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Abstract
A novel exercise intervention can contribute to better activation of Transversus
abdominis and pain perception in people with history of low back pain (LBP).
This study investigated a novel and different approach to train people with history
of LBP and history of lumbar disc prolapse and/or microdiscectomy. Instead of
using one of over 200 exercise treatments available to people with LBP the
participants were trained with rapid movements of the upper extremities by using
EMG biofeedback and a table tennis robot as a perturbation tool. Six volunteers,
of both genders, and age between 25-40 participated in the exercise intervention
post pretesting. All participants met the studies criteria for disc prolapse or microdiscectomy, exercise levels and ODI scores. Participants were divided into groups
of three, training group and control group. Exercise sessions included different
robot drills with periodization in intensity that targeted rapid movements and
challenged audible and visible perception. Data was collected from two tests:
Active straight leg raise and rapid arm movement. Oswestry Disability Index
(ODI) and another homemade questionnaire was used for sel-reported measures
and to gather information about various data factors. Results show that four of six
participants had better activation (time measured in milliseconds) of Transversus
abdominis (TrA) in rapid arm movement test and lower scores on ODI. Result
showed no significant difference between control group and training group with
EMG biofeedback. Results did not show any difference between those participants that had history of microdiscectomy and those that only had history of disc
prolapse. These finding indicate that using a table tennis robot for perturbation in
a novel exercise intervention can give positive results for activation timing for
TrA and lower pain perception scores on ODI for people with history of low back
pain and disc prolapse.
Keywords: Low back pain, Transversus abdominis, EMG biofeedback, novel
training
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Úrdráttur
Nýstárlegt þjálfunarinngrip getur stuðlað að betri virkjun í Transversus abdominis
(TrA) vöðvanum og haft áhrif á skynjun verkja hjá einstaklingum með forsögu
um mjóbaksverki. Í þessari rannsókn var könnuð nýstárleg þjálfun fyrir fólk með
mjóbaksverki og forsögu um brjósklos og/eða smásjáraðgerð vegna brjóskloss í
lendarliðum. Í stað þess að nýta og leggja fyrir eina af þeim 200 aðferðum sem
fyrirfinnast til meðferðar mjóbaksverkja gekk þjálfun út á að virkja vöðva með
hröðum hreyfingum efri útlima. EMG biofeedback var notað til mælinga og
borðtennisróbót gengdi hlutverki þjálfunartækis. Sex einstaklingar, af báðum
kynjum og á aldrinum 25-40 ára, buðu sig fram til þátttöku í þjálfunarinngripi
eftir forprófun. Allir þátttakendur uppfylltu skilyrði fyrir þátttöku s.s. brjósklos í
lendarliðum og/eða smásjáraðgerð, þjálfunarstöðu og skor á verkjum (ODI). Í
þjálfunarstundum voru mismunandi drillur með borðtennisróbótnum þar sem
stigvaxandi álag var í hröðum hreyfingum efri útlima og örvun heyrnar- og sjónskynjunar. Gögnum var safnað úr tveimur prófum, Active straight leg raise og
rapid arm movement. ODI verkjaskalinn sem og heimagerður spurningalisti voru
lagðir fyrir til að safna saman grunngögnum. Niðurstöður þessarar rannsóknar
sýndu að notkun EMG biofeedback í nýstárlegu þjálfunarinngripi gaf ekki betri
niðurstöður um virkni Transversus abdominis né hafði áhrif á skynjun verkja.
Niðurstöður sýna þó að fjórir af sex þátttakendum höfðu bætt virkni (tími mældur
í millisekúndum) TrA í rapid arm movement prófinu og lægri skorun á
verkjaskalanum ODI. Niðurstöður sýndu engan mun á milli hópa né þess hvort
þátttakandi hafi einungis fengið brjósklos eða líka farið í smásjáraðgerð. Niðurstöður benda þó að einhverju leyti til að það hafi áhrif á vöðvavirkni að nota
borðtennisróbót í þjálfun einstaklinga með mjóbaksverki
Lykilorð: Mjóbaksverkir, Transversus abdominis, EMG biofeedback, nýstárleg
þjálfun
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Introduction
Numerous studies have been conducted on low back pain (LBP) in the last 30-40
years and still it seems difficult to find the main root or the big solution to treat
the phenomenon that it is. Scholars believe and state that 80-90% of people in the
western part of the world will, at some point in their lives, develop low back pain
(A. Kiefer, Parnianpour, & Shirazi-Adl, 1997; Alexander Kiefer, Shirazi-Adl, &
Parnianpour, 1998). The disorder, back pain, is thought of as a global health
problem, a true burden of disease. It was once thought of as a problem only
affecting the western part of the world and the high-income countries but research
has shown otherwise. Its prevalence is high and according to the World Health
Organisation (WHO) and previously reported papers, it is estimated one of the
most costly health problems around the world and a leading cause for years lost to
disability, both in developed and undeveloped societies (Feldwieser, Sheeran,
Meana-esteban, & Sparkes, 2012; Hoy, Brooks, Blyth, & Buchbinder, 2010;
Mathers, Boerma, & Ma Fat, 2008; Mathers & Stevens, 2013) HH van dieen,).
WHO is probably the strongest data collector on a global level and
conducts annual reports and fact sheets that are available to the general public.
One of the goals is to be able to reduce the risk to health globally in a proactive
manner with research and estimates.
The annual reports include expert assessment, estimation and statistical
analysis of global health. WHO uses for example an international classification of
disease (ICD) to identify and classify all disorders/diseases regarding global
public health, called ICD-10 (also ICD-11) (“WHO | International Classification
of Diseases (ICD),” n.d.).
According to the latest GBD report from 2010 the global prevalence of
LBP is assessed rather high. The estimation of global all-age prevalence is 9,2%.
LBP is considered the leading cause of years lost due to disability (YDLs) in the
2010 report as it was also in the report published in 1990. The terminology of
years lost due to disability or years live with disability is “…YLDs per person
from a sequela are equal to the prevalence of the sequel multiplied by the
disability weight for the health state associated with that sequela. YLDs for a
disease or injury are the sum of the YLDs for each sequela associated with the

