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ABSTRACT

Background: The neuromuscular system acts to maintain spinal stability and reduce the
impact of complex loading patterns associated with activities of daily living. During the
past decade, exercising of the abdominal muscles has become widely used in the
management of low back pain (LBP) in order to provide this supplement to spinal
stability. Several exercise programs have been advocated to promote lumbar
stabilisation but evaluation is difficult. As new training methods are emerging, a clear
understanding of the efficacy of modern interventions used to strengthen neuromuscular
structures to provide stability and to prevent future complications is currently considered
an important area of research.

Objective: The study aims to establish the strengthening effect of the transversus
abdominis muscle (TrA), comparing the application of stabilization training with vibration
training in the form of the FLEXI-BAR, whose normal function is regarded as significant
in spinal stability.

Methods: A convenience sample of seventeen subjects, were classified into two groups;
those with a history of LBP, and those without a history of LBP. Nine subjects formed
the FLEXI-BAR training group and eight the stabilisation training group, both performed
an exercise program for a training period of four weeks. A pressure biofeedback unit
(PBU) was used to assess the performance of the TrA muscle adopting a test-retest
(pre-test and post-test) design. The statistical significance of the changes between TrA
function before and after the program was analysed by performing a mixed between-
within subjects analysis of variance (ANOVA). Furthermore, another ANOVA was
produced to investigate whether the impact is different for HLBP and NLBP subjects

Results: Although not statistically significant, increases in strength were observed in
subjects involved with the FLEXI-BAR program. In particular greater strengthening of
the TrA muscle was seen in the history of LBP group.

Conclusion: This study provides one step forward in the knowledge concerning the
efficacy of exercise programs to strengthen the core stability system. The results seem
to indicate that the FLEXI-BAR has an ability to strengthen the TrA, and could provide
an application to aid the rehabilitation of LBP individuals.

Keywords: Transversus abdominis; Lower back pain; FLEXI-BAR; Stabilization training;
Vibration training; Pressure biofeedback unit
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CHAPTER 1 INTRODUCTION

The stability of the spine is determined by the osseoligamentous armour that
encapsulates the spine (Panjabi, 1992; Norris 1995a). The complex loading patterns
associated with activities of daily living, act on these structures and if unprotected, can
expose spinal vulnerability, predisposing musculoskeletal injuries, such as lower back
pain (LBP) (Renkawitz et al. 2006). The growing awareness of LBP as a major clinical
problem has promoted increased interest and research into this continuing epidemic

(Cairns et al. 2000).

Recent epidemiological research has focussed primarily on the local stability system,
which acts as a ‘corset like’ structure to tighten the waist, when the spine is in a loaded
position (Hides et al. 1996; O'Sullivan et al. 1997; Danneels et al. 2001; Hides et al.
2001). The correct alignment required to stabilize and accommodate movements
depends on adequate strength and endurance of the abdominal musculature (Hodges
and Richardson, 1997a; 1997b; Zedka and Prochazka, 1997; Beith and Harrison,
1999a; 1999b; 1999c). It is the activation of the dynamic spinal support system that is
exposed and which provides the basis for the concept of stabilization training (Hides et

al. 1996; O’Sullivan et al. 1997; Danneels et al. 2001; Hides et al. 2001).

The heightened interest in abdominal muscle development has resulted in an explosion
of exercise devices, although only moderate scientific evidence is available regarding
their efficacy (Carriere, 1999; Vera-Garcia et al. 2000; Hildenbrand and Noble, 2004;

Marshall and Murphy, 2005; Marshall and Murphy, 2006). Although not a contemporary



concept, vibration training, has received little empirical attention for its strengthening
potential. An oscillating device such as the FLEXI-BAR, targets the smaller muscles of
the back and abdominal region, enabling the lumbar and abdominal muscles to produce
the stiffness required to optimize the loading on the lumbar spine and to prevent injury
(Callaghan and McGill, 1995; Kaigle et al. 1995; McGill, 1997; Gardner-Morse and

Stokes, 1998).

As new training methods are emerging, a clear understanding of the efficacy of modern
interventions and exercise programs used to strengthen neuromuscular structures to

provide stability and to prevent future complications is currently considered an important
area of research (Chartered Society of Physiotherapy 1999; American Physical Therapy

Association, 2000).

The purpose of this study was to investigate the strengthening effect of the transversus
abdominis muscle (TrA), by comparing the application of stabilization training with
vibration training in the form of the FLEXI-BAR, over the course of a four week training
program. The aim of the research was to evaluate its capacity to support the existing
literature with regards to the effectiveness of stabilization training and to evaluate
vibration training on the ability to supplement spinal stability, in order to consider both

applications in the management of LBP.

The novelty of this study will provide information regarding the efficacy of the FLEXI-
BAR and its strengthening potential on core stability, in a population with a history of

LBP and also with a comparison of training modality which is at the forefront of current



research. To date, the author is not aware of any studies that have evaluated this.
Secondly, by virtue of the outcome measure used, it will enable determination of the
level of strength demonstrated by improvement in the study subjects, indicative of the
effect that vibration training can produce, adding to prescriptive knowledge of this form

of training.



CHAPTER 2 LITERATURE REVIEW

Introduction

To gain an appreciation of the complex and evolving principles that underpin core
stability, unequivocal aspects of this topic should be identified and considered in
isolation, in which five main areas have been identified. Firstly, spinal pathology is
considered, specifically within the context of the local stability system, followed by a
discussion on LBP and the approaches for rehabilitation in line with clinical guidelines.
Thirdly, the role of stabilization training will be analyzed and its relevance within the
clinical setting. Finally the concept of the FLEXI-BAR is introduced, which will attempt to
address and analyze the relationship between vibration training and its ability to

strengthen the core stability system.

Spinal Pathology

The human spine devoid of its musculature is inherently unstable (Norris, 1995c). The
traditional model of biomechanics considered the spinal ligaments, intervertebral disc
and osseous elements to be the structures solely responsible for stabilization of the
vertebral column (Knuttson, 1944; White and Panjabi, 1978). However, in vitro studies
have revealed the non-pathologic osseoligamentous spine to be incapable of tolerating
normal physiological loads (Lucas and Bresler, 1961; Cynn et al. 2006). Cholewicki and
McGill (1996) described spinal loads associated with occupational and recreational
activities ranging from 6,000 to 18,000 N. In vitro studies of the osseoligamentous

lumbar spine, it has been found that the spinal pathology develops at loads between



approximately 20 and 90 N (Lucas and Bresler, 1961, Crisco, 1989; Jemmett et al.

2004).

Further biomechanical research has demonstrated that lumbar motion segments display
bi-phasic stiffness properties across the physiological range of motion (ROM) (Panjabi,
1992a; Jemmett et al. 2004) (See Appendix 1). In which such findings have led to the
development of a more comprehensive model of spinal function in which the central
nervous system, skeletal muscle and osseoligamentous structures are considered to be
inter-reliant mechanisms of a spinal stabilization system (Panjabi, 2003). Given the
inability of the osseoligamentous spine to tolerate the loads associated with normal
activities, spinal muscles are now deliberated as key to the maintenance of adequate
spinal stability, in which co-ordinated muscular activity is mandatory to prevent

excessive loading, leading to injury.

The evolution of the spinal stability model has prompted much research, focusing
particularly on the functional set of (deep) muscles (transversus abdominis (TrA), psoas,
guadratus lumborum and lumbar multifidus) with segmental patterns of attachment in
the lumbar region conducive to the maintenance of intersegmental stiffness. They have
been hypothesized, to be architecturally capable of developing the intersegmental
stiffness required for spinal stability (Bergmark, 1989; Quint et al. 1998; Hodges et al.,
2003; Jemmett et al. 2004), in which a number of studies have reported on the
anatomical, biomechanical or neurophysiological characteristics of these muscles in
context with spinal stability (McGill, 1991; Wilke et al. 1995; Andersson et al. 1996;

Penning, 2000; Hodges et al. 2003).



Despite this significant body of work, a review of the literature failed to identify, the
fundamental anatomy and architecture of the deep lumbar muscles, an area which has
not, in all cases been fully established (Bogduk and Macintosh, 1984; Barker et al.
2001). Invivo, the stabilizing role of the spinal muscles cannot be easily studied by
EMG measurement, because EMG recording does not provide a quantative measure of
muscle force (Panjabi, 2003). Furthermore, the deep spinal muscles (‘stabilizers’) are
difficult to reach. However, a recent in vitro study (Jemmett et al. 2004), limited to the
examination of a single specimen, found evidence that the TrA attaches only via the
anterior layer of the thoracolumbar fascia (TLF). This is in contrast with previous work
(Bogduk and MaclIntosh, 1984; Barker et al. 2001). The findings could be indicative of
simple variation in the normal anatomy. Regardless, an understanding of the extent of
this variation may be important from a therapeutic perspective, given the recent clinical
emphasis on motor re-education of the TrA in individuals with low back pain (Richardson
et al. 1999). The lack of large studies which comprehensively detail the attachments of

this important muscle in context of lumbar stability represents a gap in the literature.

The Role of TrA and Multifidus

TrA and lumbar multifidus are important components of the local stability system, in
which a number of studies have reported on the anatomical, biomechanical or
neurophysiological characteristics, in the context of spinal stability (McGill, 1991; Wilke
et al. 1995; Anderson et al. 1996; Hodges, 1999; Penning, 2000; Hodges et al. 2003).

EMG studies have revealed that the multifidus along with TrA are the only muscles



active during all trunk movements (Cresswell et al. 1994; Wilke et al. 1995). So can it

be proposed that these muscles co-contract simultaneously?

Functionally, the proposed co-contraction of lumbar multifidus and TrA is unlikely to be
obligatory, although there is evidence that TrA is continuously active (with amplitude
modulation) during gait (Saunders et al. 2004) and in static postures (Cresswell et al.
1992), whilst lumbar multifidus is active with phasic bursts. However there is research to
suggest similarities between TrA and lumbar multifidus. For example both muscles are
active in a non-directional-specific feedforward manner in preparation for the
perturbation of the spine from arm movements. Although contraction may not be
simultaneous, the mechanical effects may occur more or less simultaneously because
the electromechanical delay of TrA takes longer than lumber multifidus due to the long-
elastic anterior fascias. Earlier activity of TrA may compensate for this delay

(MacDonald et al. 2006).

Several EMG studies have previously reported that muscle recruitment patterns in
patients with LBP differ from healthy subjects (Richardson et al. 1992; Hodges et al.
1996; Richardson, 1996; Lariviere et al. 2000; O’Sullivan, 2000; Marras et al. 2001;
Hodges and Hides, 2004b). The dysfunction of the TrA has been demonstrated as a
motor control deficit (Hodges and Richardson, 1995; 1996; 1997). The EMG analysis of
the experiment by Hodges and Bui (1996) showed, that the onset of activity of the
muscles of the abdominal wall in response to upper and lower limb movements,
indicated that the timing of onset of TrA was delayed in LBP sufferers, compared with

individuals who have never experienced back pain (Hodges and Richardson, 1995).



Changes in activation patterns and cross sectional area of the segmental portion of the
lumbar multifidus has also been suggested (Hides, 2004b). Several studies have
demonstrated morphological changes in lumbar multifidus in LBP, which show a degree
of type | muscle fibre atrophy (Hultman et al. 1993; Parkkola et al. 1993; Rantanen et al.
1993; Sihvonen et al. 1993; Mattila et al. 1999). Consequently the muscle is weaker
(Mayor et al. 1989; Cassisi et al. 1993) and exhibits excessive fatigue (Mayor et al.
1989; Biedermann et al. 1991; Klein et al. 1991; Roy et al. 1995; McGill, 1998; Chok et

al. 1999).

It is also worth noting that TrA and multifidus are often difficult to activate and may
weaken in both sedentary individuals and those with LBP (Soderberg and Barr, 1983;
Herrington and Davies, 2005). Therefore evidence exists that these muscles may not
be optimally recruited, or may fatigue in their stabilizing role, even in normal, currently
asymptomatic individuals (Parnianpou et al. 1988). Therefore, asymptomatic individuals
with dysfunctional TrA and multifidus muscles may be in a ‘at risk’ group of developing
LBP symptoms, because of their failure to fully activate their dynamic spinal support

system.

Lower Back Pain

Current biomechanical understanding about the pathogenesis of LBP is still incomplete.
Billions of pounds are spent annually on the treatment of LBP and low back injuries
(Coyle and Richardson, 1994, Ellis, 1995; Waddell, 1996), affecting up to 80% of people

at some point during their lifetime (Katz, 2002; van Tulder et al. 2002; Ehrlich, 2003;



Woolf and Pfleger, 2003). It is reported that despite the “large numbers of pathological
conditions that can give rise to LBP, 85% of these are without a detected patho-
anatomical/radiological abnormality” (Dankaerts et al. 2006a, p.1). It is this ‘non-specific’
population which often develops into a chronic fluctuating problem with intermittent

flares (Croft et al. 1998; Burton et al. 2004).

Intense research efforts have been made to understand the complex and unique
structures of the spine (Waddell, 1987; 2004; Dillingham, 1995; Wimmers et al. 2003;
Dankaerts et al. 2006a). The evidence suggests that spinal muscles provide stability
(Van Dieen et al. 2003) and muscle recruitment patterns significantly affect loading on
the intervertebral joints (Mirka and Marras, 1993; Marras et al. 2001). Therefore
imbalanced muscle activation can theoretically load the spine incorrectly and induce
LBP and musculoskeletal injury (Price et al. 1948; Grabiner et al. 1992; Renkawitz et al.
2006). One of the highest research priorities should be to determine the best strategies

for treating individuals with a history of LBP (Abenhaimet et al. 2000).

There are many treatment options for LBP, in which a recent review (Assendelft et al.
2007) comparing spinal manipulation, manual therapy, physiotherapy, exercises, back
school and analgesics, concluded that the optimal treatment remains largely enigmatic.
The review which compared ‘sub-groups’ of LBP subjects, highlighted the uneven
guantity and methodological quality of the randomised controlled trials (RCT’s). A
criticism of the review was that for the ‘exercise’ intervention, trials were formulated into
this broad cluster, with insufficient detailing of the exact treatment that was applied for

this intervention. The generalization of ‘exercise therapy’ as a single form of treatment



detracts greatly from the interpretation of the results. Exercise therapy is a multi-faceted
modality that requires specific prescription, in which randomised controlled trials need to

be narrowed in definition (Hayden et al. 2007).

