
 

 

CHAPTER ONE 

INTRODUCTION  

1.1 INTRODUCTION  

Low-Back Pain (LBP) is defined as the constellation of symptoms of pain or 

discomfort originating from the lumbar spine with or without sciatica (Waddell, 1998; 

Burton et al., 2004).  LBP is also described as pain, muscle tension, or stiffness localized 

below the costal margin and above the inferior gluteal folds, with or without leg pain 

(sciatica) (van den Bosch et al., 2004). LBP is typically classified as being specific or 

non-specific (Manek and MacGregor, 2005). The non-specific LBP refers to mechanical 

back pain of musculoskeletal origin in which symptoms vary with physical activity 

(Waddell, 1996).   

Low-Back Pain (LBP) is often classified as acute, sub-acute and chronic 

according to duration of pain (Bouter et al., 1998). Chronic LBP is defined as spinal pain 

persisting for at least twelve weeks (Abenheim et al., 2000). Using the International 

Classification for Functioning, Health and Disability (ICF)  framework, it is believed that 

the word ñchronicò may be associated with negative expectations, therefore the word 

ñlong-termò is preferred (Ljungquist, 2002). Long-term mechanical LBP results in both 

physical and psychological deconditioning that traps the patient in a vicious circle 

characterized by decreased physical performance, exacerbated nociceptive sensations, 

depression, impaired social functioning, and work disability (Demoulin et al.,  2006).  

Low-Back Pain (LBP) is a complicated condition which affects the physiological 

and psychosocial aspects of the patient (Elfving, 2002; Kool et al., 2002; Carragee et al., 

2005; Young et al., 2011). Long-term LBP is considered to be a patho-anatomical 
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disorder (Bernard and Kirkaldy-Willis, 1987), in addition to a multifactorial 

biopsychosocial problem such as fear of movement, anxiety, a faulty coping strategy 

which has an impact on social life and thus require a multi-dimensional approach based 

on biopsychosocial model in its assessment and treatment (Haggman et al, 2004; Woby et 

al, 2004; Weiner, 2008). The evaluation of the psychosocial factors regarded as yellow 

flags are useful in identifying patients with chronic LBP who have a poor prognosis 

(Price, 2005; Last and Hulbert, 2009). Whether psychosocial factors are causes or 

consequences of LBP has been the subject of debate (Simmonds et al., 1996). However, 

LBP is associated with significant disability and with psychosocial dysfunction 

(Simmonds et al., 1996). Variables such as attitudes, beliefs, mood state, social factors 

and work appear to interact with pain behaviour, and are cumulatively referred to as 

psychosocial factors (Innes, 2005). From the bio-psychosocial model paradigm, patientsô 

performance during physical performance tests may be influenced by biological, 

psychological and social factors (Reneman et al, 2008) which include self-efficacy 

expectations, self-esteem and fear-avoidance behaviour.   

Epidemiological reports indicate that 70 to 85 % of all people have LBP at some 

time in their life (Waddell, 1998; Andersson, 1999; Goodwin and Goodwin, 2000; van 

Tulder, 2001).  It is estimated that 80-90% of these patients will recover within 6 weeks, 

regardless of treatment (Indahl et al., 1995; Bronfort et al., 1996; van Tulder et al., 1997; 

Jackson, 2001). However, 5-15% of all people that have LBP will develop long-term 

LBP (i.e. LBP of 12 weeks and longer) (Johannsen et al., 1995; Bigos et al., 2001; 

Quittan 2002). Over 80% of patients with long-term LBP will develop recurrent episodes 

(Waddell, 1998) and about 93% will have intermittent or recurrent episode of LBP again 
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in the following 12 months (de Vet et al., 2002) and this significantly impact on patients 

functioning (Picavet and Schouten, 2003). Long-term LBP is more difficult to treat 

(Cottingham and Maitland, 1997; Hildebrandt et al., 1997; Frost et al., 2000) and 

treatment outcomes give variable results (CSAG, 1994; Rainville et al., 1997; Carpenter 

and Nelson, 1999). The patient subgroup with long-term LBP accounts for 75-90% of the 

socioeconomic cost of LBP (Deyo and Tsui-Wu, 1987; Nachemson, 1992). Over 30% of 

these patients with long-term LBP seek healthcare for their back complaints and about 

66% of subjects with recurrent long-term LBP who sought care for complaints at 

baseline, did seek care again during follow-up (IJzelenberg and Burdorf, 2004).  

 Results of systematic reviews are often used to formulate clinical guidelines and 

recommendations for best practice (Glover and May, 2009). The Clinic on Low-Back 

Pain in Interdisciplinary Practice Guideline (Rossignol et al., 2007) reported that there 

was strong evidence for multidisciplinary programmes, behavioural therapy and exercise 

for long-term LBP. The European Guidelines (Airaksinen et al., 2004) found moderate 

evidence for the use of exercise therapy in long-term LBP and conflicting evidence for 

the effectiveness of programmes involving specific types of exercise. Recent American 

Family Practice Guidelines recommended exercises conducted under the supervision of a 

therapist as the first-line therapy in treatment of long-term LBP (Nguyen and Randolph, 

2007). Systematic reviews of the evidence concerning the effectiveness of exercise 

concluded that exercise may be helpful for patients with long-term LBP in terms of 

decrease in pain and disability (Hayden et al., 2005a), decrease in fear of avoidance 

behaviour (van Tulder et al., 1997; Liddle et al., 2004) and return to normal activities of 

daily living and work (van Tulder et al., 2002). 
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Exercises of various types have been used in managing LBP with varying 

reported successes (Shiple, 1997) and they appear to be the central element in the 

physical therapy management of patients with long-term mechanical LBP (Bigos et al., 

1994; van Tulder et al., 2003; Hayden et al., 2005). Exercise in physical therapy is 

probably the cheapest intervention and one in which the patient has some measure of 

direct control (Brukner and Khan, 1993). These exercises encompasses a heterogeneous 

series of specific movements or interventions ranging from general physical fitness or 

aerobic exercise to muscle strengthening and various types of flexibility and stretching 

with the aim of training or developing the body by a routine practice or as physical 

training to promote good physical health (Abenhaim et al., 2000; Hayden et al., 2005). 

Nonetheless, it remains inconclusive which exercise regimen is better than the other and 

intensity that may offer the greatest value to patients (Shiple, 1997; Nordin and 

Campello, 1999; Samanta et al., 2003; Hayden et al., 2005; Nguyen and Randolph, 2007).  

 Consequent on the foregoing, there is a proliferation of exercise programmes 

which varies from provider to provider depending on professional orientation (Keller, 

2006). Still, there does not appear to be a consensus of opinion on the most effective 

programme designed to maintain exercise benefits (Bronfort et al., 1996; Faas, 1996; 

Lahad et al., 1996; Carpenter and Nelson, 1999; Kenny, 2000; Taimela et al., 2000).  

Glover and May (2009) submitted that the fact that previous research has investigated the 

management of LBP as a homogenous group could account for the lack of support for the 

prescription of specific exercise programmes. Similarly, some others studies identified 

not sub-grouping patient samples as a possible flaw with much of the previous research 

(Fritz et al.,  2003; Long et al.,  2004; Brennan et al.,  2006).  Sub- grouping of patients 
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with LBP according to their signs and symptoms where treatment is then prescribed 

according to these subgroups is considered as an important advance in the management 

of LBP (Fritz et al., 2003; Long et al., 2004; Brennan et al., 2006). Therefore, identifying 

sub-groups of patients more amenable to specific treatments has been recognized as one 

of the promising recent developments in back pain research (Koes et al., 2006).  

 One of the more commonly used methods of sub-grouping amongst 

physiotherapists is the McKenzie Method (McKenzie and May, 2003). This method is 

based on the patientôs pain response to certain movements and postures during 

assessment. During assessment, the physiotherapist identifies the patientôs directional 

preference. Directional Preference is defined as the movement or posture that decreases 

or centralizes pain that emanates from the spine and/or increases range of movement 

(McKenzie and May, 2003). Directional preference and centralization occur only in the 

substantial derangement group (McKenzie and May, 2003). The separate, but associated, 

phenomenon of centralization refers to the abolition of distal pain in response to repeated 

movements or sustained postures. Although, the McKenzie method is a popular 

classification-based treatment for LBP among physical therapists (Battie et al., 1994; 

Foster et al., 1999; Ayanniyi et al., 2007) with documented effectiveness in some studies 

(Ponte et al., 1984; Nwuga and Nwuga, 1985; Stankovic and Johnell, 1990; Reddeck, 

1997; Cherkin et al., 1998; Machado et al., 2006), however, a systematic review 

submitted that there is limited evidence for its use in  long-term mechanical LBP 

(Machado et al., 2005). Furthermore, there seems to be inconclusive evidence whether 

the McKenzie protocol addresses the accompanying back muscles inhibition in patients 

with long-term mechanical LBP. Long-term LBP results in inhibition and atrophy of the 

deep segmental muscles such as multifidus and overactivity of the longer superficial muscles 
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of the trunk with consequent decreased dynamic activity and increased fatiguibility 

(Sihvonen et al., 1991; Cassisi et al., 1993; Sihvonen et al., 1998; Richardson et al., 

1999). Some studies considered the McKenzieôs extension exercises as passive and 

presumably opined that it may not counter the back musclesô inhibition and atrophy 

resulting from long-term LBP (Donelson et al., 1990; Bookhout, 1991; Wayne, 1991), 

however, a study by Fiebert and Keller (1994) among apparently healthy individuals 

demonstrated that the McKenzieôs extension exercises were not truly passive for lumbar 

back extensor muscles.    

  On the other hand, back endurance exercise is believed to enhance muscle 

reactivation and reconditioning (Biering-Sorensen, 1984; Risch et al., 1993; Luoto et al., 

1996; Mayer et al., 2008; Liddle et al., 2010). There is emerging evidence to suggest that 

endurance training of the low-back extensors in patients with LBP can be effective in 

reducing pain, disability and work loss, and improving fatigue threshold and physical 

performance (Plum and Rehfeld, 1985; Manniche et al., 1988; Lindstrom et al., 1992; 

Gundewall et al., 1993; Moffroid et al., 1993; LeFort and Hannah, 1994; Chok et al., 

1999).  Unfortunately, assessment and training of endurance of the back extensor muscles 

compared with muscular strength has been reported to be less frequently carried out 

(Pollock et al., 1989), though, endurance capabilities of these muscles may be as 

important or even more important than strength in the treatment and prevention of LBP 

(Udermann et al., 2003). In addition, clinical trials on the effect of endurance exercise 

training of the back extensor muscles in well defined populations of patients with LBP 

are scarce (Moffroid, 1997).  Therefore, the objective of this study was to investigate the 

effect of static or dynamic back extensors endurance exercise in combination with 

McKenzie Protocol on physiological (pain intensity, muscle fatigue, static and dynamic 
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muscle endurance) and psychosocial (activity limitation, disability, fear-avoidance 

behaviour, pain self-efficacy belief, belief of the consequences of back pain and general 

health status) variables in patients with long-term mechanical LBP using the bio-

psychosocial model which is the state of the art in rehabilitation and disability 

perspectives (WHO-ICF, 2001). 

 

1.2 STATEMENT OF THE PROBLEM  

Low-Back Pain (LBP) is one of the most frequent reasons that patients visit 

primary care physicians (Frymoyer, 1988; Deyo et al., 1991) and constitutes the highest 

percentage of referrals and workload for physical therapy utilization (Frymoyer and Cats-

Baril, 1991; Battie et al., 1994; Margo, 1994). The McKenzie Protocol is one of the most 

frequently used types of physical therapy for back pain in some Western nations (Battie 

et al., 1994; Foster et al., 1999; Gracey et al., 2002) and has the potential advantage of 

encouraging self-help (Moffett and McLean, 2006). Nonetheless, there is limited 

evidence in term of randomized trials to support its effectiveness in long-term LBP. The 

McKenzie Protocol identifies with the school of thought that spinal joint dysfunction 

such as disc protrusion, loss of joint play, stress and strain are the major causes of back 

pain.  

