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CHAPTER 3
METHODOLOGY

3.1 Introduction

The focus of the present study was to test low back muscle strength as well as
psychological factors in subjects with chronic low back pain, place them on two
exercise intervention programmes (conservative or progressive-aggressive
programmes) for 12 weeks, and re-evaluate them according to the original protocol.
Psychological factors were also tested at week 4 and week 8. All of the testing was
performed before and after the intervention period. Test procedures were identical
on both occasions and performed by the same examiner.

3.2 Participants

Selection for this study was done by randomisation. Advertisements were placed in
local newspapers as well as on local radio. Referrals by general practitioners were
also used. Potential subjects were then contacted by telephone and sent all of the

required paperwork by e-mail or fax. Inclusion and exclusion criteria were as follows:

o Inclusion criteria
» Both male and female subjects
Between the ages of 20-55
Suffering from back pain for at least 12 weeks
No neurological symptoms

Y V V V

With or without radiating symptoms in the legs (included as long as
there were no neurological symptoms)

» Score of at least 35 of the visual analogue scale for pain

o Exclusion criteria
» Previous spinal surgery
Spinal pathology and discogenic disease
Any ‘red flag’ symptoms
Current pregnancy

YV V V VY

On-going disability and injury compensation cases
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» Exercise therapy modality treatment within the last six months
» Body mass index (BMI kg/m?) of over 40 (severely overweight)

All subjects had to complete a screening questionnaire to identify any potential ‘red
flag’ diseases. The questionnaires were then screened by a medical specialist
(rheumatologist) to try and identify any possible warning signs. Subjects were given
a copy of the questionnaire to read in advance, and asked to sign the document and
state that they understood all of the risks and rewards involved in the study.

All subjects also had to complete and sign an informed consent form that was
approved by the University of Pretoria’s Faculty of Humanities as well as the Faculty
of Health Science.

All of the testing procedures as well as the 12 week intervention programme were
explained in detail to the subjects during the first meeting.

A random table of numbers was used, as found in Thomas and Nelson (2001). Each
subject was allocated a number, which also assured anonymity when the data was
analysed. They were then randomly allocated to either the conservative exercise
group or the progressive-aggressive exercise group.

3.2.1 History of the Subjects

In total 45 subjects were recruited for the study and randomly assigned to either the
conservative exercise group (n = 20) or the progressive-aggressive exercise group
(n = 25). However, 13 dropped out of the study before they were screened. Of the 13
drop-out figure, one subject’s symptoms were too severe due to an advanced
spondolylisthesis, three lived too far away and could not undertake the regular
journey, one subject’s spouse fell severely ill, one subject had to go back to her
home country, one fell down a flight of stairs and was recommended by the medical
doctor to not do any exercise for at least six months and the rest (six subjects)
dropped out due to work commitments/problems.

Of the subjects that remained 32 were screened and started on the exercise

programmes. During the course of the study six subjects dropped out of the study
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before they had completed four weeks (three had too many work commitments, one
had too many family commitments, one emigrated and one lost interest). Four
subjects dropped out after completing four weeks, but not reaching eight weeks (one
emigrated, one had transport problems, two had work problems). Another subject
dropped out after completing eight weeks but not getting to 12 weeks due to
transport problems, while 21 subjects completed the full 12 week intervention
programme (n = 10 in the conservative exercise group and 11 in the progressive-
aggressive group). Only the subjects who were screened will have their data used in

the study.

3.2.1.1 The Use of Low Numbers in the Present Study

The use of low numbers in similar studies is not uncommon. Subjects with low back
pain are difficult to recruit for studies involving exercise therapies. This may be
because of a number of factors. Greater numbers are not always possible if subjects

are either not inpatient-based or outpatient-based.

During a review of the literature by Moreau et al. (2001) concerning the testing of the
low back extensor muscles it was reported that studies using 10 subjects or less
showed some of the best reliability results, although some would argue that the

sample size is too small to draw any conclusions from it.

Cleland et al. (2005) reported that a sample size of 15 subjects per group provides
greater than 80% power to detect both statistically significant and clinically
meaningful differences between groups. The researchers from that study screened
117 subjects and 81 subjects (69%) did not satisfy the inclusion and exclusion
criteria for participation. Six (5%) refused participation, which, as they stated, was
due to very strict inclusion and exclusion criteria (Cleland et al., 2005). They only
used 30 participants in their study. It is not mentioned how many subjects completed

the study and it is thus assumed that 30 completed the study.

Radebold et al. (2000) used 17 healthy subjects and 17 subjects with chronic low
back pain in a study to determine if subjects with chronic low back pain reacted
differently to healthy subjects when a sudden load is released. They hypothesised
that delayed muscle response and altered muscle recruitment patterns would
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emerge in subjects with chronic low back pain (Radebold et al., 2000). It may be
argued that only 17 low back patients participated in their study and there was no
timeframe involved; subjects participated in a once-off test.

Similarly, Hodges and Richardson (1996) used 30 subjects for a motor control
experiment. Of these subjects 15 were healthy and 15 suffered from chronic low
back pain. Their motivation for subject selection was based on strict clinical criteria of
chronicity and severity. They argued these to be necessary because of the difficulty
in obtaining a homogenous subject group based on current investigative techniques.
These techniques are unable to identify a definitive cause for back pain in the
majority of subjects (Hodges & Richardson, 1996).

Richardson et al. (2002) also used a small population group of healthy subjects for a
once-off measurement test. In total they used 13 subjects without a history of low
back pain and attempted to gain objective measurement values regarding sacroiliac
joint mechanics and its contribution to low back pain management (Richardson et al.,
2002).

O’Sullivan et al. (2003) used a cross-sectional observational design, which included
15 healthy subjects and 15 subjects with a history of chronic low back pain lasting up
to three months. Again the investigators attempted to gather objective data using a

small population group.