However a review of the literature reveals that a shift can be observed in the choice of
interventions to a more active approach (Koes et al. 2001; Rasmussen-Barr et al. 2003;
Koumantakis et al. 2005; Groenendijk et al. 2007), being one of the key determinants of
improvement for many sufferers (van Tulder, 2002). In contrast to Assendelft et al.
(2007), recent systematic reviews have concluded that exercise is a safe, effective
therapy, when compared to usual care (van Tulder et al. 2000; Liddle et al. 2004;
Rainville et al. 2004; van Tulder and Koes, 2004a). Furthermore positive results have
been documented with different types of exercise, such as low-stress aerobic exercise
(Manniche, 1999; Mannion et al. 2001; Koumantakis et al. 2005), flexion-extension
movement modalities (Chok et al. 1999; Leinonen et al. 2000; Byrne et al. 2006),
strengthening (O’Sullivan et al. 1997; Carpenter and Nelson, 1999; Petersen et al. 2002;
Byrne et al. 2006; Ferreira et al. 2007), flexibility (Herrington and Davis, 2005; Sherman
et al. 2005), advice to ‘stay active (CSAG, 1994; Koes et al. 2001) utilised by
physiotherapists, suggesting there is little evidence that a particular ‘type’ of exercise is
any better than another, both with respect to their duration and their physical intensity
(van Tulder et al. 2000; Hayden et al. 2007). Furthermore, there appears to be no direct

dose-response relationship (Campello et al. 1996; Arokoski et al. 2004).

In coherence with other reviewers (Hilde, 1998; Abenhaim, 2000; Tugwell, 2001),

contemporary recommendations should focus research not on general exercise therapy,



but instead on trials that investigate specific exercise intervention strategies (Hayden et

al. 2007).

A better understanding regarding the extent of physiological and functional effects of
more modern exercise techniques used in LBP rehabilitation, like stabilization exercise
training, is currently considered an important area of research (Chartered Society of
Physiotherapy, 1999; American Physical Therapy Association, 2000). Although there
are several randomised controlled trials on the usefulness of classic trunk exercises,
which activate the abdominal and paraspinal muscles as a whole, at relatively high
contraction levels (Kellett et al. 1991; Hansen et al. 1993; Risch et al. 1993), recently
increasing attention has been paid to preferential re-training of the local stabilizing
muscles of the spine (Hides et al. 1996; O’Sullivan et al. 1997; Danneels et al. 2001;

Hides et al. 2001).

Although some clinical research has demonstrated that re-training these muscles leads
to a decrease in short-term and long term LBP symptoms in some special populations
with apparent instability pre-dispositions (Hides et al. 1996; O’Sullivan et al. 1997; Hides
et al. 2001), it is still generally unclear whether stabilization exercises can be generally
applied to any individual with LBP (Nachemson, 1985; O’Sullivan, 2000; Koumantakis et

al. 2005; Ferreira et al. 2007).

Nonetheless, the gap between evidence-based guidelines and the physiotherapy
management of LBP is well recognised in the literature (Foster et al. 1999; Hurley et al.

2000; Li and Bombardier, 2001; Gracey et al. 2002; Armstrong et al. 2003).



Stabilization Training

Biomechanical models suggest that all muscles with intervertebral attachments are
better suited for intersegmental stability provision (multifidus, transversus abdominis), as
opposed to the larger trunk muscles (erector spinae, rectus abdominis), which are
dedicated to movement generation (Bergmark, 1989). Inadequate activation of the local

stabilising trunk muscles may lead to instability of the lumbar spine (Panjabi, 1992a).

The evidence presented indicates that a program for the TrA and multifidus is required
for specific lumbar segmental stabilization training, which is reasoned as a knowledge of
the muscle dysfunction found in individuals with a history of lower back problems (Jull et

al. 1995).

Recruitment of the abdominal muscles during exercises to restore motor control has not
been clearly defined. The basic concept of an isolated action of these local muscles is
taught by asking the individual to gently draw in the abdominal wall, especially in the
lower abdominal area (Richardson and Jull, 1995). Most studies have used surface
electromyography (EMG) to investigate these techniques (Patridge and Walters, 1960;
Kennedy, 1980; Richardson et al. 1990; Jull et al. 1995; Allison et al. 1998; O’Sullivan et
al. 1998; Vezina and Hubley-Kozey, 2000) and the results of the small number of
intramuscular EMG studies are inconclusive (Carmen et al. 1972; Strohl et al. 1981;
Goldman et al. 1987; De Troyer et al. 1990). For example three different recruitment
patterns were reported when six subjects were instructed to ‘pull in’ their abdominal wall

(De Troyer et al. 1990).



There are only a few methods of achieving an isometric co-contraction of the local
muscles independent of the global. In the study by Norris (1995a) abdominal hollowing
was reported to be achieved in two different ways, by dynamic abdominal bracing (DAB)
and abdominal hollowing (AH) which have been shown to give muscle activity suitable
for lumbar stabilization (Richardson et al. 1990; Norris, 1995c; 2001). It was the latter,
that most subjects found easier to learn. Importantly, a recent study (Urquhart et al.
2005) which standardized the instructions for the procedure of the voluntary exercise
provided further EMG evidence to validate that the recruitment of TrA, with minimal
activity of other abdominal muscles, may be best achieved during the inward movement

of the lower abdominal wall (Richardson et al. 1992).

Active persons without a history of LBP have little difficulty in performing this task
(Richardson and Jull. 1995). However it has been reported that it is not easily achieved
by patients with LBP (Richardson and Jull, 1995; O’Sullivan, 2000; Norris, 2001). It
should also be noted that, stability muscles have been described as better suited to
endurance and better recruited at low resistance levels (Richardson and Jull, 1995;

Liebenson, 1998; O’Sullivan, 2000; Norris, 2001; Urquhart et al. 2005).

Evidence supports the use of four point kneeling or prone lying as the best positions to
perform the abdominal ‘drawing in’ manoeuvre (ADIM) for training (Richardson et al.
1992; Richardson and Jull, 1995). It has been shown that a facilitatory stretch of the
deep abdominal muscles resulting from the forward drift of abdominal contents

(Richardson et al. 1992; Beith et al. 2001; Norris, 2001) is aided in these positions and



that EMG activity reveals an inhibitory activity of global muscle, rectus abdominis

(Richardson and Jull, 1995; O’Sullivan, 1998; Beith et al. 2001).

Once the individual is able to preactivate and maintain the co-contraction pattern, the
individual can hold the position while ‘load is added via the weight of the lower limbs’
into a loaded position (Liebenson, 1998). In which the progression of this technique can
be taken through several stages (Jull and Richardson, 1995; O’Sullivan, 2000; Norris,
2001; Koumantakis, 2005), which is based on the motor learning model (Saunders,

2004).

The research supporting the efficacy of stabilization training has been insubstantial and
inconclusive. Recently widely publicized trials supporting specific stabilization exercises
from laboratory based research (Hodges and Mosely, 2003), and small-scale RCT's with
pre-defined subgroups of LBP patients have provided positive evidence (O’Sullivan et al.
1997; Hides et al. 2001). However subsequent larger trials in hospital settings with non-
specific LBP subjects have found conflicting evidence of the effects of these exercises

compared to advice and manual therapy (Cairns et al. 2000; Golby et al. 2000)

The study by Sung (2003) looked at the effect that a stabilization exercise program had
on the endurance of the multifidi muscle. Results suggest that exercise training
emphasized the role that lumbar multifidi muscle plays on stabilizing the spine during
functional movement, but had no effect on EMG determinants of fatigue. Suggesting
that spinal stabilization exercises affect back muscle function by mechanisms other than

improved endurance of the stability musculature. Although the pattern of results from



the longlitudinal study suggested positive treatment effects, the limitations involved
reduced specificity of training, with regards to an insufficient number of exercises used
in the program, a short exercise period, and no control group, which must be viewed as
relatively weak evidence for the effect. Macdonald et al. (2006) however reiterated that
training the co-contraction of multifidus and TrA as part of a therapeutic exercise
program was unlikely to restore typical activation patterns, but may be required to

compensate for an underlying osseoligamentous deficit to restore intervertebral control.

Although it is evident that these inconsistencies exist within the literature, within a
clinical setting it appears that stabilization training has been accepted and is presently a
popular treatment choice for LBP patients. The cross-sectional survey (Bryne et al.
2006) that investigated the current use of a range of exercise therapy approaches for
LBP by outpatient’s physiotherapists, found that specific spinal stabilization exercises to
be the most popular (51%). Although a relatively modest sample size used, this
evidence conflicts with the lack of endorsement from LBP clinical guidelines (Koes et al.

2001; van Tulder et al. 2002).

The methodological quality of the studies that are amongst the literature, at large, makes
evaluation problematic, because of the lack of appropriate measurement techniques,

partly due to the anatomical position of the local musculature system.

Clinical trials require explicit and repeatable measures (Hayden et al. 2007). A snapshot
of empirical evidence exists with regards to the high quality trials, (Hodges, Richardson,

Jull, Hides) overtly highlighting the efficacy of stabilization exercises. Although



subordinately on the success of TrA and multifidus retraining in treatment of LBP, the
concept has been ignored by a large proportion of the medical community (Hayden et al.
2007). Although currently at the forefront of research, as new training methods,
modalities and new marketing tools are emerging, a better understanding of the effects

of such techniques is considered an important area to focus (Koumantakis et al. 2005).

FLEXI-BAR

The heightened interest in abdominal muscle development has resulted in an explosion
of abdominal exercise devices in recent years, such as the Ab Roller, Ab Trainer and the
FitBall are just a few to mention that have appeared on the market, although little
scientific evidence is available regarding their efficacy (Carriere, 1999; Vera-Garcia et al.
2000; Marshall et al. 2005; Marshall et al. 2006). Hildenbrand and Noble (2004)
conducted a study investigating the activity of the abdominal musculature by comparing
these exercise devices with the traditional trunk curl. Eliciting both a statistically and
practically significant difference, in the electric activity of the abdominal musculature

when exercising with the different types of exercise devices.

The FLEXI-BAR is a device that has been used for many years in Germany for
rehabilitation purposes and is used in the recreational training environment, yet its
application in a rehabilitation setting in the United Kingdom (UK) has received little
empirical attention. Adapted from the Proprio-bend, developed 30 years ago, the
FLEXI-BAR works on the basis of vibration training, by superimposing a 5 Hz vibration-

like stimulus to the muscles during movement. The FLEXI-BAR is marketed to



effectively target and stabilize the deep muscles of the body. The vibrations are created
when a shaking action is maintained, triggering a passive response from the deep
muscles allowing the agonist and antagonist muscles to work together in response to
the vibrations that forces them to start working. Thus an unstable environment is

created as the vibrations disrupt the stability of the spine.

The FLEXI-BAR can be used to target muscles of the whole body, with the assertion
that the device balances out neuromuscular dysfunctions, improves proprioception and
body co-ordination, activates the pelvic floor muscles, stimulates connective tissue
structures and improves sensory motor activity. Studies on patients with chronic low
back pain have found that an oscillating tool such as the FLEXI-BAR stabilizes the
smaller muscles of the back (multifidi, rotators, semispinalis), and the abdominal
muscles (TrA). Theory suggests that the vibrations produced by the FLEXI-BAR

automatically switch the core musculature on.

Current research is sparse and as late, has focused on muscle strength and
neuromuscular activation of the large, superficial muscle groups. A study conducted by
Amin et al. (2006) looked at the effects of a FLEXI-BAR exercise session on
neuromuscular function (muscle activation and strength) measured by surface EMG, on
a number of muscles located proximally and distally to the origin of the stimulus, in
comparison to performing the same exercises using a sham bar. Significant differences
between muscle activity during FLEXI-BAR vs. sham bar exercises were observed only
in the muscles close to the FLEXI-BAR (triceps, biceps from the upper limb). No

statistically significant results were found in the activity of any of the other muscle



groups between the FLEXI-BAR and the sham bar. A non-statistically significant sample
size was used and due to the different dimensions which existed between the non-
vibratory control bar and the FLEXI-BAR, results may have been affected and
contributed to an inconclusive trial. The majority of research carried out on the FLEXI-
BAR has been done in Germany. With only a handful of trials investigating the
activation of the core stability system, however these trials have not been translated into
English. Due to the location of the local musculature system, future assessment of
muscle activity would require intra-muscular EMG studies to be conducted, which would
involve ethical consideration and could affect subject participation levels. To date, it is
not clear the strengthening effect that the FLEXI-BAR exhibits on the core stability
muscles, and to the author’s knowledge, its effectiveness as a rehabilitation tool for

selected populations e.g. LBP is an area of research that has not been tackled.

The Effects of Vibration Training

Vibration training is not a new concept, in which much research has investigated the
mechanisms related to structural adaptation and muscular response. The focus of the
research is based on outcome measures of muscular strength and power, in which

evidence suggests, can be illicitly improved with vibration training.

Consistent with other trials, research conducted by Bosco et al. (1998) found that the
improvement in muscle performance after vibration training was similar to that occurring
after several weeks of heavy resistance training (Ikai and Fukunnaa 1970; Coyle et al.

1981; Hakkinen and Komi, 1985). Enhancement of the neurogenic functions of the leg



extensor muscles after 3 weeks with seen. The vibration application period of 10
minutes and the perturbation of gravitational field consistent (5.4g), “an equivalent
length and intensity of training stimulus can be reached only by performing 150 leg
press or half-squat exercises with extra loads of three times the body mass, twice a
week for 5 weeks” (Bosco et al. 1992). This is reiterated by Diemen (2006), who found
that the same effect can be achieved with vibration training, which requires a modest
training effort, as with that of weight training, requiring maximal effort. This illustrates
that it is not just the effect which is of relevance, but ones motivational preferences to
take part in physical activity can be inhibited by not only the length of time it takes to
undergo physical activity, but also the effort that is required. This could have significant

relevance within the clinical setting.

Whole body vibration (WBV) has been used as a method of training to increase
strength. Once again it is mainly the large muscles that have been investigated. A
review of the literature highlights conflicting and inconclusive results for this type of
training. From the twelve studies that were reviewed (Schlumberger et al. 2001;
Torvinen et al. 2001, Delecluse et al. 2003; Roelants et al. 2004a; 2004b; 2006;
Ronnestead, 2004; Verschueren et al. 2004; Delecluse et al. 2005; Cormie et al. 2006;
Fagnani et al. 2006; Mahieu et al. 2006) all studies had a control group, although the
activities used in this group varied. In five of the studies control groups performed
identical exercises to the WBYV group (Schlumberger et al. 2001; Delecluse et al. 2003;
Ronnestead, 2004; Mahieu et al. 2006; Roelants et al. 2006). WBYV strength training
effects were found in eight of the studies (Schlumberger et al. 2001; Torvinen et al.