Another school of thought in LBP management in physical therapy is that 

impairment of muscles (Biering-Sorensen, 1984; Moffroid, 1997; Kankaanpää et al., 

1999) and/or trunk extensor-to-flexor muscles imbalance (Quinn and Bird, 1996) are 

major contributors to aetiology of back pain. Under this paradigm, muscle strength and 

endurance training are believed to be important in the management of LBP. However, 



 

 

8 

muscular endurance training of the back extensors is believed to be more important in the 

treatment and prevention of LBP than muscular strength (Udermann et al., 2003). 

Unfortunately, few studies have investigated the effect of endurance exercise on LBP. 

Furthermore, there seems to be a dearth of studies involving dynamic endurance exercise 

of the back extensor muscles compared with a chronicle of studies that have investigated 

the effect of static muscular endurance exercise training in patients with acute (Plum and 

Rehfeld, 1985), sub-acute (Chok et al., 1999)
 
and long-term LBP (Thompson, 1992) 

respectively. Meanwhile, dynamic endurance may be needed more than static endurance 

as most of the daily tasks involve dynamic movement (Leigh and Sheetz, 1989; Burnett 

and Glenn, 1990). In addition, most of the previous studies involving endurance exercise 

of the back extensor muscles lacked randomized controls (Coxhead et al., 1981; Plum 

and Rehfeld, 1985), standardized and clearly defined exercise guidelines or protocols 

(Plum and Rehfeld, 1985; Manniche et al., 1988) and outcome assessment of general 

health measures, disability and functional status (Deyo et al., 1998).    

 In spite of the importance of back extensors endurance exercise for patient with 

long-term LBP, there appears to be a paucity of studies as to the most efficacious type of 

muscular endurance training of the back extensor muscles in the management of patients 

with long-term mechanical LBP. Furthermore, there seems to be dearth of studies 

investigating the effect of the addition of the back extensor muscles endurance exercise 

on the MP in patients with long-term mechanical LBP, thus incorporating the two 

different schools of thought in the management LBP.    

Louw et al., (2007) advocated further research into the most effective strategies to 

manage and prevent LBP especially in Africa owing to increasing prevalence. While 
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Hayden et al., (2005b) recommended clinical trials that will investigate specific exercise 

intervention strategies in well defined populations of patients with LBP and take care of 

the short-comings of previous studies. Moreover, group of back pain researchers 

recommended standardized use of outcome measures in back pain research, suggesting a 

minimum of pain, functional status, and general health measures (Deyo et al., 1998). The 

primary aim of this study was to evaluate whether the addition of static or dynamic back
 

extensors endurance exercise to the McKenzie protocol will be efficacious on 

physiological variables of pain, muscle fatigue, static and dynamic muscle endurance; 

and psychosocial variables of  activity limitation, disability, fear-avoidance behaviour, 

pain self-efficacy belief, belief of consequence of back pain and general health status in 

patients with long-term mechanical LBP using the ICF framework (bio-psychosocial 

model) in conducting LBP research.  

The study provided answers to the following research questions:  

(1) Would the addition of static back extensors endurance exercise to the McKenzie 

protocol be efficacious in the management of patients with long-term mechanical LBP 

when effect is measured in terms of pain, muscle fatigue, muscle endurance, activity 

limitation, disability, fear-avoidance behaviour, pain self-efficacy belief, belief of 

consequence of back pain and general health status? 

(2) Would the addition of dynamic back extensors endurance exercise to the McKenzie 

protocol be efficacious in the management of patients with long-term mechanical LBP 

when effect is measured in terms of pain, muscle fatigue, muscle endurance, activity 
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limitation, disability, fear-avoidance behaviour, pain self-efficacy belief, belief of 

consequence of back pain and general health status? 

(3) Would the treatment outcomes of the addition of either static or dynamic back 

extensors endurance to the McKenzie protocol in patients with long-term mechanical 

LBP be comparable in terms of pain, muscle fatigue, muscle endurance, activity 

limitation, disability, fear-avoidance, pain self-efficacy belief, belief of consequence of 

back pain and general health status? 

 

1.3 AIMS OF STUDY 

 The aims of the study were: 

1) To investigate the effect of McKenzie protocol only on pain, muscle fatigue, muscle 

endurance, activity limitation, disability, fear-avoidance behaviour, pain self-efficacy 

belief, belief of consequence of back pain and general health status in patients with long-

term mechanical LBP. 

2)  To investigate the effect of the addition of static back extensors endurance exercise to 

the McKenzie protocol on pain, muscle fatigue, muscle endurance, activity limitation, 

disability, fear-avoidance behaviour, pain self-efficacy belief, belief of consequence of 

back pain and general health status in patients with long-term mechanical LBP. 

3) To investigate the effect of the addition of dynamic back extensors endurance exercise 

to the McKenzie protocol on pain, muscle fatigue, muscle endurance, activity limitation, 

disability, fear-avoidance behaviour, pain self-efficacy belief, belief of consequence of 

back pain and general health status in patients with long-term mechanical LBP. 
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4) To compare the effects of the McKenzie protocol only, the addition of static or 

dynamic back extensors endurance exercise to the McKenzie protocol on pain, muscle 

fatigue, muscle endurance, activity limitation, disability, fear-avoidance behaviour, pain 

self-efficacy belief, belief of consequence of back pain and general health status in 

patients with long-term mechanical LBP. 

 

1.4 HYPOTHESES 

1.4.1 Major Hypothesis  

 The major hypothesis for this study was that: 

1) There would be no significant difference in the effects of the three treatment regimens 

on pain, muscle fatigue, muscle endurance, activity limitation, disability, fear-avoidance 

behaviour, pain self-efficacy belief, belief of consequence of back pain and general health 

status in patients with long-term mechanical LBP. 

1.4.2 Sub Hypotheses 

 The following sub-hypotheses were tested in this study: 

1. There would be no significant difference in the pain intensity of participants in the 

McKenzie Protocol Group (MPG) across weeks 0, 4 and 8 of the study.  

2. There would be no significant difference in the static muscle endurance of 

participants in the MPG across weeks 0, 4 and 8 of the study. 

3. There would be no significant difference in the dynamic muscle endurance of 

participants in the MPGacross weeks 0, 4 and 8 of the study. 

4. There would be no significant difference in the muscle fatigue of participants in the 
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MPG across weeks 0, 4 and 8 of the study. 

5. There would be no significant difference in the activity limitation of participants in 

the MPG across weeks 0, 4 and 8 of the study. 

6. There would be no significant difference in the disability of participants in the MPG 

across weeks 0, 4 and 8 of the study. 

7. There would be no significant difference in the fear-avoidance behaviour of 

participants in the MPG across weeks 0, 4 and 8 of the study. 

8. There would be no significant difference in the pain self-efficacy belief of 

participants in the MPG across weeks 0, 4 and 8 of the study. 

9. There would be no significant difference in the belief of the consequences of back 

pain of participants in the MPG across weeks 0, 4 and 8 of the study. 

10. There would be no significant difference in the general health status of participants in 

the MPG across weeks 0, 4 and 8 of the study. 

11. There would be no significant difference in the pain intensity of participants in the 

McKenzie Protocol plus Static Back Endurance Exercise Group (MPSBEEG) 

across weeks 0, 4 and 8 of the study.  

12. There would be no significant difference in the static muscle endurance of 

participants in the MPSBEEG across weeks 0, 4 and 8 of the study.  

13. There would be no significant difference in the dynamic muscle endurance of 

participants in the MPSBEEG across weeks 0, 4 and 8 of the study. 

14. There would be no significant difference in the muscle fatigue of participants in the 

MPSBEEG across weeks 0, 4 and 8 of the study. 

15. There would be no significant difference in the activity limitation of participants in 
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the MPSBEEG across weeks 0, 4 and 8 of the study.   

16. There would be no significant difference in the disability of participants in the 

MPSBEEG across weeks 0, 4 and 8 of the study.   

17. There would be no significant difference in the fear-avoidance behaviour of 

participants in the MPSBEEG across weeks 0, 4 and 8 of the study.  

18. There would be no significant difference in the pain self-efficacy belief of 

participants in the MPSBEEG across weeks 0, 4 and 8 of the study. 

19. There would be no significant difference in the belief of the consequences of back 

pain of participants in the MPSBEEG across weeks 0, 4 and 8 of the study.   

20. There would be no significant difference in the general health status of participants in 

the MPSBEEG across weeks 0, 4 and 8 of the study.   

21. There would be no significant difference in the pain intensity of participants in the 

McKenzie Protocol plus Dynamic Back Endurance Exercise Group 

(MPDBEEG) across weeks 0, 4 and 8 of the study. 

22. There would be no significant difference in the static muscle endurance of 

participants in the MPDBEEG across weeks 0, 4 and 8 of the study.  

23. There would be no significant difference in the dynamic muscle endurance of 

participants in the MPDBEEG across weeks 0, 4 and 8 of the study. 

24. There would be no significant difference in the muscle fatigue of participants in the 

MPDBEEG across weeks 0, 4 and 8 of the study.   

25. There would be no significant difference in the activity limitation participants in the 

MPDBEEG across weeks 0, 4 and 8 of the study. 

26. There would be no significant difference in the disability of participants in the 
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MPDBEEG across weeks 0, 4 and 8 of the study.   

27. There would be no significant difference in the fear-avoidance behaviour of 

participants in the MPDBEEG across weeks 0, 4 and 8 of the study. 

28. There would be no significant difference in the pain self-efficacy belief of 

participants in the MPDBEEG across weeks 0, 4 and 8 of the study.   

29. There would be no significant difference in the belief of the consequences of back 

pain of participants in the MPDBEEG across weeks 0, 4 and 8 of the study.   

30. There would be no significant difference in the general health status of participants in 

the MPDBEEG across weeks 0, 4 and 8 of the study.  

31. There would be no significant difference in the effect of the three treatment regimens 

on pain intensity at week four of the study. 

32. There would be no significant difference in the effect of the three treatment regimens 

on static muscle endurance at week four of the study. 

33. There would be no significant difference in the effect of the three treatment regimens 

on dynamic muscle endurance at week four of the study. 

34. There would be no significant difference in the effect of the three treatment regimens 

on muscle fatigue at week four of the study. 

35. There would be no significant difference in the effect of the three treatment regimens 

on activity limitation at week four of the study. 

36. There would be no significant difference in the effect of the three treatment regimens 

on disability at week four of the study. 

37. There would be no significant difference in the effect of the three treatment regimens 

on fear-avoidance behaviour at week four of the study. 
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38. There would be no significant difference in the effect of the three treatment regimens 

on pain self-efficacy belief at week four of the study. 

39. There would be no significant difference in the effect of the three treatment regimens 

on belief of consequences of back pain at week four of the study. 

40. There would be no significant difference in the effect of the three treatment regimens 

on general health status at week four of the study. 

41. There would be no significant difference in the effect of the three treatment regimens 

on pain intensity at week eight of the study. 

42. There would be no significant difference in the effect of the three treatment regimens 

on static muscle endurance at week eight of the study. 

43. There would be no significant difference in the effect of the three treatment regimens 

on dynamic muscle endurance at week eight of the study. 

44. There would be no significant difference in the effect of the three treatment regimens 

on muscle fatigue at week eight of the study. 

45. There would be no significant difference in the effect of the three treatment regimens 

on activity limitation at week eight of the study. 

46. There would be no significant difference in the effect of the three treatment regimens 

on disability at week eight of the study. 

47. There would be no significant difference in the effect of the three treatment regimens 

on fear-avoidance behaviour at week eight of the study. 

