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ABSTRACT 

 

The aim of this research was to investigate the relative effectiveness of 

manipulation versus core rehabilitation in the treatment of acute mechanical low 

back pain in sedentary patients. 

 

Recent research has found that dysfunction of the primary core stabiliser 

muscles is linked with an increasing number of the general population suffering 

from low back pain; this is thought to be due to the fact that people in general are 

living more sedentary lifestyles.   

 

The Aims and Objectives of this study were to determine the relative effect of 

manipulation and core rehabilitation in sedentary patients suffering from acute 

mechanical low back pain in terms of subjective findings, objective findings and 

to determine any correlations between these findings 

 

Thirty-two participants, with acute low back pain participated in the study.  They 

received treatment over a period of three weeks, two treatments in the first week, 

two treatments in the second week and a follow up seven days later.  Group A 

received a spinal manipulation while Group B received core rehabilitation 

exercises.  Readings were taken at three time points, namely visit one, three and 

five before the treatment, they included the following readings: Numerical Pain 



Rating Scale, Algometer, Roland Morris Low Back Pain and Disability 

Questionnaire, Biofeedback Stabiliser and the Surface EMG. 

 

The results showed that there was no differential (p<0.05) treatment effect 

between the two Groups, and that both Groups showed a clinical improvement in 

their low back pain. 

 

In conclusion, it appears that even though both these treatment protocols have 

very different mechanisms of action, both can be effective treatment protocols 

and that core rehabilitation exercises when properly performed are as effective 

as manipulation in the treatment of acute low back pain. 
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DEFINITIONS 

 

 Acute 

 

Pain this has a rapid onset and is pronounced symptoms all of which are 

of short duration (Magee, 2002). 

 

 Core Rehabilitation 

 

The rehabilitation and retraining of the core stabilizers of the Lumbar 

Spine. 

 

 

 Manipulation or Adjustment 

 

A manipulation or adjustment is a passive manual maneuver during which 

the joint complex is suddenly carried beyond the normal physiological 

range of movement and through the elastic barrier without exceeding the 

boundaries of anatomical integrity.  The usual characteristic is a dynamic 

specific thrust of controlled velocity and amplitude given at the end of a 

normal passive range of movement to exceed this elastic barrier into the 

range of the para-physiological space.  It is usually accompanied by a 

cracking noise (Sandoz, 1976 and Mrozek et al., 2005).  

 

 Mechanical Low Back Pain 

 

Pain is usually cyclical and often referred to the buttocks and thighs, while 

morning stiffness is commonly associated.  Pain is often associated with 

the start of movement and flexion movements as well as when the patient 

returns to the erect position. Over the course of the day, pain often 



becomes worse but is relived by a change in position.  Relief is obtained 

by lying down especially in the supine position.  (Magee, 2002). 

 

 Mechanoreception 

 

A receptor that is excited by a mechanical pressure or distortion, such as 

touch, sound and muscle contraction (Redwood, 1997). 

 

 Nociception 

 

A receptor that is preferentially sensitive to a noxious stimulus or to a 

stimulus that could turn noxious if it were to be prolonged. 

 

 

 Proprioception  

 

Sensory perception of movement or position within the body (Magee, 

2002). 

 

 Sedentary  

 

Sedentary individuals were defined as those who undertake no leisure 

time physical activities and those who undertake less than 30 minutes of 

physical activity each day. (President’s Council on Physical Fitness and 

Sports Research, 2002). 

 

 Subluxation 

 

The temporary immobilisation of a joint in a position that it may normally 

occupy during any phase of movement (Redwood, 1997). 
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CHAPTER 1 

 

1.1 Introduction 

 

Low back pain is one of the most costly disabilities in modern society and every 

year thousands of working hours are lost because of it (Manga et al., 1993).  

Literature indicates (Goubert et al., 2004, Andersson et al., 1991; Dionne, 1999) 

that this is a result of the fact that between 60 and 80% of the population will at 

some point in their lives suffer from low back pain, while the estimated 

percentage of people suffering from low back pain at any point in time is in the 

region of 20-30% (Cassidy et al., 1992).  Studies conducted in South Africa have 

indicated the incidence of low back pain amongst black South Africans to be 

57.6% (Van der Meulen, 1997) while that amongst the Indian and Coloured 

population was shown to be between 70 and 80% (Docrat, 1999).  It has been 

noted that there is a higher incidence of low back pain amongst women (Magee 

et al., 2002).  

 

Although there are thousands of causes of low back pain, some of the most 

common causes are of a mechanical nature and include Myofascial Pain and 

Dysfunction Syndromes, Posterior (Lumbar) Facet Syndrome and Sacroiliac 

Syndrome (Kirkaldy-Willis et al., 1992).  
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Recent research has found that dysfunction of the primary core stabiliser 

muscles is linked with an increasing number of the general population suffering 

from low back pain (Hodges et al.,1996b). Although the cause of this finding is 

yet unknown, it has been hypothesized that over recent years there has been a 

steady decline in physical activity in the general population. This is thought to be 

mainly due to our fast paced lives, which has led to a steady decline in our once 

strong core muscle system (Jorgensen et al., 1997).  The unfortunate implication 

of this is that those muscles which were once our strong postural muscles are 

now weak and ineffective, therefore making us more prone to both spinal injuries 

and low back pain (Hodges et al., 1996b). 

 

Thus in more recent years there has been a move towards the use of 

rehabilitation and rehabilitative exercises, with regards to the core stability 

muscles in the treatment of mechanical low back pain and there have been some 

positive results produced using this method of treatment (Hides et al., 1996; 

O’Sullivan et al., 1997; Hides et al., 2001; Danneels et al., 2001).  As a result and 

in conjunction with anecdotal evidence, there is a suggestion that chiropractors 

are moving away from a purely manipulative treatment when dealing with 

mechanical low back pain and are instead using a combined treatment of both 

manipulation and rehabilitation, which is thought to have better clinical outcomes 

than manipulation alone (Liebenson, 1996). Recently conducted research has 

indicated that a combination of manipulation combined with rehabilitation did not 
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in fact improve clinical outcomes (Boden, 2000) but, it has not yet been shown 

that core stability rehabilitation alone as a primary intervention, is effective. 

 

Therefore the aim of this research was to investigate the relative effect of 

manipulation and core rehabilitation in the treatment of acute mechanical low 

back pain in sedentary patients. 

 

1.2 Aims and Objectives 

 

The relative effect of manipulation and core rehabilitation in the treatment 

of acute mechanical low back pain in sedentary patients. 

 

1.2.1 To determine the relative effect of manipulation (Group A) and core 

rehabilitation (Group B) in sedentary patients suffering from acute 

mechanical low back pain in terms of the subjective findings. 

1.2.2 To determine the relative effect of manipulation (Group A) and core 

rehabilitation (Group B) in sedentary patients suffering from acute 

mechanical low back pain in terms of the objective findings. 

1.2.3 To determine any correlations between the subjective and objective 

outcomes for Group A and Group B. 
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1.3 Hypotheses 

 

1.3.1 Patients suffering from acute mechanical low back pain should not show a 

clinical improvement (subjective and objective) when treated using 

manipulation. 

1.3.2 Patients suffering from acute mechanical low back pain should not show a 

clinical improvement (subjective and objective) when treated using core 

stability exercises. 

 

1.4 Rationale 

 

1.4.1 Health researchers have shown that low back pain is one of the most 

costly health problems in the world today (Manga et al., 1993) and 

therefore investigating means to not only treat acute mechanical low back 

pain but to try and prevent recurrence of the problem would be highly 

beneficial. 

1.4.2 Core stability has been indicated to have an effect on mechanical lower 

back pain; therefore a relationship between core stability and low back 

pain must exist (Hodges et al., 1996).  

1.4.3 Furthermore literature has indicated that sedentary people have a less 

effective core stability system than athletes, however a baseline for 
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sedentary participants is not available in the literature from which to make 

this assertion (Robertson, 2005).  

1.4.4 In addition, literature (Hides et al. 1994; Danneels et al., 1994) has 

indicated that in a large number of cases when participants experience an 

episode of mechanical low back pain, the multifidus and other core 

stabiliser muscles may become inhibited and in some cases inactive, and 

even though there is resolution of that particular episode, the core 

stabiliser muscles (specifically the multifidus muscle) may remain inactive 

or in some participants weakened. As a result, it is thought that only by 

participation in a rehabilitation program that activation (or in this case re-

activation) of the multifidus is possible and in association with endurance 

training and strengthening this may contribute to a lower recurrence rate in 

mechanical low back pain. (Evans et al., 2000). 

1.4.5 A recent study compared manipulation combined with rehabilitation to 

manipulation alone but could not conclude that this treatment protocol was 

in fact more effective than manipulation alone (Boden, 2000). This was not 

possible because core stability rehabilitation as a primary intervention had 

not yet been established as an effective method of treatment in its own 

right. 
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1.5 Benefits 

 

1.5.1 Once the study is complete baseline stabilizer initial readings will be 

available for the sedentary population, which will be able to determine 

whether or not they actually do have lower readings those obtained from 

athletes. 

1.5.2 Completion of the study will indicate whether core stability training is in 

fact effective in the treatment of acute mechanical low back pain. 

1.5.3 Completion of the study will also indicate whether or not manipulation is in 

fact effective in the treatment of mechanical low back pain. 

1.5.4 The results of this study will assist in discovering a treatment protocol for 

mechanical low back pain that may not only treat the current symptoms 

but also prevent future recurrence of the current problem. 

1.5.5 Once it can be ascertained that core stability training is / is not effective in 

the treatment of mechanical low back pain it can be further researched 

whether in fact a combination treatment of core stability training and 

manipulation combined is a more effective treatment protocol than 

manipulation alone. 
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1.6 Limitations 

 

1.6.1 Due to time and financial constraints this study only had 32 participants, 

 which may affect the statistical viability of the study. Therefore the results 

 of this study should be viewed as a pilot investigation in order to stimulate 

 future research in this field. 

1.6.2 Due to limits placed on this research only patients suffering from Lumbar 

 Facet Syndrome and Sacroiliac Syndrome were included therefore there 

  was no indication on results pertaining to any other cause of 

 mechanical low back pain. 

1.6.3 All precautions were taken to ensure that the patient were in fact using 

 the core stability muscles when performing the prescribed exercises, 

 however there is no mechanism to prevent patients compensating for 

 weak core muscles by using the global muscle system. 

1.6.4 There was no stratification within the Groups with regards to whether or 

not the patients had a history of low back pain. 
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1.7 Conclusion 

 

For years people around the world have been seeking a miracle cure to the 

devastating condition that low back pain can be, and although this is one of the 

most researched conditions in medical history there is still no clear answer to the 

problem (Liebenson et al., 1996).  There are many treatment protocols that have 

been shown to be effective and there are many effective protocols that are 

commonly used but have little or no research to back them, which is why this 

research is so necessary and beneficial. 

 

The following chapters will cover the literature currently available on this topic, 

the methodology of this study, the statistical analysis and results and lastly the 

conclusion and recommendations. 
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CHAPTER 2 

 

The following chapter reviews the relevant literature perused for this research.  

Information was gathered from numerous sources including journal articles, 

published reports, web sites and textbooks as well as anecdotal evidence. 

 

The following aspects were reviewed:   

 Anatomy of the lumbar spine and sacroiliac joints,  

 Syndromes relating to low back pain,  

 Manipulation 

 Core Stability Rehabilitation 

 

2.1 Introduction to Low Back Pain  

Approximately 80% of the world’s population will develop low back pain at some 

point in their life (Andersson et al., 1991;Anderson et al., 1997; Dionne, 1999), 

and it is the fifth most common reason for a physician visits (Papageorgiou et al., 

1991).  In people aged 45-64 years it is the third most common reason for 

physical impairment (Deyo et al., 1987).  Mechanical disorders of the spine are 

thought to be the cause in about 90% of cases, while the remaining 10% of cases 

are thought to be caused by systemic illness (Nachemson, 1976).  Most episodes 

of low back pain resolve quickly and are not incapacitating (McKinnon et al. 1997; 

Diamond et al., 2006). Nevertheless as many as 90 % of participants with acute 
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back pain return to work within three months, but many experience symptom 

recurrence and functional limitations. (Patel et al., 2000; Goubert et al., 2004).   

In the United States, approximately 50 % of people in the working population 

have back pain every year (Patel et al., 2000).  Even though this ailment usually 

has a benign course, it is responsible for direct health care expenditure of more 

than 20 billion dollars annually and as much as 50 billion dollars annually when 

indirect costs are included (Deyo et al., 1991). 

There are many causes of low back pain and although inroads have been made 

into the diagnosis and treatment of the various causes of low back pain it is 

agreed that it is an inexact science at best (Weinstein, 1992; Kerr et al., 2001; 

Feuerstein et al., 2004 ).   

 

2.2 Low Back Pain 

 

For the purpose of this research pain was defined as pain of mechanical origin 

found in the region denoted anatomically as the low back.  Pain is usually cyclical 

and often referred to the buttocks and thighs, while morning stiffness is 

commonly associated.  Pain is often associated with the start of movement and 

flexion movements as well as when the patient returns to the erect position. Over 

the course of the day, pain often becomes worse but is relived by a change in 

position.  Relief is obtained by lying down especially in the supine position.  

(Magee, 2002) 
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In order to more comprehensively investigate low back pain it is important to 

consider the anatomical structures that are related to the development of low 

back pain. 

 

2.3 Anatomy and Biomechanics of the Lumbar Spine 

 

The lumbar spine is made up of five individual vertebrae, which are easily 

distinguished by their massive vertebral bodies, their sturdy lamina and their lack 

of costal facets. (Moore et al., 1999) They increase in size from L1 to L5 as the 

weight which must be supported increases, therefore L5 has the largest vertebral 

body and transversus processes, and due to its unusual shape (it is much deeper 

anteriorly) it is therefore largely responsible for the sacro-vertebral angle (Grey et 

al., 1995).  Body weight is transferred from L5 to the base of the sacrum, which is 

formed by the superior surface of the S1 vertebra.  The shapes of the articular 

processes in the lumbar spine allow for the following movements; flexion, 

extension, lateral flexion but do not allow for rotational movement in the lumbar 

spine (Moore et al., 1999).  Mamillary processes are found on the posterior 

aspect of the superior articular processes, which form the attachments of the 

multifidus and medial intertransversus muscles (Leitch et al., 2004). 

