.10 Perceived change in PA 

 Week N Mean (SD) Median (IQR) Range (Min to Max) 

GROC 6 107 3.2 (3.1) 4.5 (0.0, 5.5) -7.0 to 7.0 

ALBP  64 4.4 (2.4) 5.0 (3.6, 6.0) -5.0 to 7.0 

CLBP  43 1.5 (3.4) 0.0 (0.0, 5.0) -7.0 to 6.0 

GROC 12 106 3.3 (3.5) 4.5 (0.0, 6.0) -6.5 to 7.0 

ALBP  63 4.4 (2.4) 5.5 (3.0, 6.5) -6.5 to 7.0 

CLBP  43 1.7 (3.5) 2.0 (0.0, 4.5) -6.0 to 7.0 

Note. GROC for the total group and by LBP classification at weeks 6 and 12. PA = physical activity; LBP = 

low back pain; ALBP = acute low back pain; CLBP = chronic low back pain; GROC = Global Rating of 

Change; IQR = inter-quartile range; Min = minimum; Max = maximum. 
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4.6.9 Physical Activity Questionnaire 

Table 4.11 presents descriptive statistics for the three subscales which comprise the BPAQ 

and for the total BPAQ. The increase in BPAQ at weeks six and 12 for the ALBP group is 

predominantly due to an increase in the work and sport scales at week six and week 12, and 

the leisure scale week at 12 (see Figure 4.5, p. 111). 

Table 4.11 Summary of Baecke Work, Sport, Leisure, and BPAQ  

Total N N = 111 N = 107 N = 106 N = 107 N = 106 

ALBP (n) 67 64 63 64 63 

CLBP (n) 44 43 43 43 43 

Week 

 0 6 12 6-0 12–0 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Work /5 2.3 (0.6) 2.4 (0.7) 2.4 (0.7) 0.1 (0.7) 0.2 (0.7) 

ALBP 2.3 (0.6) 2.5 (0.7) 2.6 (0.7) 0.2 (0.7) 0.2 (0.7) 

CLBP 2.2 (0.6) 2.2 (0.7) 2.3 (0.7) 0.0 (0.7) 0.1 (0.6) 

Sport /5 1.8 (0.5) 1.9 (0.6) 1.9 (0.6) 0.1 (0.6) 0.1 (0.8) 

ALBP 1.8 (0.5) 1.9 (0.6) 2.0 (0.7) 0.1 (0.7) 0.2 (0.8) 

CLBP 1.9 (0.5) 1.9 (0.5) 1.8 (0.5) 0.1 (0.6) -0.0 (0.6) 

Leisure /5 2.4 (0.7) 2.4 (0.6) 2.6 (0.6) 0.0 (0.7) 0.2 (0.7) 

ALBP 2.3 (0.6) 2.4 (0.6) 2.6 (0.5) 0.0 (0.7) 0.3 (0.6) 

CLBP 2.5 (0.7) 2.4 (0.6) 2.5 (0.7) -0.0 (0.6) 0.1 (0.7) 

BPAQ /15 6.5 (1.2) 6.6 (1.2) 6.9 (1.3) 0.2 (1.4) 0.4 (1.5) 

ALBP 6.4 (1.1) 6.8 (1.0) 7.4 (1.2) 0.3 (1.4) 0.7 (1.6) 

CLBP 6.7 (1.1) 6.6 (1.2) 6.6 (1.3) -0.0 (1.3) -0.0 (1.2) 

Note. Baecke Work, Baecke Sport, Baecke Leisure, and total Baecke Physical Activity Questionnaire mean 

(SD) by week, and the week 6 and 12 mean (SD) difference from baseline (0) for the total group and by LBP 

classification. Higher scores indicate increasing activity. LBP = low back pain; ALBP = acute low back pain; 

CLBP = chronic low back pain; BPAQ = Baecke Physical Activity Questionnaire. 



Chapter 4  Measurement of physical activity in people 

with low back pain  

111 

a) b) 

  

c) d) 

  

Week of measurement 

Figure 4.5 Summary of results for BPAQ 

Figure a) Baecke Work; b) Baecke Sport; c) Baecke Leisure; and d) total Baecke Physical Activity 

Questionnaire, mean and 95% Confidence Intervals. Light grey line = acute low back pain and dark grey line 

= chronic low back pain. BPAQ = Baecke Physical Activity Questionnaire. 
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4.6.10 RT3 PA data 

Table 4.12 shows descriptive statistics for the RT3 accelerometer measurements of 

MVMU/min, mean minutes of MVPA/day, and mean MVPA-bouts/day. 

Table 4.12 Summary of RT3 PA 

Total N N = 106 N = 100 N = 99 N = 98 N = 97 

ALBP (n) 65 58 58 57 57 

CLBP (n) 41 42 41 41 40 

Week 

 0 6 12 6–0 12–0 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

MVMU/min 307.6 (125.1) 317.0 (129.5) 312.5 (129.5) 11.6 (90.7) 3.8   (92.0) 

ALBP 313.4 (125.0) 345.8 (142.8) 330.5 (125.2) 33.4 (97.1) 15.6 (103.4) 

CLBP 298.3 (126.1) 277.3   (96.9) 287.1 (120.4) -18.7 (71.7) -13.0   (43.4) 

MVPA/day 54.3   (37.0) 57.2   (39.4) 54.6   (36.1) 3.2 (30.3) 0.0   (27.0) 

ALBP 55.7   (36.8) 66.6   (44.7) 61.3   (38.2) 11.0 (32.0) 5.3   (29.8) 

CLBP 52.1   (37.8) 44.1   (26.1) 45.2   (31.0) -7.7 (24.0) -7.5   (20.4) 

MVPA-bouts  1.6     (1.6) 1.6     (1.6) 1.6     (1.7) -0.0   (1.4) -0.1     (1.4) 

ALBP 1.6     (1.5) 1.9     (1.8) 1.7     (1.8) 0.2   (1.5) 0.1     (1.5) 

CLBP 1.6     (1.8) 1.2     (1.4) 1.3     (1.4) -0.4   (1.2) -0.4     (1.0) 

Note. MVMU/min, minutes of MVPA/day, and MVPA-bouts/day mean (SD) by week, and the week 6 and 12 

mean (SD) difference from baseline (0) for the total group and by LBP classification. LBP = low back pain; 

ALBP = acute low back pain; CLBP = chronic low back pain; MVMU = mean vector magnitude unit; MVPA 

= moderate and vigorous physical activity; MVPA-bouts = number of bouts of MVPA/day lasting greater than 

10 minutes in duration. 

For the whole group, the mean (SD) MVMU/min increased from 307.6 (125.1) at baseline to 

317.0 (129.5) and 312.5 (129.5) MVMU/min at weeks six and 12 respectively. Descriptive 

statistics for MVMU/day scores are presented in Appendix D (see p. 293). 

The mean MVMU/min was consistently higher for the ALBP group compared to the CLBP 

group at all weeks (see Figure 4.6, p. 114). There was also a difference in the pattern of 

change between the two LBP groups. In the ALBP group there was an increase in 

MVMU/min between baseline and week six, and then a decrease in MVMU/min between 
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week six and 12. In the CLBP group, there was a decrease in MVMU/min between baseline 

and week six, which then increased between weeks six and 12. 

Repeated measures ANOVA, shown in Table 4.13, shows an interaction for time by LBP 

(quadratic), confirming that this pattern of change was statistically significant. 

Table 4.13 Repeated measures analysis of variance for LBP classification and week 

Source Model SS df MS F p–value 

Week 

 Linear 508.9 1 508.9 0.12 0.73 

 Quadratic 1,016.3 1 1,016.3 0.28 0.59 

LBP classification      

  122,853.9 1 122,853.9 3.15 0.09 

Week* LBP classification 

 Linear 12,347.6 1 12,347.6 2.99 0.08 

 Quadratic 21,016.8 1 21,016.8 5.78 0.02 

Error 

 Linear 383,496.6 93 4,123.6   

 Quadratic 337,993.6 93 3,634.3   

Note. Week = baseline, and weeks 6 and 12; LBP classification = acute low back pain or chronic low back 

pain; LBP = low back pain.  

The mean (SD) minutes of MVPA/day increased from 55.7 (36.8) at baseline to 66.6 (44.7) 

and 61.3 (38.2) in the ALBP group at weeks six and 12 respectively. MVPA/day decreased 

from 52.1 (37.8) at baseline to 44.1 (26.1) and 45.2 (31.0) in the CLBP group at weeks six 

and 12 respectively. The mean MVPA-bouts followed the same pattern as described for 

MVPA/day and MVMU/min (see Figure 4.6, p. 114). The mean (SD) MVPA-bouts/day did 

not go above 1.9 for either LBP group at any week of measurement (see Table 4.12, p. 112). 

To aid interpretation, line graphs were plotted from the RT3 data of the healthy participants 

from the study presented in Chapter Three, with the RT3 data from the participants with 

LBP (see Figure 4.6, p. 114). 
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ALBP and CLBP participants ALBP, CLBP, and healthy participants 

a) 

 

b) 

 

c) 

 

d) 

 

e) 

 

f) 

 

Week of measurement 

Figure 4.6 Summary of PA results from RT3 data 

Figures a) and b) MVMU/min; c) and d) MVPA/day; and e) and f) MVPA-bouts/day, mean and 95% 

Confidence Interval. Please note each row of figures has a different scale. Light grey line = acute low back 

pain; dark grey line = chronic low back pain; and the black solid line = healthy participants. ALBP = acute 

low back pain; CLBP = chronic low back pain; MVMU = mean vector magnitude unit; MVPA = moderate and 

vigorous physical activity. 
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4.6.11 Association between RT3 MVMU/min, GROC, and BPAQ 

Linear regression was performed for change in MVMU/min and GROC. There was a small 

statistically significant, positive linear association between week six GROC and week six 

MVMU/min change from baseline (N = 98), (see Figure 4.7). However, R2 was only 11.6%, 

F(1, 96) 12.6, p < 0.0001; RMSE 85.7. The slope coefficient for the relationship was 9.8, 

95% CI (4.3, 15.3), so that for each unit of increase on the GROC there was an increase of 

RT3 MVMU/min of 9.8. 

.  

Figure 4.7 Relationship between week 6 MVMU/min baseline change and GROC 

MVMU/min = mean vector magnitude unit per minute; GROC = Global Rating of Change. 
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At week 12 (N = 97), there was only a very small positive (statistically non-significant) 

linear relationship between GROC and MVMU/min change between baseline and week 12: 

R
2 2.7%, F(1, 95) 2.6, p = 0.11; RSME 91.3. The slope coefficient for the relationship was 

4.3 95% CI (-0.96, 9.6) (see Figure 4.8, p. 116). 

 

Figure 4.8 Relationship between week 12 MVMU/min baseline change and GROC 

MVMU/min = mean vector magnitude unit per minute; GROC =Global Rating of Change. 

Linear regression for week six (N = 98) and 12 (N = 97) change in BPAQ and MVMU/min 

was R2 = 4.4%, p < 0.03 and R2 = 3.1%, p < 0.8 respectively. Linear regression for week six 

and 12 change in BPAQ and week six and 12 GROC was R2 = 12.8%, p < 0.0001 and R2 = 

18.2%, p < 0.0001 respectively. 
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4.6.12 Logistic regression based Receiver Operator Characteristic (ROC) 

curves for the week six MVMU/min difference from baseline and GROC 

Figure 4.9, (p. 117) shows that the area under the curve (AUC) was 0.73 for the ROC curve 

of week six change in MVMU/min with week six GROC cut-point 1 (N = 98). The odds 

ratio for delineation between a 100 point change in MVMU/min and GROC cut-point 1 was 

3.0, 95% CI (1.5, 5.8), p = 0.001. For GROC cut-point 1, a 4 point change corresponded to a 

40 unit change in MVMU/min, with a sensitivity of 0.84 and a specificity of 0.42. This may 

therefore represent the MCID. 

The AUC was 0.6 for the ROC curve of week six change in MVMU/min with week six 

GROC cut-point 5 (N = 98) see Figure 4.10, p. 118). The odds ratio for delineation between 

a 100 point change in MVMU/min and GROC cut-point 5 was 1.78, 95% CI (1.07, 2.95), p 

= 0.03. 

 
Figure 4.9 ROC curve: Week 6 MVMU/min baseline change and GROC cut-point 1 

MVMU/min = mean vector magnitude unit per minute; ROC curve = Receiver Operator Characteristic curve; 

GROC =Global Rating of Change; N = 98. 
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Figure 4.10 ROC curve: Week 6 MVMU/min baseline change and GROC cut-point 5 

MVMU/min = mean vector magnitude unit per minute; ROC curve = Receiver Operator Characteristic curve; 

GROC =Global Rating of Change; N = 98. 

4.6.13 ROC curves for change in MVMU/min with the dichotomised change of 

the NPRS, PSFS, RMDQ, and SF-36v2 at week six 

Table 4.14 presents results from ROC curves for change in MVMU/min from baseline to 

week six (N = 98), with the change in NPRS, PSFS, RMDQ, and the SF-36v2. Change in 

NPRS, PSFS, RMDQ, and the SF-36v2 were dichotomised into either improved, or no 

change and worse, by previously described literature defined cut-points (see 4.3.6, p.88). 

Table 4.14 AUC, sensitivity, and specificity for MVMU/min and dichotomised change 

in the NPRS, PSFS, RMDQ, and SF-36v2 from baseline to week six 

 AUC Sensitivity Specificity 

NPRS ≥ 2 0.61 0.7 0.6 

PSFS ≥ 2 0.65 0.7 0.6 

RMDQ ≥ 4 0.55 0.6 0.6 

SF-36v2 PCS > 2 0.60 0.6 0.6 

SF-36v2 MCS > 3 0.50 0.6 0.6 

Note. AUC = area under the curve; NPRS; Numeric Pain Rating Scale; PSFS = Patient Specific Functional 

Scale; RMDQ = Roland Morris Disability Questionnaire; SF-36v2 = The Medical Outcomes Survey 36-Item 

Short-Form Health Survey (acute version); PCS = Physical Component Summary; MCS = Mental Component 

Summary; MVMU = mean vector magnitude unit; N = 98. 
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4.6.14 AUC for ROC curves for the week six change in NPRS, PSFS, RMDQ, 

and SF-36v2, with GROC cut-points 1 and 5 

Table 4.15 presents the results from the ROC curves which explored change in the NPRS, 

PSFS, RMDQ, and the SF-36v2 at week six (N = 107) with perceived change in PA using 

the week six GROC with cut-points of 1 and 5. 

Table 4.15 AUC, sensitivity, and specificity for the week six change in NPRS, PSFS, 

RMDQ, and SF-36v2, with the week six GROC 

GROC cut-point 1 

 AUC Sensitivity Specificity 

NPRS  0.62 0.6 0.6 

PSFS  0.68 0.6 0.6 

RMDQ  0.71 0.7 0.6 

SF-36v2 PCS  0.52 0.6 0.6 

SF-36v2 MCS  0.52 0.6 0.6 

GROC cut-point 5 

 AUC Sensitivity Specificity 

NPRS  0.62 0.6 0.6 

PSFS  0.69 0.7 0.6 

RMDQ  0.74 0.8 0.6 

SF-36v2 PCS  0.53 0.6 0.5 

SF-36v2 MCS  0.56 0.6 0.5 

Note. AUC = area under the curve; NPRS; Numeric Pain Rating Scale; PSFS = Patient Specific Functional 

Scale; RMDQ = Roland Morris Disability Questionnaire; SF-36v2 = The Medical Outcomes Survey 36-Item 

Short-Form Health Survey (acute version); PCS = Physical Component Summary; MCS = Mental Component 

Summary; MVMU/min = mean vector magnitude unit per minute; GROC =Global Rating of Change; N = 107. 

4.6.15 Predictors for change in MVMU/min at week six 

Multiple linear regression was used to determine the association between the week six 

change in MVMU/min and the following possible explanatory variables: change in pain, 

function, and disability, and sex, work status, and LBP classification (see Table 4.16, p. 

120). The total variance explained by the first model was 10.4%, F(3, 94) = 3.6, p = 0.02. 

The total variance explained by the second model was 12.5%, F(4, 93) = 3.3, p = 0.01. 
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Table 4.16 Multiple regression for the week six change in MVMU/min with the 

variables of LBP classification, sex, and work classification, and LBP classification, 

NPRS, PSFS, and RMDQ 

Dependent 

variable 

Independent variable R
2
 Adjusted R

2
 RMSE p–value 

MVMU/min LBP classification 10.4 8.0 169.8 0.002 

 Sex    0.17 

 Work classification    0.19 

MVMU/min LBP classification 12.5 8.8 158.2 0.02 

 NPRS    0.22 

 PSFS    0.12 

 RMDQ    0.36 

Note. LBP classification = acute low back pain or chronic low back pain; Sex = male or female; Work 

classification = manual or sedentary; LBP = low back pain; NPRS; Numeric Pain Rating Scale; PSFS = Patient 

Specific Functional Scale; RMDQ = Roland Morris Disability Questionnaire; SF-36v2 = The Medical 

Outcomes Survey 36-Item Short-Form Health Survey (acute version); PCS = Physical Component Summary; 

MCS = Mental Component Summary; MVMU/min = mean vector magnitude unit per minute. 

The first regression analysis showed some evidence that LBP classification was associated 

with MVMU/min change between baseline and week six. The coefficient for LBP 

classification was -56.4, 95% CI (-92.1, -20.6), suggesting that PA at week six was 56.4 

MVMU/min lower in the CLBP group compared to the ALBP group. For sex, the point 

estimate demonstrated that MVMU/min was -25.7, 95% CI (-62.5, 11.2) lower for females; 

however, the confidence interval was wide and statistically non-significant. The coefficient 

for work type was 29.2, 95% CI (-14.7, 73.1), indicating a mean increase in PA between 

baseline and week six for sedentary workers; however, the confidence interval was again 

wide. The second analysis showed that no variable other than LBP classification, coefficient 

-47.8, 95% CI (-88.0, -7.6), p = 0.02, significantly contributed to change in MVMU/min 

between baseline and week six. 
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4.7 Discussion 

This study explored the responsiveness of the RT3 in people with LBP, compared PA 

between people with acute and chronic LBP, investigated the relationship between variables 

which might explain the change in free-living PA, and investigated the utility of the RT3. In 

brief, the RT3 was found to be an acceptable method of measuring free-living PA. Free-

living PA in people with ALBP and CLBP receiving physiotherapy was significantly 

different, the RT3 (MVMU/min) was responsive to perceived change in PA (measured with 

the GROC) at week six only, and LBP duration was the only variable which significantly 

contributed to change in free-living PA. 

The following sections will discuss in more depth: the utility of the RT3 and results of this 

study in the context of previous studies exploring free-living PA in research participants 

with LBP; the relevance of the RT3 PA data and change in PA by LBP classification; the 

responsiveness of the RT3, the association between an objectively measured and perceived 

change in PA; and the predictors of change in free-living PA. Finally, the limitations and 

conclusions from the quantitative aspect of this MM study are presented. 

4.7.1 Utility 

RT3 wear time was consistent over the three weeks of measurement. The mean 

measurement at each week was lower than the 14 hours per day reported for the healthy 

participants in Chapter Three (see p. 58), and in other research (Macfarlane, et al., 2006; 

Matthews, et al., 2008; Troiano, et al., 2008). Previous studies using the RT3 in populations 

with specific disabilities have reported average wear times of 11 hours/day (Hale, et al., 

2008) and 13 hours/day (Steele, et al., 2000). In the current study, 83/100 (83%) of the 

participants had six or more hours of wear time on six or more days of the week at week six, 

which was the least adherent week of data collection. This is consistent (Chen, et al., 2009) 

or better (Jerome, Young, Dalcin, et al., 2009) than previous research employing the RT3 in 

free-living research participants. RT3 Utility questionnaire quantitative results showed that 

participants found the RT3 acceptable to wear. Conversely, data from the clinical diaries 

suggested that the RT3 was frequently forgotten to be worn, and was not worn during 

various sporting activities, for example, swimming. The inability of the RT3 to capture all 

aspects of sport-related PA is a limitation of this method of measuring free-living PA. 

However, as walking is the most frequently performed PA, (Schutz, Weinsier, & Hunter, 

2001; Tudor-Locke & Myers, 2001b) the loss of sport-related data is unlikely to have a large 

effect on the validity of the results. The two open-ended questions from the RT3 Utility 
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questionnaire indicate that the RT3 was uncomfortable to wear and a smaller less bulky 

device would have been preferred. Technical failure of the RT3, with several RT3 units 

resetting to zero, and the tendency of users to lose, damage, or destroy the units, resulted in a 

relatively small magnitude of data loss. Regardless, in a randomised controlled trial (RCT) 

or epidemiological research, such data loss could have serious implications, and may require 

statistical imputation of missing data (Catellier, et al., 2005; Paul, et al., 2008). 

4.7.2 Participant characteristics 

For pragmatic reasons, such as cost and logistics, a convenience sample of people receiving 

physiotherapy for LBP was recruited. This method of recruitment can lead to a lack of 

generalisability however, the mean age of participants recruited was consistent with reported 

mean age in other studies exploring free-living PA in people with LBP (Huijnen, Verbunt, 

Peters, et al., 2009; Liszka-Hackzell & Martin, 2004; van Weering, et al., 2009). Likewise, 

the BMI of 27 kg/m2 was similar to data from adults in a large New Zealand 

epidemiological study (Ministry of Health, 2008) and in American adults (Troiano, et al., 

2008). More participants were employed in a sedentary occupation than in a manual 

occupation. This may be due to the geographical location of the study, resulting in self-

selection bias during participant recruitment, and the grouping of retired participants in this 

current study into the sedentary work classification. However, 64% of the New Zealand 

working population are in sedentary occupations (Statistics New Zealand Census, 2001). 

Apart from this, the mean duration of LBP at inclusion into the study was four weeks for the 

ALBP group. This may reflect a delay in seeking HP attention and this point is discussed in 

more detail in Chapter Six (see p. 188). 

At baseline the 111 participants had a mean (SD) of 3.5 (1.7) for pain on the NPRS and this 

was similar to previously reported pain scores in research exploring free-living PA in people 

with LBP (Hartvigsen, et al., 2010; Ryan, et al., 2009; Ryan, Gray, et al., 2008). The RMDQ 

mean (SD) of 8.8 (4.4) at baseline for disability was either similar to (Ryan, et al., 2009) or 

lower by a maximum of seven points (de Jong, et al., 2005; van Weering, et al., 2009; 

Verbunt, et al., 2001), than that reported for participants in other LBP and free-living PA 

research. This potentially indicates that disability was not as severe in participants in the 

current study; however the SF-36v2 PCS score was more than one standard deviation below 

reported LBP normative values (Ware, et al., 2007). In the ALBP group, the mean change 

score for the RMDQ, PSFS, and SF-36v2 PCS was above the MCID at week six; however, 

in the CLBP group, only the mean change score for the SF-36v2 PCS was above the MCID 
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at week six. In summary, the participants included in this study demonstrated characteristics 

similar to participants in other LBP and accelerometer studies for variables such as age, 

BMI, pain, function, and disability. 

4.7.3 PA by LBP classification 

There was a significant difference in the pattern of change in activity with time with the two 

LBP groups. Notably, there was an increase in MVMU/min between baseline and week six 

in the ALBP group, compared to a decrease in MVMU/min in the CLBP group. MVMU/day 

at baseline in the current study was higher than that found for 62 people with sub-acute LBP 

in a free-living PA study which also used the RT3 (Bousema, et al., 2007); 242,022 versus 

193,000 respectively. This difference may be due to the known relatively lower between-

accelerometer reliability that exists with the RT3 (Powell & Rowlands, 2004), or it may be 

due to inherent differences in the PA patterns of New Zealand and Dutch people; between 

country differences in PA are discussed in more detail below. Previous studies exploring 

free-living PA in people with either acute or chronic LBP have not directly compared PA 

results between the two groups (Liszka-Hackzell & Martin, 2002, 2004). The current study 

found that people with CLBP had decreased PA compared to people with ALBP; similarly, 

MVPA/day and MVPA-bouts were lower in the CLBP group at all time points. 

As PA was not measured prior to LBP onset, any inferences about PA returning to habitual 

levels can not be made. Therefore, the increase in PA at week six for the ALBP group may 

either represent a return to habitual PA by week six, an increase in PA but still not 

participating at pre-LBP levels, or an increase in PA beyond that of pre-LBP levels. The 

decrease in PA at week 12 may represent the inability to sustain habitual PA away from the 

supportive and motivating environment of physiotherapy, or simply the return to habitual 

PA. This latter possible explanation is consistent with 66% of the ALBP group finishing 

physiotherapy at week six. Furthermore, at week 12, 67% of the participants with ALBP 

thought their PA had returned to pre-LBP levels, indicating that a third of ALBP participants 

did not perceive their week 12 PA levels to be their habitual level of PA. The decrease in PA 

at week six in the CLBP group may be due to unhelpful rehabilitation strategies resulting in 

a flare up or increase in pain and subsequent decrease in PA. Alternatively, the baseline 

measure for the CLBP group may have already been inflated by physiotherapy treatment, 

and the week six measurement is therefore a more accurate representation of habitual PA. 

However, only a quarter of participants with CLBP in the current study reported that their 

PA had returned to pre-LBP levels at week 12; it is therefore unlikely that their baseline PA 
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results reflect their habitual PA. Regardless, timing of PA measurement appears to be 

important, with more change in PA occurring six weeks after initiating physiotherapy than at 

12 weeks. 

Over 65% of the participants in this study spent more that 30 minutes in MVPA/day. PA 

guidelines recommend a minimum of 30 minutes of at least moderate intensity PA on most 

days of the week; the mean (SD) for minutes of MVPA/day ranged from 54.3 (37.0) to 57.2 

(39.4). The number of participants meeting the PA recommendations and the mean minutes 

of MVPA/day in the current study is higher than previous research which used an 

accelerometer to measure free-living PA in healthy adults (Troiano, et al., 2008), in obese 

adults (Chen, et al., 2009), and in adults with mental illness (Jerome, Young, Dalcin, et al., 

2009). In a sample of 3,088 healthy adults in the United States, less than 5% of adults met 

the 30 minute guideline (Troiano, et al., 2008): MVPA/day ranged from a mean and 

standard error of measurement (SEM) of 42.8 (2.1) to 5.4 (0.3); a mean of 17.1 minutes of 

MVPA/day was reported in 1,685 overweight or obese adults (Chen, et al., 2009). Similarly, 

in a sample of 55 participants with mental illness, a mean of 120 minutes of MVPA/week 

was reported (Jerome, Young, Laferriere, et al., 2009). However, PA in New Zealanders is 

higher than other western countries, as a study of 181 workers reported that the mean 

number of steps per day was 9,766 and 9,943 for males and females respectively (Schofield, 

Badlands, & Oliver, 2005). As 30 minutes of MVPA/day roughly equates to 3,000 to 4,000 

steps per day (Tudor-Locke, Hatano, Pangrazi, & Kang, 2008), the 10,000 steps per day 

reported by Schofield et al., (2005) are consistent with the 40 to 60 minutes of MVPA/day 

found in the current study. 

While the participants in this current study had a relatively high MVPA/day, the remaining 

23 hours of the day were spent either sleeping or in sedentary activity. Furthermore, most of 

the minutes of MVPA/day were accumulated from bouts of activity of less than 10 minutes 

in duration. When compared to the large epidemiological study involving healthy 

participants by Troiano et al. (2008), the number of MVPA-bouts/day are lower in the 

current study. The mean (SEM) number of MVPA-bouts/day ranged from 10.3 (1.0) in 

younger males to 2.2 (0.4) in females over the age of 70 years (Troiano, et al., 2008), while 

the mean (SD) MVPA-bouts/day did not go above 1.9 (1.8) in the current study. 

Furthermore, compared to the healthy individuals from Chapter Three, the MVPA-bouts 

were consistently lower for both LBP groups. This may suggest that people with LBP, 

irrespective of LBP classification, are unable to sustain MVPA or perform multiple bouts of 

sustained MVPA. This may indicate either a threshold of tolerance to MVPA-bouts or the 



Chapter 4  Measurement of physical activity in people 

with low back pain  

125 

inability to endure sustained MVPA. The low MVPA-bouts/day found in the participants 

with LBP has implications for health more generally, as sustained bouts of PA are thought to 

be more beneficial than minutes of MVPA/day (Pate, et al., 1995; U.S. Department of 

Health and Human Services, 1996). 

4.7.4 Responsiveness 

There was a small positive, statistically significant association between change in 

MVMU/min between week six and baseline, and GROC at week six. A change of 40 

MVMU/min potentially indicates a MCID increase in RT3 measured PA. No statistically 

significant association was found at week 12. No previously published research has reported 

on the responsiveness of the RT3 in measuring free-living PA for any population group. The 

weak association between the GROC and the MVMU/min and the corresponding AUC for 

the ROC analyses of GROC cut-points 1 and 5 may be due to the study design and change 

coefficient selected, variability in PA measured by the RT3, variability of the RT3 itself, or 

finally the criterion measure of change (GROC) used in the current study. These factors will 

be discussed consecutively. 

4.7.4.1 Study design 

Responsiveness of a measure has internal and external aspects (Husted, Cook, Farewell, & 

Gladman, 2000). The ability of a measure to reflect change over any given time frame is 

termed internal responsiveness, and may be determined by statistical tests such as paired t-

test and effect size (including standardised response mean and Guyatt’s effect size) (Guyatt, 

Walter, & Norman, 1987; Husted, et al., 2000; Wright & Young, 1997). Conversely, 

external responsiveness reflects the change in a measure to a relevant external measure in a 

given time frame, and is not dependent on the effect of any treatment provided (Husted, et 

al., 2000). The latter was the aspect of primary interest in the current study. Analyses 

suitable for determining the relationship between the external and new measure are ROC 

curves, correlation, and regression models (Husted, et al., 2000; Wright & Young, 1997). 

Some authors have proposed that different indices can result in different rank orders of 

responsiveness (Wright & Young, 1997). However, others have argued that the change 

coefficient used should be appropriate for the study design chosen, and that the use of 

multiple change coefficients in the same population can provide misleading results 

(Stratford & Riddle, 2005). Nevertheless, choosing the most appropriate study design and 

statistics to determine responsiveness can be confusing (Stratford & Riddle, 2005). 

Furthermore, the lack thus far of any in-depth operational standards or accepted 
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methodological critique for research reporting responsiveness to change (Jerosch-Herold, 

2005) has resulted in the use of inappropriate statistics for specific study designs (Stratford 

& Riddle, 2005). 

Simply put, there are two types of study designs: retrospective and prospective (Stratford & 

Riddle, 2005), and two approaches for assessing responsiveness: distribution based and 

anchor based (Lydick & Epstein, 1993). The latter approach is the preferred method 

(Stratford, Binkley, et al., 1996). Prospective designs are RCTs, cohort studies, and 

clinically assigned change scores during a patient’s initial visit (Stratford & Riddle, 2005). 

Common retrospective designs are: a homogenous group of patients expected to change by 

approximately the same amount at two or more time points; two or more heterogeneous sub-

groups who are expected to change by different amounts at two or more different time 

points; and assessing change in individuals who are expected to change by varying amounts 

at two or more different time points (Stratford & Riddle, 2005). 