48. There would be no significant difference in the effect of the three treatment regimens 

on pain self-efficacy belief at week eight of the study. 

49. There would be no significant difference in the effect of the three treatment regimens 
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on belief of consequences of back pain at week eight of the study. 

50. There would be no significant difference in the effect of the three treatment regimens 

on general health status at week eight of the study. 

 

1.5  DELIMITATION OF STUDY  

    This study was delimited to the following: 

A. Participants: 

1. Individuals diagnosed as having symptoms of long-term mechanical LBP. 

2. Having directional preference for extension based McKenzie Instituteôs Lumbar 

Lumbar   

      Spine Assessment Format   

B. Facility: 

1. Out-patient Physiotherapy Department of the Obafemi Awolowo University Teaching 

Hospitals Complex, Ile-Ife, Nigeria. 

2. Department of Medical Rehabilitation, College of Health Sciences, Obafemi Awolowo 

University, Ile-Ife, Osun state, Nigeria.    

C. Physical Performance tests: 

1. Biering-Sørensen test of Static Muscular Endurance (BSME) was used to assess static 

endurance of the back extensor muscles.  

2. Repetitive Arch-Up Test (RAUT) was used to assess dynamic endurance of the back 

extensor muscles.  
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1.6 LIMITATION  

  The following were the limitations of this study:  

1. The researcher was not blinded to the treatment outcomes of the different 

regimens and this is a possible threat to generalizability of the study.   

2. This study did not assess the long-term effects of treatment outcomes of the 

different regimens. This could be the focus of futue studies in this area. 

3. The endurance exercises used in this study seems to be able to recruit erector 

spinae comprising of the longissimus, spinalis and iliocostalis muscles that are basically 

trunk mobilizers at the expense of the trunk stabilizers that are also affected by LBP.   

 

1.7 SIGNIFICANCE OF THE STUDY  

  The outcome of this study may:   

1. Add to clinical evidence on the efficacy of McKenzie protocol at improving 

physiological and psychosocial variables in patients with long-term mechanical LBP.  

2. Provide clinical evidence on the efficacy of static and dynamic back extensors 

endurance exercises at improving physiological and psychosocial variables in patients 

with long-term mechanical LBP.   

3. Serve as a basis for recommending the most efficacious endurance exercise that may 

offer the greatest value to patients with LBP in clinical practice.    

4. Add to the few available studies on endurance exercise of back extensors in individuals 

with long-term mechanical LBP and also contribute to the expanding knowledge on the 

management of long-term mechanical LBP in general.  
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1.8 DEFINITIONS OF TERMS  

 The following terms were defined: 

Activities: What people can do inherently without assistance or barriers (WHO-ICF, 

2001). 

Dynamic endurance: This is the ability of an isolated muscle group to perform repeated 

contraction over a period of time (Burnett and Glenn, 1996; Hui, 2001). 

Efficacy: Biological effect of treatment delivered under carefully controlled conditions, 

usually determined by randomized controlled trials (Domholdt, 2000).  

Long-term low-Back Pain ï Low-Back Pain which has been persistent for three months 

or more (Ljungquist, 2002; Paul et al., 2008).  

Mechanical Low-Back  Pain ï Back pain that results from inflammation caused by 

irritation or trauma to the disk, the facet joints sufficient enough to stress, deform or 

damage the ligaments or the muscles of the back (McKenzie, 1981; Mora, 2004). 

Participation: Functioning taking into account the impact of barriers and facilitators in the 

environment (WHO-ICF, 2001). 

Static endurance: This is the ability of an isolated muscle group to generate tension, 

sustain that tension, and resist fatigue over a prolong period of time (Delateur, 1982). 
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CHAPTER TWO  

LITERATURE REVIEW  

2.1.0 LOW -BACK PAIN  

Low-Back Pain (LBP) is a symptom of pain or discomfort in the lumbo-sacral 

region of the back, between the lower margins of the 12
th
 rib and the gluteal folds (Porter, 

1993; Omokhodion, 2002; Hipp et al., 1989). LBP is regarded as a symptom from 

impairments in the structures in the low back which originates e.g. from muscles, 

ligaments, disc etc. (Elfving, 2002). It is also referred to as a complex disorder where 

pain, anatomical, physiological, psychological and social aspects are involved (Elfving, 

2002, Roach et al., 1997) and it occurs in a wide variety of medical, musculoskeletal, and 

neurologic conditions (Roach et al., 1997). LBP is not a diagnosis (Roach et al., 1999) 

but an irksome syndrome which has challenged mankind for ages (Cypress, 1983; May, 

2001).  

McCombe (1989) submitted that there is considerable research aimed at 

elucidating aetiology of various forms of back pain; in spite of this, only those syndromes 

associated with neurologic compression of cauda equina or nerve root have reasonably 

well understood clinical presentations. Nonetheless, LBP is typically classified as being 

specific or nonspecific (Manek and MacGregor, 2005). The specific aetiology of LBP is 

difficult to ascertain in most patients at the onset of the initial episode (Ehrlich, 2003; 

Airaksinen et al., 2004). Between 80 ï 90% of patients with LBP have no identifiable 

cause or precise patho-anatomical diagnosis and are designated as non-specific 

(Valkenburg and Haane, 1982; Nachemson, 1985; Deyo and Weinstein, 2001; Manek and 

Macgregor, 2005). The non-specific LBP is described as a ñmechanicalò back pain of 
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musculoskeletal origin in which symptoms vary with physical activity (Waddell, 1996). 

Mechanical LBP is back pain that results from inflammation caused by irritation or 

trauma to the disk, the facet joints sufficient enough to stress, deform or damage the 

ligaments or the muscles of the back (McKenzie, 1981; Medial Multimedia Group, 2002; 

Mora, 2004). 

Low-Back Pain (LBP) is often classified as acute, sub-acute and chronic 

according to duration of pain (Bouter et al., 1998). Acute LBP is described as LBP 

episode within 6 weeks, sub-acute as duration more than six weeks and less than three 

months; and chronic LBP as duration more than three months (Ehrlich, 2003; Manek and 

MacGregor, 2005; Refshauge and  Maher, 2006). The International Classification for 

Functioning, Health and Disability (ICF) framework has brought about a change of 

nomenclature or description of LBP classification (WHO-ICF, 2001; Elfving, 2002). The 

classification of LBP based on duration has recently been re-designated as short-term (for 

acute), intermediate (for sub-acute) and long-term (for chronic) (Abenhaim et al., 2000; 

WHO-ICF, 2001; Elfving, 2002). Previous findings indicate that acute and sub-acute 

episodes that last up to 3 months are the most common presentations of LBP and 

recurrent bouts of such episodes are the norm (Ehrlich, 2003; Manek and MacGregor, 

2005). Another report showed that one percent of patients with acute LBP have sciatica, 

which is defined as pain in the distribution of a lumbar nerve root, often accompanied by 

neurosensory and motor deficits (Hadler, 1984). However, chronic LBP ultimately is 

more disabling because of the physical impediments it causes and its psychological 

effects. 
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2.1.1 Epidemiology of Low-Back Pain 

Low-back pain (LBP) remains a major public health burden throughout the world 

(Papageorgiou et al., 1995; Hillman et al., 1996; Leboeuf-Yde et al., 1996). It is one of 

the most common problems in medical practice affecting 70% - 85% of adults during 

their lives (Andersson, 1999; Deyo and Weinstein, 2001; Goodwin and Goodwin, 2000; 

van Tulder, 2001). In many parts of the world, LBP is reported to be a major 

occupational health problem (Asuzu, 1995; Volinn, 1997; Andersson, 1999). It is a 

leading cause of morbidity and lost productivity (Deyo et al., 1992).  Epidemiological 

data indicate an annual prevalence of about 39ï54% (Hillman et al., 1996; Leboeuf-Yde 

et al., 1996) and a lifetime prevalence of 60ï65% (Hillman et al., 1996; Leboeuf-Yde et 

al., 1996; Papageorgiou et al., 1995). According to Andersson (1999) LBP affects men 

and women equally, with onset most between the ages of 30 and 50 years.  

Anecdotally, there is a general assumption that LBP prevalence in Africa is 

comparatively lower than in developed countries (Louw et al., 2007). The lack of 

information on the prevalence of LBP in developing countries is therefore a significant 

shortcoming (Walker, 2000; Sackett, 2000), particularly as it is predicted that the greatest 

increases in LBP prevalence in the next decade will be in developing nations (WHO, 

2003). However, a recent systematic review, Louw et al.,  (2007) concluded that the 

global burden and prevalence of LBP among Africans is rising and is of concern. In 

Nigeria, Latunbosun (1998) posited that the rate of incidence of LBP increases yearly. 

Also, a prevalence of 38% (Asuzu, 1995) and 44% (Omokhodion, 2004) has been 

reported among rural and urban dwellers respectively. Nwuga (1993) found 80% 

prevalence among Nigerians of over 60 years of age. Asuzu (1995) reported that LBP 
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contributed a sizeable loss of man hours per year, and it affected the ordinary lives of the 

sufferers to a large extent in Nigeria. The improvement in health outcomes with regards 

to LBP observed in most Western countries over the past few decades has not been 

achieved in Africa; therefore making the health of Africans is of global concern (Lopez et 

al., 2006).  

Low-back pain commonly affects people during their most productive years 

thereby making it the most expensive medical condition for people in the 30 - 50 years 

age group (Bigos et al., 1986; Deyo and Bass, 1989; van Tulder et al., 1995; Hestbaek et 

al., 2003). Andersson (1999) in the United States of America reported that back pain is 

the most common cause of activity limitation in people younger than 45 years, the second 

most frequent reason for visit to a physician, the fifth ranking cause of admission to 

hospital, and the third most common cause of surgical procedures. In the United 

Kingdom back pain is responsible for about 12.5% of all sick days (Andersson, 1999). 

Over the past 30 years in Sweden, back pain has accounted for 11% to 19% of all 

sickness absence days (Andersson, 1999). Eight percent of the insured Swedish 

populations were listed as sick with a diagnosis of back pain at some time during 1987 

(Andersson, 1999).  

 

2.1.2 Aetiology of Low-Back Pain 

 In the vast majority of instances the cause of LBP is obscure or nebulous (Ehrlich, 

2003). A minority of cases of back pain result from physical causes such as trauma to the 

back caused by a motor vehicle crash or a fall among young people and lesser traumas, 

osteoporosis with fractures, or prolonged corticosteroid use among older people are 
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antecedents to back pain of known origin in most instances. Relatively less common 

vertebral infections and tumours or their metastases account for most of the remainder. 

Specific causes account for less than 20% of cases of back pain: the probability that a 

particular case of back pain has a specific cause is only 0.2% (Ehrlich, 2003). The rest 

have so called non-specific LBP. This is described as a ñmechanicalò back pain of 

musculoskeletal origin in which symptoms vary with physical activity (Waddell, 1996). 

  It has been reported that principal conditions that may give rise to disabling pain 

in the lower part of the back are numerous (Mankin and Adams, 1977; Cyriax, 1978). 

Ayanniyi (2003) summarized that inflammatory diseases such as rheumatoid arthritis, 

ankylosing spondylitis, colities and diverticulitis were implicated in the aetiology of LBP. 

Furthermore, neoplastic diseases e.g. multiple myeloma, Hodgkinôs diseases, and 

reticulum cell sacroma, metastatic carcinoma (breast, lungs, prostate, thyroid, kidney, 

gastro interestinal tract) affecting lumbar spine bones can cause LBP. Referred pain from 

viscera disease e.g. abdominal organs can be felt in the lumbar spine region of the back. 