Also, Moseley et al. (2002) used eight subjects and deep muscle electromyographic

instruments to measure muscle activation in healthy subjects.

Kankaanpaa et al. (2005) used 12 healthy subjects and 17 subjects with chronic low
back pain to measure muscle fatigue ratios during dynamic exercise. This study
used objective data as well as a small sample population group. Their criteria for
subject selection were similar to those of the present study. Subjects who had been
suffering from low back pain for longer than three months, had not undergone any
spinal surgery and suffered from no ‘red flag’ conditions (nerve root entrapment,

spinal cord compression, tumours, osteoporosis, recent spinal fracture,
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cardiovascular disease, metabolic disease or acute infections) were used during the
study (Kankaanpaa et al., 2005).

Linemen et al. (2003) used 20 subjects selected for surgery due to disc herniation
and measured their muscle repositioning ability. The researchers compared them to
healthy controls. Both studies used small sample groups, although the
characteristics of the subjects were different in both studies. This shows the difficulty
in recruiting subjects with homogenous characteristics for low back pain studies.

Hasegawa et al. (2008) used 22 patients in a study to measure lumbar segmental
instability with an intraoperative measurement system. This study used a small
sample. However, the inclusion criteria were very strict. The study was also very
labour intensive, as the subjects were measured by means of radiological imaging as
well as being measured surgically.

In many of these studies an experimental group was compared to a control group
that consisted of healthy subjects. It has to be noted that both groups used in the
present study were homogenous and all suffering from chronic low back pain.

Arokoski et al. (2004) used a small population group consisting of a total of nine
subjects. Their study involved a 12 week exercise intervention programme
comprising four to six exercise sessions per week over the 12 week period, based on
an outpatient basis. Their subject population group was very similar to the population
group used in the present study. Specific causes of back pain, previous spinal
surgery, any ‘red flag’ condition as well as having suffered from back pain for longer
than three months were excluded from the study.

The present study used the same selection criteria for selecting subjects like many of
the studies mentioned (Arokoski et al., 2004; Petersen et al., 2002). It also used
subjects with chronic low back pain in both the control and experimental groups.
Also, the study was very labour intensive, both from the researcher’s point of view as
well as the subjects’ participation. Subjects had to commit to the study for 12 weeks.
Work commitments became an issue for many participants. It is because of this that
the present study will identify a new term: Full working capacity adults (FWCA). All
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subjects participating in the study were working full-time, which included anything
from 8-12 hours per day. Travel time to work was also considered. The participating
subjects were thus neither inpatient-based nor outpatient-based. This concept will be
dealt with further in the discussion chapter.

3.3 Methods and Materials
The methods and materials mentioned below were used.

3.3.1 Medical Screening

All subjects included in the study had to complete a screening questionnaire, which
was designed purely to identify potential ‘red flag’ conditions or anything that could
exclude them from the study. After completion the screening questionnaires were
reviewed by a practicing rheumatologist and senior lecturer at the University of
Pretoria in the department Sport Medicine. Of all those who were screened, none
presented with any dangerous symptoms that would exclude them from participating
in the study.

3.3.2 Study Design

The design of the study will be a pre-test/post-test randomised group design. The
major advantage of this type of study is that the amount of change produced by the
treatment can be measured by measuring the amount of improvement in the
experimental group compared to the control group (Thomas & Nelson, 2001). The
study was designed to be a pre-test/post-test randomized group design, and has the
advantage of being able to compare the control and experimental groups in order to
measure the effectiveness of the treatment by observing the amount of change
produced by the treatment (Thomas & Nelson, 2001).

In this type of research design subjects are randomly allocated to their respective
groups with both groups receiving a pre-test as well as a post-test (Thomas &
Nelson, 2001). This type of research has been acknowledged as being the most
scientific of all research designs (Thomas & Nelson, 2001). Both the control and
experimental groups were measured at pre-test as well as post-test, after they are

randomly allocated to their predesigned groups. Acknowledgement has recognized
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this type of research design as being one of the most scientific (Thomas & Nelson,
2001).

By default this design threatens internal validity through testing (the effect of one test
on subsequent administration of the same test, i.e. a learning effect) but this threat is
controlled by comparison between the two groups (Thomas & Nelson, 2001). Age-
gender matched controls will also be applied in the design. This type of design can
threaten internal validity through a learning effect when the effect of one test on
following administration of the same test occurs. However, comparison between the
two groups controls this threat. (Thomas & Nelson, 2001). Age-gender matched
controls will also be applied in the design.

3.3.3 Questionnaires

Several questionnaires were used in the study. All of the questionnaires were
completed by the subjects at pre-test, four weeks, eight weeks and at the end of the
study at 12 weeks. All of the selected questionnaires are used extensively in low
back pain and physical therapy studies, because they are all valid, reliable,
repeatable, sensitive to change and they correlate well with other instruments (Linton
et al., 2005; Heymans et al., 2006; Kaapa et al, 2006; Goldby et al., 2006).
Questionnaires were selected that would measure self-reported pain, levels of

disability, levels of kinesphobia and fear avoidance beliefs.

3.3.3.1 Pain and Disability
The following questionnaires were used to measure levels of pain and disability:

3.3.3.1.1 The Visual Analogue Scale (VAS) for Pain Measurement

The VAS consists of a single 100 mm line across the surface of a page. On the left
side of the line no pain is indicated, while maximal amount of pain is indicated on the
right hand side of the line. Subjects had to indicate how they would rate their own
pain by indicating it on the scale (Ostelo & De Vet, 2005).