The current study used the second of the retrospective study designs. The study aimed to 

assess the ability of the RT3 to detect a true change in the free-living PA of participants with 

ALBP. This design relied on there being identifiable sub-groups that had little PA variation 

between-participants within either the ALBP or the CLBP group, in addition to expecting 

only a minimal change in PA over time in the CLBP group. The use of two groups was 

based on the concept that the clinical course of ALBP would be different to that of CLBP in 

the measurement period chosen (Beaton, 2000). For example, while ALBP can fluctuate 

over a 12 month period (Croft, et al., 1998; van den Hoogen, et al., 1998), 65% of those with 

ALBP will have undergone a rapid improvement in four to 12 weeks post LBP onset 

(Pengel, et al., 2003; van den Hoogen, et al., 1998). However, it is possible that the 

equivocal responsiveness findings in the current study are due to heterogeneity within either 

the ALBP or the CLBP group distribution. 

The most commonly cited change characteristic for the retrospective design is the 

retrospective GROC (Stratford & Riddle, 2005), using the z statistic for AUC, and repeated 

measures ANOVA (Stratford, Binkley, et al., 1996). There are two main issues with this 

design: perception of change is dependent on recall (Husted, et al., 2000; Norman, 1989), 

and the dichotomisation of the GROC from a scale indicating magnitude of change (Deyo & 

Centor, 1986). However, while prospective designs are not usually affected by recall or 

association error, they do rely on the ratter being able to accurately estimate the magnitude 

of the anticipated change (Stratford & Riddle, 2005). Performance of an RCT solely to 
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determine the MCID of the RT3 is problematic both because a gold standard comparator for 

free-living PA does not exist and because such a study is unlikely to receive priority for 

funding. 

4.7.4.2 Variability in PA and variability in the RT3 

Some researchers argue that responsiveness is a distinct psychometric property (Guyatt, 

Deyo, Charlson, Levine, & Mitchell, 1989); however other authors have argued that 

responsiveness is an aspect of validity (Hays & Hadorn, 1992; Stratford & Riddle, 2005), 

and more specifically that of longitudinal construct validity (Liang, 2000). In other words, 

while validity has multiple constructs, a measure should be able to measure what it is 

intended to measure consistently and irrespective of the number of data collection points 

(Hays & Hadorn, 1992). While the latter stance makes more sense from a psychometric 

perspective, measurement of PA in people with LBP is complex for several reasons. 

Firstly, PA can have high between-participant variability, as was seen in Chapter Three (see 

p. 66). Therefore, even those who are healthy may have daily, weekly, monthly, and yearly 

fluctuations in PA (Levin, et al., 1999; Matthews, Hebert, Stanek III, et al., 2001; Pivarnik, 

et al., 2003; Plasqui & Westerterp, 2004). Secondly, in people with LBP, symptoms may 

also fluctuate (Croft, et al., 1998), and changes in these symptoms may affect PA. This 

means the time points when PA is measured in people with LBP require careful 

consideration. Finally, large between-participant variability within each group may have 

affected the responsiveness. In the current study, participants were conveniently grouped 

into one of two sub-groups of LBP: ALBP or CLBP. However, the reliance on natural 

history to classify LBP participants in the current study ignores the possibility of large daily 

within-participant and between-participant variability in PA within each of these two LBP 

groups. Increasing the number of valid days of RT3 data required from four to above seven 

(Baranowski, et al., 2008; Matthews, et al., 2002), and increasing the sample size (Williams 

& Naylor, 1992) may have mitigated this variability. Nevertheless, high variance within a 

sub-group violates one of the principles of this design (Stratford & Riddle, 2005), and 

accordingly decreases the ability of the GROC to predict change in free-living PA 

(MVMU/min). 

Variability in the measurement properties of the RT3 also occurs. For example, a decrease in 

the reliability and validity of the RT3 data, an increase in ‘noise’ with each repeated 

measure, and the use of a different RT3 at subsequent time points are issues which have 

been reported previously (Steele, Belza, Cain, et al., 2003). In the current study, while the 
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number of valid days of RT3 data collection decreased from baseline to week 12, over 75% 

of participants had eight hours of data on six or more days of the week. In addition, the 

comprehensive data cleaning package used in the current study will have reduced the 

likelihood of extraneous noise. Finally, where possible the same RT3 was provided at 

baseline and weeks six and 12. Therefore, variability in PA is more likely a result of usual 

fluctuations seen in PA and the specific population being investigated than variance in the 

RT3. 

4.7.4.3 The GROC 

The GROC has been used extensively, and is described as a credible external measure of 

change when no gold standard measure is available (Jaeschke, et al., 1989; Stratford & 

Riddle, 2005). However, there are some limitations in relying on the GROC, an external 

measure of change, to evaluate change in the measure of interest (Husted, et al., 2000). For 

example: the two measures may be measuring different constructs; the use of a single item 

to evaluate a multi dimensional measure is counter-intuitive; the external measure itself may 

not be responsive to change; and finally, if the two measures are correlated, an inflation of 

the association can occur (Norman, 1989). In addition, the GROC is only able to detect 

meaningful change if the context is appropriate, that is, some people have improved, some 

have remained stable, and some have deteriorated, and if the new construct is important or 

relevant to the population being investigated (Relman, 1988; Stratford, Binkley, et al., 

1996). Finally, the GROC relies on self perception and recall, and judgements of change are 

notoriously difficult (Norman, 1989). Self-perception reflects an individual’s view of 

themselves, and it is influenced by many factors such as beliefs, expectations, goals, and 

experiences, including satisfaction with change (Liang, Lew, Stucki, Fortin, & Daltroy, 

2002; Vercoulen, et al., 1997). Participants who start out highly incapacitated may move 

only minimally on the new measure, but the participant’s perception of that change is based 

on the significance and importance of that change to the individual, and may be reported as a 

large change on the GROC (Liang, 2000). Accordingly, discrepancies exist between 

patients' and physiotherapists' perceptions of the patient’s LBP experience (Perreault & 

Dionne, 2005). For example, therapists frequently score patients’ improvement during 

treatment higher than patients do (Perreault & Dionne, 2005). However, in the current study, 

only the participants’ perception of their GROC was recorded. Therefore issues of recall and 

underestimation of change may have influenced the GROC scores. A combination of 

therapist and patient evaluation of the GROC may have been more appropriate, as the 

association between the GROC and the MVMU/min deteriorated over time. 
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4.7.5 Responsiveness of other measures as a form of external validity 

Neither the linear regression nor the AUC analyses suggest a high responsiveness of the 

RT3 to measure change in PA in people with LBP. To explore whether these findings were 

primarily due to unresponsiveness in change in MVMU/min or the GROC, additional 

analyses were performed for the week six data. Initially, the AUC for the change in 

MVMU/min at week six with literature defined cut-points for the NPRS (≥ 2), PSFS (≥ 2), 

RMDQ (≥ 4), the SF-36v2 PCS (> 2), and the SF-36v2 MCS (> 3) was explored. Then, the 

AUC for the NPRS, PSFS, RMDQ, and the SF-36v2 and the GROC with cut-points of 1 and 

5 was explored. These two analyses will be discussed sequentially. 

The AUC for the NPRS (≥ 2), PSFS (≥ 2), RMDQ (≥ 4), the SF-36v2 PCS (> 2),and the SF-

36v2 MCS (> 3) with the week six change in MVMU/min was consistently lower than the 

AUC found for the NPRS, PSFS, RMDQ, and the SF-36v2, with GROC cut-points 1 and 5. 

This might indicate that the poor ability to discriminate a change in PA rests with the RT3. 

However, while care was taken to use literature defined cut-points for each measure, there is 

controversy in the literature as the MCID for each of these measures can change relative to 

the magnitude of the initial score and method of LBP classification. 

A cut-point of 5 has previously been reported as the change score required in the GROC to 

reflect a MCID (Stratford, et al., 1994); however, in the current study the AUC for GROC 

cut-point 5 with the NPRS, PSFS, RMDQ, and the SF-36v2 was only marginally better than 

that reported for GROC cut-point 1. Previous research, also using the GROC, has reported 

higher AUC values for the NPRS compared to the current study. For example, one study 

involving 131 patients with LBP found an AUC of 0.72 and 0.92 at one and four weeks 

respectively (Childs, Piva, & Fritz, 2005), while Lauridson et al. (2006) reported an AUC 

for the NPRS ranging from 0.60 to 0.88. Conversely, an AUC of 0.50 in 48 patients with 

CLBP (Maughan & Lewis, 2010) was smaller than the 0.62 reported in the current study. 

For the PSFS, one study has reported an AUC of 0.86 in patients with CLBP (Maughan & 

Lewis, 2010), which is higher than the AUC of 0.68 found in the current study. Literature 

has reported on an AUC of 0.93 for the RMDQ in 81 patients with LBP after five weeks of 

treatment (Beurskens, de Vet, & Koke, 1996), 0.77 after six weeks of treatment (Davidson 

& Keating, 2002), and 0.75-0.94 in 191 patients with either acute or chronic LBP 

(Lauridsen, et al., 2006). Again, other authors have reported smaller estimates of RMDQ 

AUC which are comparable with the current study; for example, a RMDQ AUC of 0.68 in 

143 patients with LBP (Riddle, Stratford, & Binkley, 1998), and 0.64 in 48 patients with 
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CLBP (Maughan & Lewis, 2010). Similarly, the AUC for the SF-36 and various sub 

domains of the PCS in patients with LBP varies from 0.74 (Bronfort & Bouter, 1999), and 

0.55 to 0.81 (Lauridsen, et al., 2006). Furthermore, disease-specific scales have been 

reported as being more responsive than quality of life or generic measures (Angst, et al., 

2008; Wright & Young, 1997). In the current study the largest AUC with the GROC was for 

the RMDQ. The diversity of these results is likely to be due to different methods of sub 

classifying LBP, duration of LBP, and the use of different GROC scales with varying cut-

points. 

In summary, the AUC results for the GROC, and the NPRS, PSFS, RMDQ, and the SF-36v2 

respectively are not very different from previously reported results. However, if the AUC 

results had been either consistently above or below previous researchers’ findings, a 

comment about the application of the GROC in the current study would have been more 

straightforward. In addition, the AUC values for both of these secondary analyses were not 

very different from each other. This again makes it difficult to determine if the moderate to 

low responsiveness found in the current study was due to the RT3 or use of the GROC as an 

external measure of change. Therefore, while the RT3 was responsive to change at week six, 

further research is recommended. 

4.7.6 The association between perceived PA and objectively measured PA 

The mean BPAQ scores of 6.5, 6.6, and 6.9 at baseline, and at weeks six and 12 

respectively, were lower than previously reported (8.1-8.5) BPAQ scores for people with 

LBP (Jacob, Baras, Zeev, & Epstein, 2001; Verbunt, Sieben, et al., 2005). This may be due 

to the inclusion of participants with CLBP in the current study. The association between the 

two measures of PA (BPAQ and the RT3) was weakly positive and only statistically 

significant at week six. These results are consistent with previous research as correlation 

values of r = 0.22 to 0.50 between the BPAQ and other commercially available 

accelerometers have been reported (Philippaerts, et al., 2001). The BPAQ (Baecke, et al., 

1982) was chosen as a secondary measure of PA for the current study as it can provide valid 

data about PA (Hertogh, et al., 2008; Philippaerts, Westerterp, & Lefevre, 1999), and has 

been used previously for the assessment of PA in people with LBP (Bousema, et al., 2007; 

Huijnen, Verbunt, Peters, et al., 2009; Jacob, et al., 2001; Verbunt, Sieben, et al., 2005). 

However, like all questionnaires, the BPAQ is subject to recall bias. In particular 

questionnaire assessment of PA intensity is frequently overestimated and misleading 



Chapter 4  Measurement of physical activity in people 

with low back pain  

131 

(Duncan, Sydeman, Perri, Limacher, & Martin, 2001; Klesges, Klesges, Swenson, & Pheley, 

1985; Vercoulen, et al., 1997). 

In the current study, while the association between GROC and the week six and 12 change 

in BPAQ was low (R2 = 12.8% and 8.2% respectively) (Petrie, 2006), the R
2 value was 

higher than that for the association between the BPAQ and objectively measured PA. In 

other words, change in recalled PA (BPAQ) was explained more by perception of change in 

PA (GROC), than actual change in PA (MVMU/min) was explained by perception of 

change (GROC). Therefore, perceived change in PA is more strongly associated with 

recalled PA, than objectively assessed PA. The BPAQ was primarily intended to assess 

habitual activity. In the current study, habitual activity for the last week was measured, 

therefore responsiveness of this measure in the short term is unknown and this may have 

resulted in the poor association between change in the BPAQ and change in MVMU/min. 

Regardless, results indicate that change in objectively measured PA (MVMU/min) and 

perceived change in PA or recalled PA appear to be different constructs. However, both may 

be equally important. For example, a perceived decrease in PA (GROC) despite an increase 

in MVMU/min is likely to lead to dissatisfaction and decreased self-efficacy, while a 

perceived increase in PA despite a decrease in MVMU/min might provide a platform for 

self-efficacy which will later enable an actual increase in MVMU/min. 

4.7.7 Predictors of change in PA 

Previous research has shown that sex and occupation affect levels of PA (Schofield, et al., 

2005; Steele & Mummery, 2003; Troiano, et al., 2008). However, in the current study only 

LBP classification, which was an indicator of LBP duration, explained a significant 

proportion of the variance in change in MVMU/min at week six. This suggests that change 

in NPRS, RMDQ, and PSFS are not associated with change in MVMU/min, and are 

different constructs from free-living PA. Positive, statistically significant, weak associations 

between the RMDQ, physical function tests, and accelerometer-measured PA have been 

reported in people with CLBP (Ryan, Gray, et al., 2008). A positive association between 

fear of movement and free-living PA has also been reported in people with sub-acute LBP 

using the RT3 (Huijnen, Verbunt, Peters, et al.). Conversely, no association between fear of 

movement, pain, depression, disability, and RT3 measured PA has been found in people 

with sub-acute LBP (Verbunt, Sieben, et al., 2005). Results from the current study are in 

keeping with Verbunt, Sieben et al. (2005); however, the association between change in PA 
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and other variables of interest may vary by method of LBP classification and duration of 

LBP. 

4.7.8 Limitations 

The current study has several limitations. The sample size was relatively small and type II 

error for detection of associations may have occurred, particularly with respect to the 

exploratory analysis of PA predictors. The recruitment method may affect the 

generalisability of the results. More specifically, as per the aims of this study, participants 

were recruited from physiotherapy practices. Therefore, the characteristics of this sample of 

people with LBP should not be compared to people with LBP who have not sought HP 

advice. This is a limit of this study. 

Participants were classified into a LBP group primarily by duration of LBP symptoms. 

However, LBP can also be considered a continuum from ALBP though to CLBP. The 

method of assigning participants into the two groups may have made it less likely to detect a 

difference in change in the measured variables as there may have been more variability in 

PA, within either the ALBP or the CLBP group, than anticipated. In addition, several 

authors have reported that exploring relative change is more responsive than raw change 

(Hefford, Lodge, Elliott, & Abbott, 2008; Stratford, et al., 1998); however, only raw change 

in MVMU/min, pain, function, disability, and quality of life were assessed in the current 

study. 

Wearing the RT3 may have changed PA behaviour, as PA scores on the first day of 

monitoring were higher than subsequent days of monitoring. However, the procedures 

adopted in the method of estimating the RT3 data from a minimum of four days and then 

averaging the PA data by a weighted equation will have minimised these performance-

related variances in PA somewhat. In addition, the normalising of data for exploring MVPA 

intensity data will also have limited the affect of higher PA MVMU/min for the first few 

days of wear.  

It is possible that the cut-point for establishing MVPA may have been set too low, and 

certainly the cut-point chose in the current study was lower than that used by other 

researchers. However, this higher cut-point was validated for young males running on a 

treadmill; a lower cut-point was found for unregulated PA (Rowlands, Thomas, et al., 2004). 

Therefore, the use of a lower cut-point can be justified. In addition, mean minutes of 

MVPA/day and MVPA-bouts were not the variables of primary interest. 
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4.7.9 Recommendations 

The implications and recommendations of the quantitative aspect of this MM study are 

discussed in conjunction with the qualitative aspect in the Discussion Chapter (see p. 200 

and 205). 

4.8 Conclusion  

The current study found that the RT3 was an acceptable method of measuring free-living 

PA. However, considerable utility issues exist and in larger studies these issues, specifically 

data loss, may be unacceptable. Free-living PA in people with either ALBP or CLBP 

receiving physiotherapy was significantly different, but this may be dependent on method of 

LBP classification, and when PA is measured. The RT3 (MVMU/min) was responsive to 

perceived change in PA (measured with the GROC) at week six only, and LBP duration was 

the only variable which significantly contributed to change in PA. PA is an important 

construct to measure, and it is not the same construct as function, disability, or perceived 

change in PA. Therefore, further research which explores the responsiveness of methods 

capable of reliably and validly measuring free-living PA is warranted. 



 

 

Chapter Five 
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Chapter 5 Perceptions of physical activity in people with low 

back pain 

5.1 Abstract 

Aim: The aim of this qualitative aspect of the mixed methods (MM) study was to explore 

perceptions of physical activity (PA) in people with low back pain (LBP), by comparing the 

lived experience of people with either acute or chronic LBP. In addition, interviewees’ 

coherence between perceptions of their lived experience of LBP and physiotherapy were 

explored. A secondary aim of this study was to qualitatively explore utility issues with the 

RT3. 

Methods: Following completion of the quantitative aspect of the study, interviewees were 

purposively selected to participate in semi-structured interviews. As per Interpretative 

Phenomenological Analysis (IPA) methodology, in-depth analysis was achieved by an 

idiographic, inductive, and interrogative process for the PA and LBP data. Data from utility 

questions were analysed at a descriptive level. 

Results: Five acute low back pain (ALBP) and eight chronic low back pain (CLBP) 

participants were interviewed. There was no difference in the experiences or perceptions of 

interviewees with ALBP compared to interviewees with CLBP. Five superordinate themes 

emerged from the LBP and PA data: ‘Control continuum’; the ‘Cage of disability’; the 

‘Health system Ferris wheel’; the ‘Steps of independence’; and the ‘Activity tightrope’. In 

addition, the RT3 was perceived to be “okay” and a useful device to prove adherence to 

physiotherapists’ PA advice and prescription. 

Conclusions: The utility of the RT3 was acceptable. LBP was equally distressing for people 

with ALBP as for people with CLBP: ‘Losing control’ of their selves was at the centre of the 

distress. Physiotherapy was perceived to increase the interviewees’ ‘Confidence to regain 

control’. However, the implementation of ‘Trial and error’ activity strategies resulted in 

negative activity experiences and the continuation of unhelpful beliefs. Ultimately, being in 

control was perceived to be more important than risking another loss of control by an 

increase or return to habitual PA.
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5.2 Introduction 

Chapter Five presents the qualitative work from the mixed methods (MM) study. In 

addition, this chapter introduces the methodology of Interpretative Phenomenological 

Analysis (IPA), and critiques relevant papers which have employed this methodology in 

people with low back pain (LBP). The chapter describes IPA methods, presents and 

discusses the results with respect to published qualitative research in the area of LBP and 

PA, discusses the limitations, and summarises the main findings. Additional discussion 

comparing and combining the meaning of these qualitative findings with the quantitative 

findings described from the research presented in Chapter Four can be found in the 

discussion chapter (see Chapter Six, p. 184). 

5.3 IPA methodology 

IPA was developed by Jonathan Smith, as a qualitative approach to health psychology 

(Smith, 2004). However, the methodology also has applications in social and clinical 

psychology. This section will cover the epistemological position and the method for 

conducting IPA analysis. 

The epistemology of IPA is one of phenomenology. Phenomenology is concerned with 

human understanding and tries to capture the essence of individuals’ “lived experience” 

(Creswell, 2007, p. 57; Patton, 1990, p. 69). Accordingly, IPA is a method which explores 

the perceptions of how meaning is derived from lived experiences. All previous experiences 

of similar events, cultural influences, personal and social interactions, and perceived states 

of being, may determine the unique interpretation of any given experience (Dean, Smith, & 

Payne, 2006, p. 141; Smith, 2003, p. 51). IPA also has roots derived from the concepts of 

symbolic interactionism (Chapman & Smith, 2002; Smith, 2003, p. 52). Symbolic 

interactionism proposes that the way people talk and behave about an experience is a direct 

reflection of the individual’s perception of the experience (Dean, et al., 2006, p. 141). 

Unlike phenomenology, IPA acknowledges the fundamental role of the researcher in 

interpreting the individual’s personal experiences, and accepts that this is a dynamic 

interaction (Smith, 2004). The researcher’s own conceptions and pre-conceptions are 

therefore required to interpret the interviewee’s lived experience. This two stage 

interpretative process is termed a double hermeneutic (Smith, 2003, p. 51). During 

interpretation of the data, both empathetic hermeneutics and questioning hermeneutics may 

be combined (Smith, 2003, p. 51). Empathetic hermeneutics involves understanding the 



Chapter 5  Perceptions of physical activity in people with 

low back pain 

137 

interviewee’s perspective while questioning hermeneutics involves analysing the text and 

trying to understand what the interviewee is actually saying from the interviewee’s 

intentional or unintentional choice of words (Smith, 2003, p. 51). 

There are several characteristic features of IPA. Firstly, IPA is idiographic: one case is 

analysed in considerable detail before analysis of further cases begins. Therefore, IPA 

research typically involves small numbers of participants. Only once all the themes have 

been compiled are each individual’s transcripts explored for converging or diverging themes 

(Smith, 2004). The use of personal experience can then also be extended to make comment 

on social discourse (de Visser & Smith, 2006). Secondly, IPA is inductive. There are no 

hypotheses to be tested; hence the analytical process can lead to unanticipated results 

(Smith, 2004). These results can be explored further in subsequent interviews (Smith, 2004). 

Thirdly, IPA is interrogative. IPA was developed as a psychological method, therefore there 

are common constructs and concepts inherent in both IPA and psychology (Smith, 2004). 

For this reason, following the analysis, results are usually discussed with respect to 

psychological literature (Smith, 2004). Finally, IPA has multiple levels of interpretation 

(Smith, 2004). The first level might be described as the participant’s attempts to articulate 

their experiences (Dean, et al., 2006; Smith, 2004). Further layers of interpretation occur as 

the researcher analyses the interviewee’s comments and as metaphorical meanings become 

apparent; eventually, an interpretation of the interviewee’s emotional and mental states may 

be possible (Dean, et al., 2006, p. 149; Smith, 2004). 

The IPA framework enables the development of theories, models, and explanations which 

enable a better understanding of individuals’ experiences. This occurs within a well 

recognised methodological framework (Fade, 2004), which makes IPA an ideal 

methodology for the novice qualitative researcher (Dean, et al., 2006, p. 140; Smith, 2004). 

IPA is an appropriate methodology when the topic being investigated is contextual and 

subjective, as is the case with perceptions of health-related experiences (Osborn & Smith, 

2006; Smith, 2004). More specifically, IPA is particularly appropriate when multi-

dimensional concepts, or concepts relating to self or identity, are explored (Osborn & Smith, 

2006; Smith, 2004). As LBP is subjective and contextual, and this study intended to explore 

perceptions of PA in people with LBP, a decision to undertake this research using the IPA 

methodology was made, with support from one supervisor with previous experience in this 

approach. 
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5.4 IPA and LBP literature review 

This section will critique published literature which has used IPA methodology to explore 

the lived experience of people with LBP. Unfortunately, none of these papers have 

specifically focussed on LBP and PA. 

Using the keywords of pain and IPA, an electronic literature search was conducted. The 

flow diagram, as per the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines (Moher, et al., 2009), is presented in Figure 5.1 (p. 139). 

The databases searched were: CINAHL via Ebsco (1981-April 2010) and Academic Search 

Complete via Ebsco; PubMed (1960-April 2010); PsycInfo (1967-April 2010); Ovid 

Medline (1996-April 2010); AMED via Ovid (1985-April 2010); Web of Science; and 

Google Scholar. Ten papers reporting the use of IPA methodology or an IPA approach to 

explore the perceptions of people with LBP were found (see Table 5.1, p. 140). Papers were 

excluded if they did not explore perceptions of LBP in adults, or if they had used a 

methodology other than IPA. 

The majority (nine) of the papers explored the perceptions of people with chronic low back 

pain (CLBP). The tenth paper explored the experiences of older adults with neuropathic pain 

(see Table 5.1, p. 140); this study was still included as 12 of the 16 participants had CLBP 

(Sofaer-Bennett, et al., 2007). Two groups of authors presented distinctive data from the 

same interviewees in different papers: two papers by Osborn and Smith (Osborn & Smith, 

2006; Smith & Osborn, 2007) and three papers by Walker, Sofaer-Bennett, and Holloway, 

(Holloway, Sofaer-Bennett, & Walker, 2007; Walker, Holloway, & Sofaer, 1999; Walker, 

Sofaer, & Holloway, 2006). One of the 10 papers included in the review explored the 

perceptions of eight senior physiotherapists specialising in the rehabilitation of people with 

LBP, as well as the patients undergoing therapy (Dean, et al., 2005). The paper by Snelgrove 

et al. (2009) presented data from the first of three interviews being conducted over a three 

year period in the same participants (Snelgrove & Liossi, 2009). The design of one study 

was MM and involved a trial of hypnosis for CLBP; however only the pre- and post-

intervention qualitative results were reported and discussed in the paper included in this 

review (Osborn & Smith, 2008). All remaining papers report findings from studies with a 

single interview per participant design. 
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Figure 5.1 Keywords and PRISMA flow diagram of retrieved qualitative papers 

All papers included in this qualitative literature review explored the lived experiences of people with low back 

pain with an Interpretative Phenomenological Analysis methodology. PRISMA = Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses. 



Chapter 5  Perceptions of physical activity in people with 

low back pain 

140 

Table 5.1 Literature review: IPA and LBP papers by study, year, and first author 

Study Papers 

by year 

First 

author 

Population
a
 

1 1998 Osborn CLBP (> 5 years), N = 9 females; 25–55 age range. 
Recruited from outpatient LBP clinics. 

2 1999 Walker CLBP (2–50 years), N = 20 (8 female + 12 male);  
median age = 56 years; 28–79 age range. 
Recruited from pain clinic. 

 2006 Walker CLBP (2–50 years), N = 20 (8 female + 12 male);  
median age = 56 years; 28–79 age range. 
Recruited from pain clinic. 

 2007 Holloway CLBP (2–22 years), N = 18 (6 female + 12 male);  
28–62 age range. 
Recruited from pain clinic. 

3 2005 Dean N = 17. 
CLBP (> 1 year), n = 9; mean age: 40 years. 
Physiotherapist n = 8 (female). 
Recruited from outpatient physiotherapy clinics. 

4 2006 Osborn CLBP (5–15 yeas), N = 6 (2 female + 4 male);  
mean age = 44 years. 
Recruited from pain clinic. 

 2007 Smith CLBP (5–15 yeas), N = 6 (2 female + 4 male);  
mean age: 44.2 years. 
Recruited from pain clinic. 

5 2007 Sofaer-
Bennett 

Chronic Pain (> 3 months), N = 16 (10 female + 6 male);  
60–84 age range. CLBP, n = 12. 
Recruited from waiting list of pain clinic. 

6 2008 Osborn CLBP (5–15 years), N = 10. Mean age: 45.3. 
MM study, interviewed pre and post hypnotic intervention. 
Recruited from pain clinic. 

7 2009 Snelgrove CLBP (> 4 years), N = 10 (7 female + 3 male);  
39–66 age range. 
Recruited from waiting list of pain clinic. 

Note. LBP = low back pain; CLBP = chronic low back pain; IPA = Interpretative Phenomenological Analysis. 

a
 LBP classification of study participants was defined by respective study authors 

5.4.1 Quality critique 

The 10 papers were appraised using the Critical Appraisal Skills Programme (CASP) 

qualitative assessment tool (CASP, 2006) (see Appendix E, p. 294). This tool was developed 

to guide those unfamiliar with qualitative research through aspects of quality such as rigour, 

appropriate methodology, credibility, and relevance (CASP, 2006). 

All papers were of good quality with clearly articulated aims. The participant selection 

process, including the inclusion and exclusion criteria, was well described by Dean et al. 
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(2005), Smith and Osborn (2007), Sofaer-Bennett et al. (2007), Snelgrove et al. (2009) and 

Osborn and Smith (2008). All studies employed purposive sampling. The research 

conducted by Walker, Holloway, and Sofaer- Bennett maximised the heterogeneity of their 

sample (Holloway, et al., 2007; Walker, et al., 1999; Walker, et al., 2006). The remaining 

studies attempted to achieve a homogenous group. The sample size was generally small, 

ranging from six to 20 participants (see Table 5.1, p. 140). However, the in-depth analysis of 

small samples is not considered atypical due to the idiographical nature of IPA (Smith, 

2004). Three papers did not explicitly mention ethical approval and method of gaining 

informed consent (Osborn & Smith, 1998, 2008; Smith & Osborn, 2007). 

All papers contained a clear description of the multi-step analysis process which includes 

investigator triangulation. Interview schedules were also provided in all papers. The two 

papers by Osborn and Smith (2006 and 2007) and the three papers by Walker, Holloway, 

and Sofaer-Bennet (1999, 2006, and 2007) discussed different themes from the same 

participant interviews. In-depth analysis can lead to a richness of data which may be more 

justly discussed by the exploration of one theme at a time, hence giving rise to multiple 

papers from the same study (Smith, et al., 2009, p. 114). However, the selection of one from 

many themes in multiple papers can also distort the data (Smith, et al., 2009, p. 114). The 

themes from the Osborn and Smith papers (2006 and 2007) were corroborated by strong 

evidence and multiple levels of analysis. Conversely, with the exception of Holloway et al. 

(2007), the depth of analysis and presentation of evidence in the papers by Walker, 

Holloway, and Sofaer-Bennet (1999 and 2006) was not strong. In comparison, the papers by 

Osborn and Smith (2008) and Dean et al. (2005) present and focus on one superordinate 

only; the presence of other themes was not discussed either in the paper or in separate 

publications. However, it is unknown if any other superordinate themes were found in these 

two studies but are yet to be published. 

IPA uses a double hermeneutic process, and therefore the relationship between the 

researcher(s) and the interviewee(s), and the researcher’(s’) role in interpreting the data is 

implicit. This was acknowledged in all papers. In addition, all papers clearly discussed their 

results, and placed their findings in context with reference to extant psychological literature. 

Furthermore, the relevance and implications of their findings with respect to various aspects 

of current clinical practice and theory was appropriate. 
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5.4.2 Content critique 

Results from IPA research reflect individual perceptions and should not be interpreted as 

consensus opinion. However, there were remarkable similarities between the findings of the 

papers included in this review despite their inclusion of different participants. Persistent, 

although not necessarily constant, pain was perceived to be dictatorial and persecutory, a 

physical insult on the “self” (Osborn & Smith, 2006, 2008; Smith & Osborn, 2007) and 

resulted in a fear of the pain (Osborn & Smith, 2008). The presence of pain resulted in a 

heightened awareness of the affected body parts. In an attempt to protect the integrity of the 

self and to help control the pain, the new self with LBP was consciously separated from the 

preferred original self (Osborn & Smith, 2006; Snelgrove & Liossi, 2009). This protective 

disruption of the individual’s self has been termed “dualism” as it is reminiscent of 

Cartesian dualism (Vrancken, 1989). 

