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Abstract

A plethora of research has been conducted on interventions to reduce non-specific
lower back pain and improve the quality of life of sufferers. However, there is a lack of
distinction on the complementary nature of these interventions. Our primary research goal
was to assess the effectiveness of stability- and dynamic-style clinical interventions, focusing
on exercises to strengthen specific trunk muscles, including the transverse
abdominis/multifidus (stability-AB), and rectus abdominis/ erector spinae (dynamic). We
aimed to determine the effectiveness of these interventions in reducing non-specific chronic
lower back pain. Our research questions focused on whether a two-part clinical intervention
targeting specific core muscle groups (dynamic or stability) improves pain outcomes, whether
exercises targeting specific core muscle groups improve disability index physical impairment
and overall low back pain rating scale scores, and if there is a difference between intervention
groups and the sequential order of intervention for these outcomes. Additionally, we wanted
to investigate the correlation between these outcome measures and trunk endurance strength
scores. Seven participants were randomly assigned to either the stability (N =4) or dynamic
(N = 3) exercise group. Outcome measures included back and leg pain, lower back pain
visual analogue scale scores, disability index, physical impairment, and total Low Back Pain
Rating Scale (LBPRS) scores. Four measures of trunk endurance strength were taken using
Mcgill's Torso Endurance Test Battery (MTETB), which involves trunk extension, trunk
flexor, and trunk lateral tests on both the left and right sides. Assessments were performed
before the first clinical intervention, after the first intervention, and after the completion of
the final intervention. Each intervention phase lasted 4 weeks for each participant before they
switched to the opposing exercise group. The scores of back and leg pain, lower back pain,
disability index, and physical impairment all improved significantly after both interventions.
We found no difference between the groups during these intervention phases, or any potential
crossover/sequential effect, except for the dynamic group showing a significant improvement
in physical impairment scores after the first intervention, which remained consistent between
interventions one and two. In conclusion, both exercise approaches were similar across all
our outcome measures and may serve as complementary interventions for individuals

suffering from non-specific chronic low back pain.
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Chapter 1. Introduction

Back pain, specifically nonspecific chronic low back pain (NSCLBP), is an ever-
complicated burden on the affected individuals as well as society. While many potential
intervention options exist, the overall effectiveness of these different interventions in
conjunction with one another for improving pain and quality of life outcomes of the affected
population is unclear. One of the potentially more effective interventions is core/trunk
stability. This intervention focuses on engagement and strengthening the transverse
abdominus (TA), the deepest layer of the abdominal muscles, and has been considered to
have clinical significance regarding positive outcomes in the affected population (Hodges &
Richardson, 1998a; Lynders, 2019; Miura et al., 2014). We argue that the multifidus, intentionally
or not, will have a substantial role in the function and execution in TA stability exercise
interventions (Cooley et al., 2024; Wong et al., 2014). Another cluster of interventions falls
under the more dynamic style of movement, for example, pilates, or yoga, which has a focus
on mobilizing and strengthening through all planes of movement, specifically, through the
sagittal pane with spinal/trunk flexion and extension. These movements will engage the

rectus abdominus and the erector spinae due to their biomechanical functions.

Research indicates changes in performance in overall trunk endurance strength tests are
significantly negatively affected between healthy individuals and suffers of NSCLBP.
(Jorgensen & Nicolaisen, 1987; McNeill et al., 1980; Nakata et al., 2024) Using the most
recent meta-analysis, there is evidence that both styled interventions may prove beneficial for
suffers of NSCLBP (Fernandez-Rodriguez et al., 2022a). However, there is little evidence in
the literature as to whether using these different styles of physical exercise has a

complementary effects on each other.

Our primary research aim was to assess the effectiveness of stability and dynamic-styled
exercises in a clinical intervention aimed at strengthening the muscles in the trunk,
specifically the transverse abdominis/multifidus (stability- AB), rectus abdominis, and erector
spinae (dynamic- BA) in reducing lower back pain in sufferers of NSCLBP. The research

questions for our study are as follows:

1. Does a two-part, clinical intervention targeting specific core muscle groups (stability

or dynamic) improve pain as an outcome?



2. Does exercise targeting specific core muscle groups (stability or dynamic) improve
outcomes for disability index, physical impairment, and overall low back pain rating

scale scores?

3. Is there a correlation between pain, disability, and physical impairment compared with

the individual trunk measures from McGill’s Torse Endurance Test Battery?

4. Is there a difference between the intervention groups for a two-stage core
strengthening intervention and the sequential order of the interventions for improving
pain, disability index, physical impairment, and total score of the Low Back Pain

Rating Scale, as an outcome for non-specific chronic low back pain?

The scope of this study focuses on the change in lower back pain, the total score of the low
back pain rating scale, and its variables: back and leg pain, disability index, and physical
impairment, for individuals suffering from NSCLBP. We also look at the correlation between
the change in person scores and the trunk strength metrics taken from Mcgill’s Torso
Endurance Test Battery (MTETB). Though we are interested in how the scores are related to
the variables that are associated with quality of life, we were less interested in the overall
trunk strength endurance changes alone. While we used aspects of a multidisciplinary design,
such as providing and encouraging the use of heat application and pain education relating to
fear avoidance and pain catastrophizing, we did not use any specific outcome measures
relating to these. Due to a single researcher limitation in time and costs, a full
multidisciplinary intervention was not considered. The greatest limitation of the study was
our limited number of participants (N=7) due to difficulty in finding participants, our strict

inclusion/ exclusion criteria, and four participant dropouts over the intervention period.

A crossover design was used to allow for participants to potentially get the benefits of both
individual interventions. Using the above outcome measures, we conducted a 2x2, crossover
randomized clinical trial, involving two intervention groups- split between a core stability
style versus a dynamic style strengthening program. Participants were randomized into
groups before the start of the clinical intervention. All participants started with an assessment
that involved both the Low Back Pain Rating Scale (LBPRS) and Mcgill’s Torse Endurance
Test Battery, as well as performed a 4-week trunk strengthening programme. Participants
performed a total of three strengthening sessions per week, with 4 exercises performed per
session. Each of the four prescribed exercises had two additional variations provided, for 12

exercise variations in total for each intervention style. This was to account for individual



levels of capability due to pain and base level of strength and fitness. We additionally taught
activation of the deep trunk muscles using the abdominal draw-in manoeuvre. At the
completion of the first four-week intervention, a follow-up assessment was performed, and
participants crossed over into the other interventions. Following the completion of the second
four-week intervention, a final assessment was performed, for a total of three assessments
(pre, post-1, post-2). The data was evaluated to determine if using two interventions in
combination provides complimentary results transitioning from one to another. Due to the
crossover design, we will be able to assess if they are complimentary, regardless of an
intervention order, if starting with either stability of dynamic style trunk strengthening
program has greater outcomes compared to the other (AB vs BA), and if this program has

merit in a clinical setting.

The core chapters of the thesis are Chapter 2, Literature Review, which provides an overview
of lower back pain and its impacts, anatomy and morphology changes relating to lower back
pain and a review of relevant research regarding interventions for NSCLBP; Chapter 3,
Research Methodology, which is a description and rationale of the methodology that was
used for the research study; Chapter 4 Results, which is a report and analysis of results
obtained over the randomized clinical trial, separated into four different research questions;
Following this is Chapter 5, Discussion, in which contains a discourse of the results and how
to they relate to the previously mentioned research; Finally Chapter 6, Conclusion,
summarizes the research as a whole, and contains our overall insights and recommendations

regarding what we have found.



Chapter 2. Literature Review

The following literature review provides an overview of lower back pain and its impacts,
anatomy and morphology changes relating to lower back pain, and a review of relevant

research regarding interventions for NSCLBP.

1.1  Lower Back Pain, Prevalence in Society, and its Impacts

Backpain, and specifically lower-back pain (LBP) is an ever-present and significant
health concern in modern society, from the individuals who are directly affected through to
the practitioners, clinicians, and physicians who attempt to treat said patients. It is one of the
most common reasons an individual may visit a general practitioner and/or seek further
medical advice (Darlow et al., 2014). Outcomes are often less than desirable regarding
effective diagnoses and treatment options, for both practitioners and patients alike (Atlas &
Deyo, 2001) and leaves many individuals with debilitating pain, disability, and compromised
quality of life. The issues presented due to LBP are extremely wide, encompassing very mild
(e.g. lumbar sprain) to very severe (e.g. spinal cord injury) disability and pain. Similarly, LBP
may have a multitude of different potential causes (often unknown and without a clear
incident) and is usually focused on the lumbar spine and sacroiliac joint. Alongside the
substantial consequences LBP has on an individual’s mental and physical health, LBP also
creates a tremendous socio-economic burden on society. It is estimated that the costs LBP has
on Western society is 1-2% of the gross national product, and a large portion of the costs (80-
90%) is caused by the disability associated with LBP and productivity lost through inability
to work (Dutmer et al., 2019); a considerably large figure for one subgroup of
pathologies/injuries. This is reinforced by data out of Britain by Maniadakis & Gray, where
the direct cost of back pain in 1998 was it was estimated to be 1,632 million pounds. This
highlights the importance of establishing more cost-effective treatments to try and minimize
the burden on the health sector (Maniadakis & Gray, 2000). The individual impact on
healthcare costs and productivity dramatically increases when patients need to be referred to
specialized treatment, regardless of whether these are surgical or conservative interventions

(Solumsmoen et al., 2022).



A systematic review was conducted on the prevalence of lower back pain globally
(165 studies were used) and found that the prevalence of LBP lasting for more than 1 week
was 11.9% (minor, fast recovering pain) and LBP lasting more than one month to be 23.3%
(not considered chronic but presenting as a more debilitating pathology/injury). Within the
population, females with an age range of 40-80 years old are most at risk. (Hoy et al., 2012).
This study also illustrates that the prevalence of LBP is going to become an ever more
pressing issue; as the population gets older, the mean average age of the global population
also gets older due to the change in global birth-rates (higher prevalence of more severe LBP
in older individuals, with a drop in the prevalence in less-severe conditions). Indeed, years
lived with a disability has increased by 54% between 1990 and 2015 with LBP as a direct
cause (Dutmer et al., 2019), highlighting the importance of further research regarding
assessing risk factors and identifying effective treatment/prevention of LBP (Hoy et al.,

2012).

A potential compounding factor for the increasing prevalence of chronic lower back
pain (CLBP) may be the decrease in overall physical activity and increase in sedentary
lifestyles around the globe (Bontrup et al., 2019); though, the relationship between a
sedentary lifestyle and CLBP is still a contentious issue. A systematic review performed by
Chen et al. (2009; 15 studies) did not find an association between a sedentary lifestyle and the
development of LBP when it is the only variable (Chen et al., 2009), while a study by Lemes
et al. (2021) found an inverse relationship between leisure-time physical activity, sedentary
behavior and LBP in obese participants, but not individuals within a normal weight/BMI
range (Lemes et al., 2021); indicating a sedentary lifestyle and excess body weight may be
confounding factors. This sentiment is reinforced by Okifuji and Hare, who found that for
overweight patients suffering from chronic LBP, weight loss positively impacted their pain
and can be an important function of the rehabilitation process.(or avoiding further
weightgain) Okifuji and Hare also mention that weight-gain alone is not the direct cause of
the condition/pain but can act as a significant comorbidity for the patients suffering from a
chronic condition (Okifuji & Hare, 2015) . The largest concern is individuals who suffer from a
chronic condition (spinal cord injury, for example) as they are most at risk of significant
increases in BMI (specifically body; visceral, and adipose tissue), in turn, making the
rehabilitation process even more difficult (Crane et al., 2013) and further exacerbating and/or

complicating the symptoms of the chronic condition.



[.1.1 Chronic versus Acute

A large group of suffers of LBP fall under non-specific chronic lower back pain
(NSCLBP), with no clear pathological or clear mechanism of injury. According to the
National Library of Medicine, an acute condition is a sudden onset of symptoms that are
often severe. Regarding LBP, this is often a lumbar sprain but could be something more
severe such as a herniated/prolapsed disc. In contrast, a chronic condition is a long-
developing syndrome that can be its own pathology or be a result of an acute injury. For LBP,
it is considered a chronic condition if the patient has had daily pain/problems for over three
months (Acute vs. chronic conditions: MedlinePlus Medical Encyclopaedia Image, n.d.). For
acute LBP, a large majority of cases will improve on their own regardless of the intervention
(Atlas & Deyo, 2001) and why an important aspect of treatment is educating patients on
managing expectations of recovery time, prevention, and likelihood of recurrence (Atlas &
Deyo, 2001). This is in line with research that has shown the only therapy with good evidence
of efficacy regarding the treatment of acute LBP is superficial heat (Chou & Huffman, 2007).
potentially because many cases involve musculoligamentous processes (Atlas & Deyo, 2001)
Non-steroidal anti-inflammatories (NSAIDS) have benefits during the acute stage of
nociplastic pain (Figure 2.) but recent research indicates the use of NSAIDS during an acute
phase, negatively affects maturation and proliferation, and overall recovery outcomes
(Fragomen et al., 2020;Wheatley et al., 2019); However, use of NSAIDS and other
medications can be vital to enable rehabilitation/ normal function in life once the condition
has moved from acute to chronic. Overall ineffectiveness of different interventions is
supported by a 2005 meta-analysis that concluded that an exercise therapy intervention for
populations with acute LBP is as effective as either no treatment or other conservative
treatments/interventions; while the same research found exercise therapy to be slightly
effective at reducing pain and improving function/movement in adults with chronic LBP
(Hayden et al., 2005). NSCLBP and its current treatment, commonly recommended western
interventions, such as (inappropriately) high use of opioid analogue medications, excessive
rest, high use of imaging (to potentially get further away from the core issue), and surgical
interventions results in many potential adverse side-affects. Many of these recommendations
come from high-income countries, and with little data on their cost-effectiveness.
Considering the already known difficulties in the treatment of NSCLBP, Foster et al. (2018)
recommended more models start to adopt a biopsychosocial framework (Figure 1.). Such a

framework involves a less invasive, multidisciplinary approach to back pain that reduces the



focus from spinal abnormalities and works towards increasing activity, function, and return to

work (Foster et al., 2018). The majority of CLBP is diagnosed as NSCLBP due to the lack of

injury/ pathological evidence for said pain.
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Figure 1. Illustration of the biopsychosocial model of pain, and the interaction between

psychology, biology, and social factors may exacerbate and lead to chronic pain (Cohen
etal, 2021)

abnormalities, and work towards increasing activity, function, and return to work (Foster et
al., 2018). An example of the dynamics between psychology, biology, and social factors how

they interact with chronic pain in cascading complexity (figure 1.)



[.1.2 Pain

At its core, pain can be defined as an unpleasant physical and/or emotional response,
potentially involving damage to real tissue. Pain can be categorized into three types from a
neurobiological perspective: nociceptive pain, inflammatory pain, and pathological pain.
These categories can be expanded to include nociceptive pain, neuropathic pain, and
nociplastic pain (Figure 2.), particularly in the context of chronic pain. The complex nature of
pain involves significant overlap and interaction between these pathways, as well as
individual variability. Various factors such as stress, disturbed sleep, and psychological
distress can both influence and be influenced by pain. The Biopsychosocial model attempts to
illustrate the complex interaction between these factors.(Cohen et al., 2021).

In the context of general lower back pain, determining the location of pain can be
challenging, as it varies among individuals. Multiple potential reasons for deferred pain, such
as issues with the spinal cord or nerve roots, can complicate diagnosis and lead to increased
pain for sufferers. Issues like radiculopathy and stenosis can contribute to the difficulty in

identifying the root cause of the pain.

When examining lower back pain pathology, leg pain is a crucial indicator that
clinicians use to assess the possibility of sciatica originating from specific spinal segments.
However, other conditions such as piriformis syndrome can also cause similar symptoms.
Leg pain can stem from different sources, including centralized sensitization, denervation,
axonal damage, peripheral nerve sensitization, and mechanosensitization, making it
challenging to differentiate between these sources and diagnose more heinous spinal
pathology (Schifer et al., 2009). A key consideration in diagnosing spinal pathology is the
distinction between various manifestations of neoplastic, nociceptive, and neuropathic pain,

and understanding the treatment options for each according to Cohen et al. (2021).
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Figure 2. Examples of various manifestations of neoplastic, nociceptive, and neuropathic
pain, with considerations of treatment. (Cohen et al., 2021)

1.1.3  Core and Spinal Stability

The concept of spinal stability is often discussed in the context of NSCLBP. Punjabi
describes spinal instability as abnormal, undesired motions between the vertebrae, leading to
compression, stretching, or deformation of spinal structures and resulting in increased pain.
From a clinical perspective, stability is closely associated with three biomechanical functions
of the spine: allowing movement between body parts, bearing and managing loads, and
protecting the spinal cord and nerve roots. Panjabi (1993) conceptualizes a mechanical
classification of spinal stability, comprising passive, active, and neural subsystems, each
contributing to the overall stability of the spine. Dysfunction within any of these subsystems
can lead to compensation patterns and chronic dysfunction, ultimately resulting in pain.
(Panjabi, 1993). Panjabi conceptualizes a mechanical classification when discussing spinal

stability as a passive musculoskeletal subsystem, an active musculoskeletal subsystem, and a



neural and feedback subsystem. The passive subsystems do not provide significant stability
while in the proximity of neutral spinal positions, but more so toward the end range of motion
in the trunk, that ligament structures resist spinal motions. The active subsystem composes of
the muscle and the tendons of the connecting and surrounding spinal structures and is how
the system generates force, and conversely, provides the required stability through the force
generation. The neural subsystem is responsible for receiving information from the various
transducers through the muscle and determines the required stability in conjunction with
active subsystem. (Panjabi, 1993) at its most basic, Dysfunction among any of these three
sub-systems may start a cascade of compensation patterns, and eventually, may result in

chronic dysfunction and pain (Panjabi, 1993).

1.2 Trunk

P _—— Rectus abdominis muscle
Linea alba
_——— Quadratus lumborum muscle
— Transversus abdominis muscle
—— — Internal abdominal oblique muscle
. Inguinal ligament
: __— Pyramidalis muscle

—— Cremaster muscle

Figure 3. Diagram of the different layers/ muscles comprising of the trunk. (Muscles of
the Trunk: Anatomy, Diagram, Pictures | Kenhub, n.d.)