Peptic ulceration or tumor of the wall of the stomach and of the duodenum can also refer 

to the low back. Referred pain from pelvic organs (urologic and gynaecologic diseases), 

menstrual pain, endometriosis or carcinoma, malposition of uterus (retroversion, 

descensus, and prolapse) is often felt in the lumbar and sacral regions of the back. Other 

causes of LBP are destructive and infectious diseases such as tuberculosis, osteomyelitis 

of the spine and acute discitis i.e. infection of the intervertebral disc. Metabolic disease 

such as osteoporosis of the spinal bones (Mankin and Adams, 1977; Cyriax; 1978); 

urinary tract infections including pyelonephritis and renal colic secondary to uretetro 

lithiasis (MacEvilly and Buggy, 1996), some neuralgia e.g. Herpes zoster (viral infection) 
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(Dickson and Wright, 1984); Vitamin B12 deficiency and Piriformis syndrome (Wiesel, 

1996); diabetic lumbar radiculopathy (Naftulin et al., 1993) are also implicated in the 

aetiology of LBP. Binder and Nampiaparampil (2009): summarized that up to 85% of 

patients with LBP do not obtain a specific diagnosis even after work up (Nachemson, 

1976; White and Gordon, 1982; Deyo et al., 1992).  Schwarzer et al., (1994) posited that 

a very large percentage of individual complaints of LBP will have no accurately 

detectable pathology utilizing presently available technology and diagnostic procedures.  

Researchers and clinicians in physical therapy currently subscribes to two schools 

of thought based on their understanding of the causes of back pain. One school of thought 

is that spinal joint dysfunction such as disc protrusion, loss of joint play; stress and strain 

etc. are the major causes of back pain (Mckenzie, 1981; Cyriax, 1982; Nwuga, 1990). 

This group prefer positional adjustments (McKenzie, 1981), back school (Ross, 1997), 

and spinal manipulative therapy among others (Cyriax, 1982; Nwuga, 1990). The other 

school of thought is that weak muscles and/or trunk extensor-to-flexor muscles imbalance 

are major contributors to aetiology of back pain (Quinn and Bird, 1996; Marras et al., 

1987; Wilder et al., 1996; Nourbakhsh and Arab, 2002). Some authorities in this school 

of thought (Cady et al., 1979; Biering-Sorenson, 1984; Carr et al., 1985) suggest that 

muscle is a potential
 
source of LBP. They argue that failure of muscles

 
to protect passive 

structures from excessive loading may result
 
in damage to these pain sensitive structures 

and produce pain (Siedel et al., 1987).
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2.1.3 Risk factors for low-back pain 

 Many factors have been implicated in previous studies as risk factor for LBP 

however, only a few has been established in prospective studies (Lean et al., 1999). 

Several risk factors have been associated with increased risk of developing LBP which 

include smoking, obesity and psychological functioning. Smoking is one of the risk 

factors for LBP (Fogelholm and Alho, 2001). Smoking results in faulty synthesis of 

vertebral disc macromolecules, ischaemia and an imbalance between disc matrix 

proteineases and their inhibitors, these result in disc degeneration and spinal instability, 

and consequently LBP. Studies have shown an association between smoking and back 

pain that suggests risk is increased 1.5 to 2.5 times compared to non-smokers (Deyo and 

Bass, 1989). There is also an increase in proteolytic activity in cigarette smokers, which 

speeds up the disc degenerative process (Fogelholm and Alho, 2001; Ernst, 1992). Other 

implicated risk factors for LBP include sedentary work and lifestyle (van Dieen et al., 

2001; Kesley et al., 1984), standing and sitting for extended periods, wearing high heeled 

shoes, overweight and obesity, alcoholism, psychological factors (Kesley et al., 1984; 

Frymoyer, 1992; Lean et al., 1999). 

McKenzie (1981) identified three main factors that predispose an individual to 

mechanical LBP. The first is sitting posture, which according to him produces back pain 

itself without any additional strains of living. The second factor is the loss of lumbar 

extension or reduced range of extension, which influences the posture in standing, sitting, 

and walking. A reduced extension range will produce fully stretched position prematurely 

during prolonged and relaxed standing; pain then arises once sufficient stress is present. 

The third predisposing factor listed by McKenzie (1981) is high frequency of flexion and 
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also unexpected and unguarded movements. He submitted that lifting produces strain, 

which is often a precipitating factor especially when heavy, prolonged and repeated 

lifting is involved. Individuals in jobs requiring heavy lifting and lifting while twisting 

are at increased risk of back pain. In addition, exposure to whole body vibration and jobs 

that require static postures are associated with back pain (Skovron, 1992).  

Lack of back extensor musclesô endurance has frequently been cited as a 

suspected factor in the aetiology of LBP (Nordin et al., 1987) and it has also been 

associated with prolonged or recurrent back pain (Jorgensen and Nicolaisen, 1987). On 

the other hand, back pain in itself has been reported to precipitate decreased muscle 

endurance resulting from increased muscle metabolite from prolonged muscle tension 

and spasm (Armstrong, 1984), muscle deconditioning (Roy and Oddsson, 1998) and 

inhibition of the paraspinal muscles (Roy and Oddsson, 1998) in response to pain and 

decreased activity.  

2.1.4 Classification of low-back pain 

Low-Back Pain (LBP) is primarily a symptom and not a sign, a diagnosis or 

disease entity (Nwuga, 1990). It is typically classified as being specific or non-specific 

(Manek and MacGregor, 2005). The non-specific LBP is refers to mechanical back pain 

of musculoskeletal origin in which symptoms vary with physical activity (Waddell, 

1996). LBP is often classified as acute, sub-acute and chronic according to time duration 

of pain (Bouter et al., 1998). The lack of diagnosis of pathology of most low-back 

disorders has led specialists to derive classification schemes to qualify the extent of 

disorder, facilitate care and improve research (Serge and Lars, 1998). Ogunlade (1998) 
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classified LBP as spinal and non-spinal. Nwuga (1990) classified LBP into local pain, 

referred pain, radicular pain and pain from muscular spasm. While, Waddell (1982) 

classified the symptoms of back pain into pathological and mechanical. Among 

chiropractors LBP is classified as simple mechanical LBP, LBP with radiculopathy, 

serious pathological LBP and LBP with a psychological overlay (Jenkins, 2002).  

One of the more commonly used methods of classifying patients with LBP among 

physiotherapists is the McKenzie Method (McKenzie and May, 2003). This method is 

based on the patientôs pain response to certain movements and postures during 

assessment. McKenzie (1989) identified three distinct mechanical syndromes relating to 

pain in the low-back viz, derangement, dysfunction and postural syndromes. 

Derangement syndrome involves a change in the position of internal joint material. 

Dysfunction syndrome occurs when abnormally shortened tissue restricts normal pain 

free movement while postural syndrome results from prolonged loading of normal tissue 

leading to pain.  

McKenzie submitted that centralization is characteristic of only the derangement 

syndrome. A small portion of patients with the dysfunction syndrome would present with 

peripheral symptoms from an adherent nerve root. The derangement syndrome is 

characterized by pain that can be constant or intermittent depending on the size and 

location of the internal derangement and individuals with the syndrome may present with 

peripheralizing and centralizing symptoms (McKenzie, 1981). The McKenzie Method is 

reported to have high psychometric properties (e.g. validity, reliability and 

generalisability) (McCarthy et al., 2004) and therefore enjoys wide application in the 

clinical setting. 
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2.1.5 Models in low-back pain 

Many models have been postulated in order to improve the understanding and 

management of LBP. However, there are three frequently used models regarding 

management of chronic (long-term) LBP and these are: 

1) The physical deconditioning model assuming that loss of muscle strength and 

endurance including aerobic capacity is responsible for reduced activity levels and hence 

functional limitations (Mayer et al., 1998; Verbunt et al., 2003). 

2) The cognitive-behavioural model postulating that functional limitations results from 

maladaptive beliefs and avoidance behaviors that are maintained by learning processes 

(Vlaeyen et al., 1995; Turk and Okifuji, 2002). 

3) The bio-psychosocial model assuming that loss of functional abilities results from both 

the deconditioning and the cognitive-behavioural model (Wadell, 1998). The bio-

psychosocial model is currently the state of the art in rehabilitation and disability 

perspectives and has been adopted by the WHO under the new ICF classification (WHO-

ICF, 2001). This model related the development of LBP to clinical, radiological, 

physiological, and psychological factors (Malcolm, 1995). Based on the aetiology factors, 

this model helps to identify the bio-psychosocial factors related LBP and they are 

categorized as red flag (organic and biomedical factors), yellow flag (iatrogenic, belief, 

coping strategies, distress and behavioural factors), blue flag (social and economic 

factors), orange flag (psychiatric factors) and black flag (occupational factors) (Price, 

2005).  
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Other models in LBP used in literature include: The pathophysiological model 

which integrates connective tissue plasticity mechanisms with pain psychology, postural 

control, neuroplasticity on chronic LBP (Langevin and Sherman, 2007). The posturalï

structuralïbiomechanical (PSB) model which is somewhat close to the physical model. 

The physical model is based on assumption that a causal relationship exist between 

physical pathology and pain complaint, impairment and disability (Rose et al., 1995). The 

PSB model proposes postural deviations, body asymmetries and pathomechanics as the 

predisposing/maintaining factors for LBP (Lederman, 2010). The physical model 

explained the failure to recover from an acute episode of LBP, implicating that LBP is a 

function of physical impairment alone (Rose et al., 1995). However, Waddell et al.,  

(1993) submitted that distress is an important mediator of outcome of acute back pain and 

functional restriction due to pain may be more important than any anatomical or 

structural impairment. The inconsistencies between the physiologic, nociceptive element 

and the psychosocial components of chronic LBP were central to the construct óFear 

Avoidance Model of Exaggerated Pain Perceptionô (Lethem et al., 1983; Slade et al., 

1983).   

 

2.1.5.1 Bio-psychosocial model and long-term low-back pain 

In 2001, the WHO presented the International classification of functioning, 

disability and health (ICF), a bio psychosocial model which currently is the state of the 

art in rehabilitation and disability perspectives (WHO-ICF, 2001; Steiner et al., 2002).
 

The Paris task force on back pain provided a framework linking ICF and back pain 

(Abenhaim et al., 2000). Using this framework, psychosocial as well as physical aspects 
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of LBP are important in its assessment (Hope, 2002; Staal et al., 2002). It is believed that 

patients with long-term LBP may be impaired in body functions and structures, limited in 

performing activities and restricted in participation (Kuijer, 2006a; Kuijer et al., 2006b). 

There is also a possibility of having back pain impairment without having activity 

limitation, and to have activity limitation without having restriction in participation 

(Abenhaim et al., 2000). It is recommended that concepts and measures used in 

rehabilitation should address all aspects encountered and considered important by health 

professionals caring for patients with musculoskeletal conditions (Weigl et al., 2006).  

In general, disability seems to be one of the most important determinants for 

seeking healthcare in patients with long-term LBP (IJzelenberg and Burdorf, 2004; Van 

den Hoogen et al., 1998; Molano et al., 2001). 
 

In 1980, the World Health Organization 

(WHO) defined disability as óany restriction or lack (resulting from an impairment) of 

ability to perform an activity in the manner of within the range considered normal for a 

human beingô (WHO, 1980).
 

This definition assumes that the normal is to have no 

disability or restriction of any kind and that disability is ódue to an impairmentô (Waddell, 

1998). 
  

The ICF has two parts, with two components each. Part 1 includes the 

components body functions and structures, as well as activities and participation, and can 

be described in terms of functioning and disability. In this classification, disability is 

defined as an umbrella term for impairments, activity limitations and participation 

restrictions. Part 2, contextual factors, includes the components environmental and 

personal factors. It denotes the negative aspects of the interaction between an individual 

(with a health condition) and that individualôs contextual factors (environmental and 

http://rheumatology.oxfordjournals.org/search?author1=M.+Weigl&sortspec=date&submit=Submit


 

 

31 

personal factors) (WHO-ICF, 2001). The WHO-ICF (WHO, 2001) classifies components 

of health into three domains: body functions and structures, activities and participation.  