As pain continues, the protective mechanism of splitting the self becomes harder to 

maintain, and eventually individuals resign themselves to living with the new self which is 

“eroded” and “corrupted” by pain (Smith & Osborn, 2007). This internalisation of pain may 

occur on a continuum (Smith & Osborn, 2007). For example, despite splitting the self, the 

negative impact of pain on the self leads to negative thoughts and, as this pain becomes 

internalised, leads to self loathing and eventually the outward projection of negative feeling 

on to meaningful others. The new self is recognised by the individual to be unpleasant which 

leads to a fear of persecution by society. Fear of persecution, the perceived stigmatisation by 

significant others and society, and the realisation that their new self is a “monster”, leads to 

increasing social and personal isolation (Smith & Osborn, 2007; Sofaer-Bennett, et al., 

2007). Several papers suggested that the magnitude of “loss” associated with the loss of the 

identity of the preferred self, the loss associated with activity limitations(ICF) and 

participation restrictions(ICF), and loss of aspirations, goes beyond what is inherently 

understood by the word “loss” (Holloway, et al., 2007; Osborn & Smith, 1998; Smith & 

Osborn, 2007; Sofaer-Bennett, et al., 2007; Walker, et al., 2006). 

Several papers specifically discussed interviewees’ perceptions of their quests for the 

legitimisation of their LBP via the pronouncement of a biomedical diagnosis (Dean, et al., 

2005; Osborn & Smith, 1998; Snelgrove & Liossi, 2009; Walker, et al., 1999). Such quests 

lead to overwhelming feelings of powerlessness and hopelessness (Walker, et al., 1999). 

Confusion, shame, and moral stigma were experienced when a biomedical diagnosis was not 

provided (Dean, et al., 2005; Holloway, et al., 2007; Osborn & Smith, 1998; Snelgrove & 
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Liossi, 2009). There was nothing to see, yet they were disabled, and this placed interviewees 

in a quandary (Holloway, et al., 2007; Osborn & Smith, 1998). In order to conform to 

interviewees’ perceptions of society’s expectations of disability, they could either make their 

symptoms known and then be labelled as seeking a “sick role”, or hide their symptoms, 

leading to society’s conclusion that there was actually nothing wrong (Holloway, et al., 

2007; Osborn & Smith, 1998; Snelgrove & Liossi, 2009). 

One study explored perceptions of adherence to a self management exercise programme in 

people with CLBP (Dean, et al., 2005). While the primary intent of the paper was not to 

discuss the perceptions of being physically active with LBP, adherence to an aspect of PA 

(prescribed self-management exercises) by people with LBP was explored. Patients 

attempted to prioritise their prescribed rehabilitation programme; however, adherence was 

contingent on the interviewees making the exercise programme part of habitual activity and 

prioritisation was difficult. This step necessitated that patients stopped thinking of exercises 

as another interruption in addition to the interruption already caused by the presence of the 

LBP (Dean, et al., 2005). 

The findings of these papers indicate that CLBP is physically and emotionally disabling, and 

that maintaining an exercise prescription required a shift in thinking, supported by 

appropriate health professional (HP) management (Dean, et al., 2006; Holloway, et al., 

2007; Osborn & Smith, 1998, 2006, 2008; Smith & Osborn, 2007; Snelgrove & Liossi, 

2009; Sofaer-Bennett, et al., 2007; Walker, et al., 1999; Walker, et al., 2006). However, 

none of these papers explicitly explored perceptions of PA in people with LBP, despite the 

perceived importance of PA for the rehabilitation of LBP (Airaksinen, et al., 2006; van 

Tulder, et al., 2006). Also, while research suggests that high levels of distress may be 

present within the first weeks of an ALBP episode (Foster, et al., 2008; Fritz, George, & 

Delitto, 2001; Philips & Grant, 1991; Sieben, Portegijs, Vlaeyen, & Knottnerus, 2005), it is 

unknown if the internalisation of pain and complexity of emotions described by interviewees 

with CLBP in the papers included in this review are similar to those in people with ALBP. 
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5.4.3 Aims 

The aims of the qualitative aspect of this MM study were to: 

• Explore perceptions of PA in people with LBP by comparing the lived experience of 

people with either acute or chronic LBP; 

 

• Explore the interviewees’ coherence between perceptions of their LBP, and their 

experience of physiotherapy for increasing their PA. 

 

A secondary aim of this study was to: 

• Qualitatively explore utility issues with use of the RT3. 

5.5 Method 

5.5.1 Study design 

Interviewees included in the qualitative aspect of the MM study were a sub-group of 

participants recruited from the quantitative aspect of the MM study discussed in Chapter 

Four (see p. 80). During initial recruitment, participants were asked to provide consent to 

participate in either both aspects of the MM study, or the quantitative aspect alone (see 

Appendix B, p. 260). Only participants who consented to be invited for an interview were 

considered eligible for inclusion in the qualitative study; 111 of the 114 eligible participants 

recruited in Chapter Four consented to be invited for an interview. Participants consented to 

be invited for an interview with the understanding that only a few people would be needed 

for this last part of the study. The method of recruitment, and inclusion and exclusion 

criteria into the MM study, have been described previously (see p. 83 and 84). The 

methodology of this qualitative aspect of the MM study is IPA; this involved semi-

structured interviews followed by in-depth analysis. 

5.5.2 Sample size and participants 

IPA recommends the use of small homogenous samples, as the intention is to undertake an 

idiographic analysis (Smith, 2003, p. 54). However, Smith (2004) also encourages 

researchers to push the typical boundaries of IPA and explore different methods. 

Accordingly, Walker, Holloway, and Sofaer-Bennett (1999, 2006, and 2007) used purposive 

sampling to ensure a mix of perspectives from a heterogeneous group of people with CLBP. 

Stratified purposive sampling allows for the exploration of the similarities and differences 
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between selected strata (Teddlie & Tashakkoir, 2009, p. 186). As one aim of this study was 

to compare perceptions between people with either acute or chronic LBP a sampling frame 

was used to guide selection of participants (see Table 5.2). However, a pragmatic approach 

was also used: for example, if two participants fitted the criteria the more affable participant 

was selected. 

Table 5.2 Example of the purposive sampling frame 

Criteria ALBP CLBP 

Age: 18 ≥ to ≤ 65 years   

Age: ≥ 66 years   

Ethnicity: Maori   

Ethnicity: other   

Occupation: manual   

Occupation: sedentary   

Work Status: off work   

Work Status: in work   

Note. ALBP = acute low back pain, CLBP = chronic low back pain. 

Up to 16 participants could have been recruited (see Table 5.2). As IPA is idiographic, 

participants were recruited one by one; this ensured that all subsequent interviews and their 

analysis occurred only after the previous interviewee’s data had been analysed. Participants 

were recruited until no new information or themes emerged, and all sampling characteristics 

were represented. No participants invited to be interviewed refused consent. To aid clarity 

between this Chapter and Chapter Four, participants in the quantitative research presented in 

Chapter Four will be described as participants, whereas participants in the qualitative 

research presented in this chapter will be described as interviewees. 

5.5.3 Procedures and data collection 

Prior to beginning the interviews, three mock interviews were conducted by the candidate. 

These interviews were conducted with a supervisor, a colleague, and an individual with 

LBP. Refinement of the interview schedule occurred after each interview. These three 

interviews also afforded the candidate an opportunity to become familiar with the Olympus 

DS-55 digital recorder (Olympus, Tokyo, Japan). 
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Interviewees were purposively selected after completing the baseline week of RT3 data 

collection. However, interviewees were only approached after they had completed the 

quantitative study and if they had finished physiotherapy treatment. Interviews were 

scheduled to occur within two weeks of completing the quantitative aspect of the study; all 

interviews were conducted by the candidate. A date, time, and location of convenience for 

the interviewee was organised for each interview. A second information sheet was presented 

to interviewees on the interview day, and another informed consent form was signed as there 

was a considerable time lapse between initial recruitment into the MM study and the 

interview (see Appendix B, p. 261 and 262). 

An interview schedule was used by the candidate to guide each interview (see Appendix F, 

p. 300). The sequence of questioning was dictated by the manner in which the interview 

developed. In addition, the schedule continued to be refined after the analysis of each 

interviewee’s data, and in consultation with an experienced independent researcher. Even 

after refinements, every interview contained all primary topics of interest. A summary of the 

primary questions can be seen in Table 5.3, (p. 147). Each interview was recorded with the 

Olympus DS-55 digital recorder. A back up MP3 player ZEN Stone Plus (Creative 

Technology Ltd., Singapore) was also used. Each interviewee was given an opportunity to 

either provide their own pseudonym or be allocated a pseudonym by the candidate. No 

interviewee elected to choose their own pseudonym; therefore all pseudonyms were chosen 

by the candidate and allocated to each transcription file. 

All interviewees were assured that they were free to withdraw from the interview at any 

stage, or that they could refuse to answer any questions. No interviewees withdrew or 

refused to answer any questions. In addition, a protocol had been established for the 

candidate to follow if any of the interviewees become emotional and upset and/or required 

additional support, help, or advice. This protocol never needed to be enacted but essentially 

it involved the referral of the interviewee on to the most appropriate person, depending on 

each individual’s circumstances. 

Field notes were written immediately after each interview; these contained the location, 

interview start and finish time, and perception of the interview tone. An impression of how 

well the interview had gone and initial themes were also noted. 



Chapter 5  Perceptions of physical activity in people with 

low back pain 

147 

Table 5.3 Primary interview questions 

 Question 

1. Please, will you tell me about your LBP? 

2. If you think about a typical week when you don’t have LBP (or when you don’t have a 

flare up) what would your usual day to day activities involve? 

3. Thinking about your most recent (or current LBP episode) please tell me how you feel 

your LBP affected your ability to be active? 

4. Now that you have finished physiotherapy treatment for your LBP, how do you feel 

about your ability to do your usual activities now? 

5. How was it with you and your physiotherapist? 

6. How would you describe the interaction between you and your physiotherapist? 

7. How did you end up at the physiotherapist you went to? 

8. If you think back to your time with the physiotherapist, how did what you were asked 

to do make sense to you? – go back to the initial answers of Q1. 

9. If you had a friend with LBP what advice would you give them about managing their: 

LBP; PA; and Physiotherapy? 

10. Please tell me what it was like to be in this study? 

11. How did you find wearing the RT3 monitor? 

12. Is there anything else you would like to tell me? 

Note. LBP = low back pain; PA = physical activity. 

5.5.4 Analysis 

The first four interviews were transcribed word for word by the candidate. The remaining 

nine interviews were transcribed by a research assistant. Prior to, and during the first reading 

of each transcript, the candidate listened to each corresponding interview. Listening to the 

interviews improved appreciation of nuances, word intonation, and emphasis, and also 

enabled the detection of any transcription errors by either the candidate or the research 

assistant. The transcript was then read multiple times to form an initial impression of the 

content; notes of initial thoughts and interesting comments were made in the right hand 

margin. As analysis continued, the left hand margin was used to note keywords or phrases 

that encapsulated the themes in the transcript until no new themes were clarified. Each 

interviewee’s field notes were reflected upon once the initial coding of the transcript was 

completed and used as part of the iterative process. Coding and analysis for each interview 

was conducted before the next interview was recorded. This allowed for unanticipated yet 
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relevant themes to be incorporated into subsequent interviews. Conversely, analysis of 

perceptions and experiences of RT3 utility were undertaken to a descriptive level only. 

As described earlier, all interviews were initially coded by hand. Then each transcript was 

uploaded into CADQAS 2008, NVivo 8.0 (© QSR International Pty Ltd., Victoria, 

Australia). Themes and their corresponding text were collated to create a master theme list: 

as themes were clarified further, narrative text was sorted into hierarchical themes. 

5.5.5 Commitment, rigour, transparency, and validity 

A strong commitment was made to put interviewees at ease, to listen carefully and 

empathetically to the interviewee’s story, and to take care of the interpreted meaning of 

interviewee’s words during the analysis of each transcription, thus demonstrating sensitivity 

to context (Smith, et al., 2009, p. 181; Yardley, 2000). Rigour was established by the 

completeness of the data collected, and the level of idiographic engagement and degree of 

iteration undertaken (Smith, et al., 2009, p. 182; Yardley, 2000). A detailed discussion on 

the method of interviewee recruitment, use of the sampling frame, and the research process 

has been provided to enhance transparency (Smith, et al., 2009, p. 182; Yardley, 2000). 

Independent audit was used to ensure validity of the qualitative work (Smith, et al., 2009, p. 

182). An experienced second researcher independently reviewed each transcript by 

comparing her annotated notes with the candidate’s transcripts which contained the original 

initial notes, categories, and themes. In addition, one supervisor looked at the first three 

transcripts and then randomly chose a further two transcripts to verify superordinate and 

subordinate themes. Finally, a copy of the transcript and a summary of each interviewee’s 

themes were sent to each individual for verification. Interviewees were given six weeks to 

provide any comments or feedback; three interviewees responded noting how enjoyable and 

useful the process had been but no changes were requested. 
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5.6 Results 

5.6.1 Demographics 

Thirteen interviewees (eight female and five male) were interviewed (see Table 5.4, p. 149). 

At initial recruitment into MM study, five of the interviewees were classified as acute low 

back pain (ALBP) and eight CLBP. The duration of LBP for two of the interviewees was 

just over three months, therefore, these two interviewees had only recently transitioned from 

ALBP to CLBP (see Table 5.4, p. 149). By the time the interviews were conducted three 

months after baseline, three ALBP interviewees and no CLBP interviewees perceived that 

their PA had returned to pre-LBP level (see Chapter Four, p. 107). The week 12 Numeric 

Pain Rating Scale (NPRS) ranged from 0 to 5, and 0 to 7 for the ALBP and CLBP 

interviewees respectively; the Patient Specific Functional Scale (PSFS) ranged from 5 to 7, 

and 2 to 8 for the ALBP and CLBP interviewees respectively. Finally, the Roland Morris 

Disability Questionnaire (RMDQ) ranged from 0 to 13, and 2 to 14 respectively. 

Table 5.4 Interviewee characteristics by pseudonym 

Pseudonym Age 

(Years) 

Ethnicity LBP 

duration 

LBP 

classification 

Work 

classification 

Work status 

Louise 36 NZE 11 days ALBP Sedentary Sick leave 

Iona 71 NZE 14 days ALBP Sedentary Retired 

Katrina 21 M 19 days ALBP Mixed Sick leave 

Julie 45 O 30 days ALBP Sedentary Usual job 

Chelsey 31 NZE 45 days ALBP Manual Sick leave 

Sally 36 NZE 3.5 months CLBP Sedentary Usual job 

William 44 M 3.5 months CLBP Manual Sick leave 

Beth 64 NZE 5 months CLBP Sedentary Light duties 

May 52 NZE 5 months CLBP Sedentary Usual job 

Tony 37 NZE 6 months CLBP Mixed Light duties 

Jack 37 NZE 1.1 years CLBP Manual Sick leave 

Ron 68 NZE 1.5 years CLBP Mixed Light duties 

Carl 41 O 4 years CLBP Mixed Usual job 

Note. Characteristics were collected at inclusion in to the quantitative aspect of the MM study. Ethnicity: NZE 

= New Zealand European, M = Maori; and O = other. ALBP = acute low back pain; CLBP = chronic low back 

pain. Work classification: Manual = manual occupation; Sedentary = sedentary occupation; and Mixed = 

mixed manual and sedentary occupation; MM = mixed methods. 

Initially, five of the interviewees were on sick leave and three were on light duties due to 

their LBP (see Table 5.4). By the time the interviews were conducted, eight interviewees 

were performing their usual work duties and four were on light duties. The occupations of 
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interviewees on light duties were butcher, lawyer, builder, and a nurse. This represented a 

transition in work status from sick leave back to part-time work for three of these 

interviewees. The one interviewee yet to return to work was a roofer. At the time of the 

interview, no interviewees were still attending physiotherapy for their LBP. 

Ten interviews were conducted in the interviewees’ homes, two interviews were conducted 

at the candidate’s University, and one interview was conducted at a café local to the 

interviewee. Interviews lasted for a mean (SD) of 65 (19) minutes, with the shortest 

interview lasting 27 min and the longest lasting 102 min. 

5.6.2 Qualitative themes: overview 

The aim of the qualitative aspect of the MM study was to explore perceptions of PA in 

people with LBP by comparing the lived experience of people with either acute or chronic 

LBP. In addition, interviewees’ coherence between perceptions of their LBP and their 

experiences of physiotherapy for increasing their PA was explored. Five superordinate 

themes emerged from the data: the ‘Control continuum’; the ‘Cage of disability’; the ‘Health 

system Ferris wheel’; the ‘Steps of independence’; and the ‘Activity tightrope’. Three of 

these themes (‘Control continuum’, ‘Steps of independence’, and the ‘Activity tightrope’) 

primarily answered the study’s aims. However, the other two themes were also deemed 

necessary to present, as they provided context to the current research questions. 

The ‘Control continuum’ theme demonstrates the shifting perceptions interviewees had of 

who had control of their lives, and whether their LBP controlled them. An element of 

control was perceived to be necessary before an increase in PA could be contemplated. Due 

to this theme being a dynamic concept, shifting backwards and forwards over time, the three 

subordinate themes of the ‘Control continuum’ have been placed, and will be discussed, in 

the approximate chronological order in relation to the four other superordinate themes, 

within the overlaying ‘Control continuum’ theme (see Figure 5.2, p. 151 and Table 5.5, p. 

152). 

The physical activities that were perceived to be limited, and the consequences of these 

limitations on the interviewees, are presented in the theme ‘Cage of disability’. The only exit 

point from the ‘Cage of disability’ and the subordinate theme ‘Losing control’ was through 

entering the health system (see Figure 5.2). Negative health system experiences (‘Health 

system Ferris wheel’) influenced interviewees’ perceived control, and could influence 
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whether interviewees returned to the ‘Cage of disability’ or could advance on to the ‘Activity 

tightrope’. 

The ‘Steps of independence’ describes the perceived positive outcomes from physiotherapy. 

As physiotherapy is part of the health system, the steps are depicted climbing out of the 

‘Health system Ferris wheel’ (see Figure 5.2). The point on the triangle of the ‘Activity 

tightrope’ indicates that this theme teeters on an edge. An interviewee may either move 

further along the into the ‘Control continuum’, and thus be further ‘In control?’, or regress 

back to the ‘Regaining control’ and the corresponding themes of the ‘Health system Ferris 

wheel’ and the ‘Steps of independence’. Alternatively, an interviewee may regress back to 

the ‘Cage of disability’ and ‘Losing control’. 

 

Figure 5.2 Overview of qualitative findings 

The chronological relationship of the four superordinate themes with respect to the three ‘Control continuum’ 

subordinate themes. The ‘Control continuum’ subordinate themes go from dark gray to light grey. 

The qualitative themes relating to PA and physiotherapy will be presented in three sections 

(see Table 5.5, p. 152). All quotes have been indented except for small clips which have 

been embedded in the text. A secondary aim of this study was to qualitatively explore any 

utility issues with the RT3 and interviewees’ experience of participating in the MM study. 

Two themes are presented that explore the interviewees’ thoughts about the utility of the 
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RT3, and their involvement in the study. These results have been separated from the five 

superordinate themes and are presented last in the results section (see 5.6.6, p. 167). 

Table 5.5 Qualitative theme results 

Control continuum Superordinate themes Subordinate themes Section/ header 

Constrained activities 

Anger 

Injustice 

Losing control Cage of disability 

No way out 

One 

Header 5.6.3 

Fighting battles 

Not knowing 

Imbalance of power 

Unmet expectations 

Not being believed 

Health system  

Ferris wheel 

Loss of trust 

Taking the time 

Tangible results 

Building knowledge 

Confidence to regain control 

Regaining control 

Steps 

of 

independence 

Shift in thinking 

Two 

Header 5.6.4 

Hope of normality 

Movement is key 

Motivation by fear 

Commitment 

Trial and error 

Lessons learnt 

In control? Activity tightrope 

Coming to terms 

Three 

Header 5.6.5 

5.6.3 Losing control and the Cage of disability: Section one 

The ‘Cage of disability’ describes the specific activities which were affected by the LBP, 

and the emotional implications of these limitations during the period, termed ‘Losing 

control’. The psychological effects of pain, perceived loss of control, and disability are 

depicted in Figure 5.3 (see p. 153). 
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Figure 5.3 Model of the ‘Cage of disability’ 

‘Losing control’ is represented with a downward arrow indicating an increasing loss of control (depicted in 

the grey box on the left). The superordinate ‘Cage of disability’ (depicted in an oval) and its subordinate 

themes are in the centre of the figure. ‘Anger’ and ‘Injustice’, due to habitual activities being constrained, lead 

to the perception of there being ‘No way out’; hence the metaphorical symbolism of a cage. 

Interviewees initially rationalised the severity of their LBP while they concurrently 

attempted self-management strategies. They delayed seeking advice regardless of this being 

their first episode of LBP, a recurrent episode of ALBP, or an exacerbation of CLBP. They 

believed that their LBP was “not that bad” (Beth, CLBP): 

“I also kid myself—I thought I was alright, you know, the old male ‘shake it off’ sort 
of thing, but I couldn’t.” (Jack, CLBP). 

Seeking HP advice was not prioritised over other competing aspects of life, such as, children 

and the school holidays. They were “too busy” (Chelsey, ALBP) to have LBP interrupting 

their lives. Eventually, interviewees no longer had control over their own lives; LBP 

removed freedom of choice, dictated, controlled, and consumed them: 

“I know what it is like to have it all day. It does, it changes your mood—it changes 
your perception of things, your ability to cope with anything—your level of activity, 
your relationship with people. I think it affects everything in your life, it’s something 
you just can’t put away and have it not consume you because it’s always there 
niggling—impossible to ignore.” (Chelsey, ALBP), 
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“You can’t do anything! You can’t go out and enjoy life and what it’s got to offer and 
your back’s controlling you.” (Tony, CLBP). 

i. Constrained activities  

Sports “became a no no” (Iona CLBP), socialising “wasn’t really working” (William, 

CLBP), and it was difficult to perform work at their usual capacity. More importantly, the 

necessities of life were also affected: 

“You don’t want to eat because you don’t want to go to the toilet. You don’t want to 
have your body functions but you know you’ve got to.” (Tony, CLBP). 

ii. Anger 

They expressed frustration and anger at themselves: 

“It’s frustration boiling over into anger with myself, nothing else, just with my 
inability to be able to do it—I had always taken for granted.” (Sally, ALBP). 

These feeling were then outwardly projected on to family, friends, and colleagues: 

“Activity equalled pain, equalled misery, equalled grumpiness…it’s a vicious circle. 
You get angry and the people close to you…suffer.” (Carl, CLBP). 

iii. Injustice 

Interviewees perceived that society passed judgement and blamed them, the individual, for 

their LBP, and the interviewees felt that this was unjust: 

“‘You haven’t looked after yourself—and you’d better sort yourself out!’ sort of 
thing.” (Louise, ALBP). 

Chelsey speculated that this stigma was because their disability was not visible. As a 

consequence, people were unable to grasp the impact of their LBP on their lives: 

“It’s like mental illness—you can’t see that…you can tell people all you like how bad 
the injury was…but it still doesn’t—convince people of how bad the injury was and I 
feel like I should have gone back into my work place in a wheel chair, on crutches so 
people could see and even then.” (Chelsey, ALBP). 

iv. No way out 

The constant presence of pain was tiring. It made the interviewees feel “very old and rigid” 

(Julie, ALBP), and required an increased effort to complete habitual activities: 

“You just creep around, I mean I know what it is like to be eighty, physically you 
know. To be able to barely walk when you get out of bed, you just kind of tott around 
the house—I mean literally tottering.” (May, CLBP). 
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Interviewees worried about their financial responsibilities, and because of their perceived 

inability to fully contribute to society some interviewees described being overlooked, or 

being a “prisoner” (Sally, CLBP) or a “hermit” (Tony, CLBP): 

“I don’t like isolation…it’s the worst possible punishment you could give anyone.” 
(Iona, CLBP). 

Interviewees lost their self worth and self belief. They felt hopeless and useless. They 

wondered “What kind of use can I be to someone?” (Jack, CLBP). These emotions led to 

“mind games” (Carl, CLBP) being played. Irrespective of LBP classification, all 

interviewees described the situation as being “very, very depressing” (Chelsey, ALBP) and 

having difficulty to “see your way out of it.” (Tony, CLBP): 

“I was just feeling miserable and I was wondering if my back would ever get better 
again and just, you know, it’s all upstairs in your brain isn’t it? You can play mind 
games with yourself.” (Carl, CLBP). 

5.6.4 Regaining control: Section two 

The inability to efficiently live prompted interviewees to eventually seek HP help: 

“I’ve exhausted my possibilities of what I think it is. I need to go to somebody that 
might know…I’m out of my realms—I can’t deal with it, it’s not in my tool box but it 
is in theirs ‘cause they’re the professional.” (Sally, CLBP). 

This section describes experiences within the health system under the two superordinate 

themes of the ‘Health system Ferris wheel’ and the ‘Steps of independence’. These two 

themes occur during the transition from ‘Losing control’ to ‘Regaining control’: 

“It still controls me…I don’t have it over it yet—I am still waiting.” (Chelsey, ALBP). 

‘Regaining control’ and the ‘Steps of independence’ represent the interviewees’ positive 

experiences with HPs, specifically with physiotherapy, as the interviewees tried to regain 

control and return to habitual PA. ‘Regaining control' and the ‘Health system Ferris wheel’ 

describes negative experiences, past or present, either with HPs or with social service 

agencies, that facilitated a perceived decrease in control and consequently PA. The two 

superordinate themes 'Steps of independence’ and the ‘Health system Ferris wheel’ may 

have occurred at the same time point in the interviewees’ lives or at different time points. 

However, ‘Regaining control' and the ‘Health system Ferris wheel’ will be discussed first. 
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5.6.4.1 Regaining control and the Health system Ferris wheel 

The experiences presented in this theme included reflections on current and past encounters 

with a variety of HPs, including physiotherapists, complementary and alternative 

practitioners, and general practitioners (see Figure 5.4, p. 156). In addition, experiences with 

case managers, welfare officers at social service agencies, and work site health and safety 

representatives were also discussed. The separation of past from present negative 

experiences, and focussing only on those experiences relevant to physiotherapy was 

attempted. However, it was apparent that many of these experiences influenced the 

expectation of the current encounter, irrespective of the previous professional’s discipline or 

role, or the length of time since the negative experience. 

 

Figure 5.4 Model of the ‘Health system Ferris wheel’ 

The downwards arrow from ‘Regaining control’ to ‘Losing control’ (depicted in the grey box on the right) 

indicate regression on the ‘Control continuum’. The ‘Health system Ferris wheel’ superordinate theme 

(depicted by the oval in the middle of the Ferris wheel) is surrounded by subordinate themes of equal 

importance (circles). The two bold arrows from the hub of the Ferris wheel down to ‘Cage of disability’ 

indicate the relationship between these two superordinate themes. 
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i. Fighting battles  

Both acute and chronic LBP interviewees perceived that they had faced battles with 

accessing information and gaining services to which they were entitled: 

“That did really enrage me because I thought, ‘How can anybody—look after 
themselves if they’re never told any information?’” (Beth, CLBP). 

When so much energy was being used to maintain control over the LBP, fighting these 

battles was frustrating and added “to the stress of living.” (William, CLBP): 

“That’s what gets me and I found that if you don’t ask you don’t get. It’s not about 
asking, it’s actually if you don’t fight for it. Which is what I don’t understand…why 
should I have to fight for it?” (William, CLBP). 

ii. Knowing yet not knowing  

The interviewees perceived that a diagnosis enabled appropriate treatment and facilitated 

understanding of the implications of the LBP on their hitherto known life: 

“I think—it would have made more sense with some type of discussion around the 
scale, consequences, [and] implications.” (Louise, ALBP). 

Conversely, explicit diagnoses which incorporated unintelligible medical jargon left 

interviewees “freaked out.” (Sally, CLBP): 

“After a few weeks [of] going to the physio…I realised…that the disc was 
bulging…and then that actually made me more freaked out—because that sounds 
much more serious to me.” (Julie, ALBP). 

iii. Imbalance of power 

Most of the interviewees experienced a paternalistic model of health care. They perceived 

that their opinion of how to manage their LBP was not valued, and that they were not 

included in the decision making. Alternative treatment options or ideas were not negotiable 

or open for discussion: 

“I guess he had his idea of what he thought would be best and I had mine and if I 
wasn't going to do it then…‘See you later.’” (Chelsey, ALBP). 

Chelsey proposed that this attitude stemmed from HPs only having expertise in their own 

field. Therefore, they were possibly reluctant to consider alternatives and were unlikely to 

“send you to a holistic healer.” (Chelsey, ALBP). 
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In addition, interviewees perceived that their HPs would rather blame them for any 

deterioration in their LBP, rather than re-evaluate the effectiveness of the rehabilitation 

strategy. It was hard to discuss a lack of improvement rationally: 

“so I said ‘I was just telling you it’s not getting better so let’s discuss it rationally. I’m 
not blaming you, I’m not going to do a law suit, I just want to know why it’s not 
improving, am I doing something wrong? Is there something we can do 
additionally?’” (Carl, CLBP). 

These experiences were disempowering and enforced dependence on the HP: 

“I’m the only person that knows my body and I’m the person that’s giving the 
information—and to have it ignored, not ignored…but not validated and things 
changed accordingly—that’s not a good feeling.” (Sally, CLBP). 

iv. Unmet expectations 

Every interviewee described unmet expectations. For example, inadequate explanations of 

treatment decisions, not being given advice on how to self-manage, and not being treated as 

an individual: 

“I hate it when they just say ‘Come back in three weeks’. Why three weeks? Is there 
some magical code that says week one this is going to happen, week two that’s going 
to happen, so in three weeks I’ll need to see you again. Should I be doing anything in 
those three weeks? What if I get pain at the end of week one? What happens for those 
further two weeks? Am I allowed to ring and come in and see you? It’s that kind of 
thing that goes through your head.” (Carl, CLBP). 

v. Not believed 

Interviewees perceived that they were not believed, either about the presence of their LBP or 

the severity of their symptoms: 

“You’ve also got the levels of ‘Here we go, we’ve got another person with back pain, 
we’ll throw a series of questionnaires at them and then they’ll contradict what 
they’re…saying,…[and] we’ll try and trip them up’ and it seems to be like that.” 
(Tony, CLBP). 

This resulted in multiple opinions being sought by the interviewees, or conversely, the 

interviewees being referred for multiple opinions by employers and government agencies. 

Consequently, some interviewees began to wonder if their LBP was “psychological.” They 

needed to prove that their LBP was not in their “mind[s]”: 

“That really put an element of doubt in my mind…I had to stop and think ‘No, it’s not 
psychological,’ other than the justifiable frustration, and I have to confess I was 
getting a bit angry by that point—cause things weren’t getting any better. I thought 
‘No, it’s not in my mind, I’m not malingering, I’m not trying to draw this out, I’m not 
having her on, I am doing my exercises and I’ve perceived that they’re not working.’” 
(Sally, ALBP). 
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They contemplated whether their HPs thought they were trying to use the system: 

“He just had this prejudice…he looked at my files, saw that I was a single parent and 
assu[med]…‘Bludger!’ That was his entire attitude.” (May, CLBP). 

vi. Loss of trust 

Interviewees admitted that they had lost trust in various HPs: 

“When you see errors…you lose your trust in the person.” (Iona, CLBP). 

5.6.4.2 Regaining control and the Steps of independence 

The establishment of a trusting patient-therapist relationship was important (see Figure 5.5, 

p. 159). This relationship was established via the therapist ‘Taking the time’, contingent with 

a corresponding reduction in pain and disability (‘Tangible results’). Once rapport was 

established, interviewees explained that ‘Building knowledge ’and a ‘Shift in thinking’ were 

required before gaining the ‘Confidence to regain control’. 