2001; Delecluse et al. 2003; Roelants et al. 2004a; Roelants, 2004b; Verschueren et al.



2004; Cormie et al. 2006; Fagnani et al. 2006;), when compared to the passive control
groups. However Torvinem et al. (2001) found there was no improvement in the WBV
or passive control group in leg press force and grip strength. Also Cormie et al. (2006)
found no difference in peak force and peak power comparing the WBYV and passive
control group. Furthermore, Delecluse et al. (2005), who used a different study design,
using a different subject population and methodology to the other trials, found that with
WBV no surplus value to conventional training was indicated, when WBV training was

additionally performed.

Comparison of these inconclusive results could be related to the methodological short
comings. Studies used different subject populations (trained and untrained), different
exercises were performed between and within trials, and various outcome measures
(dynameter, high box test, surface EMG, contact mat force plate) were used. The
studies reviewed suggest further research is required using different measuring
techniques with potential to look at muscle recruitment, comparing identical exercises
between the control and WBYV groups. Branching into new territory to objectively
investigate the concept of vibration training and its efficacy to target the deep intrinsic

muscles of the body.

Aims of Study
The available research provides little evidence to clinicians who need to decide which
interventions to implement for the treatment of LBP. There is evidence to support the

use of stabilization training, although there is little basis on which to substantiate the use



of alternative modes of exercise, such as the FLEXI-BAR, which is currently based on
conceptual vibration theory. Few studies have examined the muscle activity levels
following therapeutic exercises in subjects with LBP, and the results obtained in the
studies controversial (Alexiev, 1994; Ng et al. 2002). Consequently, a pilot study has
been conducted to compare the effects of stabilization training and the FLEXI-BAR for

individuals with and without a history of LBP.

Secondary aims of the study were:
= To consider the reproducibility and reliability of the pressure biofeedback unit
(PBU) as a tool designed to facilitate the assessment of the absence or presence
of LBP and TrA dysfunction, against published guidelines.
» To consider any association between subjects with a history of LBP and level of
abdominal functioning.
» To identify the most effective form of exercise to potentially change any motor

deficit of the TrA in subjects with a history of LBP.



CHAPTER 3 METHODOLOGY

Design

An experimental methodology was adopted using a test-retest design. This enabled
subjects to act as their own controls (Kinnear and Gray, 2000). The experimental study
combines two approaches, using between-subjects and within-subjects variables, in one
analysis, facilitating an investigation into the impact of two different modes of exercise
on their ability to strengthen core stability (using pre-test and post-test), and in addition,
consider whether the impact is different for subjects with and without a history of LBP
(Hodges et al. 1996; Hodges and Richardson, 1996; 1997; Cairns et al. 2000). An

outline of the study structure is shown in Appendix IV.

All subjects were randomly assigned to each of the experimental conditions, reducing
the problem associated with non-equivalent groups in between-groups design (Stevens,
1996; Tabachnick and Fidell, 1996; Sim and Wright, 2000). Randomization was
performed independently. Pilot testing was conducted to enhance familiarity with the
procedures required to use the PBU and to address temporal stability and intra-rater
reliability (Pallant, 2002). The format of the exercise program, together with the
exercises selected for use, were also piloted to limit contaminating factors that might
influence the results (Goodwin, 1998; Stangor, 1998). The intervention period was four

weeks (Hides et al. 1996) and the expected study hypotheses were as follows;

I. Strength training significantly increases TrA strength



Il. FLEXI-BAR training has a significantly different effect on TrA strength to
stabilization training
[ll. LBP groups TrA strength is significantly different to non-LBP groups

IV. The LBP and non-LBP groups response to exercise is significantly different

Subjects

The subjects were seventeen (10 female and 7 male) students recruited from the
University of Birmingham, of which all volunteers were undergoing a health related study
program. Subjects received verbal and written information about the trial and each
participant signed informed consent (CSP, 2002) (Appendix II). The inclusion criteria
were men and women 18 to 65 years of age, who had a history of LBP and who were
not receiving either specific abdominal stabilization training nor performing an organised
regime of flexi-bar training, at the time of testing. This ensures that the validity of the
data obtained is not influenced by external factors (Marshall and Murphy, 2006).
Exclusion criteria were a history of postural or skeletal abnormalities, neuromuscular
disorders or spinal damage (Hodges, 1996). Trials based on subjects with serious spinal
pathology have found that they are not considered representative of the majority of LBP
patients (Teasell and Harth, 1996; Snook et al. 1998). No one subject was experiencing
lower back pain in his/her body while testing and no subject had experienced a

significant episode of LBP in the last 6 months, as permitted by the university.

The age of the subjects ranged from 20 to 56 years with a mean age of 28.5 years (SD

= 8.4). The mean age of the male subjects was 28.4 years (SD = 4.5), while for



females, the mean was 28.6 years (SD = 9.8). Of the seventeen subjects in the sample
nine reported a history of non-specific lower back pain. Subjects’ LBP history is shown

in Table 1. The remaining eight subjects were asymptomatic.

Table 1: Subjects LBP Characteristics

FB-group (n=5)  TrA-group (n =4)

Age (year) Median (SD) 29 (4.5) 36.5(13.9)
Gender (female/male) 3/2 3/1
Exercise Habits (seldom/iveekly) 0/5 0/4
Previous treatment for LBP (3)60%* (1) 25%*
History of LBP 1/2/2 1/a/1/1

(2 6 months/ 6 months-2 year/2-5 yrs/5yrs +)

Diagnosis given (yes/no) 60%/40%* 25%/75%*

FB = FLEXI-BAR training group, TrA = stabilization training group
* Number of individuals (% of individuals in the group)

Subjects were classified initially into two groups: those with a history of lumbar spine
pain, which were the symptomatic individuals (HLBP) and those without a history of
lumbar spine pain, the asymptomatic individuals (NLBP), which formed the control
group. After, subjects were randomised into either of two groups: A training group using
the FLEXI-BAR (FB) (n=9) and a stabilization group (TrA) (n=8) taught using the ADIM.
The first HLBP subject and the first NLBP subject included in the study were randomised
to one of the groups by lot (9 HLBP cards and 8 NLBP cards in a box). The HLBP and
NLBP individuals were then separately and consistently randomised to either group

(Rasmussen-Batr et al. 2003).



Two subjects (both in HLBP-FB group) dropped out of the trial. One immediately after
inclusion, before the first PBU testing, associated with personal commitments and the
other due to a shoulder injury, not related to the trial (Fig. 1). The groups were thus:
HLBP-FB n=3, NLBP-FB n=4, HLBP-TrA n=4, NLBP-TrA n=4. All dropouts are included

in the baseline data.

Figure 1 : Flow chart showing study flow, number of subjects and number of dropouts

Inclusion Exercise Program After Program

1* 1

The open boxes represent the subjects that dropped out of the study.
* Subjects that dropped out before the exercise program.

Ethical Consideration

All subject identification information that has been collected during research activity has

been kept strictly confidential, with the assurance of subject anonymity where possible.

A review of the ethical principles underpinning the study highlighted a potential issue
surrounding the sample population. Strict criteria prohibited the author to use a sample
population who at the time of the trial had an episode of LBP. Clearance of this issue is

addressed in the exclusion criteria of the trial. Also, with any exercise application, the



potential for training to cause harm was minimised by frequent interaction with subjects,
teaching of correct technique and supplementary printed guidelines to accompany the
exercise program. Any subject exhibiting any adverse effects to the exercise prescribed
were prohibited from continuing with the study. Ethics Committee at the University of

Birmingham approved the study.

Procedure

Before and after the intervention, assessments were made. Prior to the intervention, the
subjects filled out a health questionnaire, regarding age, gender, exercise habits, LBP
history and treatment and general health status (Skargren, 1998; Smidt et al. 2005)

(Appendix ).

One week before the exercise program was taught, each subject attended a one hour
mandatory training session to become familiar with the exercise technique, the
equipment and protocol. An information pack was also administered to each subject,
containing the protocol (Appendix IV), training diaries (Appendix V), the exercise

program (Appendix V1) and a self-efficacy home exercise questionnaire (Appendix VII).

Subjects were encouraged to perform a training program, designed to take 10-15
minutes, at home, three times a week (FLEXI-BAR, 2007). A training diary was kept to
control compliance (Descarreaux et al. 2002; Kolt and McEvoy, 2003) (Appendix V).
Total workload, based on the number of repetitions performed, was filled in for each set
performed for each exercise, for each exercise session performed by the subject

(Marshall and Murphy, 2006). This workload, as well as total physical activity (e.g. hours



spent participating in other sporting or physical leisure activities) was collected at the
end of the intervention. Many instruments are routinely used to assess adherence to
exercise programs. The Home Exercise Compliance Assessment (HECA) facilitates
self-assessment of various exercise forms. Although no previous reports of the
psychometric properties of this adherence measure could be found in the literature, this
self-report method of assessment for adherence to home exercise has been used in
several previous investigations (Noyes et al. 1983; Almekinders and Almekinders, 1994;
Brewer et al. 1994; May and Taylor, 1994). Adapted from the HECA, subjects
completed a Self-efficacy Home Exercise Questionnaire (Appendix VII) administered at

the end of the intervention to access compliance related data.

Progress was regulated through supervision at the initial introductory training, at two
weeks (drop in session) and via phone contact at 1.5 and 3 weeks initiated by the
author, and throughout the intervention as dictated by the subjects, to augment
adherence to the home exercise component (Jackson, 1994; Friendrich et al. 1996;

Brewer, 1998; Friendrich et al. 1998; Schneiders, 1998; Spetch and Kolt, 2001).

Exercise Instruction Sheets

Exercise instruction sheets (produced using the ‘Physiotools’ computer program,
Chattanooga Group and FLEXI-BAR images [FLEXI-BAR, 2007]) with written and
illustrated instructions were also used to enhance adherence, by increasing
understanding, stimulating memory processes, and encouraging information recall (Ley,

1988; Sneiders et al. 1998). Supplementary printed material used to support exercise



programs, has shown in previous research (Spelman, 1984; May and Taylor, 1994;
Schneiders et al. 1998) to strongly increase rates of adherence in home-exercise

programs (Kolt and McEvoy, 2003).

Two different exercise programs were formulated, with comparable exercises between
the FB and TrA groups. The exercise sheets included clear diagrams and standard
instructions (Appendix VI). The aim of the exercises were to strengthen the core
stability system, specifically TrA and because no clear identification of any specific,
superior exercises could be drawn from the literature, seven comparable, commonly
used back rehabilitation exercises were generated by an experienced personal trainer
and FLEXI-BAR instructor and a sport scientist (Richardson and Jull, 1995; Hides et al.
1996; 2001; O’Sullivan et al. 1997; Richardson et al. 1999; Koumantakis et al. 2005;).
The exercise programmes were not periodized. Pilot work indicated that the seven

exercises would take approximately 13 minutes to complete.

Pressure Biofeedback Uni{PBU)

A stabilizer pressure biofeedback unit (Chattanooga Group, Inc.) and a stopwatch
(Heuer Microsplit 1000) were used to indirectly measure the subject’s ability to perform a
TrA isolation test (Cole et al. 1994; Cairns et al. 2000). Previous studies support the use
of the PBU as a reliable and valid clinical instrument to act as an indicator of deep
abdominal function (Cole et al. 1994, Richardson and Jull, 1995; Hodges et al. 1996;
Richardson et al. 1999; Cairns et al. 2000), although arguably the low intra-tester

reproducibility, highlights uncertainties regarding its use as an outcome measure for



scientific purposes (Storheim et al. 2002). Due to the anatomical location of the TrA,
invasive procedures, in the form of fine wires, impregnated through the skin, would be
required to achieve scientific accuracy, although queries regarding ethical approval are
noted and would not be appropriate for this study. With this regard and the
acknowledgment of the explicitly small sample sizes used in previous studies,
standardization of the test procedure is considered central to the validity of the results

(Appendix VIII).

The subjects were familiarised with the abdominal drawing-in manoeuvre (ADIM), by a
previously developed technique (Teyhen et al. 2005). The subject was first instructed in
the ADIM via traditional training techniques (Richardson et al. 1999). The subjects were
instructed to gently pull the abdominals in toward the spine as they exhaled and then to
maintain this contracted state for 10 seconds. The initial training included tactile cueing
with the subject’s fingers palpating 1 inch medial and inferior to the anterior superior iliac
spine (ASIS) to help confirm contraction of the TrA. After the subject understood the
intent of the ADIM, and the investigator felt that an optimum level had been achieved,
but no more than six practice tries were allowed in an attempt to prevent premature

fatigue (Cairns et al. 2000), the subjects underwent testing.

The testing position is lying prone as recommended by Richardson and Jull (1995) and
Hodges et al (1996). Due to the localisation and the function of the TrA muscle, this
position inhibits the rectus abdominis and involves minimal external loading. The
inflatable cell was placed centrally beneath the abdomen with the lower edge at the level

of the ASIS. Readings were taken at the start and finish of a 10-second contraction,



over three consecutive contractions, with one minutes rest between contractions (Cairns
et al. 2000). The highest score over the 10 second contraction was also recorded.
Subjects performed the manoeuvre using standard instructions (Table 2); inward
movement of the abdominal wall (Richardson et al. 1999). Subjects adopted a breath-
holding strategy, where the TrA was set at the end of expiration. Previous research has
identified this as an important strategy to reduce contamination of results (Hodges and
Richardson, 1997b). Changes in pressure readings were calculated from the baseline
of 70 mm Hg. The mean change in pressure at the end of the three contractions was
calculated and used further in analysis. The mean final change in pressure was used,

as the prone test examines endurance rather than ability purely to activate a muscle.

Readings were taken at full expiration and the PBU was ‘zeroed’ to 70 mmHg before

each contraction. No feedback was given to the subjects during data collection.

Table 2: Standardized instructions used for the volunEBy

EXERCISE INSTRUCTIONS*
Inward movement of the lower abdominal Breath in and out. Gently and slowly draw
wall in your lowdrdomen below your navel
without mogiyour upper stomach, back
or pelvis.

* Subjects were instructed to perform each exemitie ‘mild’ effort (a rating of 2 on the Borg s&g|

A correctly performed abdominal drawing-in action will result in pressure reduction.
Although inconsistency within the literature exists regarding what a normal pressure

reduction response is during the test, reflecting on the findings from Herrington and



Davies (2005), the adjusted figures of Hodges et al. (1996) will be used (Cairns et al.
2000) (Appendix IX). According to the manufacturer, the accuracy of the apparatus is +

3mm Hg (Storheim et al. 2002).