Dysfunctions in each respective domain are called impairments, activity limitations and 

participation restrictions.  Impairments are ñproblems in body function or structure as a 

significant deviation or lossò.  Activity limitations are ñdifficulties an individual may 

have in executing activitiesò.  Participation restrictions are ñproblems an individual may 

experience in involvement in life situationsò.  Functioning is the umbrella term that 

encompasses all body functions, activities and participations.  Disability is the umbrella 

term for dysfunction across the three domains.  

It is reported measuring impairments in body functions and structures solely could 

not explain the complete concept of disability in long-term LBP (Kuijer, 2006). This also 

means that in rehabilitation treatment, the focus on disability has shifted, in that the pain 

and complaints are no longer determining the level of disability but more the interaction 

between the concepts, with the focus on activity and participation. The guiding principle 

in rehabilitation treatment has shifted from a complaint contingent approach to a more 

time-contingent approach (Koes et al., 2004). The ICF is a classification system and not a 

measurement tool; it aimed to provide a scientific basis for the consequences of health 

conditions, to establish a common language to improve communications, to permit 

comparisons of data across countries, health care disciplines, services, and time and to 

provide a systematic coding scheme for health information systems (WHO-ICF, 2001). 

Using the recent ICF model (WHO 2002), the health of an individual is based on the 

categories of impairment, activity (previous disability) and participation (previous 

handicap).  
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Figure 1: International Classification of Functioning, Disablity and Health (ICF) 

framework  

 

Source: The ICF comprehensively covers the spectrum of health problems encountered 

by health professionals in patients with musculoskeletal conditions by Weigl et al.,  

(2006) 

 

http://rheumatology.oxfordjournals.org/search?author1=M.+Weigl&sortspec=date&submit=Submit
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2.2.0 MANAGEMENT OF LOW -BACK PAIN   

Low-back pain (LBP) is a costly health problem in the western society 

(Andersson, 1999). LBP is an irksome syndrome which has challenged homosapiens for 

ages (May, 2001). Although the omnipresence of LBP is recognized but there are little 

empirical evidence about its causes and treatment (Waddell, 1987; Harding and Watson, 

2000; El Zaher, 2001). Nwuga (1990) stated that BP has shown itself to be ubiquitous 

and disturbingly prevalent and has also maintained a defiant stance against various 

therapeutic strategies.  

Extensive research efforts are replete in literature as regards the causes and 

treatments of LBP (Andersson, 1999). Recent decades have witnessed tremendous and 

praiseworthy advances in surgical, pharmacological and physical management for a 

limited number of patients with LBP, and most of these approaches are applicable only to 

clearly defined conditions (Troup et al., 1987; Troup and Videman, 1989). In spite of 

clinical and research efforts, LBP has remained elusive and treatment effects are 

unsatisfactory (Andersson, 1999).  It is often suggested that the occurrence of LBP 

should be accepted as a fact of life and efforts of researchers and clinicians should be 

focus on preventing LBP from becoming chronic rather than at prevention of first-time 

occurrence (Andersson, 1999).  

The Working Group (WG) on the European Guidelines for Prevention in LBP 

(2004) considered that, overall, non-specific LBP is important not so much for its 

existence as for its consequences. Therefore, the WG guideline considers the 

consequences of common LBP to be a primary concern for prevention. However, few 

preventive solutions are on offer, either for primary prevention or for preventing the 
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recurrence of presenting symptoms (Troup and Videman, 1989).  A panel on clinical 

practice guideline in a systematic review submitted that there are a wide variety of 

treatments for LBP that are currently in use. The clinical care methods reviewed by the 

panel were: patient education about symptoms, structured patient education (ñback 

schoolò), medications to control symptoms, physical treatments to control symptoms, and 

activity modifications, bed rest, exercise, special diagnostic tests, and surgery (Bigos et 

al., 1994). Therefore, the management of LBP can require conservative approach or non-

conservative (surgical) means or both (Jacqueline, 2002).  

  

2.2.1 Non-conservative management in Low-back pain  

Non-conservative management of LBP often refers to surgical management of 

LBP. It is reported that most cases of LBP do not require surgery (Weber, 1983; Alaranta 

et al., 1990; Wilson, 2008). Surgical management is necessitated only when all 

conservative treatment methods have failed. Surgical intervention is usually indicated in 

LBP where there are co-morbidity like, bowel- or bladder-sphincter dysfunction, 

particularly urinary retention or incontinence; diminished perineal sensation, sciatica, or 

sensory-motor deficits; and bilateral or unilateral motor deficits that are severe and 

progressive (Johnson, 2010). Johnson (2010) summarized that surgical management of 

LBP is usually necessary, though not urgent in cases of weakness of the ankle and great 

toe dorsiflexors, loss of ankle reflex, sensory loss in the feet as manifestations of disc 

herniations, neurogenic claudication or pseudoclaudication (Wilson, 2008). Furthermore, 

surgery may be necessary to relieve pressure on nerve roots (Bogduk and McGuirk, 2006; 

Guzman et al., 2008).   
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Laminectomy is one of the most common surgical approaches in cases of cauda 

equina syndrome or other symptoms of lumbar disc herniation. Decompressive 

laminectomy is usually indicated for spinal stenosis, suspected cord or cauda equina 

compression (Wilson, 2008) and patients with root entrapment of a nerve root or fusion 

(Haraldsson and Willner, 1983). Patients with instability in the spine as it is in 

spondylolisthesis will benefit from posterior or anterior fusion, while those with spinal 

stenosis are usually treated with lateral fusion (Porter, 1993). Neurolysis is employed in 

the treatment of adhesive radiculitis, a condition in which the nerve root is found to be 

extensively involved in fibrous tissue in proximity to disc space (Lipson, 1989). Spinal 

fusion is however indicated only when acute severe symptoms are unbearable and when 

absenteeism looms and individualôs quality of life is adversely affected   (Porter, 1993; 

Herkowitz and Sidhu, 1995).  Immobilization in plaster jacket or spica cast and anterior 

surgery are used in managing infective spinal disorders (Lipson, 1989). 

 Other forms of surgery are foramenotomy, fenestration, discectomy (Nwuga and 

Egwu 1999). A recent and minimally invasive surgical management of LBP is called 

intradiscal electrothermal annuloplasty (IDET) (Saal, 2000; Heary, 2001). Intradiscal 

electrothermal annuloplasty is a minimally invasive treatment for chronic LBP that 

results from degenerative disease of the spine and disc herniation (Lester, 2004). It is 

considered for well selected patients with discogenic pain (Verrills and Vivian, 2004). 

Following such treatment, around 20% of patients will have complete relief despite many 

years of incapacitating pain, and 60% of such patients will have at least a 50% relief of 

their long term pain ( Bogduk and Karasek, 2000; Bogduk and Karasek, 2002). 

 

http://www.jaaos.org/search?author1=HN+Herkowitz&sortspec=date&submit=Submit
http://www.jaaos.org/search?author1=KS+Sidhu&sortspec=date&submit=Submit
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2.2.2 Conservative management for Low-Back Pain   

 Conservative approach to managing LBP can be pharmacological and non-

pharmacological (Wooliscroft, 2001).  Pharmacologic treatment involves the use of drugs 

(Lipson, 1989). The treatment approach employed is dependent on the primary physician 

and on the specific diagnosis (Lipson, 1989). Non-steroidal anti-inflammatory drugs are 

used in treating acute back pain to arrest the inflammatory processes that result from back 

pain but bed rest beyond two weeks could be deleterious (Jacqueline, 2002). 

Conservative therapy especially for lumbar disc herniation centres on bed rest, use of 

traction, analgesics, muscle relaxants and anti-inflammatory medications. Facet blocks, 

radio frequency facet denervation, intrathecal and epidural steroids, intradiscal steroids 

and nerve root sleeve infiltrations with steroids are used for patients with disc herniation 

(Lipson, 1989). Calcitonin injections are also given intramuscularly in patients with 

Pagetôs disease and spinal stenosis (Porter and Hibbert, 1984). 

The non-pharmacologic conservative approach often involves the use of physical 

agents. The Philadelphia panel on evidence-based clinical practice guidelines on selected 

rehabilitation interventions for LBP in a systematic literature review submitted that a 

number of rehabilitation interventions are used in the management of people with LBP 

(Philadelphia panel, 2001). Among current musculoskeletal interventions specific for 

LBP available to rehabilitation specialists, there are body mechanics and ergonomics 

training, posture awareness training, strengthening exercises, stretching exercises, 

activities of daily living training, organized functional training programs, therapeutic 

massage, joint mobilizations and manipulations, mechanical traction, biofeedback, 

electrical muscle stimulation, transcutaneous electrical nerve stimulation, thermal 



 

 

37 

modalities, cryotherapy, deep thermal modalities, superficial thermal modalities, and 

work hardening (Philadelphia panel, 2001). 

Physical therapy has from inception played an active and pivotal role in the 

management of LBP and also in lessening its economic burden (Utti et al., 2006). 

Johnson (2010) submitted that physiotherapy is probably the treatment most widely used 

for back complaints. LBP is reported to constitute the highest percentage of referrals and 

workload for physical therapy utilization (Frymoyer and Cats-Baril, 1991; Battie et al., 

1994; Margo, 1994). The cardinal aims of physical therapy in the management of patients 

with long-term LBP are to relieve pain, improve function; return to work; develop coping 

strategies for pain, with minimal adverse effects from treatment (Bigos et al., 1994; 

Evans and Richards, 1996). In armamentarium of physical therapy for the management of 

patients with  long-term mechanical LBP are modalities and equipment (such as 

ultrasound, short-wave and micro-wave diathermy, electromyographic biofeedback, 

interferential current, electrical stimulators, transcutaneous electrical nerve stimulators, 

laser, corsets and collars); cold therapy; specific techniques and therapies (such as spinal 

manual therapies) and various types exercises (Low and Reed, 1994; Foster et al., 1999; 

Li and Bombardier, 2001; Gracey et al., 2002). 

Physiotherapists usually give exercise therapy, alone or in combination with other 

treatments (for example, massage, heat, traction, ultrasound, or short wave diathermy), 

and back care education. It involves the use of physical agents and modalities to manage 

LBP. The agents include rest, heat therapy, cold therapy, spinal manipulation, electro-

analgesia, and exercises (Low and Reed, 1994; Foster et al., 1999; Li and Bombardier, 

2001; Gracey et al., 2002). Many of these treatment approaches requires intensive 
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supervision and sophisticated
 
equipment and their treatment effects remain elusive and 

unsatisfactory from most systematic reviews (Bigos et al., 1994; EC, 2004ab; Poitras and 

Brosseau, 2008). However, exercise therapy has been recommended from systematic 

reviews as effective in the management of long-term mechanical LBP and it appears to be 

the central element in the physical therapy management of patients with long-term 

mechanical LBP (Bigos et al., 1994; van Tulder et al., 2003; Hayden et al., 2005).  

 

2.2.3 Exercise in long-term mechanical low-back pain 

Systematic reviews of the evidence concerning the effectiveness of exercise 

concluded that exercise may be helpful for patients with long-term LBP in terms of 

decrease in pain and disability (Hayden et al., 2005a), decrease in fear of avoidance 

behaviour (van Tulder et al., 1997; Liddle et al., 2004) and return to normal activities of 

daily living and work (van Tulder et al., 2002). Exercise therapy encompasses a 

heterogeneous group of interventions ranging from general physical fitness or aerobic 

exercise to muscle strengthening and various types of flexibility and stretching exercises 

(Hayden et al., 2005). It is defined as ña series of specific movements with the aim of 

training or developing the body by a routine practice or as physical training to promote 

good physical healthò (Abenhaim et al., 2000). It aims at abolishing pain, restoring and 

maintaining full range of motion and improving the strength of lumbar muscles, thus 

contributing to the early restoration of normal function (Nachemson, 1990; Brukner and 

Khan, 1993).  