 

Figure 5.5 Model of the ‘Steps of independence’ 

The ‘Control continuum’ moves towards ‘Regaining control’ (grey box). The five subordinate themes of the 

‘Steps of independence’ (depicted in the oval, bottom left) are labelled on each step. Each progressive step was 

contingent on the step before being attained until the ‘Activity tightrope’ theme (depicted in an oval, top right) 

was reached. 
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i. Taking the time 

Physiotherapists who were “sympathetic” (Tony, CLBP), who took the time to “listen and 

understand” (Sally, ALBP), and provide explanations, were an important aspect of 

physiotherapy for the interviewees: 

“When there’s something wrong with you, you have all this anxiety and it might be 
stress, it might be you need to talk to someone about it.” (Carl, CLBP). 

This included taking the time to individualise the development of a rehabilitation 

programme that worked around the individual’s lifestyle and facilitated independence. 

Having the confidence to trust the physiotherapist’ advice was important: 

“Once we started talking, he you know, kind of created a good bond and I trusted him 
with the advice he gave me” (Katrina, ALBP). 

ii. Tangible results 

A reduction in pain demonstrated the value of the physiotherapy treatment, and the 

physiotherapist’s competence was judged by perceived expertise: 

“Basically doing the exercises she gave me—I made rapid progress so that was like 
really good feedback that I needed to be doing this.” (Julie, ALBP). 

iii. Building knowledge 

Interviewees thought that knowledge was important for understanding: 

“If I didn’t understand anything I’d definitely ask. I definitely…kept on asking things 
that she had told me before, just to paint the picture.” (William, CLBP). 

“Through building knowledge” they could “get on with things and develop resilience” 

(Louise, ALBP) much like project management: 

“Why do I do this? What’s it doing? Why has this happened? How do I stop it 
happening? So…who, what, when, where, and why…and how. All of those basic real 
core things like in any project.” (May, CLBP). 

iv. Shift in thinking 

Interviewees recognised that a “gradual shift in thinking” (Louise, ALBP) was required for 

them to start regaining control and to enable a return to usual PA: 

“Probably psychologically I made a shift and—I started to actually move—instead of 
the bones just sitting there.” (May, CLBP). 

“The relationship, rather than the treatment. It’s more of a state of mind that she [the 
physiotherapist] changed and making me want to do those things and try and push 
myself that little more.” (Carl, CLBP)  
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This included taking responsibility for the management of their LBP and adherence. This 

was particularly poignant for Carl as he reflected on the amount of time he may have 

previously spent hoping others would find the solution for him: 

“Maybe I’ve been looking for the solution all the time and not looking at myself who 
can help create the solution.” (Carl, CLBP). 

v. Confidence to regain control 

Over time interviewees started to feel confident to regain “control of the situation” (Julie, 

ALBP) and their lives. They thought that this had been facilitated through physiotherapy: 

“Physio was the main vehicle by which I reclaimed all of that … I mean I put in the 
effort but I didn’t know where to put that effort.” (Louise, ALBP). 
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5.6.5 In control? and the Activity tightrope: Section three 

This section spans the transition of increasing independence and increasing PA from the 

monitored environment of physiotherapy through to discharge and ongoing self 

management. The ‘Activity tightrope’ describes the experiences of interviewees as they 

attempted to increase PA along the ‘Control continuum’ from ‘Regaining control’ to an 

uncertain ‘In control?’ (see Figure 5.6, p. 163) without ‘Losing control’. 

“My brain’s preparing for it—this problem. I’m preparing for the ongoing—
maintenance, you know—there, that is the controls.” (Louise, ALBP). 

Interviewees became “quite obsessed with the managing of it” (Beth, CLBP). The effort 

required to maintain control over the LBP and their lives was exhausting: 

“I get really tired—exhausted ‘cause…so much of your body energy goes into 
monitoring and keeping it manageable.” (May, CLBP). 

The tightrope, depicted in Figure 5.6 (p. 163), is a circus act requiring superb balance to go 

from one end of the wire to the other. Perturbations from any direction could cause a loss of 

control resulting in a fall. Interviewees set off across the tightrope with the desire to return to 

their perceived pre-LBP level of PA, their perception of normal. ‘Hope of normality’ is the 

subordinate theme which entices them from the ‘Steps of independence’ onto the ‘Activity 

tightrope’. Maintaining a steady walk across the wire required interviewees to juggle various 

perceptions and experiences. For example, the positive facilitators of PA are described in the 

two subordinate themes ‘Movement is the key’ and ‘Motivational fear’, while the barriers are 

described in the two subordinate themes ‘Lessons learnt’ and ‘Commitment’. Crossing the 

tightrope was also hampered by ‘Trial and error’ PA strategies. This resulted in uncertainty, 

leaving interviewees resigned about ever returning to ‘normal’. Acceptance of their inability 

to return to desired PA is described in ‘Coming to terms’. 
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Figure 5.6 Model of the ‘Activity tightrope’ 

The ‘Activity tightrope’ is depicted in a white oval (top left), the theme ‘In control?’ is depicted in grey (top of 

the figure), and the ‘Steps of independence’ is depicted in a grey oval (middle left of the figure). The ‘Activity 

tightrope’ has seven subordinate themes (depicted as anchors on the tightrope, juggling balls, and the 

tightrope itself). 

i. Hope of normality 

Interviewees were hopeful of returning to “normal”. For example, Tony (CLBP) said he did 

not want “back pain to control what I’m doing with my life.” The seeking of HP attention, 

adherence to advice, and treatment was founded on this hope. Admittedly, the uncertainty of 

normality eventuating was also demonstrated; for instance, “If I was to come back to normal 

then I should just be very thankful.” (Chelsey, ALBP). 

ii. Movement is key 

Interviewees were cognisant of the positive affects of activity: 

“Definitely movement and that sort of stuff is the key to keeping your pain levels 
reduced.” (Jack, CLBP). 
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They quoted “move it or lose it” (Iona, CLBP) slogans; moreover, they had experienced 

positive physiological and psychological affects of PA: 

“When you do it you have that great feel good factor and you feel taller and stronger 
and all that kind of thing.” (Carl, CLBP). 

They perceived that to maintain long term adherence they would need to build PA into their 

lifestyle, and that PA should be enjoyable: 

“If you build it into your lifestyle, it can be an enjoyable part. It’s quite a bit of a social 
thing, doing classes sometimes.” (Carl, CLBP). 

iii. Motivated by fear 

Interviewees thought that by maintaining their exercises and remaining physically active 

they would be able to eradicate, and/or manage their LBP symptoms better. The fear of 

‘Losing control’ again, was highly motivating: 

“It’s not necessarily that it’ll bite you in a week or two weeks it’s the ‘What if?’—
huge down the line.” (Tony, CLBP). 

PA was perceived to be a means of gaining some control over the LBP, as well a prevention 

strategy for any future deterioration or subsequent relapses: 

“I’m quite proactive in realising that I need to do something to keep it away and it’s 
almost like, I don’t know, how do I describe it, it’s just waiting there, almost, to get 
you. So you have to constantly do it.” (Carl, CLBP). 

iv. Commitment 

‘Commitment’ was one reason the interviewees found it difficult to adhere to prescribed PA, 

and/or an ongoing self-management exercise programme. There were several reasons for a 

lapse in adherence, such as, the exercises taking too much time or not being enjoyable, life 

getting in the way, and just being “human”: 

“With my back injury it took a lot longer for me to do things, which took a lot more of 
my day out. The barrier would be timing, time management. It was quite hard to fit 
them in.” (Katrina, ALBP), 

“I think the human factor can slip in there very…as things slowly improve, you feel 
better and so you cut back on some of the exercise.” (Tony, CLBP). 
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v. Lessons learnt  

There was dissonance between the perception that “activity equalled pain” (Carl, CLBP), 

and the perception that “movement…is the key to keeping your pain levels reduced” (Jack, 

CLBP). Interviewees found it difficult to reconcile their physiotherapist’s advice with their 

own experiences of LBP. It was counter intuitive to increase or maintain usual activities 

when PA caused pain: 

“It’s all very well for you people saying get up move and walk around you know, but 
your pain’s telling you something else.” (Tony, CLBP). 

Following discharge from physiotherapy, this internal conflict was still present. All of the 

interviewees admitted to experiencing pain with some or all activities. Being physically 

active meant “suffer[ing] the consequences” Beth (CLBP), and it provided a lesson they did 

not want to learn too often, “I’ve learnt—I mean I’ve learnt that much (laughs)” (Beth, 

CLBP): 

“I know when my back gets sore when I’m walking it doesn’t get better—it just gets 
worse and worse and worse and worse and worse until I want to cry so—don’t want to 
cry.” (Louise, ALBP) 

Louise confided that “this whole thing of pain not necessarily equalling harm” was a 

“difficult thing to get out of your head…it’s quite well ingrained”, while Jack (CLBP) 

admitted he didn’t agree with his HP: 

“You guys say…that the pain that you feel isn’t bad. It’s just your body telling you, 
look something’s up, and not all the time is that necessarily a bad thing…[or] 
necessarily damaging…but when you’ve suffered…well how can it not be harmful?” 
(Jack, CLBP) 

vi. Trial and error  

The PA strategies described by interviewees provide some insight into why PA was still 

believed to cause harm. Only two interviewees described aspects of pacing techniques, for 

example, Julie (ALBP) said “I just do it slower … like I don’t push myself.” However, a 

systematic method of increasing PA, or a plan on how to return to previous PA levels could 

not be specifically described by any of the interviewees: 

“I don’t know when I will be ready—” (Beth, CLBP). 
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Interviewees were not confident in their ability to determine what an appropriate incremental 

increase in PA was, what activities they should or could be doing, or how to judge what too 

much activity was. Their pacing techniques were actually “Trial and error” (Carl, CLBP): 

“My worst fear, I suppose, was overdoing it with my back and then kind of starting 
back from the beginning, like doing more damage to it. That’s why I was just kind of a 
bit not too sure whether, shall I just push myself a bit more or will I push myself too 
much.” (Katrina, ALBP). 

vii. Coming to terms 

There was a trade off between the perceived benefits of PA, and dealing with the pain that 

PA caused. Participating was not always worth the consequences. There were activities they 

“daren’t do” (Carl, CLBP). Fear of “Losing control’ was a disincentive for trying to return to 

habitual activities. Resignation to their fate was more apparent in the interviewees with 

CLBP. Interviewees said “that’s what life’s dealt me”, (Tony, CLBP) as they accepted that 

there is no cure for LBP: 

“I suppose up ‘til about this year I thought ‘Perhaps there is some cure…for this 
back?’, but now I understand there isn’t any cure, I mean I’ve got this damage now 
and I’ve got to just live with it.” (Beth, CLBP). 

However, they admitted that acceptance was a gradual process that required time and 

perhaps was never truly accepted. Despite the duration of the LBP and the length of time 

spent ‘Coming to terms’, several interviewees with CLBP remained hopeful of ultimately 

returning to normal life: 

“I think if you talk to anybody who’s had long term disability it takes years for people 
to kind of like accept things…so I’m just a slow learner.” (May, CLBP). 
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5.6.6 RT3 utility and reasons for participating in the MM study 

Perceptions of the utility of the RT3 and reasons for participating in the study are presented 

in this fourth and final section of the results section. A summary of the superordinate and 

subordinate themes can be found in Table 5.6. 

Table 5.6 Themes for the RT3 utility and study participation 

Main theme Subordinate themes 

RT3 utility Bulky 

 Weight of responsibility 

Study participation Objective proof of LBP 

 Contribution towards society 

 Validation of experience 

5.6.6.1 RT3 utility 

i. Bulky but “no big deal” 

The actual wearing of the monitor was not a “big deal”; however, there were comments 

made about the size, colour, and the holder used to clip the monitor to the waist. Several of 

the female interviewees felt that the RT3 limited the types of clothes they could wear, for 

example, there was nowhere on a dress for the RT3 to be clipped on to. While the RT3 was 

“bulky” (Louise, ALBP), wearing the RT3 was “not a big deal really.” (Beth, CLBP). 

ii. A sense of responsibility 

The interviewees felt responsible for the safety of the RT3: 

“I felt a sense of responsibility…not wanting to forget it” (Louise, ALBP). 

Three of the interviewees lost their RT3, two of which were never found. Of these three 

interviewees, one interviewee lost a second RT3; they felt “bad” about this: 

“Apart from maybe feeling bad because I lost the monitor that one time, when it fell 
off at the park with my son…I went back and looked for it…I mean I really wanted to 
do a good job.” (Jack, CLBP). 
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5.6.6.2 Attitudes and reasons for study participation 

Most interviewees provided more than one reason for consenting to be in the MM study. 

The strongest themes are presented. 

i. Contribution 

Participating in the MM study was an opportunity to contribute something positive: 

“To be perfectly honest, with you, if I participated in this study and it makes 
somebody else’s experience of physio a more pleasant [one] than mine has been, then 
that’s all I care about.” (Sally, ALBP). 

In addition, the contribution provided the means to maintain self worth: 

“A sense of something that was valuable—that I was still contributing rather than just 
lying at home for months on end.” (Chelsey, ALBP). 

ii. Proof of adherence to prescribed exercises and motivation 

Some interviewees liked the RT3 as they thought the data would be useful for providing 

objective proof of adherence: 

“What you say, what you see, and what you do can be completely different. Whereas, 
if you’ve got something with hard facts you know exactly how much movement the 
person is doing and what level they’re doing” (Tony, CLBP). 

Others wanted to use the data to provide self motivation: 

“I really would like to see my graphs of my activity levels to see how they changed 
over the time—I think they changed a lot, but I don’t know for sure—they would be 
good feedback—to inspire me to keep going.” (Julie, ALBP). 

iii. Validation 

Participating also provided the opportunity to have their LBP experiences validated: 

“The questions you had around mental health in the questionnaires made me—sort of 
validated some of the things that were happening in my head” (Louise, ALBP) 

“I’ve told you this long story so maybe I’m quite pleased to do it because I want 
someone to hear it.” (Beth, CLBP). 
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5.7 Discussion 

This qualitative aspect of the MM study explored the experiences of 13 interviewees whose 

PA was limited by LBP and who had received physiotherapy for their LBP. Five 

superordinate themes emerged. This discussion section explores each of these themes as 

well as the implications of LBP classification on the lived experience. Perceived utility of 

the RT3, reasons for study participation, and the limitations relevant to the qualitative 

enquiry reported in this chapter will also be discussed. 

5.7.1 Demographics 

Interviewees were purposively selected with the aid of a sampling frame. This method of 

recruitment was successful as all the primary elements of diversity were represented. 

However, it could be argued that by the time of interview none of the interviewees had 

ALBP and this limitation will be discussed in detail below (see p. 181). 

5.7.2 Effect of LBP classification on experience 

The experiences of those with ALBP were very similar to those classified with CLBP, and 

this was evident throughout all five superordinate themes. Narratives from the ‘Cage of 

disability’ demonstrated that the present and the future was just as bleak for Chelsey 

(ALBP) who was being consumed by her LBP as for Tony (CLBP) who could see no way 

out from his despair. The lack of difference was further exemplified by the similarities of 

perceived loss of control. For example, “It still controls me….I don’t have it over it yet” 

(Chelsey, ALBP) versus “You can’t go out and enjoy life and what it’s got to offer and your 

back’s controlling you.” (Tony, CLBP). 

The richness of text in the ‘Activity tightrope’ is further evidence of the depth of emotion 

experienced by both LBP classification groups. While more of the interviewees with CLBP 

perceived that their adherence to HP advice was motivated by fear, all interviewees 

suggested that LBP had interrupted their hitherto known “normal” life. Being ‘In control?’ 

was mentally and physically hard work, and advice or PA prescription was not coherent with 

their experiences of being physically active with LBP. Furthermore, neither LBP group had 

a clear idea of how they might return to usual PA; rather, they had adopted ‘Trial and error’ 

strategies. 

The lack of a difference between the perceptions of those with ALBP compared to those 

with CLBP was not entirely unexpected. It was traditionally suggested that ALBP and 
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CLBP were two distinct entities; however, it has become increasingly apparent that LBP is 

far less time delineated than originally thought (Waddell, 2004, p. 75). Therefore, while it 

may still be reported that only a small percentage (5 to 11%) of people with LBP develop 

chronic disabling LBP (Juniper, et al., 2009; Waddell, 2004, p. 75), only 25% of people 

report that they are completely recovered one year after their initial HP consultation (Croft, 

et al., 1998). Literature suggests that for many people with CLBP, the psychological distress 

associated with their LBP is perceived as a seamless continuation from the distress felt 

during the acute stage (Smith & Osborn, 2007). The results of the current study concur with 

Smith and Osborn (2007) as high levels of distress were present in both LBP classification 

groups irrespective of occupation, ethnicity, or work status. 

5.7.3 Control continuum 

The ‘Control continuum’ emerged as a theme which was integral to the perceptions of 

experiences presented in the other four superordinate themes. Control was discussed with 

respect to being in control of their LBP but also to describe the freedom to live their own 

lives. Who was in control was a constant battle between the interviewees and their LBP. 

Previous literature has suggested that initially the self splits in order to protect the preferred 

self but that pain is eventually internalised (Smith & Osborn, 2007). The internalisation of 

pain is thought to occur on a continuum (Smith & Osborn, 2007). The parallels between this 

study and Smith and Osborn (2007) are overt even though the current study also included 

people with ALBP. Chelsey’s (ALBP) account makes it abundantly clear that ‘Losing 

control’ and being “consumed by the pain”, can occur early on in the LBP experience. 

The ‘Control continuum’ presented in the current study is however also very different from 

the pain internalisation continuum described by Smith and Osborn (2007). For example, the 

‘Control continuum’ spanned the various experiences of the interviewees trying to increase 

PA and regain/find their preferred selves, not just the internalisation of pain. The enormous 

effort required to firstly regain, and then the vigilance required to maintain control, was 

conspicuous in the interviewees. 

Another continuum discussed in the literature is that of hope and despair (Kylma & 

Vehvilainen-Julkunen, 1997). Exacerbations or episodes of LBP are thought to mirror the 

fluctuations of hope and despair (Kylma & Vehvilainen-Julkunen, 1997). Hope was a theme 

found in the current study and hope encouraged interviewees to try to regain control over 

their lives. In addition, the perceived loss of control induced despair. It is unknown whether 

the hope and despair and ‘Control continuum’ are the same entities. However, results of this 
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current qualitative study would suggest that positioning along the ‘Control continuum’ 

governs the emotions of hope and despair. 

Previous papers have discussed the persecutory nature of pain, and the fear that this inspires 

(Osborn & Smith, 2006; Smith & Osborn, 2007). In the current study, the perceived 

vindictiveness of the interviewees’ LBP was similarly described as something frightening 

and “just waiting there, almost, to get you.” (Carl, CLBP). However, interviewees were 

more afraid of ‘Losing control’ of their selves and their preferred life, than pain per se. This 

led to interviewees consciously withdrawing from PA to prevent further or repeated loss of 

control. However, a paradox was evident in the ‘Activity tightrope’ and ‘In control?’ 

themes. While interviewees perceived they had gained some control over their LBP and 

their lives, the very fact that there were activities they “daren’t” do (Carl, CLBP) intimated 

that their LBP still dictated freedom of choice. As PA is integral to the definition of self and 

the self in various roles (Smith & Osborn, 2007), the interviewees’ control was debateable. 

While some researchers and physiotherapists might claim that treatment is successful by a 

change in function alone (Ostelo, Stomp-van den Berg, Vlaeyen, Wolters, & de Vet, 2003), 

a change in function may not be the measure of interest for patients. For example, an 

increase in physical function, as a result of a PA intervention or PA advice, does not 

guarantee a perceived increase in control (Cook & Hassenkamp, 2000; Frost, Klaber 

Moffett, Moser, & Fairbank, 1995; Underwood, et al., 2006). The concept of control is 

important as a previous review has recommended the teaching of long term self–coping 

strategies to help patients with LBP feel more in control (Klaber Moffett, 2002). However, 

the concept of control described by interviewees appears to be different from the term 

frequently used in research and clinical practice. In these latter two environments, control 

seems to refer to the ability to perform habitual activities regardless of pain, and is 

sometimes termed “self-management of the LBP” (Klaber Moffett, 2002). Conversely, 

interviewees discussed control at a deeper and more complex level: control represented their 

ability to be their preferred self. A patient-centred definition of control may aid the 

development of an outcome measure of relevance to people with LBP. 

5.7.4 Cage of disability 

Interviewees perceived themselves to be disabled by their LBP: Tony’s inability to go to the 

bathroom is testament to the degree of disability experienced. Pain prohibited interviewees’ 

freedom to choose which activities in which to participate, and this is consistent with the 
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dictatorial and persecutory pain described previously (Osborn & Smith, 2006, 2008; Smith 

& Osborn, 2007; Vroman, et al., 2009). 

Previous research exploring the experiences of people with LBP has also found themes of 

‘Anger’ and frustration with themselves and with others (Cook & Hassenkamp, 2000; Seers 

& Friedli, 1996; Smith & Osborn, 2007) and the ‘Injustice’ of perceived stigmatisation from 

family, friends, work, and society (Holloway, et al., 2007, Cook & Hassenkamp, 2000; 

Osborn & Smith, 1998; Smith & Osborn, 2007; Sofaer-Bennett, et al., 2007; Walker, et al., 

2006) to be important. Likewise, themes of uselessness and hopelessness (Corbett, Foster, & 

Ong, 2007; Glenton, 2003; Osborn & Smith, 2006; Snelgrove & Liossi, 2009; Vroman, et 

al., 2009) are comparable with the despair inherent in ‘No way out’. In addition, these three 

themes are consistent with enmeshment theory and pain internalisation previously reported 

in people with LBP (Pincus & Morley, 2001; Smith & Osborn, 2007). However, research 

has typically presented findings from those with CLBP, while this study found that these 

experiences occurred in all the interviewees. Being trapped in the ‘Cage of disability’ was 

extremely distressing for the interviewees, and affected not only every aspect of their lives, 

including the ability to be physically active, but also their identity. 

5.7.5 Health system Ferris wheel 

The ‘Health system Ferris wheel’ described interviewees’ negative experiences with HPs 

during the course of current or past LBP treatment. This study did not specifically intend to 

explore interviewees’ negative experiences within the health system. However, the influence 

of these experiences was so profound on the interviewees’ current experience of LBP, the 

inclusion of this theme in the results was necessary. The inability to effectively separate past 

experiences from current experiences has been described previously and is integral to IPA 

(Dean, et al., 2006, p. 141; May, 2001; Smith, 2003, p. 51). It is possible that reflection on 

these negative experiences allows people to develop their expectations of service, and to 

make more informed judgements about services received and whether their expectations 

were met. 

These experiences left the interviewees going round in circles, looking for answers, hence 

the use of the imagery of a Ferris wheel. The nature and impact of negative experiences 

presented in the six subordinate themes of the ‘Health system Ferris wheel’ are not new. 

There is a plethora of research indicating that the biomedical model of care can adversely 

affect outcomes (Brown, Dean, Hay-Smith, Taylor, & Baxter, 2010; Cook & Hassenkamp, 

2000; Daykin & Richardson, 2004; Glenton, 2003; Holloway, et al., 2007; Klaber Moffett, 
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Newbronner, Waddell, Croucher, & Spear, 2000; May, Doyle, & Chew-Graham, 1999; 

Osborn & Smith, 1998; Smart & Doody, 2007; Underwood, et al., 2006; Verbeek, Sengers, 

Riemens, & Haafkens, 2004; Vroman, et al., 2009; Walker, et al., 1999). This topic is very 

important. Therefore, it was disappointing to find that for some interviewees these 

experiences were recent, thus indicating that patient-centred care is not yet the norm. A full 

discussion on this topic is however outside the scope of this thesis. 

5.7.6 Steps of independence 

Five subordinate themes, consisting of concepts of importance to the interviewees, were 

specifically described with respect to physiotherapy. No previous research has suggested 

that these key elements occur sequentially. While none of the subordinate themes contained 

in the ‘Steps of independence’ were more important than any other, it was implicit from the 

interviewees’ experiences that attaining the heights of the latter, inherently more 

psychological, two steps could not have occurred without the development of a trusting 

relationship, a perceived improvement in symptoms, and the gaining of knowledge. 

The physiotherapy environment (length of appointments and number of successive 

appointments) provides physiotherapists with the ideal opportunity to build rapport with 

individuals, and to challenge any negative psychosocial beliefs (Klaber Moffett & 

Richardson, 1997). However, the relationship between therapist and patient can also affect 

the outcome of treatment and influence pain and disability (Gyllensten, Gard, Salford, & 

Ekdahl, 1999; Klaber Moffett & Richardson, 1997; May, 2001; Tyni-Lenné, 1989). For 

example, satisfaction with care is strongly related to communication skills, being included in 

the decision making process, and the HP having a personable and professional manner 

(Verbeek, 2004, May, 2001). In addition, satisfaction may also be related to outcome in 

people with LBP (Verbeek, et al., 2004) which is in accordance with ‘Tangible results’. 

Five key elements which could influence the outcome of physiotherapy in people with LBP 

have been described previously: patient expectations and the positivity of the physiotherapist 

towards treatment; the self-efficacy and ability of the patient to cope; adherence to a 

prescribed treatment or rehabilitation programme; communication and patient education 

quality; and the unintentional reinforcement of pain behaviours or operant conditioning 

(Klaber Moffett & Richardson, 1997). Only two of these elements are congruent with the 

current study’s findings: communication and quality of patient education, and self-efficacy. 

These differences may be due to the current study presenting interviewee perceptions, while 
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Klaber Moffett’s review discussed the patient-therapist relationship from the 

physiotherapist’s perspective. 

In contrast, a study which also explored the patient-therapist interaction from the 

physiotherapist’s perspective only discussed two dimensions of importance (Gyllensten, et 

al., 1999). The first dimension presented was “Prerequisites” which described the 

physiotherapist’s values, personal characteristics, professional skill, education, and other 

aspects such as, teamwork. “Interaction” was the second dimension; this latter theme 

described the establishment of contact between the therapist and patient. The interaction 

dimension included: ‘aspects of care’ such as listening and being empathetic; the 

‘therapeutic process’, such as the sharing of knowledge; and finally, ‘frames’ which 

included the giving of time (Gyllensten, et al., 1999). While these components of the 

interaction dimension were not listed in order of occurrence or importance, they are in 

accordance with ‘Taking the time’ and ‘Tangible results’. 

Of all contacts, it would seem that the first contact is the most important (Gyllensten, et al., 

1999; Klaber Moffett, 2002). The rationale provided for this conclusion is that the first 

contact is the ideal opportunity to deal with misconceptions (Klaber Moffett, 2002). 

However, results from the current study suggest that the first contact is more important for 

establishing trust and validating the LBP experience. 

Several interviewees in the current study directly attributed their psychological shift in 

thinking to their physiotherapist. Physiotherapists have previously been encouraged to elicit 

the problem from the patient’s perspective, provide education and in particular pain 

education, and reassurance (Klaber Moffett & Richardson, 1997). In addition, the 

relationship should enable the patient to actively problem-solve. (Klaber Moffett, 2002; 

Tyni-Lenné, 1989), and the ‘Shift in thinking’ reported by the interviewees may indicate the 

presence of this process. 

5.7.7 Activity tightrope 

The results of this theme indicate that perceptions of PA in people with LBP were 

complicated. Some perceptions were positive, while others were negative. Interestingly, 

despite three of the interviewees with ALBP reporting on their week 12 Global Rating of 

Change that their PA had returned to pre-LBP levels (see Chapter Four, p. 107), none of the 

interviewees indicated that this was so during their interview. This situation may have arisen 

as being in control was tenuous and required constant vigilance. Therefore, by the time of 
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the interview they may no longer have responded positively if presented with the same 

questionnaire. In addition, interviewees found it hard to match treatment to their own 

experiences of back pain. Interviewees were uncertain how to increase PA once discharged 

from physiotherapy, and this may have contributed to negative PA experiences. These 

concepts will be discussed in more detail below. 

5.7.7.1 Dissonance and adherence 

There was dissonance between interviewees’ desire to be active and being active. 

Interviewees were aware of the physical and psychological benefits of being active and they 

had been told that maintaining an exercise programme, a form of PA, was important for 

controlling their LBP. Indeed, fear of ‘Losing control’ prompted their desire to be adherent. 

Yet, they still found it difficult to be adherent for two reasons: negative activity experiences 

resulting in a fear of ‘Losing control’, and a lack of ‘Commitment’. 

The fear of ‘Losing control’ originated from the poor execution of pacing techniques, and 

the use of “trial and error” (Carl CLBP) strategies. As discussed in Chapter Two (see p. 26) 

there is extensive evidence to suggest that PA is important for the rehabilitation of people 

with LBP. However, the best method of increasing PA is controversial. While some research 

has recommended the use of gradual exposure and positive advice for increasing PA 

(Crombez, Vlaeyen, Heuts, & Lysens, 1999; Fritz, et al., 2001), other researchers have 

found that addressing psychosocial risk factors significantly increases PA, compared to 

graded increases in PA in people with CLBP (Vlaeyen, et al., 2002). From the statements by 

interviewees, it was clear that PA was prescribed by their physiotherapists: in the form of 

specific exercises and via more general activities such as walking and swimming. However, 

irrespective of the physiotherapists’ intent, it was apparent the interviewees were not 

implementing either pacing concepts (the incremental and controlled return to activity), or 

graduated exposure concepts. Neither did they know how to modify their PA. The 

acquisition of modification skills, in particular, is important for people being provided with 

PA programmes (Der Ananian, et al., 2006), as if they are not acquired, negative PA 

experiences may occur. 

Large percentages (50 to 66%) of patients with CLBP will “fail” an exercise programme 

(Friedrich, Gittler, Halberstadt, Cermak, & Heiller, 1998; Middleton, 2004; Turk & Rudy, 

1991). All of the reasons provided by the interviewees for their poor adherence have been 

reported previously. For example, a lack of positive feedback, situational and environment 

factors, lack of time, the presence of other co-morbidities, and self-efficacy are factors 
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known to influence activity adherence in people with LBP (Cook & Hassenkamp, 2000; 

Dunton & Schneider, 2006; Keen, et al., 1999; Sluijs, Kok, Zee, Turk, & Riolo, 1993). It can 

also take time for people to accept responsibility for their LBP (Liddle, Baxter, & Gracey, 

2007). 

However, interviewees also had poor treatment coherence. Literature suggests that when 

there is discordance between beliefs and treatment, adherence is unlikely (Turk & Rudy, 

1991). If PA results in a perceived deterioration of symptoms, logic and knowledge will be 

ignored, and all intention of adherence will be undermined (Bandura, 1982; Middleton, 

2004). The interviewees’ primarily consulted their HPs due to a loss of control; therefore 

unless treatment addressed this issue of control, an expectation of adherence would have 

been unrealistic. Furthermore, some activities prescribed to interviewees threatened 

perceived control; therefore, some interviewees consciously chose to adhere based on the 

perception of whether the PA would be in their best interest. 

5.7.7.2 Change takes time 

Interviewees conveyed the presence of unhelpful attitudes, beliefs, behaviours, emotions, 

and perceptions by the language they used. Unfortunately, despite interviewees perceiving 

that they had undergone a “Shift in thinking”, there was little change in the language used to 

describe their experiences prior to and during physiotherapy, compared to following 

discharge. For example, even once finished with physiotherapy, Louise (ALBP) admitted, 

“this whole thing of pain not necessarily equalling harm” was a difficult concept. She went 

on to suggest that this belief was “ingrained” therefore a “difficult thing to get out of your 

head”. This result may be due to either the period of time elapsing between physiotherapy 

beginning and the interview occurring, or the number and duration of treatments. Certainly, 

there may be some validity in the latter theory, as research indicates that changing 

behaviours and attitudes takes time and motivation, and that unless people are regularly 

followed up by their HPs, they are unlikely to maintain an increase in PA beyond six months 

(Keen, et al., 1999; Turk & Rudy, 1991). 