Training Intervention

FB Group

The FB-group subjects (n = 7) underwent a 4 week training program, meeting initially for
the pre-training session, recommended by FLEXI-BAR that a week is required for
subjects to familiarise themselves with the equipment and correct technique (Appendix
X). A week later, the subjects were taught the exercise program (Appendix X). Both
sessions were done in a group environment. Subjects were not explicitly taught how to

train the isometric contraction of the TrA muscle through the ADIM.

Exercise

The subjects were taught to perform the seven different exercises by practicing them
under the guidance of a FLEXI-BAR instructor. Subjects had no experience using the
FLEXI-BAR, but were all leading an active lifestyle, which incorporated exercise on a
weekly basis. Training guidelines recommend that for maximum results, the bar should
be used three times per week, 10-15 minutes each session (FLEXI-BAR, 2007).

Subjects were able to perform all of the exercises and are arranged in Appendix VI.



TrA Group

The TrA-group subjects (n = 8) underwent a 4 week training program. The mandatory
session (Appendix Xl) required subjects to be taught how to train an isometric
contraction of the TrA muscle through the ADIM, together with relaxed breathing, in the
four point kneeling position (Norris, 1995b; Richardson and Jull, 1995; Beth et al. 2001;
Herrington and Davis, 2005), introducing the first phase of lumbar stabilization (Norris,
1995; Richardson and Jull, 1995; Koumantakis et al. 2005). Once mastered, different
positions were practised (e.g. supine and crooked-lying). The subjects were instructed

in a group.

The week separating the pre-training session and the teaching of the exercise program,
subjects were asked to practice the precise repetition of the isolated isometric-specific
contraction of (TrA of) the stabilizing muscle, increasing their contracting time up to 10
seconds (Koumantakis et al. 2005). With 10 seconds being the optimal amount of time
to hold the contraction (Norris, 1995b). Within the literature there is no consensus as to
the frequency of each exercise, therefore eight repetitions were sustained, guided by

standard Pilates training principles (Herrington and Davies, 2005).

Exercise

The subjects were taught to perform the seven exercises by practising under the
guidance of a Sports and Exercise Scientist (qualified at degree level) (Appendix XI).
Most of the subjects had experience performing these exercises and all participated in

weekly exercise or physical activities.



The exercises involved static positions and contraction with movement (Richardson and
Jull, 1995; Komantakis et al. 2005). Only low levels of muscle contraction is required as
tonic fibres operate at levels below 30-40 % MVC (Hoffer and Andreassen, 1981;
McArdle et al. 1991; Norris, 1995b; Cholewicki and McGill, 1996). Additionally it has
been argued that only low levels of muscle force, approximately 25% MVC, are needed
to develop the increased stiffness required for enhancing spinal stability. Thus, the
subjects were instructed to perform each exercise with ‘mild’ effort, which is equivalent
to a rating of 2 on the Borg scale (Borg, 1982; Urquhart et al. 2005) (Appendix XII).

Subjects were able to perform all of the exercises, which are arranged in Appendix VI.

Risk Assessment

Demonstrating good practice, a risk assessment was carried out for both laboratory and

home exercise program environments, prior to data collection (Appendix XIII').

Analysis

All statistical analysis was undertaken using SPSS Software (Version 14.0). The
statistical significance of the changes between TrA function before (Time 1) and after
(Time 2) the program was analysed by performing a mixed between-within subjects
analysis of variance (ANOVA). Furthermore, another ANOVA was produced to

investigate whether the impact is different for HLBP and NLBP subjects.

Additionally, Individual pressure changes were compared against published guidelines

to classify subjects into groups based on the result of their prone test (Hodges et al.



1996; Cairns et al. 2000). (Appendix IX), and compliance rates graphically represented

for each mode of exercise.



CHAPTER 5

FLEXI-BAR V'’s Stabilization Training

A difference in PBU scores before and after training was observed (Fig. 2.). During the
FLEXI-BAR intervention, PBU scores decreased considerably from M=68.00 before the
intervention to M=65.57 after intervention (Table 3). Whereas, PBU measurements for
the stabilization intervention, hardly decreased after the four week exercise program
(accounting for the margin of error there is no difference in this group), indicating a

stronger strengthening effect of the TrA muscle in subjects undergoing vibration training.

RESULTS

Table 3 Descriptive statistics; means and standard deviations categorized by group history.

Group History raining Regime | Mean | Std. Deviation
Before Training HLBP FLEXI-BAR | 67.35 1.45
TrA 68.25 .928
Total 67.86 1.17
NLBP FLEXI-BAR 68.50 1.37
TrA 69.67 1.61
Total 69.09 1.52
Total FLEXI-BAR 68.00 1.42
TrA 68.96 1.43
Total 68.51 1.46
After Training HLBP FLEXI-BAR | 64.12 2.41
TrA 68.00 1.36
Total 66.34 2.68
NLBP FLEXI-BAR | 66.67 2.48
TrA 68.58 1.75
Total 67.63 2.23
Total FLEXI-BAR | 65.57 2.62
TrA 68.29 1.48
Total 67.02 2.45




Estimated marginal means data of Time is shown in Fig 2. Amongst the distribution of
scores, greater variance post training in the FLEXI-BAR group is indicated by the

standard deviation (SD=2.62) (Appendix XIV).

Training Regime

69.00
~— FLEXI-BAR
T TrA

Estimated 68.00
Marginal
Means

67.00

66.00

65.00

-

Time

Fig. 2 Estimated marginal means of PBU scores before (Time 1) and after (Time 2) the exercise program.

The distribution of PBU measurements before and after training indicates a greater
variability in scores in the FLEXI-BAR group. There is one outlier at the high values for
PBU measurements for stabilization training. A greater difference between the training

regimes PBU scores is considerably illustrative after training (Fig. 3 and 4).
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Fig. 3 A Box plot representing PBU measurements for bothitrgregimes before training.
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Fig. 4 A Box plot representing PBU measurements for bothitig regimes after training.



Results of Analysis

Strength Training Effects

There was a statistically significant main effect for Time, Wilks’ Lambda=.497, F(1, 14 )=
13.14, p=.003, with a very large effect size (eta squared=.503). Suggesting, a
responsive change in TrA strength, between before and after the exercise program,
therefore supports the hypothesis that strength training increases TrA strength. Results

for multivariate tests are shown in Appendix XIV .

Training Regime

The main effect for training regime [F (1, 14) = 5.01, p=.04] was statistically significant,
with the effect size being relatively large (eta squared=.278). Indicating that there was a
significant difference in TrA strength between those who received FLEXI-BAR training,
and those who received Stabilization training (Appendix XIV). However the interaction
effect [F(1, 14)= 4.56, p=.06] did not reach statistical significance. Highlighting that
there was no difference in TrA strength between the two conditions, before or after the
exercise programs. Consequently, the hypothesis that FLEXI-BAR training has a

different effect on TrA strength to stabilization training must be rejected.

Group History

Baseline data of PBU measurements were observed to be lower in the FLEXI-BAR
group, in both conditions (HLBP and NLBP). Indicating that subjects in this group were
initially able to contract their TrA muscle better than the stabilization group. Overall, It
was perceived that a greater TrA strength, was distinguished in the HLBP-FB group

(from M=67.34 before intervention to M=64.12 after intervention), than that of the



between-subject factors of the stabilization group. The distribution of PBU
measurements before and after training indicates the vast variability in scores within
each group (HLBP and NLBP) and also accentuates considerably differences between

the groups (Fig. 5 and 6).
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Fig. 5 A Box plot representing PBU measurements, categorized by group history before training.

70.00

68.00

66.00

After Training

g
8
1

62.00

60.00

T T
HLBP NLBP
Group History

Fig. 6 A Box plot representing PBU measurements, categorized by group history after training.



Results of Analysis

HLBP and Non-LBP TrA Strength

As indicated by PBU scores, TrA strength, for both HLBP and NLBP groups,
demonstrated no between-or within-group effects. The main effect for Group (HLBP and
NLBP) [F (1, 14) = 3.34, p=.09] and the interaction effect [F (1, 14) = .304, p=.59] did not
reach statistical significance (Appendix XIV). Signifying that there was no difference
between the HLBP and NLBP groups between vibration and stabilization training. As a

result, the hypothesis that LBP TrA strength is different to the non-LBP group is rejected.

LBP and Non-LBP Response to Exercise

Additionally, there was no statistical significant interaction effect [F(1,14)= 1.623, p=.23]
found connecting the HLBP and NLBP groups between vibration training and
stabilization training, before and after the exercise program (Appendix XIV). Dismissing

the final hypothesis, that the LBP and non-LBP groups’ response to exercise is different.

Power Analysis

Due to a moderate sample size, the non-significant results indicate insufficient power of
the test (Appendix XIV). The low power values (<.80) indicated by the power analysis

indicates a low level of confidence that there is no real difference between the groups.

PBU Results in Accordance to Guidelines

According to the guidelines by Hodges (1996), the statistics highlight that the subjects in

the NLBP group represent a higher proportion of PBU scores cumulating in the



‘abnormal’ category, both before (63% [FB=25%, TrA=38%]) and after (50% [FB=13%,

TrA=37%]) the exercise program, when compared to the HLBP group (Before; 43%

[FB=14%, TrA=29%] , After; 29% [TrA=29%]. Results shown in Fig. 7.
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Fig. 7 A bar chart to show the PBU results in accordance to guidelines, prior to and following the exercise

program for both FLEXI-BAR and stabilization training for each subject.

In contrast, the HLBP group has a higher proportion of subjects with PBU scores in the

‘uncertain’ category before (57% [FB=29.5%, TrA=29.5%] and after (29% [TrA=29%]),

when compared to the NLBP group (Before; 25% [FB=25%], After; 25% [FB=25%)]).

However following the exercise program, 43% (FB=43%) of PBU scores can be seen to

come under the ‘normal’ category, which is represented highly in the HLBP (NLBP=25%

[FB=12.5%, TrA=12.5%]).



Exercise Program Compliance

A similar trend can be denoted for both the FLEXI-BAR and the stabilization group (Fig.
8). Throughout the four weeks of training no participant missed all three sessions in one
week. During week one compliance was high, with 86% [FLEXI-BAR] and 87.5% [TrA]
of subjects undertaking all three sessions. In week two, a percentage decline with 71%
[FLEXI-BAR] and 75% [TrA] undertaking all three sessions, with 12.5% [TrA] only

performing the exercises once a week.

As the weeks progress there is was a tendency for compliance rates to become
significantly lower. Results suggest that in the final week, %3 less compliance was
observed in the stabilization group (subjects adhering to the exercise program 3 times
per week), when compared to week 1. Following suit, in comparison to the beginning
week of the FLEXI-BAR program, only %2 of those subjects performed the exercises

three times per week, during the final week of the program.
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Fig. 8 Pie charts to represent the number of times per week (%) that subjects undertook the exercise
programs.



CHAPTER 5 DISCUSSION

Training Regime Comparison
Strengthening the spines musculature is a current concept at the forefront of research,
in which there are many exercise options available to support core stability and target

specifically the TrA (Koumantakis et al. 2005).

In this study, a large effect size was demonstrated between those who received FLEXI-
BAR training and those who received stabilization training, however no difference was
statistically found within the subjects of the two training modes, at baseline and following
the exercise programs. Analysis of subject’s means from the descriptive data detects
that greater strength increases were observed in the FLEXI-BAR group (reduction of
3mmHg) following the four week exercise program. In contrast to this, subjects in the
stabilization group were reported to exhibit a minimal improvement (reduction of
1mmHg) in TrA strength between baseline and after four weeks of training. During the
pre-session training, the FLEXI-BAR group were not explicitly taught to perform the
ADIM whilst exercising with the bar, but encouraged to ‘tighten’ the abdominals. The
enhancement of the TrA muscle demonstrated by the FLEXI-BAR, supports the
hypothesis that the bar has the effect to automatically switch on the core musculature

when the bar vibrates, thus confirming strengthening of the relevant appendshire.

It could be proposed that the inhibitory effect of strength identified amongst the
stabilization group, could be explained by a number of reasons. Although Hides et al

(1996) reported long-term effects of stabilization training following four weeks of training



(Hides et al. 2001), the training period in this study prior to the subjects undergoing the
exercise program may not have been considered sufficient. Findings from previous
studies, report that several weeks of practice may be required to learn to contact the TrA
correctly (Richardson and Jull, 1995; O’Sullivan et al. 1997). In the present study a
week separated the pre-session training and the exercise program and although
between this time subjects were encouraged to practice not only the exercises taught,
but urged to activate the stabilizing muscles in all activities of daily living (Rasmussen-
Barr et al. 2003), the teaching augmented in a group environment, meant that apart from
palpating the TrA contraction in the subjects, there was no means of verifying whether
these muscles were recruited appropriately. Taking an individualistic approach to the

stabilization-enhanced exercise group, may have benefited this group.

The FLEXI-BAR also encompassed the largest training effect on an individual subject. It
is worth noting that the individual reported a 100% compliance rate throughout the
exercise program, reinforcing that the exercise dose prescribed was correct. An
abundance of research has investigated the concept of vibration training and the
mechanisms related to structural adaptation and muscular response. In comparison to
stabilization training, the FLEXI-BAR produced greater strengthening effects over the
same time period. This can be demonstrated by observing the dose-response
relationship. Although both groups were prescribed the same amount of exercise e.g.
number of times per week, the time to perform the exercises per session, it appears that
the strengthening response was tripled by the FLEXI-BAR users, in comparison to that
reported by stabilization training. Consistent with other authors, Bosco et al. (1998)

concluded that in their study, improvement in muscle performance after vibration training



was similar to that occurring after several weeks of heavy resistant training (Ikai and
Fukunnaa 1970; Coyle et al. 1981; Hakkinen and Komi, 1985). What may have been of
interest in this study was to compare the two modes of exercise at two weeks, to see if

any strength differences could be observed.

Throughout the exercise program compliance rates were comparable between the
exercise groups on a week to week basis. Subjects reported completing 60.7% (FLEXI-
BAR) and 65% (TrA) of their prescribed exercise sessions (3 times per week) over the
four-week period. Despite limited literature on exercise compliance rates for LBP
patients, the data recorded supports the earlier findings of Schniders et al. (1998), who
observed low compliance rates when issuing a home exercise program. The self-
efficacy questionnaire (Appendix VII) highlighted time limitations to be a strong indicator
for subjects not adhering to the program. Also space was considered an issue when

trying to replicate the exercises within the home environment for the FLEXI-BAR group.