Exercise therapy is probably the cheapest physiotherapeutic intervention and one 

in which the patient has some measure of direct control (Brukner and Khan, 1993). 
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Exercises of various types have been used in managing LBP with varying reported 

successes (Shiple, 1997). Based on the foregoing, there is a proliferation of exercise 

programmes which varies from provider to provider depending on professional 

orientation (Keller, 2006). Nonetheless, it remains inconclusive which exercise regimen 

is better than the other and intensity that may offer the greatest value to patients (Shiple, 

1997; Nordin and Campello, 1999; Samanta et al., 2003; Hayden et al., 2005). Hayden et 

al., (2005b) in a systematic review concluded that exercise therapy encompasses a 

heterogeneous group of interventions that vary in type, intensity, frequency, and duration 

of exercise and the setting in which it is provided. There continues to be uncertainty 

about the most effective approach; and the literature on the hypothesized mechanism of 

the effect of exercise interventions provides little guidance. Furthermore, there does not 

appear to be a consensus of opinion on the most effective programme designed to 

maintain exercise benefits (Bronfort et al., 1996; Carpenter and Nelson, 1999; Faas, 

1996; Kenny, 2000; Lahad et al., 1996; Manniche et al., 1991; Taimela et al., 2000).  

Many randomized clinical trials (RCT) have been carried out to find the 

effectiveness of different exercise programmes by comparing varying forms of generic 

back exercise with no exercise (Hayden et al., 2005; Slade and Keating, 2006; Ferreira et 

al., 2006) or other exercise programmes (Kofotolis and Kellis, 2006; Sherman et al., 

2005). RCTs of either pragmatic or exploratory design are regarded as the most powerful 

method of determining cause-effect relationships between phenomena (Davidson and 

Hillier, 2002; Moher et al., 1999). Howbeit, the best way of selecting high-quality 

physical therapy trials for a systematic review has not yet been determined (Liddle et al., 

2004). There is a need to develop and validate quality scales speciýc to physical 
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treatments, as certain scales are more suited to a particular trial design (Colle et al., 

2002). The van Tulder methodological quality criteria have been recommended by the 

Cochrane Collaboration Back Review Group for Spinal Disorders (van Tulder et al., 

1997).   

 

2.2.3.1 Types and characteristics of exercise 

Based on systematic reviews, exercise therapy in LBP are generally characterized 

by the exercise programme design, delivery type, dose or intensity, inclusion of 

additional interventions and the types of exercises (Liddle et al., 2004). Exercise can be 

categorized based on programme design as individually designed, partially individually 

designed (exercise programme which include the same type of exercises but varies in 

intensity, duration, or both) and standard design (ýxed exercise programme for all 

participants) (Liddle et al., 2004). Based on delivery type, exercise therapy can be 

classified as home exercises only (participants meet initially with therapist, then 

participate in the exercise programme with no supervision or follow-up), supervised 

home exercises (participants meet initially with therapist, participate in the exercise 

programme, and have follow-up with the therapist), group supervision (participants 

attends exercise therapy sessions with 2 or more participants) and individual supervision 

(participants receives one-on-one intervention or supervision). However, some exercise 

therapy programmes includes more than one type of delivery but are often classified 

according to their main delivery type (Bronfort et al., 1996; Bendix et al., 2000; 

Hildebrandt et al., 2000; Liddle et al., 2004).   
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Dose or intensity of the exercise in LBP is categorized by considering the 

duration and number of treatment sessions.  Low dose are exercises with less than 20 

hours of total intervention time. Mean dose are exercises within 20 hour of total 

intervention time while high dose exercise are exercise with more than 20 hours of 

intervention time (ACSM, 2000; Liddle et al., 2004). Adherence rate is often employed in 

prescribing exercise dosage if the exercise programme included a home exercise 

component. Adherence rate of 50% of the recommended time and number of sessions is 

for home exercise programmes without follow-up. 75% of the recommended time and 

number of sessions are often used for home exercise without follow-up. Adherence rate 

for home exercises are monitored using daily diary recordings and/or therapist and patient 

reporting of adherence to the prescribed programmes (ACSM, 2000; Liddle et al., 2004). 

When considering number of sessions, eexercises with less than 18 numbers of sessions is 

considered low dose, those within 18 to 24 sessions is considered mean dose while those 

with more than 24 sessions as high dose (ACSM, 2000; Liddle et al., 2004) . In addition, 

exercise therapy in LBP is often categorized based on the inclusion of additional 

intervention. The practice of additional interventions to exercise in LBP abounds in 

li terature. Examples of additional treatments to exercise in LBP include massage, 

thermotherapy such as hot packs and radiant heat bath, electro-stimulations such as the 

use of TENS, Interferential therapy etc. (Liddle et al., 2004).  
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2.2.4 McKenzie Protocol in the Treatment of Back Pain  

  The McKenzie protocol is a standardized approach to both the assessment and 

treatment of LBP. The McKenzie protocol or method is not simply a set of exercises but a 

defined algorithm that serves to classify the spinal problem so that it can be adequately 

treated. McKenzie protocol is a simple non-invasive mechanical approach of managing 

back pain that utilizes a disciplined system of clinical interviews and physical 

examinations (movement and positioning) that enables spinal mechanical pain to be 

classified into the three McKenzie syndromes (postural, dysfunction and derangement) 

for effective management (McKenzie, 1981; 1990). In 1981, McKenzie proposed a 

classification system and a classification-based treatment for LBP labelled Mechanical 

Diagnosis and Treatment (MDT), or simply McKenzie method (McKenzie and May, 

2003). Of the large number of classification schemes developed by various authors in the 

last 20 years (Stiefel et al., 1999; van Dillen et al., 2003; BenDebba et al., 2000; Delitto et 

al., 1995; Klapow et al., 1993; Laslett and van Wijmen, 1999; Maluf et al., 2000; 

Petersen et al., 2003), the McKenzie method has the greatest empirical support (e.g. 

validity, reliability and generalisability) among the systems based on clinical features 

(McCarthy et al., 2004) and therefore seems to be the most promising classification 

system for implementation in clinical practice. 

McKenzie protocol is a form of mechanical therapy, however, unlike the main 

stream manipulative therapy schools of thought, the McKenzie approach utilizes a system 

of patient self generated force to mobilize or manipulate the spine through a series of 

active repeated movements or static positioning. There is a gradual build-up of forces 

which are progressed from patient generated to therapist generated (McKenzie, 1981). 
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The McKenzie protocol is thought to promote rapid symptom improvement in patients 

with LBP thus making it a common treatment of choice among physical therapists 

(Delitto et al., 1993; Schenk et al., 2003). The McKenzie protocol also includes a set of 

back care education instruction. The McKenzie back care education comprise  a nine item 

instructional guide on standing, sitting, lifting and other activities of daily living for home 

exercise for all the participants. 

The McKenzie protocol is one of the most frequently used types of physical 

therapy for back pain (Battie et al., 1994; Foster et al., 1999; Gracey et al., 2002; 

Ayanniyi et al., 2007) and reportedly has the potential advantage of encouraging self-help 

(Moffett and McLean, 2006). The McKenzie protocol identifies with the school of 

thought that spinal joint dysfunction such as disc protrusion, loss of joint play; stress and 

strain among others are the major causes of back pain. The spinal discs have been 

implicated as pain generators (Harms-Righdahl, 1986; Schellhas et al., 1996). Similarly, 

the lumbar intervertebral discs are thought to be sources of intrinsic pain without nerve 

root involvement (Moneta et al., 1994; Schwarzer et al., 1995; Ohnmeiss et al., 1997). 

Some investigators corroborate that at least the outer third of the anulus fibrosus is 

innervated (Yoshizawa et al., 1980; Ashton et al., 1994) and that painful and degenerated 

discs are more extensively innervated (Coppes et al., 1997). The mechanical stimulation 

of the posterior anulus of the lumbar intervertebral discs in patient with chronic and 

severe LBP is believed to reproduce the symptoms (Kuslich et al., 1991; Schwarzer et al., 

1995). Therefore, the McKenzie method school of thought in back pain management is 

targeted at addressing the disc pathology and its sequelae.  
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2.2.5 Back extensor musclesô endurance  

Muscular endurance is the ability of an isolated muscle group to generate tension, 

sustain that tension and resist fatigue over a prolong period of time (static endurance) 

(Delateur, 1982; USDHHS, 1996) or the ability of an isolated muscle group to perform 

repeated contraction over a period of time (dynamic endurance) (Burnett and Glenn, 

1996). The endurance of the back extensor muscles have been reported to be related to 

low-back health (Jorgensen et al., 1987; Latimer et al., 1999; Biering-sorensen, 1983). 

The assessment of the endurance capability of these muscles is seen to be important in 

the clinical setting as an outcome tool among healthy and patient populations (Alaranta, 

2000; Moreau et al., Udermann et al., 2003). It has been reported that the evaluation of 

the endurance of back extensor muscles seems to have greater discriminative validity 

than evaluation of maximal voluntary contractile force (Biering-Sorensen, 1984; 

Holmstrom et al., 1992; Jorgensen, 1997; Luoto et al., 1995).  

The back extensor musclesô endurance can be measured by both simple isometric 

and more sophisticated isokinetic dynamometers (Harkonen et al., 1993; Hurri et al., 

1995). Back lifting and extension strength and endurance tests are commonly used 

methods for testing back function in epidemiological research into back performance in 

health and disease, as well as in assessment of work ability and rehabilitation (Biering-

Sørensen, 1984; Mayer et al., 1985; Kankaanpää et al., 1999; Keller et al., 1999; Käser et 

al., 2001; Ropponen, 2006). 

A literature review by Moreau et al.,  (2001) and another study by Ebrahimi et al.,  

(2005) revealed that a number of back endurance tests exist to diagnose, prevent and 

rehabilitate LBP.  These tests include the repetitive squat test (Alaranta et al., 1994), the 
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Biering-Sorensen test of static muscular endurance (BSME) or Sørenson test (Biering-

Sorensen, 1984), the repetitive sit-up test (Alaranta et al., 1994), the repetitive arch-up 

test (Alaranta et al., 1994), the prone double straight-leg raise test (McIntosh et al., 1998), 

supine isometric chest raise test (Ito et al., 1996), and supine double straight-leg raise 

(Kendal et al., 1983). However, the BSME either in its original version or as variants has 

been widely used in previous research among healthy and patient populations (Mbada et 

al., 2009). The BSME provides a global measure of static back extension endurance 

capacity (Moreau et al., 2001) and it has been reported to be valid, reliable, safe, 

practical, responsive, easily administered, inexpensive, and there is a substantial quantity 

of compiled data (Alaranta, 2000; Moreau et al., 2001; Udermann et al., 2003). On the 

other hand, the repetitive arch-up test (RAUT) (Alaranta et al., 1994) provides the 

dynamic evaluation of trunk extensor muscles endurance without requiring the use of a 

dynamometer (Alaranta et al., 1994; Grönblad et al., 1997; Kuukkanen and Malkia, 1996; 

Rissanen et al., 1994; Rissanen et al., 2002).  