There are various health belief models and behaviours which are thought to influence 

activity, adherence, and behaviour change. Beliefs about control and adherence are 

dependent on the interplay between the recollection of previous experiences, current 

expectations, and the will to change (Engstrom & Oberg, 2005; Horne, Weinman, Barber, 

Elliot, & Morgan, 2005, p. 187). Some of the models of health behaviour and health beliefs 
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deemed most relevant to the interviewees’ experiences of being physically active with LBP 

will be discussed below. 

One behaviour exhibited by several of the interviewees was consistent with the Fear 

Avoidance model as introduced by Lethem, Slade, Troup, and Bentley (1983). The basic 

tenet of this model is the misinterpretation of pain (Lethem, et al., 1983). It is believed that 

pain is being interpreted as physiological damage, resulting in a fear of pain or of re-injury, 

and even fear of the activities which originally provoked the pain (Sieben, et al., 2005; 

Vlaeyen, Kole-Snijders, Rotteveel, Ruesink, & Heuts, 1995). Hypervigilance and the 

avoidance of these movements can subsequently lead to increasing disability and an 

exaggerated pain perception (Lethem, et al., 1983; Sieben, et al., 2005; Turk, 2004). Indeed, 

previous qualitative research has found that the perception of pain and fear of pain returning 

were the main factors which influenced participants’ choice to be active (Keen, et al., 1999). 

Conversely, the current study found that fear of ‘Losing control’ and the internalisation of 

pain was more relevant than the fear of pain per se. Furthermore, for some of the same 

interviewees, fear of ‘Losing control’ actually provided motivation to maintain PA. For 

example, “I’m quite proactive in realising that I need to do something to keep it away” 

(Carl, CLBP). 

Beliefs about being able to control the pain and the impact of pain on the self can alter pain 

perceptions and the way information is processed (Turk, 2004). Self-efficacy is defined as 

the “the belief that one can exercise control over one’s health habits” (Bandura, 2004). 

Having a strong sense of self–efficacy is associated with a reduction in pain and disability 

(Turk, 2004). In this study, the experience of ‘Tangible results’ was a pre-requisite before 

the interviewees felt like they had the ‘Confidence to regain control’. Yet following 

discharge from physiotherapy they were still uncertain of who was ‘In control?’. Outcome-

efficacy (the belief that a specific behaviour will result in the desired outcome) (Bandura, 

2004) is also relevant. Results from the current study suggest that interviewees decided that 

participation in PA was not worth the risk of ‘Losing control’ again. Although efficacy was 

not specifically measured in the quantitative aspect of the MM study reported in Chapter 

Four, interviewees appeared to have low self and outcome-efficacy. 

The Transtheoretical model describes five stages of behaviour change: pre-contemplation; 

contemplation; action; maintenance; and relapse (Prochaska & DiClemente, 1983). This 

model was originally used to describe the stages of smoking cessation but it has also been 

used for adherence to PA (Marcus & Simkin, 1994). The model is not linear, as the stages 
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can be both dynamic and stable (Marcus & Simkin, 1994); therefore, individuals can stay in 

one stage for a considerable period of time, and might need to make several attempts before 

shifting to another stage (Marcus & Simkin, 1994). The key elements of this theory, with 

respect to PA, are the presence of self-efficacy and decisional balance, that is, the weighing 

up of the cost and benefits of participation (Middleton, 2004). This model has some 

applicability to interviewees in the current study. For example, it could be argued that when 

interviewees had lost control they were in the pre-contemplation stage: they had no intention 

of being active when they were consumed by their LBP. Through the ‘Steps of 

Independence’ they moved firstly into contemplation, as they seriously considered an 

increase in activity as their control improved, then action. However, maintenance was not 

achieved as interviewees had relapsed to contemplation by the time the interview was 

conducted. The inability to maintain consistent participation in PA may be due to the timing 

of interviewees’ discharge from physiotherapy as a mismatch between treatment and stage 

has been described previously in the literature (Middleton, 2004). 

The Self Regulatory model (Leventhal, Leventhal, & Contrada, 1998) is the last theory of 

relevance. This model assumes that individuals are active problem solvers, and that all 

demonstrated health behaviours are an attempt to close the perceived gap between current 

health and a desired health status (Horne, et al., 2005, p. 189). The dynamic interaction 

between behaviour and cognition allows for appraisal of actions. Individuals form their own 

models of their disease and illness based on the “common sense” components of: identity; 

cause; consequences; timeline; cyclical timeline, illness coherence; emotional 

representations; and, cure (Horne, et al., 2005, p. 189; Moss-Morris, et al., 2002). A recent 

study exploring these illness perceptions in people with LBP found that long term outcome 

was strongly related to the presence of two specific illness perceptions: the belief that their 

LBP would last for a long time, and the belief they had limited control over their LBP 

(Foster, et al., 2008). Similarly, the perception of control was very important to interviewees 

in the current study. 

Physiotherapists are trained to facilitate PA, and interviewees in the current study discussed 

that their physiotherapists had encouraged them to keep active and return to usual activities. 

However, none of the interviewees had returned to habitual PA despite being discharged 

from physiotherapy. The assumption that doing prescribed exercises will automatically 

translate into an increase in PA in other aspects of life, such as, social, recreational and 

occupational activity is not validated. In addition, the presence of psychological factors may 

actually inhibit the transfer of activity into these other areas of life (Sullivan & Stanish, 
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2003). Previous researchers have suggested that the failure to address psychosocial risk 

factors in patients with ALBP, which ultimately results in the development of a chronic pain 

syndrome, is both ethically and economically inexcusable (Vlaeyen, et al., 1995). 

Disappointingly, in the current study, unhelpful attitudes, beliefs, behaviours, emotions, and 

perceptions were still present in interviewees from both LBP groups following discharge 

from physiotherapy. The interviewees did not appear to be enabled or empowered. They 

seemed unable to make informed choices, and appeared to be held to ransom by their own 

perceptions or misconceptions regarding the nature of their LBP, and the implications of 

their LBP on their lifestyle. But perhaps the unwitting encouragement of unstructured 

increases in PA leading to negative activity experiences and loss of control is as 

unacceptable as failing to address psychological factors? If patient beliefs are not assessed or 

regularly monitored it is unlikely that any activity based rehabilitation will have a long term 

effect. Equally, PA programmes with poor structure are likely to reinforce negative PA 

perceptions. 

5.7.8 Utility of the RT3 

Interviewees reported that the RT3 was acceptable to wear; however, there were also a few 

complaints. For example, interviewees with LBP reported that the RT3 was “bulky”. These 

comments are similar to results from the RT3 Utility questionnaire reported in Chapters 

Three and Four (see p. 73 and 104 respectively). While male interviewees said that the RT3 

was no different to wearing a pager, several female interviewees found that the RT3 limited 

their choice of clothing. 

Activity diaries indicated that 387 hours of RT3 data were lost due to participants with LBP 

forgetting to wear the RT3 (see p. 101). However, only one interviewee was concerned 

about forgetting to wear the RT3; doing “a good job” (Jack, CLBP) was more important. 

Unfortunately, three interviewees lost their RT3, and of these three, one lost two RT3s; 

fortunately, two of the four RT3s were recovered. These losses highlighted interviewees’ 

perceived inability to do “a good job” (Jack, CLBP). The cost of an RT3 ($200.00 USD) 

was not communicated to any of the 114 participants unless this information was expressly 

requested. This was a deliberate strategy, as fear of losing an RT3 might have altered PA 

behaviour, and increased the perceived burden of the participants in the study. Furthermore, 

none of the information sheets ever intimated that participants were financially liable for any 

equipment loss (see Appendix B, p. 258). This notwithstanding, once an RT3 was lost, 

participants usually enquired about the replacement cost. When the financial enormity of 



Chapter 5  Perceptions of physical activity in people with 

low back pain 

180 

losing an RT3 had been realised, two of the three interviewees declined to wear their RT3 

again. This rationale possibly explains why some of the other participants in the quantitative 

study presented in Chapter Four, also declined to wear the RT3 again after accidentally 

losing or breaking an accelerometer. 

The objectivity and potential motivational uses of accelerometers were highlighted by 

several of the interviewees. The protocol for the quantitative aspect of this MM study was to 

not provide the participants with any PA feedback. The intent was that participants engaged 

in PA at their own instigation, irrespective of having their PA monitored. The RT3 was 

suitable for this purpose. However, the RT3 model that is currently available has better 

utility for researchers compared to patients or use a motivational tool for helping to facilitate 

adherence. This is because RT3 data need to be downloaded and interpreted into the activity 

variable of interest, making it unsuitable for the provision of patient friendly feedback, 

unlike other accelerometers or pedometers where data or step counts are easily visible on the 

monitor. 

5.7.9 Study participation 

Participation in the MM study provided several interviewees with an opportunity to validate 

their LBP to themselves and to a perceived ‘expert’. Interviewees also thought that their 

specific RT3 PA results would help to prove their adherence to their HP prescribed exercise 

programme. This suggests that a strong motivation for participating in the study was to 

objectively prove their trustworthiness to HPs. These comments reflect the ‘Not believed’ 

subordinate theme from the ‘Health system Ferris wheel’. Other interviewees hoped to gain 

feedback from their participation in the study. These interviewees perceived that the ability 

to track their PA over the 12 week study period would help to motivate them to continue 

with prescribed exercise programmes.  

Several interviewees participated because of a desire to improve the experiences of other 

people with LBP, and to improve the collective knowledge on LBP. Conversely, other 

interviewees participated as they wanted to prove to themselves that they were still capable 

of contributing to society. This was particularly evident in those interviewees who were 

unable to work and were now dependent on others to meet their financial obligations. 
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5.7.10 Implications and recommendations 

The implications and recommendations of the qualitative aspect of this MM study are 

discussed in conjunction with the quantitative aspect in the discussion chapter (see Chapter 

Six, p. 200 and 205). 

5.7.11 Limitations 

Interviewees were purposively selected from characteristics reported on their personal 

information sheet (see Appendix C, p. 270) after baseline questionnaire data had been 

collected. However, the interviews were not scheduled until the observational quantitative 

component of the study was completed. By this time, only two of the five interviewees with 

ALBP perceived that their LBP had returned to pre-LBP levels, only one reported being pain 

free on the NPRS, and none had returned to full function as measured by the PSFS. 

Therefore, it is hard to determine if any of the interviewees could actually be classified as 

ALBP. This issue again reflects the problem of using duration of LBP as a way of defining 

acute and chronic LBP. 

Only one interview was conducted with each participant, and this was scheduled at the end 

of the quantitative component of this MM study to try to eliminate bias. For example, 

interviewing prior to wearing the RT3, in addition to study completion, may have influenced 

how active the interviewees were. Likewise, the candidate was introduced as a researcher 

rather than as a physiotherapist; unless specifically asked for, this information was not 

given. However, 11 of the interviewees enquired and it is not clear if this information 

influenced disclosure. Regardless, all interviewees described both positive and negative 

experiences with HPs and physiotherapists. 

An interview prior to physiotherapy treatment and wearing of the RT3 would have enabled 

insight into expectations, change in perceptions over the three month time period, and how 

the therapeutic relationship developed. However, the interview was placed at the end as the 

intention was to reflect upon the therapeutic relationship and the interviewees’ perceptions 

of PA once treatment was completed. Admittedly, earlier interviews would have allowed 

those with ALBP to have been interviewed when they would still have been classified as 

acute. The methodology of IPA suggests that perceptions of experiences are formed through 

the individual’s interaction with the world and the interviewer. These perceptions are 

therefore ever changing. Consequently, changing the day of interview by a day may have 

altered the results just as much as a conducting the interviews several weeks earlier. 
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5.8 Conclusion 

The qualitative study reported in this chapter explored the utility of the RT3 alongside 

interviewees’ experience of participating in the MM study. Most interviewees thought the 

RT3 was “bulky” but “not a big deal really” and the interviewees appreciated the 

opportunity to validate their LBP experience. In addition, this study explored perceptions of 

PA in people with LBP and compared the lived experience of people following an ALBP 

episode to the perceptions of people with CLBP. Furthermore, the coherence between 

interviewees’ perceptions of LBP and their experience of physiotherapy was explored. There 

was no difference in the themes found nor the emotional intensity of the LBP experiences 

between those with acute or those with chronic LBP. LBP was equally distressing for people 

with ALBP as it was for people with CLBP. ‘Losing control’ of their self was at the centre 

of such distress. Physiotherapy was perceived to increase the interviewees’ ‘Confidence to 

regain control’. However, implementation of ‘Trial and error’ PA strategies resulted in 

negative PA experiences, and the continuation of unhelpful beliefs. Ultimately, being in 

control was perceived to be more important than risking another loss of control by an 

increase or return to habitual PA. 



 

 

PART III 

Chapter Six 
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Chapter 6 Discussion and conclusion 

6.1 Introduction 

This chapter contains an overview of this thesis, discusses the merits of the research 

presented in the thesis, and whether the research has met the overall aims and objectives as 

set out in Chapter One (see p. 11). As reflection is an integral part of learning (Kolb & Kolb, 

2005), a small self-reflection section, written in the first person, is presented. The 

implications for clinical practice and recommendations for research are also presented, with 

respect to the research limitations. Finally, the conclusion summarises the findings of the 

thesis and outlines key recommendations. 

6.2 Overview of the thesis 

The primary objectives of research presented in this thesis were to: provide background 

information on low back pain (LBP) and physical activity (PA) relevant to this thesis, and to 

undertake a detailed critique of the literature which has explored the free-living PA of 

people receiving physiotherapy for LBP with an accelerometer; assess specific psychometric 

properties and the utility of the RT3 accelerometer; objectively measure changes in PA 

patterns over time in people receiving physiotherapy for LBP, and to compare these findings 

between people with either acute or chronic LBP; explore and compare the lived experience 

of being physically active between people with either acute or chronic LBP; to assess the 

coherence between interviewees’ experience of LBP, PA, and physiotherapy; and to 

integrate all these findings, and discuss the relevance and merits of objectively measuring 

free-living PA and perceived PA. 

6.2.1 Psychometric properties, utility, and advancements in RT3 knowledge 

Measurement of free-living PA requires a compromise between feasibility and validity; 

accelerometers represent an affordable and valid means of objectively measuring patterns of 

free-living PA (Bussmann & Stam, 1998; Esliger & Tremblay, 2007; Montoye, 2000; 

Plasqui & Westerterp, 2007). Several laboratory studies demonstrated that the RT3 has 

moderate validity and reliability (Esliger & Tremblay, 2006; Jacobi, et al., 2007; Powell, et 

al., 2003; Powell & Rowlands, 2004; Rowlands, Thomas, et al., 2004). Likewise, moderate 

to high reliability and validity were found during the measurement of free-living PA in 

people with various disabilities (Hertzog, et al., 2007; Jacobi, et al., 2007; Lores, et al., 

2006; Sloane, et al., 2009). However, no previous research had explored the minimum 

number of valid days per week of RT3 data required to reliably estimate daily PA, or the 
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responsiveness of the RT3 in people with LBP (Verbunt, et al., 2009), nor in any other 

populations. Therefore, researchers using the RT3 based their minimum days of RT3 data 

collection on findings from other accelerometers. Furthermore, researchers exploring change 

in PA over time could not be certain if their results were due to measurement error or change 

in PA (Bousema, et al., 2007; Verbunt, et al., 2009). 

The first study presented in this thesis (see Chapter Three, p. 50) used healthy volunteers to 

establish the minimum number of valid days per week of RT3 data collection required to 

reliably estimate mean daily PA and to explore RT3 measured day-to-day and week-to-week 

variability of PA. The RT3 reliability in measuring free-living PA was moderate (0.66) over 

the three repeated weeks of measurement. As PA varied by day of the week and between 

weeks of measurement, a minimum of four valid days of RT3 wear per week may provide a 

pragmatic solution to balance adherence of wear with reliability in estimating daily PA in 

healthy volunteers. As daily fluctuations in PA decrease with age and in the presence of 

disability (Lores, et al., 2006), findings from the study presented in Chapter Three indicate 

that in most adult populations four days of valid RT3 data should be adequate. However, if 

more days per week of RT3 data are collected, the accuracy of the mean estimate of PA will 

improve. Subsequent to the completion of the study presented in Chapter Three, a 

recommendation of four days per week of valid RT3 data being required to reliably estimate 

free-living PA in people with obesity was published (Jerome, Young, Laferriere, et al., 

2009). Results by Jerome et al. (2009) therefore corroborate the findings of the study 

presented in Chapter Three. No published research, to the author’s knowledge, has 

previously reported on the free-living PA reliability and minimum number of days of wear 

time to reliably estimate mean daily PA for healthy volunteers with the RT3. 

As one of the primary aims of the study in Chapter Three was to explore day-to-day and 

week-to-week variance of PA, the study design repeated the three measurements within an 

eight week period. This is because measuring across seasons can have a considerable affect 

on PA (Matthews, Hebert, Stanek III, et al., 2001; Pivarnik, et al., 2003). In the research 

presented in Chapter Four, however, the time between measurements was set at six weeks in 

an attempt to capture the putative change which should occur between six to 12 weeks in 

people developing CLBP (Waddell, 2004, p. 33). Although it was never the intention for the 

participants in the study presented in Chapter Three to provide control data for the 

participants in the study presented in Chapter Four, keeping the time interval between the 

two studies consistent may have provided better context for the PA data of participants with 

LBP. 
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During the completion of this thesis, two research groups published protocols for the 

cleaning and management of RT3 data in free-living research (Chen, et al., 2009; Hecht, et 

al., 2009). As these protocols arose after the completion of the study presented in Chapter 

Three, they were incorporated into the method for the quantitative component of the LBP 

and free-living PA study only (see Chapter Four, p. 92). The method for determining PA in 

the study presented in Chapter Three was by the manual manipulation of the comma 

separated value (‘.csv’) file for each individual, followed by the visual screening of each day 

of data for any extended periods of time where the MVMU/min was below 10. Chapter Four 

presents research which used a standardised protocol, via the development of a bespoke 

computer program, firstly to determine if participants’ raw data met inclusion criteria; and, 

secondly, to calculate raw and normalised data for several PA variables. No research to date, 

following a standardised protocol for determining free-living PA in people with LBP, via the 

RT3, has previously been published; this therefore is a strength of this component of the 

thesis, and an original contribution to work in this area. 

No previously published research has explored the responsiveness of any accelerometer to 

measure change in the free-living PA of people with LBP; this gap was recently highlighted 

(Verbunt, et al., 2009). The research presented in Chapter Four intended to establish the 

RT3s responsiveness to change when measuring free-living PA in people with LBP. 

Moderate to low responsiveness was found for change in PA at week six only (see Chapter 

Four, p. 117). Secondary statistical analyses failed to determine whether this result was due 

to measurement issues with either the RT3 or with the recall-based criterion Global Rating 

of Change (GROC). Previous research has found that the RT3 is a valid measure of EE in 

adults (Jacobi, et al., 2007; Rowlands, Thomas, et al., 2004), and criterion validity has been 

established for PA by observational methods in youth (De Vries, et al., 2009). These validity 

findings strongly suggest that the GROC may be the primary reason only moderate 

responsiveness was found in the study presented in Chapter Four. However, RT3s may 

become defective or require recalibration over time (Chen, et al., 2009). No further 

recalibration tests were performed during the data collection process of the studies presented 

in Chapters Three and Four. Therefore, the reliability of the RT3 data over time can not be 

guaranteed definitively. The inability to determine responsiveness with any certainty is 

consistent with recently published research which reported that the correlation between 

change in RT3 measured free-living PA and a recall questionnaire in breast and prostate 

cancer survivors was poor (Sloane, et al., 2009). Until a gold standard measure for PA is 
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agreed upon, ascertaining the responsiveness of free-living measures of PA will remain 

difficult. 

There may not have been enough CLBP participants recruited in the LBP and PA study 

(Chapter Four, see p. 80) to detect responsiveness. Power calculations estimated that 58 

CLBP participants would be required for this study but only 44 of the 58 required 

participants with CLBP were recruited. Prior to this study beginning, consultation was 

undertaken with several physiotherapy clinics in the region. The clinics were asked to state 

the average number of patients presenting with either acute low back pain (ALBP) or 

chronic low back pain (CLBP) for treatment per month, and how soon after onset the 

patients with ALBP were presenting for treatment. From the clinics’ data, it was 

conservatively estimated that 30 people (20 ALBP and 10 CLBP) presented for LBP 

treatment per month, and that people with ALBP generally presented for treatment within 

the first two weeks of LBP onset. Expecting that less than 10% of patients would consider 

participating in the study, it was anticipated that with multiple clinics recruiting, recruitment 

might take 12 months. A pragmatic decision to stop recruitment after 14 months was made, 

by which stage the desired number of participants with CLBP had not been achieved. 

At present there is no evidence to suggest that any accelerometer has consistently better 

psychometric properties than any other (De Vries, et al., 2009; Freedson, Pober, & Janz, 

2005; Trost, et al., 2005); however, data loss can mask important or changing associations 

between specific populations and their participation in work, home, and social PA (Conn, et 

al., 2000; Paul, et al., 2008). Consistent loss of RT3 data occurred (Chapters Three and 

Four): this resulted in frustration for the researcher, and more importantly, inconvenience 

and disappointment for the participants. These utility concerns are not new, and indicate the 

lack of refinement by the manufacturers of the RT3 over the last 5 years (Chen, et al., 2009; 

Hertzog, et al., 2007; Sloane, et al., 2009; Steele, Belza, Cain, et al., 2003; Verbunt, Sieben, 

et al., 2005). Results from the open questions in the RT3 Utility questionnaires used in the 

research presented in Chapters Three and Four, and the semi-structured interviews used in 

the research presented in Chapter Five indicate that the RT3 was “okay” to wear and not 

overly burdensome. However, negative comments on the bulk and shape of the RT3 were 

consistent over the work reported in the three chapters. Therefore, the psychometric results 

reported in the research presented in Chapters Three and Four, taken in combination with the 

utility results, suggest that the RT3 as a measurement tool of free-living PA, has several 

limitations. 
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6.2.2 Objectively measured PA in people with LBP 

The review presented in Chapter Two demonstrated that there is a paucity of literature 

exploring the use of an objective measure to evaluate the free-living PA of people with LBP, 

and more specifically people with ALBP (see Chapter Two, p. 26). The literature review 

also revealed that it was unknown whether patterns of free-living PA or changes in free-

living PA were different between people with either acute or chronic LBP. Furthermore, 

trials investigating rehabilitation strategies to increase PA, or motivational techniques to 

improve adherence to PA in people with LBP have been undermined by the lack of an 

objective assessment of free-living PA. 

Results from research presented in Chapter Four demonstrate that in the first few months of 

initiating physiotherapy treatment for LBP, people with ALBP have a different pattern of 

activity compared to those with CLBP. More specifically, people with CLBP spend fewer 

minutes in moderate and vigorous physical activity per day (MVPA/day). However, the 

number of MVPA-bouts/day was similar between the groups. While one study has 

previously compared the association of PA and pain between people with either acute or 

chronic LBP, no previously published study has compared the objectively measured, free-

living PA of people with ALBP to people with CLBP. Conceivably, these PA results may be 

due to either the duration of participants’ LBP at baseline, particularly in the ALBP group, 

or to the definition of acute and chronic LBP used in the mixed methods (MM) study (see p. 

6). Furthermore, no additional sub-classification of either the ALBP or CLBP groups was 

used to explore change of PA. These three issues will be discussed further below. 

6.2.2.1 Duration of LBP at baseline 

It was the intention to recruit participants with ALBP into the MM study (see Chapters Four 

and Five) as early as possible after the onset of their LBP. The median duration of LBP 

symptoms at entry into the study was 21 days for the ALBP group. This was higher than 

anticipated, given that people with accident related LBP were eligible for free physiotherapy 

treatment through the Accident Compensation Corporation of New Zealand (ACC) during 

the time over which this study was conducted. Consequently, the baseline RT3 PA data do 

not represent PA during the first few days following LBP onset, but rather for LBP of three 

weeks duration. Therefore, no definitive conclusions on level of PA or change in PA from 

onset of LBP to assessment at study baseline can be made for the ALBP group. However, 

the same limitation is also true for participants in the CLBP group. The mean duration of 

symptoms for the current LBP episode in the CLBP group was 2.5 years; there is no way of 
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knowing how different current PA is from habitual PA (pre-LBP), or how different current 

PA is from PA prior to the flare of this episode. 

The higher than anticipated duration of LBP symptoms, specifically in the ALBP group, 

may be due to physiotherapy clinics forgetting to recruit patients during the first three 

sessions. This potential explanation cannot be verified as participants were not asked about 

the number of physiotherapy treatment sessions already received for the current episode of 

LBP. However, the comments contained in the research presented in Chapter Five imply that 

health practitioner (HP) advice was only sought when interviewees had lost “control”. 

Therefore, the duration of symptoms at entry into the study may instead reflect a societal 

shift in thinking. For example, in the last ten years, there has been a concerted effort to shift 

public and HPs away from a biomedical approach to LBP, to a more proactive self-

management philosophy in New Zealand (ACC, 2000, 2004, 2009), and indeed elsewhere 

(Buchbinder & Jolley, 2007; Ferguson, 2009, p. 200). The central tenet of the campaign has 

been to educate public and HPs alike that: LBP is generally benign and self-limiting; 

remaining active or a gradual return to PA is important; and people with LBP should stay at 

work if at all possible. 

Paradoxically, waiting until control is lost may actually prolong disability and consequently 

the cost of rehabilitation. For example, early treatment and manipulation for specific sub-

classifications of people with ALBP can substantially reduce pain and disability within four 

weeks (Childs, et al., 2004; Flynn, et al., 2002). As discussed previously (see Chapter Five, 

p. 169), researchers have found high levels of psychological distress and unhelpful beliefs 

within the first few weeks of ALBP onset, and these variables may predict chronicity 

(Coudeyre, et al., 2007; Foster, et al., 2008; Fritz, et al., 2001; Frostholm, et al., 2007; 

Linton, 2000; Philips & Grant, 1991; Pincus, Burton, Vogel, & Field, 2002; Sieben, et al., 

2005). Seeking earlier HP advice or care may have prevented interviewees becoming 

trapped within the “Cage of disability” (Chapter Five, p. 171); the implications of this 

finding are discussed later (see 6.4.1, p. 200). 

6.2.2.2 Acute and Chronic LBP classification 

In this thesis, ALBP was defined as pain of less than three months in duration, which may or 

may not have been the participant’s first episode of LBP. CLBP was classified as: pain 

lasting longer than three months in duration; pain on at least half the days of a 12 month 

period occurring in single or multiple episodes, or if this was the first episode of LBP and it 

had lasted greater than three months, pain on at least half of those days; or the presence of a 
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flare, greater than three months in duration, superimposed on CLBP or a recurrent LBP 

episode (de Vet, et al., 2002; Von Korff, 1994). Previous free-living accelerometer PA 

studies have used a variety of classification systems for LBP. For example, ALBP has been 

defined as pain lasting less than six months (Liszka-Hackzell & Martin, 2002, 2004). CLBP 

has been variously defined as pain greater than eight weeks in duration (Hartvigsen, et al., 

2010), three months in duration (Ryan, et al., 2009; Ryan, Gray, et al., 2008; Ryan, et al., 

2010b; van Weering, et al., 2009), six months in duration (de Jong, et al., 2005; Liszka-

Hackzell & Martin, 2002, 2004; Spenkelink, et al., 2002; Vlaeyen, et al., 2002), and 

uninterrupted LBP pain over 12 months with no more than three weeks pain free (Bousema, 

et al., 2007). As discussed in Chapter One (p. 6) there is currently no consensus in the 

literature on a standard definition for either acute or chronic LBP. The use of any other time 

demarcation may have resulted in different study findings being presented in Chapters Four 

and Five. 

A system based on duration of LBP symptoms most easily accommodates LBP occurring in 

discrete epochs; however, LBP is frequently recurrent, making discrete episodes hard to 

define. There is no natural demarcation or event which informs individuals with ALBP that 

they now have CLBP, and comments from interviewees in the research presented in Chapter 

Five support the suggestion that: “far from chronic pain evolving and growing, it may better 

be perceived as a persistence of the acute presentation” (Philips & Grant, 1991, p. 441). This 

notwithstanding, the only selected variable which consistently explained changes in PA 

(MVMU/min) at week six was LBP classification, the one variable based on duration and 

episodes of pain. 

6.2.2.3 LBP sub-classification and free-living PA 

Research shows that sub-classification of people with LBP by various variables can predict 

free-living PA. For example, participants with sub-acute LBP, identified and grouped as 

persistent ‘over-predictors’ of pain compared to ‘correct-‘ or ‘under-predictors’, demonstrate 

a positive, statistically significant association with free-living PA (see Chapter Two, p. 36) 

(Huijnen, Verbunt, Peters, et al., 2009); participants with CLBP identified as having a high 

level of distress spend less time standing and walking per day than ‘non-distressed’ 

participants (see Chapter Two, p. 39) (Ryan, et al., 2010b); participants with CLBP 

classified by degree of perceived activity decline significantly predicts a decrease in free-

living PA or ‘disuse’ (see Chapter Two, p.38) (Bousema, et al., 2007); and, ‘endurance-

copers’ spend more time in sustained postures than ‘adaptive-copers’ six months after 
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lumbar disc surgery (Hasenbring, et al., 2006). Debate around the use of sub-classification 

systems is long standing in physiotherapy (Riddle, 1998). Some researchers have suggested 

that the heterogeneous grouping of LBP participants, particularly in people with CLBP, is 

the primary reason for disappointing results from clinical trials (Fersum, et al., 2009). 

Conversely, other researchers suggest that it is time to accept that current physiotherapy 

approaches are ineffective and alternative management strategies should be considered 

rather than persistently searching for “a” method of sub-classification (Wand & O'Connell, 

2008). At present, few sub-classification methods incorporate psychological, social, patho-

anatomical, and clinical signs and symptoms into a multi-dimensional system (Ford, Story, 

O'Sullivan, & McMeeken, 2007). In addition, there are no current methodological guidelines 

for the development and validation of LBP sub-classification systems, therefore few 

methods of sub-classification have been rigorously tested (Ford, et al., 2007). Accordingly, 

there is not enough evidence for LBP guidelines to recommend the use of any specific sub-

classification method (Airaksinen, et al., 2006). Consequently, participants’ patterns of free-

living PA and perceptions of PA were not explored by any additional sub-classification 

categories in the MM study (Chapters Four and Five). 

6.2.3 Rationale for the inclusion and exclusion of specific questionnaires and 

other outcome measures 

The PA questionnaire used for the research reported in this thesis was changed between 

Chapters Three and Four. The primary reason for this was pragmatic: participants reported 

that the Seven Day Physical Activity Recall (7D-PAR) questionnaire used in the research 

presented in Chapter Three was difficult and time consuming to complete, even though it 

was interviewer administered. Despite both questionnaires being subject to recall bias, the 

7D-PAR (see Chapter Three) and the Baecke Physical Activity Questionnaire (BPAQ) (see 

Chapter Four) are valid and reliable measures of free-living PA (Ainsworth, et al., 1999; 

Bonnefoy, et al., 2001; Hertogh, et al., 2008; Ono, et al., 2007; Philippaerts & Lefevre, 

1998; Philippaerts, et al., 2001; Vogels, et al., 2007; Voorrips, et al., 1991). The 7D-PAR is 

typically used to measure seven days of PA, although it has been used in epidemiological 

studies to estimate habitual PA (Sallis, et al., 1985). Conversely, the BPAQ has been used 

and is recommended as a measure of habitual PA, particularly in people with LBP (Jacob, et 

al., 2004); however, it has also been used to measure PA in time intervals as short as 14 days 

(Jacob, et al., 2001). The association between the RT3 and the two PA questionnaires was 

consistent but slightly lower for the 7D-PAR: 7D-PAR (r = 0.46-0.58) (see Chapter Three) 

and BPAQ (r = 0.56-0.66) (see Chapter Four). It is possible that the lower association is due 
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to the different populations (healthy versus LBP) being investigated and the variability of 

their day-to-day PA. As discussed in Chapter Three (see p. 75), the 7D-PAR results are 

consistent with previous research, while high associations between the BPAQ and 

accelerometers are yet to be found in LBP populations (Verbunt, Sieben, et al., 2005). 