It has been well documented that compliance rates tend to be higher than those in
studies where supplementary printed material is not used to support exercise programs
(Ferguson and Bole, 1979; Deyo, 1982; May and Taylor, 1984; Spelman, 1984;
Schneiders et al. 1998), in which could have been a residing factor in this study and

should be an approach that is strongly considered, especially in clinical practice.

The expectation of exercise compliance with regards to the length of time required to
perform the exercises in any one session and the overall duration of the exercise

program may have had a positive effect.



“Motivation, which is primarily concerned with activation and persistence of
behaviour, is seen to be cognitively based and through cognitive representation of
future outcomes, individuals can generate current motivators of behaviour”

(Schneiders et al. 1998; p.151).

It could be perceived that for the FLEXI-BAR subjects, undertaking a form of training
that they had not done before or been aware of as a training tool, played a predominant
role in the acquisition and retention of new behaviour patterns such as the instigation of
an exercise regimen, such as the FLEXI-BAR (Sherman et al. 2005). Additionally it
could be apparent that any superior effect obtained from using the FLEXI-BAR, could
have derived from actual physiological improvements in muscle strength or was it just

liked more and therefore used more (effectively) than the stabilization method?

Subjective report of compliance is at present, the pre-eminent that can be achieved with
home-based exercise programs and has a capricious degree of accuracy depending on
its implementation. Despite the widespread use of this approach, it is prone to recall
and bias problems (Kolt and McEvoy, 2003). Due to the subjective nature of the
compliance data collection in this study, it is emphasised, that the compliance rates

analyzed are reported data only and therefore still subject to validation.

Established exercise habits have previously been identified as predictor variables of
compliance (Baecke et al. 1982; Oldridge, 1982). In this study, habitual physical

exercise comprised of 73% of subjects performing additional leisure/sport activities =



twice a week. Within the active population sample, the program did not require a
modification in behaviour patterns, although a conflict between the training program and

an individuals established exercise regime may have been evident.

An interesting finding was the subject’s perception of whether they thought that over the
four weeks there core stability had improved. 100% of the subjects in the FLEXI-BAR
group strongly or generally agreed that a perceived improvement in their core stability
was evident at the end of the program. In contrast to this, 63% of the stabilization group
were not sure whether their core stability had been improved. It could be hypothesized
that because stabilization training is primarily a concentrated slower activity which
focuses on postural as well as abdominal core movements, in contrast the FLEXI-BAR
exhibits a combination of a higher intensity cardiovascular workout with the

strengthening component.

Group Relevance

The present study was conducted with students within the field of a health related
program, a group with a high degree of body awareness and co-ordination skills than
sedentary men and women. However, the results showed great variation in the ability to
contract the TrA. Research advocates that dysfunction of TrA muscle, relates to
instability of the spinal osseoligamentous system, therefore, the incidence of LBP
(Richardson et al. 1992; Jull et al. 1993). A dysfunction in the recruitment of TrA in the
current study did not appear to indicate pathological level of instability, as the baseline

PBU scores demonstrate that the NLBP group had weaker TrA functions. Due to the



variability in individual scores, it could be proposed that the individual's deep stabilizing
muscles may not be optimally recruited, due to difficulties in gaining a perception of the
required contraction. However, another explanation could be that a dysfunction exists in
automatic motor control of stability in the non-LBP population, which supports the

current work by Herrington and Davies (2005).

The results suggest that no difference was seen between the group status (HLBP,
NLBP) and the PBU scores prior to and following the intervention. However, it can be
seen that strength differences were found to be greatest in the HLBP-FB group, with
57% (of HLBP) of subjects classified as having a ‘normal’ PBU response following the
completion of the four week exercise program, in contrast to the stabilization group
(12.5%). Potentially, signifying the beginning of an enhancement in the activation of
TrA. A recent review (MacDonald et al. 2006) suggested that multifidus and TrA
exercise programs are unlikely to restore typical activation pattern, but may be required
to compensate for an underlying osseoligamentous deficit to restore intervertebral
control. However, in this study, without investigating the recruitment patterns of the TrA
muscle, it is not possibly to suggest that the correct muscle recruitment strategies was
adopted to help to stabilize the spine and address any motor deficit or ‘instability’
symptoms that may have been present in this population (Nachemson, 1985; O’Sullivan,

2000).



TrA Function

The finding that the HLBP group was not statistically different from the NLBP was
surprising. Although studies such as Hodges et al. (1996) and Cairns et al. (2000) have
found that subjects with LBP have severe problems with conducting the abdominal
drawing-in action and reducing the pressure measured by the PBU, this was not found
in the present study, as quantifiable changes in functioning of the TrA were not denoted
between the groups (Jull et al. 1995; Richardson et al. 1995; Hodges et al. 1996).
Regardless of the present condition of the population used (subjects used had no
significant episode of LBP in the past six months), previous research have reported that
despite resolution of symptoms, neuromuscular dysfunction of lumbar multifidus may
persist (Hides et al. 1996; Cairns et al. 2000), indicating that a distinction should have
been visible in the results. Although, drawing a comparison between the present study
and previous research indicates that a difference in sample populations were used,

depicting that a younger, more active sample were recruited in this study.

As mentioned previously, the PBU scores for the HLBP groups identify that the subjects
were able to contract the TrA better than the NLBP, in which the one recorded failed
attempt (+70mmHg) was conducted among the NLBP subjects. In essence, the lack of
association between group status (HLBP/NLBP) and measured abdominal function was
not expected, even though previous studies have recognised that the changes in motor
control in this population (non-specific) are highly variable (O’Sullivan et al. 1997;

Hodges and Moseley, 2003; van Dieen et al. 2003).



The inclusion of subjects with a history of non-specific LBP was important, as they
constitute a significant clinical group. In spite of the “large numbers of pathological
conditions that can give rise to LBP, 85% of these are without detected
pathoanatomcal/radiological abnormality” (Dankaerts et al. 2006a, p.1). It must not be
underestimated that this ‘LBP group’ conceals a large heterogeneous group of subjects
(McKenzie, 1981, Spitzer, 1987; Borkan et al. 1998; Bouter et al. 1998; Leboeuf and
Manniche, 2001). It should be noted that a methodological flaw in the current study was
not using a homogenous sample. Although a complicated and obstinate task, further
screening of the subjects could have eliminated the potential for inconsistent results i.e.
specific exercises applied to a falsely assumed homogenous sample, may result in
either aggravation of the condition or failure to respond (Binkley et al. 1993; Fritz et al.

2000; LeBoeuf-Yde and Manniche, 2001; Fritz et al. 2003).

However, a challenge for future research is to evaluate the capacity to define sub-
groups of the population, in support of a classification system for LBP. Although current
research is investigating this problem, it is required a prerequisite to the validation of
future studies, enabling quantification of clinical changes in motor control, secondary to
the implication of specific ‘targeted’ interventions (Elvey and O’Sullivan, 2004; Dankaerts
et al. 2006a; Dankaerts et al. 2006b), to subsequently enhance treatment efficacy as

suggested by Leboeuf-Yde et al. (1997; 2001).



TrA Isolation Test

It has been advocated that the prone lying TrA isolation test can accurately classify
subjects into LBP and painless groups in 80% of subjects (Hodges et al. 1996).
However there is an inconsistency within the literature regarding what a normal pressure
reduction response is during this test. When using the guidelines by Hodges et al.
(1996), it was considered a normal change to be greater than or equal to 4mmHg.
Hodges et al. (1996) found that in their study, 33% of non-LBP subjects were deemed
as having a TrA dysfunction. When Richardson and Jull (1995) tested a group of
subjects, by classifying normal to be a 6-10mmHg change, dysfunction was found in

44% of the asymptomatic subjects.

Moreover, a study by Cairns et al. (2000), using the adjusted figures of Hodges et al.
(1996), discovered that 59.9% of the subjects were identified as a correct classification,
as measured by the PBU. In spite of the variability in facilitating a correct TrA
contraction across groups and that only an asymptomatic population was used, data
from a recent study (Herrington and Davies, 2005), found that the TrA isolation test

identified 52.7% of all subjects with an incorrect TrA contraction.

In the present study, using the adjusted figures of Hodges et al. (1996), 80% of all
subjects baseline readings, were identified with an incorrect TrA contraction as
measured by the PBU. These findings are high compared with previous studies.
However, methodological factors may have contributed to these differences, as Hodges

et al. (1996) converted pressure data from analogue to digital and recorded it



electronically. While an improvement in internal validity of the study, the operation of
computerised recording with a measurement tool designed for manual recording
reduces its clinical applicability and generalisability of any results (Sim and Arnell, 1993).
“The removal of human error and contamination from parallax® or miss-reading of the
gauge scale can make research unrepresentative of current clinical practice” (Cairns et

al. 2000; 133).

Clinical Relevance

Although it is agreed that exercise should be part of the management of LBP, there is
significant variation in the type of exercise and the proposed mechanisms of effect for
each exercise. Comparing a technique which is currently at the forefront of research
and which is the most commonly used treatment among UK physiotherapist (Jackson,
2001), with a training tool which is very much unfounded in this country has highlighted

an abundance of questions surrounding their efficacy within a rehabilitation setting.

The results indicated that subjects did not show a vast improvement in TrA strength in
the stabilization group. What is currently not clear is whether stabilization exercises are
better suited to certain types of populations or whether they can be generally applied to
any population with LBP. Unsubstantiated suggestions that stabilization training maybe
useful in reducing pain and disability for all populace with non-specific LBP have
appeared in the literature (Goldby, 1996; Panjabi, 1992; Richardson et al. 1999; Norris,

2001).

L An apparent change in the position of an object resulting from a change in the position of the observer
(Oxford English Dictionary, page 274).



The issue must be raised that using a population with a history of LBP, although no
subject should have been experiencing any pain during testing, the very nature of the
condition is that episodes of symptoms do reoccur. It must be remembered that the
presence of symptoms during testing is important when examining a subject population
as the role of pain and reflex inhibition of the muscle must always be considered
(Grabiner et al. 1992). With this in mind, drawing a conclusion regarding the role of
stabilisation training amongst this population is unjustifiable, considering the

inconclusive results found.

Strength enhancement was observed in subjects involved with the FLEXI-BAR program.
The FLEXI-BAR within Europe has established its application as a rehabilitation tool for
many years. However, within the UK it has received little empirical attention. It became
apparent that in this study prior to undertaking the exercise program, none of the

subjects involved were aware of or had heard of the FLEXI-BAR, which may account for

its profile, thus its application within the clinical environment.

Although inconclusive, the design of the study provides a foundation for other
researchers to consider the application of the FLEXI-BAR and the principles that
underpin vibration training, which may provide an invested benefit to a population in
which 80% of adults will experience back pain over the course of there lives and with
reoccurrence rates of up to 85% (Binkley et al. 1993; Lanes et al. 1995; van Tulder et al.
2002; Ehrlich, 2003; Katz, 2003; Woolf and Pfleger, 2003), it is proposed that this client

group should be targeted with the aim of prevention of chronic disability (CSAG, 1994).



Limitations and Recommendations for Future Research

Acknowledged limitations of the study involve the inclusion of relatively functional
subjects. In which, the modest sample size, as indicated by insufficient power,
precludes any definite conclusion, as the results can be therefore classed as
preliminary. A long-term study design could have provided knowledge concerning the
efficacy of the exercise modes and the management potential for the LBP population. It
can also be recognised that the PBU was found to be not reproducible enough to be
used as an outcome measurement for purposes of LBP classification. Although an
inherent strength recording measurements manually, introducing human error has the
potential to threaten the reliability of the readings. Due to the deep location of the TrA,
invasive procedures would be required to obtain reliable data, which would involve
ethical consideration. Also as with studies of other physical treatments, it was impossible

to blind study participants to treatment group.

Although out of the realms of this study, a continuation of the work by Jull and Janda
(1987), a shift to viewing LBP as a multi-factorial bio-psycho-social disorder is now well
accepted and has important implications for re-education programs (Borkan et al. 2002;
Ford et al. 2003; McCarthy et al. 2004; Waddell, 2004). Acknowledging underlying
issues that could be associated with the physical attributes of the condition and that it is

necessary to address these deficits before re-education takes place.

The inability to stabilise the spine during daily activities, may predispose individuals to

future spinal pathology, suggesting that assumed ‘asymptomatic’ individuals have the



potential to be affected by LBP. The study has recognised that the FLEXI-BAR exhibits
strengthening effects on the TrA muscle, although the need to in cooperate additional
outcome measures to assess pain, function and disability within the LBP population
becomes essential for justification prior to its application within the rehabilitation setting
in this particular population. The findings indicate that with the increase in use of
stabilization regimes and training, the obligation for an accurate, affordable quantifiable
measuring and monitoring system is mandatory to observe the activity of the local
stability system. This would also allow conclusions to be draw regarding the efficacy of

specific exercises which are appropriate for the use of LBP sufferers.

With this population reaching epidemic proportions (Dankaerts et al. 2006a; Dankaerts
et al. 2006b), the efficacy of exercise programs to strengthen spinal structures to provide
stability and to prevent future complications, is an area of research that requires further

study.



CHAPTER 6 CONCLUSION

The study indicates that strength training does increase TrA strength. The preliminary
work undertaken suggests that there is no difference in TrA strength between the
training regimes and that there is no disparity in TrA strength between LBP and Non-
LBP groups and their response to exercise. Notably, the modest sample size and

population sample used precludes any definite conclusion.

The research accentuates the need for an accurate quantifiable measuring and
monitoring system to observe the activity of the local stability system and that a long-
term study design should be considered, to further explore the efficacy of exercise

regimes and the management potential for the LBP population.

This study provides one step forward in the knowledge concerning the efficacy of
exercise programs to strengthen the core stability system. The results are inconclusive,
although suggests that the FLEXI-BAR has an ability to strengthen the TrA, and could
provide an application to aid the rehabilitation of LBP individuals. More evidence in a
larger study population is required to substantiate the findings of this study. This pilot

study may be used to determine a design model for future research.