1

disease or injury” (Vos et al., 2013). In the 2010 GBD report a prevalence
estimation of 83 million years of life are lost due to or lived with disability and
corresponds with the percentage prevalence previously mentioned (Mathers et al.,
2008; Mathers & Stevens, 2013; Vos et al., 2013).
Data from WHO Multi-Country Studies Data Archive 2013 reveal that
in a WHO SAGE survey, carried out in China, India, Ghana, Russia, South Africa
and Mexico in the years 2011-2013, the prevalence for reported back pain
episodes among adults was high. In 26 of 29 countries and sub regions, reported
episodes in the last 30 days had 20-60% prevalence (Mathers et al., 2008; Mathers
& Stevens, 2013; Vos et al., 2013).
According to the literature LBP is a true example of a multifactorial spinal
disorder; which comprises of many factors that researches have explored in the
last decades. The disorders symptoms can be classified from various aspects
depending on the theory and it can be influenced by factors such as physical,
neurophysiological, pathoanatomical, psychological and social (Haldeman et al.,
2012; Hoy et al., 2010; O’Sullivan & Lin, 2014; Roussel, Nijs, Truijen,
Smeuninx, & Stassijns, 2007).
Spinal disorders and spinal pain are affecting more people around the
world and bear more economical burden than any other musculoskeletal problems
or just any other disease (Haldeman et al., 2012; Hoy et al., 2010; Mathers &
Stevens, 2013). Spinal pain has a great impact on a person’s spine mechanical
behaviour, movement behaviour, posture and activities of daily living. It affects
work capacity greatly as well as cognitive and pshyco-social factors and lifestyle
and individual factors. Low back pain can be generated by nearly all tissues in the
lumbar spine and some of the pain syndromes have been specifically defined on
pathology, structure or tissue that is presumed to be the lead cause of provocation.
Spinal disorders affect societies all over the world irrespectively of variables such
as age, gender, BMI, educational status, occupational factors, pshyco-social
factors or social status (Haldeman et al., 2012; Paul W. Hodges, Cholewicki, &
Van Dieën, 2013; Paul W. Hodges & Tucker, 2011; Hoy et al., 2010; O’Sullivan
& Lin, 2014).
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1. Low back pain
Low back pain (LBP) is a commonly studied subject that many
researches have dedicated their work and research to. “Low back pain is usually
defined as pain, muscle tension, or stiffness localised below the costal margin and
above the gluteal folds, with or without leg pain (sciatica).” (Van Middelkoop et
al., 2010).
The typical classification of the disorder is that it has two distinctive
main definitions: specific and non-specific. Specific low back pain refers to
symptoms that are caused by a precise pathophysiological mechanical behaviour
such as disc prolapse, degenerative disc, lateral canal stenosis, central stenosis,
modic changes, spondylolithesis, rheumatoid arthritis and osteoporosis. Specific
symptoms with serious pathology also include malignancy, inflammatory
disorders, infections or fractures that are also classified as Red flag disorders that
need immediate treatment (Downie et al., 2013; Henschke et al., 2013).
Symptoms of specific classification are clinically diagnosed with MRI scanning
or x-rays but only about 10% patients with LBP present with specific pathological
symptoms or where spinal abnormalities are identified (Paul W. Hodges et al.,
2013; O’Sullivan & Lin, 2014).
Non-specific LBP is a clarification of the patho-anatomical symptoms
that have no clear specific mechanical cause, origin is unknown, but pain is
present from the lumbo-pelvic region. About 90% of patients with LBP are
diagnosed with non-specific low back pain because there are no spinal
abnormalities present on x-rays or on MRI scanning. Non-specific pain has four
diagnostic stages: acute, sub-acute, chronic and recurrent. Acute pain period
varies from 1-4 weeks, sub-acute from 4 – 12 weeks, chronic from more than 12
weeks and then recurrent episodic. Management for each stage can differ from
individual to individual and can have mixed fluctuating presentation. “In general,
prognosis is good and most patients with an episode of nonspecific LBP will
recover within a couple of weeks.” (Van Middelkoop et al., 2010). Despite this
prognosis back pain can be a recurrent problem among patients in primary care
and can lead up to a chronic state of the disorder (Paul W. Hodges et al., 2013;
Hoy et al., 2010; O’Sullivan & Lin, 2014).
Haldeman et al. (2012) present in their study a different classification of
spinal disorders as the most widely accepted clinical classification. The categories
3