 

Secondary cartilaginous joints form the joints of the vertebral bodies, which are 

connected by intervertebral discs and strengthened by ligaments.  While the 
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intervertebral discs form strong joints they also form the inferior half of the 

anterior border of the intervertebral foramen, while concomitantly acting as shock 

absorbers and assisting in forming the curves of the spine (Moore et al. 1999). 

 

2.3.1     Facet Joints 

 

These joints are also known as the zygopophyseal joints, are plane type synovial 

joints which are made up of the superior and inferior articulating processes of the 

vertebra above and below (Moore et al., 1999).  Each joint has its own loose 

articular capsule which is attached to the margins of the articular processes 

(Grey et al., 1995).  The shape and orientation of the facet joint allows for a 

gliding type movement between the surfaces and the amount of movement at 

each joint is determined by the size of the intervertebral disc at that region.  Facet 

joints bear a certain amount of weight especial in the cervical and lumbar 

regions.  

 

2.3.2 Innervation of the Facet Joints 

 

Innervation of the joints is mainly by articular branches which arise from the 

medial branch of the dorsal rami of the spinal nerves.  (Moore et al., 1999).  The 

facet joint capsule receives a rich supply of sensory innervation, which is derived 

from the medial branch of the posterior primary division (dorsal ramus) at the 

level of the joint.  Each joint also receives a branch from the medial branch of the 
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posterior primary division of the level above and the level below. This multilevel 

innervation is probably one reason why pain from the facet joint frequently has a 

very broad referral pattern (Cramer et al., 1995; Jeffries, 1988) 

 

2.3.3  Ligaments 

 

Strong ligaments help to stabilize the spine during movement and maintain the 

curvatures of the spine (Moore et al. 1999).  These are summarized in the Table 

2.1 below: 

 

Table 2.1 Ligaments of the Spine 

Table adapted from Moore et al., 1999 and Grey et al., 1995 

 

 

 

 

 

Ligament  Attachments 

Anterior Longitudinal Ligament Runs down the anterior surface of the spinal 

column 

Posterior Longitudinal Ligament Runs the length of the posterior aspect of the 

vertebral column 

Interspinous and Supraspinous Ligaments Runs between and superiorly to the spinous 

processes 

Transversus Ligament Runs between the transversus processes 
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2.3.4         Muscles of the Back 

 

Back muscles are generally divided into three categories, the Superficial 

Muscles, also known as the Extrinsic Muscles, the Intermediate group and the 

Deep Muscles also known as the Intrinsic Muscles. See Table 2.2 on the 

following page  
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Table 2.2 Muscles of the Back 

Muscle Muscle Subgroup Origin Insertion Innervation Function  
Intrinsic 
Muscles 
 

These are the true back muscles which act to stabilize the spine, maintain posture and assist with movement of the spine.   

 Superficial Layer of 
Intrinsic Muscles 
(Splenius Muscle) 

They arise from the midline spinous 
processes  and extend 
superolaterally to the cervical 
vertebrae and skull 

The Splenius Capitus 
attaches superolaterally to 
the mastoid process and the 
lateral 1/3 of the superior 
portion of the nuchal line.  
Splenuis cervicis attaches to 
the posterior tubercles of the 
C1-C3 transversus 
processes.  

Splenius Capitus- 
Lateral branches 
of the dorsal rami 
of the middle 
cervical spinal 
nerves 
Splenius cervicis- 
Lateral branches 
of the dorsal rami 
of the lower 
cervical spinal 
nerves. 

When the muscles acts alone 
they laterally flex and rotate 
the head to the side of the 
contracting muscle.  When 
the two muscles act together 
they extend the head and 
neck. 

 Intermediate Layer of 
Intrinsic Muscles 
(Erector Spinae Muscles) 

These muscles lie paired on either 
side of the vertebral column.  They 
are the divided into three columns; 
the lateral column-Iliocostalis, the 
Intermediate column-Longissimus, 
and the Medial column-Spinalis.  
Each of these three columns is 
further divided regionally into three, 
depending on their superior 
attachments (e.g. iliocostalis 
lumborum, Iliocostalis thoracis etc.).  
These three muscles have a 
common tendon of origin that 
attaches inferiorly to the posterior 
part of the iliac crest, the posterior 
aspect of the sacrum, the sacroiliac 
ligament and the inferior lumbar and 
sacral spinous processes. 

1. Illiocostalis-insertion 
is to the angle of the 
lower ribs and 
cervical transversus 
processes 

2. Longissimus-insertion 
is to the ribs between 
the tubercles and 
angles, to the 
transeverse 
processes in the 
thoracic; and cervical 
regions and to the 
mastoid process. 

3. Spinalis-Insertion is 
to the spinous 
processes in the 
upper thoracic area 
and to the skull. 

Innervation is by 
the dorsal rami of 
the lower 
cervical, thoracic 
and upper lumbar 
spinal nerves 
 

Bilateral Activation: extension 
of the spine and head.  
During the flexion process the 
gradually lengthen their fibers 
to control movement. 
 
Unilateral Activation: Lateral 
flexion of the spine occurs. 
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Muscle Muscle Subgroup Origin Insertion Innervation Function  
 Deep Layer of Intrinsic 

Muscles 
(Transvercospinal Group) 

1.Semispinalis-Transversus 
process of C4-T12 
 
 
 
 
 
 2.Multifidus- Arises from the 
sacrum and ilium, transversus 
processes of T1-T3 and the 
articular processes of C4-C7 
   
3. Rotatores- Arises from the 
transversus processes of the 
vertebrae. 
 
 

1. Semispinalis- attaches to the 
occipital bone and spinous 
processes in both the thoracic 
and cervical regions usually 
spanning 4-6 vertebrae 
 
2. Multifidus- attaches to spinous 
processes of the vertebra above 
usually spanning 2-4 vertebra. 
 
 
 
3.Rotatores- attach to the lamina 
and transversus processes of 
spinous process of the vertebra 
above, usually spanning only 1-2 
vertebra 

Innervation is by 
the dorsal rami of 
the spinal nerves.  
 

1. Extension of the head, 
cervical and thoracic regions 
and rotation of the above 
regions to the opposite side 
 
2. Stabilisation of the spine 
during local movement 
 
3. Stabilise the individual; 
vertebrae and aid in localized 
extension and rotation. May 
also have a proprioceptive 
function. 

Intermediate 
Muscles 
 
 

The intermediate 
muscles are not 
considered true muscles 
of the back but muscle of 
the Thoracic wall.  They 
consist of the Serratus 
Posterior and the 
Serratus Posterior 
Inferior, which are both 
superficial respiratory 
muscles although they lie 
deep to the back muscles 

1.Seratus Posterior Superior- 
Ligamentum nuchae to the 
C7-T3 spinous processes 
 
 
2.Seratus Posterior Inferior-
T11-L2 Spinous processes 

1.Seratus Posterior- Ribs 2-4 at 
the superior border 
 
 
 
2.Seratus Posterior Inferior-Ribs 
8-12 at the inferior border near 
the angle 

1.Seratus 
Posterior-2

nd
-5

th
 

intercostals 
nerves 
 
2. Seratus 
Posterior Inferior-
Ventral rami of 
thoracic spinal 
nerves 9-11. 

1.Seratus Posterior-Elevation 
of the Ribs 
 
 
 
2. Serratus Posterior Inferior-
Depression of the ribs 
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Muscle Muscle subgroup Origin Insertion Innervation Function 
Extrinsic Muscles 
 

The major Extrinsic 
Muscles consist of the 
Trapezius, the Latissimus 
Dorsi, Levator Scapulae, 
Rhomboid muscles and 
the Quadratus 
Lumborum. 

1. Trapezius-medial 1/3 of the 
superior nuchal line, to the 
external occipital 
protuberance, the spinous 
processes from C7-T12 
 
 
 

1. Trapezius- posterior lateral 1/3 
of the clavicle, the medial 
acromion, the spine of the 
scapulae.  It also attaches at the 
occiput via a fibrous lamina from 
C6-T3 
 
 

1. Trapezius-
Spinal part of the 
accessory nerve 
but also contains 
proprioceptive 
branches from 
the ventral rami 
of C3 and C4 

1. Trapezius-Acts with other 
muscles to steady the 
shoulder during movement, 
the upper fibers elevate the 
scapula and along with 
serratus anterior rotates the 
scapula 
 

  2. Latissimus Dorsi-spinous 
processes of T6-T12, the 
thoracolumbar fascia, the iliac 
crest and the inferior 3-4 ribs 

2. Latissimus Dorsi-
intertubercular groove of the 
humerus 
 

2. Latissimus 
Dorsi- 
Thoracodorsal 
nerve (C6, C7, 
C8) 

2. Latissimus Dorsi-extends, 
retracts and rotates the 
humerus medially 
 

  3. Levator Scapulae- 
transversus process of C1-C4 

3. Levator Scapulae-
superomedial  border of the 
scapula 
 

3. Levator 
Scapulae- Dorsal 
Scapula Nerve 
and C3/C4 
cervical nerves 

3. Levator Scapulae-Elevates 
the scapula and tilts the 
glenoid cavity inferiorly 
 
 

  4. Rhomboid-Major: T2-T5 
spinous Processes. 
Minor: C7-T1Spinous 
processes and the nuchal 
ligament. 

4. Rhomboid- medial border of 
scapula 

4. Rhomboid- 
Dorsal Scapula 
Nerve 
 

4. Rhomboid-Rotates and 
retracts the scapula, also 
fixes the scapula to the 
thoracic wall 

 

  5. Quadratus Lumborum-Rib 
12 at the inferior border and 
the ends of  L1-L5 
transversus processes 

5. Quadratus Lumborum-
Iliolumbar ligament and the 
internal lip of the iliac crest 

5. Quadratus 
Lumborum L1-L4 
spinal nerves and 
the ventral 
branches of T12 

5. Quadratus Lumborum- 
Extends and laterally flexes 
the lumbar spine, it also 
stabilizes the 12

th
 rib during 

inspiration. 

Table 2.2 compiled from the following references Moore et al., 1999, Grey et al., 1995, Travelle et al., 1999 
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In summary it can be noted that the principle functions of the muscles are related 

to spinal support, stability and movement.  A compromise of one or more of these 

functions could result in pain and or associated mechanical dysfunction of the 

spine.
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2.3.5  The Sacroiliac Joint 

 

The sacroiliac (SI) joint is a synovial joint located between the articular surfaces of the 

sacrum and ilium.  These surfaces are irregular, with elevations and depressions on 

their surface, which result in partial interlocking of these bones (Moore et al., 1992).  

 

There are numerous variations in the size, shape and contour of the SI joint.  The 

vertically oriented auricular surface lies obliquely at an angle to the saggital plane 

(Cassidy et al., 1992).  The joints of the male have extra- and intra-articular tubercles 

and are built for strength, whereas the female articulation is built for mobility and 

parturition (Walters, 1993). 

 

2.3.6  Ligaments  

 

The SI joint is a weight-bearing joint that is stabilized by a series of very strong 

ligaments (Cassidy et al., 1992). 
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Table 2.3 Ligaments of the Sacroiliac Joint 
 

Ligament  Attachments 

Interosseous Ligament Unites the iliac and sacral tuberosities and is supported by the 
posterior SI ligament.   

Posterior SI Ligament Strong, short transversus fibers that join the ilium and first and 
second tubercles of the lateral crest of the sacrum,  
Long vertical fibers that the third and fourth transversus 
tubercles of the sacrum to the posterior iliac spines. (Moore, 
1992: 251). 

Anterior SI Ligament thickening of the anterior and inferior parts of the fibrous 
capsule- thickest where it connects the sacrum and ilium at the 
third sacral segment 

Table adapted from Moore et al., 1999 and Grey et al. 1995 

 

The iliolumbar, sacrotuberous and sacrospinous ligaments all support the SI joint but 

are termed accessory ligaments and the interosseous, posterior and anterior SI 

ligaments are known as capsular ligaments.  (Walters, 1993). 

 

2.3.7 Innervation 

 

The SI joint can be supplied by any of the following levels from L2-S4.  The L4 and L5 

levels most commonly innervate the anterior aspect of the joint, whilst the posterior 

aspect more commonly receives its innervation from the S1 and S2 levels (Cassidy et 

al., 1992).   
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2.4 Neurobiology 

 

2.4.1 Introduction 

 

The spinal cord is like a “highway” relaying information from all parts of the body to 

and from the brain, whose job it is to assess the information and react upon it.  The 

central and peripheral nervous systems act in concert to assemble, process and 

transmit information from all the different areas in order to allow co-ordinated 

movement (Hopkins et al., 2000).  In order for us to better understand the 

proprioceptive function of many of the core muscles, we need to fully understand the 

anatomy involved. 

 

2.4.2 The Joint 

 

A large amount of the information required must come from the joint itself, its position, 

the movement of the joint and the environment. (Levangie et al., 2001)  This 

information is obtained from receptors within the joint, joint capsules, ligament and 

tendons. (Levangie et al., 2001)   

 

Within all these structures are specialized sensory nerve endings, known as joint 

receptors which respond to a variety of stimuli, including mechanical, thermal and 

chemical stimuli.  (Hopkins et al., 2000). It is ultimately a stimulation of these receptors 

that causes a stimulus in the form of an electrical impulse (action potential) to be sent 
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to the spinal cord and brain via the sensory nerve (Crossman et al., 1995).   Two of 

the important functions that the joint receptors perform are proprioception and 

mechanoreception, which can be due to either noxious or non-noxious stimuli.  

(Hopkins et al., 2003).  It had been noted that arthrogenic muscle inhibition is mainly 

due to the stimulation of the mechanoreceptors and to a lesser extent the free nerve 

endings and specialized nociceptors as well.  (Hopkins et al., 2003) 

 

2.4.3 Joint Receptors 

 

Joint receptors are divided into two groups, namely free nerve endings and 

mechanoreceptors.  Free nerve endings are pain receptors (Darby et al., 1995), which 

have been described as being non-encapsulated, non-specialised and un-myelinated 

(Hopkins et al., 2000). They appear to play a role in the initial detection of movement. 