Other than the Mental Component Summary (MCS) of the Short-Form Health Survey (SF-

36v2) acute version, no other psychosocial questionnaires were used in the quantitative 

aspect of the MM LBP and PA study (see Chapter Four). However, it is evident from 

qualitative results presented in Chapter Five (see p. 156) that aspects of care did not fit 

within a ‘common sense’ model of health care. In addition, interviewees discussed 

experiences and perceptions in a manner suggestive of the presence of psychological distress 

and unhelpful beliefs. It is estimated that 13 to 55% of people with LBP have some degree 

of psychological distress (Cairns, Foster, Wright, & Pennington, 2003; Main, Wood, Hollis, 

Spanswick, & Waddell, 1992), and that high levels of distress appear to be associated with 

higher levels of functional disability (Huijnen, Verbunt, Peters, et al., 2009; Linton, 2000; 

Vlaeyen & Linton, 2000). However, the research exploring psychological distress and 

unhelpful beliefs with free-living PA is conflicting. For example, people with CLBP and 

high levels of distress spend significantly less time in the day in upright postures (Ryan, et 

al., 2010b), and when graded exposure is used as an intervention to decrease fear, free-living 

PA increases (de Jong, et al., 2005; Vlaeyen, et al., 2002). Conversely, no association has 

been found between free-living PA, and depression or fear of injury in people with sub-acute 

LBP (Verbunt, Sieben, et al., 2005). More recently, an article published after the completion 

of the literature review contained in this thesis, also found no association between pain, 

depression, and free-living PA in people with CLBP (Huijnen, et al., 2010). Yet, in people 

with sub-acute LBP who persistently over-predict pain, a statistically significant positive 

association was found between high fear of movement and high levels of free-living PA (see 

p. 36) (Huijnen, Verbunt, Peters, et al., 2009). While the primary purpose of this research 

was not to explore the association between changes in PA with any other variables, nor to 

explore which variables significantly predict change in PA, nor whether sub-classification 

by specific variables changes PA outcomes, the inclusion of a more specific measure of 

psychological distress may have helped provide data to resolve some of the controversy in 

the PA and LBP literature. However, which psychological variables should be included in 

future LBP and PA research requires careful consideration as the variables which are 

predictive of outcome in people with LBP remains controversial (Blyth, Macfarlane, & 

Nicholas, 2007; Foster, Thomas, Bishop, Dunn, & Main, 2010). 
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No objective physical performance functional tests, such as, distance walked in five minutes 

(Simmonds, et al., 1998), were performed in the research described in Chapters Three or 

Four. This was for two reasons. Firstly, at the beginning of the thesis PA was defined (see p. 

8), and the relationship between PA and function was described; in short, the energy 

expenditure (EE) which occurs as a result of skeletal muscle action during functional 

activities means that all functional activities represent an aspect of PA. However, depending 

on the PA performed, PA may or may not be a functional activity. Secondly, previous 

research has found that the relationship between accelerometer measured PA and objective 

physical functional tests is either small or non-existent (Ryan, Gray, et al., 2008; Verbunt, 

Sieben, et al., 2005; Verbunt, et al., 2001) (see Chapter Two, p. 39). As the relationship 

between change in PA and change in function was of secondary importance in the research 

presented in Chapter Four, questionnaire measures of perceived functional limitation via the 

Patient Specific Functional Sale (PSFS) and perceived disability via the Roland Morris 

Disability Questionnaire (RMDQ) were used instead. Neither change in PSFS or RMDQ 

significantly predicted change in PA (MVMU/min) at week six. This again suggests that 

there is either no or only a weak relationship between function, disability, and free-living 

PA. 

6.2.4 Perceptions of PA 

No previous research using Interpretative Phenomenological Analysis (IPA) methodology 

has compared the lived experience of people with ALBP to those with CLBP. Results from 

research presented in Chapter Five indicate that being physically active can only be 

contemplated if a level of control is present. It has been suggested that a decreasing 

specificity of LBP symptoms, coupled with the presence of mental distress and unfavourable 

environmental(ICF) factors, as is typical in chronic pain, are more likely to cause disability 

than the presence of pain per se (Wormgoor, et al., 2006). However, disability due to the 

inability to be physically active from loss of control was irrespective of LBP classification. 

Previous research has recommended the teaching of self-coping strategies in conjunction 

with a gradual resumption of PA to help patients with LBP feel more in control (Klaber 

Moffett, 2002). Despite an increase in function there is often little change in perceived self-

control (Cook & Hassenkamp, 2000; Frost, et al., 1995). Results from the study in Chapter 

Five suggest that patients use the word “control” but interpret the meaning of the word 

“control” differently from clinicians and researchers. Until researchers and clinicians adopt a 

more patient-centred understanding of control it is unlikely patient expectations will be met. 
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Results from the Satisfaction with Care (SC) questionnaire used in the research presented in 

Chapter Four, (see p. 107) indicated a high level of satisfaction with the physiotherapy care 

received by the participants. Yet, following discharge from physiotherapy, all of the 

interviewees in the study presented in Chapter Five remained uncertain how to gradually 

increase their PA, or return to habitual PA. Interviewees were conscious that PA was 

important for managing their LBP, and that maintaining prescribed exercises and returning 

to habitual PA was their responsibility. They did not however know whether the exercise 

prescription with which they had been provided was to be maintained in status quo for the 

rest of their lives, or increased or decreased as symptoms continued to change. The word 

“pace” was used by interviewees to describe how they would return to habitual PA, but the 

actual strategy they employed was more akin to “trial and error”. Sadly, the use of ‘Trial 

and error’ strategies and poor treatment coherence reinforced negative PA beliefs, and 

resulted in activity avoidance. Interviewees made the conscious decision that increasing PA 

was not worth the risk of losing control of their lives again. These results possibly represent 

a fine example of unintentional outcomes from physiotherapy. By disseminating and 

reflecting on these results, it is hoped that a change in practice may occur which may 

produce better outcomes for patients. 

Interviewees perceived that physiotherapy had increased their confidence (see p. 159). 

However, numerous statements post-discharge indicated that unhelpful attitudes, behaviours, 

and beliefs were present some 12 weeks after recruitment into the study. In particular, there 

was dissonance between the interviewees’ beliefs, and aspects of their PA rehabilitation 

programme or maintenance regime. Interviewees reflected that changing behaviours takes 

time; despite this, by week six, 55% of the ALBP group and 38% of the CLBP group had 

been discharged from physiotherapy (see Chapter Four, p. 107). While none of the 

interviewees were still receiving physiotherapy at the time of interview, it is not known how 

many of the remaining participants from the research presented in Chapter Four were still 

receiving physiotherapy on or after 12 weeks. In addition, as the intention of the MM study 

(Chapters Four and Five) was not to explore the effectiveness of a specific physiotherapy 

intervention, physiotherapy management was not standardised. Therefore, it is not possible 

to say whether a biopsychosocial approach to LBP rehabilitation was undertaken, or what 

specific strategies, such as, graduated exposure in vivo or cognitive behavioural approaches, 

were used by the physiotherapists. Regardless of any attempts to address unhelpful beliefs or 

behaviours, all the participants lived in fear of ‘Losing control’ again. 
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Previous physiotherapy or any other HP treatment or advice for LBP was not recorded, and 

this is another limitation of the MM study (Chapters Four and Five). This limitation became 

particularly obvious in the qualitative study. It was evident that previous experiences, 

particularly if they were negative, adversely affected subsequent HP encounters. While it 

was not the intention to explore these negative experiences, it was necessary to explore and 

discuss them in some depth in order to provide context to the interviewees’ perceptions of 

being physically active with their LBP, and the perceived means and effectiveness of 

physiotherapy for increasing PA in patients with LBP. The theme ‘Health system Ferris 

wheel’ and to a lesser extent the theme ‘Steps of independence’ suggest that some HPs still 

deliver (and some patients still expect) a biomedical model of health care. The transition 

from a more biomedical model to a biopsychosocial model clearly takes time. 

6.2.5 Measured versus perceived PA 

Results presented in Chapters Four and Five indicate that perceived change in PA is not the 

same construct as objectively measured change in free-living PA. This is perhaps not 

surprising as correlation coefficients between accelerometer measured free-living PA and 

recall questionnaires or diaries range from r = 0.41–0.9 in healthy volunteers (Hayden-

Wade, Coleman, Sallis, & Armstrong, 2003; Leenders, Sherman, & Nagaraja, 2000; Miller, 

Freedson, & Kline, 1994). Typically, the correlation is lower in populations with specific 

disabilities (Dubbert, et al., 2006; Sloane, et al., 2009; Verbunt, Sieben, et al., 2005). 

The objective measurement of PA is important for several reasons. Firstly, recall measures 

and diaries are subject to bias (Bussmann & Stam, 1998; Mason & Redeker, 1993; 

Washburn & Montoye, 1986). Some research indicates that people who have a higher 

percentage of body fat and people who are conscious of social approval typically over 

estimate their PA (Adams, et al., 2005; Buchowski, Townsend, Chen, Acra, & Sun, 1999), 

while a recent review found no consistent pattern of either over- or under-estimation of PA 

in specific groups (Neilson, Robson, Friedenreich, & Csizmadi, 2008). Therefore, whether 

people with LBP consistently over- or under-predict PA is unknown. Secondly, unless 

objective measures of PA are used, the cause or effect relationship between LBP and PA 

will remain unclear. Thirdly, objective measuring of the free-living PA of people with LBP 

is necessary to enable researchers to determine which specific parameters of PA are affected 

by LBP. For example, while counts of PA per day, or time spent in sedentary activity might 

not be different from healthy adults (Spenkelink, et al., 2002; van den Berg-Emons, et al., 

2007; van Weering, et al., 2009; Verbunt, et al., 2001), how and when activity occurs may 
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be different (Chastin & Granat, ; Ryan, et al., 2009; Spenkelink, et al., 2002; van den Berg-

Emons, et al., 2007; van Weering, et al., 2009) (see Chapter Two, p. 47). This may enable 

clinicians to more appropriately tailor their rehabilitation programmes. Finally, unless 

objective measures of PA are used, the effect of PA or any other given intervention on the 

free-living PA of people with LBP cannot be ascertained. Certainly, the evidence to date 

would suggest that Nordic walking, graded PA, and group exercise classes do not improve 

the free-living PA of people with CLBP (de Jong, et al., 2005; Hartvigsen, et al., 2010; 

Ryan, et al., 2010a; Vlaeyen, et al., 2002). 

Interviewees also thought that an objective measure of PA was important. For example, 

interviewees in the research presented in Chapter Five (see p. 168) suggested that getting 

feedback from the RT3 would be helpful for maintaining motivation. In addition, from the 

interviewees’ perspective, an objective measure would prove to their HPs that they were 

adhering to their prescribed exercises or PA programme. 

Measurement of perceived change in PA is also relevant: previous research has shown that a 

perceived decline in PA is more important for explaining disability than accelerometer 

measured PA (Verbunt, Sieben, et al., 2005). This result may be because accelerometers 

cannot quantify the magnitude of how important small, but meaningful changes in PA are to 

an individual. For example, the ability to return to work may be highly important for an 

individual, and be perceived and rated as a large change in PA, but because the individual’s 

occupation is predominantly sedentary, the concomitant accelerometer output may vary little 

compared to previous weeks of measurement. The second question in the GROC, which was 

used in the research presented in Chapter Four, attempted to address the question of 

magnitude of importance by asking participants to quantify the perceived importance of the 

PA change (see Appendix C, p. 281). Despite using the qualifier of magnitude, the 

association between the GROC and the RT3 was not high. 

A perceived decline in PA after an intervention, irrespective of any objective increase in PA, 

is likely to result in a negative treatment outcome. Conversely, a perceived increase in PA 

despite a decline or no change in objectively measured PA, is more likely to result in a 

positive outcome, due to a perceived change in self-efficacy. However, these suppositions 

rely on the construct of PA being important to people with LBP. At week 12, participants 

were asked if their PA had returned to pre-LBP levels; only 51% believed that it had (see 

Chapter Four, p. 107). Beliefs and attitudes inform expectations and therefore outcomes. 

Patients with LBP have specific expectations of their encounter with a HP and of desired 
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outcomes. Previously noted expectations are a clear diagnosis, confirmation that their pain is 

real, and the development of a trusting and patient-centred relationship (Verbeek, et al., 

2004). Participants in the research presented in Chapter Four were not asked if a change in 

PA was an expected outcome from physiotherapy, therefore it is unknown whether the 

participants expected PA to change following their course of physiotherapy. However, 

results presented in Chapter Five (see p. 162) indicate that as well as the aforementioned 

expectations, the interviewees wanted and hoped to return to “normal”. Despite interviewees 

suggesting that PA was important for their rehabilitation and ongoing management of their 

LBP, a change in PA was not an explicit expectation of physiotherapy (see Chapter Five, p. 

159). This is consistent with the findings of Verbeek et al, (2004). Considering the emphasis 

placed on maintaining or gradually returning to habitual PA by LBP evidence-based 

guidelines and freely available public health advice sheets (ACC, 2009), it is curious that an 

increase or improvement in PA was not a treatment expectation. 

Alternatively, a difference in terminology may explain why a change in PA was not a 

treatment expectation. This thesis has used a broad definition of the PA construct: sport, 

leisure, and any occupation or household activities which result in EE were all classified as 

PA. However, participants in the research presented in Chapters Four and Five may have 

considered PA to primarily refer to participation in organised or planned sporting activities, 

despite encouragement to consider all aspects of PA including daily activities. 

Evidently, an objective measure of PA and perceived PA are not the same constructs. 

Accelerometers can not interpret the magnitude of meaning ascribed to role fulfilment via 

activities(ICF), and participation(ICF). Conversely, perceived PA is affected by expectations 

and interpretation of the PA definition. Ideally then, objective measures of PA should be 

used to ascertain free-living PA and change in free-living PA in parallel with measures of 

perceived PA or perceived change in PA, as both measures of PA are relevant and 

important. 

6.2.6 Applicability and limitations of the MM study (Chapters Four and Five) 

The following section discusses points which are relevant when considering the merits and 

applicability of results found from the research presented in Chapters Four and Five. 

Although results from the MM study were placed in separate chapters, the study was a MM 

quantitative and qualitative design. Therefore, aspects such as method of recruitment are 

relevant to the findings presented in both chapters. Findings and limitations more relevant to 

the primary focus of each section were discussed previously. 
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Participants in the MM study (see Chapters Four and Five) were recruited from 

physiotherapy clinics. However, neither all physiotherapy clinics in the area nor all people 

who attended physiotherapy for LBP agreed to participate in the study. Therefore, results 

cannot be generalised to the wider population of LBP patients undergoing physiotherapy 

treatment. In addition, only participants specifically seeking physiotherapy were recruited. 

This inclusion criterion was prompted by the desire to explore perceptions of physiotherapy 

treatment and the effect of that treatment on PA. As a result, these participants will not 

necessarily represent the wider population of people with LBP. For example, those who 

consult their HP may have different perceptions on the role of personal control to those who 

do not (Foster, et al., 2008). Certainly, results from the research presented in Chapter Five 

indicate that perceived loss of control was a reason for attending physiotherapy. 

More participants with ALBP (60%) compared to participants with CLBP were recruited 

into the quantitative aspect of the MM study (Chapter Four); however, only five of the 13 

participants interviewed in the qualitative aspect (Chapter Five) were from the ALBP group. 

The intention had been to have equal representation (50% split) of participants with acute 

and chronic LBP into both aspects of the MM study. The recruitment of only 42 participants 

with CLBP in the quantitative aspect of the study (Chapter Four) may have led to a Type II 

error, and underestimation of the differences in change in PA over time between the two 

groups. However, in the qualitative aspect of the study (see Chapter Five) there was an over 

representation of participants with CLBP, as only five of the 13 participants had ALBP. To 

mitigate this, every interviewee’s story was considered individually, and differences 

between ALBP and CLBP participants’ responses were specifically looked for. 

Nevertheless, it is possible that results reported and discussed in Chapters Four and Five, 

and in this chapter, may be affected by the uneven proportion of acute and chronic LBP 

participants in both aspects of the MM study. Furthermore, the imbalance in participant 

numbers may have contributed to the conflicting results presented in Chapters Four and 

Five. Results presented in Chapter Five indicated that it is not so much duration of LBP but 

perceived level of control which is important for being physically active. However, results 

presented in Chapter Four showed that LBP duration was the only variable to significantly 

predict change in PA at week six (see p. 119). 
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6.3 Self–reflection 

I have written this section of the thesis in the first person as it contains my personal 

perspective and rationale for undertaking this thesis. I am a physiotherapist and during 

clinical practice I became concerned about the generic and vague prescription of PA and 

specific exercises. Physiotherapy seemed to advocate a return to activities(ICF) and 

participation(ICF) irrespective of pain. However, I personally never found that strategy to be 

very effective for the people I saw with LBP: I believe that pain is a very real but individual 

experience, and that physiotherapists’ expectations of their patients are perhaps naïve and 

unrealistic. 

At the beginning of this PhD journey I would have described myself as a “post positivist” 

(Creswell & Plano Clark, 2007, p. 24). That is, my knowledge was based on well founded 

theories which could be changed if challenged and shown to be false. I embarked upon this 

project hoping to determine if physiotherapy changed PA. Very quickly it became apparent 

that while objective measures of free-living PA existed, the psychometric properties of many 

of these devices in free-living was unknown. Consequently, research to validate the specific 

accelerometer chosen would be required initially. In addition, the more I read during the 

development of my PhD proposal, the more aware I became that measuring PA would not 

address questions I had around the individual’s experience of being physically active with 

LBP, or the individual’s experience of physiotherapy. Both a deductive and an inductive 

method were required to answer my questions around LBP and PA. Therefore, a pragmatic 

paradigm via a MM study design was adopted (Teddlie & Tashakkoir, 2009, p.22). 

The MM study (QUAN → qual) involved a quantitative component followed by a 

qualitative component (see Chapters Four and Five respectively). Considering my rationale 

for beginning this body of work, the use of psychological phenomenology, which 

encourages the up-front setting aside of declared perspectives in the form of bracketing 

(Creswell, 2007, p. 59), may have been difficult. Instead, the methodology of IPA was 

chosen for the qualitative aspect of the MM study as it acknowledges that my previous 

experiences and opinions will affect the way data are interpreted (Smith, 2004). In summary, 

the use of MM requires me to acknowledge singular and multiple realities, and state that this 

thesis contains biased and unbiased perspectives (Creswell & Plano Clark, 2007, p.24). 
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6.4 Implications for clinical practice 

The implications of this research for clinical practice presented in this section and the 

recommendations for future research (see 6.5, p. 205) are based on the findings from results 

presented in this thesis, with particular emphasis given to the measurement properties of 

accelerometers, the measurement of PA in people with LBP, perceptions of PA in people 

with LBP, and the discovery of gaps in current knowledge and practice. However, some of 

these implications and recommendations have also arisen from the limitations of the 

research contained in this thesis. 

6.4.1 Ideal HP attendance and discharge timeframes for people with LBP 

Results presented in Chapter Five (see p. 152) indicate that people wait until they have lost 

control before attending a HP, and this may be one reason for the relatively high duration of 

LBP at study entry for the ALBP group. As 90% of LBP episodes are thought to resolve 

within six weeks, and less than 10% of people will develop CLBP (van den Hoogen, et al., 

1998; van Tulder, et al., 2006; Von Korff, et al., 1993), it is clear that not all people with 

LBP will require medical attention. However, patients’ perceptions of their LBP influence 

their attendance and use of health care (Frostholm, Fink, Christensen, et al., 2005). In other 

words, irrespective of when people present to their HPs for LBP, people who consult for 

LBP are likely to be the patients who would always ultimately present. An implication from 

the current research would be that those patients may then actually benefit from earlier 

treatment, rather than waiting for several months before seeking advice. Leaving pain 

problems to develop into chronic conditions has been called “ethically and economically 

unjustifiable” (Vlaeyen, et al., 1995). Earlier treatment might dispel any misconception or 

beliefs (Miller & Lewis, 2001; Swinkels-Meewisse, Roelofs, Verbeek, Oostendorp, & 

Vlaeyen, 2003) and prevent participants with LBP from ‘Losing control’. A tool to facilitate 

prompt assessment and treatment in New Zealand might be the use of a District Health 

Board-run telephone triage system or a physiotherapy-led specialist LBP service which 

considers both the presence of serious pathology and psychosocial risk factors, and triages 

by classification for either immediate assessment or the provision of advice, as appropriate. 

At present, such a scheme is being successfully run in Glasgow, Scotland (Ferguson, 2009, 

p.201). However, if such a scheme was to be developed and implemented in New Zealand, 

some consensus on a valid, reliable, and multi-dimensional triage and classification system 

would be useful (Ford, et al., 2007). Fortunately, researchers at Keele University in the 

United Kingdom are in the process of developing and validating a multi-dimensional 
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classification system which would streamline people with LBP, fast track those at high risk 

(Hay, et al., 2008; Hill, et al., 2008), and be of enormous benefit to the clinician. 

While it is important that reliance on physiotherapy is not encouraged by the misconception 

that improvement is solely dependent on the presence of a physiotherapist (Cook & 

Hassenkamp, 2000; Sluijs, et al., 1993), it is perhaps unrealistic to expect the rehabilitation 

of simple LBP to take six weeks to 12 weeks (Burton, et al., 2004; Croft, et al., 1998; Hides, 

et al., 2001; Kent & Keating, 2005; McGill, 2007, p. 10; van den Hoogen, et al., 1998). 

Physiotherapists must recognise that there is a fine balance between providing 

encouragement and teaching self-responsibility, and that time needs to be devoted to help 

patients acquire the skills of self-management prior to discharge (Der Ananian, et al., 2006; 

Sluijs, et al., 1993). People with LBP need regular follow up and support, otherwise 

confidence can be undermined (Cook & Hassenkamp, 2000; Keen, et al., 1999; Sluijs, et al., 

1993). Therefore, tapering rehabilitation to help maintain motivation, and to provide an 

opportunity for participants to clarify progression of their PA back to habitual levels where 

required, might be prudent. 

6.4.2 Retraining PA 

PA patterns are different in people with ALBP compared to people with CLBP (see Chapter 

Four, p. 112): more minutes of MVPA/day occur in people with ALBP. From a clinical 

perspective, this suggests that PA rehabilitation in people with CLBP should focus on 

increasing the minutes of MVPA activities. In addition, neither the ALBP nor the CLBP 

group would have met the recommended number of MVPA-bouts/day (see Chapter Four, 

112). This suggests that people with LBP do not, or cannot, sustain long durations of PA, 

thereby indicating poor endurance. There may also be a threshold of tolerance, akin to a 

“boom and bust” cycle, for the number of sustained bouts of MVPA that can be achieved in 

a day. For example, once PA of relatively higher intensity has been performed once or twice 

in a day, no further MVPA can be undertaken. Previous research reported the possible 

finding of such a “boom and bust” cycle with an accelerometer in people with CLBP (van 

Weering, et al., 2009). MVPA was found to be generally undertaken in the morning, and 

thereafter only low or sedentary PA occurred (van Weering, et al., 2009). While the 

quantitative aspect of the MM study (see Chapter Four) found that the number of MVPA-

bouts was slightly higher for the ALBP group compared to the CLBP group, this aspect of 

endurance and tolerance is possibly relevant to both LBP groups. PA prescription, including 
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specific exercise programmes, should progress towards the inclusion of MVPA, then 

sustaining MVPA, and finally the tolerance to repeat sustained MVPA-bouts. 

Current research suggests that increasing activities which are painful or feared to be painful 

should always avoid creating a flare (Moseley, 2003b). Results presented in Chapter Five 

indicate that, on discharge from physiotherapy, some interviewees with LBP were engaged 

in a “boom and bust” cycle resulting in reinforcement of negative PA beliefs. Careful and 

structured pacing which incrementally increases the threshold of tolerance (Moseley, 2003a, 

2003b) or graduated exposure in vivo (Vlaeyen, et al., 2002) might prove to be useful 

techniques for increasing PA, endurance of MVPA, and the threshold of sustained MVPA-

bouts. In addition, time should be spent fostering a patient-centred model of health care, so 

that by discharge the individual with LBP should feel confident in their ability to modify 

their PA according to their progress and perceived control (Der Ananian, et al., 2006; 

Dishman, et al., 2005). 

6.4.3 Adherence to PA 

At least 25% of people with chronic pain fail to maintain exercise programmes; such 

frequency of relapse may be one reason why LBP becomes recurrent (Turk & Rudy, 1991). 

Reasons such as lack of time, difficulty fitting into the daily routine, or lack of feedback are 

typically cited (Cook & Hassenkamp, 2000; Dean, et al., 2005; Marcus, et al., 2000; Sluijs, 

et al., 1993). Certainly, as time becomes pressed, choices are made on where and how to 

spend leisure time (Stamatakis, Ekelund, & Wareham, 2007). However, there are many 

factors, such as biological factors, sociocultural variables, environmental factors, and 

personality traits, including health beliefs, which can influence the uptake and maintenance 

of PA (Dishman, et al., 2005; Seefeldt, et al., 2002), and HPs should be aware that relapses 

are the rule rather than the exception (Marcus, et al., 2000). Consequently, physiotherapists 

prescribing PA need to be cognizant of these factors, and use evidence to mediate the 

initiation of PA, as well as the short and long term adherence to prescribed PA. 

PA programmes, including specific exercises, should be devised in conjunction with the 

patient after a detailed understanding of previous PA history is established (Klaber Moffett, 

2002; Middleton, 2004). PA programmes for LBP require commitment and can interrupt 

usual life (Slade, Molloy, & Keating, 2009b). Therefore, previous incentives and 

disincentives for exercising should be acknowledged prior to setting of goals (Klaber 

Moffett, 2002; Middleton, 2004). When the maintenance of a specific exercise programme 

or participation in regular leisure or sporting activity is normalised into life adherence is 
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likely to become easier for patients (Dean, et al., 2005). Consequently, the inclusion of 

support systems (peers, family, and HPs) as the individual sets specific, realistic, and 

personally relevant goals may improve motivation and facilitate the problem solving of 

potential barriers to PA (Bandura, 1982; Klaber Moffett, 2002; Middleton, 2004; Seefeldt, et 

al., 2002; Slade, et al., 2009b). 

Group classes can provide peer support and are more cost effective than individual 

programmes (Cook & Hassenkamp, 2000; Moseley, 2003a; Versloot & Rozeman, 1992). 

However, individualised sessions typically have better outcomes and are preferred by some 

people (Descarreaux, Normand, Laurencelle, & Dugas, 2002; Keijsers, Steenbakkers, 

Meertens, Bouter, & Kok, 1990; Moseley, 2003a; Seefeldt, et al., 2002; Von Korff & 

Moore, 2001). Individualisation, trust, time, and positive reinforcement from patient 

generated achievements, such as the completion of goals, are important as the provision of 

knowledge alone will not guarantee adherence (Bandura, 1977, 2004; Horne, Weinman, 

Barber, Elliott, & Morgan, 2006; Kent, 1996). Adherence is dependent on perceived 

benefits; therefore, when PA programmes match the specific needs of the individual, a 

desire to achieve is demonstrated (Bandura, 1982; Cook & Hassenkamp, 2000; Slade, et al., 

2009b). The initiation and maintenance of PA frequently requires a shift in attitude 

(Bandura, 1982, 2004), and self-efficacy, which is important for adherence (Middleton, 

2004), is mediated by control (Dishman, et al., 2005). While physiotherapy can be 

empowering (Slade, et al., 2009b), previous research has shown that physiotherapists and 

other HPs may neglect to explore for any possible conflict between the intervention and the 

patient’s beliefs (Cook & Hassenkamp, 2000; Von Korff & Moore, 2001). Results from 

Chapter Five (see p. 175) indicated a lack of coherence between treatment and the 

interviewees’ beliefs. Increasing PA was perceived to be a threat to control, and this 

perception could perhaps have been ameliorated by more consideration and time being given 

to temper or change patients’ beliefs. 

6.4.4 Changing attitudes, behaviours, and beliefs 

Following discharge from physiotherapy, unhelpful attitudes, beliefs, and behaviours were 

still present (see Chapter Five, p. 162). While this thesis did not explore why this was so, 

previous researchers have investigated this area, and it is possible that their findings are 

relevant for practice in New Zealand. 

HPs, including physiotherapists, still predominantly use a biomedical assessment and 

treatment approach to LBP (Smart & Doody, 2007). While research shows that transition 
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from the biomedical model to a more biopsychosocial model is happening, the transition is 

likely to take time (Buchbinder & Jolley, 2007). Consequently, some HPs are not aware of 

psychosocial risk factors (Bishop & Foster, 2005; Noll, Key, & Jensen, 2001), or if they are 

aware, they lack the skills or confidence to address them (Klaber Moffett, 2002). 

Furthermore, the identification of psychological risk factors has been complicated by 

unclear advice as to when assessment of said factors should be conducted. For example, a 

failure to progress as expected by six weeks, which is the commonly cited physiological 

benchmark of tissue healing, was proposed as the time to adopt a more psychosocial 

approach (Waddell, 2004, p. 33). The Acute Low Back Pain screening questionnaire 

suggests that risk factors should be noted in the first assessment, but that the screening 

questionnaire should only be employed if the patient is failing to make expected progress 

after several weeks (ACC, 2003). Some authors recommend the use of simple unobtrusive 

questioning throughout the assessment and subsequent sessions (Ferguson, 2009, p. 59), 

while others recommend regular and early use of outcome measures to enable clinicians to 

be more specific about which particular attitudes, beliefs, and behaviours require addressing 

(Copeland, Taylor, & Dean, 2008; Crawford, Ryan, & Shipton, 2007; Foster, et al., 2008). 

6.4.5 Clinical use for objective methods of measuring free-living PA 

Participants liked the concept of having an objective measure of PA (see Chapter Five, p. 

168). They perceived that accelerometers would help them to maintain motivation by 

providing feedback on how much PA they were doing, on how much they had improved, 

and on pacing their return to PA. Research has found that people like the feedback provided 

by accelerometers and pedometers (Ainslie, et al., 2003; Croteau, Richeson, Farmer, & 

Jones, 2007; Tudor-Locke & Myers, 2001a). Consequently, there would appear to be a need 

for the provision of user friendly devices in clinical practice in the future. 