The trunk, an anatomical catch-all term, describes multiple muscle groups both
anterior, posterior, proximal to the pelvis, and distal to the clavicle; is the primary structure
responsible in spinal and core stability, as well as movement through the sagittal, transverse

and frontal plane (Muscles of the Trunk: Anatomy, Diagram, Pictures | Kenhub, n.d.). It seems to



be an area, that keeps significantly impacted by individuals suffering from NSCLBP. It has
been found that compared to healthy individuals, the overall trunk strength of suffers was
only 60% of their healthy counterparts, male and female; intriguingly, this disparagement in
strength is not observed in other body parts (Jergensen & Nicolaisen, 1987). The trunk muscles
are divided between local (transverse abdominus and multifidus) and global structures
(erector spinae, rectus abdominus, internal/ external obliques, latissimus dorsi, gluteus
maximus, quadratus lumborum (figure 3.)). due to differences in biomechanical function
(Bergmark, 2009) Considering this, many researchers have been focusing on interventions
which address these trunk stabilisers specifically, such as the Transverse abdominus and

multifidus.

1.2.1 Transverse Abdominis, Rectus Abdominus
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Figure 4. Anatomy of the Transverse Abdominus. (Transversus Abdominis: Origin,
Insertion and Function | Kenhub, n.d.)

The transverse abdominals (TA) are the deepest abdominal muscles in the trunk that
are primarily responsible for the stabilization of the trunk and spinal structures (7Transversus
Abdominis: Origin, Insertion and Function | Kenhub, n.d.) structures (Figure 4.). Many

practitioners and researchers reference core and abdominal strength but there is often a lack



of distinguishment (or consideration) as to which part of the abdominals or spinal structures
should be focused on as an intervention for back pain. One of the muscles it is combined
with, is the superficial abdominal muscles, the rectus abdominus (RA). The RA is the most
superficial of the abdominals (what is commonly understood as the ‘abbs’) the primary
function is trunk flexion, resisting spinal extension and assisting in contraction to assist
overall trunk stability and expiration (Rectus Abdominis: Origin, Insertion,
Innervation,Function | Kenhub, n.d.). The RA originate on the pubic symphysis and pubic
crest, and attach to the xiphoid process and the costal cartilage (figure 5.) The TA, RA and

pyramidalis muscles make up the anterolateral abdominal wall.

A study by Lee (2013) et al did a chronic lower-back pain intervention with a specific
focus on strengthening the TA. After the intervention, both male and female subjects had
significant increases in transverse abdominals strength and in-turn, the strength of the lumbar
extensors and flexors also increased, this led to an overall decrease in pain for the participants
involved (S. Lee et al., 2013). Another piece of research looked at the activation of the
different core muscles with individuals with lower-back pain (electro-magnetic resonance
testing). It was found that activation of all major core muscles was delayed in specific
movements (rectus abdominis, erector spinae, and obliques) while there was delayed
activation of the transverse abdominals in each direction (Hodges & Richardson, 1998)
potentially indicating the deeper stabilizing muscles are impacted more and have a larger
effect of individuals with chronic lower back pain. When discussing individuals suffering
from LBP, compensation for change in core recruitment may be exacerbated. Research by the
Radebold et al. (2001) looked at the muscle response pattern to sudden trunk loading between
patients with LBP and healthy participants. Investigators measured 12 trunk muscles while
patients performed isometric contractions in trunk flexion, lateral bending, and extension, and
found a significant change in the muscle response patterns in responses to a load release and
could be considered either a compensation mechanism to attempt to stabilize the lumbar
spine and could potentially act as a predisposing factor for the injury of the lower back

(Radebold et al., 2001).
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Figure 5. Anatomy of the Rectus Abdominus. (Rectus Abdominis: Origin, Insertion,
Innervation, Function | Kenhub, n.d.)

Research by Radebold et al. (2000) reinforces the idea of overall trunk dysfunction by
finding longer latencies in offsetting agonists of the trunk. NSCLBP suffers are observed to
have simultaneous onset of antagonistic structures and have these agonist/antagonist
structures concurrently contract. The authors conclude that it is not known is if these are
predisposing factors that led to NSCLBP or if this is a pure compensatory mechanism the
body uses as an attempt to stabilize the spine (Radebold et al., 2000). For those suffering of
NSCLBP, especially those deconditioned, a point is made that it may be of benefit to start an
intervention with a graduated progression of exercises that activate and challenge both the
global and local muscles of the lumbar spine; and it could be best practice to start with
exercises focusing on the contraction of the of local trunk muscle groups, then graduate to
floor based exercises and eventually exercises requiring a higher level of muscle coordination

and contraction (Nakata et al., 2024).



1.2.2  Multifidus and Erector Spinae

The multifidus is a part of the transversospinalis group and is some of the deepest
muscles of the vertebral column and trunk. They attach bi-laterally spanning the length of the

verterbral column (Multifidus: Origin, Insertion, Innervation, Action | Kenhub, n.d.).

Figure 6. Anatomy of the Multifidus (Multifidus: Origin, Insertion, Innervation, Action |
Kenhub, n.d.)

The primary function of the multifidus is stability of the spine and trunk. For example, if the
obliques contract to produce trunk flexion, the multifidus will contract to oppose the trunk
flexion to maintain a pure axial rotation. The origin points of the multifidus are as follows:
the dorsal surface of the sacrum, the erector spinae aponeurosis, the posterior, superior, iliac
spine, the sacroiliac process, mammillary processes, thoracic transverse processes, and the
cervical articular processes. The insertion sites of the multifidus are the spinous process of
the associated superior vertebrae (2-5 segments above origin, (Figure 6.)) over the entire
vertebrae (Multifidus: Origin, Insertion, Innervation, Action | Kenhub, n.d.). Interestingly, it
is now considered that the multifidus has relevant clinical application to the treatment
practices physiotherapy practices but has widely been under-discussed from physician to

patient. Regarding its association with the transverse abdominus and its role in a core



stabilization programme, there is evidence that they are likely engaged in most, if not all
‘stabilization’ programs. The study “Multifidus Atrophy Is Localized and Bilateral in Active
Persons with Chronic Unilateral Low Back Pain” looked at whether there was measurable
atrophy of the multifidus muscles of individuals suffering from chronic lower back pain
(Beneck & Kulig, 2012). Of importance, the study found evidence of Atrophy of the
multifidus as well as the erector spinae in individuals with NSCLBP, but also more severe
conditions such as facet joint osteoarthritis and disc herniations (Beneck & Kulig, 2012).
Additional studies have supported this degeneration of the multifidus by finding that pattern
of atrophy in NSCLBP is localized to the specific region of pain and asymmetry could be
seen in patients who had uni-lateral pain compared to bi-lateral (Hides et al., 2008).
Individuals suffering atrophy of the multifidus may independently affect clinical outcomes.
Research that has investigated the relationship between degeneration and change of muscle
quality of the lumbar multifidus and spinal degradation found that an increase muscle quality
alone did not have a significant reduction on pathologies and leg pain intensity. Increases
specifically in the lumbar multifidus did have a positive effect on disability outcomes, while
it did not have a mediating effect between the leg pain and pathology. This research
reinforces the complexity of specific CLBP and how the pathways leading to pain can be
different among individuals with similar lumbar multifidus atrophy (Cooley et al., 2024).
Interestingly, changes in trunk and spinal muscle activation may lead to additional
compensation from the erector spinae to assist in spinal stability due to the previously
mentioned dysfunction and overall neuromuscular control. Evidence suggests that as deep
trunk and abdominal stabilization starts to diminish, spinal structures start to take on
additional loading, and an inability to relax from contraction.

Assisted involuntary contraction of the multifidus may also be of benefit in reducing
NSCLBP. Individuals who suffer from NSCLBP with no prior back surgery and pathological
evidence for the cause of the back pain, despite physical therapy and medication
interventions, found a benefit to use of commercially available pulse generators to induce
stimulation and contraction of the multifidus. Episodic simulation of the lumbar multifidus
was beneficial in reducing the NSCLBP (>50% reduction of VAS score), and improving the
outcomes of disability, quality of life (84% of patients), and ability to return to work (45%
returned to work with three months; Deckers et al., 2015). Interestingly, this intervention did
not cause any patients pain to increase, and potentially reinforces the importance of
activation/contraction of the multifidus, regardless of the stimuli; it also potentially highlights

that externally stimulating the lumbar multifidus was beneficial because of pain and fear



avoidance can cause patients to avoid voluntary contraction and movement of the lumbar

structures (Cooley et al., 2023).

. - i-l-.\.\.\p_

Ve
[
|
|
|
|
|
|
|
i

KEN
HUB
® www.kenhub.com

Figure 7. Anatomy of the Erector Spinae group. (Erector Spinae: Attachments, Innervation
and Function | Kenhub, n.d.)

The spinal erectors-erector spinae are a grouping of muscles that include the spinalis
capitals, thoracis, and cervicis; the longissimus capitas, thoracis, and cervices and the
Iliocostalis colli, thoracis, and lumborum. The spinalis group can simply be described as three
separate muscles, which has three compartments to them each, a lumbar, thoracic and
cervical. (Erector Spinae: Attachments, Innervation and Function | Kenhub, n.d.) and have
attachments from the distal portion of the sacrum to the mastoid process of the temporal
bone, with attachment ranging through each the vertebrae column (see figure 7.) During any
anterior load, the spinal erectors will additionally provide support by resisting trunk flexion.

Due to its function primarily being trunk and spinal extension, its association with overall



back endurance, and role in NSCLBP, an argument could be made that the erector spinae
should be considered in the exercise prescription for any trunk intervention in this population

group, especially when we consider the implications of the flexion-relation phenomenon.
1.2.3  The ‘Erector Spinae flexion- Relaxation Phenomenon’

When healthy individuals move, the erector spinae can relax in a full range from
upright to complete lumbar flexion, and a myoelectric silence of the musculature can be
observed (Gupta, 2001); this is considered the flexion-relaxation phenomenon (FRP). During
this relaxation of the erectors, the multifidus acts as the primary stabilizer during trunk
flexion. In comparison, for individuals who suffer from LBP, and specifically NSCLBP, this
relaxation is completely absent. An argument is made that the persistent activation and
contraction of the erector spinae musculature may be an attempt of the body to try stabilizing
injured and/or diseased spinal structures through reflexogenic ligament-muscular activation
and potentially assisting in helping individuals suffering from NSCLBP to protect from
further injury and pain (Gupta, 2001); It may be considered a biomechanical consequence of
FRP to attempt to accommodate and transfer loads onto the more passive elements of the
spine to attempt equilibrium (Gupta, 2001). A review into the biomechanical and clinical
significance of the lumbar erectors on FRP concluded that FRP can be a valuable clinical tool
to assist in diagnosing and treating individuals with NSCLBP, and that the myoelectric
silencing or the erector spinae and subsequent load-sharing of passive structures, which fail

under higher loads, can be a source for NSCLBP (Colloca & Hinrichs, 2005).
1.3 Interventions for Lower back pain

There are different two subsets of individuals with nonspecific back pain. One subset is
individuals who are likely to have improvement regardless of intervention. The other
(estimated at 20%) are individuals who are more likely/prone to have the nonspecific back
pain develop into a chronic lower-back problem (Deyo & Phillips, 1996). Overall, less than
28% of all LBP cases fall into a chronic and/or severe diagnosis category but are responsible
for 77% of all years lived with disabilities (Dutmer et al., 2019), illustrating the severe
disparity of pain and symptoms between individuals who have NSCLBP. Some of the

common interventions for treating NSCLBP and general back pain are as follows:



1.3.1 Exercise/physical activity

Exercise prescription, specifically abdominal and core exercise, have been common
interventions that medical professionals and practitioners have attempted to use to manage
acute and chronic LBP conditions, injuries and pathologies, to mixed results. Searle et al.
(2104) performed a systemic review and meta-analysis (45 studies) regarding the efficacy of
exercise interventions and the effectiveness of different treatments for LBP. It was found that
the exercise groups had significantly less LBP compared to the control and different
treatment groups, and that strength/resistance work and coordination/stabilization both had a
beneficial effect in reducing LBP. Interestingly, cardiorespiratory and combined exercise
programs were found to be less effective and/or ineffective (Searle et al., 2015). Research
presented by Slade et al. (2006) reinforces this notion, in which a systematic review (13 high-
quality studies used) found that strengthening of the trunk was more effective than no
exercise for the reduction of pain and improving overall body function/range of movement.
Greater benefits were also found with more intensive programs rather than simple
strengthening programs, and show more promise as effective rehabilitation tools for chronic
LBP as well as after lumbar surgery (Slade et al., 2006); This could reinforce the importance
of a more robust and extensive trunk resistance training once a less invasive training can be
achieved without flare-up of pain symptoms. Not only has general physical exercise been
shown to be an effective intervention, but so has more advanced, high-intensity aerobic
exercise. In a study by Chatzitheodorou et al. (2007) comparing the effects of high-intensity
exercise versus a passive intervention on pain and disability in individuals with chronic LBP,
it was found that high-intensity exercise was effective at reducing the pain compared to a

passive control group (Chatzitheodorou et al., 2007).

Dynamic movement interventions are also sometimes put into a similar category of
physical/physiotherapy interventions. A main point of contention, irrespective of best
practices, is that different physicians/clinicians' personal experiences, beliefs, and biases, may
result in widely different treatments for the same reported pain; interestingly, though it is
found to be an effective intervention for some with CLBP, it is not currently clear if it is
superior to any other exercise-specific intervention (Lewis et al., 1995) There are some
interesting comparisons between core stability and dynamic movement with respect to
NSCLBP. In a clinical intervention involving three groups, core stability, dynamic, and

control, it was found that both core stability and dynamic interventions were successful in



improving outcomes of pain level, range of motion of the thoracolumbar, and functional
disability in sufferers of NSCLBP (Mohamed et al., 201.1t could be argued that, depending on
the base level of muscle endurance and strength in the lumbat/ trunk region, even dynamic
stretching may act as a function-strengthening intervention that could eventually be graduated
into more demanding/ higher intensity physical activities/ interventions (Mohamed et al.,
2019). An argument could be made that the effectiveness of exercise interventions such as
pilates, would fall under the classification of ‘dynamic’, but with a less clinical focus. A
systematic review and meta-analysis conducted on the prevention of low back pain and the
success of different interventions (exercise, back bracers, education, shoe insoles), either
independently or in conjunction with each other, concluded that only exercise alone or in

conjunction with education was effective in preventing LBP (Steffens et al., 2016).

One of the major difficulties with determining if exercise interventions are effective
for treating NSCLBP is the adherence to, or non-compliance with, the required exercise
program. Helewa et al. (1999), for example, found that strength and exercise instruction and
back education did not prevent the likelihood of LBP episodes; and non-compliance was the
main consideration (Helewa et al., 1999). The biggest concern with any exercise is that many
individuals suffering from NSCLBP are unable and/or struggle to engage with high-intensity
exercise, or exercise in general. Research by Hayden et al.(2005) indicates that this might
account for why acute conditions do not have the same response to exercise compared with
chronic LBP (Hayden et al., 2005), and suggests that the introduction of high-intensity
exercise regarding chronic patients should be done tentatively and after a period engaging

with an exercise program (with professional supervision).

1.3.2  Surgery

Drastic differences in health outcomes for LBP may be achieved by surgery (Spoor &
Oner, 2013). However, depending on the country an individual resides, and the medical and
healthcare system that lies within that society, an individual’s ability to either have access to
(wait times, appropriate services), or the financial means (ability to pay for required surgery)
may differ. For a large majority of individuals suffering from LBP, surgery is not an available
intervention, nor would it be the appropriate one; albeit for a small subset of patients in which

it can be vital. Regardless, if an individual needs surgery, an exercise program should always



be recommended and prescribed once rehabilitation can begin (usually physiotherapy). The
largest concern for individuals who suffer from NSCLBP is that the diagnosis itself is
essentially given based on the exclusions of a specific pathology or injury. Thus, if they have
neither the means nor the opportunity to get appropriate imaging or diagnostics, and do have
a specific pathology or injury that would recommended surgery, they remain classified as
NSCLBP (Koes et al., 2006). An additional argument can be made, that if an individual
moves from non-specific to diagnosed, they are removed from the classification of NSCLBP;
however due to the potentially high risk of complications from spinal surgery, the probability
that the root cause of the CLBP does not get addressed, and considering the difficulties
involved in acute rehabilitation from surgery, patients can be left in a worse state than they
were pre-operation; due to this, and overall average ineffectiveness of surgical treatments
surrounding NSCLBP may be why the reductionist approach to treatment has persisted,
dispute its criticism. Proponents argue that a pathoanatomical diagnosis is essential for target-

specific treatment while putting less emphasis on the biopsychosocial aspects of chronic pain.

1.3.3  Psychological and Multidisciplinary Approach -

A multidisciplinary LBP intervention will primarily involve a physical rehabilitation
component, a psychological component, and/or a social-focused component, delivered by
healthcare professionals with at least two separate fields/backgrounds. A systematic review
and meta-analysis performed by Kamper et al. (2015) examining the effectiveness of a
multidisciplinary rehabilitation approach found moderate evidence that it was more effective
than traditional/usual care and low proof that it may be more effective than physical
treatments in reducing pain and disability with individuals suffering with chronic LBP
(Kamper et al., 2015). This is reinforced by the research by Hoffman et al. (2007), which did
a meta-analysis (22 studies) to evaluate the efficacy of different psychological interventions,
specifically regarding chronic LBP (non-cancerous). Their research found that specific
psychological interventions such as cognitive-behavioural therapy and self-regulatory
interventions were particularly effective, reinforcing the previous research regarding the
efficacy of using a multidisciplinary approach (Hoffman et al., 2007). These studies are also
supported by research using applied behavioural analysis, specifically a changing criterion
design, in which may be effective in improving performance in physical domains (Moore et
al., 2017) but also provides a benefit for individuals recovering and working through the

rehabilitation of chronic conditions (Nary, 2010) and specifically patients with LBP (Sculco



et al., 2001). Due to the limitations of access to good psychological services and support,
there can be a substantial benefit to clinicians who can educate patients on pain in

conjunction with their physical interventions.