 

2.2.5.1 The Biering-Sorensen test of static muscular endurance   

  The Biering-Sorensen test of static muscular endurance (BSME) in its original 

form or variants assesses the static endurance of the back extensor muscles. During the 

test, the participant lies prone on a table/plinth with the inguinal region is brought to the 

edge of the table, the arms are bent, the elbows held out, and the hands on the ears 

(Mannion et al., 1998), forehead (Ng and Richardson, 1996), or nape of the neck 

(Gibbons et al., 1997; Suter and Lindsay, 2001), while in another variant, the arms are 

held along the sides (Luoto et al., 1995; Alaranta et al., 1994; Simmonds et al., 1998). In 
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order to ensure stability in the testing position, the ankles are fixed by the examiner or 

with the use of straps.  The upper trunk is freely suspended and horizontality is ensured 

by simply trusting a visual evaluation (Holmstrom et al., 1992; Gibbons et al., 1997; 

Alaranta et al., ,1994; Latikka et al., 1995; Keller et al., 2001), other studies used 

measurement devices (inclinometer) (Moffroid et al., 1993; Chok et al., 1999; Latimer et 

al., 1999), goniometer (Ng and Richardson, 1996), or photoelectric cell Holmstrom et al., 

1992; Hultman et al., 1993) or asked the patient to maintain contact between the back and 

a stadiometer or weight hanging from the ceiling or Guthrie Smith frame or other devices 

(Ng and Richardson, 1996; Kankaanpää et al., 1998; Koumantakis et al., 2001).  

During the test, the participant is requested to stay in the horizontal position as 

long as possible or until he/she can no longer control the posture or losses contact with 

device or object used to define the horizontal position for more than 10 seconds (Rashiq 

et al., 2003) or the use of other specific test-stopping criteria such as trunk downsloping 

by more than 5ï10° (Latimer et al., 1999; Chok et al., 1999; Moffroid et al., 1994). The 

examiner records the time the participant is able to keep the unsupported trunk (from the 

upper border of the iliac crest) horizontal while prone on the table to a maximum of 240 

seconds (Biering- Sørensen, 1984) or longer (Jörgensen and Nicolaisen, 1986). 

2.2.5.2 The repetitive arch-up test   

The Repetitive Arch-Up Test (RAUT) provides the dynamic evaluation of trunk 

extensor muscles endurance without requiring the use of a dynamometer (Alaranta et al., 

1994; Grönblad et al., 1999; Kuukkanen and Malkia, 1996; Rissanen et al., 1994; 

Rissanen et al., 2002). The inguinal region is brought to the edge of the table with the 
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ankles fixed by the examiner or the use of straps. The upper trunk is flexed downward to 

45 degrees, and the patient is asked to move the trunk up to the horizontal position 

(avoiding the hyperextended position) and back down.  One repetition every 2 to 3 

seconds is required, with a maximum number of repetitions set at 50. The examiner 

records the maximum number of repetitions the participant is able to perform (Alaranta, 

1994). Moreland et al., (1997) in the assessment of dynamic endurance of the back 

extensors, put the participants in prone lying over 30 degrees foam wedge with iliac 

crests at the edge of the wedge.  The arms were positioned alongside the trunk with the 

hands at the hips.  Two straps were used to fix the lower part of body which one strap at 

the hips and one at the mid-calf.  Participants were instructed to hold the trunk to neutral 

position and then to lower the upper body back so the nose touched the table.  Speeds of 

movement were 25 repetitions per minute and the number of repetitions accomplished by 

the participant was counted.  

As with the BSME, variants exist in literature for the RAUT. Moreland et al.,  

(1997) used a variant in which the lower limbs were fixed to a triangular pad and the 

patients were asked to flex the trunk so as to touch the table with the nose then to return 

to the horizontal position at a rate of 25 arch-ups per minute. In another study by Mayer 

et al., (2003), the test was done using a Roman chair and patients were asked to arc up 

repeatedly over a 90
0
 angle. Whereas the static version of the back muscles endurance 

tests has been widely used in previous studies, the dynamic variant has received less 

attention (Demoulin et al., 2004). For the reliability of this test, an intra-class correlation 

coefficient of 0.78 was reported by Moreland et al., (1997).    
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2.3.0 ANATOMY OF THE BACK  

The back is the posterior aspect of the trunk and is the main part of the body to 

which the head, neck, and limbs are attached (Moore, 1992). It consist of skin, superficial 

fascia, which contains fatty tissue, deep fascia, muscles, vertebrae, intervertebral discs, 

ribs (in the thoracic  region), vessels and nerves (Moore, 1992).  

2.3.1 The Spinal Column 

The spinal column (or vertebral column) extends from the skull to the pelvis 

(Bridwell, 2005).  The spinal column constitutes the core of the locomotor apparatus and 

it is the key to posture of the trunk.  It is a structure as well as a mechanism (Olaogun and 

Edewor, 1994).  As a structure, it can resist a compression load exceeding ten (10) times 

the weight of the body segments that it supports and with the support of the trunk muscle 

it can remain rigid in response to horizontal pull of fifty kilogram (50Kg); yet as a 

mechanism, with a little effort, it can be bent forward, backward and sideways or twisted 

(Olaogun, 1999).  The spinal column consists of 33 vertebrae; 24 of these are joined to 

form a flexible column. 7 vertebrae are in the neck and are called cervical vertebrae; 12 

are in the region of the chest and are called thoracic or dorsal vertebrae; 5 are in the 

lumbar region; 5 are fused together to form sacrum, the rear portion of the pelvis; the 

lower 4 are only partially developed and form the coccyx.  The spinal column is flexible 

above the sacrum, upon which the flexible portion rests (Bridwell, 2005).  

The vertebrae range in size with the cervical as the smallest and lumbar the 

largest, vertebral bodies are the weight bearing structures of the spinal column (Bridwell, 

2005).  Each vertebra bears the weight of all parts of the body above it, and since the 

lower one has to bear much more weight than the upper ones, the former are much the 
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larger (Nwuga and Walmsley, 1990).  The natural curves in the spine, kyphotic and 

lordotic, provide resistance and elasticity in distributing body weight and axial loads 

sustained during movement (Bridwell, 2005).  Lying between the vertebrae are pads of 

fibrocartilage, the intervertebral disc. The fibrocartilagenous disc is composed of the 

inner nucleus pulposus and the outer annular fibrosus (Nwuga and Walmsley, 1990). The 

former conferring on the disc a water inhibitive capacity makes for flexibility and height 

difference at the extreme of the day (Nwuga, 1986).  The annulus comprises successive 

concentric lamellae of the fibres of fibro-cartilage (Nwuga and Walmsley, 1990).  The 

space which the discs occupy adds up to one-fourth to one-fifth of the total length of the 

spine (Nwuga and Walmsley, 1990). 

 The spinal cord passes through a vertebral canal, the vertebral foramen, formed 

by the vertebrae.  This foramen is triangular and smaller and circular in shape in the 

thoracic region.  The intervertebral foramina, which are openings between adjacent 

vertebrae, give passage to the paired spinal nerves which convey impulses to and from 

the spinal cord.  These foramina are smallest in the cervical and become larger in size 

toward the lower lumbar vertebrae (Nwuga and Walmsley, 1990). 

A typical vertebra consists essentially of two parts, the anteriorly placed body and 

the neural arch at the posterior. Together these make up the walls of the vertebral 

foramen wherein the spinal cord lies (Nwuga, 1986; Nwuga and Walmsley, 1990).  The 

body of the vertebra which is thickest part give attachment to the intervertebral discs on 

its flats superior and inferior surfaces.  Piercing the body are a few small foramina which 

provide passage for nutrient vessels (Nwuga and Walmsley, 1990).  The neural arch is 

made up of two pedicles originating from the postero lateral aspect of the body and two 
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laminae which give rise to spinous process.  The pedicles are short and thick and 

originate from the meeting point of pedicles and the laminae, the transverse process 

project laterally, bearing on its surface two superior and two inferior articular processes. 

A layer of hyaline cartilage covers the surfaces of the articular processes (Nwuga, 1986; 

Nwuga and Walmsley, 1990).  

 The structure and plasticity of the spinal column are maintained by the interplay 

of vertebrae, its transverse processes, shape and orientation of the interlocking facets as 

well as ligaments and tightening effect of paraspinal muscles (Olaogun, 1999).  Running 

the length of the spinal column are anterior and posterior longitudinal ligaments which 

are distributed in front and back respectively.  The ligamentum flavum lies between 

adjacent laminae, its elastic nature, helps to bring the spine back into the position of 

extension from flexion (Nwuga and Walmsley, 1990).  The ligamentum flavum also acts 

in a protective capacity for the spinal cord by the completion of the spinal canal 

posteriorly. The interspinous ligaments connect adjacent spinous processes, connecting 

them this way. The supraspinous ligament enlarges in the cervical region to become the 

thick ligamentum nuchae.  It is commonly described as extending from the cervical to the 

sacral regions (Nwuga and Walmsley, 1990).  The mechanism and flexibility of the spine 

are afforded by the resiliences of the intervertebral discs aided by the water inhibitory 

property of the gelatinous nucleus pulposus and generally fusiform structure of the spinal 

muscles (Olaogun, 1999; Rasch and Burke, 1978).   

Movement of the spinal column takes place by compression and deformation of 

the elastic intervertebral discs, and by the gliding of the articular processes upon one 
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another.  Except in the atlanto occipital joints and the joint between the first two cervical 

vertebrae, the range of movement in each individual is small, although the total 

movement in all the joints may appear large.  In general, interspinal movements are 

limited by tautness of ligaments, the shape and orientation of the interlocking facets of 

the articular process, apposition of the spinous process (in the case of extension), and 

presence of the ribs in the thoracic region (Olaogun, 1999; Rasch and Burke, 1978). 

The functions of the spinal column include: (1) Protection: of the Spinal Cord and 

Nerve Roots and Many internal organs.  (2) Base for Attachment: for Ligaments, 

Tendons, and Muscles.  (3) Structural Support for Head, shoulders and chest: Connects 

upper and lower body, and also balance and weight distribution.  (4) Flexibility and 

mobility which include: flexion (forward bending), extension (backward bending), side 

bending (left and right), rotation (left and right), and combination of above.  (5) Other 

functions include production of red blood cells in the bones and Mineral storage 

(Bridwell, 2005). 
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Figure 2: Diagram of the Spinal Column  

(Reproduced from Back.com, 2003)  
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2.3.2 Muscles of the back 

There are three groups of muscles in the back - viz are the superficial, 

intermediate, and deep groups.  The superficial and intermediate groups are extrinsic 

back muscles that are concerned with limb movements and respiration respectively. The 

deep group constitutes the intrinsic back muscles that are concerned with movements of 

the vertebral column. The extrinsic muscles are superficial to the intrinsic muscles 

(Moore, 1992).   

The intrinsic or deep muscles of the back (e.g. the erector spinae) are concerned 

with the maintenance of posture and movement of the vertebral column and head.  The 

muscles are named according to their relationship to the surface: (1) Superficial layer e.g.  

splenius muscles, (2) an intermediate layer e.g. erector spinae muscles, and (3) a deep 

layer e.g. semispinalis, multifidus and rotatores.  Rasch and Burke (1978) explained that 

the muscles producing spinal movement exist in bilateral pairs, the members of which 

can and often do contract independently. Anterior spinal muscles frequently do not attach 

directly to the vertebrae. For example, the rectus abdominis muscle connects the lower 

ribs and the pubes of the pelvis.  When the rectus abdominis shortens, the spine is pulled 

into flexion by the displacement of the rib cage and/or the pelvis. Except for the 

quadratus lumborum, all spinal muscles are movers for either flexion or extension. The 

flexors comprise the abdominal group, the prevertebral group and the psoas. The 

extensors comprise the deep posterior spinal group, the semispinalis group, the erector 

spinae group and the suboccipital group. 
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Figure 3: Muscles of the back  

(Reproduced from Atlas of Interactive Anatomy Netter, F.H and Dalley A.F. 1998)  
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2.4.0 OUTCOME MEASURES IN LONG -TERM LOW -BACK PAIN  

The restoration of normal function is considered a key outcome of physiotherapy 

treatment for low-back problems (Delitto, 1994; Beattie and Maher, 1997).  