(Hopkins et al., 2000).  Nociceptors are also pain receptors, but have been further 

grouped into the following 3 categories: Mechanical, thermal and polymodal (Kingsley 

et al., 1996).  Each of the three groups is stimulated by a specific stimuli (i.e.  The 

mechanoreceptors are stimulated by a mechanical stimulus, the thermal nociceptors 

are stimulated by a thermal stimulus).  The polymodal nociceptors however can be 

activated by any of the following stimuli: chemical, thermal or mechanical (Jacobs et 

al., 1999). 
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Mechanoreceptors are nociceptors that respond to a mechanical stimulus in the form 

of pressure and / or distortion (Redwood et al., 1997).  Three types of nociceptors 

have been recognized: 

a. Ruffini Endings 

Located in the joint capsule these nociceptors are thought to respond to 

changes in capsular pressure.  They are slow adapting receptors with a low-

pressure threshold, which allows for prolonged discharge. 

b. Pacinian Corpuscles 

Located mainly in the periosteum near the articular attachments (Jones et 

al., 1999).  Pacinian corpuscles respond very quickly to stimulation, they are 

therefore stimulated by any joint movement (Hopkins et al., 2000).   

c. Golgi-Like Bodies 

Located in the tendons and ligaments surrounding joints (Jones et al., 1999) 

these nociceptors fire rapidly during the initiation of movement, they then 

slowly reduce their firing speed to a steady pace.  These nociceptors 

therefore play an important role in joint position sense (Freiwald et al., 

1999). 

 

When there is stimulation of the these nociceptors, there is stimulation of the sensory 

nerve endings which is then transmitted via the spinal afferent nerves to the spinal 

cord and from there to the central nervous system where the information is assessed 

and a reflex action is initiated (Moore et al., 1999). 
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2.4.4 Sensory Nerve Fibers 

 

Sensory nerves are afferent nerves that transmit stimuli from the nociceptors to the 

spinal cord via the spinal nerves and from there to the central nervous system.  There 

are numerous ways of classifying these afferent nerves but two have been selected 

for the purpose of the research to assist in explaining the sensory nerve functioning. 

 

a. Classifications according to Nerve Diameter 

Table 2.5 Classification of Sensory Nerves According to Diameter 

Fiber Type Fiber Dimension Myelination Function 

Type A: 
Beta (β) 
 
 
Delta (δ) 

 
5-12 
 
 
2-5 

 
Myelinated 
 
 
Thinly myelinated 

 
Sensory, touch, 
pressure and vibration 
Sharp localized pain, 
temperature and touch 

Type B: <3 Myelinayed Preganglionic, 
autonomic 

Type C: 0,4-1,2 Unmeyelinated Deep and diffuse pain, 
temperature, 
postganglionic 
autonomic 

(Darby et al., 1995; Snell, 1997; Jacobs et al., 1999) 
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b. Classifications of nerve fibers according to their origin, function and velocity 

Table 2.6 Classification of Sensory Nerves According to Origin, Function and 

Velocity 

Fiber Type Origin Function/s Conduction 
Velocity 

Type I Mechanoreceptors Proprioception 70-120 

Type II Mechanoreceptors Cutaneous information 
from the skin 

30-62 

Type III Mechanoreceptors Deep Pressure, Touch 
and Temperature 

6-30 

Type IV Nociceptors Crude touch, Pressure, 
Pain and Temperature 

6-16 

(Darby et al., 1995; Kingsley, 1996; Guyton et al., 1997) 

 

2.4.5 Sensation Transmission from Afferent Nerve to the Spinal Cord 

 

After stimulation of the appropriate receptor, the sensation is then transmitted via the 

appropriate afferent fiber to the dorsal root of the spinal nerve and then to the dorsal 

horn of the grey matter of the spinal cord where it then passes through the appropriate 

spinal tract to the central nervous system (Crossman et al., 1995). 

 

 

2.4.6 Ascending Pathways of the Spinal Cord 

 

Once a stimulus reaches the spinal cord it must then be transmitted to the central 

nervous system and this can be done via several different pathways or laminae 

(Darbey et al., 1995).  The spinal cord is divided in to 10 laminae, which are numbered 

from dorsal to ventral within the gray matter (Crossman et al., 1995).   
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The two main tracts or laminae by which information ascends to the central nervous 

system are known as the spinothalamic tract and the spinoreticular tract respectively, 

and both these tracts terminate at the reticular nuclei in the brain stem (Jacobs et al., 

1999).  The two tracts are thought to convey different sensations to the central 

nervous system, the spinothalamic tract conveys stimuli related to pain, pressure, 

thermal sensations and crude touch (Guyton et al., 1997), while the spinoreticular tract 

conveys pain sensations which are thought to relate to dull aching type pain 

(Crossman et al., 1995).  Information that has traveled through the ascending tracts 

then moves through the medial lemniscus to the ventropost-lateral nucleus of the 

thalamus and from there to the cerebral cortex in the central nervous system. 

 

Afferent neurons that ascend via the laminae are usually received by the substantia 

gelatinosa, which is made up of laminae I-III (Crossman et al., 1995).  It is believed 

that the substantia gelatinosa therefore plays a role in the conveyance of pain 

sensations.  Melzack et al., (1965) used this information to propose the Gate Control 

Theory. 
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2.4.7 The Gate Control Theory 

 

 The Gate Control theory was first proposed by Melzack and Wall to explain how pain 

transmitted through the dorsal horns of the spinal cord showing a gate type effect 

(Cramer et al., 1995). 

 

Sensory neurons transmitting pain sensation from nociceptors arrive at the dorsal horn 

of the spinal cord and terminate at the substantia gelatinosa (Cramer et al., 1995).  

Within the dorsal horn are transmission cells which are neuronal projections that relay 

the activity in type C fibers via the spinothalamic tract (Cramer et al., 1995), 

meanwhile the substantia gelatinosa is mainly made up of inhibitory neurons that send 

generally inhibitory effects to the transmission cells.  When there is high activity of the 

C-fibers this causes an “opening” of the “gate” to pain sensations which are then 

transmitted to the central nervous system.  It is the high activity level in the C-fibers 

that causes an inhibitory effect of the substantia gelatinosa on the transmission cells 

thereby allowing the transmission of pain sensations to the central nervous system 

(Jacobs et al., 1999 and Wood, 1998) 

 

However it must be realized that if the “gate” can be opened then there must be a 

mechanism by which the “gate” can be shut.  The shutting of the “gate” is cause by 

high activity levels in the A-beta fibers, which facilitate inhibition of the substantia 

gelatinosa and thereby inhibits the stimulation of the transmission cells causing the 

pain to cease (Jacobs et al., 1999 and Wood, 1998). 
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2.4.8 Descending Pathways of the Spinal Cord 

 

Information is relayed from the Central nervous system via specifically relevant tracts 

(Hopkins et al., 2000) to the relevant muscle in order to co-ordinate a response. There 

are three descending pathways, namely the corticospinal tract, the vestibulospinal 

tract and the rubrospinal tract, which are relevant to this study.  These three pathways 

basically convey information along the specific pathway required, from the central 

nervous system back to the peripheral system (Hopkins et al., 2000).  

 

The corticospinal tract conveys motor information from the motor and parietal cortices 

to the motor neurons as well as information about the strength of the muscle 

contraction (Porter et al., 1997) which is important in voluntary muscle contraction 

(Darby et al., 1995). 

a. The vestibulospinal tract conveys information from the lateral vestibular 

nucleus to the motor neurons (Darby et al., 1995).  This information is 

involved in maintaining posture and the tract is activated during postural 

reflexes (Matkovich, 2004) as well as during the initiation of voluntary 

movement to cause reflex postural changes (Hopkins et al., 2000). 

b. The rubrospinal tract conveys information from the red nucleus of the 

midbrain to the distal motor neurons.  The rubrospinal tract is involved in the 

innervation of musculature and has been identified as a source of inhibition 

for interneurons (Hopkins et al., 2000). 
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2.4.9 Motor Neurons 

 

Motor neurons are essentially the efferent fibers which are the effector neurons in 

a neural element (Redwood, 1997), their function is to basically innervate a 

skeletal muscle (Darby et al., 1995).  The motor neurons are classified according 

to their diameter and there are two different types as can be seen in the table 

below. 

Table 2.6 Classifications of Motor Neurons 

Fiber Type Fiber Diameter Myelination Function 
Alpha (α) 12-20 Heavily Myelinated Motor 

Gamma (γ) 3-6 Myelinated Motor to the 
Muscle Spindle 

(Darby et al., 1995; Snell, 1997; Jacobs et al., 2000) 

Each of these different types of motor neuron innervate a specific type muscle or 

muscle fiber, the alpha motor neurons innervate the extrafusal fibers found in 

skeletal muscle while the gamma motor neurons innervates the intrafusal fibers of 

the muscle spindle.  The alpha motor neurons are the larger and the faster 

transmitting of the two types (Iyer et al., 1999). 

 

The innervation of a skeletal muscle is formed when the two types of motor 

neurons come together to form a neuronal pool or in the case of motor neurons, a 

motor neuron pool.  The muscle and the motor neuron pool work together to form a 

single efficient unit (Darby et al., 1995) and the strength of the muscle is ultimately 

determined by the number of motor units working on that muscle to cause a 

contraction (Iyer et al., 1999). 
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2.5       Arthrogenic Muscle Inhibition 

 

2.5.1  Definition 

 

Arthrogenic muscle inhibition is a presynaptic, ongoing reflex inhibition of 

musculature surrounding a joint.  It is a natural response following distention or 

damage to structures in the joint (Hopkins et al., 2000). 

 

2.5.2 What is Arthrogenic Muscle Inhibition 

 

Suter et al., 2000 describes arthrogenic muscle inhibition as being the inability of a 

muscle to recruit all its motor units during a maximum voluntary contraction (van 

Dieen et al., 2003), and this can be seen in the clinical setting as decreased strength 

of the involved muscle (Suter et al., 2000).  Arthrogenic muscle inhibition occurs 

when joint receptors act on inhibitory neurons synapsing with the motor neuron pool 

and thus affecting the contraction of the muscle (Matkovich, 2004).  It has been 

noted by Ingersoll et al., 2003, that although the free nerve endings and specialized 

nociceptors may have a role to play with regards to the inhibition, the main effect 

appears to be as a result of the mechanoreceptor activity. 

 

The clinical importance of this observation is that a decrease in muscle strength may 

be due to arthrogenic inhibition of the affected muscle (Hurley et al., 1994) and what 

is of further interest is that the joint receptors are stimulated by pain, the stretching of 
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ligaments, compression of the joint capsule, effusion or joint injury (Spencer et al., 

1984) which could be a possible explanation as to why the core muscles are 

assumed to be “weakened” in people suffering from low back pain.  Suter et al. 

(1994) found that the decreased muscle strength hampers the rehabilitation process 

of the injured joint in spite of the fact that there is complete muscle integrity, while 

Hopkins et al., (2001) found that exercise is an important part of the healing process 

and can help to prevent a multifaceted injury paradigm. 

 

2.6 Syndromes 

 

Although there are numerous causes of low back pain, biomechanical, anatomical 

and organic in origin, these are often difficult to identify with any certainty because of 

the fact that any anatomical structure in the body is capable of causing pain, which 

often gives rise to the commonly used term of non-specific low back pain (Diamond 

et al., 2006). It can nevertheless, be helpful to consider back pain under the 

following headings, as suggested by McRae et al., 2004: 

a) Back Pain due to Clearly Defined Spinal Pathologies 

Examples include, but the list is not exclusive to vertebral infections, tumours, 

ankylosing spondylitis, polyarthritis, Paget’s disease, osteoporotic spinal 

fractures, senile kyphosis, spondylolisthesis and Scheuermanns’s disease. 
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b) Back Pain Associated with Nerve Root Pain 

Examples include, but the list is not exclusive to intervertebral disc prolapse 

and nerve root compression. 

 

c) Back Pain Caused by a Disturbance of the Mechanics of the Spine 

Examples include, but the list is not exclusive to lumbar facet syndrome, 

sacroiliac syndrome, lumbar disc herniation and myofascial pain and 

dysfunction syndromes. 

 

It must however be realized that in the majority of cases it is not possible to identify 

the exact cause of the pain.  The noted diagnoses in section c) above, indicate 

syndromes that could be a cause of low back pain, this is however not an exhaustive 

list of possibilities. In addition, this is the largest group of conditions and may have 

formerly attracted names such as “Lumbago” and “Low Back Strain” (McRae, 2004). 

 

As a result, a list of differential diagnoses for low back pain was developed by Deyo et 

al. 2001 in order to create a more exhaustive reference. This is indicated in Table 2.7. 
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Table 2.7 Differential Diagnosis of Low Back Pain 

Mechanical low back 
or leg pain (90%) 

Non-mechanical spinal 
conditions visceral disease 

Visceral Disease 

Lumbar strain, sprain 
Degenerative processes 
Herniated disc 
Spinal Stenosis 
Osteoporotic Compression 
Fracture 
Spondyloliaathesis 
Traumatic Fracture 
Congenital Disorders 
Severe kyphosis 
Severe scoliosis 
Transitional vertebrae 
Spondylolysis 
Internal disc disruption 
Presumed instability 

Neoplasia 
Multiple myeloma 
Metastatic carcinoma 
Lymphoma 
Spinal Cord Tumours 
Retroperitoneal tumours 
Primary Vertebral  
Tumours 
Infection 
Osteomyelitis 
Septic discitis 
Paraspinous abscess 
Epidural abscess 
Shingles 
Paget’s disease of bone 
Inflammatory arthritis 
Ankylosing spondylitis 
Psoriatic spondylitis 
Reactive arthritis 
Inflammatory bowel disease 
Scheuermanns’s disease 

Disease of pelvic organs 
Prostatitis 
Endometriosis 
Chronic Pelvic  
Inflammatory Disease 
Renal Disease 
Nephrolithiasis 
Pyelonephritis 
Perinephritic Abscess 
Vascular disease  
Aortic aneurysm 
Gastrointestinal disease 
Pancreatitis 
Cholecystitis 
Penetrating ulcer 
 
 
 
 
 

(Adapted from Deyo et al., 2001) 
 

2.6.1 Sacroiliac Syndrome 

 

Sacroiliac Syndrome has been described as a subluxation of the sacroiliac joint which 

results in tightening of the ligaments, muscle spasm of the surrounding muscles and 

pain (Hendler et al., 1995).  Participants often feel pain over the sacroiliac joint which 

is not relieved by sitting or lying supine, they do often find that they are most 

comfortable sitting on the unaffected buttock in the forward flexed position (Hendler et 

al., 1995).  Participants may also experience referred pain in the buttock, groin and 

posterior thigh (Kirkaldy-Willis et al., 1992). 
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Mechanosensitive afferent units have been identified in the sacroiliac joint and 

adjacent tissues (Sakamoto et al., 2001). Most of these units are nociceptive receptors 

(Cassidy et al., 1992; Sakamoto et al., 2001).  Hence their ability to stimulate type C 

fibers, which initiate the opening of the gate in the gate control theory and the 

perception of pain along with the expected inhibition of the core muscles (Cassidy et 

al., 1992; Sakamoto et al., 2001). 