are four but are quite similar to the typical classifications previously discussed.
The listing of painful spinal disorders, mechanical or non-mechanical, is more
detailed and includes a section of referred spinal pain. Neurological deficits are
stated to be 5-9% of all spinal disorders or spinal pain where as O´Sullivan and
Lin (2014) state that in around 5-10% of LBP cases people exhibit significant
neurological deficits. Disc herniation or disc prolapse, stenosis and Cauda equine
are listed in the classifications by both Haldeman and O´Sullivan. These disorders
are, as previously discussed, specific LBP disorders that can be and are diagnosed
with x-ray or MRI scanning. Even though, abnormal structures present on MRI
scanning such as disc prolapse, degenerative disc, degenerative end plates, the
findings cannot predict LBP but are only a strong indicator of increased risk of the
disorder. A recent study by McCullough et al. (2012) showed that abnormal spinal
changes on MRI were found with pain-free subjects. In 91% of subjects the
intervertebral discs showed degenerative state, disc height was lost in 54% of
cases, bulges of disc were 64% and tears of the annual fibrosis were 38%.
According to these findings the prevalence of spinal abnormalities on imaging is
high and indicates a poor correlation with pain and disability stage.
Low back pain with non-mechanical behaviour presents as spontaneous
and constant pain that has no clear anatomical emphasis. The pain provocation
can be unrelated to mechanical function or it can be exaggerated and persistent
proclamation of pain response to a minor trigger i.e. tissue or structure can be
hyper-vigilant. Low back pain with mechanical behaviour has a clear and
sustained anatomical focus and can be provoked or relived with special
movements, postures and activities (O’Sullivan & Lin, 2014).
Sacroiliac pain, pelvic girdle pain, spinal instability, degenerative disc
syndrome and fibromyalgia are all listed as non-specific spinal pain diagnoses that
cannot be confirmed as leading source of pain but as a strong indicator for
experienced pain (Haldeman et al., 2012, 2012; Paul W. Hodges et al., 2013;
O’Sullivan & Lin, 2014).

1.1

Definitions of pain and relationship to motor control
There are two main categories of pain: psychological and somatic

(neurological). “Psychological pain is initiated by neurological processes within
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the brain. Reciprocally, somatic pain is initiated by stimuli outside of the brain.”
(Paul W. Hodges et al., 2013). Without the intention of diminishing psychological
aspect of pain, which is relevant, the somatic pain is initiated of more mechanical
sources such as nociception. Nociceptive pain, persistent nociceptive pain,
pathological pain, proprioceptive pain and sensory-motor-incongruity pain are all
mechanical factors that affect the perception and interpretation of pain.
Mechanical and chemical stimuli of the somatic system are likely to be
the most relevant mechanisms to provoke somatic pain or nociceptive pain.
Nociceptive pain requires “…activation of specific peripheral receptive nerve
endings in response to either impending tissue injury or to actual tissue injury.”
(Paul W. Hodges et al., 2013).
Pathological pain is most often a result of damage to a nerve or to the
central nervous system. It is present when an individual experiences pain in the
absence of clear injury or a threat of injury. The pain seems to have no useful
purpose and is persistent, hence pathological, even though healing is completed
(Paul W. Hodges et al., 2013).
Proprioceptive pain is thought of as a result of an eccentric muscle
contraction or when a muscle is in lengthening. For example, in certain
movements in the lumbar spine the dorsal paraspinal muscles are required to
generate substantial eccentric contraction. This mechanical function is likely to
irritate the muscle tissue and there is an indication that the mechanoreceptors
contribute to soreness and vigilant tissue (Paul W. Hodges et al., 2013; Paul W.
Hodges & Tucker, 2011).
Sensory-motor-incongruity pain is thought to develop in the brain, a
combination of information from visual and proprioceptive systems during peripheral movement. This novel form of pain has not yet been fully defined but there
is an indication that “It appears to occur in the absence of tissue injury, being
unrelated to the existence of any peripheral pathology.” (Paul W. Hodges et al.,
2013). This form of pain is interesting for the simple reason that it has a
correlation to the classification of non-specific LBP i.e. the perception of pain,
severity and occurrence does not match with mechanical behaviour apparent in
imaging (Paul W. Hodges et al., 2013).
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1.2

Motor adaptation to pain

The two major theories of motor adaptation to pain are described in studies by
Hodges (2011) and Hodges & Tucker (2011). “The “vicious cycle” theory, first
introduced by Roland in 1986, proposes a stereotypical increase in activity of
muscles that are painful or move the painful region”(Paul W. Hodges, 2011). This
theory has it flaws even though treatments are based on it, it does not fulfil the
criteria for rehabilitation of motor adaptation and several studies report a
compromise of validity (Paul W. Hodges & Tucker, 2011; Paul W. Hodges,
2011).
Lund et al. introduced the pain adaptation theory in 1991, which
“…proposed that activity of muscles that are painful or that produce a painful
movement reduces during voluntary efforts, whereas that of opposing/antagonist
muscles increases” (Paul W. Hodges & Tucker, 2011). This implies that if
movement is painful the amplitude and velocity is reduced and so is the force
generated by the muscles. This seems logical but in fact there are also evidence of
a different muscle strategy and function i.e. a muscle shows increased force
production in activity when it is supposed to be inactive and a decrease when it is
supposed to be in normal activation (Paul W. Hodges & Tucker, 2011).
Because these theories seem to be insufficient Hodges & Tucker (2011)
introduced a new and more complex theory to changes in motor control
that“…proposes that rather that a uniform increase or decrease of activity there is
an adaptation that may vary between individuals and tasks to change the mechanical response to protect the tissues or remove the threat.” (Paul W. Hodges,
2011). The theory has 5 key elements to it that will not be described further but
figure 1 shows the graphic of the theory.