A score is presented out of a 100 being maximal. The intensity of low back pain is
measured to determine the quantitative estimate of how severe the patient perceives

their back pain measured by this subjective scale (Kankaanpaa et al., 2005; Ostelo
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&De Vet, 2005). This instrument has a high test-retest reliability of r>0.95, has high
criterion related validity with established instruments and is well suited to measure
pain intensity (Wewers & Lowe, 1990).

3.3.3.1.2 Oswestry Disability Index (ODI)

The impact of low back pain on daily activities is measured by the Oswestry
Disability Index (Fairbank & Davies, 1980). It is used to measure non-malignant
spinal disorders and is one of the most common used self-administrated
questionnaires (Turk & Marcus, 1994; Doleys et al., 1997; Deyo et al., 1998; Carreon
et al., 2008; Mehra et al., 2008). The ODI is also used to measure condition-specific

outcomes (Fairbank & Pynsent, 2000).

Low back pain included disability and limitations in daily tasks and leisure time
activity is included in a 10 section questionnaire (Fairbank & Davies, 1980; Ostelo &
De Vet, 2005; Mehra et al., 2008). Each section has a score of 0-5 with 0
representing no disability and 5 representing maximal disability (Ostelo & De Vet,
2005; Mehra et al., 2008).

Totals for the questionnaire is determined by means of a percentage score, where
the index is calculated by dividing the summed scores by the total possible score,
and is then multiplied by 100 (Ostelo & De Vet, 2005; Mehra et al., 2008). The total
score is reduced by 5 for every question that is not answered, and the highest
scoring statement is recorded when more than one answer is marked (Mehra et al.,
2008).

Mehra et al. (2008) reported that the question frequently not answered related to the
subject’s sex life and this result was also found in the present study. The Oswestry
Disability Index has been found to be reliable, valid and sensitive to change (Fisher
& Johnston, 1997).

3.3.3.1.3 Functional Rating Index (FRI)
According to Feise & Menke (2001) the Functional Rating Index is an instrument
purposely designed to quantitatively measure the subjective perception of function

and pain of the spinal musculoskeletal system in a clinical setting. In particular, it
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evaluates the patient's subjective report of his/her ability to perform dynamic
movements of the neck and back and/or withstand static postures.

It was developed to provide an assessment instrument that has clinical value (i.e.,
easy and fast for both the patient and the health care team) yet quantifies the
patient’s current state of pain and dysfunction in a reliable and valid manner for
spinal conditions (Feise & Menke, 2001).

According to Feise and Menke (2001) the FRI instrument contains 10 items that
assess both pain and function of the spine and its musculoskeletal system. Of these
10 items, 8 refer to activities of daily living that might be adversely affected by a
spinal condition, and 2 refer to two different attributes of pain. The use of both pain
and the loss of function in spinal conditions are better to use in combination, since

many spinal conditions contain a combination of the two factors.

According to Feise and Menke (2001) using a 5-point scale for each item, the patient
ranks his or her perceived ability to perform a specific task and/or the quantity of pain
at the present time (“right now, at this very moment”) by selecting one of the five
response points that are anchored by polarized statements (0 = no pain or full ability
to function; 4 = worst possible pain and/or unable to perform this function at all).

For scoring purposes, the 10 items of the FRI were totalled according to the
responses given, divided by the total possible points available and then multiplied by
100 to produce a percentage value, as recommended by Feise and Menke (2001).
The range of possible scores is zero percent (no disability) to 100 percent (severe
disability). The higher the score, the higher the perceived pain and dysfunction
(Feise & Menke, 2001).

3.3.3.2 Fear Avoidance
The following questionnaire was used to evaluate fear avoidance:

3.3.3.2.1 Fear Avoidance Beliefs Questionnaire (FABQ)
The FABQ is an instrument that contains 16 items and is divided into two subscales.
The first is a 4-item subscale regarding physical activities and the fear avoidance
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beliefs towards them (FABQ/pa). The second is a 7-item subscale regarding work
and related activities and the fear avoidance beliefs towards them (FABQ/w)
(Swinkels-Meewisse et al., 2003).

ltems are scored on a 7-point Likert scale ranging from 0 (strongly disagree) to 6
(strongly agree). Total score for the FABQ/pa ranges from 0-24 and the total score
for the FABQ/w subscale ranges from 0-42 (Swinkels-Meewisse et al., 2003). The
two subscales show sound internal consistency (Swinkels-Meewisse et al., 2003).

3.3.3.3 Kinesiophobia
The Tampa scale for kinesiophobia (TSK) was used to measure fear of movement.

3.3.3.3.1 The Tampa Scale of Kinesiophobia
A fear of movement and activity has been suggested to be measurable by the
Tampa Scale of Kinesiophobia (Kori ef al., 1990; Vlaeyen et al., 1995). This
instrument consists of a questionnaire that includes a 17-item set of questions and
was developed as a means of identification of a fear of injury because of movement
and/or activities (Swinkels-Meewisse et al., 2003).

ltems are scored on a 4-point Likert scale with scoring possibilities ranging from
‘strongly disagree’ (score = 1) to ‘strongly agree’ (score = 4) (Swinkels-Meewisse et

al., 2003). The scores of items 4, 8, 12 and 16 were reversed and then calculated.

3.3.34 Exercise Intensity
This study attempted to measure the intensity of the exercises as well as the

exercise programmes.

3.3.3.4.1 The Borg Rate of Perceived Exertion (RPE) Scale

For the purpose of this study the Borg 6 to 20 rating of perceived exertion (RPE)
scale was used in order to determine the intensity of different exercises in different
programmes and to determine whether the intensity of the exercise was too easy or

too difficult and whether the change from one programme to the next was sufficient.
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To induce a training effect but not to influence exercise compliance in a harmful way
or aggravating symptoms is a challenge of remedial exercise therapy that needs to
be investigated (Dawes et al., 2005). The monitoring of exercise intensity during
exercise in healthy subjects has been measured effectively by the rate of perceived
exertion (RPE) scale (Borg et al., 1987). Clinical populations have also been
monitored using this scale when exhibiting symptoms (Bateman et al., 2001; Barker
et al., 2003).