 

2.6.2 Lumbar Facet Syndrome 

 

 Lumbar Facet Syndrome occurs when there is an episode of trauma which results in 

 posterior joint strain and a small degree of joint subluxation.   The muscles 

 surrounding the joint support it by remaining in a state of hypertonic contraction.  

 During this time there is a build up of metabolites in the muscles, further aggravating 

 the pain and sustaining the muscle contraction (Cassidy et al., 1992).  Lumbar Facet

  Syndrome is characterized by pain that is present only on one side, referred pain to 

 the groin, greater trochanter and the posterior thigh.  Pain is relieved by rest but 

 aggravated by movement.  There is commonly tenderness to pressure, usually on one 

 side and lateral bending is abnormal and there is restriction of motion (Kirkaldy-Willis 

 et al., 1992).   
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2.7 Manipulation 

 

Manipulation has long since been the choice of treatment for Chiropractors (Meeker et 

al. 2002; Ferreira et al., 2007), it could be argued that it is the adjustment that defines 

chiropractic as a profession (Bergman et al., 2002).   A manipulation or adjustment is 

a passive manual maneuver during which the joint complex is suddenly carried 

beyond the normal physiological range of movement and through the elastic barrier 

without exceeding the boundaries of anatomical integrity.  The usual characteristic is a 

dynamic specific thrust of controlled velocity and amplitude given at the end of a 

normal passive range of movement to exceed this elastic barrier into the range of the 

para-physiological space.  It is usually accompanied by a “cracking noise” (Sandoz  et 

al., 1976).  However Mrozek et al. (2005) took this theory one step further by 

indicating that “the manipulation may not necessarily happen in the para-physiological 

zone, but might occur at the end range of motion, which in some cases may very well 

be during the active or passive zones depending where the subluxation is.” 

 

A study undertaken of the efficacy of manipulation and mobilisation in the treatment of 

low back pain found that it provides better pain outcomes in the short and long term 

when compared to placebo and other treatments such as McKenzie therapy, back 

school and other physical therapies and home exercises. (van Tulder et al., 1997; 

Fereira et al., 2002; Meeker et al.2002; Assendelft et al., 2003; Bronfort et al., 2004).  
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Notwithstanding the above it has nevertheless been noted in clinical practice and 

research that spinal manipulation has its limitations with respect to improved clinical 

outcomes (Bronfort et al., 2004). As a result more chiropractors in private practice 

appear to be moving away from the concept that manipulation alone is the only 

treatment for low back pain, with anecdotal evidence suggesting that the results 

obtained from using a combination therapy of both manipulation and rehabilitation in 

the form of core stability strengthening exercises (Hides et al., 1996; O’Sullivan et al., 

1997; Hides et al., 2001; Danneels et al., 2001) is improving the healing time of 

participants complaining of low back pain.  

 

The success achieved in practice has however not been replicated in clinical research, 

a recently conducted research study indicated that a combination of manipulation 

combined with rehabilitation did not in fact improve clinical outcomes (Boden, 2000) 

but as yet, it has not yet been shown that core stability rehabilitation alone as a 

primary intervention is effective. The conclusions drawn from this study (Boden, 2000) 

have inherent limitations, as one cannot conclusively compare outcomes without a 

baseline measurement with which to compare the results. 

 

Thus the factors that affect lumbar stability have been an area of extensive research 

(Bergmark, 1989; Jull et al., 2000) in more recent times and the clinical application of 

lumbar stabilization programs (rehabilitation) have become a common treatment 

option for participants suffering from low back pain (Descarreaux et al., 2002).  Thus it 
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is also increasingly used by athletes to improve performance and by the general public 

for optimal health and the prevention of injury. (Barr et al., 2005)  

 

However little research has to date been completed (Akuthota et al., 2004) in this 

regard to quantify this anecdotal data. 

 

2.8 Core Stability 

 

The inability to show a clinical response or a synergistic clinical response as found in 

the study by Boden, (2000) may be related to the fact that clinically noted that wasting 

and inhibition of the core stabiliser and co-contractor, multifidus, was present in 

participants with low back pain (Danneels et al., 1994; Hides et al. 1994). These 

findings re-enforce the findings of previous studies that have shown that the 

contraction of the transversus abdominus (TA) is significantly delayed in participants 

suffering from low back pain, indicating a deficit in the motor control of the TA muscle 

(Creswell et al., 1992, Creswell et al., 1994; Hodges et al. 1996; Hides et al., 1996). It 

has been hypothesized to result in ineffective core stability (Hodges et al. 1996(a)). In 

support of this, a study of the transversus abdominus found that low back pain 

participants had reduced endurance (Hultman et al. 1993) and that its protective ability 

was decreased (Evans et al., 2000). 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Barr+KP%22%5BAuthor%5D
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This supported research that found that dysfunction of the primary core stabiliser 

muscles is linked with an increasing number of the general population suffering from 

low back pain (Hodges et al., 1996b). 

 

Although the cause of this finding by Hodges et al. (1996b) is yet unknown, it has 

been hypothesized that over recent years there has been a steady decline in the 

amount of physical activity in the general population (Jorgensen, 1997).  This is 

thought to be mainly due to our fast paced lives, which has led to a steady decline in 

our once strong core muscle system (Jorgensen, 1997) which consists of the 

Transversus Abdominus, the Multifidus, the Pelvic floor muscles and the Diaphragm.  

See Table 2.8. 

 

The unfortunate implication of this is that those muscles which were once our strong 

postural muscles are now weak and ineffective, therefore making us more prone to 

both spinal injuries and low back pain (Hodges et al., 1996b, van Tulder et al., 2002).  
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Table 2.8 Core Muscles 

Muscle Origin Insertion Innervation Main Function 

Transversus 
Abdominus 

Thoracolumbar 
Fascia, the  
anterior 2/3 of the 
iliac crest and the 
lateral half of the 
inguinal ligament 

The inferior 
border of ribs 10-
12, the linea alba 
and the pectin 
pubis via the 
conjoint tendon 

The Ventral rami 
of the inferior 6 
thoracic nerves 
and the 1st lumbar 
nerve 

Compresses and 
Supports the 
abdominal viscera 

Multifidus Arises from the 
sacrum and ilium, 
transversus 
processes of T1-
T3 and the 
articular 
processes of C4-
C7 

Attaches to 
spinous 
processes of the 
vertebra above 
usually spanning 
2-4 vertebrae. 
 
 

Dorsal Rami of 
the Spinal Nerves 

Stabilise the 
individual; 
vertebrae and aid 
in localized 
extension and 
rotation. May also 
have a 
proprioceptive 
function 

Pelvic Floor 
Muscles 
 

    

Levator Ani  
(Pubococcygeus, 
Puborectalis and 
Illiococcygeus) 

 
 
Attaches from the 
body of the pubis, 
the arch of the 
obturator fasci 
and the ischial 
spine 

 
 
Attach distally to 
the perineal body, 
the coccyx, the 
annococcygeal 
ligament, the wall 
of the prostate or 
vagina, the 
rectum and the 
anal canal  

 
 
Nerve to levator 
ani, branches of 
S4, inferior anal 
nerve and the 
coccygeal 
ligament. 

 
 
Assists in 
supporting of the 
pelvic viscera.  
These muscles 
also resist an 
increase in intra-
abdominal 
pressure 

Coccygeus Ischial Spine Inferior end of the 
Sacrum 

Branches of S4 
and S5 nerves 

Assists in 
supporting pelvic 
viscera and flexes 
the coccyx 

Diaphragm Inferior margin of 
the thoracic cage 
bilaterally. And 
the superior 
lumbar vertebrae. 

Fibers converge 
radially on the 
trifoliate central 
aponeurotic part-
the central 
tendon.  The 
central tendon 
has no bony 
attachments and 
is divided into 3 
leaves. 

Motor Supply: 
Phrenic Nerve 
(C3-C5) 
Sensory Supply: 
centrally-phrenic 
nerve 
Peripherally-
intercostal nerves 
(T5-T11) & 
Subcostal nerves 
(T12) 

Main muscle of 
inspiration and 
acts to separate 
the thorax from 
the abdominal 
cavity. 

(Adapted from Moore et al., 1999 and Grey et al., 1995) 
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Thus, by implication, it would seem that these important stabilizers (mentioned above) 

have been implicated in initiating a new trend in rehabilitation of participants who are 

suffering from low back pain and this is core stability strengthening (Hodges et al., 

1996; Marshall et al., 2005) 

 

This term core rehabilitation has come to denoted lumbar stabilisation and other 

therapeutic exercise schemes, which have an influence on the core muscles, which 

stabilise the lumbar spine (Akuthota et al., 2004; Ericksen et al., 2006).  The core 

muscles have been identified as so important because they act as a “corset” to 

stabilise the lumbar spine.  As a result a comprehensive strengthening or facilitation of 

these “corset muscles” has been advocated as a way to prevent (Linton et al., 2001; 

van Tulder et al., 2002) and rehabilitate various lumbar spine and musculoskeletal 

disorders (Lahad et al., 2001; Akuthota et al. 2004).  The clinical outcomes of core-

strengthening programs have not been well researched and studies have been 

hampered by the lack of clarity (Frank et al., 1996; van Poppel et al., 1997; Lahad et 

al., 2001) as well as the lack of consensus of exactly what constitutes a core-

strengthening program (Akuthota et al., 2004).   

 

The research is further complicated by the theoretical possibility that core stability 

strengthening as a rehabilitative exercise will not assist in the treatment of low back 

pain if the participants are already in pain. The theoretical argument arises from 

asking participants to perform exercises that may cause a worsening of their clinical 

symptomatology (e.g. pain) because they are already in pain and they think that by 
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exercising that they will cause a worsening of their pain (Klenerman et al., 1995; 

Linton et al., 1998; Linton et al., 2000; Bauer et al., 2002; Picavet et al., 2002). In 

opposition to this, the gate control theory indicates that increased activity would allow 

for a “closing of the gate” by the alpha fiber stimulation thereby lessening the pain 

(Murphy et al., 1995). 

 

This latter argument has been supported by recent evidence (Klenerman et al., 1995; 

Linton et al., 1998; Linton et al., 2000; Bauer et al., 2002; Picavet et al., 2002) in this 

complex question by investigating the pain that was anticipated before and induced by 

physical activity. The conclusion of the study was that anticipated and induced pain 

with physical activity was lessened after physical therapy using exercise in participants 

with low back pain (Rainville et al., 2004). Thus it would seem that even in light of 

research opposing the use of core stability strengthening; it nevertheless has benefits 

in people who have low back pain (Rainville et al., 2004; Cherkin et al., 2005)  

 

It stands to reason that assisting in the reduction of pain prior to the application of the 

core stability strengthening exercises could enhance their clinical effect. In this regard 

manipulation is often seen as the intervention of choice in assisting pain reduction 

(Kirkaldy-Willis et al., 1992) and hence the combination use of these modalities often 

occurs. 

 

Therefore, this research aims to investigate the relative effect of manipulation and 

core rehabilitation in the treatment of acute mechanical low back pain in sedentary 
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participants in order to ascertain the efficacy of core rehabilitation as a treatment for 

low back pain. 
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CHAPTER 3 

3.1 Introduction 

 

This chapter will cover the methods used in this research to collect data and the 

statistical methodology used in data interpretation 

 

3.2 Design: 

 

The study design was be a randomised controlled parallel group trial.  

The study Durban University of Technology Faculty of Health Sciences Research 

Committee approved this study, and the Ethics Review Board declared that the 

research conformed to the Standards set by the Helsinki Declaration of 1975. 

 

3.3 Advertising and Patient Recruitment 

 

Flyers were placed at the Durban University of Technology, local community 

areas such as libraries, shopping centers and in the local neighborhood. 

Advertisements (Appendix 1) were placed in local newspapers to target the 

population of the greater Durban area, while pamphlet drops (Appendix 1) were 

done at the following post offices-Berea, Overport, Chatsworth, North Beach, 

Avondale, Verulam, Phoenix and Durban Central. 
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3.4  Sample 

 

3.4.1 Method: Thirty-two participants were divided into two groups (A and B), 

each group had a minimum of fifteen participants who had to have acute 

mechanical low back pain.  

3.4.2 Sample size: A minimum of thirty-two participants were selected as per 

the inclusion and exclusion criteria (under section 3.4.5 and 3.4.6). Thus 

the sampling was based on a predetermined randomization list (Appendix 

2) such that patients entering the study were allocated based on their 

initial booking at the clinic. 