1.3.4 Fear-Avoidance Model of Pain

The fear-avoidance model was introduced by Lethem et al. in 1983, and is a
psychiatric model that aims to provide potential reasoning for how some individuals move
from acute injuries into chronic musculoskeletal pain without any recurring mechanism of
injury or pathology (Lethem et al., 1983). The model describes that if an individual suffers an
acute injury, or something that results in them suffering pain, they can start catastrophizing
over pain following the acute phase. This can lead to a cognitive distortion that prompts
suffering individuals to start believing in worst-case scenarios and/or believe the pain/injury
is more severe than the initial cause of the acute pain. If catastrophizing happens, this can
cause a follow-on effect of actively fearing and avoiding movement that exacerbates or
causes pain, eventually leading to hypervigilance and eventually a disuse disability and
depression (Lethem et al., 1983). It is claimed that pain catastrophizing is the most consistent
psychosocial factor regarding the prediction of adjustment of chronic pain and could be a
factor that contributes to the development and eventually maintenance of chronic pain
(Martinez-Calderon et al., 2019). A systematic review and meta-analysis looking at pain
catastrophizing and function with chronic musculoskeletal pain (CMP) analysed 85
observational studies, which included a total sample of 13,628 participants who suffered from
CMP. It was found higher levels of pain catastrophizing were significantly associated with
chronic pain intensity, as well as disability in general (Martinez-Calderon et al., 2019).
Maybe due to the wide range of severity associated with CLBP, education regarding the Fear
Avoidance Model of Pain (FAMOP) may, or may not be beneficial in improving outcomes for
individuals with LBP alone. Regarding the multidisciplinary approach discussed above, this
type of pain education in conjunction with clinical intervention, may provide better overall
quality of life outcomes for those suffering from chronic lower back pain, non-specific or
pathology-based. A narrative review by the Department of Experimental-Clinical and Health
Psychology, Ghent University, highlights that some of the burdens with the FAMOP
regarding chronic injuries are its inherent roots in psychopathology, and its need to integrate
and address the dynamics and multiple complexities involved with disability, and functional

recovery interventions for individuals suffering with chronic pain (Crombez et al., 2012);this



idea is reinforced by a systematic review conducted to review fear avoidance as a prognostic
factor for outcomes regarding patients with NSCLBP; The authors found that that fear-
avoidance beliefs, for individuals suffering with LBP, have poorer outcomes in the subacute
phase of the pain or injury, and early treatment to address this may have an impact in
reducing the transition into chronicity and additional delays to the recovery process (Wertli et
al., 2014). Some argue that pain-related fear and far avoidance tend to occur in the context of
multiple and/or competing personnel goals and an overall exacerbation of symptoms and
affected quality of life (Crombez et al., 2012). The paper “Pain-related fear, disability, and the
fear-avoidance model of chronic pain” concluded numerous cross-studies have shown
consistently the associations between pain-related fear and disability. The latest meta-analytic
estimates are that the relations are quite stable over different socio-demographic conditions

(Zale & Ditre, 2015). Interrelations between pain-related fear and disability have empirically
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Figure 8. Fear-avoidance model of pain (Crombez et al., 2012)

become of higher clinical and empirical interest and there seems to be sufficient evidence that
it could be a beneficial addition to already best practices for chronic pain and development
and eventually maintenance of chronic pain (Martinez-Calderon et al., 2019). A systematic
review and meta-analysis looking at pain catastrophizing and function with chronic
Musculoskeletal pain (CMP) analysed 85 observational studies, which included a total
sample of 13,628 participants who suffered from CMP. It was found often, higher levels



1.4 Abdominal Draw-in Manoeuvre

The abdominal draw-in manoeuvre (ADIM) is an exercise that is characterised bu a
draw-in and isometric contraction of the transverse abdominals. Ques that a beneficial for
suffers is to “suck in” the belly button. It is also helpful to show where to find the TA,
(pressing the fingers on the inside of the iliac crest, which can provide proprioceptive
feedback of directly feeling the deep abdominals contract (Lynders, 2019). A main benefit of
teaching this movement is teaching suffers to correctly contract the abdominals, and results in
co-contraction of the deepest trunk stabilizers/ activation oof the local trunk muscles, and has
more commonly accepted benefit for suffers of NSCLBP (Lynders, 2019). A point of interest
regarding the draw-in manor is the ability to change the affected neuromuscular control in the
trunk of individuals suffering from NSCLBP (Osuka et al., 2020). Research from Lee and
Kim (2005) made a comparison between the ADIM and the abdominal expansion manoeuvre
(AEM), which is an expansion/ lengthening of the abdominals to brace. It was found that
individuals suffering from CLBP found larger benefit to the AEM than the ADIM for
reducing CLBP.; this could further reinforce that a focus on any type of trunk and abdominal
contraction, can provide benefits to address the coordination and neuromuscular changes that
can be seen with sufferers of CLBP (H. Lee & Kim, 2015)

In addition to the changes in neuromuscular control that can be addressed, there is evidence
that it is comparable, or better than traditional dynamic core exercises for addressing the
morphology of the trunk, and specifically the TrA thickness. A study by Park and Yu (2013)
found that for patients suffering from CLBP, using the ADIM resulted in a significant
increase in the thickness of internal and external obliques for both groups, but only the ADIM
group found an additional significant increase in TrA thickness (Park & Yu, 2013). A study
that used real-time ultrasound imaging on subjects while doing the ADIM found validity in
the idea of ADIM causing a preferential activation of the TrA in individuals suffering from
CLBP (Park & Yu, 2013). Interestingly, in follow-up assessments, the ADIM may have the
larger benefit to subjects at the initial stage of intervention, potentially due to the low overall
stimulus. Using the ADIM could be a cost-negative additive to interventions for individuals
with CLBP (Teyhen et al., 2005)

It should be considered that even in the interventions that only look at core
strengthening and stability alone, different muscles of the of spinal segment will also be used

due to overall function of trunk flexion and extension. For example, a traditional plank is



primarily a core strengthening and endurance exercise; however, as an individual comes
closer to mechanical failure and compensation mechanisms change in exercise form (e.g.
change of hip height), the engagement of muscles such as the multifidus and erector spinae
will start to be engaged more. An argument could be made that most core stabilization
programmes would have significant activation of the multifidus, even if not intentional.
Regardless, research indicates that improvements in overall trunk strength can reduce pain,
and improve the range of motion and function of an individual’s lower back, but is not a

complete tool for addressing overall complications from chronic LBP (Slade et al., 2006).

1.5 Reliability Measures and Testing

Research by Biering-Serensen has looked at physical measurements as risk indicators
for lower back pathology. The primary findings from the study demonstrated that good
isometric endurance of the back muscles may assist in preventing acute/first-time LBP, while
recurrence of the LBP was primarily correlated to space of time since the last incident
happened; the more severe the LBP was reported, the less time between incidents was found
(Biering-Sorensen, 1984). This research is reinforced by Alaranta et al. (1994), who found
that overall trunk muscular endurance, such as isometric extension, sit-ups, and arch-ups, in
suffers of NSCLBP exhibit negative performance compared with individuals who had
suffered acute flares of LBP previously. The American council of Exercise uses the Mcgill’s
torso endurance battery to assess overall trunk strength, and the relationship between the
trunk structures, using four different measures of trunk endurance strength. Though this is an
accepted test of the structures of the trunk, and provides potential risk indicators for LBP
(Low Back Disorders: Evidence-Based Prevention and Rehabilitation - Stuart McGill - Google Books,
n.d.), it is acknowledged that depending on the severity of lower back pain, prior surgery in
the lumbar or trunk region, or a lower back pain flareup, these exercises may not be suitable
and/or difficult for an individual to complete (Mcgill’s Torso Endurance Test Battery, n.d.). This
highlights a potential difficulty regarding trunk measures. While the research indicates that
trunk extension and trunk endurance does correlate with, or at least potentially predict the
chance of, LBP, the movement dysfunction in the suffering population can directly impact
their ability to complete the tests (Alaranta et al., 1994). An argument could be made, using
these measures during a clinical intervention could still be beneficial.If a participant could not
complete a trunk endurance test (e.g, spinal extension test,) due to pain, but on repeated

testing after or during intervention stage, and can at least perform the movement asked, even



if with an objectively low perceived strength, it would still indicate an improvement in pain/
associated LBP quality of life outcomes (or at least ability to move through pain). Abdelraouf
and Abdel-aziem (2016) reinforces this idea by using the four trunk measures of the MTETB
in a comparison of collegiate athletes who suffer with NSCLBP. Their conclusions were that
there was a difference between healthy participants and suffers of NSCLBP, specifically in
performance on the trunk flexor and trunk extension endurance tests and recommend this
could be an important consideration in exercise prescription for these suffers. (Abdelraouf &

Abdel-aziem, 2016)

1.6  The Myth of Spinal Stability

Dr Stuart McGill (who developed the Mcgill’s Torso Endurance Test Battery) gave a
presentation entitled “There is no such thing as non-specific lower back pain”. A patient who
had non-specific lower back pain was provided as an example, who was eventually given a
diagnosis as degenerative disc disease (DDD). Individualized and tailored diagnostic testing
led to a specific diagnosis of ‘pain triggered by flexion intolerance’, which is expanded into
posture-modulated load intolerance, rather than a generalized load intolerance to the spinal
structure, and allowed for a better-tailored rehabilitation plan (ThelHMC, 2017).He
concluded, “Good coaches don’t create fear [avoidance], they create movement confidence.”
This highlights the need for not only a clinically proven rehabilitation plan but the ability to
empower clients and patients with the ability to get better and address the psychosocial aspect
of CLBP (ThelHMC, 2017). Furthermore, it highlights the potential need for some level of
individualization during a randomized clinical trial, to try to increase the chance of improving

suffering outcome measures, while maintaining a consistent research design.

1.7 Analysis and interpretation of Pain Scores.

Pain scales have been and are still regularly used in measuring individuals perceived
level of pain, to mixed results. One of the primary issues that arise when using written or
verbal pain scales is the differences of cultures, genetics, self-perception of pain, and
propensity of catastrophizing between individuals. These lead to greatly different reported
scores for potentially the same level of ‘objective pain’. Another point of contention is the
primacy and recency effect in psychology, and how that affects individuals reporting of pain
levels. A Visual Analog Scale (VAS) is a modified pain scale, which, in conjunction with a
numerical pain scale, has visual prompts to indicate the severity of pain. It is reported that the

use of the visual aids (being the change in visual happiness of the picture) helps assist



individuals in perceiving their pain in conjunction with how it affects their overall well-being.
Using the interpretation of VAS pain scale scores, it is “suggested that a 33% decrease in pain
represents a reasonable standard for determining that a change in pain is meaningful from the
patient's perspective” (Jensen et al., 2003)This is used as a baseline for minimal clinical
important difference (MCID). Regarding medical clinical important change (MCIC) in LBP
patients, it was found with a numerical-pain scale, a change of 1.5 or less is not considered

significant for acute and chronic suffering (Jensen et al., 2003).7

1.8 Current Gaps in the Research

One of the major gaps in NSCLBP intervention research is that no study directly
compares strengthening of the transverse abdominis versus the rectus abdominis in
conjunction with the multifidus and erector spinae (with hypertrophy as a secondary goal,
especially if there has been any atrophy in the muscle), and uses pain, strength, and quality of
life measures as outcomes. There has been a plethora of research that compares a dynamic
versus stability-styled spinal movement focused clinical intervention; for example pilates
versus core stability (Bhadauria & Gurudut, 2017a; Ferndndez-Rodriguez et al., 2022a) but
there is a lack of comparisons of using these different types of trunk muscle interventions as
complimentary sequential interventions to each other,(Ulger et al., 2023) and if starting with
one style of intervention provides a better base for follow up interventions using another
style. Based on the previously mentioned research, targeted stability and dynamic exercise
interventions that focus on strengthening the transverse abdominis, multifidus, and the rectus
abdominis would strengthen the trunk and abdominals and present an effective intervention
for individuals suffering LBP, and specifically chronic LBP (Helewa et al., 1999; Slade et al.,
2006). At worst, the targeted exercise interventions may not help manage LBP outcomes, but
may help address the trunk dysfunction mentioned, and help take additional load of the spinal
support structures and reinforce trunk strength in general; if the patient presents with a
weakness in this area, it may lead to excessive loading on the posterior chain and directly on
the spine. This would be considered a stability intervention due to the TA relation with the
multifidus as antagonists and synergists of trunk movement and overall stability of the spinal
structure. This style of intervention has the advantage of potentially being able to strengthen
the trunk structure without causing an increase in pain symptoms due to the avoidance of
movements that cause a spike in suffers of NSCLBP. It is important to provide a comparison

between the rectus and transverse abdominals as the rectus abdominals specifically assist in



the flexion and shortening of the angle between the pelvis and trunk, which inherently
involves trunk flexion/extension specifically in the lumbar zone. This is a primary affected
movement for individuals with LBP, and the reduction in trunk flexor could be directly linked
with potential fear-avoidance behaviors that have developed as individuals' pain has become
more chronic and/or severe. A direct comparison between the rectus abdominus, erector
spinae, transverse abdominals, and multifidus as separate exercise interventions could help
distinguish if there is a difference between muscle strengthening and/or hypertrophy as an
intervention tool. Potentially, these muscles could also work positively in conjunction with
each other; for example, strengthening the transverse abdominals can provide more stability
in the trunk, which in turn allows more stimulus-loading rehabilitation physiotherapy
exercises. Similarly, a dynamic, rectus abdominal and erector spinae-focused rehabilitation
program can strengthen the trunk through troublesome and compromised movements. The
dynamic intervention provides an opportunity for pain education and addressing potential
fear-avoidance beliefs that have surfaced after struggling with chronic lower back pain
through a slow and guided progression of movements that have been avoided and have
become weaker due to pain. It is vital that part of the exercise intervention also involves
activation and loading of the posterior chain, as the abdominals are only the anterior portion
of the trunk and are a major component in trunk flexion; antagonist, agonist, and synergistic
depending on the movement; while the stability intervention allows participants to do a large
level of intensity while not causing the same amount of localized movement in the affected
area. The stability intervention has more application for this type of exercise style of
program, and may provide the benefits of more high-intensity workouts due more maximal
and the associated potential drop in chronic pain (Chatzitheodorou et al., 2007) due to the
ability to do maximal effort without the same concerns of injury; Simultaneously, it would
provide the potential to burn more calories and promote weight loss, which would be
specifically applicable for individuals with chronic LBP that can struggle to do a single

exercise session during the day.

Both stability and dynamic interventions have been shown in recent meta-analyses to be
beneficially to suffers of NSCLBP, even though no study has looked at whether they might be
complimentary. A randomized controlled trial with a crossover-design, allowed for testing of
both interventions independently, as well as in sequential order over time, using between, and
withing-groups research design. This can be focused on individuals who suffer with NSCLBP

and exclude acute cases (most acute cases should improve independently with time) and



individuals who suffer chronic LBP but have a clear pathology or injury that may require a
surgical intervention. The application of a multidisciplinary intervention with the exercise
programme may also be potentially beneficial, but due to the necessity of multiple specialists,
it may not be realistic due to limited resources. However, one could consider providing
additional complimentary tools that have been shown benefit, such as an apparatus for heat

application and incorporate pain education in conjunction with the clinical interventions.



Chapter 3: Research Methodology

This chapter is an overview, justification and description of the methodology used for the
randomized clinical trial. We will discuss the overall research/ experimental design, ethics,
assesment procedures, equipment and the exercises given to participants during each

intervention. Figure 9. Illustrates the progression of participants from the point of contact.

Advertisement (N=39)

followup after
participant information
sheet/ researcher
contact (N = 17)

participants who met
inclusion criteria (N = 11)

stability group Dynamic
(N=6) (N=5)

Dropout/ withdrawn( N Dropout/ withdrawn( N
)

Analysed (N = 4) Analysed (N = 3)

Figure 9. Flow chart of study design illustrating the progression of participant
recruitment from advertisement, to contact, primary meeting and then completion of

intervention.



1.9  Research Design

The research design was prospective, between, and within-subjects, 2 x 2 crossover

randomized clinical trial.

1.9.1 Sample Size

The prevalence of individuals with CLBP between the ages of 20-59 as a population
proportion is estimated to be 19.2% (Meucci et al., 2015). Using a confidence level of 95%
and, margin of error of 5%, for this study, we aimed for 10-30 participants. This number
considered sample size calculations as well as recommendations made by University of
Waikato Human Ethics Research Committee, who provided ethical approval. Following
recruitment, 39 potential participants expressed an interest in the study, of which 11 met
inclusion criteria and were enrolled. Seven participants, in total, completed the clinical

intervention (four participants dropped out for reasons unrelated to the study).

1.9.2 Characteristics

The main characteristics sought in the participant population suffering from NSCLBP
for a period of more than 3 months (longer than 12 weeks total; that would carry the
classification of chronic) and an age between 18 and 59 years old. The focus was to recruit
general population rather than a specific group, aiming for an even percentage of male to
female participants. By end of research period, two males and five females finished the

clinical intervention.

1.9.3  Inclusion/ Exclusion Criteria

Participants were selected based on having non-specific chronic LBP. Pain in these
individuals should be mild to moderate and without a clear or diagnosed reason, e.g.
herniated disc, spinal stenosis, etc. Exclusion criteria for participating included: suffering
from intermittent pain, severe pain, or disability-associated pain (>80% scored on numerical
pain scale or disability index); an injury or diagnosed pathology associated with the pain; an
injury or diagnosed pathology that may require specialist interventions (spinal surgery) or

awaiting imaging for specialist referral; and previous surgery for a lower back injury or



pathology. Other exclusion criteria included <18 years old or >59 years old, currently
engaged in two or more resistance trainings per week, or using a prescribed opioid (morphine

analogues) medication.

1.9.4  Recruitment Method/ Time

Recruitment of participants was achieved through a recruitment flyer advertisement
using various social media posts (including Facebook and Instagram) and presented at the
University of Waikato community boards as well as physiotherapist clinics, with permission
(e.g Habit Health). Any interested individuals who suffered from mild-moderate chronic
lower back pain could scan a QR code from the flyer, which described the study in more
detail (Participant Information Sheet) or contact the primary researcher (Adam Callaghan)
through mobile phone or email communication for more information about the study and

recruitment.

Once an individual expressed an interest in participating in the study, a time was
organized to meet in person. At this meeting, the individual received a Participant
Information Sheet to read and keep, and the study was discussed in detail. Any questions the
participant had were answered. Finally, the individual was given a Consent Form and
physical activity readiness questionnaire (PARQ+) and a time was arranged for collection of

the Consent Form and a pre-assessment.

1.10 Informed Consent/Ethics

Participants provided consent by signing a Consent Form. Following the information
meeting and provision of a Consent Form and PARQ+, participants were given at least two
days to further consider whether or not to join the study. If they still wished to participate
after this time, they then attended an enrolment and initial assessment meeting where they
were reminded of the study and their rights and could ask any further questions before

signing the Consent Form and beginning the study.