(Paul W. Hodges & Tucker, 2011)
Figure 1 New theory of pain adaptation
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In patients with acute and chronic LBP, it is evident that physical deconditioning
of the musculature has occurred and can even manifest as muscle atrophy that
appears in decreased muscle strength and endurance (Feldwieser et al., 2012).
Individuals suffering from musculo-skeletal pain disorder often have
altered motor control repertoires that are non-preferred strategies. LBP can lead to
changes in muscle length relationships, altered posture, muscle imbalances,
altered location of centre of mass and changed position of the centre of pressure.
The speed and intensity of muscle contraction is altered (longer muscle reaction
latencies) and the larger muscles (global muscle system) tend to become over
active and contract in a tonic manner. As a consequence, LBP patients tend to
move differently from healthy individuals (Haynes, 2004; McGill, Grenier,
Kavcic, & Cholewicki, 2003).
Research has also shown that psychological factors such as fear, beliefs,
stress and anxiety and mood have an effect on pain perception. Fear of activity or
fear of movement has been studied by Karayannis et al (2013) in relation to trunk
stiffness in low back pain and the results show a positive correlation between the
two variables. Studies have also shown that attitude about pain and negative
beliefs can have an affect on muscle activation (Moseley & Hodges, 2006;
O’Sullivan & Lin, 2014).
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2

Spinal anatomy, biomechanics and kinematics

The axial skeleton starts to form in the first few weeks after conception and at
birth the newborn has 33 vertebrae and 23 intervertebral discs. The vertebral
column is divided into 5 regions: cervical, thoracic, lumbar, sacral and coccyx.
The sacral bone and coccyx fuse together with time and have a completed
structure between the age of 25-30. Each region of the spine is separated with
variations in size and formation reflecting functional demands and weight bearing.
The adult spine has four distinctive curves: cervical, thoracic, lumbar and sacral.
The cervical and lumbar curves are better know as secondary or lordotic curves as
they change and help to shift the trunk weight in the first years of a childs life. As
the child grows the curves develop further to adjust the skeleton to the upright
standing posture (Adams & Dolan, 2005; Adams, 2012; Bergmark, 1989; Nikolai
Bogduk, 2012; Levangie & Norkin, 2005; Martini, Timmons, & Tallitsch, 2008;
McNair & Breakwell, 2010).

2.1

The lumbar vertebrae
The lumbar region (L for lumbar), consist of 5 vertebrae (numbered from

1-5) and 5 intervertebral discs. A lumbar vertebra is larger and more massive than
other in the spinal column, has a proportionally greater transverse diameter. The
anatomy of a typical lumbar vertebra consists of two parts: a tubular shaped body
on the anterior portion and an irregularly shaped vertebral on the posterior
portion, also named the neural arch. The arch forms the posterior and lateral edges
of the vertebral foramen, which is a hole or a passage for the spinal cord and
nerves. The posterior part of a vertebra, the neural arch, includes additional
components such as: pedicles, lamina, zygopophyseal articular processes,
mammillary processes, transverse process, accessory processes and spinous
process. Respectively all are described in the table 1 below, with listed
mechanical functions (Nikolai Bogduk, 2012; Levangie & Norkin, 2005; Martini
et al., 2008; McNair & Breakwell, 2010).
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Table 1: Components of a lumbar vertebra

Components

Decription of structure and mechanical function

Vertebral body

Transfers and resists compressive forces distributed to the end plates.

Pedicles

Short and thick pillars that connect the anterior portion of a vertebra to
the posterior. Transfers compressive forces from the posterior portion
to the vertebral body.

Lamina and

Short and broad vertical plate that creates the central portion of the

pars

vertebral arch and is posterior to the pedicles. A muscle and ligament

interarticularis

attachment site.
Pars interarticularis is a portion of the lamina between the
Zygopophyseal articular processes. It transfers forces from the
transverse, spinous and articular process through the pars
interarticularis to the pedicles.

Zygopophyseal

Four facets, two superior and two inferior, that differ in shape and

articular

orientation. These processes or facets form a supportive column and

processes

articulate cranially and caudally between vertebrae. Inferior facets are

(facet)

vertical and bulging and face somewhat in an anterior and lateral
angle.
Joints between two facets are called Zygopophyseal joints and have
articular cartilage to increase laxity. The joints have also been called
facet joints. Main function is to transfers forces to the lamina and resist
shear with tensile and torsional forces.

Mamillary

A small bump at the posterior edge of a superior zygopophyseal

processes

articular facet. Attachment site for multifidus muscle, medial
intertransverse muscles and ligaments.

Transverse

Originates from the lamina, is long, slender and extends dorsally,

process

laterally and horizontally. Muscle and ligament attachment site like the
mamillary process.

Accessory

Small irregular bony protuberance on the posterior surface of the

process

transverse process at the connection to the pedicle. Attachment site for
multifidus muscle and medial intertransverse muscles.

Spinous process

Massive and thick process that extends dorsally and horizontally.
Provides surface area for muscle attachment and provides mechanical
lever and a bony block to motion. Attachment of low back muscles
and ligaments that reinforce or adjust the lumbar curve.
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Vertebral

Formed by the anterior and posterior part of a vertebra and has a

foramen

triangular formation. A passage and protection for the spinal cord (L1L2) and spinal nerves (dorsal and ventral roots).