Physiotherapists have traditionally tended to focus on the assessment and treatment of 

impairments. Physiotherapists therefore need measurement tools that can accurately 

assess function and monitor change in function over time.  Impairments of body function, 

such as spinal range of movement and straight leg-raise, can be observed directly by the 

therapist in the clinical setting.  In contrast, the performance of many daily activities 

cannot be directly observed in the clinical setting and clinicians typically collect this 

information by direct questioning during the assessment process (Davidson, 2003). It is 

now widely acknowledged that activity limitations need to be evaluated in addition to 

impairments, and that treatment goals should focus on restoring normal function because 

these are the outcomes of greatest interest to patients (Delitto, 1994; Fitzgerald et al., 

1994; Fitzgerald, McClure, Jette and Jette, 1996; Beattie and Maher, 1997; Deyo et al., 

1998). The use of standardised self-report questionnaires could provide a more 

convenient and reliable method of measuring activity limitations associated with low-

back problems, and of monitoring response to treatment (Davidson, 2003).   

The number of competing questionnaires has been identified as one of the barriers 

to the widespread clinical use of such questionnaires (Deyo and Patrick, 1989; Beattie 

and Maher, 1997).  It is not clear which tool or tools (if any) are best suited for use in a 

general, ambulatory clinical population.  Following a proliferation of new questionnaires, 

few of which have been fully evaluated, there has been a call for better development and 

use of existing instruments (Bombardier, 2000).    



 

 

56 

Current recommendations suggest that a low-back specific and a general health 

status questionnaire are required for comprehensive assessment of the impact of LBP 

(Davidson, 2003). There are many standardized self-reported questionnaires for 

measuring activity limitation and participation restriction in long-term LBP (Davidson, 

2003). These include- the Oswestry Disability Questionnaire, the Quebec Back Pain 

Disability Scale, the Roland - Morris Low-Back Pain and Disability Questionnaire 

(RMLDQ) and the Waddell Index among several others. The Oswestry and Roland-

Morris were the most widely used low-back questionnaires with many studies reporting on 

their clinimetric properties (Davidson, 2003) and have been increasingly recommended 

for use in the assessment of activity limitation and participation restriction respectively 

following low-back problems (Deyo et al., 1998; Bombardier, 2000).
 

The RMLDQ and 

the Oswestry
 
Low-Back Pain Disability Questionnaire (OLBPDQ) are the most 

commonly used disability scales for people with
 
LBP (Beurskens et al., 1995). The 

measurement
 
properties of both of these scales have been studied extensively,

 
and a 

report of the International Forum for Primary Care
 
Research in LBP contended that both 

scales are acceptable
 
for measuring disability related to LBP (Deyo et al., 1998). 

 

Roland and Morris (1983a) developed their 24-item questionnaire in the early 

1980s to measure self-rated disability due to back pain in clinical trials. The RMLDQ is 

derived from the Sickness Impact Profile (SIP), a general health questionnaire (Bergner 

et al., 1981). Some authors have concluded that the psychometric properties of the 

Roland are similar to those of the entire SIP (Deyo and Centor, 1986; Jensen et al., 1992).  

The 18 ï item RMLDQ was found to meet the reliability and validity criteria as the 24 ï

Item RMLDQ in an experimental design, and has 62% sensitivity and 87% specificity 
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(Stratford and Binkley, 1997). It allows for easy scoring as one simply totals the sum of 

the circled items and this represents the final score (Von and Saunders, 1996).  The 

RMLDQ takes five minutes to complete and less than a minute to score.  Davidson 

(2003) summarized that the reported floor and ceiling effects are within the 15% criterion 

limit.  Evidence for internal consistency is somewhat conflicting; although Cronbachôs 

alpha values in the recommended range suggest the items overall form an internally 

consistent scale.  Test-retest reliability coefficients are generally high, and the MDC is 

estimated to be between 4 and 5 points. There is considerable evidence for the convergent 

validity of the scale and it appears to be responsive to change over time despite the 

dichotomous scaling method.  The RMLDQ appears to be suitable for use in clinical 

settings to evaluate change in physical functioning in subjects with LBP (Davidson, 

2003).  Von and Saunders (1996) submitted that a cut-point of 14 or greater on the 

RMLDQ represents a significant disability associated with unfavourable outcomes which 

they felt was too high to identify all patients functioning poorly.   

 The Oswestry Low-Back Pain Disability Questionnaire was developed in the late 

1970s at the Robert Jones and Agnes Hunt Orthopaedic Hospital in Oswestry, Shropshire 

(U.K.) as a clinical assessment tool that would provide an estimate of disability expressed 

as a percentage score (Fairbank et al., 1980).  OLBPDQ was originally described in 1980 

(Fairbank et al., 1980). Individual items
 
included in the OLBPDQ were selected based on 

the experience of
 
the scale's developers and were pilot tested in a sample of

 
25 patients. 

Disability was defined by the authors as ñthe limitations of a patientôs performance 

compared with that of a fit personò (Fairbank et al., 1980).  The questionnaire covers 10 

domains including pain intensity, personal care, lifting, walking, sitting, standing, 
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sleeping, sex life, social life and traveling, for the situation ótodayô (Fairbank et al., 

1980). For each domain there is a scale of six statements, where zero is the ability to 

perform the activity without pain and five is inability to perform the activity because of 

pain. Higher score means high degree of activity limitation (score 0-5).  A sum score can 

be calculated: total score/total possible score*100 (Fairbank et al., 1980). Its internal 

consistency, structure, reliability and validity have been reported in previous studies 

(Kopec et al., 1995; Fischer and Johnston, 1997; Tibbles et al., 1998). Davidson (2003) 

summarized that the OLBPDQ fulfils the criteria of being a brief self-administered tool 

that is easy to complete and score.  Data quality appears acceptable with minimal floor 

and no ceiling effects.  There is a body of evidence that the OLBPDQ is a valid 

measurement tool for detecting activity limitation in people with LBP and that the 

Oswestry is responsive to change (Davidson, 2003). 

Assessment of general health status has been recommended in low-back pain 

management (Davidson, 2003). Several different instruments are readily available to 

choose from within the general health status category. Some of these instruments include 

the Health Status Questionnaire Short Form (SF-36), the Sickness Index Profile and the 

Quality of Well-being Scale among others. The Health Status Questionnaire has been 

recommended in the assessment of patients with long-term LBP (Bombardier, 2000; 

Davidson, 2003; Kuijer, 2006). The Short Form -36 (SF-36) Health Status Questionnaire 

is a generic health survey assessment tool developed by Ware et al.,  in the USA (Ware et 

al., 2000).  The SF-36 is a generic questionnaire, not designed for any special patient 

category, but it is recommended in the studies of back pain (Bombardier, 2000). It 

consists of 36 items grouped under 8 questions. The domains include physical 
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functioning, role limitations due to physical problems, bodily pain, general health 

perceptions, vitality, social functioning, role limitation due to emotional problems and 

general mental health. The raw scores for each domain are transformed to a 0ï100-point 

scale such that 0 represents the poorest health and 100 the best health. 

Many instruments abound in literature for the measurement of pain severity in 

patients with long-term LBP. The Visual Analogue Scales (VASs) have become very 

popular in pain research and in the clinical assessment of pain. Reliability and validity 

have been reported (Jensen and Karoly, 1993) and several distinct advantages over other 

measurement methods have been published (Scott and Huskisson, 1976; Price et al., 

1994). Another specific application of the VAS is called the Quadruple visual analog 

scale (Von Korff et al., 1993). The scale assesses pain intensity under four categories, as 

pain right now, typical or average pain, pain level at its best and pain level at its worst 

respectively. For patients with long-term LBP, the average pain grade is often used. The 

patient will be asked to circle his /her level of pain on the scale line marked 0 ï 10. Mark 

10 stands for most severe pain while mark 0 stands for no pain. The ability of this scale to 

assess pain under the four different factors gives it an advantage over the other pain tools. 

Actual performance of patients with long-term mechanical LBP during a physical 

performance tests may depend on several factors. Seen from the bio-psychosocial model, 

a patientôs performance during a physical performance test may depend on biological, 

psychological and social factors (Reneman et al., 2008). These psychological factors are 

numerous and include self-efficacy expectations, self-esteem, fear-avoidance behaviour 

etc. Self-efficacy expectations refer to an individualôs beliefs in oneôs competence or 

ability (Lackner and Carosella, 1999). Geffen (2003) opined that patients with long-term 
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LBP respond to their situation with lowered self-esteem. The pain self Efficacy 

Questionnaire (PSEQ) is often used to assess self-efficacy in the patients with long-term 

LBP. The 10 items scale was developed by Nicholas (1989). It covers a range of 

functions, including household chores, socializing, work as well as coping with pain 

without medications. It takes two minutes to complete, has a high completion rate, is 

available at no charge, and can be used in assessment, treatment planning, and outcome 

evaluation (Nicholas 2007). Clients are asked to rate how confidently they can perform 

the activities described, at present, despite their pain. They answer by circling a number 

on a 7-point Likert scale under each item, where 0 = not at all confident and 6= 

completely confident. A total score, ranging from 0 to 60, is calculated by adding the 

scores for each item. Higher score on the scale reflects a stronger self-efficacy belief 

(Nicholas, 1989). Low scores (< 20) indicate the client is more focused on the pain. 

Unless this belief is addressed it is likely to limit willingness to exercise independently. 

High scores (> 40) indicate the client is likely to respond well to an exercise program 

(Frost et al., 1995).  Tonkin (2008) summarized that the PSEQ internal consistency is 

excellent (0.92 Cronbachôs a) and test-retest reliability is high over a 3-month period 

(Asghari and Nicholas 2001). Validity is reflected in high correlations with measures of 

pain- related disability, different coping strategies, and another more activity-specific 

measure of self-efficacy beliefs, the Self-Efficacy Scale (Kaivanto et al., 1995).  The 

evidence from studies with the PSEQ is that once clients with persisting pain reach scores 

over 40 they are likely to sustain, or build on, their functional gains (Nicholas, 2007). 

Beliefs and attitude about the nature of pain, and its treatment influence patientsô 

compliance with long-term pain management (William and Keefe, 1991; William et al., 
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1994). With recent research, long-term LBP is considered to be a patho-anatomical 

disorder (Bernard and Kirkaldy-Willis, 1987), in addition to a multifactorial 

biopsychosocial problem such as fear of movement, anxiety, a faulty coping strategy 

which has an impact on social life and thus require a multi-dimensional approach based 

on biopsychosocial model in its assessment and treatment (Haggman et al., 2004; Woby 

et al., 2004; Weiner, 2008). Fear and avoidance belief are often assessed in patients with 

long-term LBP. Fear-Avoidance Beliefs Questionnaire measures pain-related fear of 

physical activity that causes avoidance of activity and increased disability. This 

instrument was developed by Waddell et al., (1993) can help measure how much fear and 

avoidance are affecting a patient with LBP. It has an internal consistency of 0.88. It has a 

minimum score of 0 and a maximum score of 42 fro the 7-items scale. The higher the 

scale scores the greater the degree of fear and avoidance beliefs shown by the patient. 

Similarly, Back Belief Questionnaire is used to assess peopleôs belief about low-back 

trouble (Symonds et al., 1995).   This tool assesses belief about pain and its consequences 

regardless of whether back pain had been previously experienced. The questionnaire has 

been reported to have good internal consistency (Cronbach: 0.7) and test-retest reliability 

(ICC: 0.87) (Symonds et al., 1995). The questionnaire consists of 14 statements to which 

the respondent indicates their level of agreement on a 5 point scale. A score of 1 indicates 

complete disagreement and a score of 5 complete agreement. As 5 of the 14 statements 

are distractors, the scores of the 9 remaining statements are reversed and then summed to 

provide a total score ranging from 9 to 45. A lower score indicates the respondent has 

more negative beliefs about back pain. 