Ethical approval for this study was granted by the University of Waikato Human
Research Ethics Committee (HREC) on the 24 of April, 2023: Approval #
HREC(Health)2023#06 - Strengthening transverse abdominus/multifidus (TA) versus rectus

abdominus/spinal erector (RA) muscles for non-specific chronic lower-back pain.



1.11 Experimental Design

In summary, the intervention took place over a total of 8 weeks (4 weeks per
intervention) and involved three separate assessment/training sessions with researcher and 24
exercise program sessions. The assessment/training sessions took approximately 45 minutes
per participant. This included 30 minutes for explanation and assessment, and 15 minutes for
illustration and testing of initial exercise interventions. The exercise program sessions took
participants 40-60 minutes to complete and were performed a total of three times per week,

with a minimum of 48 hours between sessions.

The experimental dependent variables were back and leg pain, lower back pain,
disability index, and physical impairment. The two instruments used during the assessments
were the Low Back Pain Scale (LBPS) and the McGill’s Torso Muscular Endurance Test
Battery (MTETB). Variables measured in the low back pain scale include pain, disability
index, physical limitation, and medications used. The LBPS and MTETB were performed
with participants at each of the three assessment/training sessions: initial meeting; after
completion of the first intervention stage; and after completion of the second intervention

stage/end of the experiment.

The LBPS is comprised of three individual parts: the Visual Analogue Scale (VAS),
Disability Index, and physical impairment. The VAS measured back and leg pain. The
disability index had a variety of questions relating to how NSCLBP impacts their life and
physical impairment was measured using the modified Schobers test, Back endurance test
and a overall mobility test. When performing the modified Schober’s test, the flexion
distance is measured in Centimetres. A visual analogue scale was used to assess pain used a
numerical pain scale, with a higher score indicating a greater intensity of pain. The disability
index asks 15 questions that can be answered ‘yes’, ‘no’ or ‘maybe/sometimes’, which is then
scored from 0-2 for a maximum score of 30. The physical impairment involves three physical
tests: endurance of the back/lumbar; the modified Schober’s test; and the overall mobility
test. Physical assessments were all recorded in seconds, and a longer recorded time indicated
less severity/ lower score. The additional medication question asked about the use and dose
of non-steroidal anti-inflammatory, non-narcotic analgesics, or morphine analogues per week.
The maximum score for the physical impairment is 40 points, and the maximum score for the
LBPS is 124 (normally 130, but due to exclusion criteria for morphine analogues, these
questions were not included in the total score). The higher the score, the greater the level of

disability and impairment related to participants' lower back pain.



The MTETB uses three individual tests: the trunk flexor endurance test; the trunk
lateral endurance test; and the trunk extensor endurance test. The tests were to assess trunk
muscular endurance of the deep core muscles. Each of the tests was performed until
participant failure and was measured in seconds. A nominal scale of either good or poor is
then provided for a flexion:extension ratio, right-side bridge:left-side bridge ratio, and a side

bridge (each side) extension ratio.

Participants were randomly assigned to a TA intervention (stability) or RA intervention
(dynamic) experimental group. Interventions lasted 4 weeks with an assessment/training
session. After this midway assessment (post-intervention 1), participants switched to the
alternating intervention (RA intervention (dynamic) or TA intervention (stability),
respectively). Each intervention had two warm-up exercise sets and four sets of four exercises
to be completed. The repetition range was between 8-20 repetitions per set to maximize stress
to stress-to-fatigue ratio while minimizing overall loading. If the participant could not
perform eight repetitions of the exercise, a focus was given on one of the exercise variations
given; each of the four exercises had 2 variations to accommodate for individual’s physical
capabilities. Regarding the RA intervention (dynamic), depending on and the amount of
localised spinal flexion/extension, week one was 4 repetitions in reserve (RIR), the second
week was 2 RIR, and the third and fourth week was completion until either muscular fatigue
or researcher/self-selected stoppage due to increase in pain. Rest time between sets was
dependent on participants fatigue and self-reported pain levels. Participants were provided
with a generic wheat bag to keep and encouraged to use it regularly and explained the

benefits of heat application of chronic back pain.

The following is a list of the exercises and descriptions given to participants to be
performed during each intervention during the experiment. Each exercise grouping has
additional notes provided regarding the individuation of the exercise and considerations
depending on participant limitations. These were also provided to the participant as exercise
workout templates. Participants were taught the ADIM during the start of the stability

intervention.



1.11.1 Exercises for the Transverse Abdominus/ Multifidus Intervention (Stability)
(See appendix 8.5, 8.6, 8.7, and 8.8)

Exercise- Loaded hold shoulder raise.

Using any type of load (dumbbell, medicine ball, or plate) raise weight up until
shoulder height. Maintain a braced trunk while weight is elevated. Hold the weight until

shoulders begin to drop the weight or trunk begins to lose stability and round forward.
Exercise- Alternating front raise.

Sitting or standing, start with arms on both sides while holding a weight (thumbs up
with dumbbells, palms down if holding a resistance weight). While keeping the arms straight,
lift arms to shoulder level or above, while having arms roughly at a 30 degree angle (point the
arms slightly away from you). While holding the position slowly drop one arm to the starting

position and raise it back to shoulder level.
Exercise- Steering wheel plate shoulder raises hands.

Stand up tall with a plate in your hands. Brace your core and bend the knees slightly.
Lift the plate to shoulder level with arms stretched out as far as possible. Begin turning the
plate as if you were turning a steering wheel of a car until shoulders allow and turn the plate
the opposite way. Continue this movement until lower back discomfort occurs or you cannot

maintain a straight trunk posture.
Exercise- Side plank on the wall.

Stand next to a wall at an appreciable distance (the further away the harder the
movement) so your forearm can be on the wall; you will be at an angle to activate your
abdominals. Put your feet next to each other and put your forearm at shoulder height while
holding the position of your feet while keeping a straight line. Hold the position as long as

possible and return to standing without moving feet for resting position.
Exercise- Side plank with abduction.

Lie on your side with knees bent roughly at 90 degrees and one elbow on the ground.
Push yourself up against your elbow until your head, shoulders, hips and knees are all in a
straight line. Lift the top leg up and down while maintaining spine angle and return to starting

position (legs may be extended further to increase the difficulty).



Exercise- Side plank.

Start by lying on your side, with one elbow lying on the ground and the other flat
against your side, legs in a straight line with a slight bent in the knee. While engaging the
core, squeeze your glutes and lift your trunk into a straight line while pushing your hips
forward. The top position should have the body in a straight line. Slowly return to the starting
position (to make it easier, you may use to other arm to help stabilize or bend your knees if
the movement cannot be performed). Hold the position until trunk stability fails and cannot

maintain straight spine angle.
Exercise- Seated good mornings.

Sit at the end of the bench and feet at the position which allows the most hip
movement. Using a stick, keep the trunk straight and tight while moving it as far as you can

before spinal flexion occurs. Return to start position.
Exercise- Loaded good mornings.

Stand with legs at hip-width and bar placed behind the upper back. Holding the bar
with your hands, bend over from the hips, making sure that the truck and lower back keeps
the same spinal angle through the movement, trying to keep the same knee bend that you had
starting the movement. Return to starting position and repeat the movement (this can be
performed holding a dumbbell or weight if shoulder mobility/training location does not

allow).
Exercise- Romanian deadlift.

Begin the movement with your knees slightly bent and pushing your hips back while
keeping your back as straight as possible and head position forward. Continue the movement
as far as you can without rounding your back, when you get to the point of restriction bend
your knees to lower the weight further. While lifting the weight up, push your knees and hips

forward before elevating your spine to the starting position.
Exercise- Abdominal plank.

Start with all four limbs on the ground and then push yourself up with your forearms
and your toes, with your chin tucked in. Your body should be a straight line and maintain

position for as long as possible.

Exercise- Modified plank with leg lift.



In a plank position with elbows or hands on the ground. Contract the abdominal
muscles and elevate one leg off the ground, try and think of pushing the legs backs while
maintaining trunk stability. Do not allow the trunk or pelvis to move while the leg is moved

backwards (if possible). Return leg to starting position and repeat with the opposite leg.
Exercise- Superman, arms forward plank.

Start in a plank or push-up position (whatever is easier) and brace the body. Lift one
leg while lifting the opposite arm at the same time without letting the trunk or pelvis rotate.
Reach as far as you can away from the body with both opposite arm and a leg and hold the
contraction at the top of the movement. Return to start position and repeat with the opposite

limbs; keep the trunk braced through the entire movement.

1.11.2 Exercise for Rectus Abdominus/Spinal Erector RA (Dynamic) Intervention

(See appendix 8.1, 8.2,8.3, and 8.4)

Exercise- Lumbar extension.

Lie down flat on your stomach, with arms tucked underneath the chest or directly in
front, depending on what is most comfortable. While maintaining the pelvis and hips on the
floor, try and arch your lumbar so your head is looking forward. You may slightly assist with
your arms if extension (arching) cannot be performed alone. Slowly return to the starting

position.
Exercise- Passive lumbar extension.

Lie on your stomach with your hand close to face at shoulder-width distance. Begin
the movement by pushing yourself up against the floor with your arms slowly, allowing for
your head, upper back and lumbar to begin arching one at a time. Keep the glutes relaxed and

pelvis/hips against the floor during the movement.
Exercise- Lumbar flexion and extension.

Lie on your stomach with your hand close to face at shoulder-width distance. Begin
the movement by pushing yourself up against the floor with your arms slowly, allowing for
your head, upper back and lumbar to begin arching one at a time. Keep the glutes relaxed and

pelvis/hips against the floor during the movement.



Exercise- Jefferson unloaded.

Start with a stick with hands at shoulder width. Begin rounding the spine, bending and
rolling one vertebra at a time until you are at the bottom of your maximal range of
motion/pain limit. Reverse the motion starting with your lower back and return to the starting
position. Try to keep your knees as straight as possible. A step to increase range of motion is

optional.
Exercise- Standing abdominal crunch.

Using a band above the head, grab the band with both arms out front above the head.
Start with arms straight, bend your trunk forward by contracting your abdominals and
bringing your rib cage towards your hip. Allow the hips to move back slightly to facilitate the
movement. Hold the position for 1-3 seconds. Focus on the abdominals creating the
movement rather than your arms. Return to the starting position slowly allowing the band to

bring you upright.
Exercise- Loaded Jefferson curl.

Follow the same procedures as the unloaded Jefferson curl. If using a barbell, hold a
shoulder width and if holding a weight, keep it in line with the middle of your body. If
progressed from the unloaded variation, loading is to be done extremely slowly and only in

supervised sessions.
Exercise- Modified superman.

Lie face down on the floor with arms folded, under the forehead or in the most
comfortable position. Tuck in chin and slowly lift your legs off the floor without lifting up the
hips, while slightly elevating the chest if needed to allow the movement. Slowly lower the

legs to the starting position
Exercise- Stabilization superman.

Lie on the floor with arms and legs stretched straight in front, with your ear touching
your inner arm. Push belly button towards the floor to activate abdominals. At the same time
lift one arm and one leg (opposites) while maintaining core stability. Return arm and leg to

starting position and perform the next repetition with the opposite limbs that were not raised.

Exercise- Superman strengthening.



Lie on your stomach with arms and legs stretched out as far as possible; think of
having as long of a body as possible. at the same time lift your arms and legs off the floor and
reaching with both legs. Try and hold the position for one second before returning to start

position.
Exercise- Active pelvic tilt.

Sit on a chair with thighs parallel to the ground or below (this may be done standing if
it is easier to perform the movement initially). Maintaining steady breathing and abdominal
pressure, slowly move your hips and let your lower back arch, and then push your hips
forward allowing your back to round. Alternate between these two positions within your

available range of motion.
Exercise - Seated cat-camel.

Sit up in a chair with your back away from the backrest (if it has one) and place your
hands on your knees. Start with a strong vertical posture and gently bend forward with your
chin down until you feel a slight stretch in your back. Slowly reverse to movement and try
and arch your back until you either feel a stretch in your lower back or abdominals. Alternate

between these two positions for as many repetitions as comfortable.
Exercise-Cat-Camel

Start with all fours on the ground, palms facing down, head looking forward and
hands underneath shoulders. Attempt to lift the chest and head at the same time by arching
your lower back while letting the stomach drop. Reverse this movement into rounding the
back into your comfortable range of motion. Hold each position for 5 seconds before
alternating. Do not force the end range of motion, this is not a stretch like the seated

variation.

-All movements were displayed and overseen by the primary experiment who is working as a

clinician in rehabilitation.

1.12 Assessment Procedures

Every participant assessment started with an introduction to experimenters and
explanation of the experimental design; this included a reminder of what will be done during

the assessment and where participants will need to be touched (for example, top of the iliac



crest and midpoint of iliac spine, around L5/S1 vertebrae section, for the modified Schober’s
test). Once the participant was comfortable, the Researcher would begin the start of the
assessment. The Researcher began by asking the initial back and leg pain questions of the
visual analogue scale (VAS) from the low back pain rating scale. Participants were explained
that severity from 0 to 10; 0 being the least amount of pain (considered no pain) and 10 being
maximal amount of pain (most pain possible). The following are the questions that were

asked during the examination:
Back pain at the time of the examination.
Leg pain at the time of the examination.
The worst back pain within the last 2 weeks.

1

2

3

4. The worst leg pain within the last 2 weeks.

5. Average level of back pain during the last 2 weeks.
6

Average level of leg pain during the past 2 weeks.

Following the back and leg pain visual analogue scale questions being answered and
recorded, the researcher moved to the disability index portion of the low back pain scale. The

following are the questions asked to the participants:

1. Can you sleep at night without low back pain interfering?

Can you do the easy chores at home such as watering flowers or cleaning?

Can you do your daily work without low back pain reducing your activities?

Can you put on shoes and stockings by yourself?

Can you do the easy chores at home such as watering flowers or cleaning the table?
Can you carry two full shopping bags (10 kilograms total)?

Can you bend over the wash basin to brush your teeth?

® NN kW

Can you climb stairs from one floor to another without resting because of low back
pain?

9. Can you walk 400 meters without resting because of low back pain?

10. Can you run 100 meters without resting because of low back pain?

11. Can you ride a bike or drive a car without feeling any low back pain?

12. Does low back pain influence your emotional relationship to your nearest family?

13. Did you have to give up contact with other people within the last 2 weeks because of

low back pain?



14. If it was a present interest, do you think that there are certain jobs which you would

not be able to manage because of your back trouble?

15. Do you think that the low back pain will influence your future? (Low Back Pain Rating

Scale | RehabMeasures Database, n.d.)

Following the end of the disability index questions being answered and recorded, the final

portion of the questions involved asking the amount of analgesic usage. Participants were

asked if they have taken any non-steroidal anti-inflammatory or non-narcotic analgesics, and

if they had, the amount used per week. The amount of morphine or morphine analogs was not

asked as it was an exclusion criterion for the research participants. This completed the verbal

portion of the assessment and researcher then started the physical impairment tests. The

modified Schober’s test was performed in a private room of the gym, once researcher had

applied examination gloves and the participant has been asked to raise the bottom of their

shirt, the test protocol for the modified Schober’s test is as follows:

The pre-test protocol was as follows:

1.

Researcher showed participant where they will be finding the iliac crest to find the
correct position on the iliac spine.

Apply examination gloves.

Participants were asked for verbal consent before being touched and the start of the

test.

The test protocol was as follows:

Eall

6.

Draw a line between the posterior iliac spines.

Mark a point a point 10 cm above the midpoint of the line on the lumbar spine.
Ask the participant to bend forward as far as comfortably possible.

While bending forward, measure the distance from that point to the midpoint of the
line connecting the posterior iliac spines.

Determine the distraction = increase in measurement while bending forward.

Record distraction on the data sheet. (Low back Pain rating scale, 2017)

Record the change of distance and move on to the physical performance/endurance tests.

The first test was performed for the overall mobility in the fastest time possible.

The test protocol was as follows:



Fastest time taken to go from (a) lying supine on a flat couch 80 cm above the floor to (b)

standing beside the couch then (¢) walking to the end of the couch (or equivalent length)

(d) a deep knee bend (bodyweight squat) is done and then (e) return to the starting

position. (Low back Pain rating scale, 2017).

Time is recorded and participants are moved to the last physical test (endurance of back

muscles) in the LBPS - length of time that the patient can lie horizontally above the floor

with the legs strapped to a bench, and the trunk unsupported from the level of the iliac crest.

This is also the start of the MTETB section of the assessment.

The pre-test protocol was as follows:

1.

After explaining the purpose of the test, the participant was shown the proper body
position prior to trying to assume the position.

The starting position required the participant to be prone, positioning the iliac crests at
the table edge (participant is shown where the iliac crest is) while supporting the
upper extremity on the arms, which are placed on the floor.

While the participant is supporting the weight of his or her upper body, anchor the
participant’s lower legs by applying counterweight.

The goal of the test was to hold a horizontal, prone position for as long as possible.
Once the participant fell below horizontal, the test was terminated. (Low back Pain

rating scale, 2017)

The test protocol was as follows:

1.

3.
4,

When ready, the participant lifted/extended the torso until it was parallel to the floor
with his or her arms crossed over the chest.

A timer was started as soon as the participant assumed the position.

The test was terminated when the participant could no longer maintain the position.

The participant's time was recorded on the record sheet.

Following the completion of the trunk extensor endurance test, the participants were allowed

to rest, and when self-reporting that they were ready, the trunk flexor endurance test was

performed.

The pre-test procedure was as follows:

1.

After explaining the purpose of the test, the participant was shown the proper body

position prior to trying to assume the position.



The starting position required the participant to be seated, with the hips and knees
bent to 90 degrees, aligning the hips, knees, and second toe.

The participant was instructed to fold his or her arms across the chest, touching each
hand to the opposite shoulder, and to lean against a board positioned at a 60-degree
incline, and keep the head in a neutral position (Mgill’s Torso Endurance Test Battery,
n.d.).

The participant was asked to press the shoulders into the board and maintain this

position throughout the test once the board was removed.

. The participant was instructed to engage the abdominals to maintain a flat-to-neutral

spine. The back was not allowed to arch during the test.
The Researcher anchored the toes under a strap or manually stabilized the feet if

necessary.

The test protocol is as follows:

1.

Researcher counted down and started the timer when the board was removed from the
back, while the participant maintained the 60-degree, suspended position.