(Nikolai Bogduk, 2012; Levangie & Norkin, 2005; Martini et al., 2008)

Whilst a vertebra is designed to bear large amount of weight it is not made of
solid bone but of a shell of cortical bone that surrounds a cancellous cavity. That
might be of some concern but it fact the structure, with cylinder like shape and
flat superior and inferior surfaces, offers resistance to compressive forces from
any direction (Adams & Dolan, 2005; Nikolai Bogduk, 2012; Colombini,
Lombardi, Corsi, & Banfi, 2008; Levangie & Norkin, 2005; McNair & Breakwell,
2010).
The fifth vertebra is a transitional segment and differs from the other four.
It has an altered structural adaptation for articulation with the first sacral segment,
referred to the as the lumbosacral articulation. It has a greater height anteriorly
than posteriorly and a wedge-shaped vertebral body. Its superior surface is about
5% larger in diameter and the inferior surface is smaller than the L1-L4. The
transverse processes are larger and orientate in a superior and posterior angle
whilst the spinous process is relatively smaller than on the other lumbar vertebrae
(Adams, 2012; Nikolai Bogduk, 2012; Levangie & Norkin, 2005).
The lumbosacral articulation is formed with L5 and S1 as described above
and the also the lumbosacral angle. As the position of the pelvis changes the size
of the lumbosacral angle varies and affects the lumbar curve. When the angle is
increased it reflects in a greater lordosis and production of greater shearing stress
(Adams & Dolan, 2005; Nikolai Bogduk, 2012; Levangie & Norkin, 2005)
Shearing stress is a form of stress that acts on the midline of a vertebral
disc that causes the vertebra to undergo positional changes and move in relation to
the inferior vertebra. Part of the shearing stress is resisted by the zygopophyseal
facet joints and might have to resist the entire load when a vertebra disc exhibits a
crawl in anterior or posterior shear, kind of a sliding motion. Repeated shearing
stress like this can cause damage to the facet joints, articular cartilages, capsules
and surrounding ligaments (Adams & Dolan, 2005; Nikolai Bogduk, 2012;
Levangie & Norkin, 2005).
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2.2

The lumbar intervertebral disc

The vertebral disc is probably the one of the most fascinating parts of the
vertebrae mobile segments. Without the disc the spinal column would likely be
fused together, allowing little to no movement to occur. As in the vertebrae
structure an intervertebral disc is larger in the lumbar spine than in other regions
of the spine. A disc is a heterogeneous structure that consists of three components:
the nucleus pulpous, the annulus fibrosus and the vertebral end plates. The discs
in the lumbar region are like pads, which separate the vertebrae bodies from one
another, and together the three parts (disc and two vertebrae) form the interbody
joints also referred as the motion segment of the spinal column. The disc is
innervated in the outer surface of the annual fibrosus and receives nutrition
through the small branches of the metaphyseal arteries. The vertebral and
sinuvertebral nerves have innervation to the annulus fibrosus as well as the
surrounding connective tissue and ligaments of the vertebral column. All of the
discs components, the matrix, are combined of water, proteoglycans and collagen
but the amount of content in each component varies as listed in table 2.
Table 2: Intervertebral disc

Components

Description of structure and function

Nucleus pulpous

In the centre of the disc, soft gel, and has the most amount of water, 70-90%,
of the other disc components. The consumption of fluid depends on a persons
age and what time of the day it is. Due to compression forces and sustained
loading the nucleus pulpous loses fluid throughout the day that is absorbed in
the cartilaginous end plates of the vertebral body. There is always more fluid
in the mornings because the disc retrieves the fluids when compressive forces
are reduced while a person is in a lying position, as in sleeping. The loss in
discus height has been assessed about 20%, or from 1,5-2 mm. Dry weight of
the nucleus pulpous is about 65% proteoglycans and 15-20% collagen fibres.
The remaining 20-25% of dry weight contains biological materials for
example proteins, elastin and enzymes. On the posterior side the nucleus in
the lumbar area has a concave shape and differs from other nucleus in other
regions of the spine.
With compression forces from above the nucleus pulpous deforms and
expands into all directions to spread the load evenly on to the vertebrae
bodies, superior and inferior.

Annulus fibrosus

Is around the nucleus pulpous and water content is about 60-70%. The age
and time of day factors influence the water content of the annulus fibrosus as
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well. Its dry weight is divided into collagen fibres of 50-60% and 20%
proteoglycans. The remaining dry weight percentage consists of elastin and
other cellular material. The annulus is in more need than the nucleus to resist
compressive loading and therefor it has a different collagen structure. The
fibres of the annulus are attached to the cartilaginous end plates. The annulus
fibrosus demonstrates the same fluid loss as the nucleus pulpous because of
swelling pressure from daily loading compression and movement. Like the
nucleus, the annulus has a concave shape posteriorly to be more able to resist
increase in tension in person’s movements such as bending forward.
The collagen fibres in the annulus fibrosus are made up nearly 20 concentric
sheets called lamella. The sheets are oriented in 120° to each other but in
alternating directions to resist forces from all directions.
The inner part of the annulus is affected by vertical compression from the
vertebral bodies and radial density of the nucleus. The outer part of the
annulus undertakes kind of ligament-like function to resist movement of the
spine.
The tension in the annulus fibrosus rises as a result of the nucleus expansion
and radially retrains the pressure over to the vertebral end plates.
The posterior part of the annulus is thinner making the section more
vulnerable to loads or any other changes in the intervertebral joints.
Vertebral end

Separated from the disc, the end plates have thin hyaline- and fibrocartilage,

plates

0,6-1 mm, that covers the vertebra superior and inferior surfaces an is firmly
attached to the annulus fibrosus and not the vertebra body as one would
assume. The reason for that detail is that the end plates have the same material
component as the annulus fibrosus and the nucleus pulpous. The material is
though distributed differently within and in relation to the closest component,
the nucleus or the vertebral body. Closest to the nucleus the end plates have
more hyaline cartilage that is covered with numerous small holes. The end
plates hinder fluid loss from the nucleus or the annulus to the vertebrae bodies
and serve as movement regulators for molecule diffusion the other way
around.
The end plates do not cover the whole annulus fibrosus for it bulges a bit out
to the sides in a healthy disc. When under axial compression the end plates
serve as receivers for the expansion pressure from the annulus and the
nucleus.