References

Abenhaim, L., Rossignol, M. and Valat, J-P. (2000) The role of activity in the therapeutic
management of back pain: report of the International Paris Task Force on Back Pain.
Spine, 25: 1-33

Alexiev, A.R. (1994) Some differences of the electromyographic erector spinae activity
between normal subjects and low back pain patients during the generation of isometric
trunk torque. Electromyogr Clin Neurophysio , 34: 495-9

Allison, G.T., Godfrey, P. and Robinson, G. (1998) EMG signal amplitude assessment
during abdominal bracing and hollowing. Journal of Electromyography and
Kinesiology , 8: 51-7

Almekinders, L.C. and Almekinders, S.V. (1994) Outcome in the treatment of chronic
overuse sports injuries: A retrospective study. Journal of Orthopaedic and Sports
Physical Therapy , 19: 157-161

American Physical therapy Association. (2000) Clinical research agenda for physical
therapy. Physical Therapy , 80: 499-513

Amin, N., Mileva, K.N., Kadr, M. and Bowtell, J.L. (2006) The acute effects of a Flexi-
bar exercise session on neuromuscular activation an d muscle strength, in
comparison to performing the same exercise using a sham bar . Thesis, University
of Southampton.

Andersson, E.A., Ma, Z. and Thorstensson, A. (1998) Relative EMG levels in training
exercises for abdominal and hip flexor muscles. Scandinavian Journal of
Rehabilitation Medicine , 30: 175-83

Andersson, E.A., Oddsson, L.E., Grundstrom, H., Nilsson, J. and Thorstensson, A.
(1996) EMG activities of the quadratus lumborum and erector spinae muscles during
flexion-relaxation and other motor tasks. Clinical Biomechanics , 11: 392-400

Armstrong, M.P., McDonough, S. and Baxter, G.D. (2003) Clinical guidelines versus
practice in the management of low back pain. International Journal of Clinical
Practice , 57: 9-13

Arokoski, J.P., Valta, T., Kankaanpaa, M. and Airaksinen, O. (2004) Activation of
lumbar paraspinal and abdominal muscles during therapeutic exercises in chronic low
back pain patients. Arch Phys Med Rehabil , 85: 823-832

Assendelft, W.J.J., Morton, S.C., Yu Emily, I., Suttorp, M.J. and Shekelle, P.G. (2007)
Spinal manipulative therapy for low back pain (Review). The Cochrane Collaboration
2:1-24



Baecke, J., Burema, J. and Frijters, J. (1982) A short questionnaire for the measurement
of habitual physical activity in epidemiological studies. American Journal of Clinical
Nutrition , 36: 936-942

Barker, P., Briggs, C.A. and Lohman, R. (2001) Proceedings of the Fourth
Interdisciplinary World Congress on Low Back and Pe lvic Pain . Montreal, 5-7
November 2001 . Canada: I.E.R.E (I.E.R.E Conference proceedings; 7)

Beith, I.D., Synnott, R.E. and Newman, S.A. (2001) Abdominal muscle activity during the
abdominal hollowing manoeuvre in the four point kneeling and prone positions. Manual
Therapy , 6: 82-87

Bergmark, A. (1989) Stability of the lumbar spine. A study in mechanical engineering.
Acta Orthopaedica Scandinavia , 60: 1-54

Biedermann, H.J., Shanks, G.L., Forrest, W.J. and Inglis, J. (1991) Power spectrum
analysis of electromyographic activity. Discriminators in the differential assessments of
patients with chronic low-back pain. Spine, 16: 1179-84

Binkley, J., Finch, E., Hall, J., Black, T. and Gowland, C. (1993) Diagnostic classification
of patients with low back pain: report on a survey of physical therapy experts. Physical
Therapy, 73: 138-50

Bogduk, N. and Maclntosh, J.E. (1984) The applied anatomy of the thoracolumbar
fascia. Spine, 9: 164-70

Borg, G.A. (1982) Psychophysical bases of perceived exertion. Medicine and Science
in Sports and Exercise , 14 (5): 377-81

Borkan, J., van Tulder, M., Reis, s., Schoene, M.L., Croft, P. and Hermoni, D. (2002)
Advances in the field of low back pain in primary care: a report from the fourth
international forum. Spine, 27: 128-32

Borkan, J., Koes, B., Reis, S. and Cherkin, D.C. (1998) A report from the Second
International Forum for Primary Care Research on low back pain. Re-examining
priorities. Spine, 23: 1992-6

Bosco, C., Colli, R., Introni, E., Cardinale, M., Tsarpela, O., Madella, A., Tihanyi, J. and
Viru, A. (1992) Adaptive responses of human skeletal muscle to vibration exposure. Clin
Physiol , 19 (2): 183-7

Bosco, C.M., Cardinale, O. and Tsarpela, A. (1998) The influence on whole body
vibration on jumping performance. Biol Sport , 15: 157-164



Bouter, L.M., van Tulder, M.W., and Koes, B.W. (1998) Methodological issues in low
back pain research in primary care. Spine, 23: 2014-20

Brewer, B.W. (1998) Adherence to sport injury rehabilitation programs. Journal of
Applied Sport Psychology , 10: 70-82

Brewer, B.W., Daly, J.M., Van Raalte, J.L., Petitpas, A.J. and Sklar, J.H. (1994) A
psychometric evaluation of the rehabilitation adherence questionnaire. American
Society for the Psychology of Sport and Physical Ac tivity , 7: 213-217

Bryne, K., Doody, C. and Hurley, D.A. (2006) Exercise therapy for low back pain: A
small-scale exploratory survey of current physiotherapy practice in the Republic of
Ireland acute hospital setting. Manual Therapy , 11: 272-278

Burton, A.K., McClune, T.D., Clarke, R.D. and Main, C.J. (2004) Long-term follow-up of
patients with low back pain attending for manipulative care: outcomes and predictors.
Manual therapy , 9: 30-5

Cairns, M.C., Harrison, K. and Wright, C. (2000) Pressure Biofeedback: A useful tool in
the quantification of abdominal muscular dysfunction? Physiotherapy , 86: 127-138

Campello, M., Nordin, M. and Weiser, S. (1996) Physical exercise and low back pain.
Scand J Med Sci Sports , 6: 63-72

Carmen, D.J., Blanton, P.L. and Biggs, N.L. (1972) Electromyographic study of the
anterolateral abdominal musculature utilizing indwelling electrodes. America Journal of
Physical Medicine , 51: 113-29

Carpenter, D.M. and Nelson, B.W. (1999) Low back strengthening for the prevention
and treatment of low back pain. Med Sci Sports Exerc , 31: 18-24

Carriere, B. (1999) The ‘Swiss Ball' an effective tool in physiotherapy for patients,
families and physiotherapists. Physiotherapy , 85 (10): 552-561

Cassisi, J.E., Robinson, M.E., O’Conner, P. and MacMillan, M. (1993) Trunk strength
and lumbar paraspinal muscle activity during isometric exercise in chronic low-back pain
patients and controls. Spine, 18: 245-51

Chartered Society of Physiotherapy. (1999) Evidence-based practice. Musculoskeletal
disorders — spinal. Physiotherapy , 1: 1-5

Chartered Society of Physiotherapy. (2002) Rules of professional conduct . London:
CSP.

Chok, B., Lee, R., Latimer, J. and Tan, S.B. (1999) Endurance training of the trunk
extensor muscles in people with subacute low back pain. Spine, 16: 1032-42



Cholewicki, J. and McGill, S.M. (1996) Mechanical stability of the in vivo lumbar spine:
implications for injury and chronic lower back pain. Clinical Biomechanics , 11: 1-15

Clinical Standards Advisory Group (CSAG). (1994) Report on back pain . London:
HMSO.

Cole, B., Finch, E., Gowland, C. and Mayo, N. (1994) “Physical rehabilitation outcome
measures.” In Basmajian, J. (ed.) The Canadian Physiotherapy Association in co-
operation with Health and Welfare Canada and the Ca nada Communications
Group — Publishing . Toronto: Suooly and Services Canada. pp.106-122

Cormie, P., Deane, R.S., Triplett, T. and McBride, J.M. (2006) Acute effects of whole
body vibration on muscle activity, strength and power. Journal of strength and
Conditioning Research , 20 (2): 257-261

Coyle, D. and Richardson, G. (1994) “The costs of back pain.” In Royal College of
General Practioners. Clinical standards advisory guidelines: the epidemi ology and
cost of back pain . London: HMSO. pp. 65-72

Coyle, E., Feirin, T., Rotkis, R., Cote F., Roby, W., Lee, J. and Wilmore, J. (1981)
Specificity of power improvements through slow and fast isokinetic training. J Appl
Physiol , 51: 1437-1442

Cresswell, A.G., Grundstrom, H. and Thorstensson, A. (1992) Observations on intra-
abdominal pressure and patterns of abdominal intra-muscular activity in men. Acta
Physiologica Scandinavia , 144: 409-18

Cresswell, A.G., Oddsson, L. and Thorstensson, A. (1994) The influence of sudden
perturbations on trunk muscle activity and intra-abdominal pressure while standing. Exp
Brain Res , 98: 336-41

Crisco, J.J. (1989) The biomechanical stability of the human lumbar spi ne:
experimental and theoretical investigations . PhD thesis, Yale University.

Croft, P.R., Macfarlane, G.J., Papageorgiou, A.C., Thomas, E. and Siiman, A.J. (1998)
Outcome of LBP in general practice: a prospective study. British Medical Journal , 316:
1356-9

Cynn, H.S., Seop, J., Kwon, O.Y. and Hwi, C. (2006) Effects of lumbar stabilization
using a pressure biofeedback unit on muscle activity and lateral pelvic tilt during hip
abduction in sidelying. Arch Phys Med rehabil , 87: 1454-1458

Dankaerts, W., O’'Sullivan, P.B., Burnett, A.F. and Straker, L.M. (2006) The use of a
mechanism-based classification system to evaluate and direct management of a patient
with non-specific chronic low back pain and motor control impairment — A case report.
Manual Therapy , 12 (2): 181-191



Dankaerts, W., O’'Sullivan, P.B., Straker, L.M., Burnett, A.F. and Skouen, J.S. (2006b)
The inter-examiner reliability of a classification method for non-specific chronic low back
pain patients with motor control impairment. Manual Therapy , 11: 28-39

Danneels, L.A., Vanderstraeten, G.G., Cambier, D.C., Witvrouw, E.E., Bourgois, J.,
Dankaerts, W. and De Cuyper, H.J. (2001) Effects of three different training modalities
on the cross sectional area of the lumbar multifidus muscle in patients with chronic low
back pain. Br. J. Sports Med , 35: 186-191

De Troyer, A., Estenne, M., Ninane, V., Van Gansbeke, D. and Gorini, M. (1990)
Transversus abdominis muscle function in humans. Journal of Applied Physiology
68: 1010-6

Delecluse, C., Roelants, M, Diels, R., Koninckx, E. and Verschuren, S. (2005) Effects of
whole body vibration training on muscle strength and sprint performance in sprint trained
athletes. International Journal of Sports Medicine , 26: 662-668

Delecluse, C., Roelants, M. and Verschueren, S. (2003) Strength increase after whole
body vibration compared with resistance training. Medicine and Science in Sports and
Exercise , 23: 1033-1041

Descarreaux, M., Normand, M.C., Laurencelle, L. and Dugas, C. (2002) Evaluation of a
specific home exercise program for low back pain. Journal of Manipulative and
Physiological Therapeutics , 8: 497-503

Deyo, R.A. (1982) Compliance with therapeutic regimens in arthritis: issues, current
status, and a future agenda. Seminars in arthritis and Rheumatism , 12: 233-244

Dillingham, T. (1995) Evaluation and management of low back pain: and overview.
State of the Art Reviews , 9: 559-574

Ehrlich, G.E. (2003) Back pain. Journal of Rheumatology , 67: 26-31
Ellis, R.M. (1995) Back pain. Br med J, 310: 1220

Elvey, R. and O’sullivan, P.A. (2004) A contemporary approach to manual therapy.
Grieve’s Modern Manual Therapy . London: Elsevier.

Fagnani, F., Giombini, A., Di Cesare, A., Pigozzi, F. and Salvo, V. (2006) The effects of
a whole body vibration program on muscle performance and flexibility in female athletes.
American Journal of Physical Medicine and Rehabilit ative/Association of

Academic Physiatrist , 85 (12): 956-962

Ferguson, K. and Bole, G. (1979) Family support, health beliefs, and therapeutic
compliance in patients with rheumatoid arthritis. Patient Counselling and Health
Education , 1: 101-105



Ferreira, M.L., Ferreira, P.H., Latimer, J., Hebert, R.D., Hodges, P.W., Jennings, M.D.,
Maher, C.G. and Refshauge, K.M. (2007) Comparison of general exercise, motor control
exercise and spinal manipulative therapy for chronic back pain: A randomized trial. Pain,
131 (1-2): 31-7

Ford, J., story, I. and McKeenen, J. (2000) A systematic review on methodology of
classification system research for low back pain. The Cochrane Database of
Systematic Reviews , 6: 1-54

Foster, N.E., Thompson, K.A., Baxter, G.D. and Allen, J.M. (1999) Management of non-
specific low back pain by physiotherapists in Britain and Ireland. Spine, 24: 1332-42

Friedrich, M., Cermack, T. and Maderbacher, P. (1996) The effect of brochure use
versus therapist teaching on patients performing therapeutic exercise and on changes in
impairment status. Physical Therapy , 76: 1082-1088

Friedrich, M., Gittler, G., Halberstadt, Y., Cermak, T. Heiller, 1. (1998) Combined
exercise and motivation program: Effects on the compliance and level of disability of
patients with chronic low back pain: A randomized controlled trial. Achieves of Physical
Medicine and Rehabilitation , 79: 475-487

Fritz, J.M., Delitto, A. and Erhard, R.E. (2003) Comparison of classification-based
physical therapy with therapy based on clinical practice guidelines for patients with acute
low back pain: a randomized clinical trial. Spine, 28: 1363-72

Fritz, J.M., Delitto, A., Vignovic, M. and Busse, R.G. (2000) Interrater reliability of
judgments of the centralization phenomenon and status change during movement
testing in patients with low back pain. Archives of Physical medicine and
Rehabilitation , 81: 57-61

Golby, L., Moore, A., Doust, J. and Trew, M. (2000) Proceedings Seventh Scientific
Conference of the International Federation of Ortho  paedic Manipulative
Therapists . Perth, 6-10 November 2000 . Australia: I.E.R.E (I.E.R.E Conference
proceedings; 10)

Goldby, L.J. (1996) Low back pain: the evidence for physiotherapy. Physical Therapy
Reviews, 2: 7-11

Goldman, J.M., Lehr, R.P., Millar, A.B. and Silver, J.R. (1987) An electromyo-
graphic study of the abdominal muscles during postural and respiratory maneuvers.
Journal of Neurology, Neurosurgery and Psychiatry , 50: 866-9

Goodwin, C.J. (1998) Research in Psychology: Methods and design . 2" ed. New
York: John Wiley.