The test was terminated when there was a noticeable change in the trunk position, this
included the shoulders rounding forward or an increase in lower back arch angle or if
a 60-degree angle is lost.

The participant time was recorded on the record sheet. (Mgill’s Torso Endurance Test

Battery, n.d.)

Following the completion of the trunk flexor endurance test, the participants were

allowed to rest, and when self-reported that they were ready, the trunk lateral endurance test

was performed.

The pre-test procedure was as follows:

1.

The starting position required the participant to be on his or her side with extended
legs, aligning the feet on top of each other or a heel-to-toe position. The Researcher
demonstrated a full side-plank position that participant could replicate.

The participant was asked to place the lower arm under the body and the upper arm on
the side of the body.

When the participant was ready, he or she was instructed to assume a full side-bridge

position, keeping both legs extended and the sides of the feet on the floor. The elbow



of the lower arm was positioned directly under the shoulder and the upper arm was
resting along the side of the body or across the chest to the opposite shoulder.

4. The hips should were elevated off the mat and the body was in a straight alignment
with shoulders and head before starting the timer. (Mgill s Torso Endurance Test Battery,
n.d.)

The test protocol is as follows:

1. The researcher started the timer as the client moved into the side-bridge position.

2. The test was terminated when there was a noticeable change in the trunk position;
a deviation from the neutral spine including the hips shifting forward or backward,
or a lateral shift up and down.

3. The participant time was recorded the on the record sheet.

4. The test was repeated on the opposite side when participant has had sufficient

rest.

The completion of the trunk flexor endurance test marked the end of the assessment.

1.13 Equipment

Initial pain measures, mobility, and strength were obtained using the low back pain
rating scale (Low back Pain rating scale, 2017), which was found to have a high level of
reliability for assessing individuals with lower back pain (ICC = 0.98) (Manniche et al.,
1994). Endurance and strength of the trunk structures was assessed using the Mcgill’s
Muscular endurance test battery. Range of motion (change of back flexion) was assessed by a
generic measuring tape. A Samsung galaxy S20 mobile phone was be used for time
measurements during training. Assessments were performed in an allocated room in the TT
building at the University of Waikato, and a private room at the [ronHouse Gym, Hamilton,
New Zealand. Exercise routines and illustration of routines were performed in the allocated
room in the TT building at the University of Waikato or within the recreational space of the
gymnasium. All participants were provided with a free access to the gym during the study. A
generic polyester wheat heat bagthat the participant could keep was provided to each
participant at the start of first intervention period. A physiotherapy examination table was
used for the tests during assessments. Labserv, single use, nitrile examination gloves used by
researcher during modified Schober test. Cleaning of surfaces and equipment was done using

TriGene advance concentrate, hospital-grade surface disinfectant, Tristel solutions limited,



snainwell, United kingdom. Individual 5, 10, and 15 KG weight plates and a 20 KG dumbbell

was used for weighted exercises.

1.13.1 Data Processing

All data processing and analysis was performed using Microsoft Excel for Microsoft
365 MSO (Version 2205 Build 16.0.15225.20172) 64-bit and IBM Corp. Released 2023. IBM
SPSS Statistics for Windows, Version 29.0.2.0 Armonk, NY: IBM Corp.

1.13.2 Statistical Analysis

The research data was analysed using a one-way Repeated Measures ANOVA, to
compare the outcomes of suffers of NSCLBP, regardless of the intervention order, and two-
way repeated measures MANOVA was used to compare the interaction effect between
groups, and to assess for any potential sequential/crossover effect from the crossover design.
Correlation effects were measured using Pearson bi-variant analysis for comparisons of
continuous data and a point bi-serial correlation was performed to find a correlation between
one continuous variable (e.g back and leg pain) and numerical data (good vs poor trunk ratio

scores).



Chapter 4. Results

The overarching research objective of this study was to evaluate the effectiveness of
different core strength/exercise interventions in reducing pain in individuals suffering from
non-specific chronic LBP. Secondary to this, the study’s objectives are to determine if
strengthening the transverse abdominus/multifidus (stability- AB) and/or the rectus
abdominus/spinal erectors (dynamic-BA) has greater efficacy, and whether sequentially
targeting both (i.e. targeting one (TA or RA) provides a stronger foundation for the other) of
these may impact the positive outcomes in sufferers of chronic LBP. Considering the
previously established relationships between trunk/ core endurance and association/
prediction of CLBP, we also wanted to assess whether our participants followed these same
correlations between the variables in the lower back pain scale and scores from the McGill’s

Torso Endurance Battery Tests’ and the rating that is provided.

A total of 11 participants fit the inclusion criteria and were willing to participate. 7 total
participants finished the overall study (2 male, 5 female). The average age for participants
was 35.286. the range for total LBPRS total mean scores was 22. Range for LBP was 8.749
and BLP 13.429. the range for disability index was 7.714 and physical impairment was

14.571. Weight and height were not included descriptive statistics for the research.

1.14 Does a Two-Part, Clinical Intervention Targeting Specific Core Muscle Groups (TA or

RA) Improve pain as an Qutcome?

1.14.1 Back and Leg Pain

Results from participant scores of VAS, assessing back and leg pain, for assessment 1
(pre-intervention) was (Mean (M) = 13.439, Standard Deviation (SD) = 8.017), assessment 2
(post-intervention 1) (M =9.571 SD = 6.705) and assessment 3 (post-intervention 2) (M =
3.0, SD=2.517). Individual participant scores and analyses are reported in Table 1 and Figure
10. The result of the one-way repeated ANOVA yielded there was a statistical difference in
the combined sum of back and leg VAS pain scores between the three assessment periods;
Wilks” A =0.207, F (2,5) =9.560, p = 0.02, partial n"2 = 793, observed power 0.809. Based

on these results, there was sufficient evidence to reject the null hypothesis that there would be



no affect on participants back and leg pain over the clinical intervention. and conclude that
participants’ reported pain levels, as measured by the LBPRS, differed significantly over the
three assessment periods. The effect size was large. Observed power was 0.809, indicating

over 80% that results may have come out significant and above the accepted 0.8 value.

Post-hoc tests between the intervention phases did not find significance in VAS scores for
back and leg pain between assessment 1 and assessment 2 (MD = 3.857, SE=3.820, p = 1.0)
or assessment 2 and assessment 3 (MD = 6.571, SE=1.288, p = 0.098) but significance was
found between assessment 1 and assessment 3 (MD = 10.429, SE = 2.819, p = 0.030).

Table 1. Total scores and statistical analysis of participants’ reported back and leg pain

over the three assessments

Participant BLP- BLP-  BLP- D AI- D% SD A D AI- DS% SD Al-

Al A2 A3 A2 Al-A2 A3 A3
1 6 17 0 -11 -183% 5.50 6 100% 3.00
2 8 3 2 5 63% 2.50 6 75% 3.00
3 20 0 0 20 100% 10.00 20 100% 10.00
4 27 14 6 13 48% 6.50 21 78% 10.50
5 13 14 3 -1 -8% 0.50 10 77% 5.00
6 15 14 6 1 7% 0.50 9 60% 4.50
7 5 5 4 0 0 0.00 1 20% 0.50

Note. Negative values indicate an increase in score and increase in severity of pain, back and leg pain
(BLP) over the three assessment periods (A1, A2, A3), the difference (D), difference percentage (D%),
and standard deviation (SD).

Regarding the individual participants' back and leg pain scores, only two participants
(participant 1 and participant 5) were seen to have an increase in pain during the clinical
intervention (Table 1; Figure 10). Both of the participants had an increase between
interventions 1 and 2, but at assessment 3, and by the end of the clinical intervention, these
pain values had decreased to lower than pre-intervention (assessment 1) levels for an overall
reduction of pain. Every participant except one met the minimally important clinical
difference (MD% = 73, SD = 0.253). Participant Seven only had a 20% clinically significant
change in back and leg pain scores over the intervention (D% = 20, SD = 0.05). This



participant also had the lowest scores before starting the clinical intervention of 5 points of

maximum 30.
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Figure 10. Back and leg pain scores of participants, over the three assessment periods.

Note. Participants have been coded by the intervention they started at intervention one

period.

1.14.2 Lower Back Pain

Results from scores of the adjusted VAS (assessing only lower back pain) for
assessment 1 were (M=11.286, SD = 2.265), assessment 2 (M=6.143, SD= 1.639), and
assessment 3 (M =2.571, SD = .812). Individual participant scores and analyses are reported
in Table 2. The result of the one-way repeated ANOVA yielded there was a statistical
difference in the combined sum of lower back pain (adjusted VAS scale) between the three
assessment periods; Wilks” A =0.200, F (2,5) = 10.026, p = 0.018, partial n"*2 = 0.800,
observed power = 0.827. Based on these results, there was sufficient evidence to reject the
null hypothesis that there would be no effect on participants lower back pain over the clinical
intervention and conclude that participants’ reported LBP levels, as measured by the LBPRS,
differed significantly over the three assessment periods. The effect size was large. Observed
power was 0.809, indicating over 80% that results may have come out significant and above

the accepted 0.8 value.

Pos-hoc tests between the intervention phases for VAS adjusted scores did not find

significance between assessment land assessment 2 (MD= 5.143, SE= 3.066, p= 0.433) or



assessment 2 and assessment 3 (MD=3.57, SE 1.288, P=0.97) but significance was found
between assessment 1 and assessment 3 (MD = 8.714, SE = 2.542, p=0.042).

Table 2. Total scores and statistical analysis of participants reported lower back pain

over the three assessment periods

Participant LBP- LBP- LBP- DAI- D% SDA DAI- DS% SD Al-

Al A2 A3 A2 Al- A3 A3
A2
1 6 5 0 1 17%  0.50 6 100% 3.00
2 8 3 2 5 63%  2.50 6 75% 3.00
3 20 0 0 20 100%  10.00 20 100% 10.00
4 19 7 3 12 63%  6.00 16 84% 8.00
5 10 13 3 -3 -30%  1.50 7 70% 3.50
6 11 10 6 1 9% 0.50 5 45% 2.50
7 5 5 4 0 0 0.00 1 20% 0.50

Note. Negative values indicate an increase in score and an increase in the severity of pain.
Lower back pain (LBP) over the three assessment 1,2,3 (A1, A2, A3), difference (D),
difference percentage (D %) and standard deviation (SD)

Regarding the individual participant's LBP scores, when an adjusted VAS was used,
which removes leg pain as a variable, only participant 5 was seen to have an increase in pain
during the clinical intervention, while participant 1 did not have the same increase of pain
seen when leg pain is included, indicating the spike in pain during their dynamic intervention
was primarily perceived sciatica pain down the leg. (Table 2. Vs Table 1.). Participant 5 had
an increase between assessment 1 and 2, but by the end of the clinical intervention and
assessment 3, these pain values had decreased to lower than pre-intervention (assessment 1)
levels for an overall reduction of pain. Every participant except one met the minimally

important clinical difference (MD% = 71, SD = 0.271). Participant 7 only had a 20%



clinically significant change in LBP scores over the intervention (D% = 20, SD = 0.05),
which is the same as the back and leg pain values. These scores are relatively similar among
each participant (except for participant 1) to the back and leg pain scale, indicating the
majority of the pain scored by the participants during the study were primarily from LBP.



1.15 Does Exercise Targeting Specific Core Muscle Groups (TA or RA) Improve Outcomes
for Disability Index, Physical Impairment, and Overall Low Back Pain Rating Scale

Scores?

1.15.1 Disability Index

Results of the disability index scores for assessment 1 were (M = 7.714, SD = 3.302),
assessment 2 (M=2.714, SD = 1.799) and assessment 3 (1.71, SD = 1.496). Together, these
scores show a linear drop in disability index between each assessment period. The result of
the one-way repeated ANOVA yielded there was a statistical difference in disability index
scores between the three assessment periods; Wilks” A =0.125, F (2,5)=17.500, p = 0.006,
partial n*2 = 0.875, observed power = 0.969. Based on these results, there is sufficient
evidence to reject the null hypothesis that there would be no effect on participants disability
index scores over the clinical intervention. We conclude that participants’ disability index,
measured by the LBPRS over the clinical intervention, differed significantly over the three
assessment periods. The effect size was large. Observed power was 0.809, indicating over

96% that results may have come out significant and above the accepted 0.8 value.

Post-hoc tests between the intervention phases did not find significance in disability
index scores between assessment 2 and assessment 3 (MD= 1.0, SE= 0.577, p = 0.402) but
did find significance for assessment 1 and assessment 2 (MD = 5.0, SE = 0.951, p = 0.006)
and assessment 1 and assessment 3 (MD = 6.0, SE = 0.926, p = 0.002).

1.15.2 Physical Impairment

Results from physical impairment scores for assessment 1 were (M=14.571, SD=+
2.225), assessment 2 (M = 10.0, SD = 3.367), and assessment 3 (M = 8.857, SD = 2.795).
The result of the one-way repeated ANOVA yielded there was a statistical difference in
combined physical impairment scores between the three assessment periods; Wilks” A =
0.080, F (2,5) = 28.764, p = 0.002, partial n*2 = 0.920, observed power 0.998. Based on these
results, there is sufficient evidence to reject the null hypothesis that there would be no effect
on participants physical impairment scores over the clinical intervention and conclude that
participants’ physical impairment scores, measured by the LBPRS over the clinical

intervention, differed significantly over the three assessment periods. The effect size was



large. Observed power was 0.998, indicating over almost 100% that results may have come

out significant and above the accepted 0.8 value.

Post-hoc tests between the intervention phases did not find significance in physical
impairment scores between assessment 2 and assessment 3 (MD = 1.143, SE =1.204, p =
0.10) but did find significance for assessment 1 and assessment 2 (MD =4.571, SE = 0.808, p
=0.009) and assessment 1 and assessment 3 (MD=5.714, SE=.808, p=.001).

1.15.3 Low Back Pain Rating Scale -Combined Back and Leg Pain, Disability Index, and

Physical Impairment Scores

Results from the LBPRS for assessment 1 were (M = 34.714, SD = 9.827),
assessment 2 (M = 20.286, SD = 6.945), and assessment 3 (M = 12.714, SD = 3.147; Figure
11). The result of the one-way repeated ANOVA yielded d there was a statistical difference in
LBPRS scores (back and leg pain, disability index, and physical impairment scores) between
the three assessment periods; Wilks” A= 0.095, F (2,5) =23.891, p = 0.003, partial n"2 =
0.905, observed power 0.994. Based on these results, there is sufficient evidence to reject the
null hypothesis that there would be no effect on participants total LBPS scores over the
clinical intervention. We conclude that participants’ combined back and leg pain, disability
index, and physical impairment scores, as measured by the LBPRS, differed significantly
over the three assessment periods. The effect size was large. Observed power was 0.994,
indicating over almost 100% that results may have come out significant and above the

accepted 0.8 value.

Post-hoc tests between the intervention phases did not find significance in LBPRS
scores between assessment 1 and assessment 2 (MD = 14.429, SE=4.577, p = 0.059) or
assessment 2 and assessment 3 (MD =7.571, SE 2.496, p=0.69) but did find significance
between assessment 1 and assessment 3 (MD = 22.0, SE =4.577, p = 0.002).
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Figure 11. Changes in marginal mean scores of the combined low back pain rating scale
over the clinical intervention period.



1.16 Is There a Difference Between the Intervention Groups for a Two-Stage Core
Strengthening Intervention and the Sequential Order of the Interventions for Improving
Pain, Disability Index, Physical Impairment, and Total Score of the LBPRS, as an
Outcome for Non-Specific Chronic LBP?

1.16.1 Back and Leg Pain

When we separated the participants into their respective intervention groups, we saw
that the Dynamic (BA) intervention (Table 3.) had a small mean increase in pain between
assessment one, and assessment two, post-intervention-1. Among all other variables, back
and leg pain, lower back pain, disability index, and total LBPRS scores, and a decrease
among all variable scores between assessment 1-pre and assessment 3, post-intervention 2.
When the leg pain variables are removed, we don’t see a mean increase in pain scores across

any of the intervention periods.

A two-way repeated measures ANOVA was run with the different intervention groups
(stability-AB or dynamic-BA) as the IV and the back and leg pain VAS scores from the
LBPRS as the DV, over the three assessment periods as the DV. Results of the within-groups
ANOVA, confirmed the previous one-way ANOVSA’S, and found a significant reduction in
back and leg pain for within-group comparisons Wilks” A =211, F (2,4) =7.478, p = 0.045,
partial n*2 = .789, observed power = 0.632. We can conclude that participants’ reported pain
levels over the clinical intervention, as measured by the adjusted VAS, differed significantly
over the three assessment periods, regardless of the intervention group. The effect size was

large. The observed power was below the accepted 0.8 (Figure 12.)

There was no statistical significance found between the two intervention groups on
overall back and leg pain scores over the clinical intervention period, f=.517, p = .504,

partial n*2 = .094, observed power = .091.

There was not a statistical difference between the intervention groups, with time as an
interaction effect Wilks’ A =.662, F (2,4) = 1.021, p = .438, partial n"2 = .338, observed
power = 0.134. Based on these results, we accept the null hypothesis and conclude that
participants’ reported pain levels over the clinical intervention, as measured by the adjusted

VAS, did not differ significantly over the intervention period.



Table 3. Outcomes measures, between intervention groups, over the three assessments

DV Assessment 1

Assessment 2

Assessment 3

Intervention group

Intervention group

Intervention group

AB BA AB BA AB BA
Back and leg 16.75 + 9.0+3.601 825+ 11.333 4.0+2.828 1.667+1.528
pain 9.251 6.946 7.371
Lower back  13.15+ 8.0£2.0 55+4203 7.0+£5.292 3.250 1.667 = 1.528
pain 7.089 2.50
Disability 7.750 £4.50 7.667 + 3.250 + 20+1.0 7.750 £ 7.667+1.0
index 1.528 2.217 1.915
Physical 15.250 £ 13.667 £ 125+ 6.667 £577  9.250 + 8.333 £3.055
impairment ~ 2.872 ST77 1.732 2.986
Total 38.0+12.36 30.333 + 20.5+£7.371 20+7.937 13.25+ 12+1.732
LBPRS 3.21 4.113

SCOore

Note. Standard deviation (%)
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Figure 12. Changes in back and leg pain comparing intervention groups over the

clinical intervention period.