3.4.3  Sample Allocation: Two groups, each with a minimum of sixteen 

participants.  Participants were randomly allocated into either group A or 

group B. Participants were allocated to each group using a computer 

generated randomisation table. [Appendix  2] (Esterhuizen, 2007) 

3.4.4 Sample Characteristics: Participants initially participated in a telephonic 

interview where they were asked their age, how long they had had their 

pain and to briefly describe their pain in terms of cause, history of injury, 

occupation and they were also asked about their exercise habits.  Once it 

had been determined that the patients fitted all criteria for the research, 

namely inclusion and exclusion criteria (3.4.5 and 3.4.6), they were then 

invited to make an appointment at the Durban University of Technology 

Chiropractic Day Clinic where further evaluation then took place to ensure 

that all research criteria were met for each patient. At the initial 
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consultation patients were asked to sign the informed consent (Appendix 

3) form after having an opportunity to read the letter of information 

(Appendix 4) provided, discuss the research and ask questions. A 

diagnosis was then made based on a case history (Appendix  5), physical 

examination (Appendix 6), relevant lumbar spine regional (Appendix 7) 

examination and soap note (Appendix 8) for the following inclusion and 

exclusion criteria: 

 

3.4.5 Inclusion   

 

3.4.5.1 Participants had to be between the ages of 18 and 45, to ensure that 

participants were skeletally mature. To avoid and reduce the chance of 

sacroiliac and / or spinal ankylosis participants could not be older than 

45 years of age (Kirkaldy-Willis et al., 1992). 

3.4.5.2 Participant’s pain rating on the NRS had to be greater than 5 and less 

than 8 (Fejer et al., 2005), to improve the sample homogeneity 

(Mouton, 1996). 

3.4.5.3 All participants had to have acute (Van Tulder et al., 2002) low back 

pain with an onset of 7 days or less to avoid the natural history being 

reflected in the results of this study, thereby nullifying any possible out 

come. i.e.  most individuals suffering from low back pain heal within 6 

weeks, however 5-15% are unresponsive to treatment and have 

continued disability i.e. chronic low back pain (Liebenson, 1996). 
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3.4.5.4 Participants had to signed informed consent forms (Appendix 3). 

3.4.5.5 For the purpose of this study sedentary individuals were defined as 

those who undertake no leisure time physical activities and those who 

undertook less than 30 minutes of physical activity each day. 

(President’s Council on Physical Fitness and Sports Research, 2002) 

3.4.5.6 Participants had to be suffering from mechanical low back pain, which 

included both posterior facet syndrome in the lumbar spine (Kirkaldy-

Willis et al., 1992:203) and or sacro-iliac syndrome (Cox, 1998). 

 

     Signs and symptoms of posterior facet syndrome included (Plaugher,     

     1993, Kirkaldy-Willis et al., 1992)  

 Referred pain to the hip, buttock, posterior thigh and below the knee 

mimicking radicular pain. 

 Ill-defined sclerotomal type pain. 

 Low back stiffness, especially in the morning and with inactivity. 

 Local para-lumbar tenderness. 

 Pain on hyperextension of the lumbar spine, 

 Absence of neurological signs and symptoms. 

 

     For the purpose of this study research participants needed to present with 

3 out of 6 of the above symptoms. Orthopaedic tests are not considered 

as part of the diagnostic criteria for posterior facet syndrome; however, it 

is possible that they can be used to assist in the confirmation of the 
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diagnosis. In order to be included in this study participants had to have a 

minimum of two out of the four tests listed below being positive (Kirkaldy-

Willis et al., 1992). 

 

a) Kemp’s test (Gatterman, 1982).  

b) Facet joint challenge (Bergman, 1993), 

c) Palpatory, tenderness (Magee, 1992), and  

d)  Spinous percussion (Bergman, 1993)  

 

     Signs and symptoms of sacro-iliac syndrome (McCulloch et al.   

     1997). 

 Pain over the Sacroiliac joint. 

 Sacroiliac joint was locally tender to palpation. 

 Referred pain was to the buttocks, posterior thigh, groin and 

occasionally lateral calf and ankle. 

 The pain was aggravated by provocation tests. 

 There was clinical evidence if increased movement or asymmetry of 

the Sacroiliac joint. 

 There was no other apparent cause of the participant’s Sacroiliac joint 

pain localization. 

 It may have mimicked a herniated disc or lateral spinal stenosis. 
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 A lack of nerve root tension signs and absence of motor, reflex or 

sensory deficits help to distinguish Sacroiliac syndrome from nerve 

root entrapment syndromes. 

 

     For this research, participants needed to present with 4 out of 6 symptoms 

as above. Orthopaedic tests are not part of the diagnostic criteria for 

sacroiliac syndrome; however, they can be used to confirm the diagnosis. 

For the purpose of this research two out of the four tests described below 

had to have been positive (Kirkaldy-Willis et al.,1992). 

  

a)  Gaenslen's test (Kirkaldy-Willis et al., 1992).  

b)  Patrick Faber test (Kirkaldy-Willis et al., 1992).  

c)  Erichsen’s test (Schafer et al. 1989) 

d)  Lateral recumbent Sacroiliac compression test (Schafer et al., 

1989) 

 

3.4.6 Exclusion: 

3.4.6.1 Participants who presented with signs and symptoms of posterior 

facet syndrome and/or sacro-iliac syndrome were not allowed to 

have had any of the following sings with respect to nerve root 

entrapment pathology, for example: (Plaugher, 1993, Kirkaldy-Willis 

et al., 1992). 

 Presence of paraesthesias 
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 Presence of neurological deficit. 

 Presence of root tension signs. 

 Presence of hip, buttock, or back pain on straight leg raising, 

 

3.4.6.2 Patients who presented with any of the following contraindications 

to spinal manipulation, which could include but was not limited to 

these, were excluded from the study (Bergmann et al., 2002, 

Kirkaldy-Willis et al., 1992). 

 

Relative: 

 Osteopenia, 

 Spondyloarthropathies, 

 Participant on anticoagulant medication, 

 Bleeding Disorders and / or 

 Psychological overlay. 

 

Absolute: 

 Destructive lesions of the spine ribs and pelvis, 

 Healing fracture or dislocation, 

 Gross instability, 

 Cauda Equina Syndrome, 

 Large Abdominal Aneurysm, 

 Visceral referred pain, 
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 Marked osteoporosis that was previously diagnosed, 

 Ankylosing Spondylitis, 

 The presence of fever, tumours, tuberculosis or any infectious 

disease, 

 Local inflammation, thrombosis, metal implants or a hip 

prosthesis and / or 

 Spinal fusion or spinal surgery. 

 

3.4.6.3 Participants who presented with any of the following 

contraindications to abdominal muscle strengthening, which could 

include but was not limited to: Glaucoma, hypertension, 

osteoporosis, spinal tumors, inflammatory diseases and impaired 

circulation, were excluded from the study (Harms-Ringhdal, 1993). 

3.4.6.4 Participants who experienced extreme discomfort on contraction of 

the Transversus Abdominus Muscle were excluded due to the fact 

that they would be unable to perform the necessary pre and post 

experimental tests. 

3.4.6.5 Participants who were currently receiving manual or medicinal 

intervention within 48 hours prior to the onset of the study, had to 

comply with a 3-day washout period as proposed by Poul et al., 

(1993).  For the period of participation in this study, participants 

were not permitted to partake of any pain or anti-inflammatory 

medication of any sort including homeopathic remedies to prevent 
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signs and symptoms being masked by medication, resulting in them 

being excluded from the study.  

3.4.6.6 Participants who had low back surgery were excluded from this 

study as the source of their pain may have been related to the 

surgery and or post surgical complications.  Furthermore, those 

participants who had had any recent abdominal surgery that may 

have referred pain to the back were also excluded as they may also 

have experienced difficulty in contracting the abdominal muscles. 

3.4.6.7 Participants who required further clinical testing to confirm the 

diagnosis were excluded.  

3.4.6.8 All participants who failed to complete the informed consent form. 

3.4.6.9 Participants who had suffered any recent trauma involving the 

spine, as this could be a contraindication to manipulation. 

3.4.6.10 Any female participants who were pregnant or who had given birth 

in the last 6 months, to negate the effects of the hormone Elastin 

produced during pregnancy.  

 

Those participants who were accepted into the study were asked not to change 

their lifestyle, daily activities and regular medication or exercise programs in any 

way therefore preventing exclusion from the study. Those who were excluded i.e. 

those who did not meet the inclusion criteria were referred to other interns or 

student interns in the Durban University of Technology Chiropractic Day Clinic for 

treatment of their condition. 
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3.5 Intervention Method and Frequency – Group A 

 

Group A received treatment twice a week for two weeks (in the form of Core 

Stability Rehabilitation) as well as a follow up consultation seven days later 

(Chok et al., 1999).  At consultation one, three and five readings [NRS (Appendix 

9), Stabiliser, Algometer (Appendix 10) and EMG] were taken. In total there were 

five visits over a period of three weeks and three sets of readings were taken 

during this period, participant were presented with a series of rehabilitation 

exercises at their initial consultation and were taught these exercises as well as 

being taught how to contract their TA muscle.  The participants then took those 

exercises home and performed them daily (Richardson et al., 1995) as was 

prescribed and they filled in a participant diary (Appendix  11) to confirm 

participant compliance.  At each treatment the researcher then ensured that the 

exercises were being performed in an appropriate manner (i.e. as prescribed by 

the research methodology (Appendix 12) by having the participant perform the 

exercises during the treatment session.  

 

3.6  Rehabilitation 

 

The rehabilitation portion of the treatment consisted of four core stability 

exercises (Appendix 12) which were taught to the participant at the initial 

consultation and they were then expected to perform these exercises at home 
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(Richardson et al., 1995) and sign the attached exercise diary (Appendix 11) 

confirming that they had actually done the given exercises. 

 

Rehabilitation exercises included hyperextension exercises to strengthen para-

vertebral muscles, mobilising exercises to improve overall spinal mobility, and 

isometric flexion exercises designed to strengthen abdominal lumbar muscles 

while protecting the back from excessive motion (Saal et al., 1989; Kellett et al., 

1991; Hansen et al., 1993; Risch et al., 1993).  All rehabilitation exercises were 

performed while the abdominal muscles remained contracted. Such exercises 

are thought to reduce the frequency of recurrent back pain and, in acute 

episodes, to reduce pain by decreasing intradiscal pressure (Weinstein et al., 

1992). 

 

3.7  Intervention Method and Frequency – Group B 

 

Group B received a spinal adjustment on the fixated lumbar segment or 

sacroiliac joint in the form of a lumbar roll as their treatment protocol, depending 

on what was found during the motion palpation twice weekly for two weeks 

(Mathews, 1995) and a follow up consultation seven days later at which the final 

set of readings was taken.  Readings (NRS, Stabiliser and Algometer and EMG) 

were taken at treatments one, three and five.  There was however no 

rehabilitation exercises for these participants. 
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3.8       Education 

 

During the initial consultation group A and B were educated on how to contract 

their transversus abdominal muscle by using the four point kneeling position test 

(Appendix 13) (Richardson et al., 1999; Richardson et al., 1995).  

 

3.9 Measurement Protocol 

 

At the beginning of consultations one, three and five readings were taken using 

the biofeedback stabiliser.  In order to do this, participants performed an 

abdominal draw in test (Jull et al., 1995; Urquhart et al., 2005)) using the 

biofeedback stabiliser. (Stabiliser manual Chatanooga Group Inc., 4717 Adams 

Road, Hixson TN 37343, USA) This was then used to measure the participant’s 

transverse abdominal muscle strength and endurance and indicate whether the 

participant can activate the muscle.   

 

Endurance was measured (Mannion, 1999) by timing how long they could hold 

their abdominal contraction (Richardson et al., 1999).  While this test was being 

performed the surface EMG was used to determine the role of the global muscles 

in the participant’s ability to contract the core muscles and this ensured that it 

was in fact the core muscles that were being activated rather than merely being 

compensated for by the global muscle system (Silfies et al., 2004).  The surface 
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EMG Reading (Lariviere et al. 2007) was noted at all three reading points along 

with the stabiliser, NRS and Algometer readings. 

 

3.10 Intervention Frequency 

 

Five visits over a period of three weeks including measurements.  (Bolton et al., 

1997). 

 

3.11 Measurement Tools 

 

Subjective data was obtained from the following: 

3.11.1 Numerical Pain Rating Scale is an effective and reliable 

tool to evaluate if pain is reduced with treatment and to what degree. 

(Bolton et al., 1998).  Participants were asked at visit one, three and 

five to rate their own pain levels from zero to ten, with ten being the 

worst pain they had ever experienced and zero being no pain at all.  

This number was then noted on the Numerical Pain rating scale. 

(Appendix 9). 

 

3.11.2 Low Back Pain and Disability Questionnaire, which is a 

sensitive measure of the disability of low back pain (Morris, 1983).  

Participants were asked to answer the questions on the 

questionnaire as they applied to their daily lives and answer with a 
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tick or cross to indicate yes or no as to whether or not the question 

was relevant to them.  The Positive answers (ticks) were then added 

up to give a score out of 24, which was then noted on the 

questionnaire. (Appendix 14) 

 

Objective feedback was obtained through the use of: 

3.11.3 Endurance Testing of transverse abdominus muscle using 

the stabilizer biofeedback device (Cairns, 2000). This was done 

utilising the prone test for transversus abdominus and the supine 

position for training transverse abdominus to assess fatigability / 

endurance of the transversus abdominus (Stabiliser manual 

Chatanooga Group Inc., 4717 Adams Road, Hixson TN 37343, USA). 

(Appendix 10)  

 

Endurance testing was achieved by timing the length of the 

contraction using a stopwatch.  This was done three times and an 

average score was determined.    

 

 

3.11.5 An Algometer (the force dial algometer to assess the 

tenderness of the affected joints). The algometer was used to 

quantify response to treatment such as an adjustment and provides a 

means of measuring (Fischer, 1986).The algometer readings were 
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taken over the most painful area of the symptomatic sacroiliac or 

lumbar facet joint. The participant was then requested to indicate the 

point of pain or discomfort by saying ‘now’, and the reading was 

taken at that point. (Appendix 10) 

 

3.11.6 Surface EMG was used (Richardson et al., 1999) to 

measure the involvement and role of the global muscles during core 

contraction to ensure that the participant was learning to activate the 

core muscles and not compensate by using global muscles                

(Lariviere et al. 2007). 