Grabiner, M.D., Koh, T.J. and Ghazawi, A. (1992) Decoupling of bilateral paraspinal
excitation in subjects with LBP. Spine, 17: 1219-23



Gracey, J.H., McDonough, S.M. and Baxter, G.D. (2002) Physiotherapy management of
low back pain: a survey of current practice in Northern Ireland. Spine, 27: 406-11

Groenendijk, J.G., Swinkels, I.C.S., de Bakker, D., Dekker, J. and van den Ende, C.H.M.
(2007) Physical therapy management of low back pain has changed. Health policy , 80:
492-499

Hakkinen, K. and Komi, P. (1985) Effect of explosive type strength training on
electromyographic and force production characteristics of leg extensors muscles during
concentric and various stretch-shortening cycle exercises. Scand J Sports Sci , 7: 65-
76

Hansen, F., Bendix, T., Skov, P., Jensen, C., Kristensen, J., Krohn, L., and Schioeler, H.
(1993) Intensive, dynamic back-muscle exercises conventional physiotherapy, or
placebo-control treatment of low back pain. A randomized observer-blind trial. Spine,
18: 98-108

Hawkins, J.M. (1990) The new Oxford dictionary . Oxford: Oxford University Press.

Hayden, J.A., van Tulder, M.W., Malmivaara, A. and Koes, B.W. (2007) Exercise
therapy for treatment of non-specific low back pain (Review). The Cochrane
Collaboration , 1: 1-73

Herrington, L. and Davies, R. (2005) The influence of pilates training on the ability to
contract the transversus abdominis muscle in asymptomatic individuals. Journal of
Bodywork and Movement Therapies , 9: 52-57

Hides, J. (2004b) “Paraspinal mechanism in low back pain.” In: Brown, C.D.
Therapeutic exercise for lumbopelvic stabilization: a motor control approach for
the treatment and prevention of low back pain . Edinburgh: Churchill Livingstone.
pp.149-61

Hides, J.A., Jull, G.A. and Richardson, C.A. (1996) Long-term effects of specific
stabilization exercises for first-episode low back pain. Spine, 26: 243-248

Hides, J.A., Richardson, C.A. and Jull, G.A. (1996) Multifidus recovery is not automatic
following resolution of acute first episode low back pain. Spine, 11: 2763-2769

Hilde, G, Bo K. (1998) Effect of exercise in the treatment of chronic low back pain: a
systematic review emphasizing type and dose of exercise. Physical Therapy Reviews
3:107-17

Hildenbrand, K. and Noble, L. (2004) Abdominal muscle activity while performing trunk-
flexion exercises using the Ab Roller, ABslide, FitBall, and conventionally performed
trunk curls. Journal of Athletic Training , 39: 37-43



Hodges, P. and Richardson, C. (1996) Insufficient muscular stabilisation of the lumbar
spine associated with low back pain: a motor control evaluation of transversus
abdominis. Spine, 21: 2640-2650

Hodges, P. and Richardson, C. (1997b) Contraction of the abdominal muscles
associated with movements of the lower limb. Physical Therapy , 77: 132-144

Hodges, P., Richardson, C. and Jull, G. (1996) Evaluation of the relationship between
laboratory and clinical tests of transversus abdominis function. Physiotherapy
Research International , 1: 30-40

Hodges, P.W and Richardson, C.A. (1995) Proceedings of the World Confederation
of Physical Therapists Congress . Washington, 13-14 April 1995. Washington: |.E.R.E
(ILE.R.E Conference proceedings; 17)

Hodges, P.W. (1999) Is there a role for transversus abdominis in lumbo-pelvic stability?
Manual Therapy , 4: 74-86

Hodges, P.W. and Bui, B. (1996) A comparison of computer based methods for the
determination of onset of muscle contraction using electromyography. Electroenceph
Clin Neurophysiol , 101:511-519

Hodges, P.W. and Moseley, G.L. (2003) Pain and motor control of the lumbopelvic
region: effect and possible mechanisms. Journal of Electromyographical
Kinesiology , 13: 361-70

Hodges, P.W. and Richardson, C.A. (1996) Insufficient muscular stabilization of the
lumbar spine associated with low back pain. Spine, 21: 2640-50

Hodges, P.W. and Richardson, C.A. (1997) Contraction of the abdominal muscles
associated with movement of the lower limb. Physical Therapy , 77: 132-144

Hodges, P.W., Kaigle-Holme, A., Holme, S., Ekstrom, L., Cresswell, A., Hansson, T. and
Thorstensson, A. (2003) Intervertebral stiffness of the spine is increased by evoked
contraction of the transversus abdominis and the diaphragm. Spine, 28: 2594-601

Hodges, P.W., Richardson, C.A. and Jull, G.A. (1996) Evaluation of the relationship
between laboratory and clinical tests of transverses abdominis function. Physiotherapy
Research International , 1: 30-40

Hoffer, J. and Andreassen, S. (1981) Regulation of soleus muscle stiffness in
premammillary cats: intrinsic and reflex components. Journal of Neurophysiology , 45:
267-85

Hultman, G., Nordin, M., Saraste, H. and Ohlsen, H. (1993) Body composition,
endurance, strength, cross-sectional area, and density of MM erector spinae in men with
and without low back pain. J Spinal Disord , 6: 114-23



Hurley, D.A., Dusoir, T.E., McDonough, S.M., Moore, A.P., Linton, S.J. and Baxter, G.D.
(2000) Biopsychosocial screening questionnaire for patients with low back pain:
preliminary report of utility in physiotherapy practice in Northern Ireland. Clinical

Journal of Pain , 16: 214-28

Jackson, D.A. (2001) How is back pain managed? Physiotherapy , 87: 573-581

Jackson, L.D. (1994) Maximizing treatment adherence among back-pain patients: an
experiment study of the effects of physician-related cues in written medical messages.
Health Communication , 6: 173-191

Jemmett, R.S., MacDonald, D.A. and Agur, A.M.R. (2004) Anatomical relationships
between selected segmental muscles of the lumbar spine in the context of multi-planar
segmental motion: a preliminary investigation. Manual Therapy , 9: 203-210

Jull, G. and Janda, V. (1987) Muscles and motor control in low back pain.” In Twomey,
L.T. and Taylor, J.R. (ed.) Physical therapy of the lumbar spine . New York: Churchill
Livingstone. pp.153-157

Jull, G., Richardson, C., Toppenberg, R., Comerford, M. and Bui, B. (1993) Towards a
measurement of active muscle control for lumbar stabilization. Australian Journal of
Physiotherapy , 39: 187-193

Jull, G.A., Richardson, C.A., Hamilton, C.A., Hodges, P.W. and Ng, JK-F. (1995)
Proceedings of Ninth Biennial Conference of the Man ipulative Physiotherapists
Association of Australia . Gold Coast, 3-5 November 1995. Australia: I.E.R.E (l.E.R.E
Conference Proceedings; 5)

Katz, W.A. (2002) Musculoskeletal pain and its socioeconomic implications. Clinical
Rheumatology , 21: 2-4

Kellett, K., Kellett, D. and Nordholm, L. (1991) Effects of an exercise program on sick
leave due to back pain. Physical Therapy , 71: 283-293

Kennedy, B. (1980) An Australian program for management of back problems.
Physiotherapy , 66: 108-11

Kinnear, P.R., Gray, C.D. (2000) SPSS for Windows made simple . Hove: Psychology
Press Ltd.

Klein, A.B., Snyder-MackKler, L., Roy, S.H. and DeLuca, C.J. (1991) Comparison of
spinal mobility and isometric trunk extensor forces with electromyographic spectral
analysis in identifying low back pain. Physical Therapy , 71: 445-54

Knuttson, F. (1944) The instability associated with disk degeneration in the lumbar
spine. Acta Radiologica , 25: 593-609



Koes, B.W., van Tulder, M.W., Ostelo, R.O., Burton, A.K. and Waddell, G. (2001)
Clinical guidelines for the management of low back pain in primary care: an international
comparison. Spine, 26: 2504-13

Kolt, G.S. and McEvoy, J.F. (2003) Adherence to rehabilitation in patients with low back
pain. Manual Therapy , 8: 110-116

Koumantakis, G.A., Watson, P.J. and Oldham, J.A. (2005) Supplementation of general
endurance exercise with stabilization training versus general exercise only physiological
and functional outcomes of a randomized controlled trial of patients with recurrent low
back pain. Clinical Biomechanics , 20: 474-482

Lanes, T.C., Gauron, E.F., Spratt, K.F., Wernimont, T.J., Found, E.M. and
Weinstein, J.N. (1995) Long term follow up of patients with chronic back pain treated in
a multidisciplinary rehabilitation program. Spine, 20: 801-806

Lariviere, C., Gagnon, D. and Loisel, P. (2000) The comparison of trunk muscles EMG
activation between subjects with and without chronic LBP during flexion-extension and
lateral bending tasks. J Electromyogr Kinesiol , 10: 79-91

Leboeuf-Yde, C. and Manniche, C. (2001) Low back pain: time to get off the treadmill.
Journal of Manipulative and Physiological Therapeut ics, 24: 63-6

Leboeuf-Yde, C., Lauritsen, J.M. and Lauritzen, T. (1997) Why has the search for
causes of low back pain largely been non-conclusive? Spine, 22: 877-81

Leinonen, V., Kankaanpaa, M., Airaksinen, O. and Hanninen, O. (2000) Back and hip
extensor activities during trunk flexion/extension: effects of low back pain and
rehabilitation. Arch Phys Med Rehabil , 81: 32-7

Ley, P. (1988) Communicating with patients . New York: Croom Helm.

Li, L. and Bombardier, C. (2001) Physical therapy management of low back pain: an
exploratory survey of therapists approaches. Physical Therapy , 81: 1018-28

Liddle, S.D., Baxter, G.D. and Gracey, J.H. (2004) Exercise and chronic low back pain:
what works? Pain, 107: 176-90

Liebenson, C. (1998) Spinal stabilization training: the transversus abdominis. Journal of
Bodywork and Movement Therapies , 2: 218-223

Lucas, D.B and Bresler, B. (1961) Stability of the ligamentous spine. Technical Report.
Spine, 11 (40): 213-217

MacDonald, D.A., Lorimer Moseley, G. and Hodges, P.W. (2006) The lumbar multifidus:
Does the evidence support clinical beliefs? Manual Therapy , 11: 254-263



Mahieu, N.N., Witvrouw, E., Van De Voorde, D., Michilsens, D., Arbyn, V. and Van Den
Broecke, W. (2006a) Improving strength and postural control in young skiers: Whole —

Body Vibration versus equivalent resistance training. Journal of Athletic Training , 41
(3): 286-293

Manniche, C. (1999) Low back pain. Frequency, management and prevention from an
HTA perspective. Danish Institute for Health Technology Assessment ,6:1-5

Mannion, A.F., Taimela, S., Muntener, M. and Dvorak, J. (2001) Active therapy for
chronic low back pain: part 1. Effects on back muscle activation, fatigability, and
strength. Spine, 26: 897-908

Marras, W., Davis, K., Ferguson, S., Lucas, B. and Gupta, P. (2001) Spine loading
characteristics of patients with low back pain compared with asymptomatic individuals.
Spine, 26: 2566-74

Marshall, P.W. and Murphy, B.A. (2005) Core stability on and off a Swiss ball. Arch
Phys Med Rehabil , 86: 242-249

Marshall, P.W.M. and Murphy, B.A. (2006) Evaluation of functional and neuromuscular
changes after exercise rehabilitation for low back pain using a Swiss ball: A pilot study. J
Manipulative Physiol Ther , 29: 550-560

Mattila, M., Hurme, M., Alaranta, H., Paljarvi, L., Kalimo, H. and Falck, B. (1999) The
multifidus muscle in patients with lumbar disc herniation. A histochemical and
morphometric analysis of intraoperative biopsies. Spine, 11: 732-38

May, S. and Taylor, A. (1994) The development and examination of various measures of
patient compliance, for specific use with injured athletes. Journal of Sports Science
12:180-181

Mayer, T.G., Kondraske, G., Mooney, V., Carmichael, T.W. and Butsch, R. (1989)
Lumbar myoelectric spectral analysis for endurance assessment. A comparison of
normals with deconditioned patients. Spine, 14: 986-91

McArdle, W.D., Katch, F.l. and Katch, V.L. (1991) Exercise physiology, energy,
nutrition and human performance . 3"ed. Philadelphia: Lea and Febiger.

McCarthy, C.J., Amall., F.F., Strimpakos, N., Freemont, A. and Oldham, J.A. (2004) The
biopsychosocial classification of non-specific low back pain: a systematic review.
Physical Therapy Reviews , 9: 17-30

McGill, S.M. (1991) Kinetic potential of the lumbar trunk musculature about three
orthogonal orthopaedic axes in extreme postures. Spine, 16: 809-815

McGill, S.M. (1998) Low back exercises: evidence for improving exercise regimens.
Physical Therapy , 78: 754-65



McKenzie, R. (1981) The lumbar spine, mechanical diagnosis and therapy
Waikanae: Spinal Publications.

Mirka, G.A. and Marras, W.S. (1993) A stochastic model of trunk muscle coactivation
during trunk bending. Spine, 18: 1396-409

Nachemson, A. (1985) Lumbar spine instability. A critical update and symposium
summary. Spine, 10: 290-291

Ng, J.K., Richardson, C.A., Parnianpour, M. and Kipperes, V. (2002) Fatigue related
changes in torque output and electromyographic parameters of trunk muscles during
isometric axial rotation exertion: an investigation in patients with back pain and in
healthy subjects. Spine, 27: 637-46

Norris, C.M. (1995a). Spinal stabilisation 1, Active lumber stabilisation-concepts.
Physiotherapy , 81: 61-63

Norris, C.M. (1995b) An Exercise programme to enhance lumbar stabilisation.
Physiotherapy , 81 (3): 138-146

Norris, C.M. (1995c) Spinal stabilisation 3: stabilisation mechanics of the lumbar spine.
Physiotherapy , 81: 72-79

Norris, C.M. (2001) Functional load abdominal training: part 2. Physical Therapy in
Sport, 2: 149-156

Noyles, F.R., Mathews, D.S., Mooar, P.A. and Grood, E.S. (1983) The symptomatic
anterior cruciate-deficient knee. Part II: the results of rehabilitation, activity modification,
and counseling on functional disability. American Journal of Bone and Joint Surgery
65: 163-174

O’Sullivan, P. (2000) Lumbar segmental ‘instability’: Clinical presentation and specific
stabilizing exercise management. Manual Therapy , 5: 2-12

O’Sullivan, P., Twomey, L. and Allison, G. (1997) Evaluation of specific stabilizing
exercise in the treatment of chronic low back pain with radiological diagnosis of
spondyloysis and spondylolosthesis. Spine, 22: 2959-2967

O’Sullivan, P., Twomey, L. and Allison, G. (1998) Altered abdominal muscle recruitment
in patients with chronic back pain following a specific exercise intervention. Journal of
Sports Physical Therapy , 27:114-124

Oldridge, N.B. (1982) Compliance and exercise in primary and secondary prevention of
coronary heart disease: a review. Preventative Medicine , 11: 56-70

Pallant, J. (2002) SPSS Survival manual . Buckingham: Open University Press.