Note. Intervention code 1 = stability (AB), 2 = dynamic (BA)

1.16.2 Lower Back Pain

A two-way repeated measures ANOV A was run with the different intervention groups
(stability or dynamic) as the IV and the adjusted pain scale (just lower back pain) VAS scores
over the three assessment periods as the DV. Results of the within-subjects MANOVA
confirmed the previous one-way MANOVSA'’S and found a significant reduction in LBP for
within-group comparisons Wilks” A =.199, F (2,4) = 8.054, p = 0.040, partial n*2 = .801,
observed power = 0.664. Participants reported LBP levels over the clinical intervention, as
measured by the adjusted VAS, differed significantly over the three assessment periods,
regardless of the intervention group. The effect size was large. The observed power was

below the accepted 0.8.

There was no statistical significance found between the two intervention groups on
overall lower back pain scores over the clinical intervention period, f= 1.066, p = .349,

partial n*2 = .176, observed power = .135.



There was not a statistical difference between the intervention groups, with time as an
interaction effect Wilks’ A =.708, F (2,4) = 708, p = .501, partial n*2 = .292, observed power
=(0.827. Based on these results, we accept the null hypothesis and conclude that participants’
reported LBP levels over the clinical intervention, as measured by the adjusted VAS, did not
differ significantly over the intervention group, and a crossover effect over time was not

observed.

1.16.3 Physical Impairment

A two-way repeated measures ANOV A was run with the different intervention groups
(stability or dynamic) as the IV and disability index scores over the three assessment periods
as the DV. Results of the within-subject ANOVA indicate, confirmed the previous one-way
ANOVSA'’S, and found a significant reduction in LBP for within-group comparisons Wilks’
A= .40, F (2,4)=48.550, p = 0.002, partial n"2 = .960, observed power = .1.0. Based on
these results we can conclude that participants’ disability index scores lowered significantly
over the clinical intervention, as measured by the LBPRS, differed significantly over the
three assessment periods (figure 13.), regardless of the intervention group. The effect size

was large. The observed power was above the accepted 0.8 value.
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Figure 13. Changes in physical impairment scores, between the two intervention groups.

Over the three assessment periods.



There was no statistical significance found between the two intervention groups on
overall physical impairment scores over the clinical intervention period, p = .136, partial n"2

=.387, observed power = .304.

There was a statistical difference between the intervention groups over the three
assessment periods, Wilks” A =.127, F (2,4) = 13.723, p = .016, partial n"2 = .873, observed
power = 0.870. Based on these results, we reject the null hypothesis and conclude that
participants’ physical impairment scores over the clinical intervention, as measured by the
LBPRS, did have an interaction/crossover effect. Further investigation (figure 13.) shows the
majority of changes in disability index scores happened between assessments one and two for
the BA intervention group (MD = 7.0, SE .671) and had a small increase in scores between
assessments 2 and 3 (MD = -1.667, SD = 1.33), indicating there may be a crossover
interaction the group starting with the dynamic intervention, as the significant changes
persisted through the following intervention; this is reinforced by the majority of the changes
in the disability index scores for the AB intervention group happening when participants
started their dynamic portion, between assessment 2 and 3 (MD = 6.0, SE = 1.155) with
minor changes through the stability portion of the intervention (MD = 2.750, SD = .581)

1.16.4 Disability Index

A two-way repeated measures ANOV A was run with the different intervention groups
(stability or dynamic) as the IV and disability index scores over the three assessment periods
as the DV. Results of the within-subject ANOVA indicate, confirmed the previous one-way
ANOVSA'’S, and found a significant improvement in physical impairment for within-group
comparisons Wilks’ A =.127, F (2,4) = 13.790, p = 0.016, partial n*2 = .873, observed power
= .871. Based on these results, we conclude that participants’ physical impairment scores over
the clinical intervention, as measured by the LBPRS, differed significantly over the three
assessment periods, regardless of the intervention group. The effect size was large. The

observed power was above the accepted 0.8 value (figure 14.).
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Figure 14. Changes in disability index scores, between intervention groups, over the

three assessment periods.

There was no statistical significance found between the two intervention groups on
overall disability index scores over the clinical intervention period, /= .029, p = .872, partial

n"2 =.006, observed power = .052.

There was not a statistical difference between the intervention groups, with time as an
interaction effect Wilks’ A =.624, F (2,4) = 1.207, p = .389, partial n"2 = .376, observed
power = 0.151. Based on these results, we accept the null hypothesis and conclude that
participants’ disability index scores over the clinical intervention, as measured by the LBPRS,
did not differ significantly over the intervention period, and a crossover/ sequential effect
over time was not observed. The majority of the drops in disability index scores for both
groups were observed between assessment 1 and 2, but only the dynamic intervention (BA)
was considered significant (MD = 5.667, SE = 1.542, p = .043, while both interventions were
considered significant between assessment one and three, group AB (MD = 6.250, SE =
1.331, p=.016) and BA (MD = 5.667, SE = 1.537, P =.043) but scores were unchanged

between assessment two (M = 2) and three (M = 2).

1.16.5 Low Back Pain Rating Scale

A two-way repeated measures MANOVA was run with the different intervention
groups (stability or dynamic) as the IV and LBPRS (combined score of back and leg pain,

disability index, and physical impairment) scores over the three assessment periods as the



DV. Results of the within-ANOVA indicate, confirmed the previous one-way ANOVSA’S,
and found a significant reduction in LBP for within-group comparisons Wilks’ A =.090, F
(2,4)=20.24, p = 0.008, partial n*2 = .910, observed power = .960. Based on these results,
there was sufficient evidence to conclude that participants’ LBPRS scores over the clinical
intervention, as measured by the adjusted VAS, differed significantly over the three
assessment periods, regardless of the intervention group. The effect size was large. The

observed power was below the accepted 0.8.

There was no statistical significance found between the two intervention groups on overall
LBPRS scores over the clinical intervention period, f'=.768, p = .421, partial n"2 = .133,

observed power = .111.

There was not a statistical difference between the intervention groups, with time as an
interaction effect, over the three assessment periods, Wilks’ A =.708, F (2,4) =708, p = .501,
partial n*2 = .292, observed power = 0.827. Based on these results, they accept the null
hypothesis and conclude that the effect between group and time, and LBPRS scores over the
clinical intervention, did not differ significantly between the intervention groups, and the

crossover/ sequential effect over time was not observed.



1.17 Was there a Correlation Between Pain, Disability, and Physical Impairment Compared

with the Individual Trunk Measures from McGill’s Torse Endurance Battery Test?
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1.17.1 Total-Metric Score Correlations

To conduct the correlations between the Low back pain rating scale and the Mgill’s
Torso Endurance Battery tests’ performance results, a Pearson Bivariate analysis was used
(Table 4). The scores for the 4 tests during the MGTEBT were then analysed and put into the
classification of ‘poor’ or ‘good’ (good coded as 1, poor coded as 2), and a point bi-serial
correlation was performed to see if there was a relationship to the LBPRS and its variables
(back and leg pain, disability index and physical impairment) as well as the adjusted lower

back pain scores.

A statistically significant strong negative correlation between total lower back pain
rating scale score and the trunk extension test was observed;  (20) =-0.539, p = 0.012;
indicating that the lower the muscular endurance score, the higher the associated LBPRS
score. A significant negative correlation was also found between physical impairment scores
and: the trunk lateral test (right side; 7 (20) =-0.556, p = 0.009); trunk lateral test (left side;
(20) =-.601, p = 0.004); and the trunk extension test (» (20) = -0.789, p = <0.001).

Regarding the individual tests of the MTEBT, compared against each other, a strong
correlation was found between the trunk extension test with both the right-side lateral test (»
(20) =0.858, p = <0.001) and left-side lateral test (» (20) = 0.908, p = <0.001), and there
was also a correlation between the left- and right-side lateral trunk tests (» (20) =- 0.952, p =
0.012). The only measure the trunk flexor test found that was significant was a moderate

correlation with right side trunk lateral test ( (20) = 0.386, p =0 .040).

1.17.2 Good and Poor Rating Correlation

Using the ratings of good or poor, from the total scores of the individual test of the
MTETB (Table 5.), the only statistically significant relationship found was a moderate
correlation between the left-side/ right-side bridge ratio and physical impairment (r (20) =
0.457, p=0.037). This indicates that there was a higher level of physical impairment scores
for participants who had the score of ‘good’ compared to ‘poor’. There was a moderate
correlation between the flexion/extension score and physical impairment scores that almost

statistical significance (r (20) = 0.432, p =0.051).
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Note. Positive correlations are coded to green, negative correlations are coded to red with

yellow representing neutral.



Chapter 5: Discussion

The following Chapter is a discussion of the results gathered and analysed over the
research period. The analysed results are critically discussed: what was found and why, how

it relates to already established literature, and the primary limitations and omissions.

1.18 Analysis of Research Findings

Our primary research goal was to assess the effectiveness of stability- and dynamic-
style clinical interventions, focusing on exercises to strengthen specific trunk muscles,
including the transverse abdominis/multifidus (stability-AB), and rectus abdominis/erector
spinae (dynamic-BA). We aimed to determine the effectiveness of these interventions in
reducing NSCLBP. The results confirm that using either the stability or dynamic intervention
in conjunction with each other, regardless of the intervention order, may have a
complementary effect in reducing lower back pain and its associated disability index,
physical impairment, and total score from the LBPRS. This confirms the previous research
that not only is core stability and dynamic intervention potentially useful for outcomes
regarding lower back pain (Kim & Yim, 2020; Wang et al., 2012), but so is a dynamic styled
interventions such as pilates, yoga or physical therapy (Bhadauria & Gurudut, 2017b;
Fernandez-Rodriguez et al., 2022b; Ulger et al., 2023). A point of interest was that we found
significance across every single testing variable over the three assessment periods. Between
assessment 1 (pre-intervention) compared to assessment 3 (final assessment) a clinical
significance was observed for every individual. This also reinforces that regardless of
intervention, resistance training focused on engagement and strengthening of local and global
structures in the overall trunk can impact chronic lower back pain in sufferers (Bergmark,

2009).

Looking at all participants in the study, when we account for the back and leg pain VAS
scores, two participants had an increase in pain in the dynamic stability intervention cohort,
between assessment 1 and assessment 2. When we use the adjusted VAS, which removes the
leg pain variances, this increase of pain is removed and every participant is shown to have a
decrease in pain between each of the interventions 1, 2, and 3. The study did not find
evidence of a crossover effect from either group, suggesting that a crossover or sequential

effect did not impact the interventions. For future studies, a possible way to interrogate



crossover effects more fully would be to have two additional groups that would do only the
dynamic stability intervention or the stability intervention over the eight weeks. One potential
reason to consider for the lack of results regarding differences in efficacy between the
intervention groups is the length of intervention. Evidence that time itself — i.e. carrying on of
exercise post-intervention — is important for this population group (Manniche et al., 1991).
This intervention was only 8 weeks (4 weeks per intervention) and is relatively short
considering the minimal suffering time necessary for the classification of CLBP. Indeed,
another consideration is that while we had an inclusion requirement of lower back pain for a
minimum time of 12 weeks, we did not specifically ask, nor record how long each of the
participants had suffered with LBP. This may be an additional variable that could be

considered in the overall effectiveness of the interventions.

Although there was no significant crossover effect observed, performing the dynamic
exercise intervention first in the order caused the only increase in pain among participants.
While the difference was not statistically significant between intervention groups, and no
clear indication that one intervention was better than the other, it reinforces the notion that
sufferers of NSCLBP may benefit from starting the stability intervention before increasing
into more difficult and pain-inducing movements, particularly if a trunk flexion and extension
intolerance is observed. It could also be argued that the dynamic intervention also has merit
starting first, as it was the only intervention to cause a statistically significant change in
disability index scores that are required in a more dynamic intervention; however,
considering that the only between-group effect we observed for the dynamic group between
intervention 1 and 2 was for disability index scores. Considering these were the closest we
had to psychological measures, the disability intervention may have slightly more validity in

addressing these outcome measures.

When the initial literature review was performed and the associated research study
planned, there were no crossover studies identified in the literature that followed a similar
research design. During the end of 2023, while in the data collection phase of this study, a
study was released that used a crossover clinical intervention with core stability and yoga.
Although yoga would not have the same graduated load progression as this study, the body
weight exercises performed provide a similarity to our study’s dynamic intervention. The
relevant finding of this study was both core stability and yoga exercise groups were found to
have similar effects on improvements in pain, sleep quality, metabolic capacity and pain

(Ulger et al., 2023)



The correlation matrix performed between the LBPRS and the MTETB ratios did not
show what we were expecting to see based on the literature (Abdelraouf & Abdel-aziem,
2016). Of all the variables, we expected to see a high negative correlation with trunk flexor
endurance strength and LBPRS due to the larger focus on the abdominals. However, in our
results, the trunk flexor endurance test was the only variable measured that did not have a

significant negative correlation with physical impairment scores.

The most statistically significant correlation we found was between the trunk extension
test and the physical impairment scores. This is not unexpected, considering the trunk
extension test in MTETB is the same as the back endurance test, which is one of the three
measures of the physical impairment scores, in the LBPRS. Considering that they have an
overlap of variables, it would be assumed that this would increase the correlation,

nonetheless.

Overall, except for physical impairment: we only found a negative correlation between
the trunk extension test and the total low back pain rating score. This is supported previous
research that correlates LBP with weakness in the erector spinae and overall trunk extension
ability (Abdelraouf & Abdel-aziem, 2016; Aratjo et al., 2020; Jorgensen & Nicolaisen,
1987); however, due to having to hold a static spinal extension, this may highlight specific
movement dysfunction-related patterns found with suffering individuals, and argue that the
overall trunk flexion or side lateral tests do not have the same validity. What is more
interesting, after seeing the negative correlations with overall performance and total scores
relating to the back pain variables, are the point biserial correlations. These were calculated
from the performance metrics and participants were either given a score of good or poor. The
only statistically significant correlation we found was a moderate correlation between the
left-side and right-side bridge ratio and physical impairment. Surprisingly, the correlation
indicates that individuals who had a high number of good scores also had higher levels of
physical impairment scores. We could speculate this was due to how these ratios are
quantified. Regarding the ratio of left side:right side bridge, if a hypothetical participant was
extremely weak and only scored one second on each side of the side lateral plank tests, due to
the symmetry between the scores on the left and right, this would result in a classification of
good for the ratio between the lateral trunk muscles. Due to the research indicating that
atrophy and weakness is correlated with LBP (Beneck & Kulig, 2012; Cooley et al., 2023,
2024), it can be argued that the strength of the trunk muscles may be an indicator for non-

sufferers or acute flares of LBP, but for individuals who have already crossed from acute to



sub-acute and now into a chronic classification, their overall performance of these trunk tests

is a better correlator of pain.

1.19 limitations and Omissions

When designing the study, we focused on individuals who were less active and had low
levels of resistance training. We excluded individuals who were already participating in
heavy weight training to reduce the risk of acute injuries, such as lumbar sprains or strains,
during the training intervention. We did not exclude individuals based on body weight or
measure their body weight. However, considering the potential association between body
weight and lower back pain (Okifuji & Hare, 2015b), it may have been valuable to measure
body weight as a participant statistic at the beginning of the intervention. In hindsight, it

would be valuable to use as an additional variable in a multivariate analysis.

Due to the focus on strengthening, participants in this study worked within a
hypertrophy range for the stability-AB intervention; and we loaded participants in the
dynamic-BA intervention a lot more than what a corresponding intervention such as yoga or
pilates would. An additional consideration for increasing the scope of this study would be to
either taking body composition measurements or diagnostic imaging, depending on financial
limitations, to ascertain if hypertrophy had occurred over the eight weeks. Additionally,
considering the flex and relaxation phenomena (Gupta, 2001), in conjunction with the trunk
endurance strength, it could be interesting to take electromyography readings at each of the
assessment points to assess if participants had measurable dysfunction regarding erector
spinae contraction and the inability for muscular relaxation and if either of these interventions

impacted this.

We had a total of 11 participants who expressed interest in participating in the research
study, could commit to the requirements, and fit the inclusion criteria. Of these, seven
participants in total finished the clinical intervention, while two dropped out and two had to
be removed from the study. Of the two participants that dropped out, the first had completed
six weeks of clinical intervention and two assessments. During week 7 they reported there
was a family emergency and unfortunately had to move to a different region in the country
and, as a consequence, could not finish the final two weeks and last assessment of the clinical
intervention. The second participant dropped out after one assessment in the first week of

training due to the inability to complete the training due to the level of pain. However, they



did clarify that this was not an exacerbation of lower back pain, but an unrelated pathology in
their right leg, which resulted in them wearing a brace the majority of the working day. Of the
two removed from the study, the first had completed seven weeks of exercise intervention
and the second assessment at week 8. At this time they travelled to a different part of the
country and although they expected to return, they did not. After two weeks they had missed
a week of intervention training and also their final assessment, therefore had to be removed.
The final participant was removed from the study during week 6, after two assessments and
five weeks of intervention training. The participant had a sudden change in their home life
situation, which required moving and a lot of lifting, subsequently resulting in an acute lower
back pain flare-up during. This was reported during the second assessment and the participant
was asked to see their GP. It was identified that the participant suffered from retrolothesis and
osteopenia of the spinal structure and did not fall under the category of non-specific chronic
lower back pain anymore. As a testimonial of the success of the interventions, two of the
seven participants asked to continue working with primary researcher, once the study had

completed, due to the change in Pain and outcomes.

Our primary goal was to design exercise programs targeting the sagittal, and frontal
planes, considering the function of TA, RA, multifidus and erector spinae. However, we did
have very minimal exercises that targeted the transverse plane, with the exception of exercise
such has the modified superman, with uni-lateral leg and arm elevation, to resist rotation and
train the multifidus. In hindsight, it may have been an oversight in overall design of the
dynamic movement intervention to not include internal/ external oblique focused movements

in the core muscle comparisons



Chapter 6

This final chapter contains a summation and final thoughts about the results we found

during the study, how they link to prior studies, and our final recommendations.

1.20 Summation

This research study aimed to evaluate the effectiveness of different core strength exercise
interventions in reducing pain in individuals with NSCLBP. Specifically, the study compares
interventions targeting the transverse abdominus/multifidus (stability-AB) and the rectus
abdominus/spinal erectors (dynamic-BA) and investigates whether sequentially targeting one
muscle group before the other provides a better outcome. Regarding the effectiveness of core
interventions as a whole, both the stability and dynamic interventions were effective in
reducing pain and improving physical function in our participants suffering from NSCLBP.
The primary success, other than finding significance, is the large effect sizes with each
variable tested indicating the effectiveness of the intervention, and the improvements to pain

were individually substantial.