Below is an example of the RPE scale used in the present study.

Table 3.1: Borg RPE Scale (Williams & Eston, 1996)

6 No exertion at all 14

7 Extremely light 15 Hard (Heavy)

8 16

9 Very light 17 Very hard

10 18

11 Light 19 Extremely hard
12 20 Maximal exertion
13 Somewhat hard

An ability to sense effort has been reported to be well developed and in regular use
in humans (Williams & Eston, 1996). Humans can sense when to stop or to continue
during vigorous physical activity and can account overall feelings of exertion to
particular sites, such as in the chest or arms and whether a sensation becomes
maximal (Williams & Eston, 1996; Dawes et al., 2005).

Humans can numerically scale various levels of exercise to which they are subjected

to with some experience of physical activity (Williams & Eston, 1996).
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As exercise intensity increases, there is a linear increase in the rate of perceived
exertion in the 6 to 20 RPE scale, which is closely linked with physiological
responses such as heart rate and oxygen use, which also increases linearly
(Williams & Eston, 1996). Exertional symptoms such as breathlessness and muscle
pain also increase accordingly (Borg et al., 1985; Borg et al., 1987).

As the subjective perception of the exercise changes, the RPE consists of numbers
that are anchored to verbal responses that will change as the subject experience
subjective changes (Wiliams & Eston, 1996). Subjects had to rate their own
perception of a specific exercise with a number value on the scale for each exercise
and this was then compared afterwards.

3.34 Physical Testing
The following tests were used to assess physical status:

3.3.4.1 Neurodynamic Testing

Popular accessory testing in the investigating of musculoskeletal injuries such as the
straight leg raise test and the slump test have recently emerged and is used in the
assessment of neural tissue mobility and sensitivity to mechanical stress (Herrington
et al., 2007). The categorizing of patients into groups with dissimilar prognosis and
measured disease severity is the goal of diagnostic instruments in low back pain
cases (Mens et al., 2001). The value of both physical examinations and radiographic
measurements is limited however (Mens et al., 2001). A need thus exists for the use
of simple tests with high validity, sensitivity and specificity (McCombe et al., 1989).

3.3.4.1.1 Straight Leg Raise Test

Used as an aid in the diagnosis of low back pain conditions, the passive straight leg
raise test is frequently used to assist clinicians (Joénsson & Strémqvist, 1995;
Jonsson & Strdmqvist, 1996). There is however, a lot of doubt in the best use of the
test in terms of how it should be performed, the mechanism of its limitation and the
clinical significance (Van den Hoogen et al., 1996).

Pain during the passive straight leg raise test has been suggested to be because of
the compression of the nerve root (O’Connell, 1943; Falconer et al., 1948). This has
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been suggested to be caused by the sciatic nerve root being unable to move away
from a disc protrusion, since it is fixed between the dura and the intervertebral
foramen and thus the ensuing compression and induced traction-generated
mechanism can cause pain (Inman & Saunders, 1942; Falconer et al., 1948). The
path of the nerve root movement has been reported as caudal but also as lateral
towards the pedicle and so towards any posterolateral disc herniation (Rebain et al.,
2002).

The dura might be a contributor in the production of pain since it has been reported
that the dura moves less than the intrathecal nerve root at the pedicle and thus
experiences more strain (Rebain et al., 2002).

It has been suggested that an effect on the outcome of the passive straight leg raise
test can be influenced by a disc protrusion (Rebain et al., 2002). Low back pain can
result during a central prolapsed of the disc (Falconer et al., 1948); both leg pain and
back pain can result from a posterolateral protrusion (Rebain et al., 2002) and leg
pain alone can be produced by a lateral protrusion (Edgar & Park, 1974). It has also
been reported that an improvement in the passive straight leg test result might not
occur even if a decline in the size of the protrusion over time occurs (Thelander et
al., 1992).

Examination of the exit of the sciatic nerve from the pelvis during the straight leg
raise test occurs only after 2.54-5.08 cm of leg raising and is evident after 20-30
degrees at the intervertebral foramen (Rebain et al., 2002). The greatest amount of
motion takes place at the L5-S2 level at 60-80 degrees of the passive straight leg
raise test, but litle movement occurs at L3 and higher (Inman & Saunders, 1942;
Goddard & Reid, 1965). Movements of 4-5 mm at the S1 nerve root and 3 mm at the
L5 nerve root has been reported (Inman & Saunders, 1942; Goddard & Reid, 1965).
However, there is a decline of movement reported with age, probably due to
adhesion from the sciatic nerve and the neighboring tissue (Goddard & Reid, 1965).

Damage to related ligamentous structures and collateral creation of an inflammatory
focus over the dural cuff of the nerve have also been reported as possible pain

producing mechanisms during the passive straight leg raise test (Inman & Saunders,
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1942). Other factors could also include possible nerve root edema (Pennybacker,
1940; Holmes & Sworn, 1945; Falconer et al., 1948); nerve root irritation (Goddard &
Reid, 1965; Epstein et al., 1972) and intervertebral foramen venous obstruction
(Hoyland et al., 1989; Kobayashi et al., 1993).

The passive straight leg raise test has been reported to be a test for the assessment
of neural tension and hamstring length (Loudon et al., 1998). A defensive hamstring
muscle reaction can lead to a restriction in the result of the passive straight leg raise
test in order to protect the structure from possible damage (Goddard & Reid, 1965;
Goeken & Hof, 1991; Ismaiel & Porter, 1992; Goeken & Hof, 1993; Hall et al., 1995;
Hall et al., 1998).