 

The surface EMG was performed while the prone endurance test was 

being performed.  For the purpose of this study the electrodes were 

placed over the Quadratus Lumborum muscles, bilaterally on either 

side of the spine at levels of L1 and L4, approximately 2cm from the 

spinous process.  (Appendix 10) 

 

3.12 Data Collection Frequency 

 

Data was collected at three points in the five visit period.  At visits one, three and 

five objective readings were taken using the Algometer, Biofeedback Stabiliser 

and Surface EMG.  Subjective data was obtained at the same visits in the form of 

the Roland Morris Low Back Pain and Disability Questionnaire and NRS scale. 
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3.13 Statistics 

 

Formal sample size calculations were not performed, since it was impossible to 

state a priori what the smallest difference of clinical/biological importance would 

be. Thus for the scope of the study, financial and time constraints, it was decided 

that thirty-two participants would be used. Participants were randomised into two 

equal groups of sixteen each using computer generated random number tables. 

One group received the standard treatment (manipulation alone) while the 

second group received rehabilitation. Outcomes were measured at three time 

points, baseline (before treatment), at treatment three (before the treatment) and 

after follow up (after visit five).  

 

Data were analysed using SPSS version 13 (SPSS Inc., Chicago, Illinois, USA) 

and Stata version 9.0 for Windows (StataCorp. LP, Texas, USA). A p value of 

<0.05 was considered statistically significant.  

 

Baseline outcome measures and demographics were compared between 

treatment groups to ensure that no baseline differences existed between the 

groups. Quantitative outcome measures over time were compared between the 

two groups using repeated measures ANOVA. For EMG measurements, where a 

before and after reading was taken at each time point, the difference between the 

before and after measurement was computed and used as the outcome measure 

at each time point. A significant time by group interaction effect indicated a 

significant treatment effect. Profile plots were used to assess the trends visually. 
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Binary outcomes over time were analysed using binary generalized linear models 

in Stata.  

 

Changes in all outcome measurements over the three time points were 

computed and intra-group Pearson’s correlation coefficients were used to assess 

relationships between changes in subjective and objective outcomes.  
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Chapter 4 

 

4.1 Introduction 

 

The following chapter will look at the results of the Statistical Analysis performed 

and will discuss these results.  Data was obtained from the participants of the 

research at visit one, three and five using both subjective and objective 

measures. 

 

4.2 The Data 

 

4.2.1 Primary Data 

 

a) Subjective Measurements 

- Roland Morris Questionnaire 

- Numerical Pain Rating Scale 

b) Objective Measurements    

- Algometer 

- Biofeedback Stabilise 

- Stabliser Endurance Reading 

- Surface EMG 

- Abdominal Biofeedback Stabiliser 
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4.2.2 Secondary Data 

 

Secondary Data was obtained from numerous sources including, libraries, the 

internet, books, journal articles, lecture notes and anecdotally. 

 

4.2.3 Terminology 

 

 P-value – this value is expressed as p < 0.05 which indicates statistical 

significance (Baily, 1997).  This value allows the researcher to decide 

whether the changes seen in the research are due to the treatment effect 

or due to chance (Stagg, 2006) 

 N – Sample size. 

 Mean – this indicates the average obtained when the sum of the 

observations are added together and divided to find the average. 

 Median – This value indicates the center of the distribution.  According to 

Bland, 1996 it would seem that half the readings must be less than or 

equal to the value and half the readings must be greater than or equal to 

the mean. 

 Standard Deviation – this is the variance from the readings from the 

mean (Stagg, 2006).  Should the readings vary greatly then it could be 

said that there is a large standard deviation, likewise if the readings are 

close to the mean, there would be a narrow standard deviation  (Campbell 

et al. 1999) 

 Treatment Effect – An effect attributable to the test treatment 

(Esterhuizen, 2007) 
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4.3 Statistical Methodology 

 

Data were analysed using SPSS version 13 (SPSS Inc., Chicago, Illinois, USA) 

and Stata version 9.0 for Windows (StataCorp. LP, Texas, USA). A p value of 

<0.05 was considered statistically significant.  

 

Changes in all outcome measurements over the three time points were 

computed and intra-group Pearson’s correlation coefficients were used to assess 

relationships between changes in subjective and objective outcomes.  

 

4.4 Results 

 

4.4.1 Demographics 

 

Thirty-two participants were randomized into two equal treatment groups.  

Although the methodology indicated that a minimum of fifteen participants per 

group were required to conduct the study, sixteen participants were ultimately 

used in each group as there was no set upward limit. Their mean age was 33.3 

years, with a standard deviation of 6.8 years and a range of 23 to 45 years, 

although it was noted that the mean age in the core group was younger than that 

of the treatment group.  The sample had a diverse occupational profile, shown in 

Table 4.1. The majority of participants were professionals (28%), consisting of 

mainly accountants, followed by operators, specifically factory workers (22%).   

 

 

 

 

 

 

 

 



 52 

Table 4.1: Occupational classification of sample  

  

 Frequency Percent 

Business 1 3.1 

Professional 9 28.1 

Technical 2 6.3 

Administration 4 12.5 

Sales 4 12.5 

Artisan 2 6.3 

Student 2 6.3 

Operator 7 21.9 

Housewife 1 3.1 

Total 32 100.0 

 

 

There was no significant difference between the two groups in terms of gender 

(p=0.280), although the core group contained a higher proportion on males than 

the adjustment group. The gender breakdown of each group is shown in Table 

4.2.  

Table 4.2: Gender by Treatment Group 

 

  

  

Gender Total 

Male Female   

Group 

  

  

  

Adjustment 

  

Count 8 8 16 

Row % 50.0% 50.0% 100.0% 

Core 

  

Count 11 5 16 

Row % 68.8% 31.3% 100.0% 

Total 

  

Count 19 13 32 

Row % 59.4% 40.6% 100.0% 

Pearson’s chi square 1.166, p=0.280 

 

There was no significant difference (p=0.280) in age between the two treatment 

groups (p=0.171), this is shown in Table 4.3.  
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Table 4.3: Comparison of Mean Age Between the Treatment Groups  

 

  Group N Mean Std. Deviation Std. Error Mean p- value 

Age 

  

Adjustment 16 34.94 7.353 1.838 0.171 

Core 16 31.63 5.943 1.486 

 

 

Table 4.4 shows that the two groups were similar in terms of height, weight and 

BMI. There were no significant differences (p=0.171) between the groups, and 

the two group means were very similar.  

 

Table 4.4: Comparison of Mean Height, Weight and BMI between the 

Treatment Groups   

 

  Group n Mean Std. Deviation Std. Error 

Mean 

p-value 

Height(M) 

  

Adjustment 16 1.689 0.0790 0.0198 0.932 

Core 16 1.686 0.1216 0.0304 

Weight 

  

Adjustment 16 68.09 8.707 2.177 0.775 

Core 16 69.22 12.909 3.227 

BMI 

  

Adjustment 16 23.9187 3.00020 0.75005 0.699 

Core 16 24.4264 4.24907 1.06227 

 

 

4.4.2 Comparison of Baseline Outcomes Between Treatment Groups 

 

None of the outcome measurements (Roland Morris Questionnaire, Algometer, 

Biofeedback Stabiliser and the Surface EMG) showed statistically significant 

differences between treatment groups prior to the intervention.   Thus any 

improvement that is observed should be due to the intervention as the groups 

started off at the same baseline. 

 

Table 4.5 shows that only Abdominal Reading 1 before approached a statistically 

significant difference (p=0.069), but the absolute mean difference was small.  

Although there was almost statistical significance, this does not necessarily 
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indicate that there is a clinical significance.  These values indicate that at 

baseline the two groups were comparable, although practically it was noticed by 

the researcher during the duration of the research process that clinical 

improvement may be influenced by the attitude of the patient (Eccleston et al., 

1997), however there is little research to validate this theory.    

 

Table 4.5: Comparison of Baseline Outcome Measurements Between 

Treatment Groups 

  

  Group N Mean Std. 

Deviation 

Std. Error 

Mean 

p- Value 

Roland Morris 

Questionnaire  

Adjustment 16 5.31 5.338 1.335 0.465 

Core 16 4.13 3.575 0.894 

Algometer 

Reading 1 

Adjustment 16 4.584 1.2760 0.3190 0.775 

Core 16 4.741 1.7486 0.4372 

Stabiliser 

Reading 1 

Adjustment 16 -3.79 2.437 0.609 0.355 

Core 16 -4.81 3.594 0.899 

Stabiliser Time 

1 

Adjustment 16 12.436 5.8831 1.4708 0.851 

Core 16 12.781 4.2548 1.0637 

EMG reading 1 

at L1 Before 

Adjustment 16 3.438 0.8578 0.2145 0.295 

Core 16 3.881 1.4256 0.3564 

EMG reading 1 

at L4 before 

Adjustment 16 8.175 1.9536 0.4884 0.347 

Core 16 9.200 3.8224 0.9556 

EMG Abdominal 

Reading 1 

Adjustment 16 3.09 0.203 0.051 0.069 

Core 16 3.02 0.040 0.010 

Abdominal 

Stabiliser 

reading 1 

Adjustment 16 -3.44 2.366 0.591 0.303 

Core 16 -4.63 3.862 0.966 
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4.5 Assessment of the Treatment Effect 

 

4.5.1 Subjective Outcomes 

 

a) Roland Morris Questionnaire 

 

There was no significant treatment effect according to the Roland Morris 

Questionnaire outcome (p=0.394). Thus both groups showed similar progress 

over time. The overall time effect was highly significant (p<0.001), and Figure 4.1 

shows that both groups showed a sharp decrease in Roland Morris 

Questionnaire score over time. The rate of decrease was similar, thus for Roland 

Morris Questionnaire there was no evidence that the treatments showed 

differential effects.  

 

Discussion 

 

The results shown by statistical analysis of Roland Morris Questionnaire show 

that, in both treatment groups there was in improvement in daily functionality for 

the participants.  The graph indicated that the Adjustment Group showed a 

steady decrease in score, however after time 2 there is a slight leveling off in the 

score whereas the Core Group showed a steady decrease in score throughout.   

In a previously conducted study similar to this, it was found that Core 

Rehabilitation had no or little effects as a treatment (Boden, 2002), but this is not 

supported by these results.   

  

Table 4.6: Within and Between Subjects Effects for RMQ 

 

Effect Statistic p- value 

Time Wilk’s Lambda=0.535 <0.001 

Group F=0.791 0.381 

Time*group Wilk’s Lambda=0.938 0.394 
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Figure 4.1: Profile Plot of Time by Group for Roland Morris Questionnaire 

 

b) Numerical Pain Rating Scale 

 

  Similarly for NRS, there was a significant time effect overall (p<0.001), but no 

evidence of a differential treatment effect (p=0.430). Figure 4.2 shows that the 

rate of improvement in pain according to the NRS score was very similar in both 

groups.  It is the time effect that is significant in this case because it shows that 

both Groups improve over time.  Again as seen in the Roland Morris 

Questionnaire, the Core Group appears to improve slightly faster after time two 

than the Adjustment Group, which supports findings that Core Rehabilitation 

appears to be as effective as Manipulation.  As noted in Chapter 3 reading one 

was taken at visit one, reading two was taken at visit three and reading three was 

taken at visit five. 
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Discussion 

Statistical analyses of the data obtained from the NRS readings showed that in 

both treatment groups there was a steady decrease in the NRS readings 

throughout the treatment period (Carpes et al., 2007), however it can be noted 

from Figure 4.2 that there was a slightly greater decrease in the Core Groups 

readings after time 2 when compared to the Adjustment Group.  It must be noted 

that both of the above measurements are subjective and once again can be 

influenced by the patient’s attitude to their back pain, and although it is not shown 

in current literature it could be possible that patients receiving Core Rehabilitation 

portray a better attitude towards their pain and thus influence the subjective 

findings. 

  

Table 4.7: Within and Between Subjects Effects for NRS 

 

Effect Statistic P value 

Time Wilk’s Lambda=0.097 <0.001 

Group F=1.502 0.230 

Time*group Wilk’s Lambda=0.944 0.430 
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Figure 4.2: Profile plot of Time by Group for NRS 

 

 

 

4.5.2 Objective Outcomes 

 

a) Algometer 

 

There was no evidence of a significant effect for algometer as indicated by the p-

value (p=0.280). Both groups showed a significant mean increase over time 

(p<0.001). Figure 4.3 shows that the adjustment group increased at a slightly 

faster rate than the core group between time 2 and 3, but this difference was not 

statistically significant.  This is not a true cross over effect because it is expected 

that as a participant improves clinically, their Algometer readings will increase.  

However in this case it is that rate of improvement that causes the cross over 

effect, because the Manipulation Group’s reading increased more than the Core 

Group’s. 
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Discussion  

The above results could possibly be explained by the fact that the Algometer 

Readings were taken over the most painful Lumbar Facet Joint or Sacroiliac joint.  

Although technically the Algometer was designed to take a pressure reading over 

soft tissue, it must be realized that over every joint there is a certain amount of 

soft tissue.  Over the Sacroiliac Joints there are Gluteal Muscles and over the 

Facet Joints there are erector Spinae muscles.  Thus the Adjustment Group may 

have had either of those painful joints adjusted, thereby decreasing the 

subluxation and the muscle spasm which may be in the overlying area. and 

causing a decrease in pain in that area (Herzog et al. 1995; Lehman et al., 2001; 

Pickar, 2002).  The Core Group would have had no manipulation of the joints 

which may have had an impact on their pain perception over those joints as well 

as the fact that unaccustomed use of these muscles may have left the participant 

experiencing delayed onset muscle soreness, also influencing their perception of 

pain. 

 

Table 4.8: Within and Between Subjects Effects for Algometer 

 

Effect Statistic p-value 

Time Wilk’s Lambda=0.520 <0.001 

Group F=0.354 0.556 

Time*group Wilk’s Lambda=0.916 0.280 
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Figure 4.3: Profile Plot of Time by Group for Algometer 

 

b) Stabilizer Pressure 

 

For stabilizer pressure, there was a significant decrease over time for both 

groups (p=0.001), but no evidence of a differential treatment effect (p=0.392) was 

seen. Figure 4.4 shows that the core group continued to decrease between time 

2 and 3, while the adjustment group increased in this time. However, this slight 

trend was not statistically significant.  