Participants also liked the concept of an objective measure of PA, as they wanted to prove to 

their physiotherapists that there was something wrong, that their LBP was not in their minds, 

and that they were adhering to the prescribed exercises or PA programme (see Chapter Five, 

p. 168). It was disappointing to find this result as it indicates that there was mistrust, or some 

level of tension, between some of the interviewees and their physiotherapist. This finding 

further implies that a biomedical model of health care still exists. 
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6.4.6 Summary 

In summary, three immediate recommendations are made. Firstly, to encourage HPs to 

engage in a patient-centred model of health care as opposed to a paternalistic relationship 

(Klaber Moffett, 2002), and change the priorities of their sessions if the short and long term 

effects of patients’ social and cultural beliefs are to be mitigated (Osborn & Smith, 2008; 

Walker, et al., 1999). Secondly, the presence of psychological risk factors requires the 

identification of those risk factors which are specifically relevant to the individual (Foster, et 

al., 2008). Time should then be taken to listen, individualise sessions, and to continually 

monitor and address perceptions (Foster, et al., 2008; Keen, et al., 1999). Perceptions can be 

ingrained; therefore one off advice, or advice which is not individualised, is unlikely to 

change unhelpful perceptions (Foster, et al., 2008; Horne, et al., 2006). Finally, HPs need to 

avoid the unintentional reinforcement of unhelpful attitudes, beliefs, and behaviours (Klaber 

Moffett & Richardson, 1997). Further training for HPs in communication and interaction 

skills as well as in pain biology, may help to reduce the occurrence of an unintended 

exacerbation of anxiety and emotional distress, and prevent negative patient-HP experiences 

from occurring in the first instance (Frostholm, Fink, Oernboel, et al., 2005; Gyllensten, et 

al., 1999; Klaber Moffett & Richardson, 1997; Moseley, 2003b; Slade, et al., 2009b). 

6.5 Recommendations for further research 

The findings of this thesis suggest a number of recommendations for future research, such 

as: further technological development and assessment of accelerometers; more research to 

establish which parameters of PA are different in people with LBP compared to healthy 

individuals; which variables may predict a change in PA over time; the exploration of how 

physiotherapists in New Zealand identify and manage psychosocial risk factors; and that 

MM research should be considered when measuring PA in people with LBP so that 

perceptions of PA are explored alongside objective measures of PA. 

There are various commercially available accelerometers. As discussed in Chapter Two (p. 

23), no accelerometer can accurately measure habitual PA from one body site alone, and no 

accelerometer is considered superior to any other as there is usually a compromise between 

validity, cost, and feasibility (De Vries, et al., 2009; Westerterp, 1999b). For example, 

multimodal accelerometers may provide a more complete picture of PA, but are typically 

bulky and expensive. In addition, the requirement of typically complex computer programs 

to determine meaningful PA variables for most accelerometers means that their use is 

predominantly limited to research environments. Conversely, pedometers can typically only 
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measure one PA variable (Plasqui & Westerterp, 2007); however, they are patient friendly 

and cheap, and can be more easily used in clinical environments, either as an outcome 

measure or as a motivational tool (Ainslie, et al., 2003; Tudor-Locke & Myers, 2001a). In 

conjunction with previously published reports on the limitations of other commercially 

available accelerometers and pedometers, results from this thesis suggest that ongoing 

research into the design, utility, and psychometric properties of accelerometers is required. 

The development of a smaller, waterproof, and continually attached accelerometer which 

could be readily used in clinical practice, as well as in the research environment, would be 

helpful for the development and progression of PA-related research. No commercially 

available accelerometer for use in humans meets all these requirements yet. 

The review presented in Chapter Two of this thesis (see p. 32) outlined studies which have 

explored free-living PA in people with either ALBP or CLBP. No study has compared 

objectively measured free-living PA in people with ALBP to age-, sex-, and occupation-

matched volunteers. Therefore, it is unknown if PA is altered in those with ALBP and this 

should be investigated further. 

In people with CLBP, controversy exists surrounding the issue of PA. Several authors report 

no significant difference between the free-living PA of people with CLBP compared to 

healthy volunteers (Spenkelink, et al., 2002; van den Berg-Emons, et al., 2007; van 

Weering, et al., 2009; Verbunt, et al., 2001); conversely, Ryan et al. (2009) found a 

significant difference. Further research comparing the free-living PA between people with 

CLBP and healthy volunteers is recommended. 

Results presented in Chapter Four (see p. 112) indicate that more minutes are spent in 

MVPA/day in those with ALBP compared to those with CLBP. However, neither the ALBP 

nor the CLBP group had more that two MVPA-bouts/day. Studies exploring PA in people 

with CLBP have reported that duration of time spent in sedentary PA is higher compared to 

healthy volunteers (Chastin & Granat, 2009; Ryan, et al., 2009), and that the time of the day 

when MVPA occurs is statistically significantly different from healthy volunteers (van 

Weering, et al., 2009). Results presented in Chapter Four indicate an inability to repeatedly 

perform sustained bouts of high intensity PA. The “trial and error” approach discussed in 

Chapter Five (see p. 174) may corroborate the theory of a threshold of tolerance which, once 

reached, results in a flare and the inability to perform MVPA for a period of time, thus 

resulting in extended bouts of sustained low intensity PA. Therefore, irrespective of LBP 

classification, PA parameters, such as, minutes of MVPA/day, MVPA-bouts/day, or minutes 
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of low intensity PA may be as important as, or even more important than MVMU/min as an 

outcome measure when exploring the effect of interventions on the PA of people with LBP. 

LBP classification, that is duration of LBP symptoms, was the only explored variable which 

explained a small but statistically significant change in PA (MVMU/min) over time (see 

Chapter Four, p. 112). The point at which the amount of PA (MVMU/min) changes between 

the two LBP groups is unknown. Results presented in Chapter Five indicate that the ability 

to stay physically active is related to control, and that position on the control continuum is 

unrelated to LBP classification (see p. 169). The reason for the lower levels of PA 

(MVMU/min) and different pattern of PA change in the CLBP group over time may be due 

to the presence of other variables not examined or yet unknown. However, this is the first 

study to present results of this kind, and until further research replicates these results, it will 

remain unclear if these findings were due to chance. The development of a longitudinal 

observation, non-experimental case-control study, with ALBP and CLBP participants being 

age-, sex-, and occupation-matched to healthy volunteers would be ideal. 

Results from research presented in Chapter Five indicate that there was a lack of coherence 

between treatment and patient beliefs. However, this research only explored this issue from 

the patients’ perspective. Therefore, further research into the assessment and management of 

psychosocial risk factors by physiotherapists in New Zealand is warranted. In addition, 

clarification of methods for increasing PA and understanding of factors which affect 

adherence require exploration. Completion of this research might help to explain why the 

experiences described in the research presented in Chapter Five occurred, and whether 

further emphasis is required in specific areas of physiotherapy education. 

The research reported in Chapters Four and Five did not primarily intend to look at 

differences perspectives of the meaning of the phrase PA. However, it was clear that 

perceived PA was a different construct to measured PA. The in-depth thematic analysis used 

in IPA encourages exploring the meaning behind words (Smith, et al., 2009, p. 88). As 

discussed in Chapter Five, the term control was being used differently in people with LBP to 

how it was being used in research: that is, the contextual meaning was different. To avoid 

confusion, the development of a patient-centred definition of control for use in LBP research 

is required. 

Questionnaires and objective measures are useful for quantifying constructs or change in a 

construct. But these measures are unable to provide the meaning of each construct to an 
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individual, or the value to an individual of the change in ability within a construct. This can 

only be discovered from an inductive and exploratory approach. The pragmatic MM 

research presented in Chapters Four and Five involved the exploration and assessment of 

concepts by narrative and numerical means, and the discussion in this chapter has attempted 

to integrate the combined meaning of these data. This method has highlighted further areas 

for research and numerous implications for practice which may not have been found from 

either study alone. Therefore, use of MM research should be a serious consideration for 

clinically-related physiotherapy research in the future (Rauscher & Greenfield, 2009). 

6.6 Thesis summary and conclusion 

At present, evidence-based guidelines recommend PA in one form or another for the 

rehabilitation and management of people with LBP. However, there is little evidence which 

demonstrates that the prescription of PA in LBP actually changes objectively measured PA. 

Therefore, discussion around the measurement of PA especially with respect to people with 

LBP is relevant and timely. 

The RT3 accelerometer demonstrates good reliability when measuring free-living PA in 

healthy volunteers. This notwithstanding, because daily PA fluctuates, a minimum of four 

valid days of measurement per week is required to reliably estimate daily PA. Conversely, 

the RT3 does not demonstrate a high responsiveness to change in PA in people receiving 

physiotherapy for LBP. In addition, the RT3 has several utility issues. 

People with ALBP have a different pattern of PA compared to those with CLBP. In 

particular, minutes of MVPA/day were lower in people with CLBP. However, number of 

MVPA-bouts/day was similar between the two LBP groups. Participants were satisfied with 

their physiotherapy care and this was corroborated by the theme ‘Steps of independence’. 

‘Losing control’ resulted in a loss of identity and being consumed by the pain and this was 

unrelated to LBP classification. PA could not be contemplated until some level of control 

was regained. Participants with LBP perceived that PA was important in the management of 

their LBP. However, the use of ‘trial and error’ strategies when increasing PA resulted in a 

flare of LBP and the reinforcement of negative PA beliefs and behaviours. 

Further research into the design and psychometric properties of accelerometers is warranted. 

Psychometric evaluation in specific populations is essential, and is particularly relevant for 

populations where PA is being recommended and prescribed as an intervention: for 

example, LBP. Once the psychometric properties of accelerometers have been established, it 
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is recommended that they are routinely used in LBP trials exploring PA. This would include 

research exploring the effects of: advice; any form of PA prescription; and psychological 

strategies and pain modulation techniques to increase PA. People with LBP want to return to 

habitual PA but are unsure how to do so. Physiotherapists may need to consider treatment 

coherence, and provide more time and support for changing unhelpful perceptions and PA 

behaviours. In conclusion, perceptions of PA are not the same as objective measures of PA, 

but both constructs are important. 
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Appendix A Ethics approval and Maori consultation 

This section of the appendices contains ethics approval and Maori consultation documents. 

Ethics consultation was undertaken twice: 

1. For the RT3 and healthy volunteers study presented in Chapter Three 

2. For the mixed methods, LBP and PA study presented in Chapter Four and Five. 

Copies of: 

• The ethics approval for the research presented in Chapters Three and Four and Five 

• Maori approval documents (Chapters Four and Five)  

• The transcribers confidentiality agreement form (Chapter Five) 

are enclosed.
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School of Physiotherapy Ethics approval: Chapter Three  

To:  
Cc:   
From:   
Date: 28/03/2006 

 

 

Re Application Number 06/02 –The 8-week test-retest and utility of the RT3 

accelerometer under free-living conditions. 

The Physiotherapy School Ethics Committee has reviewed the final amendments made to 

the Information Sheet and is satisfied with the explanation regarding strength and flexibility 

in the 7-Day Questionnaire. 

As a result of these considerations the current status of your proposal is: Approved. 
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Central Regional Ethics Committee approval: Chapters Four and Five 
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Maori consultation: Chapters Four and Five 
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Maori consultation: Chapters Four and Five 
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Transcription agreement: Chapter Five 

Name of Project: Low back pain and physical activity 

Name of Researcher/Interviewer: Meredith Perry 

Name of Transcriber:  

Agency:  

 

Confidentiality of tapes/recordings and information thereon 

I agree that I will maintain full confidentiality of material on tapes to be transcribed – under 

the Privacy Act 1993. 

I will ensure secure location for the tapes at all times. 

I will return the tapes to the researcher in original condition. 

 

Signature of Transcriber:___________________________________________ 

 

Signature of Researcher:___________________________________________ 

Date:
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Appendix B Participant information sheets and consent forms 

This section contains: 

• Participant Information Sheets and Participant Consent Forms for research presented in 

Chapters Three, Four, and Five. 

• Promotional pamphlet containing participant information for the study contained in 

Chapters Four and Five. 
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Information form: Chapter Three 

The reliability and utility of the RT3 accelerometer for measuring free-living PA 

 
Thank you for showing an interest in this project. Please read this information sheet 

carefully before deciding whether or not to participate. If you decide to participate we thank 

you. If you decide not to take part there will be no disadvantage to you of any kind and we 

thank you for considering our request. This project has been reviewed and approved by the 

School of Physiotherapy Ethics Committee. 

 
What is the aim of the Project? 
This research is being carried out to ascertain the practical and technical issues of using an 

RT3 accelerometer to measure day to day physical activity in healthy human volunteers. The 

results of this study will be used in the design of a larger study which will investigate 

activity levels in patients with low back pain. 

 
What types of participants are being sought? 
A sample of 20 volunteers is being sought, aged 18 and over with no pre-existing medical 

conditions which limit their “normal” physical activity levels and walking ability. 

Exclusion criteria: (1) Ability to remember to wear the RT3 daily, and to record their daily 

activities. (2) Participants with any history of current or past medical problems which 

prevents them from undertaking their usual day-to-day activities. (3) Inability to walk 

independently within the home and outside. 

 
What will participants be asked to do? 
Should you agree to take part in this project, you will attend a session with the researcher 

who will explain the procedure and instruct you on how to wear the RT3 accelerometer and 

also on filling in the daily activity log. The following measurements will then be taken or 

recorded: weight, height, age, occupation, and sex. The RT3 will be attached to the waist 

belt in the centre of the lower back and switched on to start measuring and recording activity 

data. You will be required to wear the RT3 accelerometer for a period of 1 week. The RT3 

Tri-axial Research Tracker is designed as a complete activity recording and measurement 

system for clinical and research applications. The RT3 is the size of a pager and is worn on 

the waist. It is completely safe to use with all other electrical equipment that you may wear 

or operate e.g. hearing aids, pacemakers. 

 

You will be required to wear the RT3 during waking hours (except when performing 

activities which might cause it to become wet, such as bathing or swimming) for 7 
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consecutive days, during which time you should maintain your typical weekly schedule. The 

RT3 will be taken off when in bed. You will also be asked to keep a daily activity diary 

whilst wearing the RT3 which will require you to complete a log recording your primary 

activity at hourly intervals. The researcher will phone twice in the 7 day period to ensure 

that you are remembering to wear the RT3 and to record activities in the daily log. You may 

phone the researcher at any time with any queries. 

 

The researcher will revisit you after 7 days, remove the RT3, collect the activity diary and 

request that you complete a 7-day recall questionnaire and a utility questionnaire. The 7-day 

recall questionnaire asks you to recall the activities that you have performed over the past 7 

days, and the utility questionnaire asks about problems you may have encountered with the 

RT3 accelerometer. You will be required to repeat this same procedure 4 and 8 weeks later. 

 

The research processes described above should cause no harm or discomfort. Please be 

aware that you may decide not to take part in the project without any disadvantage to 

yourself of any kind. 

 
Can participants change their mind and withdraw from the project? 
You may withdraw from participation in the project at any time and without any 

disadvantage to yourself of any kind. 

 
What data or information will be collected and what use will be made of it? 
The following measurements will be taken or recorded: weight, height, age, occupation and 

sex. Information collected from the RT3 accelerometers will be compared with information 

collected from the activity diaries and 7 day activity questionnaire.  

 
The results of the project may be published and will be available in the library but every 

attempt will be made to preserve your anonymity. You are most welcome to request a copy 

of the results of the project should you wish. 

 
What if participants have any questions? 
If you have any questions about the project, either now or in the future, please contact: 

 
Meredith Perry 

Department of Physiotherapy 

Telephone Number: 

Email: 

 
This project has been reviewed and approved by the 
School of Physiotherapy Ethics Committee



Appendix B  Participant information sheets and consent forms  

257 

Consent form: Chapter Three 

The reliability and utility of the RT3 accelerometer for measuring free-living PA 

I have read the information sheet concerning this project and understand what it is about. All 

my questions have been answered to my satisfaction. I understand that I am free to request 

further information at any stage. 

I know that:- 

 
My participation in the project is entirely voluntary; 

• I am free to withdraw from the project at any time without any disadvantage; 

• The data will be destroyed at the conclusion of the project but any raw data on 

 which the results of the project depend will be retained in secure storage for five 

 years, after which it will be destroyed; 

• The results of the project may be published and available in the library but every 

 attempt will be made to preserve my anonymity; 

• and I understand that reasonable precautions have been taken to protect data 

 transmitted by email but that the security of the information cannot be guaranteed. 

 

I agree to take part in this project 

 
………………………………………………… 
(Name) 
............................................................................. ............................... 
(Signature of participant)     (Date) 
 

 
This project has been reviewed and approved by the 

School of Physiotherapy Ethics Committee
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Information form: Chapters Four and Five 

Measurement and perceptions: physical activity in people with low back pain. 
Thank you for showing an interest in this project. Please read this information sheet carefully before deciding 
whether or not to participate. If you decide not to take part either at this point in time or during the project, 
there will be no disadvantage to you of any kind. 
 

What is the aim of the project? 
This research is being carried out to investigate whether the RT3 accelerometer is able to detect change in 
activity over a period of time and to explore your experience of how your low back pain (LBP) has affected 
your activity. 
 
The RT3 is the size of a pager and measures acceleration forces in three directions as you move throughout the 
day. It is completely safe to use with all other electrical equipment that you may wear or operate e.g. hearing 
aids, pacemakers, and it will not make your back pain any worse. This study will neither interfere with nor 
make any judgments about the treatment you are receiving. The physiotherapy clinic you are attending will not 
be linked to you in any way. 
 

What types of participants are being sought? 
You need to be: 
 
1. Currently receiving physiotherapy for LBP: 
2. Able to remember to wear the RT3 monitor and fill out the activity log daily;  
2. Between the ages of 18 and 80;  
3. Able to read and write English sufficient to provide informed consent and agree to participate in this study; 
4. Able to walk independently within the home and immediate surroundings and have no previous or current 
medical conditions (other than LBP) which are limiting your normal activity. 
 
If you have had spinal surgery in the last 12 months, a specific spinal pathology, or you are pregnant then you 
will not be eligible to participate in the study. 
 

What will participants be asked to do? 
Should you agree to take part in this project, you will attend a measurement session, at a place convenient to 
you. You’re age, ethnicity, sex, and occupation will be recorded and your weight and height measured. Age, 
weight, sex and height are necessary to programme the RT3 to correctly measure your physical activity. The 
RT3 monitor will be placed over your right hip and set to start recording. You will also be given an activity 
diary and instructed to fill in the main activities(s) for each hour over the seven days. Six questionnaires 
relating to your back pain symptoms, specific activities you may have difficulty completing at present due to 
your pain, and your usual activity level will be completed. It will take approximately 40 minutes to answer 
these questionnaires and fit an RT3 to you. 
 
You will be required to wear the RT3 for 7 days for a minimum of 10 hours each day. You do not wear the 
monitor to bed or during activities where it might get wet, such as bathing. You will be contacted daily to 
remind you to wear the monitor and to fill in the activity diary and to also answer any questions you have. You 
may contact the researcher at any time with any concerns. However, if these questions are related to changes in 
your back condition you will be encouraged to seek the opinion of your physiotherapist or health professional. 
At the end of the 7 days the researcher will arrange to collect the RT3 at a time and location suitable for you. 
You will be required to fill in a questionnaire that asks you to recall your activity over the last week and a 
questionnaire regarding how comfortable the RT3 is to wear or any specific problems you encountered when 
wearing it. This session will take approximately 10 minutes. 
 
You will be required to wear the RT3 for 7 days again; 6 and 12 weeks after the initial week of data collection. 
You will be required to fill in the same questionnaires as per the first week. In addition, you will be asked to 
judge any change in your ability to be active and the standard of physiotherapy care you have received. 
Distributing the RT3, collecting the RT3 at the end of the week, and filling in the forms will take no more than 
an hour and can be at a location and time convenient for you. The total time commitment over the 12 weeks 
will be approximately three hours. 
 
In addition, some people will be invited to participate in individual interviews. If you do not wish to be 
involved with the interview you can decline to participate without giving a reason. These interviews will occur 
after physiotherapy has been completed and will explore your personal experiences of how LBP affects your 
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ability to be physically active, if you feel your activity is now back to normal and how treatment was useful. 
These interviews will be tape recorded and will last about one hour. The recording will be transcribed onto a 
computer. You will be offered the opportunity to look at the transcribed sheets from your interview. We will 
send you a copy of your interview for you to make comments if you should wish to. These additional 
comments can be sent back in a prepaid envelope. 
 
To reimburse you for any travel or parking costs you will be provided with a MTA voucher worth $20 at the 
conclusion of your participation in the study. 
 

Can participants change their mind and withdraw from the project? 
You may withdraw from participating in the project at any time and without any disadvantage to yourself of 
any kind. Withdrawing from the project will not impact on the treatment you are receiving form your 
physiotherapist. 
 
You are free to participate in the activity monitoring aspect of the study and decline to be interviewed. Please 
note that this project involves an open-questioning technique where the precise nature of the questions which 
will be asked have not been determined in advance, but will depend on the way in which the interview 
develops. Consequently, although Central Region Ethics Committee is aware of the general areas to be 
explored in the interview, the Committee has not been able to review the precise questions to be used. In the 
event that the line of questioning does develop in such a way that you feel hesitant or uncomfortable you are 
reminded of your right to decline to answer any particular question(s) and also that you may withdraw from the 
project at any stage without any disadvantage to yourself of any kind. 
 

What data or information will be collected and what use will be made of it? 
Weight, height, age, occupation, sex, and ethnicity will be collected. Information collected from the RT3 will 
be compared with information collected from the activity diary and the questionnaires to determine if the RT3 
is able to measure change in activity over time. Interview data will be explored for common themes of how 
low back pain affects physical activity between individuals. Your personal details will be kept confidential and 
all results will be anonymous. 
 
The results of the project may be published and will be available in the library but your participation will 
remain anonymous. You are most welcome to request a copy of the results. 
 
All data collected will be securely stored in such a way that only the researcher, her supervisors and any 
research assistants will be able to gain access to it. At the end of the project any personal information will be 
destroyed immediately except that, as required by the University's research policy, any raw data on which the 
results of the project depend will be retained in secure storage for ten years, after which it will be destroyed. 
Reasonable precautions will be taken to protect and destroy data gathered by email. However, the security of 
electronically transmitted information cannot be guaranteed. Caution is advised in the electronic transmission 
of sensitive material. 
 

What if participants have any questions? 
If you have any questions about this project, either now or in the future, please feel free to contact: 
 
Meredith Perry  
Principal Investigator 
School of Physiotherapy telephone Number: 
 
If you have concerns about this study contact the Central Region Ethics Committee 04 496 2405, or about your 

treatment by the researcher, contact the office of the Health and Disability Commissioner 04 494 7900 
 

This project has been reviewed and approved by the 

Central Region Ethics Committee
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Consent form: Chapters Four and Five 

Measurement and perceptions: physical activity in people with low back pain. 
I have read the Information Sheet concerning this project and I understand what this study is 
about. All my questions have been answered to my satisfaction. I understand that I am free 
to request further information at any stage. 
 
I know that: 
 
My participation in the project is entirely voluntary; 

• I am free to withdraw from the project at any time without providing a reason and 

 this will cause no disadvantage to myself either at present or in the future; 

• Wearing the RT3 will not change my low back pain nor affect my physiotherapy 

 treatment; 

• The data will be destroyed at the conclusion of the project but any raw data on 

 which the results of the project depend will be retained in secure storage for ten 

 years, after which it will be destroyed; 

• The results of the project may be published and available in the library but my 

 personal details will be kept confidential and all results will be anonymous; 

• I understand that my participation in this study is confidential and that no material 

 which could identify me will be used in any reports on this study; 

• I understand that reasonable precautions have been taken to protect data transmitted 

 by email but that the security of the information cannot be guaranteed; 

• I consent to my interview being audio-taped if asked to be part of the interview 

 section   YES/NO; 

• and I have had time to consider whether to take part. 

 
I agree to take part in this project. 
 
.............................................................................  ............................... 
(Signature of participant)       (Date) 
 
I would like a copy of the results of this study when it is completed:  YES/NO 

 
 

This project has been reviewed and approved by the 
Central Region Ethics Committee
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Information form: Chapter Five 

How does your low back pain affect your ability to be physically active? 
Thank you for completing the first section of the low back pain and activity study. This information sheet is an 
invitation to participate in a one to one interview with Meredith Perry. Please read this information sheet 
carefully before deciding whether or not to participate. If you decide not to take part there will be no 
disadvantage to you of any kind. 

 
What is the aim of the project? 
This part of the study looks at your perception of how this episode of low back pain has affected your ability to 
be physically activity. Questions such as: what sorts of activities do you participate in usually; what have you 
found difficult to do with your low back pain; how do you feel this has affected your life (work, family or 
social activities); and what was physiotherapy treatment like, will be discussed. 

 
What will participants be asked to do? 
Should you agree to take part in the interview; an appointment will be made at a time and place convenient to 
you. A consent form will be signed to confirm your agreement to participate in this second part of the study. 

 
The interviews will be tape recorded and will last about one hour. The recording will be transcribed onto a 
computer. You will be offered the opportunity to look at the transcribed sheets from your interview. We will 
send you a copy of your interview for you to make comments if you should wish to. These additional 
comments can be sent back in a prepaid envelope. 

 
Can participants change their mind and withdraw from the project? 
You may withdraw from participating in the interview any time. 

 
The interview involves an open-questioning technique where precise questions have not been determined in 
advance, but will develop as the interview proceeds. Consequently, although the Central Region Ethics 
Committee is aware of the general areas to be explored in the interview, the Committee has not been able to 
review the precise questions to be used. In the event that the line of questioning does develop in such a way 
that you feel uncomfortable you are reminded of your right to decline to answer any particular question(s) and 
also that you may withdraw from the project at any stage without any disadvantage to yourself of any kind. 

 
What data or information will be collected and what use will be made of it? 
All data collected will be securely stored in such a way that only Meredith Perry, her supervisors and any 
research assistants will be able to gain access to it. At the end of the project any personal information will be 
destroyed immediately except that, as required by the University's research policy, any raw data on which the 
results of the project depend will be retained in secure storage for ten years, after which it will be destroyed. 
Reasonable precautions will be taken to protect and destroy data gathered by email. 
 
The results of the project may be published and will be available in the library but your participation will 
remain anonymous. You are most welcome to request a copy of the results. 

 
What will happen now? 
Meredith will call you in the next few days to ask you if you are interested in being interviewed. If you are, a 
time for the interview will be organised. If you have any questions before that time, please feel free to contact: 
 
Meredith Perry Principal Investigator, School of Physiotherapy,  
Phone:     or email: 

 
If you have concerns about this study contact the Central Region Ethics Committee (04) 496 2405 or your 
treatment by the researcher, contact the Health and Disability Commissioner (04) 494 7900. 
 

This project has been reviewed and approved by the 

Central Region Ethics Committee
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Consent form: Chapter Five 

How does your low back pain affect your ability to be physically active? 
I have read the Information Sheet concerning the interview and understand what it is about. 
All my questions have been answered to my satisfaction. I understand that I am free to 
request further information at any stage. 
 
I know that:- 
 

• My participation in the interview is entirely voluntary; 

• I am free to withdraw from the interview at any time without any disadvantage to 

 myself; 

• The data will be destroyed at the conclusion of the project but any raw data on 

 which the results of the project depend will be retained in secure storage for ten 

 years, after which it will be destroyed;  

• The results of the project may be published and available in the library but my 

 personal details will be kept confidential and all results will be anonymous; 

• I understand that my participation in this study is confidential and that no material 

 which could identify me will be used in any reports on this study; 

• I understand that reasonable precautions have been taken to protect data transmitted 

 by email but that the security of the information cannot be guaranteed; 

• I consent to my interview being audio-taped; 

• and I have had time to consider whether to take part; 

 
I agree to take part in this project. 

.............................................................................  ............................... 

(Signature of participant)       (Date) 

I would like a copy of the final results from the interviews when they are completed: YES/NO 

 
 

This project has been reviewed and approved by the 
Central Region Ethics Committee
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Information pamphlet: Chapters Four and Five 
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Appendix C Questionnaires 

This appendix contains the questionnaires used in the research presented in Chapter Three 

and Four. Please note that the layout of some questionnaires has been altered to keep the 

style and formatting of this thesis consistent. 

Chapter Three: Page 

1 Personal information sheet  266 

2 Seven Day Physical Activity Recall Questionnaire (7D-PAR)  267 

3 RT3 Utility questionnaire  268 

   

Chapters Three and Four:  

4 Activity diary  269 

   

Chapter Four:  

5 Personal information sheet (LBP) 270 

6 Work status (WS) 271 

7 Numeric Pain Rating Scale (NPRS) 272 

8 Patient Specific Functional Scale (PSFS) 273 

9 Roland Morris Disability Questionnaire (RMDQ) 274 

10 Short Form Health Questionnaire Version 2 (SF-36v2) Acute version 275 

11 Global Rating of Change (GROC) 281 

12 Baecke Physical Activity Questionnaire (BPAQ) 282 

13 Satisfaction with Care (SC) 283 

14 RT3 Utility questionnaire 284 
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Personal information sheet: Chapter Three 

Full name_________________________________ 

Date of Birth ____________ (dd/mm/yy)  Sex:  Male  Female 
(circle one) 

 

Contact details 

Address     

     

     

Email     

Phone Home   Work   

 Mobile   

Preferred means of daily contact? (circle one) Text Email Phone: H/W/M 

Next of Kin  Phone   
 

Occupation 

What is your normal occupation?            

What tasks or duties do you normally spend most of your time on daily at work? 

 

 

Is your occupation … (circle one) Manual Sedentary 

What days of the week do your usually work? M/Tu/W/Th/F/Sa/Su 

How many hours per day do you usually work?  
 

Physical Activity 

Over an average week how active are you? Not Moderate Heavy 

What planned or organised sports do you regularly participate in? Intensity 

 Light Moderate Heavy 

 Light Moderate Heavy 

 Light Moderate Heavy 

 Light Moderate Heavy 

What days of the week do you participate in sports/planned activity? M/Tu/W/Th/F/Sa/Su 

On average, for how many hours per day?  

__________________________________________________________________________ 

Admin Use: 

Height____________________cm  Weight______ _______ ______kg 

RT3 number_________________



Appendix C  Questionnaires  

267 

Seven Day Physical Activity Recall Questionnaire: Chapter Three 

Participant ID:   Date:    Interviewer: 

 
1. Were you employed in the last seven days? 0.   No (skip to Q4)  1.   Yes 
2. How many days of the last seven days did you work? _____ days 
3. How many total hours did you work in the last seven days? _____ hours last week 
4. What days do you consider your weekend days? ______ ______ 
(mark weekend days below with a squiggle) 
5. Compared to your physical activity over the past three months, was last week’s physical 
activity more, less or about the same? 1.  More  2.  Less 3.  About the same 
WORKSHEET     DAYS 

         

 SLEEP 1___ 2 ___ 3 ___ 4 ___ 5 ___ 6 ___ 7 ___ 

Moderate 
 

       

Hard 
 

       

M 
O 
R 
N 
I 
N 

Very hard        

Moderate 
 

       

Hard 
 

       

A 
F 
T 
E 
R 
N 

Very hard        

Moderate 
 

       

Hard 
 

       

E 
V 
E 
N 
I 
N 

Very hard        

Total 
Min 
Per Day 

Strength: 
 
Flexibility: 

 
_____ 

 
_____ 

 
_____ 

 
_____ 

 
_____ 

 
_____ 

 
_____ 

 

Worksheet key: Rounding: 
An asterix (*) denotes a activity 10 to 22 min = 0.25 23 to 37 min = 0.5 
work related 38 to 52 min = 0.75 53 to 1.07 hr:min = 1.0 
A squiggly line through a column (day)  1.08 to 1.22 hr:min = 1.25 
demotes a weekend day  
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RT3 Utility questionnaire: Chapter Three 

Participant ID:     Date:     
We need a measure of physical activity that is user-friendly for the person being measured. 
As the accelerometer is a new method of measuring daily activity in the home we would like 
to find out from you how acceptable this method was for you. 
Please answer the following questions by placing a mark on the line that best 

represents what you think 
 
1. Do you think wearing the accelerometer every day for 7 days was an acceptable method 
to measure your daily activity? 
 

 

Not acceptable   Very acceptable 

 
2. Was it easy for you to remember to wear the accelerometer every day? 
 

 

Difficult to remember No problem 

 
3. How much did wearing the accelerometer every day interfere with your daily routine? 
 

      

Interfered greatly  Did not interfere at all 

 
4. How annoying was it for you to wear the accelerometer every day? 
 

 

Most annoying  Not annoying at all 

 

Please tick the box that best represents your answer to the question asked. 