Panjabi, M. (1992b) The stabilizing system of the spine. Part 2, function, dysfunction,
adaption, and enhancement. J Spinal Disord , 5: 383-9

Panjabi, M.M. (1992a) The stabilizing system of the spine. Part 2, neutral zone and
instability hypothesis. J Spinal Disord , 5: 390-7

Panjabi, M.M. (2003) Clinical spinal instability and low back pain. Journal of
Electromyography and Kinesiology , 13: 371-379

Parkkola, R., Alanen, A., Kalimo, H., Lillsunde, I., Komu, M. and Kormano, M. (1993) MR
relaxation times and fiber type predominance of the psoas and multifidus muscle. An
autopsy study. Acta Radiol , 34: 16-9

Parnianpour, M., Nordin, M., Kahanovitz, N. and Frankel, V. (1988) The triaxial coupling
of torque generation of trunk muscles during isometric exertions and the effect of
fatiguing isoinertial movements on the motor output and movement pattern. Spine, 13:
982-92

Partridge, M.J. and Walters, C.E. (1960) Participation of the abdominal muscles in
various movements of the trunk in man. An electromyographic study. The Physical
Therapy Review , 39: 791-800

Penning, L. (2000) Psoas muscle and lumbar spine stability: a concept uniting existing
controversies, Critical review and hypothesis. European Spine Journal , 9: 577-85

Petersen, T., Krygen, P., Ekdahl, C., Olsen, S. and Jacobsen, S. (2002) The
compared with that of intensive strengthening training for the treatment of patients with
subacute or chronic low back pain. Spine, 27: 1702-9

Price, J.P., Clare, M.H. and Ewerhardt, R.H. (1948) Studies in low backache with
persistent muscle spasm. Arch Phys Med Rehabil , 29: 703-9

Quint, U., Wilke, H.J., Shirazi-Adl, A., Pamianpour, M., Franz, L. and Claes, L.E. (1998)
Importance of the intersegmental muscles for the stability of the lumbar spine, A
biomechanical study in Vitro. Spine, 23: 1937-45

Rainville, J., Hartigan, C., Martinez, E., Limke, J., Jouve, C. and Finno, M. (2004)
Exercise as a treatment for chronic low back pain. The Spine Journal , 4: 106-15

Rantanen, J., Hurme, M., Falck, B., Alaranta, H., Nykvist, F. and Lehto, M. (1993) The
lumbar multifidus muscle five years after surgery for a lumbar intervertebral disc
herniation. Spine, 18: 568-74

Rasmussen-Barr, E., Nilsson-Wikman, L. and Arvidsson, I. (2003) Stabilizing training
compared with manual treatment in sub-acute and chronic low-back pain. Manual
Therapy, 8: 233-241



Renkawitz, T., Boluki, D. and Grifka, J. (2006) The association of low back pain,
neuromuscular imbalance, and trunk extension strength in athletes. The Spine Journal
6: 673-683

Richardson, C. and Jull, G. (1995) Muscle control-pain control. What exercises would
you prescribe? Manual Therapy , 1: 2-10

Richardson, C., Jull, G., Hodges, P. and Hides, J.A. (1999) Therapeutic exercise for
spinal segmental stabilization in low back pain, sc ientific basis and clinical
approach . Edinburgh: Churchill Livingstone.

Richardson, C., Toppenberg, R. and Jull, G. (1990) An initial evaluation of eight
abdominal exercises for their ability to provide stabilization for the lumbar spine.
Australian Journal of Physiotherapy , 36: 6-11

Richardson, C.A., Jull, G.A. and Richardson, B.A. (1995) Proceedings of the World
Federation for Physical therapy . Washington, 13-17 November 1995. London: WCPT
(WCPT Conference Proceedings; 17)

Richardson, C.W., Jull, R., Toppenberg, R. and Comerford, M. (1992) Techniques for
active lumbar stabilization for spinal protection: a pilot study. Aust Physiother , 38: 105-
12

Risch, S.V., Norvell, N.K., Pollock, M.L., Risch, E.D., Langer, H., Fulton, M., Graves,
J.E. and Leggett, S.H. (1993) Lumbar strengthening in chronic low back pain. Spine, 18:
232-238

Roelants, M., Delecluse, C. and Verschueren, S.M. (2004b) Whole body vibration
training increases knee extension strength and speed of movement in older women.
Journal of American Geriatric Society , 52: 901-908

Roelants, M., Delecluse, C., Goris, M. and Verschueren, S. (2004a) Effects of 24 weeks
of Whole body vibration training on body composition and muscle strength in untrained
females. International Journal of Sports Medicine |, 25: 1-5

Roelants, M., Verschueren, S.M.P., Deleccluse, C., Levin, O. and Stijnen, V. (2006)
Whole body vibration induced increase in leg muscle activity during different squat
exercises. Journal of Strength and Conditioning Research |, 20 (1): 124-129

Ronnestead, B.R. (2004) Comparing the performance-enhancing effects of squats on
vibration platform with conventional squats in recreational resistance trained men.
Journal of Strength and Conditioning Research  , 18 (4): 839-845

Roy, S.H., DeLuca, C.J., Emley, M. and Buijs, R.J. (1995) Spectral electromyographic
assessment of back muscles in patients with low back pain undergoing rehabilitation.
Spine, 20: 38-48



Saunders, S., Rath, D. and Hodges, P. (2004) Postural and respiratory activation of the
trunk muscles changes with mode and speed of locomotion. Gait and Posture , 20: 280-
90

Schlumberger, A., Salin, D. and Schmidtbleicher, D. (2001) Strength training with
superimposed vibration. Sportverletz Sportschaden , 15: 1-7

Schneiders, A.G., Zusman, M. and Singer, K.P. (1998) Exercise therapy compliance in
acute low back pain patients. Manual Therapy , 3: 147-152

Sherman, K.J., Cherkin, D.C., Erro, J., Miglioretti, D.L. and Deyo, R.A. (2005)
Comparing Yoga, exercise, and a self-care book for chronic low back pain. American
College of Physicians , 143: 849-856

Sihvonen, T., Herno, A., Paljarvi, L., Airaksinen, O., Partanen, J. and
Tapaninaho, A. (1993) Local denervation atrophy of paraspinal muscles in postoperative
failed back syndrome. Spine, 18: 575-81

Sim, J. and Arnell, P. (1993) Measurement validity in physical therapy research.
Physical Therapy , 73: 102-115

Sim, J. and Wright, C. (2000) Research in Health Care: concepts, designs and
methods . Cheltenham: Stanley Thornes Ltd.

Skargren, E. (1998) Evaluation of physical exercise, physiotherapy and
chiropractic in the management of low back pain . PhD thesis, Linkoping University.

Smidt, N., de Vet H.C.W., Bouter, L.M. and Dekker, J. (2005) Effectiveness of exercise
therapy: A best-evidence summary of systematic reviews. Australian Journal of
Physiotherapy , 51: 71-85

Snook, S.H., Webster, B.S. and McGorry, R.W. (1998) The reduction of chronic non-
specific low back pain through the control of early morning lumbar flexion: a randomized
control trial. Spine, 23: 2601-7

Soderberg, G. and Barr, J. (1983) Muscular function in chronic low back dysfunction.
Spine, 8: 79-85

Spelman, M.R. (1984) Back pain: how health education affects patient compliance with
treatment. Occupational Health Nursing , 32: 649-651

Spetch, L.A. and Kolt, G.S. (2001) Adherence to sport injuries rehabilitation: implications
for sport medicine providers and researchers. Physical Therapy in Sport , 2: 80-90

Spitzer, W.O., LeBlanc, F.E. and Dupuis, M., (1987) Scientific approach to the
assessment and management of activity-related spinal disorders. Spine, 7: 1-59



Stangor, C. (1998) Research methods for the behavioural sciences . Boston:
Houghton Mifflin.

Stevens, J. (1996) Applied multivariate statistics for the social scie nces. 3% ed.
New Jersey: Lawrence Erlbaum.

Storheim, K., Bo, K., Pederstad, O. and Jahnsen, R. (2002) Intra-tester reproducibility of
pressure biofeedback in measurement of transverses abdominis function.
Physiotherapy Research International , 7: 239-249

Strohl, K.P., Mead, J., Banzett, R.B., Loring, S.H. and Kosch, P.C. (1981) Regional
differences in abdominal muscle activity during various maneuvers in humans. Journal
of Applied Physiology , 51:1471-6

Sung, P.S. (2003) Multifidi muscles median frequency before and after spinal
stabilization exercises. Arch Phys Med rehabil , 84:1313-1317

Tabachnick, B.G. and Fidell, L.S. (1996) Using multivariate statistics . 3" ed.
New York: HarperCollins.

Taylor, A.H and May, S. (1996) Threat and coping appraisal as determinants of
compliance with sports injury rehabilitation: an application if the protection motivation
theory. Journal of Sports Sciences , 14: 461-482

Teasell, R.W. and Harth, M. (1996) Functional restoration: returning patients with
chronic low back pain to work-revolution or fad? Spine, 21: 844-7

Teyhen, D.S., Miltenberger, C.E., Deiters, H.M., del Toro, Y.M., Pulliam, J.N. and Childs,
J.D. (2005) The use of ultrasound imaging of the abdominal drawing-in maneuver in
subjects with low back pain. Journal of Orthopaedic & Sports Physical Therapy , 35!
346-55

Thomas JR, Nelson JK. (1990) Research Methods in Physical Activity . IL: Human
Kinetics Books.

Torvin, S., Kannus, P., Sievanen, H., Jarvinen, T.A.H., Pasanen, M., Kontulainen, S.,
Jarvinen, T.L.N., Oja, P. and Vuori, I. (2001) Effect of four-month vertical whole body
vibration on performance and balance. Journal of the American College of Sports
Medicine , 12: 1523-1528

Tugwell, P. (2001) Philadelphia panel evidence-based clinical practice guidelines on
selected rehabilitation interventions for low back pain. Physical Therapy , 81: 1641-74

Urquhart, D.M., Hodges, P.W., Allen, T.J. and Story, I.H. (2005) Abdominal muscle
recruitment during a range of voluntary exercises. Manual Therapy , 10: 144-153



Van Dieen, J.H., Selen, L.P. and Cholewicki, J. (2003) Trunk muscle activation in low-
back pain patients: an analysis of the literature. Journal of Electromyography and
Kinesiology , 13: 333-51

van Tulder, M., Koes, B. and Bombardier, C. (2002) Low back pain. Best Practice &
Research in Clinical Rheumatology , 16: 761-75

van Tulder, M., Koes, B. and Bouter, L. (1997) Conservative treatment of acute and
chronic non-specific low back pain. Spine , 22: 2128-2156

van Tulder, M.W., Ostelo, R.W.J.G., Vlaeyen, J.W.S., Linton, S.J, Morley, S.J. and
Assendelft, W.J.J. (2000) Behavioural treatment for chronic low-back pain. The
Cochrane Database of Systematic Reviews |, 2: 1-74

Vera-Garcia, F.J., Grenier, S.G. and McGill, S.M. (2000) Response During curl-ups on
both stable and labile surfaces. Physical Therapy , 80 (6): 564-569

Verschueren, S.M.P., Roelants, M., Delecluse, C., Swinnen, S., Vanderschueren, D.
and Boonen, S. (2004) Effect of 6 month whole body vibration training on hip density,
muscle strength and postural control in postmenopausal women: A randomized
controlled pilot study. Journal of Bone and Mineral Research , 19 (3): 352-359

Vezina, M.J. and Hubley-Kozey, C.L. (2000) Muscle activation in therapeutic exercises
to improve trunk stability. Achieves of Physical Medicine and Rehabilitation , 81:
1370-9

Waddell, G. (1987). A new clinical model for the treatment of low back pain. Spine, 7:
632-644

Waddell, G. (1996) Low back pain: a twentieth century health care enigma. Spine, 21:
2820-5

Waddell, G. (2004) The back pain revolution . Edinburgh: Churchill Livington.

White, A.A. and Panjabi, M.M. (1978) Clinical biomechanics of the spine
Philadelphia: JB Lippincott.

Wilke, H.J., Wolf, S., Claes, L.E., Arand, M. and Wiesend, A. (1995) Stability increase of
the lumbar spine with different muscle groups. Spine, 20: 192-8

Wimmers, R., Swinkels, I., de Konnink, M., de Bakker, D., Ende van den, E. and
Jaarboek, L. (2003) Yearly of the LiPZ-registration network part. Physical Therapy , 5:
654-664

Woolf, A.D. and Pfleger, B. (2003) Burden of major musculoskeletal conditions. Bulletin
of the World Health Organization , 81: 646-56



Van Tulder, M.W. and Koes, B.W. (2004) Low back pain and sciatica [online].
http://www.clinicalevidence.com
[Accessed February 5th 2007]

FLEXI-BAR (2007) FLEXI-BAR [online].
www.flexi-bar.co.uk
[Accessed December 3" 2006]

Ikai, A. and Fukunnaa, C. (1970) Vibration Training [online].
www.bodyvibeusa.com
[Accessed September 7" 2006]

Diemen, C (2006) Vibration training- mechanisms and possible mechani sms
relating to structural adaptations and acute effect s [online].
www.bodyvibeusa.com

[Accessed September 7™ 2006]

van Tulder, M.W., Becker, A., Bekkering, T., Breen, A., Carter, C. and Gil del Real, M.T
(2002) European guidelines for the management of acute non  -specific low back
pain in primary care [online].

www.backpaineurope.org

[Accessed 10" March 2007]



http://www.clinicalevidence.com/
http://www.bodyvibeusa.com/
http://www.bodyvibeusa.com/
http://www.backpaineurope.org/