 

 

Discussion 

Figure 4.4 shows an initial improvement in both groups up until time 2, thereafter 

the Adjustment groups appears to get worse while the Core Group continues to 

improve (Carpes et al. 2007).  A possible explanation for this is that the Core 

Group are performing core-strengthening exercises which ideally should improve 

their core strength.  The initial improvement in the Adjustment group could be 
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explained due to the fact that there was painful inhibition caused by their low 

back pain (Spencer et al. 1984; Baugher et al., 1984), but as they receive 

treatment and their pain decreases they are able to contract (Pickar, 2002) their 

core muscles to the maximum of their ability.  Hides et al.1994 noted that there 

was atrophy of the multifidus muscle in patients who had suffered from low back 

pain even though they may not have low back pain at the time and this may 

influence the strength with which this muscle may be contracted (Biederman et 

al., 1991).  Thus however it is not a true increase in strength, but a showing of 

the participants own fully functional ability to contract the core muscles.  It must 

be noted that participants of this study were required to have acute low back pain 

(i.e. with an onset of seven days or less), but a history of low back pain did not 

exclude them from the study. 

 

Table 4.9: Within and Between Subjects Effects for Stabilizer Pressure 

 

Effect Statistic P value 

Time Wilk’s Lambda=0.616 0.001 

Group F=1.317 0.260 

Time*group Wilk’s Lambda=0.937 0.392 
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Figure 4.4: Profile Plot of Time by Group for Stabilizer Pressure 

 

c) Stabiliser Endurance Reading 

 

There was no significant effect for time on stabilizer between groups (p=0.713), 

although both groups showed a significant increase over time (p=0.003). Figure 

4.5 shows that the core group started to decrease after time 2, while the 

adjustment group continued to increase. Statistically for this outcome, both 

groups progressed equally over time.  There is a crossover effect noted in Figure 

4.5 as the Manipulation Group continue to have a decrease in their stabiliser 

readings from time 2, while the Core Group appear to begin increasing their 

readings at time 2. 
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Discussion  

Figure 4.5 shows that there is an increase in the length of time that the 

contraction of the core muscles could be held in both treatment groups. It can be 

noted that at time 2 the Core Group shows a sharp decline in their progress.  

This could possibly be explained due to the fact that the core exercises were only 

performed for the first two weeks of the three-week process, while reading taken 

at time 3 was taken after one week of no exercise.  The adjustment group 

received treatment throughout the same period as the Core group, but as their 

pain decreased (Koumantakis et al., 2005) the Adjustment group was able to 

hold their contraction as there was no painful inhibition or Arthrogenic Muscle 

Inhibition preventing the contraction of these muscles (Suter et al. 2000) 

 

Table 4.10: Within and Between Subjects Effects for Time on Stabilizer  

 

Effect Statistic p-value 

Time Wilk’s Lambda=0.665 0.003 

Group F=0.026 0.874 

Time*group Wilk’s Lambda=0.977 0.713 
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Figure 4.5: Profile Plot of Time by Group for Time on Stabilizer  

 

d) Surface EMG (Electromyograph) L1 

 

There was a borderline non-significant interaction effect for EMG L1 (p=0.072).  

As noted in Chapter 3, the EMG electrodes were placed at the level of lumbar 

vertebra one (L1) and lumbar vertebra four (L4), two centimeters from the 

spinous process. Figure 6 shows a trend towards the adjustment group showing 

a mean decrease over time while the core group remained relatively stable over 

time.   

 

Discussion 

The Surface EMG is placed over the belly of the Quadratus Lumborum muscle at 

the level of L1 to measure the contraction of the Quadratus Lumborum muscle at 

this point.  As can be seen in Figure 4.6 the Adjustment group (Keller et al., 

2000) had an initially higher reading at L1 than the Core Group appears to have.  
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A possible explanation for this is that over the treatment period the Adjustment 

Group have a decrease in their pain and are thus able to contract their core 

muscles fully without using the QL (global muscles) muscle to “cheat” and fake a 

contraction of the core muscles this is however in contradiction to the findings in 

b and c above and in contradiction to Hides et al., (2000).  The Core Group were 

performing exercises to strengthen the Core muscles, however as has been 

noted in previous chapters, there is no exact method to prevent the participant 

from using global muscles to “fake” a core contraction (Richarson et al., 1995).  

By performing the exercises repetitively (Akuthota et al., 2004) the participants 

learn to “cheat” and this is seen in Figure 4.6 as an increase in QL activity at L1 

by time 2.  During the treatment period the participants in the Core Group were, 

at their visit, corrected on their exercise method by the researcher to try and 

prevent the use of the QL muscle in the core contraction (Richardson et 

al.,1995).  This may be a possible explanation for the decrease in QL use by time 

3 (Graves et al., 1990; Lariveire et al. 2003b).  Other possibilities include that a 

manipulation causes a decrease in pain and therefore a decrease in muscle 

spasm (Herzog et al., 1999; Symonds et al., 2000) or activity as measured by the 

surface EMG (i.e. superficial muscles), however after a while with no treatment 

the lack of functioning of the core (i.e. according to Hides et al. 2000 the core 

muscles are not affected significantly even though the low back pain has 

decreased).  As a result the global muscles need to brace and take over the 

function, thus resulting in increased muscle activity.  On the other hand, the core 

will have an initial increase in the activity as the patient learns how to contract the 

core (Akuthota et al., 2004), thus by “cheating” as previously mentioned as they 

are more able to contract the core the superficial muscle activity decreases. 
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Table 4.11: Within and Between Subjects Effects for Surface EMG L1 

  

Effect Statistic p-value 

Time Wilk’s Lambda= 0.913 0.269 

Group F= 0.00 0.990 

Time*group Wilk’s Lambda= 0.834 0.072 
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Figure 4.6: Profile Plot of Time by Group for EMG L1 

 

e) Surface EMG (Electromyograph) L4  

  

The Surface EMG was placed over the belly of the Quadratus Lumborum muscle 

at the level of L4 to measure the activity in the Quadratus Lumborum muscle 

during core contraction.  For EMG at L4, no significant time by group interaction 

effect was demonstrated (p=0.720). Figure 4.7 shows that both groups 
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decreased over time to the same extent, thus there was no differential effect of 

the two treatments over time.   

 

Discussion 

In figure 4.7 it can be noted that the Core Group initially used the Quadratus 

Lumborum muscle at L4 more than at L1 as was seen in Figure 4.6.  It appears 

that as the Core Group progressed in their treatment protocol they did learn to 

use the correct muscles (i.e. the core muscles) rather than “cheating” using the 

Quadratus Lumborum muscle.  In both Groups the initially high readings (Arendt-

Nielsen et al., 1996; Radehold et al., 2000, Hodges et al., 2003a,b)were 

hypothesized to be caused by muscle spasm in the Quadratus Lumborum 

muscle.  There was a steady decrease in the readings obtained from the 

Manipulation Group which could in part be cause by the hypothesized decrease 

in muscle spasm, but could also be due to the fact that in order to obtain these 

readings, all participants were taught to contract their core muscle and inevitably 

the Manipulation Group will learn to contract the core muscle more efficiently 

every time they are asked to do so.  

 

Table 4.12: Within and Between Subjects Effects for EMG L4  

 

Effect Statistic p- value 

Time Wilk’s Lambda= 0.947 0.415 

Group F= 1.067 0.310 

Time*group Wilk’s Lambda= 0.978 0.720 
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Figure 4.7: Profile Plot of Time by Group for EMG L4 

 

 

f) Surface EMG (Electromyograph) Abdominal 

 

The two groups behaved very similarly over time for this outcome. There was no 

evidence of a time effect (p=0.226) or a differential treatment effect (p= 0.549). 

This is demonstrated by the parallel profiles in Figure 4.8.  
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Discussion 

In the core group there was a very slight but steady improvement in the core 

contraction, which is positively explained by the treatment protocol where they 

were performing exercises to increase to the core muscle strength.  The 

adjustment group appears to begin by using their core muscles but as their 

treatment progresses and their pain decreases they appear to revert to using the 

Quadratus Lumborum muscles (global muscles) along with the multifidus as has 

been noted in the above figures 4.5 and 4.6.  

 

Table 4.13: Within and Between Subjects Effects for EMG Abdominal  

 

Effect Statistic P value 

Time Wilk’s Lambda= 0.903 0.226 

Group F= 0.961 0.335 

Time*group Wilk’s Lambda= 0.960 0.549 
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Figure 4.8: Profile Plot of Time by Group for EMG Abdominal 

 

 

g) Abdominal Stabiliser 

 

Although there was a significant decrease over time for this outcome (p=0.003), 

the decrease was shown equally in both treatment Groups, leading to a 

conclusion of no differential treatment effect (p=0.589). This is shown in Table 14 

and by the parallel profiles of the two groups in Figure 9.  
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Discussion 

 

In Figure 4.9 it can be seen that both Groups appear to have a decrease in the 

pressure reading taken using the Biofeedback Stabiliser, indicating that there is 

an increase in the strength of the Transversus Abdominus contraction, however 

the Core Group does appear to experience a larger drop in their pressure 

readings.  This could indicate that the core rehabilitation exercises could have an 

affect on core strengthening, which supports the available literature (Akuthota et 

al., 2004; Ericksen et al., 2006) on the subject. 

 

Table 4.14: Within and Between Subjects Effects for Stabilizer Abdominal  

 

Effect Statistic p- value 

Time Wilk’s Lambda= 0.669 0.003 

Group F= 1.356 0.253 

Time*group Wilk’s Lambda= 0.964 0.589 
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Figure 4.9: Profile Plot of Time by Group for Stabilizer Abdominal 

 

4.6 Binary Outcomes 

 

4.6.1 Presence of Fixations on the Left Side 

 

For this outcome, Table 4.15 shows that there were no significant effects. There 

was no differential treatment effect (p=0.392), thus the treatment did not affect 

the presence of fixation on the left side.  
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Table 4.15: Binary General Linear Regression Model Analysis for Presence 

of Fixations on the Left Side 

 

Effect Statistic p-value 

Time Risk ratio= 0.959 0.784 

Group Risk ratio= 0.718 0.279 

Time*group Risk ratio= 0.907 0.392 

 

4.6.2 Presence of Fixation on the Right Side 

 

There was a significant time effect for presence of fixations in the right side 

(p=0.040), indicating that there was a decrease in the risk as time progressed. 

This decline in risk was the same in both treatment groups, as there was no 

evidence of a differential treatment effect (p=0.252).  It can be noted that the 

researcher is right handed and therefore adjustments performed by the 

researcher using her right hand may have been more effective than those 

performed using the left hand, this may have influenced the results. 

 

Table 4.16: Binary General Linear Regression Model Analysis for Presence 

of Fixations on the Right Side 

 

Effect Statistic p-value 

Time Risk ratio= 0.321 0.040 

Group Risk ratio= 0.103 0.161 

Time*group Risk ratio= 1.476 0.252 

 

4.6.3 Presence of Fixations at L1 

 

For this outcome, Table 4.17 shows that there were no significant effects. There 

was no differential treatment effect (p=0.490), thus the treatment did not affect 

the presence of fixation at L1. 
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Table 4.17: Binary General Linear Regression Model Analysis for Presence 

of Fixations at L1 

 

Effect Statistic p- value 

Time Risk ratio= 0.939 0.865 

Group Risk ratio= 1.564 0.486 

Time*group Risk ratio= 0.854  0.490 

 

 

4.6.3 Presence of Fixations at L2 

 

For this outcome, Table 4.18 shows that there were no significant effects. There 

was no differential treatment effect (p=0.273), thus the treatment did not affect 

the presence of fixation at L2. 

 

Table 4.18: Binary General Linear Regression Model Analysis for Presence 

of Fixations at L2 

 

Effect Statistic p- value 

Time Risk Ratio = 0.488 0.103 

Group Risk Ratio = 0.884 0.830 

Time*group Risk Ratio = 1.299 0.273 

 

4.6.4 Presence of Fixations at L3 

 

For this outcome, Table 4.19 shows that only the time effect was significant 

(p<0.001), meaning that there was a significant decrease in risk of fixations at L3 

over time in both groups. There was no differential treatment effect (p=0.453), 

thus the treatment did not affect the presence of fixation at L3.  There are 

however arguments that L3 being the apex of the lumbar lordosis and therefore 
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the point of most movement in the lumbar spine it may therefore bear the brunt if 

there were any mechanical dysfunction.  It may be possible that patients who 

“cheat” by using global muscles may place increased pressure on the L3 

vertebra causing a mechanical dysfunction and therefore increasing the risk of 

subluxation at this point.  This could explain the lack of findings at the other 

lumbar levels. 

 

Table 4.19: Binary General Linear Regression Model Analysis for Presence 

of Fixations at L3 

 

Effect Statistic p-value 

Time Risk Ratio = 0.405 <0.001 

Group Risk Ratio = 3.092 0.298 

Time*group Risk Ratio = 0.860 0.453 

 

4.6.5 Presence of Fixations at L4 

 

For this outcome, Table 4.20 shows that there were no significant effects. There 

was no differential treatment effect (p=0.359), thus the treatment did not affect 

the presence of fixation at L4. 

 

Table 4.20: Binary General Linear Regression Model Analysis for Presence 

of Fixations at L4 

 

Effect Statistic p-value 

Time Risk Ratio = 0.984 0.968 

Group Risk Ratio = 0.914 0.904 

Time*group Risk Ratio = 0.761 0.359 
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4.6.7 Presence of Fixations at L5 

 

For this outcome, Table 4.21 shows that there were no significant effects. There 

was no differential treatment effect (p=0.432), thus the treatment did not affect 

the presence of fixation at L5. 

 

Table 4.21: Binary General Linear Regression Model Analysis for Presence 

of Fixations at L5 

 

Effect Statistic p-value 

Time Risk Ratio = 0.990 0.978 

Group Risk Ratio = 0.588 0.525 

Time*group Risk Ratio = 0.811 0.432 

 

4.6.8 Presence of Fixations at S1 

 

For this outcome, Table 4.22 shows that there were no significant effects. There 

was no differential treatment effect (p=0.480), thus the treatment did not affect 

the presence of fixation at S1. 