A limited extensibility of the hamstring muscles in asymptomatic subjects and
restricted extensibility produced by a defensive reaction to avoid nerve stretch is not
able to be distinguishable by the passive straight leg raise test (Goeken & Hof, 1991;
Goeken & Hof, 1993; Goeken & Hof, 1994). Hall et al. (1995) and Hall et al. (1998)
supported these conclusions. They further reported that radiculopathy patients
showed hamstring muscle response before reporting onset of pain. Hall et al. (1998)
reported that such hamstring defense reaction in protecting inflamed nerve roots
reflected a heightened mechanosensitivity of the nervous system. It is thus clear that

the passive straight leg raise has to be interpreted with caution.

For the purpose of this study, the technique described by Loudon et al. (1998) will be
used, in which the subject was placed supine on an examining table with the arms at
the side. The subject’s leg was gradually lifted into hip flexion while keeping the knee
extended. Adding passive cervical flexion, dorisiflexion and plantar flexion may add
tension to several nerve pathways by adding sensitization. This was added after the
subject’s leg reached maximum length. Reproduction of back or leg symptoms for
tightness indicated a positive finding. Both legs were tested in this way. The same

examiner performed the tests each time.

If the subject experienced leg symptoms when lifting the unaffected leg, it places
tension on the nerve root on the unaffected side together with causing tension

centrally along the midline of the cauda equina and to the nerve roots on the
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opposite leg (McGill, 2002). Simultaneous cervical flexion can also sometimes
produce pain. An organic sign of disc lesion is when pain is reproduced on the
symptomatic side, which may be a more central lesion (McGill, 2002). Neural tension
can be indicated when pain is produced along specific pathways (Loudon et al.,
1998).

Figure 3.1 : The Straight Leg Raise Test

A protractor goniometer was used to measure the total amount of hip flexion after the

subject’s leg reached maximum height (Borms & Van Roy, 1996).
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Figure 3.2: The International Standard Protractor Goniometer

The angle between two bony landmarks is measured by the goniometer, and the
angle is recorded when the maximum height is reached. A pelvic tilt occurs with a
consequent reduction of the lumbar lordosis during straight leg raise testing (Borms
& Van Roy, 1996). Because of this, the straight leg was raised to its maximum level

130



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

(=L

of perceived comfort. When the subject experienced discomfort, either pain or
stiffness in the leg or back, the amplitude measurement was recorded along with
reproduction of symptoms. The landmarks used for this test were the tip of the
greater trochanter and the lateral femoral epicondyle, according to the

recommendations of Borms & Van Roy (1996).

However, it has to be noted that, as reported by Herrington et al. (2007), even
asymptomatic subjects tend to have positive neurogenic response to structural
differential of the straight leg raise test and the slump test. The finding of positive
structural differentiation does not necessarily imply the presence of neural pathology.

Neural pathology is thus not necessarily indicated by the finding of positive structural
differentiation. To be regarded as being positive test result of an underlying
pathology, the test outcome has to be greater than for asymmetric subjects found by
studies such as those conducted by Herrington et al. (2007). It also shows a great
difference in symmetry between limbs (Herrington et al., 2007). This consideration
has to be taken into account to avoid possible false-positive results and this is also
why other tests have been considered in the present study.

3.3.4.1.2 The Slump Test

Neural tension is very often measured by the Slump Test (Loudon et al., 1998).
Tensing of the sciatic nerve and irritation of the lumbar nerve roots is the goal of this
specific test (McGill, 2002).

During this test, the subject is seated on an examination table and is put through a
series of motions, stopping if any symptoms occur or if any resistance to motion is
occurred. The subject started by placing their hands behind the back, rounding the
shoulders and flexing the neck, after which the examiner used one hand to passively
extend one of the subject’s legs (Loudon et al., 1998). The sciatic nerve is not the
cause of pain if pain levels were not increased during the flexion of the neck (McGill,
2002).
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The test is performed by first dorsiflexing the foot, and early resistance or a
reproduction of back and/or leg symptoms indicate a positive finding. When lifting the
head causes a release of pressure, it confirms the existence of neural tension. The
test was performed on both sides (Loudon et al., 1998). The same examiner
performed the test on all occasions.

J!'-

Figure 3.3 : The Slump Test

3.34.2 Muscle Endurance Testing

Biering-Sorensen (1984) suggested that those who are at greater risk for future back
problems show a noticeable decrease in torso muscle endurance. McGill (2002)
however, suggested that a better identification of those who have suffered from low
back problems in the past can be found in the balance of endurance among the
flexor, extensor and lateral musculature of the torso. Because all these muscle
groups are involved in spine stability during practically any task, the endurance of all

three muscle groups should be measured.

Simple tests that isolate these muscle groups should be used, and therefore the
following tests have been selected because they all have a high reliability coefficient

and are relatively easy to perform (McGill et al., 1999):

3.3.4.2.1 The Sorenson Back Extension Test (The Ito Test Version)

The extensor muscle group of the trunk is measured very effectively by this test,
especially the paraspinal muscles are very successfully measured, which includes
the multifidus muscle (Ng et al., 1997; Arokoski et al., 1999) as well as the hip
extensor muscle group (Demoulin et al., 2004).
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In those with chronic low back pain, it has been found that these subjects have a
significantly decreased position holding time for this test (Hansen, 1964; Biering-
Sorensen, 1984; Salminen et al., 1992; Hultman et al., 1993; Jorgensen, 1997;
Simmonds et al., 1998; Latimer et al., 1999; Novy et al., 1999;). Thus, a decline in
isometric endurance of the trunk extensor muscles has been argued to be
associated with chronic low back pain and its effects (Demoulin et al., 2004).