Regarding the sequential nature of the research design, we did not find any statistically
significant effects among all outcomes for either intervention sequence, with the exception of
changes in physical impairment scores. This may indicate that exercise prescriptions targeting
both muscle groups are important when considering interventions, but the ordering may be of
much less importance and could come down to an individual-specific movement intolerance.
Our participants had a negative correlation between their overall trunk strength and their
levels of pain/LBPRS outcomes, in comparison to the trunk strength ratios of good and poor-
which did not find much correlation overall; The participants had much more significant

correlations regarding total endurance strength/ performance measures of the MTETB.

The greatest research limitation of this study was the small sample size. Fewer
participants were recruited that expected despite several recruitment initiatives and thorough
advertising through social media, physiotherapy clinics, and the University of Waikato
community boards. While statistically significant results were obtained with, for the most
part, robust effect sizes, the effect of the limited sample size is evident. In the dynamic-BA

intervention, although there was an increase in pain in only one participant’s data between



interventions 1 and 2, it led to the overall mean value for their associated group to have an
increase in pain. It is therefore important to not over-reach when making conclusions when
considering aspects of this study’s findings. That said, that the participant experienced a
temporary increase in pain over during the clinical intervention reinforces the need to have a
level of exercise individualization to account for individuals' levels of varying pain or
performance ability, and highlights the personalized approach needed for the management of

NSCLBP and how it should be monitored.

Regarding future research, if we were to consider the present work a pilot study, based
on its findings, a much larger study following a similar methodology is definitely merited. A
larger participant sample size would be the most important factor, and could potentially allow
for four interventions: Stability-A alone, dynamic-B alone, stability to dynamic-AB, and
dynamic to stability-BA. Longer intervention periods could also be considered. Together,
these changes could provide better resolution on whether or not one intervention is better than
the other and/or whether one intervention supports the other. Certainly, based on the current
study, there can be confidence that irrespective of the intervention, the participant should see

some benefit.

Incorporating outcome measures relating to psychological factors and how they
interact with different interventions could also help in providing a more robust understanding
of the treatment and management of NSCLBP. Additional considerations could be
incorporating a wash period between interventions to try to control for carryover effects.
Additional consideration would be an intervention group that did a combination of stability

and dynamic exercises simultaneously.

1.21 Final Recommendation

Considering the significance and large effect size found with the intervention as a
whole, we conclude that an intervention targeting specific trunk/core muscles (stability or
dynamic) regardless of intervention order may have an impact of considerable effect on
reducing the level of lower back (and leg) pain. It may also positively impact disability index
and physical impairment scores, and associated quality of life for individuals who suffer from

non-specific, chronic lower back pain.
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Appendices



1.22 Trunk flexion- Dynamic

Jefferson unloaded 1

Standing abdominalcrunch. 2

Using a band above the head, grab the
band with both ams out front aboss




1.23 Trunk Extension- Dynamic

Lumbar extension

1

Lia chormm flct o yonar storrmmch,
with arms tuciad undomeath the
cheet or directly in
front.depering on what s most
comfartable.

'While maintalning the pelvis and
hipa on the finor, try and arch your




1.24 Cat-Camel/ pelvic tilt- Dynamic

Active pelvic tilt

1

&it on m clwlr with thigis perallel
to the ground or bolow {this may
be done standing If k a sasiar to
porfiorm the moverment Initially)
Mainta ining stoady breathing and
abdominal pressure, slowly move
your hips and Lot your lowsr Back
arch, and then push your hips
foreard allowing your back to
roumncl

Allomate botwoon thess teo

posttins within your svellable
range of maotion.

2

SR&up In a chalr with you back swey
from the bacioest OF It s oned and
place your arkis on your knees.




1.25 Modified Superman-Dynamic

1

Lie face down on the foor with
arma foldad, under tha forshesd
or in the most comforiable

pasiion.

Tuek in chin and slowty Lift your
Laga off tha floor without Lifting up
the hips, whils slightly slevating
tha chost If necdad to alloor the
movemaTt.

Slowly lowar the laga to tha
starting position.

5

I.l.onth.lmrwllmmd

Superman strengthening

, L
e Lt
© L . °




1.26 Anterior Hold- Stability

Loaded hold shoulder raise 1

Using any type of load idumbbell,
madicine bell, plade reles weight
up untilL shoulder helght.
Malniain a brared hrunk whils
weigit s slovated.

Hold tha weight until shoulders
bagin to drop the weight or trunk
bagina to lose stabliity and round
forwaad.



1.27 Side plank- Stability

Side plank on the wall 1

SLland nexl Lo a wallal an
appreclable distancc ithe further
away the harder the movement)
50 your forearm can be on the
wall; you will ke at an angle to
uctivate your abdominals,

Put your feet next to each other
and put your forearm at shoulder
height while holding the position
of your feet while keeplng &
straight line.

Hold the position as long as
possible and return to standing

Side plank with abduction 2

Lie an your side with knees bent
roughly at go degrees and one.




1.28 Hip-hinge — Stability

Seated goodmornings 1

Sit at the ond of the bench and
Foet al the position which allcws
the moat hip movement \Usinga
atick, keep the trunk stralght and
tght while moving It ae far as you
can bofore apinol fladon occura.
Roburm to start position.



1.29 Plank Variations (Bird-dog)- Stability

Abdominal plank

Siart with all four Limba on the
ground and than puush yourself up
with your forearms and your tosa,
with your chin tuciosd In.

Your body should be a stralght
lina and maintain poaltion for as
long »s possible.




1.30 Visual Analogue Scale

012345678910

Worst Pain
No Pam Mild Moderate Severe  Very Severe Possible

0000 @
7-9



1.31 Mecgill’s Torso Muscular Endurance Test Battery

MCGILL'S TORSO .
MUSCULAR ENDURANCE .
TEST BATTERY

Trunk Flexer Enderance Test
Thow S i o i e i i o ey 0wt vl v i s o s o s fLis,

fransverss shaminls, quecralus imshanum, and ameler sphasd. b« Huad tuct imolving a stabie, kametris caslraction of He
novior icsches, ok i b sl At el el ok gm anc cam o g okl the s position.

Comirainiiealorn
Thix ieetmap not b cubtahis or ialivideels wia i fom bav-bark pain, o led ot back srgen;, asdior s In
themidst of mm acele bw-Bach fare-m

Exiret:
L]
+ i ool
+ Strp taptimal}
A-tor! precacs:
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Tt il et oA YO

+ Tha COIFY shorks the stapstrh 1 bt or ha moves The Iseed showt & Inehes (10 can) haek, whila e eliat ma rhales The
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+ T lrusie thi et Koo Ly o i o I th brun i paeition:
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+ i part o i back ehoubd touch the back wet.

+ Racarr the ellaraly timss o K racond wot prowsied o Fiare 4 lder (n thiy saction.




Trunk Lateral Endurance Test

The tremk botewal owcurascs teet, 2w vl the sils-ridgo Tewl, svscsssn muscalar andurese of tie lessl core meecies:
(La, renrrs sheiominks, ahllgass, quadeytes Lanbarum, aed scior opinas). Simllar te the trak fleme sndiaes noa tast, this
Himad toet | nusioes stalic, bk coirctions sl the krtaral muscles on each side of the trunk that stabilics the splee.

Crarindting:

Thi teet may et ba su bl far indvidee it

« With shoukar paln wrweelnses
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Tramk Exinnzor Endursecs Test
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FRqum 9.
* Tart the sispweich 25 n &3 the cisut svsum this posiisn.
+ Toonindte e et mhowt the el ¢4 89 ieuer i skain the positic.
» Rneaxd the clisal's tims on the meard shast.
Aller cornpinting all vlomar s of et (M toreo musculer saderace et butiery, tie CHIES can we Figee 4 b rxoal the
ety dote
‘ F Figara 4
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1.32  Human Research Ethics Approval

The University of Wakiato Human Research Etfics Commitize
Privae Bag 3105 Foger Moizen
Gate 1, Knighton Road Telaphone: +64021658119

THE UMIVERSITY (OF

WAIKATO

Harmiion, New 2 1 Emaithumanethics@walkato.ac.nz
B T Whase Winurps o Badtn
24 April 2023
Adam Callaghan
Te Huataki Waiora School of Health
DHECS

By email: gicy2@students waikato ac.nz

Dear Adam

HREC{Health)2023:# 06 Strengthening transverse abdominus/multifidus (TA) versus rectus
abdominus/zpinal erector (RA) muscles for non-specific chronic lower-back pain

Thank you for your responzes to the Commitiee feasdback.

We are now pleased to provide formal approval for your project.

Piease contact the Committee by email (humanethics@waikato.ac_nz) if you wish to make
changes to your project as it unfolds, quoting your application number with your future
comespondence. Any minor changes or additions to the approved research activities can be
handled outside the monthly application cycle.

We wizh you all the best with your research.

Regards,

I
A

-

Emerituz Professor Roger Moltzen MNZM
Chairperson
University of Waikato Human Research Ethics Committee



1.33  Low Back Pain Rating Scale

Low Back Pain Rating Scale of Manniche et al.
Crverview:
Manniche et al developed rating scale io evaluate patients with low back pain. The scale covers the 4
manifest components of back pain and was designed for monitoring outcome following therapeutic
interventions. The authors are from several hospitals in Denmark.
Measures in rating scale:
(1) back and leg pain (60 points)
(2) disability index (30 points)
(3) physical impairment (40 points)
Back and Leg Pain
Visual analogue scales (WVAS) ranging from I (no pain) to 10 (worst imaginable pain):
(1) back pain at the time of the examination
(2) leg pain at the time of the examination
(3) the worst back pain within the last 2 weeks
(4) the worst leg pain within the last 2 weeks
(5) average level of back pain during the last 2 weeks
(B8) average level of leg pain during the past 2 weeks
pain index =
= SUM|points for all 8 visual analogue scales)
Disability Index
Questions (Table 1 page 318)
(1) Can you sleep at night without kow back pain interfereing ?
(2) Can you do your daiby work without low back pain reducing your activities?
(3) Can you do the easy chores at home such as watering flowers or cleaning the table?
(4) Can you put on shoes and stockings by yourself?
(5) Can you carmmy two full shopping bags (10 kilograms total)?
(B8) Can you get up from a low armchair without difficulty?
(7) Can you bend over the wash basin to brush your teeth?

(8) Can you climb stairs from one floor to another without resting because of low back pain?



(8) Can you walk 400 meters without resting because of low back pain?

(10} Can you run 100 meters without resting because of low back pain?

(11} Can you ride a bike or drive a car without feeling any low back pain?

(12} Does low back pain influence your emational relationship to your nearest family?

(13) Did you have io give up contact with other people within the last 2 weeks because of low
back pain?

(14} If it was a present interest do you think that there are certain jobs which you would not be
able to manage because of your back trouble?

(15) Do you think that the low back pain will influence your future?

Responses Points Forward Reverse
. not a problem [ a yes . no

can be a problem 1 [ can be can be

is a problem . 2 . no | yes

Forward questions: 1234567891011
Reverse questions: 12 13 14 15

NOTE: In the paper scoring is given as yes = [; can be problem = 1; no = 2. However these responses
for the last 4 questions reverse the general trend of the first 11 guestions. It makes more sense to me
to reverse the sconng for the last 4 quesons.

disability index = SUM{points for all 15 questions)
Physical Impairment
Measures:

(1) endurance of back muscles: length of time that the patient can lie honizontal above the
floor with the legs strapped to a bench and the trunk unsupported from the lewvel of the iliac
crest

(2) back mobility: modified Schober's test (see Calin 1928 (a) draw a line between the
postenor iliac spines then (b) identify a point 10 cm above the midpoint of the line then (c) with
the person bending forward measure the distance from that point fo the midpoint of the line
connecting the postenor iliac spines and (d) determine the distraction = increase in
measuremnt while bending forward.

(3) overall mobility: fastest time taken to go from (a) lying supine on a flat couch B0 cm above
the floor to (b) standing beside the couch then (c) walking to the end of the couch where (d) a
deep knee bend is done and then (&) returm to the starting position.

(4) use of analgesics: based on the frequency of use for non-narcotic and narcotic analgesics
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use of morphine or analegues 1-4 times a week 2]

use of morphine or analegues 5+ imes a week 10

impairment index = SUM({paints for all 4 measures)

Interpretation:

» minimum score for subscores and total: D

= maimum pain indesc: 60

= macimum disability inde:x: 30

= macimum physical impaiment 40

= maximum iotal points: 130

- The higher the score the greater the level of disability and impairment.
Performance:

= The scale was found to be reliable based on comparisons with the Global Assessments
reported by an experienced clinician and the patient.

= Inter-rater agreement is high.

References:
Calin A. Chapler 5.5 5: Ankylosing spondylitis pages 1058-1070 (page 1065). IN: Maddison
FJ Isenberg DA et al (editors). Oxford Textbook of Rheumatology Second Edition. Ouxford
Medical Publications. 1998.

Manniche C Asmussen K et al. Low back pain rating scale: Validation of a tool for assessment of low
back pain. Pain. 1884; 57: 317-326.



1.34 Physical Activity Readiness Questionnaire

2020 PAR-Q+

The Physical Activity Readiness Questionnaire for Everyone
Thrhrtlth sonsatenf ege e ok yrica act vity yoeclear: mare praple skoa d eagage = physiosl yrtivicy every day of -hewees. Saricipat -gin
shysical aciizy s wery safa for 1051 peesa 1als e astlonnalrzw 2 lyau whather ¢ < necess: oy for voa ta ssek father advie “om your decor
OBz qarificd eversies neafratinml hefars hoenm ng mnes physcelly setive

GENERAL HEALTH QUESTIONS

Please read the 7 questions below carefully and answer each one honestly: check YES or NO. YES| NO

1 Has your doctor ever sa'd that you have a heart cenditien (J©R high hlncd pressure (J?

72110 you leel po'nin your chesl at rast, doring your daily o Livitizs of living, OR when yon dao
physical activity?

2100 you lose Balaricz becouse ol dizziness OR have you lust consuousness in tha lust 12 mionths?
Flezse arowes RO Ifyour dizz ress wis sssaclzied wth eve-Lreathing O reluding dar 1 vigorous avercsah

1 Have yau ever been diagnosed with anather chranic medical condition (other than heart diseass
or h'gh blood pressuie)? PLEASELIST CONDITION|S| HERE:

= Are you currertly taking prascribed madicatinns tor a chronic madical condition?
PLEASE LIST CONDITION{S) AND MEDICATIONS HERE:

o(o|0|a|o
BT | B | B )| B

G, Do you currently have (o1 have had wthin the past 12 menths; akonhg, Joint, or softtlssus
rmuscle, ligament, or tendan) preblem that could be made worse by becaming mere physically
Active? Peazearwne-NO it vou hads sobler i- the pest =Lt = does not limit your curvent abilkty tc bz physizs 5 2ctive.
PLEASE LIST CONDITIONIS! HERE:

71 Has your decter ever said that you should enly do medically supervised physical activity?

| | @

M If you answerad NO to aﬁ of the questions abova you are cleared for physical activity.
Please sign the PARTICIPANT DECLARATION. You do not need to complete Pages 2 and 3.

G S=art haraming vick vaca peopsisally acdwe = a = sleraly aned huiled L p arachoally

i'.‘l “allcw Glabal Pagzizal Aztivizy Guizelinzs for vour age httosy Sppaw-cintins e ~dle 1 1555/44159],

® your-aytakz parcina beachandfitessassora.

® “yoL are owcrtheagz of £5 yr and NOT sczustomed to reg L ar viz 2ocus te maxi Tl zfert sxoise sonz. <3 qua hzd cxcrcisz
zroteszioral botoes ar 335i19 inthis imens ty o exoisz,

@ yon asveany furthes quesuans. contace a qualif2d exercls2 professlenal,

PARTICIPANT DECLARATION J . y .

T yoL are 'e_ss than tielecal aze rec vired for consers orrequire the assen of a Csre provicer, yoJr parant, QUAIS 31 01 C3 e Srovider Tust

ol LIRS {

vz oders g e, have rzad, understoodd t my full sat factlen 3¢ conpletad thlz quzzt2nzlre lacoswlesse that thls phezlzzlaclviy
c=yareisaldforamezimum o dmomi-stom thedate it : compleies and becoTesinval d Ty co-ditio= changes  alwe
zrknevdsdge -kt th - cem munitychtnsss conter may ro-zie acopy ot this ternSar tsreenres. Inthescinstances. ity 1@ ainthe

conider ity ef the sane con plying with a2z iable sw.
A - DETS
SIGHATUSE WITNCS:

SIGNATUAL SFP. CASL PECYIDCR

I @) If you answered YES to one or mare of the questions above, COMPLETE PAGES 2 AND 3, I

/3 Delay beroming more active if:

Yo hava s tamperary illness <e.oy asa cald arfevern; t < hes =aoaait anrllvan “ee better.