 

Table 4.22: Binary General Linear Regression Model Analysis for Presence 

of Fixations at S1 

 

Effect Statistic p-value 

Time Risk Ratio = 0.913 0.277 

Group Risk Ratio = 0.689 0.268 

Time*group Risk Ratio = 1.047 0.480 
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4.7 Correlations Between Changes in Outcomes Over Time 

 

4.7.1 Adjustment Group 

 

Table 4.23 shows that changes in NRS and algometer measurements were 

significantly negatively correlated (r=-0.659, p=0.006), indicating that as NRS 

decreased, algometer measurements increased. Change in NRS was also 

negatively correlated with changes in EMG abdominal (r=-0.534, p=0.033), 

although this was a relatively weak correlation. There was an expected positive 

correlation between changes in EMG for L1 and L4 (r=0.577, p=0.019), and 

between changes in stabilizer pressure and stabilizer abdominal (r= 0.561, 

p=0.024).  

 

4.7.2 Core Group 

 

Table 4.24 shows that the core group experienced negative correlations between 

change in stabilizer pressure and change in EMG for L1 (r= -0.620, p=0.010) and 

for L4 (r= -0.556, p=0.025). NRS was also negatively correlated with changes in 

abdominal EMG (r= -0.520, p=0.039), and algometer changes were negatively 

correlated with changes in abdominal stabilizer (r= -0.512, p=0.042). There was a 

strong positive correlation between change in EMG for L1 and L4 (r=0.805, 

p<0.001). Change in stabilizer pressure and abdominal stabilizer were also 

positively correlated (r= 0.699, p=0.003).  
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Table 4.23: Pearson’s Correlation Between Changes in Outcomes for the 

Adjustment Group (n=16) 

   Change 
in RMQ 

Change 
in NRS 

Change in 
Algometer 

Change 
in 

stabilizer 

Change 
in time 

on 
stabilizer 

Change 
in EMG 
for L1 

Change 
in EMG 
for L4 

Change 
in EMG 
Abdo 

Change 
in 

stabilizer 
for Abdo 

Change in 
RMQ  

Pearson’s 
r 

1 0.297 0.115 -0.036 0.149 -0.070 0.088 -0.389 -0.142 

P value   0.264 0.673 0.896 0.582 0.798 0.747 0.136 0.600 

Change in 
NRS  

Pearson’s 
r 

0.297 1 -0.659(**) -0.081 -0.144 0.179 0.075 -
0.534(*) 

0.129 

P value 0.264   0.006 0.767 0.596 0.507 0.782 0.033 0.633 

Change in 
Algometer  

Pearson’s 
r  

0.115 -
0.659(**) 

1 -0.052 0.467 -0.236 0.131 0.168 0.110 

P value 0.673 0.006   0.849 0.068 0.378 0.627 0.534 0.685 

Change in 
stabilizer  

Pearson’s 
r 

-0.036 -0.081 -0.052 1 -0.052 -0.363 -0.358 0.120 0.561(*) 

P value 0.896 0.767 0.849   0.847 0.167 0.174 0.657 0.024 

Change in 
time on 
stabilizer  

Pearson’s 
r 

0.149 -0.144 0.467 -0.052 1 0.082 0.303 -0.259 0.145 

P value 0.582 0.596 0.068 0.847   0.762 0.254 0.334 0.593 

Change in 
EMG for 
L1  

Pearson’s 
r 

-0.070 0.179 -0.236 -0.363 0.082 1 0.577(*) -0.304 -0.149 

P value 0.798 0.507 0.378 0.167 0.762   0.019 0.252 0.583 

Change in 
EMG for 
L4  

Pearson’s 
r 

0.088 0.075 0.131 -0.358 0.303 0.577(*) 1 -0.229 -0.170 

P value 0.747 0.782 0.627 0.174 0.254 0.019   0.394 0.528 

Change in 
EMG 
Abdo  

Pearson’s 
r 

-0.389 -0.534(*) 0.168 0.120 -0.259 -0.304 -0.229 1 0.139 

P value 0.136 0.033 0.534 0.657 0.334 0.252 0.394   0.607 

Change in 
stabilizer 
for Abdo  

Pearson’s 
r 

-0.142 0.129 0.110 0.561(*) 0.145 -0.149 -0.170 0.139 1 

P value 0.600 0.633 0.685 0.024 0.593 0.583 0.528 0.607   

**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 
 
Discussion 
 

Positive EMG L4 EMG L1 The changes with respect to the EMG were reflected at both the 
L1 and the L4 taking an overall reading into account. However 
the mechanism by which each of these readings were arrived at 
where different and therefore this correlation does not add any 
further value to the discussion (as seen under sections 4.5.2 d) 
and 4.5.2 e). 

Stabiliser Abdo Stabiliser Section 4.5.2. b) and g) act as reference and as expected both 
these values decreased with time, thereby resulting in a positive 
correlation . 

Negative  Algometer NRS As discussed under sections 4.5.2. a) and 4.5.1. b) respectively 
the NRS (Bolton et al., 1998) was expected to decrease with a 
reciprocal increase in the value of the algometer (Fischer , 
1986). 

EMG Abdo NRS As discussed under sections 4.5.2. g) and 4.5.1 b) the NRS 
decreased over time (Bolton et al., 1998), but there was no 
change in the overall EMG readings hence the correlation 
reading obtained here is not reflective of the overall clinical 
result as discussed in each of these sections. 
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Table 4.24: Pearson’s Correlation Between Changes in Outcomes for the 

Core Group (n=16) 

  Change 
in RMQ 

Change 
in NRS 

Change in 
Algometer 

Change 
in 

stabilizer 

Change 
in time 

on 
stabilizer 

Change 
in EMG 
for L1 

Change 
in EMG 
for L4 

Change 
in EMG 
Abdo 

Change 
in 

stabilizer 
for Abdo 

Change in 
RMQ  

Pearson’s 
r  

1 0.006 -0.338 0.257 -0.031 0.109 -0.280 0.102 0.462 

P value   0.982 0.201 0.337 0.909 0.689 0.294 0.707 0.072 

Change in 
NRS  

Pearson’s 
r 

0.006 1 -0.263 0.140 -0.270 -0.068 0.105 -
0.520(*) 

0.173 

P value 0.982   0.326 0.606 0.312 0.804 0.700 0.039 0.523 

Change in 
Algometer  

Pearson’s 
r 

-0.338 -0.263 1 -0.172 0.003 0.381 0.308 0.195 -0.512(*) 

P value 0.201 0.326   0.524 0.992 0.145 0.246 0.468 0.042 

Change in 
stabilizer  

Pearson’s 
r 

0.257 0.140 -0.172 1 0.076 -0.620(*) -0.556(*) 0.115 0.699(**) 

P value 0.337 0.606 0.524   0.779 0.010 0.025 0.673 0.003 

Change in 
time on 
stabilizer  

Pearson’s 
r 

-0.031 -0.270 0.003 0.076 1 0.090 0.134 0.077 -0.034 

P value 0.909 0.312 0.992 0.779   0.740 0.620 0.778 0.900 

Change in 
EMG for 
L1  

Pearson’s 
r 

0.109 -0.068 0.381 -0.620(*) 0.090 1 0.805(**) -0.101 -0.320 

P value 0.689 0.804 0.145 0.010 0.740   0.000 0.709 0.227 

Change in 
EMG for 
L4  

Pearson’s 
r 

-0.280 0.105 0.308 -0.556(*) 0.134 0.805(**) 1 -0.232 -0.443 

P value 0.294 0.700 0.246 0.025 0.620 0.000   0.388 0.086 

Change in 
EMG 
Abdo  

Pearson’s 
r 

0.102 -
0.520(*) 

0.195 0.115 0.077 -0.101 -0.232 1 0.207 

P value 0.707 0.039 0.468 0.673 0.778 0.709 0.388   0.442 

Change in 
stabilizer 
for Abdo  

Pearson’s 
r 

0.462 0.173 -0.512(*) 0.699(**) -0.034 -0.320 -0.443 0.207 1 

P value 0.072 0.523 0.042 0.003 0.900 0.227 0.086 0.442   

*  Correlation is significant at the 0.05 level (2-tailed). 
**  Correlation is significant at the 0.01 level (2-tailed). 
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Discussion 
 

Positive Stabiliser abdo Stabiliser  As seen in sections 4.5.2 b) and 4.5.2 g), both these measures 
decreased with time resulting in a positive correlation. This 
result supports the hypothesis made at the outset of this study. 

EMG L1  EMG L4 The changes with respect to the EMG were reflected at both the 
L1 and the L4 taking an overall reading into account. However 
the mechanism by which each of these readings were arrived at 
where different and therefore this correlation does not add any 
further value to the discussion (as seen under sections 4.5.2 d) 
and 4.5.2 e).  

Negative  EMG abdo NRS With the use of the transervsus abdominis it is expected that the 
EMG abdo reading increases whilst at the same time there is a 
decrease in the NRS (Bolton et al. 1998) as discussed in 
sections 4.5.1 b) and 4.5.2 f). 

Stabiliser abdo Algometer With the increased negativity of the stabiliser reading, there is 
decreased pressure on the biofeedback stabiliser resulting in a 
more negative reading, whereas the Algometer shows a steady 
increase as the tenderness over the points decreases (Fischer, 
1986) – see sections 4.5.2 a) and 4.5.2 g). 

Stabiliser EMG L1 With intervention (core stabilization) there was a decrease in the 
stabiliser readings (as per rationale in negative correlation 
above), as compared to the marginal increase in the readings 
for the EMG L1 , thus resulting in a negative correlation, which 
supports the discussion in sections 4.5.2 b) and 4.5.2 d). 

Stabiliser EMG L4 4.5.2 b) and 4.5.2 e) 

 

 

Summary of Results and Discussion  

 

The objectives of this study as laid out in chapter one were defined as follows, 

with their respective hypotheses: 

 

4.8.1 To determine the relative effect of manipulation (Group A) and core 

rehabilitation (Group B) in sedentary patients suffering from acute 

mechanical low back pain in terms of the subjective findings 

4.8.2 To determine the relative effect of manipulation (Group A) and core 

rehabilitation (Group B) in sedentary patients suffering from acute 

mechanical low back pain in terms of the objective findings. 
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4.8.3 To determine any correlations between the subjective and objective 

outcomes for Group A and Group B. 

 

4.9 Hypotheses 

 

4.9.1 Patients suffering from acute mechanical low back pain should not show a 

clinical improvement (subjective and objective) when treated using 

manipulation.  

4.9.2 Patients suffering from acute mechanical low back pain should not show a 

clinical improvement (subjective and objective) when treated using core 

stability exercises. 

 

4.10 Rejection / Acceptance of the Hypotheses 

 

Hypothesis one indicated that patients suffering from acute mechanical low back 

pain should not show a clinical improvement (subjective and objective) when 

treated using manipulation.  

 

This hypothesis is rejected based on the results obtained in this study as there 

was clinical improvement in the patients as noted in NRS, Algometer and 

Stabiliser. 

 



 81 

Hypothesis two indicated that patients suffering from acute mechanical low back 

pain should not show a clinical improvement (subjective and objective) when 

treated using core stability exercises. 

 

This hypothesis is rejected based on the results obtained in this study as there 

was clinical improvement in the patients as noted in NRS, Algometer and 

Stabiliser. 

 

Not withstanding the above results this research was limited in explaining the 

mechanisms by which patients obtained readings as the measures utilized only 

assessed clinical parameters and not direct measures (e.g. a needle electrode 

EMG may have yielded more mechanism specific information as opposed to a 

surface EMG). 
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Chapter 5 
 
 

5.1 Introduction 

 
 

This chapter will look at the conclusions and recommendations that were made 

during the period of this study.  The study aimed to investigate the relative effect 

of manipulation and core rehabilitation in the treatment of acute mechanical low 

back pain in sedentary patients.  The sample consisted of 32 male and female 

participants between the ages of 18 and 45. 

 

5.2 Conclusion 

 

According to statistical analyses the outcome of this study lacked statistical 

significance however, the trends show that both treatment Groups showed an 

improvement with regards to pain, daily functionality and movement.  Trends also 

indicate that there was an improvement in the Core Rehabilitation Group with 

regards to core strength and endurance.  The final conclusion drawn by the 

researcher is that core rehabilitation properly performed and instituted can be an 

effective treatment protocol when compared with manipulation.  Although, 

according to the literature, these two interventions have very different 

mechanisms of action they appear to be comparable in their outcomes.   
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5.3 Recommendations 

 

a) Sample Size 

 A larger sample size would increase the validity of the results and  

 possibly prevent a type 1 error from being incurred. 

 

b) Length of Treatment  

Although the treatment period for this study was 3 weeks, it was found by 

the researcher to be too long as there was a high percentage of drop-outs 

(15 participants dropped out, out of the 47 participants who began the 

study) due to the fact that patients were getting better before the 3 weeks 

of treatment were up and did not want the hassle of coming into the 

Chiropractic Day Clinic for treatments.  Therefore a shorter follow-up 

period is recommended, even though literature indicated that a longer 

treatment period was recommended (Carpes et al., 2007).  

 

c) Use of the Needle EMG 

This study used the surface EMG to take readings of the quadratus 

lumborum muscle, however the surface EMG may not be entirely accurate 

(Carman et al., 1972; Strohl et al., 1981; Goldman et al., 1987; De Troyer 

et al., 1990) especially in participants who have excess body weight.  For 

future research the researcher recommends the use of needle EMG to 

improve the accuracy of the readings, possibly needle EMG guided by 
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Ultrasound, to ensure specific placement of the needle within a specific 

muscle.  

 

d) Treatment Protocol 

This research looked specifically at two separate treatment protocols, 

however, further research may consider whether a combined treatment of 

manipulation and rehabilitation of the core musculature would prove to be 

an even more efficient treatment 

 

e) Stratification of Sample 

In this research no distinction was made between those patients who had 

a history of low back pain and those who did not.  For future research it is 

recommended that the groups are either stratified in this regard or 

research is restricted to either those who do have a history of low back 

pain or those who do not. 
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