5. Would you mind wearing the accelerometer again as part of a research project?  

Yes  No  Maybe  

 

6. Do you think that for the person being tested the accelerometer is a “user-friendly” 

method of measuring daily activity? 

Yes  No  Maybe  

 

7. Please write below in the space provided any comments you have about wearing the 

accelerometer that you think we, as the researchers, ought to know. 
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Activity diary: Chapters Three and Four 

Wear the RT3 during all ‘awake’ hours. 
Fill in the two main activities for each hour. 
Remember to remove the RT3 when engaging in water activities and when going to bed. 
Please write down when you have not worn the RT3 and why. 
Put the RT3 beside your bed to help you to remember to put back on in the morning. 
Please highlight the days on which you did not work with an asterix by the date. 
 
Participant ID   Week:    Date started 

Time Date Date Date Date Date Date Date 

Midnight        

1.00am        

2.00am        

3.00am        

4.00am        

5.00am        

6.00am        

7.00am        

8.00am        

9.00am        

10.00am        

11.00am        

Midday        

1.00pm        

2.00pm        

3.00pm        

4.00pm        

5.00pm        

6.00pm        

7.00pm        

8.00pm        

9.00pm        

10.00pm        

11.00pm        
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Personal information sheet: Chapters Four and Five 

Full name_________________________________ 

Date of Birth ____________ (dd/mm/yy)  Sex:  Male  Female 

(circle one) 
 
Contact details 

Address     

     

     

Email     

Phone Home   Work   

 Mobile   

Preferred means of daily contact? (circle one) Text Email Phone: H/W/M 

Next of Kin  Phone   

Ethnicity: Which ethnic group(s) do you belong to? (Please cross in the boxes below 

New Zealand European  Maori  

Samoan  Cook Island Maori  

Tongan  Niuean  

Chinese  Indian  

other (such as DUTCH. JAPANESE. TOKELAUAN) 

Please state………………… 

 

Occupation 

What is your normal occupation?            

What tasks or duties do you normally spend most of your time on daily at work? 

 

 

Is your occupation … (circle one) Manual Sedentary 
 
Low Back Pain: How long have you had your current episode of low back pain? 

Number of days   

Number of months   

Number of year   

Is ACC supporting you injury claim? (circle one) Yes No 

__________________________________________________________________________ 

Admin Use: 

Height____________________cm  Weight_____ _______ _______kg 
RT3 number_________________   Acute/Chronic (circle) 

MTA Voucher Number______________________________________ 

Signature____________________________ Date________
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Work status: Chapter Four 

Participant ID       Date 

Week  0 6 12 

__________________________________________________________________________ 

Please read the question below and mark the box that best reflects your current work status. 

I am currently: 

Employed at usual job  

On light duties  

On paid leave/sick leave  

On unpaid leave  

Unemployed because of health problems*  

Unemployed because of other reasons  

Student  

Keeping house/homemaker  

Retired  

On disability benefit*  

 

 

 

 

------------------------------------------------------------------------------------------------- 

Admin Use * (re- check study eligibility)
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Numeric Pain Rating Scale: Chapter Four 

Participant ID       Date 

Week  0 6 12 

__________________________________________________________________________ 

Please circle the number below that describes your low back pain at this time 

0 1 2 3 4 5 6 7 8 9 10 
No         Worst 
pain        imaginable pain 

 

Please circle the number which describes the worst your low back pain has been in the last 

24 hours 

0 1 2 3 4 5 6 7 8 9 10 
No         Worst 
pain        imaginable pain 

 

Please circle the number which describes the best your low back pain has been in the last 24 

hours 

0 1 2 3 4 5 6 7 8 9 10 
No         Worst 
pain        imaginable pain 

 

------------------------------------------------------------------------------------------------------- 

Admin Use: 

Average  /10     Total of three  /30
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Patient Specific Functional Scale: Chapter Four 

Participant ID 

Instruction read out:  

At baseline: I am going to ask you to identify three important activities that you are unable 

to do or are having difficulty with as a result of your low back pain. Today how difficult is it 

for you to perform activity 1.?; 2.?; 3.? 

At follow up: On your previous visit (state date), you told me you had difficulty performing 

three activities (read 1., 2., and 3. from the list). Today, do you still have difficulty with 1.? 

If so score; 2.? If so score; 3.? If so score. 

Scoring Scheme 

0 1 2 3 4 5 6 7 8 9 10 
Unable to         Able to 
perform 
perform activity      activity at pre-LBP level 
 

Week 

0 6 12 

Activity 

Date Date Date 

1.    

2.    

3.    

 

------------------------------------------------------------------------------------------------------ 

Admin Use: 

Week 0 Average Score /10   Total score /30 

Week 6 Average Score /10   Total score /30 

Week 12Average Score /10   Total score /30
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Roland-Morris Disability Questionnaire: Chapter Four 

Participant ID       Date 

Week  0 6 12 

 
Instructions read out: When your back hurts, you may find it difficult to do some of the 
things you normally do. This list contains some sentences that people have used to describe 
themselves when they have back pain. When you read them you may feel that some 
sentences stand out because they describe you today. When you read a sentence that 
describes you today please put a tick in the box, if it does not describe you today then leave 
the box blank and go on to the next question. 

__________________________________________________________________________ 

Because of my back or leg pain (sciatica) today: 

 

□ I stay at home most of the time because of my back. 
□ I change position frequently to try to get my back comfortable. 
□ I walk more slowly than usual because of my back. 
□ Because of my back, I am not doing any jobs that I usually do around the house. 
□ Because of my back, I use a handrail to get upstairs. 
□ Because of my back, I lie down to rest more often. 
□ Because of my back, I have to hold on to something to get out of an easy chair. 
□ Because of my back, I try to get other people to do things for me. 
□ I get dressed more slowly than usual because of my back. 
□ I only stand up for short periods of time because of my back. 
□ Because of my back, I try not to bend or kneel down. 
□ I find it difficult to get out of a chair because of my back. 
□ My back is painful almost all of the time. 
□ I find it difficult to turn over in bed because of my back. 
□ My appetite is not very good because of my back. 
□ I have trouble putting on my sock (or stockings) because of the pain in my back. 
□ I can only walk short distances because of my back pain. 
□ I sleep less well because of my back. 
□ Because of my back pain, I get dressed with the help of someone else. 
□ I sit down for most of the day because of my back. 
□ I avoid heavy jobs around the house because of my back. 
□ Because of back pain, I am more irritable and bad tempered with people than usual. 
□ Because of my back, I go upstairs more slowly than usual. 
□ I stay in bed most of the time because of my back. 

----------------------------------------------------------------------------------------------------- 

Admin Use:       Total  /24 
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QualityMetric Incorporated. (IQOLA SF-36v2 Acute, English (New Zealand), 7/03) 
 
 

SF-36v2 Acute version: Chapter Four 

Participant ID       Date 

Week  0 6 12 

__________________________________________________________________________ 

Instruction read out:  

This questionnaire asks for your views about your health. This information will help keep 

track of how you feel and how well you are able to do your usual activities. Thank you for 

completing this questionnaire! 

For each of the following questions, please mark an  in the one box that best describes 

your answer. 

In general, would you say your health is: 

 

Excellent Very good Good Fair Poor 

▼ ▼ ▼ ▼ ▼ 

 1  2  3  4  5 

 

 

Compared to one week ago, how would you rate your health in general now? 

 

Much better 
now than one 

week ago 

Somewhat 
better 

now than one 
week ago 

About the 
same as 

one week ago 

Somewhat 
worse 

now than one 
week ago 

Much worse 
now than one 

week ago 

▼ ▼ ▼ ▼ ▼ 

 1  2  3  4  5 
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QualityMetric Incorporated. (IQOLA SF-36v2 Acute, English (New Zealand), 7/03) 
 
 

The following questions are about activities you might do during a typical day. Does 

your health now limit you in these activities? If so, how much? 

 

  Yes, 
limited 

a lot 

Yes, 
limited 
a little 

No, not 
limited 
at all 

  ▼ ▼ ▼ 

a Vigorous activities, such as running, lifting heavy 

objects, participating in strenuous sports 

 1  2  3 

b Moderate activities, such as moving a table, pushing 

a vacuum cleaner, bowling, or playing golf 

 1  2  3 

c Lifting or carrying groceries  1  2  3 

d Climbing several flights of stairs  1  2  3 

e Climbing one flight of stairs  1  2  3 

f Bending, kneeling, or stooping  1  2  3 

g Walking more than a kilometre  1  2  3 

h Walking several hundred metres  1  2  3 

i Walking one hundred metres  1  2  3 

j Bathing or dressing yourself  1  2  3 
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QualityMetric Incorporated. (IQOLA SF-36v2 Acute, English (New Zealand), 7/03) 
 
 

During the past week, how much of the time have you had any of the following 

problems with your work or other regular daily activities as a result of your physical 

health? 

 

  All of 
the time 

Most of 
the time 

Some of 
the time 

A little 
of the 
time 

None of 
the time 

  ▼ ▼ ▼ ▼ ▼ 

a Cut down on the amount of 
time you spent on work or 
other activities 

 1  2  3  4  5 

b Accomplished less than you 
would like 

 1  2  3  4  5 

c Were limited in the kind of  
work or other activities 

 1  2  3  4  5 

d Had difficulty performing the 
work or other activities (for 
example, it took extra effort) 

 1  2  3  4  5 

 

During the past week, how much of the time have you had any of the following 

problems with your work or other regular daily activities as a result of any emotional 

problems (such as feeling depressed or anxious)? 

 

  All of 
the time 

Most of 
the time 

Some of 
the time 

A little 
of the 
time 

None of 
the time 

  ▼ ▼ ▼ ▼ ▼ 

a Cut down on the amount of 
time you spent on work or 
other activities 

 1  2  3  4  5 

b Accomplished less than you 
would like 

 1  2  3  4  5 

c Did work or other activities 
less carefully than usual 

 1  2  3  4  5 
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QualityMetric Incorporated. (IQOLA SF-36v2 Acute, English (New Zealand), 7/03) 
 
 

During the past week, to what extent has your physical health or emotional problems 

interfered with your normal social activities with family, friends, neighbours, or 

groups? 

 

Not at all Slightly Moderately Quite a bit Extremely 

▼ ▼ ▼ ▼ ▼ 

 1  2  3  4  5 

 

 

 

How much bodily pain have you had during the past week? 

 

None Very mild Mild Moderate Severe Very severe 

▼ ▼ ▼ ▼ ▼ ▼ 

 1  2  3  4  5  6 

 

 

 

During the past week, how much did pain interfere with your normal work (including 

both work outside the home and housework)? 

 

Not at all A little bit Moderately Quite a bit Extremely 

▼ ▼ ▼ ▼ ▼ 

 1  2  3  4  5 
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QualityMetric Incorporated. (IQOLA SF-36v2 Acute, English (New Zealand), 7/03) 
 
 

These questions are about how you feel and how things have been with you during the 

past week. For each question, please give the one answer that comes closest to the way 

you have been feeling. How much of the time during the past week… 

 

  All of 
the time 

Most of 
the time 

Some of 
the time 

A little of 
the time 

None of 
the time 

  ▼ ▼ ▼ ▼ ▼ 

a Did you feel full of life?  1  2  3  4  5 

b Have you been very 
nervous? 

 1  2  3  4  5 

c Have you felt so down in 
the dumps that nothing 
could cheer you up? 

 1  2  3  4  5 

d Heave you felt calm and 
peaceful? 

 1  2  3  4  5 

e Did you have a lot of 
energy? 

 1  2  3  4  5 

f Have you felt downhearted 
and depressed? 

 1  2  3  4  5 

g Did you feel worn out?  1  2  3  4  5 

h Have you been happy?  1  2  3  4  5 

i Did you feel tired?  1  2  3  4  5 

 

 

During the past week, how much of the time has your physical health or emotional 

problems interfered with your social activities (like visiting with friends, relatives, 

etc.)? 

 

All of 
the time 

Most of 
the time 

Some of 
the time 

A little of 
the time 

None of 
the time 

▼ ▼ ▼ ▼ ▼ 

 1  2  3  4  5 
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QualityMetric Incorporated. (IQOLA SF-36v2 Acute, English (New Zealand), 7/03) 
 
 

How TRUE or FALSE is each of the following statements for you? 

 

  Definitely 
True 

Mostly 
true 

Don’t 
know 

Mostly 
false 

Definitely 
false 

  ▼ ▼ ▼ ▼ ▼ 

a I seem to get sick a little 
easier than other people 

 1  2  3  4  5 

b I am as healthy as  
anybody I know 

 1  2  3  4  5 

c I expect my health to  
get worse 

 1  2  3  4  5 

d My health is excellent  1  2  3  4  5 
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Global Rating of Change (Week 12 version): Chapter Four 

Participant ID       Date 

Week  0 6 12 
________________________________________________________________________ 

How would you rate your physical activity this week compared to the week when you first 
wore the RT3? First circle one of the words in BOLD, then mark the box best reflects by 
how much. 

Worse No change Better 

  A tiny bit – almost the same   

  A little bit   

  Somewhat   

  Moderately   

  Quite a bit   

  Quite a bit   

  A great deal   

  A very great deal   

     

How important would you say this change is to you? Circle and mark your choice below. 

Worse No change Better 

  A tiny bit – almost the same   

  A little bit   

  Somewhat   

  Moderately   

  Quite a bit   

  Quite a bit   

  A great deal   

  A very great deal   

     

Return to usual activity? 

After this latest episode of back pain is your level of physical activity back to normal? 
Please circle one:     Yes / No 

----------------------------------------------------------------------------------------------------- 

Admin Use:       Average  /15



Appendix C  Questionnaires  

282 

Baecke Physical Activity Questionnaire: Chapter Four 

Participant ID    Date  Week  0 6 12 
 
Thinking about this week: 
    Admin use: 
1. My occupation is  Or don’t work? 1 2 3   
2. At work I sat 
 Never Seldom Sometimes Often Always 1 2 3 4 5 
3. At work I stood 
 Never Seldom Sometimes Often Always 1 2 3 4 5 
4. At work I walked 
 Never Seldom Sometimes Often Always 1 2 3 4 5 
5. At work I lifted heavy loads 
 Never Seldom Sometimes Often Always 1 2 3 4 5 
6. After work I am tired 
 Very often Often Sometimes Seldom Never 5 4 3 2 1 
7. At work I sweat 
 Very often Often Sometimes Seldom Never 5 4 3 2 1 
8. In comparison with others my own age, I think my work is physically 
 Much heavier Heavier As heavy Lighter Much lighter 5 4 3 2 1 
9. Do you play a sport?   Yes  No      
 If yes, which sport do you play most frequently? Intensity 
      0.76 1.26 1.76
 How many hours a week? Time 
 <1 1-2 2-3 3-4 >4   0.5 1.5 2.5 3.5 4.5 
 How many months per year?  Proportion 
 <1 1-3 4-6 7-9 >9   0.04 0.17 0.42 0.67 0.92 
             
 If you play a second sport, which sport is it? Intensity 
     0.76 1.26 1.76
 How many hours a week? Time 
 <1 1-2 2-3 3-4 >4   0.5 1.5 2.5 3.5 4.5 
 How many months per year? Proportion 
 <1 1-3 4-6 7-9 >9   0.04 0.17 0.42 0.67 0.92 
This week:          
10 In comparison to others my own age I think my physical activity leisure time is 
 Much more More As much Less Much less 5 4 3 2 1 
11 During leisure time I sweat 
 Very often Often Sometimes Seldom Never 5 4 3 2 1 
12 During leisure time I play sport 
 Never Seldom Sometimes Often Always 1 2 3 4 5 
13 During leisure time I watch television 
 Never Seldom Sometimes Often Always 1 2 3 4 5 
14 During leisure time I walk 
 Never Seldom Sometimes Often Always 1 2 3 4 5 
15 During leisure time I cycle 
 Never Seldom Sometimes Often Always 1 2 3 4 5 
16 How many minutes do you walk or cycle per day to and from work, school and shopping? 
 < 5 5-15 15-30 30-45 >45 1 2 3 4 5 

-------------------------------------------------------------------------------------------------------------- 

Admin Use: 

Work Index (mean 1-8)     Total      /5 

Sport Index (mean 9-12)`    Total      /5 

Leisure Index (mean 13-16)    Total      /5  Total       /15
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Satisfaction with care: Chapter Four 

Participant ID       Date 

Week  0 6 12 

__________________________________________________________________________ 

 
How satisfied were you with the physiotherapy care you received for your recent 

episode of low back pain? 

Please tick the box which best applies to you. 

1. Very dissatisfied  

2. Somewhat dissatisfied  

3. Neither satisfied nor dissatisfied  

4. Somewhat satisfied  

5. Very satisfied  

 

 

----------------------------------------------------------------------------------------------------- 

Admin Use:       Score  /5
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RT3 Utility questionnaire: Chapter Four 

Participant ID       Date 

Week  0 12 
__________________________________________________________________________ 

The RT3 is relatively new on the market and is able to measure physical activity for lengthy 
periods of time in the home environment. I would like to know how acceptable this method 
of activity measurement was for you. 

Please mark the box which best represents your opinion. 

Did you find wearing the RT3 every day for 7 days to be acceptable? 

Not acceptable in any way  

Mostly unacceptable  

Not sure  

Mostly acceptable  

Acceptable in every way  

 

How easy was it for you to remember to wear the RT3 every day? 

Very difficult to remember  

Somewhat difficult to remember  

Not sure  

Somewhat easy to remember  

Very easy to remember  

 

How many times during the week did the RT3 fall off your hip? 

None  

One to five  

Six to ten  

Eleven to fifteen  

More than fifteen  

 

Did the RT3 interfere with any of your normal activities? Yes / No 
If yes: please list the activities you were involved with at the time 
 

 

Was there any time you felt out of place wearing the RT3 as it wasn’t suitable for the 

situation you were in? Yes / No 
If yes: please describe the activities you were involved with at the time 
 

 

Any other comments? 
 

 

 



Appendix D  Additional figures and tables  

285 

Appendix D Additional figures and tables 

The section contains additional tables and figures pertaining to research presented in 

Chapters Three and Four.
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Participant occupation and PA participation: Chapter Three 

Table D.1 Occupational and sport characteristics of the healthy volunteers (N = 21). 

Participant Occupation Activity participation Sport frequency 

(days/week) 

1 Administration Assistant Yoga 3 

2 Secretary Dancing 2 

3 Physiotherapist Running 7 

4 Student  Netball 5 

5 Student Swimming, gym 1 

6 Student Badminton, gym 2 

7 Student Football, running 4 

8 Student Gym 3 

9 Physiotherapist None 0 

10 Beauty Therapist None 0 

11 Personal Trainer Cycling, gym 5 

12 Physiotherapist/Education Golf 1 

13 Administrator Walking, gym 3 

14 Medical Receptionist Walking, pilates 3 

15 Solicitor Gym 4 

16 Childminder Netball 2 

17 Business Analyst Running 3 

18 Physiotherapist Pilates, walking 7 

19 Network Engineer Cycling, squash, dancing 6 

20 Mother/Carer Walking 5 

21 Network Engineer Squash, cycling 4 
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Bland-Altman plot of mean hours of RT3 wear time for baseline and week 

four: Chapter Three 

 

Figure D.1 Bland-Altman plot of baseline and week 4 mean hours of RT3 wear 

time/day 

Figure D.1 demonstrates the Bland-Altman plot for the mean (SD) difference in wear hours 

from baseline to week four for participants with complete RT3 data sets (N = 21) was a 

statistically non-significant 0.2 (1.2) hours, 95% CI (-0.3 to 0.7). The limits of agreement 

around the mean hours of daily wear time were ± 2.3 hours.
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Bland-Altman plot of mean hours of RT3 wear time for weeks four and 

eight: Chapter Three 

 

 

Figure D.2 Bland-Altman plot of weeks 4 and 8 mean hours of RT3 wear time/day 

Figure D.2 demonstrates the Bland-Altman plots for the mean (SD) difference in wear hours 

from week four to week eight participants with complete RT3 data sets (N = 19) was 0.6 

(1.4) hours, 95% CI (-0.6 to 1.2). The limits of agreement around the mean hours of daily 

wear time were ± 2.7 hours which was not a statistically significant difference.



Appendix D  Additional figures and tables  

289 

RT3 MVMU/min: Chapter Three 

Table D.2 RT3 MVMU/min by week 

 N Week Mean (SD)
 
 Median (IQR) Range (Min to Max) 

RT3  21 1 295.0 (157.1) 249.0   (84.0, 413.0) 77.0 to    903.0 

MVMU/mina
 21 4 310.9 (172.1) 276.0 (127.0, 425.0) 60.0 to 1,434.0 

 19 8 308.7 (149.6) 283.0 (135.5, 451.5) 104.0 to    909.0 

Note. Mean (SD), median (IQR), and range (Min to Max) for the 7D-PAR questionnaire (kcal/kg) and RT3 

MVMU/day. IQR = inter-quartile range; Min = minimum; Max = maximum; MVMU/min = mean vector 

magnitude units per min. 

a 
The values were calculated by dividing each participants daily MVMU value by the minutes of wear time for 

that day to create mean MVMU/min values for each day of each week. 
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Bland-Altman plot of mean normalised and raw data for MVPA/day at 

week six: Chapter Four 

 

Figure D.3 Bland-Altman plot of mean normalised and raw data for minutes of 

MVPA/day at week 6 

MVPA = moderate and vigorous physical activity per day. 

At week six (N = 100), the mean (SD) difference in minutes of MVPA/day from raw to 

normalised data was -4.1 (10.7) minutes (95% CI of -6.3, -2.0). The limits of agreement 

were ± 21.0 (Figure D.3). As minutes of MVPA/day increased there was an increase in the 

variability between raw and normalised data, similar to results found for the Bland-Altman 

plot at baseline (see Chapter Four, p. 96) and at week 12 (see p. 291). The difference 

between raw and normalised data was statistically significant.
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Bland-Altman plot of mean normalised and raw data for MVPA/day at 

week 12: Chapter Four 

 

Figure D.4 Bland-Altman plot of mean normalised and raw data for minutes of 

MVPA/day at week 12 

MVPA = moderate and vigorous physical activity per day. 

For week 12 (N = 99) the mean (SD) difference in minutes of MVPA/day from raw to 

normalised data was -4.0 (10.4) minutes (95% CI of -6.0, -1.9. The limits of agreement were 

± 20.3 (see Figure D.4). There was an even spread of data points above and below the zero 

intercept; however, similar to baseline and week six, as MVPA/day increased an increase in 

variability between normalized and raw data was demonstrated. Thus, participants who had 

more minutes of MVPA/day were more likely to have their minutes of MVPA/day be 

underestimated. The plot reveals that this difference was statistically significant as the 95% 

CI does not pass through zero.
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SF-36v2 eight health domains: Chapter Four 

Table D.3 SF-36v2 eight health domains mean (SD) for total group, and by LBP 

classification 

 PF 
Mean 
(SD) 

RP 
Mean 
(SD) 

BP 
Mean 
(SD) 

GH 
Mean 
(SD) 

VT 
Mean 
(SD) 

SF 
Mean 
(SD) 

RE 
Mean 
(SD) 

MH 
Mean 
(SD) 

Baseline 

Total     
(N = 111) 

37.5 
(8.6) 

41.5 
(8.3) 

35.1 
(7.5) 

48.0 
(9.7) 

39.9 
(11.1) 

40.2 
(12.9) 

47.0 
(9.1) 

46.6 
(11.2) 

ALBP    
(n = 67) 

36.7 
(9.0) 

43.0 
(8.2) 

36.0 
(7.0) 

48.8 
(9.3) 

41.1 
(11.3) 

38.3 
(12.9) 

47.6 
(9.0) 

47.5 
(10.8) 

CLBP    
(n = 44) 

38.8 
(7.9) 

39.2 
(8.3) 

34.0 
(6.7) 

46.9 
(10.2 ) 

38.2 
(10.9 

43.0 
(12.4 ) 

46.0 
(9.5) 

45.5 
(11.8) 

Week 6 

Total     
(N = 107) 

44.9 
(9.5) 

46.9 
(8.8) 

42.7 
(10.5) 

47.3 
(11.4) 

43.0 
(11.9) 

47.8 
(11.4) 

50.6 
(6.0) 

49.0 
(10.0) 

ALBP    
(n = 64) 

46.5 
(9.9) 

48.0 
(8.8) 

43.2 
(10.9) 

46.9 
(12.1) 

43.7 
(12.6) 

49.6 
(9.8) 

52.1 
(5.3) 

50.0 
(8.8) 

CLBP    
(n = 43) 

42.6 
(8.5) 

45.4 
(8.6) 

42.0 
(9.8) 

47.8 
(10.4) 

42.0 
(10.6) 

45.0 
(13.1) 

49.8 
(6.8) 

47.7 
(11.5) 

Week 12 

Total     
(N = 106) 

47.0 
(8.7) 

48.9 
(8.4) 

44.6 
(10.7) 

46.9 
(11.7) 

44.6 
(12.1) 

49.4 
(9.8) 

51.8 
(5.9) 

50.6 
(9.5) 

ALBP    
(n = 63) 

48.6 
(8.4) 

50.5 
(7.9) 

46.0 
(10.9) 

47.1 
(12.3) 

46.7 
(12.1) 

50.7 
(7.9) 

52.4 
(4.9) 

50.9 
(9.1) 

CLBP    
(n = 43) 

44.5 
(8.7) 

46.4 
(8.8) 

42.6 
(10.2) 

46.6 
(10.8) 

41.4 
(11.7) 

47.3 
(11.9 ) 

51.0 
(7.1) 

50.0 
(10.2) 

Note. Mean (SD) at baseline, and at weeks 6 and 12 for the eight SF-36v2 health domains. LBP = low back 

pain; ALBP = acute low back pain; CLBP = chronic low back pain; SF-36v2 = The Medical Outcomes Survey 

36-Item Short-Form Health Survey (acute version); PF = Physical Functioning; RP = Role-Physical; BP = 

Bodily Pain; GH = General Health; VT= Vitality; SF = Social Functioning; RE = Role Emotional; and MH = 

Mental Health. 
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MVMU/day: Chapter Four 

Table D.4 MVMU/day mean (SD) for total group, and by LBP classification 

Total N N = 106 N = 100 N = 99 N = 98 N = 97 

ALBP (n) 65 58 58 57 57 

CLBP (n) 41 42 41 41 40 

Week 

 0 6 12 6-0 12-0 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

MVMU/day 242,022.3 
(102,543.0) 

245,070.7 
(105,222.0) 

241,582.5 
(104,507.0) 

3,154.3 
(7,1430.6) 

-2,900.2 
(7,3029.1) 

ALBP 245,628.1 
(100,406.0) 

265,863.7 
(115,503.0) 

254,238.1 
(103,337.0) 

18,477.8 
(76,140.6) 

5,209.1 
(78947.2) 

CLBP 236,305.8 
(106,851.0) 

216,356.5 
(82,042.1) 

223,679.6 
(104,788.0) 

-18,149.2 
(58,796.4) 

-14,456.0 
(62,813.0) 

Note. MVMU/day mean (SD) at baseline (0), and at week 6 and 12, and the week 6 and 12 mean (SD) 

difference from baseline. LBP = low back pain; ALBP = acute low back pain; CLBP = chronic low back pain; 

MVMU/day = mean vector magnitude unit per day. 
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Appendix E Qualitative literature appraisal tool 

This section contains a copy of the Critical Appraisal Skills Programme (CASP) qualitative 

literature tool (CASP, 2006). This tool was used to guide the critique of the 10 articles 

included in the literature review of Chapter Five. The qualitative CASP tool was devised to 

help those “unfamiliar with qualitative research and its theoretical perspectives” develop an 

opinion about the rigour, credibility and relevance of qualitative research.
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Appendix F Interview schedule and transcription code 

The quotations contained within results presented in Chapter Five have been formatted from 

the original verbatim transcript either to aid reader understanding or to fit within the context 

of the paragraph. However, the point or message of each quote has remained inherently the 

same. An em dash (—) was inserted when a meaningful pause occurred. Three ellipses (…) 

indicate where speech was omitted and round brackets indicate where an audible sound 

occurred, for example (laughs). Square brackets indicate where text has been inserted, for 

example “dress[es]”. 

The interview schedule (p. 300) provides a guide to the order and nature of the questions 

asked. Questions in bold were the primary questions and the questions underneath were used 

as prompts. The interviews were semi-structured therefore the content of each interview 

differed as the manner and order in which each question was asked varied.
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Interview schedule: Chapter Five 

Please, will you tell me about your LBP? 
Try and go right back to the beginning. 
Tell me more about this time? 
How do you think it all started? 
 
If you think about a typical week when you don’t have LBP (or when you don’t have a 

flare up) what would your usual day to day activities involve? 
Talk me through a week for you? 
Please tell me more about why these activities are important to you? 
 
Thinking about your most recent (or current LBP episode) please tell me how you feel 

your LBP affected your ability to be (physically) active? 
Please tell me more about …specific examples. 
How did not being able to do ….. make you feel? 
How did this affect your family/work/social life? 
How did not being able to participate in …… make you feel? 
 
Now that you have finished physiotherapy treatment for your LBP, how do you feel 

about your ability to do your usual activities now? 
How do you know that they are no/better? 
Can you tell me more about this….that situation? 
 
How was it with you and your physiotherapist? 
Sounds like this was a difficult time – can you tell me more about that? 
Sounds like this was a positive time – can you tell me more about that? 
What was important for you in these sessions? 
 
How would you describe the interaction between you and your physiotherapist? 
How do you think this was this important to you and your LBP? 
Describe a really positive session with you and your physiotherapist. Why do you think it 
went well? 
Describe to me a session which did not work out as well as you had hoped? Why do you 
think it was not as positive for you? 
 
How did you end up at the physiotherapist you went to? 
How did this referral make you feel about going to this particular physiotherapy clinic? 
Had you been to a physiotherapist before for your LBP? 
So how did you feel about going to this one? 
How do you feel those previous experiences have gone? 
Can you tell me more about that….? 
 
If you think back to your time with the physiotherapist, how did what you were asked 

to do make sense to you? – go back to the initial answers of Q1. 
What were the benefits to you? 
What concerns did you have? 
What do you think the barriers to improving your PA were? 
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If you had a friend with LBP what advice would you give them about managing their: 
LBP? 
Physiotherapy? 
PA? 
 
Please tell me what it was like to be in this study? 
How did you feel about your involvement? 
What did being involved in the study mean to you? 
 

How did you find wearing the monitor? 
What things would have made wearing the monitor easier/better? 
 
Is there anything else you would like to tell me? 
About your LBP? 
Or PA? 
Or your treatment? 
Or being in the study?



Appendix G  Grant funding  

302 

Appendix G Grant funding 

This section contains copies of successful grant applications for the funding of various 

aspects of this research project. 
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“If you want to learn a thing, read that. If you want to know a thing, write 

that; if you want to master a thing, teach that.” Yogi Bhajan 



 

 

 