Greater levels of severity among those with chronic low back pain have been
suggested to be associated with poorer test performance during extensor endurance
tests (Mannion & Dolan, 1994; Lindstrom et al., 1995; Jorgensen, 1997). This makes
the Sorensen test very applicable to use with subjects with chronic low back pain.

McGill (2002:226) reported that: “...the back extensors are tested in the ‘Biering-
Sorensen position’ with the upper body cantilevered out over the end of a test bench
and with the pelvis, knees and hips secured. The upper limbs are held across the
chest with the hands resting on the opposite shoulders. Failure occurs when the
upper body drops from the horizontal position.”

The test is stopped after four minutes in those subjects who experience no issues
with the test (Demoulin et al., 2004). Biering-Sorensen (1984) reported that during a
one year period, a position-holding time of less than three minutes in males can
prompt low back pain, whereas a holding time of more than 3.3 minutes reports a
low percentage of low back pain during a one-year period. A risk of low back pain
with a holding time of less than 58 seconds has been predicted to increase the risk
three-fold (Luoto et al, 1995). In healthy subjects, the mean extensor endurance
times for mixed gender groups range from 77.76 — 129 seconds (Mannion & Dolan,
1994; Luoto et al., 1995; Moreland et al., 1997; Simmonds et al., 1998).

Healthy women on average typically have a tendency to produce longer extension
endurance times than healthy men, with women averaging 142 — 220.4 seconds
while men scores an average of 84 — 195 seconds (Mannion & Dolan, 1994;
Mannion et al., 1997; Kankaanpaa et al., 1998).
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Mixed gender groups with low back pain scores a mean endurance time between
39.55 — 54.5 seconds, while men with low back pain scores 80 - 194 seconds and
women score 146 — 227 seconds (Moffroid et al., 1994; Simmonds et al.,1998;
Moreau et al., 2001). For low back pain cases in men and women, the Sorensen test
has been shown to have prognostic worth (Adams et al., 1999; Sjollie & Ljunggren,
2001).

Figure 3.4: The Sorensen Back Extension Test

For the purpose of this study, the test was modified according to Ito et al. (1996) with
two differences being the subject’s feet being held down and the other that instead of
hanging over the edge of a table, the subjects were placed in a prone position on an
exercise mat on the floor. Arms were placed alongside the body and the feet were
held in place. Because arm position influences the location of the centre of gravity,
the modification made with the arms will affect the mass moment of the upper body

and therefore influence the test performance (Mayer et al., 1999).

Upon starting, the subjects would lift their upper bodies from the ground until their
chests were slightly off the floor while flexing the neck as much as possible without
creating discomfort in the neck. This in turn increased the activity level of the erector
spinae muscles (Ito et al, 1996). The position was then held for as long as
comfortably possible. Subjects were allowed to stop when experiencing discomfort,

either in the form of pain or muscle fatigue.
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Figure 3.5 : The lto Test

Some subject experience increased levels of difficulty with this test, no matter how
much contraction takes place (Moreau et al., 2001). Biering-Sorensen (1984)
reported that 24% of their sample could not complete the test due to back pain
followed by pain in the legs or abdomen. Latikka et al. (1995) reported a 50% failure
rate because of back pain or fatigue. Other side-effects that have been recognized
with the test include cramps of the calves, neck pain, discomfort in the head,
abdominal pain and breathlessness (Latikka et al., 1995; Moreland et al., 1997).

The time the position was held, was measured with a stopwatch. The reason for
stopping was also noted. Test results of subjects who stopped for pain reasons
might not have been an accurate reflexion of muscle performance (Biering-
Sorensen, 1984; Mannion & Dolan, 1994; Latikka et al., 1995; Moreland et al., 1997;
Latimer et al., 1999). It is thus very important to note the reason for stopping and to
be able to compare from pre-test to post-test.

It has been suggested that the Ito test might result in less spinal loading than the
Sorensen test, which was why it was selected in the present study (Demoulin et al.,
2004). The input of the hip extensor muscles has been suggested to be smaller
because the lower body is not fixed into position with straps (Plamondon et al.,
2002).

Lasting pain and adverse effects with the Sorensen test have seldom been reported,
and is thus a relatively safe submaximal test and can be used safely and
successfully (Simmonds et al., 1998). This is because the extensor muscles of the
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low back contract well below the threshold of the maximal voluntary contraction
(MVC) (Moffroid et al., 1993; Mayer et al., 1995).

Subjects with no low back pain sustained the endurance contraction at the following
levels:
> Slim, strong subjects: 20-25% of MVC (Jorgensen & Nicolaisen, 1986)
» Subjects with no low back pain or low back pain that does not prevent work:
approximately 60% of MVC (Hultman et al., 1993)
> Untrained and overweight subjects: approximately 70-75% of MVC
> Subjects with chronic low back pain: approximately 85% of MVC (Jorgensen
& Nicolaisen, 1986)
Even though the lto test is a good variant, the Sorensen test is more recommended
than the Ito test (Demoulin et al., 2004). This is because the Ito test version still
requires more validation before it can be considered a valid instrument (lto et al,,
1996). The test is agreed upon to be very cost effective and easy to perform, can be
done in a short time and does not necessitate any special equipment, either in its
original form or some sensible variation of the test (Moreau et al., 2001). Subject
motivation unfortunately plays a big role in the performance of the test, and low
levels of motivation due to factors such as fear avoidance behaviour can influence

the outcome of the test (Kankaanpaa et al., 1998).