Yeus r:\tﬁr:%n:nt -2 wc yeur ~oalth 6’-}‘: practitiorer, your physiciz 1, = qusliizd excrckie zrefzzzion:| arzier compleze tie
clSlEnnd-aF At v en: nedoon bdfure Secominginu s plivsice v allive
Yaur Fzalth ckarge:  answsrtha roac ansan Fazes ? and 3 afrhilz dernme=- andiar =z k-nyoureas-ar ars qua Sec exenris=
! arafessinral hefar= covtinning with any physica S5y sy,
LTI DR TR RN TI N
4 J&1 R




2020 PAR-Q+

FOLLOW-UP QUESTIONS ABOUT YOUR MEDICAL CONDITION{S)

1 Do you have Arthritls, Osteoporosls, or Back Problems?
Itt-2aboyve zo-d toriziizia € present, answer cuastions 15 "¢ FHeJcooquesan?
a Lo yeu havr e Smaly roa=vl irg your mar diticn with rediczt ons ornther nhyscian peseibed sherapios? VBD noJ
idswer NIl yuu gis ~oluaently hing ned cations o el Ueatimentsl
b Clo you haveje rt craclems <aus <4 paia, & eceatfisctace or fracty re causad by ostecp-orosis o carce:
displacsc werehra (ma. spondylnliste ouis), @ -dior sporcyialysis’pars dooret inc-arkin ~he bong ring an che e noJ
Fae b2l 1ee suingl celaend?
< Haws yeu aad stersid injections ¢ takes enerscltakletsragulady for merz the - 3 rreat 5! Yes[J no[J
2. Do you currently have Cancer of any kind?
If the abxove vone sionis) isfara prazent. 2iswve’ et cirs ia-10 INe[Jau nque:en 3
23, LCoes yaursancel diagnos s e _de oy sfthe o avang tyces: ungBrorcheganiz rult olenyedsnz jcz~ce of ves() no(
pazmz cells.. head, aneszr nack!?
2l Aue yuu Luire Uy seeiv rg canee Urerzow suchas clenotheaply cscictiszpy)? ves[) no[)
£ X Do you have e Hesrt or Cardiovasculer Condition? This Indudes Coronary Artery Diseass, Heart Fallure,
Diagnosed Abnommality of Heart Rhythm
If toe abhnue sard teelsiisiace present, answel cuestions 32-3d f NQDg: oquaon 4
38, Lo yau have ¢ Sizuly canzeel Irg your corditen with irzdicztznz cr other ohys slan-pezc1kzd therapizs! ves(J noJ
vanswar NOF you are =3t car-antly tzking med zations o+ 2tier treatmiznts)
3l Cu yeu havsor ineyulon Feait beat Vs iega ces nedice penez s en? YEBs(J no D
izg. 3zl9ge 1atoq, prer-zeorz vanericular cx i acton?
3 Lo yzu have o104 < w=at7a Lre? yes(J) no D)
%L Coyeu liavscagionee: connng sy an ey G anl ovasc alec sliveass ar:lhess e petizipetelinosgn an phgyirz
euliviy 1 L wlasaZ1 o i YES[J no[
a Do you currently have High Blond Pressure?
IFt-2above co-d torisiiza € presant, answer cuastions <o 4k I* NOD cooquaizan s
Ja. 2oyl ~avediffic. ty 2arrolling yeu s concit o w11 mee catlens o otael physizlar-arescr bed tarasies: ves(J no[J
esael MO Tycu ae not correncly ak ra nedlzezoas or &hes treatirents,
Ak, TXOWDL AR A T N b o e are pee 1000 greale HeAn TSRS e gewi oo we ool eelioal oe?
e s YESIyou o ot o vow cestin g Llucd prezscis 0 v
5. Do you have any Metzbolic Conditlons? This Includes Type 1 Dlabetes, Type Z Cdabetes, Fre-0Olabetes
I e gbiuwe ol Ler 20 sare presant, answer cugstions 5 S fNO(Jarequerans
3a. Lu yeu els s haee Jlculy oo ve lin g vour Lleed sugae levels wio o foode iedications, wouthe ol ye < an- yes(J no D
|>rRIC C€C TI2MAE 257
Sl Cuegenn et @osutles “mne sigos drne sgropiones ol love b cee soga )1 ypegh wnidl e oning exs-< sk qalne
duing azelv tes of eally wing? Mgas of ayasslycert s may InZluce thakine:s revoLsiess. Lhuzualnkasilizy.  ves() no[J
Forefna aeating, ch2zr ess oo ¢ht-aeazzenass rertal canfusz or, sfficulte spea ¢ g waak-zss, or sleepiress
xS Cogpeu Dises-ar g s g syivplosn e’ cinlelescenp: catimm s b besar on et ki cliseiee-ariline YES NO
comiplicatiars afect rg your eves, kidney:. @R:he eriaton Inyoul tass ane feet? D wp
»3 Fo yeu r}w;s-e c:her metabo ccorditions suzk as tu-rentprezrancy-relsed dis oetes chroniz kcrevdsesse or  ye 0 e
WL et e
Sk, Arzyou planring o eagage 1 whataryouls Cavsua by higa(orvlgoeus) atersty exaiclsz I the rearfutie’  ves[J noJ
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2020 PAR-Q+

6. Do you have any Mental Health Problems or Leaming Difficulties? This includes Alzhcimer s, Dementia,
Depressian. dnviety Ciscrder, Cating Disorder. Psvehntic Diaavder, Intellectual Disabulity, Towen Syndrame
Fihe abxwe comdiiongs; i prosent, 47w ool ces Sa6h )t NOD;;:l oqaeslan 7
G4, L yea haee o MLy centall vy your cordisicn will mediceior: er e b shys cianepesaisec g ! ves[7] wo[]
GAnswar ND “isu a% net cunenty akirg mzdicat oa: orotherteeaane s
il o e e S Sweechior - AND B b puoblenss atle: g merses e sl en? Yes[] e
7. Da you have a Respiratory Diseasa? This includes Chrenic Oustractive Pulmvnary Disease, fathina,
Pulmenary High Blacd Pressive
If the abave candit or =i Is/ale presat, znswrer questlons 7z-7: o [Jucto quastiza s
. Lioyor havz d=culty cortes ira your zonditic 1 with mcications ¢ - other physizion ¢ esc bad therspics? ves[J) mo]
wdnsaer NQif gonase =5t cuesncly taking medizatiaas or other -reatrensa
7k 22 wear coter evar sad vaun bleod aygan leve 1z loveatres: o1 duiing exe-c se andier thetias. recjuire ves[g mo)
\II[:[J‘"II('UII: Lol (i |'Il'li:|')".'."
(R IFasthmadc, do you cuneaty havs syptens o chast g trass, whesaing aboJred oreathing corslsientcsugy oo Q nen)
ur2rathan & dsystaseks o ave wou ssed your 2520 emed 2aticn meors than twice in the astvmsk?
il s srzar e tee peen s won P ave high Lleoe ressare o e Blooe cesaedy ol e brgay ves( noD
a. Do you heve s Spinal Cord Injury? Thivineluiles Tetraplenyio and Paraplegis
I tha abnys candit ar 61 19530 rsge * 1, 2NSWeT qUearons 4a-27 N0 antaquamizaa
8T Lioyou havs d=Sculty corteo ira your zonditic 1 with mzcications ¢ - other physizian £ esc- bod therzpics? ves() oD
Chrvaer NQ g ase <ol Iy Labitmg roescdiza s oo otler realiren |
k. Lz commer y exb bl low rzsting blood pzssure significaat encugh o cause slznass lgh=teadleclies:.
T rd{'or faintina? res(]) vo
ac. 12z e ar paysic ar Irdicated hatyed exhib tsudeen bouts 55hig4 o eadd ores: _7e | <~ awa & Autara™ile
Lwsraflasla; ves( noD
9. Have you had a Strake? This includesTransiant lschemic Attack (TIAL o Cerehrovaseular Fuent
If the abnee candit ar i Isqate prese oh, answer questons 3367 1 NOL] u e cuesing 10
Q. Loye hdesd Tieully corbio iry yeu cunditic wilorscications ¢+ olher physiziaipoeac bed Uie 2pies?
tAnswel HOIFvou ase ~atourently taklag medlzadons ar sther reauvantsi ves(J w00
9. Coycr. haesary impai-—=atic w2 king cr mroaili-y? ves() no D
9c. Haveyou 2xperleacad 2 sucke o rrparrmant Inneve: orr-asdes 11tz past 6 nonths: ves() noJ
10, Do you have any other medical condition not listad above or do you have two or more medical conditlons?
tfyan have ather medizal sondInoas, saswer quastaag “ia-10 f mD =3¢ the Fage 4 «camrierdztons
“ha. Hrenyeu experizrced & s ackeat, linted. or Is-ronseinus-essns aesalt e avend = ey wichin she ast 12 YES NO
1 I'.-. OR Faervin Parl adagneselrenn assine wils = e b " 2menthe? o O
uh Lz y2 have amredica zoadition thet s rotlistec iz, <k a3 2pilapsy. 12ur-lonizz|zorditions, kidrey oreolems)?  YESC] Ho[J
T Coyeruaently ve wiliteas o mois reed sal cend tioes? YESD NDD

PLEASE LIST YOUR MEDICAL CONDITION(S]
AND ANY RELATED MEDRICATIONS HERE:

GO to Page 4 for recommendations about your current
medical condition(s} and sign the PARTICIPANT DECLARATION.

"
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2020 PAR-Q+

(ﬂ If you answered NO t& all of the FOLLOW-UP questions (p%:-il about your medisl condition, w
e
®

you are ready to become more physically active - sign the PARTICIPANT DECLARATION below:

Itis advised that you zcnsulta ?Iu alifiad execis2 protessicnal to halp you develop a safe and sttective ohysical
activity pan tw mest your health neesds,

You are encouraged to start slovdy and build up gradually - 20 1o 60 minutes of low to imoderate inten ity eesiciz.
3-5 days parwasking uding aerobic and muszlz strengthering sxercisss.

® Ssvou proxgress you should smilo sooumnlste 15G imnules ar more of inadensle il ensily physic al qclivity e mesk.

I you are over the age of A% yr and NOT accustomed to reaular vigorous to maximal stort exercise, Zonsult a
L qualificd exzrcise prefessional befere engaging in this inter sity of axeicise. J

F « )

@ If you answered YES to one or mere of the follow-up questions abour your medical con dition:
Fuuseould sess Lattler inloriat or be'ois becon g o ya cally audve n snicazing in 2 13y apoisisdl. Yoo should cernolels
Jvespeially desiy e orline coweing g d weensise peccrngnication: sieg e - e ePARmed-X4+ at wir wie parmedz.com srdiol
sz é qualifies 2xecs2 professiona e wolk thiough she e<Mkrizd-x+ aac for fure-es 1 zir-adon.

>

A\ Delay becoming more actlve if:
© Youhove a temparary illness such as a cold or fever; it is best to wait until yau tocl batter,

You are pregnant - talk ta your health care practiticner, vour physician, a qualihed exercise professional.
and‘cr complete tha cPARmed X at www.eparmedbeoom botore bazeming more physizally active.

Vour heulth changes - walk w yaur duoctor v gualified exercize professianal befors comtinuing vith any physicsl
artivity progam.

® vou e encouiage o photocopy the PRRE-O— You must use Lhe entire questivnngire and NC Changes are permitted,
® The authors, the PAR-O+ Collabaration, parthet organizations, and their sgents asaume no labalty foor persons wha

undzrtake physizal activity andror mak= usz ot tho PAR D orcPARmed X . IF in doubt after completing the questicnmaing,
zenzult your docter prior to physical activity.

PARTICIPANT DECLARATION
® Al peesons who have woimnpdeted the PAR-O+ peass read and sign the declaration belove,

® fycuarc less thantho legal age requived for consent o require the azsent of a care provid=r, your parert. guardian ox care
aravicer muet alsn sinn this form.

I ther unebsigael, have sad, understoud ey W sadsiuction aned corspleteed Uiy questonnairs L acknawledae
1that this phyital s tivily e'razsnes ovalid on g imasiewrn of 12 nonths fror the date i iy comipleten? and bes ey
invalid ity condition chanacs. | also acknow!cdac that the commuanity/Aitnoss cortcr may retain a copy of this
farm for records, 'a these instancss, it will maintain the confidentiality of the same, complying with applicak!z law.

NakF 8 F

S GNALLRE WITNESS

S ANATJRE OF *ARENTZUAICIAN/CARE PROY CZR

Far more anformaliarn, p|e~.a~.e~1 onlal
W DA Fabd . oM
Emalk eparmedxagmail com
9 for PAR-Q—
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1.35

Consent Form

Lower Back Pain Research Study

THE DNIVERSITY OF

University of Waikato WAIKATO

Participant Consent Form

| have read the Participant Information Sheet for this study and have had the details
of the study explained to me. My questions about the study have been answered fo
my satisfaction, and | understand that | may ask further questions at any time.

| also understand that participation is completely voluntary and | can decline to answer
any particular questions or do any activity that | do not feel comfortable with. | can
also withdraw at any fime up until three weeks after my final session (last assessment
and briefing). If | withdraw, | understand that any data | have contributed to the study
will also be removed.

| agree to provide information to the researchers under the conditions of confidentiality
set out on the Participant Information Sheet.

| agree to paricipate in this study under the conditions set out in the Participant
Information Sheet.

Signed:

Mame:

Date:




1.36 Participant Information Sheet

Lowar Back Pain Rassarch 3tudy

TIIE DNIVERSTTY OT

. WAIKATO

Hgiiaan Te Wime Hiasugs o Hairta

Unhearsity of Wallnte
Partidpation Information Sheet

Thank you for shawing irtarest In partidpeting In my ressarchl My nama s Adam Callaghan,
and | am currently undertaking a research sty to complere my Master's degree In Health,
Sport and Human Performance at the University of Walkate. My supardsar for this study 1s
Dr Bratt Langlay.

What doas my study hope to do?

Tha msearch shudy wa are condurting b to evehuts haw strengthaning the different
trunkfabdamingl musdes mpacts paln Meak o peopha who suffar from daronie lwvae back
pain. We are espedally Interested In how a stablity-focused exercke Interventlon {core
sirength In the umbar region] contrasiz with a2 dywamic movement-focusad Intervention
{mavement in the lumbar region). The primary goals from this study are to asseds which
Intervention providesa better outcome, and If one Intervention acts as a better sarting point
for pragreming to tha other Intervanton. This ressarch hopes ta snhanca bast prectice= In
managing lower back paln and could have important Implications for rehablBtation strategles
more broadly.

‘Who am | looking for?

You will need to have had chronie [for 12 weeks or longer) mid to moderate kwer back pain,
withaut a clear or diagnessd reason. You will peed to be 18-59 years of age and not do more
than ane day of resEtance treining par weak. For mesors of safety, you annot have ssvare
pain, disablity-assockted paln, or an Injury or dognosed pathology assodated with the pain.
Whart would you be mpaciad to do wnd herw kang will | take?

You would ba Frvoheed in s study that s slght weehs of total duretion. Over thesa alght weaks
you wil partidpate In nwo exerdse Interventions (four weeks per each intervention). Each
Intervention will require a total of 12 training sessions to be perfarmed (thres per weals; one
supardsed and two by yaurself). Tha oxpected Hme of sach tralning is astmated to be 30-45
minutes depending on your seli-se{ected rest ime, Initial and follow-up assessments (three
In total) are spected ta take 50 minutes to compleia.

Each training will corsist of four exerdses to be completed, Each exerdse has two warm-up
stz {to minimizs Injury risk) mnd twa warking sets {untl muscubsr or physologioal fatigu).
Each of tha kow sxircisas will havra thras varations ta selact from so your programmea will ba
Individurlised basad on your strength, movement capabliities, and your level of pain.

Threa aesessmrtt and briafing sssxdons will taka place during the course of the programme —
one gt the begiming, one midway through, and one at the end. During these sesslons, you
will be askad to completz a MoGIl's Torse Muscular Endurance Test Battery and the Low-Back
Pain Axting Scale. The first messures trunk endurance snd strength, while the sscond
measures range of motlon, trunk strength and levels of pain. During these sesslons, 1'will also



work with you to master the required exercises for the next four weeks and provide you an
Mustrated sxercise programme book on how to perform the different exercises and
varistions. The anly ather assessmant 15 to complete the Low-Back Pain Asting Scale once par
week during the supervised exerclse session.

Your rights s 2 participant, showld you chooss to ba a part of the study.

As u parfidpant, you have tha right io esk sny question abaut the study - bafors, during, and
dfter— that youwant to ask. You are encouraged to have a suppart person |oln yourself during
all zaeszment and briefing/ training sesskans and any ather mestings with the ressarchars.
You alse have the gt to red answear any qusstion or do sy acthvity that you do not faal
comfortable with. Your partcipation Is completely voluntary and you can withdraw at any
timn up until thres weeks after the final session we harve. Yau cen do this by telling, emalling,
phoning, o teoctirgg nva {or my supandsar] and you do not reed a reson. Any deta yau have
comributed to the study wil also be removed,

Shudy risks

Tha primary risk ks tha worsaningof the paln that you alrea dy suffer with, Fyour paln s caused
by an undiagnosed pathology/injury to the spine that becomes aggravated by sxercise, Fyou
hawe not hed priar medical Imaging ruling out & dasr pathology and/or Injury, we ek if you
could discuss this proposed study with thelr general practitioner for dearance, prior ta Inltial
assessment Inhry can also be a risk with anmy exercise program. I any type of Injury ccours
during your sxerciss programrma, yau are sskad ta iImmediataly stap your sxercise end bt ma
know. Depending on the severity of the Injury, you may need to seek medical care; | can help
you with that,

Covrrfidantial y and how 1wl b vl robalned

As o partiipant, you will be assigned a Partidpant Number. This Is a code that will be used
for all of your data 50 that your name and any kdentifying Information that you ghve me can
by kagrt safiby locked ey aed sapa rats from any reseanch deta. This mesaces tht sl rassarch
data Is recorded and analysed as de-identified data and your confidentialny as a partidpant
can ba pressrved. None of the reseerch sutputs mentionsd belaw will zontain your name or
arry idantiflable formation sbout you.

What will happen 1o drta?

All of tha reyserch duta will be recorded and sannlysed 25 de-kinntified dyia on 2 password-
probected compuriar ad backed up on o encryptad USE driva that will be locked Inshde &
drawer. Your paper Consent Form and Partidpant Number key wil be kept separate In a
locked cabinat In a secure University of Walkata affice (Supardsor's office). After tha study,
your Corsent Form and Participant Number key will be destroyed, but the reseanch data will
be kept for five years and stored on a secure University of Walkate data drive, The primary
rezsarch output for this study I3 a Masiters research thesis. Secondary outputs will Indude
jourral artkle or book chapter and rehablitation sducational materlal Outputs may akso
Inchude presentations regarding chronlc back paln Imervention at conferences matarial.

Who b eeevieet fon' e informorkicn o In cose of & shody concem

Contact Adam Callaghan at
Emal: adamucallaghanaEgmall.com



Phone: 0212200640

Contact Brett Langl ey at:
Emal: blsnglayBwalkatoac e
Phone: 0224261202

This research praject has heen approved by the Human Research Ethics Committee of the
Univarsity of Waksta undar [rumbar ta be provided]. For amy sthical questions ar cancermns
please contact the Chair of the Committee, emall humenethicsPwalkato.ac.nz, postal
ackress, Lnvershty of Walkato, Te Whare Wananga o Walkato, Private Bag 3105, Hamilon
240"
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Lower back pain?

Do you suffer from mild-to-moderate
lowerback pain? have you had it longer than
three months?

Undiagnosed or no clear indication for the
pain?

18-59 years old?
Could you particpate in a research study

involving three resistance trainings per
week, for 8 weeks?

N .
If so, we would love to hea
from you. "’ Q‘
For more information, "‘
® 3

please contact:

Adam Callaghan .'
0212200640

SLESLTY O

WAIKATO

Adam Callaghan

0212200640
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