(Adams & Dolan, 2005; Adams, 2012; N. Bogduk, Tynan, & Wilson, 1981; Nikolai Bogduk,
2012; Colombini et al., 2008; Levangie & Norkin, 2005; McNair & Breakwell, 2010)
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2.3

The ligaments and fascia of the lumbar vertebral column

Six ligaments have the function to form the ligamentous system and are connected
to the vertebrae, the intervertebral discs and the zygopophyseal joints. Three of
these ligaments have a different function in the lumbar area than of other regions
of the vertebral column. Two additional components are present in the lumbar
area: the iliolumbar ligaments and the thoracolumbar fascia. Ligaments and fascia
are listed with descriptions and function in the table 3 (Nikolai Bogduk, 2012;
Levangie & Norkin, 2005).
Table 3: Ligaments of the lumbar region

Ligaments of the

Description of structure and function

lumbar region
Anterior

The ligament is well connected with the intervertebral joints and goes from

longditudinal

the sacrum up to the second cervical vertebra. It is well developed in the

ligament

lumbar area, goes anteriorly and laterally with the surface of the vertebral
bodies and has both deep and superficial layers. The deep layers are
connected to the annulus fibrosus where as the superficial are long and link
some vertebrae together. The ligament is thicker and broader in the lumbar
area, especially at L5-S1. Its main function is to limit extension in the lumbar
vertebral column but also to strengthen and protect the anterior part of the
motion segments especially the anterolateral section of the annulus fibrosus.
In function, the ligament is compressed when in flexion and stretched in
extension. It can become loose in neutral posture if any of the intervertebral
discs loses it´s height.

Posterior

Like the anterior longditudinal ligament the posterior one is also well

longitudinal

connected with the intervertebral joints. It goes from the second cervical

ligament

vertebra down to the sacrum on the posterior surfaces of the vertebral bodies.
The ligament has both deep and superficial layers and gets thinner in the
lumbar area, providing far less support than the anterior longditudinal
ligament does, not as strong as well. The superficial layers of the posterior
ligament go several levels of vertebrae but the deep layers only spread over to
the next vertebrae, inferior or superior. The deep layers connect to the outer
sheets of the annulus fibrosus and on to the edges of the end plates with some
variation between segments.

Ligamentum

A ligament that connects lamina to lamina from the second cervical vertebra

flavum

down to the sacrum. It is thickest in the lumbar region and forms an even
surface on the posterior parts of the vertebral canal. Its function is to limit
flexion in the intravertebral joints and prevent separating the lamina from
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each other. The ligament has double the amount of elastin than the other
ligaments of the lumbar spine.
Interspinous

Connects the spinous processes of the adjacent vertebrae and is attached with

ligament

the dorsal rami (nerves). The ligament is thought to limit forward flexion and
is highly vulnerable to hyperflexion. The ligament seems to be one of the first
components in the spinal column to degenerate and fail with age.

Supraspinous

Connects the ends of the spinous processes of adjacent vertebrae and merges

ligament

with the thoracolumbar fascia and the lumbar muscles at L3 or L4. The
ligament seems to innervate with the multifidus muscle and the
thoracolumbar fascia dorsal surface. Its function is to limit forward flexion
and separation of the spinous processes as the interspinous ligament. It is also
vulnerable to hyperflexion and one of the first components to fail. The
ligament holds a great deal of mechanoreceptors so if it starts to fail it can
affect recruitment of the deep stabilizing muscle.

Iliolumbar

A replacement of the intratransverse ligament in the lumbar area. The

ligaments

intratransverse ligament links adjancent transverse processes together and
forms a part of the thoracolumbar fascia while the iliolumbar ligament
extends from the ends and borders of the transverse processes L4 and L5 to
the iliac crest in a bilateral angle. The iliolumbar ligament is divided into
three bands: the ventral, the dorsal and the sacral. All have different origin
and insertion but form a strong stabilizing section for L5 at the lumbosacral
articulation where it prevents flexion, extension, anterior placement, rotation
and bending.

Thoracolumbar

The three layers of the thoracolumbar fascia are: posterior, middle and

fascia

anterior. All layers have distinctive origin and insertion and are individually
connected to various muscles and ligaments in the lumbar area such as:
spinous processes, transverse processes, supraspinous ligaments,
sacrotuberous ligament, posterior londitudinal ligament, intertransverse
ligament, latissimus dorsi, gluteus maximus, iliac spine, iliac crest, , erector
spinae muscle, internal obliques, transversus abdominis.
The fascia tightens when transversus abdominis is activated and contracted
and it transfers tension to the spinous processes ends of L1-L4. It is also
thought of as a major component in the stabilizing corset that is formed by the
fascia and the transversus abdominis.