3.3.4.2.2 Side Bridging Endurance Test

This test measures the lateral muscle group. The test is described in McGill (2002:
225): “The lateral musculature is tested with the person lying in the full side-bride
position. Legs are extended, and the top foot is placed in front of the lower foot for
support. Subjects support themselves on one elbow and on their feet while lifting
their hips off the floor to create a straight line over their body length. The uninvolved
arm is held across the chest with the hand placed on the opposite shoulder. Failure
occurs when the person loses the straight-back posture and the hip returns to the
ground.” The only change made to the test used in the present study was that the

subjects were required to place the uninvolved hand on the hip, as shown in fig. 3.6.
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Figure 3.6 : The Side Bridging Endurance Test

3.3.4.2.3 Flexor Endurance Test

This test measures the flexor muscle group. The test was performed with the subject
in a sit-up posture with the back forming a 60° angle with regard to the legs. This
angle was achieved with the subject placing the hands on the knees for support and
leaning back until the desired angle was achieved. The test was started when the
subject let go of the knees and placed them on the shoulders. Both knees were
flexed 90°, the arms folded across the chest with the hands placed on the opposite
shoulder. The feet were kept in place by another person holding them down. To
begin, the subject held the isometric posture as long as possible. Time was
measured using a stopwatch. Failure was determined to occur when the subject
could no longer continue. Subjects were also allowed to stop if they felt pain or
muscular fatigue in their low back (McGill, 2002).

Figure 3.7: The Flexor Endurance Test
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3.3.5 The Exercise Programmes
The intervention consisted of two separate programmes. The first programme was
for the control group. This group received an exercise programme that was
considered to be conservative in nature. They completed the programme twice per
week with a session lasting for approximately 35-40 minutes. This programme

remained unchanged throughout the 12-week intervention timeframe.

The second programme was considered more aggressive in terms of the exercises
performed as well as the intensity of the programmes. The subjects completed the
programme for four weeks after which it was progressed to a more difficult level.
After another four weeks (eight weeks in total) the programme was progressed again
to a more difficult level and was again completed for four weeks (12 weeks in total).
This group was the experimental group. The programme was also completed twice
per week with a session lasting for approximately 60 minutes, along with the back
school session.

All of the exercises in the experimental group were performed with stabilisation
(abdominal bracing). All of the exercise sessions were supervised by the principle
researcher who is a qualified rehabilitation specialist. Below follows the complete
descriptions of the exercise programmes.

3.3.5.1 Control Group (Conservative Exercise Programme)

Resting time between sets was 20 seconds.

lllustration Exercise Sets Reps

Cycling: This was performed on a| 5 min.

A recumbent cycle, model Vision Fitness
R2150. Subjects cycled for five minutes
at Level 2 (43-55 watt) at an RPM
(revolutions per minute) of 60-70.
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Both Knees to Chest Stretch:
Performed with the subject in supine
position. Subject started by pulling up
both knees towards the chest, lifted to
the position of mild discomfort, held for
12 seconds (Prentice, 2004).

12 sec.

Hamstring Stretch: Performed with
subject in supine position. The subject
lifted up one leg, placed hands at the
back of the knee, pulling the leg up with
knee slightly bent, stretching the
hamstring. The leg was lifted to a
The

opposite leg was placed flat on the

position of mild discomfort.

ground. The position was held for 12
seconds.

2 sets
each

12 sec.

Periformis Stretch: Performed with
subject in supine position. Ankle of leg
was placed on knee of opposite leg,
hands behind the knee. The knee was
pulled towards the chest (Prentice,

2004). Held position for 12 seconds.

2 sets
each

12 sec.

Roll Both Knees to Side: Performed
with subject in supine position. Arms
were placed outstretched to assist with
stability. Knees were bent and placed
together. Both feet were lifted off the
ground about 10 cm. Knees were then
kept together and rolled from side to
side, slowly and with control, only up to
the point of comfort (Prentice, 2004).

10 to
each
side
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Sit on Stability Ball: Performed with
subject sitting on a 75 cm stability ball.
Hands were placed on hips. Subjects
were then asked to lift one leg at a time
about 5 cm off the ground, balance in
the position for a couple of seconds and
repeat with the other leg. Subject had to
keep upright without counterbalancing
due to altered stability position.

30 sec.

Alt Superman on All-fours: Subject
started in the all-fours position with the
hands under the shoulders and the
| knees under the hips. The opposite arm
and leg were raised simultaneously and
only up to horizontal level. The position
was then held for 5 seconds. Arm and
leg then returned to starting position
and the other opposites were raised and
held. Subject maintained neutral spine
(McGill, 2002).

4 each
side

Hip Lifts (Feet Flat on Floor): Subject
started in the supine position with knees
bent and feet flat on the floor. The arms
were kept next to the sides. The hips
were then lifted until they were fully
extended. The position was held for 5
seconds. The hips were lowered and
the exercise repeated (Prentice, 2004).

10

Prone Alt Leg Lifts: Subject started in
the prone position with a pillow under
the abdomen to help maintain neutral
spine. One leg was lifted until the foot
was about 10 cm off the ground with the

6 each
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leg kept straight. The position was held
for 5 seconds. The leg was lowered and
exercise repeated with the other leg
(Prentice, 2004).

Prone Alt Arm and Leg Lifts: Subject 2 6 each
started in the prone position with a side
pillow under the abdomen to help
maintain neutral spine. The opposite

arm and leg were lifted simultaneously
about 10 cm off the ground. Both the
arm and the leg had to be kept straight.
The position was held for 5 seconds.
The arm and the leg were lowered and
repeated on the other side (Prentice,
2004).

3.3.5.2 Experimental Group (Progressive-Aggressive Programme)

This programme was divided into three progressive exercise programmes. Selected
exercises were made to be more difficult from one programme to the next. This was
done to increase the intensity of each programme. The exercises were also more
aggressive and thus harder to perform than the control group exercises. Each
programme was performed for four weeks (eight sessions) before it was progressed
to the next programme. Resting time between sets was 30 seconds.

3.3.5.2.1 Programme 1

This programme was performed from the start of the programme to the end of
Week 4.
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lllustration

Exercise Sets

Reps

1 R2150. Subjects cycled for 5 minutes at

Cycling: This was performed on a| 5min

recumbent cycle, model Vision Fitness

Level 2 (43-55 watt) at a RPM

(revolutions per minute) of 60-70.

Hamstring Stretch with Foot Flexion: | 3 each
Performed with subject in supine leg
position. Lifted up one leg, placed
hands at the back of the knee, pulled
leg up with knee slightly bent until the
hamstring was stretched. Subject then
performed 20 plantar/ dorsiflexion step-
off movements with the foot. Opposite
leg was placed flat on the floor.

20

Side Lying Quadricep Stretch: | 3 each
Subject lay on her side. The top leg was leg
bent and the foot grasped with the
hand. The heel of the foot was pulled
towards the buttocks to stretch the
quadricep muscle. Position was held for
12 seconds.

12 sec.

Lat Pulldown to the Front: Subject 3
was seated in a standard lat pulldown
machine. The bar was grasped with
both hands slightly wider than shoulder
width. The bar was pulled down towards
the chest and in front of the face. This
enhanced the role of several spinal
extensors, particularly the latissimus
dorsi (McGill, 2002). Weight selection:
men = 3 plates (12 kg); women = 2

15
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plates (7 kg).

Side Bridging (on Knees): Subject lay
on her side with the knees bent 90°,
: supported on the elbow and hip. The
| free hand was placed on the hip. The
torso was then straightened until the
body was supported on the elbow and
the knee. Held position for 15 seconds
(McGill, 2002).

3 each
side

15 sec.

High Cable Horizontal Adduction
(Downwards): Subject stood in a cable
pulley machine and gripped the handle
with one hand in an extended abducted
position. The arm was kept straight
throughout the movement. The arm was
then adducted towards the midline of
the body and in line with the navel, and
then slowly released back to the starting
position. Torsion forces had to be
resisted by keeping the body straight.

3 each

arm

15

Hip Lifts with Feet on Bench: Subject
% started in the supine position with the
feet on a 46 cm bench in a 90° angle
with the arms next to the sides. The
| hips were raised off the floor until the
hips were in full extension. The hips
were then slowly lowered and the

exercise was repeated.

15

Alt Superman on Stability Ball:
r| Subject started in a prone position with
a 75 cm stability ball under the
abdomen, with hands and feet placed

on the ground. The alternative arm and

6 each
side (12
total)
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leg were raised until horizontal. The
position was held for 5 seconds. Both
limbs were slowly lowered until on the
ground again. The other pair of
opposites was then raised. This had to
be done while maintaining balance on
the ball.

{88 Abdominal  Crunches (Feet on 3 20
¥ Bench): Subject started in the supine
position with the feet on a 46 cm bench
at a 90° angle with the hands behind

the head. Eyes had to be kept on the
ceiling throughout the entire exercise.
The shoulder blades were then raised
off the floor, with hands supporting the
head and neck. The body was then
lowered and the movement repeated.

3.3.5.22 Programme 2

Exercises from the first programme are now progressed to increase their difficulty
level. It was performed from Week 4 to Week 8. Exercises as well as progression
techniques will be discussed.

lllustration Exercise Sets Reps

Cycling: Intensity was increased as | 5 min.
@' follows: Level was increased to 3 (65-
75 watt) and the RPM was increased to
65-75.
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Hamstring Stretch with Step-off:
Subject started in the supine
position.Leg was held up with rope or
towel, stretched for 12 seconds. The
| subject performed 12
plantar/dorsiflexion step-offs with leg in
extended position. After the 12 step-offs
the leg was pulled slightly further back
and held for another 12 seconds. The
non-involved leg lay flat on the ground.

3 each

12:12;
12

Side Lying Quadriceps Stretch:
Stayed the same as in the first
programme.

3 each

12 sec.

Lat Pulldown to Front: Subject was
seated in a standard lat pulldown
machine. The bar was grasped with
both hands slightly wider than shoulder
width. The bar was then pulled down
towards the chest and in front of the
face. This enhanced the role of several
spinal  extensors, particularly the
latissimus dorsi  (McGill, 2002). The
intensity of this version of the exercise
was increased by adding more
repetitions. Subjects now performed 25
repetitions. The weight stayed the

same.

25
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1 One arm DB Row: Subject stood with | 3 each 15
: I the same arm and same leg placed on | side

| placed on the floor to give a wide

balance position. The other arm held a
hand-weight. The weight was raised to
the iliac crest with the elbow raised
towards the ceiling. Torsion was
resisted by bracing the abdominal
muscles. The weight was then lowered
and the movement repeated. The upper
back had to be kept straight and parallel
to the floor (Delavier, 2001). The
following weight selection was used:

men — 5 kg, women — 2 kg.

Side Bridging (on Feet): Progression | 3 each | 15 sec.
of this exercise entailed balancing on | side
the feet and the elbow instead of the
knees. The position was still held for 15

seconds.

Low Cable Shoulder Flexion| 3 each 15
(Straight Arm): The subject faced arm
away from a cable pulley machine and
gripped a handle in one hand. The

shoulder was then flexed to 45° in the
sagital plane. The arm was then
returned to the starting position and the

movement was repeated.
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Ball Squat Against Wall: Subject
leaned against a wall with a 75 cm
stability ball placed in the lower back.
Feet were placed forward from the
vertical position of the hips, slightly
apart. Hands were placed on the hips.
The knees were bent to simulate a
squat movement. Subject squatted no
lower than 45° of knee flexion. Subject
then rose back up to the starting
position and the movement was

repeated.

15

Hip Lifts (Feet on Ball): This exercise
was performed exactly as in the first
programme, excep