(Nikolai Bogduk, 2012; Levangie & Norkin, 2005; Martini et al., 2008)
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2.4

Joint structure, kinetics and kinematics of the lumbar spine

As discussed in previous chapters, the main joints of the vertebral column are the
intervertebral joints and the zygopohyseal articular joints, also called zygopohyseal joints.
The orientation of the zygopohyseal joints converts from a newborn baby
to adulthood and manifest differently between and within individuals. The joints
have articular cartilage to increase laxity and ligament-like fibres that form a thin
layer of capsule between the zygopophyseal articular processes of adjoining
vertebrae. The fibres are thick and strong and orientate in transverse plane to hold
the joint and control movement (Nikolai Bogduk, 2012; Levangie & Norkin,
2005; Martini et al., 2008).
The motions of the vertebral column are flexion, extension, lateral flexion
and rotation but the amount of motion allowed in each region of the spine varies.
Two motions, lateral flexion and axial rotation, exhibit coupling behaviour which
“…is defined as the consistent association of one motion about an axis with
another motion around a different axis” (Levangie & Norkin, 2005). To allow
sufficient range of motion (ROM) certain motions of the intervertebral joints and
zygopophyseal joints have to occur and therefor a coupling behaviour is needed
for motion even though the motion is minimal (Nikolai Bogduk, 2012; Levangie
& Norkin, 2005).
The movements of the intervertebral joints are gliding, compression,
distraction and rotation. Gliding of the intervertebral joints means that motion can
occur in various directions such as posterior to anterior direction, medial to lateral
and also torsional. Rotation movement includes tilting that allows anterior,
posterior and lateral direction of motion. The intervertebral discs increase the
ability for motion to occur between adjacent vertebrae because of their soft
structure and they provide great amount of ROM (Nikolai Bogduk, 2012;
Levangie & Norkin, 2005).
The zygopophyseal joints in the lumbar region allow flexion and extension
but the flexion is more limited than extension and varies at each interspace. The
most amount of flexion occurs at the lumbosacral joint and the most mobility is
from L4 – S1. This part of the lumbar spine is actually also the part that has the
greatest compression and supports the most weight. The joints most common
orientation is 45° to the sagittal plane and as a result rotation motion is greatly
15

limited. That means that in axial rotation is limited in flexion of the spine and the
posterior longditudinal ligament, posterior annulus fibrosus and the zygopohyseal
joints resist rotation to limit and protect the spinal column (Nikolai Bogduk, 2012;
Levangie & Norkin, 2005).
To reduce the amount of flexibility that is required from the lumbar spine
the pelvis and the hip joint integrate to produce the flexion motion. The
integrative motion from the hip joints increases range of motion and greatly
reduces the need for full flexion of the lumbar region. This might be a protective
kinematic component of the lumbo-sacral and pelvic girdle structure (Nikolai
Bogduk, 2012; Levangie & Norkin, 2005).
Kinetics of the lumbar region has previously been discussed in table above
but the main are axial compression and shear. Torsional stiffness is apparent at
L1-L4 and bending causes compression and tension on the spinal structures.
Deformation and degeneration of the spinal structure is apparent with increased
age. The first components to fail are usually the intervertebral discs and the
vertebral end plates. Figure (4) explains the affect of axial compression and
deformation to the intervertebral joints and intervertebral disc. In an upright
standing position the compression to a normal disc is mostly distributed on the
anterior vertebral body. When a deformation occurs the posterior part of two
adjacent vertebrae bear the most compression loading. Deformation of an
intervertebral disc appears to start before the age of 20 (Adams & Dolan, 2005;
Adams, 2012; Colombini et al., 2008; Levangie & Norkin, 2005). In addition to
this Kalichman & Hunter (2008) reported that in a study from 1986 the prevalence
of lumbar intervertebral disc degeneration increase linearly with age and at the
age of 70 approximately 80% of the lumbar discs exhibited abnormal structure.
Figure 2 Affect of axial compression

(Adams & Dolan, 2005)
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2.5

Muscles of the lumbar spine

Bergmark (1989) divided the active muscle subsystem into "global" and "local"
groups, based on their primary roles in stabilizing the core. The global group
consists of the large, superficial muscles that transfer force between the thoracic
cage and pelvis and act to increase intraabdominal pressure (IAP) (e.g., rectus
abdominis, internal and external oblique abdominis, transversus abdominis,
erector spinae, lateral portion quadratus lumborum). Conversely, the local group
consists of the small, deep muscles that control intersegmental motion between
adjacent vertebrae (e.g., multifidus, rotators, interspinal, intertransverse)
(Bergmark, 1989; O’Sullivan & Lin, 2014; Willardson, 2007). The global and
local muscles, origin, insertion, isolated function and integrated function are listed
in table 4 and 5, respectively.
Table 4: Global muscles

Global muscles

Origin

Insertion

Isolated function

Integrated function

Rectus abdominis

Pubic symphysis.

Ribs 5-7,
xiphoid process
of sternum.

Eccentrically
decelerates spinal
extension, lateral
flexion and rotation.

External obliques

External surface
of ribs 4-12.

Anterior iliac
crest of the,
linea alba and
contralateral
rectus sheaths.

Concentrically
accelerates spinal
flexion, lateral
flexion and
rotation.
Concentrically
accelerates spinal
flexion, lateral
flexion and
contralateral
rotation

Internal obliques

Anterior two third
of the iliac crest
and thoracolumbar fascia.

Ribs 9-12, linea
alba, and
contralateral
rectus sheaths.

Concentrically
accelerates spinal
flexion, lateral
flexion and
ipsilateral rotation.

Transversus
abdominis

Ribs 7-12,
anterior two thirds
of the iliac crest
and thoracolumbar fascia.
Iliac crest of the
pelvis, sacrum,
spinous and
transverse process
of T11-L5.

Linea alba and
contralateral
rectus sheaths.

Increases intraabdominal
pressure. Supports
the abdominal
viscera.
Concentrically
accelerates spinal
extension, rotation
and lateral flexion.

Erector spinae:
I. Iliocostalis
II. Longissimus
III. Spinalis

I: ribs and
transverse
process
II: transverse
process and
mastoid process
III: spinous
process and
nucal lines of
the skull.
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Eccentrically
decelerates spinal
extension, lateral
flexion and rotation.
Isometrically
stabilizes the lumbopelcic complex.
Eccentrically
decelerates spinal
extension, lateral
flexion and rotation.
Isometrically
stabilizes the lumbopelvic complex
Isometrically
stabilizes the lumbopelvic-hip complex.
Eccentrically
decelerates spinal
flexion, rotation and
lateral flexion.
Dynamically
stabilizes the spine
during functional
movement.

Quadratus
lumborum

Iliac crest.

12th rib,
transverse
process L2-L5.

Spinal lateral
flexion.

Eccentrically
decelerates
contralateral later
spinal flexion.
Isometrically
stabilizes the lumbopelvic-hip complex.
Table 4. The table shows the global superficial muscles of the Bergmark muscle subsystem. Listed
are the muscles, their origin, insertion, isolated function and integrated function (Bergmark, 1989;
Clark, Lucett, Corn, & National Academy of Sports Medicine, 2008).
Table 5: Local muscles

Local
muscles
Multifidus

Origin

Insertion

Isolated function

Posterior aspect
of the sacrum.
Processes of
the lumbar,
thoracic and
cervical spine

Spinous processes
one to four
segments above
the origin

Concentrically
accelerates spinal
extension and
contralateral
rotation

Rotators

Transverse
processes of
vertebrae

The root of the
spinous process of
the next two to
three vertebrae
above

Interspinal

Tubercle of
spinous process
of vertebrae

Likely organs of
proprioception
whereas they
contain very high
density of muscle
spindles
Extension of the
spinous vertebrae

Integrated
function
Eccentrically
decelerates spinal
flexion and
rotation.
Isometrically
stabilizes the
spine

Tubercle of
spinous process of
next superior
vertebrae
Intertransverse Transverse
Corresponding
Abducts spinous
processes of
parts of the next
vertebrae
vertebrae
superior
transverse process
Table 5. The table shows the local deep muscles of the Bergmark muscle subsystem. Listed are the
muscles, their origin, insertion, isolated function and integrated function (Bergmark, 1989; Clark
et al., 2008).

2.6

The Transversus abdominis
The Transversus abdominis (TrA) is the deepest abdominal muscle.

Its origin is at the cartilages of the ribs 7 – 12, the anterior two thirds of the iliac
crest and the thoracolumbar fascia. Insertion of the muscle is at the linea alba,
contralateral rectus sheets and pubis. The name of the muscle is derived from the
distribution and direction of its fibres (Bergmark, 1989; Nikolai Bogduk, 2012;
Levangie & Norkin, 2005; Manshadi, Parnianpour, Sarrafzadeh, Azghani, &
Kazemnejad, 2011; Martini et al., 2008).
TrA is larger in diameter than the other abdominal muscles but it is thin
and produces little force for trunk motions such as flexion, extension and lateral
flexion. The muscle is involved in axial rotation but is presumed to have a small
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lever arm (Nikolai Bogduk, 2012; Levangie & Norkin, 2005; Manshadi et al.,
2011; Martini et al., 2008).
Together with the external obliques (EO) and internal obliques (IO), the
TrA forms the abdominal wall or a “hoop” around the abdominal cavity. The
muscles form the wall anteriorly and the thoracolumbar fascia posteriorly and so
is the “hoop” formed, also referred to as the “corset” (Levangie & Norkin, 2005;
Manshadi et al., 2011; P. Marshall & Murphy, 2003; Morris, Lay, & Allison,
2012).
The TrA contributes to stability of the lumbopelvic region and has been
shown to have an important mechanical role to the sacroiliac joints. When
contracted the TrA creates tension with the thoracolumbar fascia and build
compression and decreases laxity at the sacroiliac joints. As Bergmark (1989)
described, the TrA is a local stabilizer and contributes to the production of intraabdominal pressure. With TrA, the multifidus, the pelvic floor muscles, the
diaphragm and the lumbar spine musculature contribute to stabilize the lumbosacral region or/and the lumbopelvic region (P. W. Hodges, 1999; Paul W.
Hodges et al., 2013; Levangie & Norkin, 2005; Manshadi et al., 2011; Morris et
al., 2012; W Hodges, Martin Eriksson, Shirley, & C Gandevia, 2005)
In healthy individuals TrA contracts prior to limb movement, while the preactivation (“feed forward”) is very poor in low back pain patients (P. Hodges,
Cresswell, & Thorstensson, 1999). As literature states muscle activation is
considered “feedforward” if the onset of a trunk muscle occurs between 100 ms
before to 50 ms after the onset of DA in rapid arm movement (P. W. Hodges &
Richardson, 1997; Paul W. Hodges & Richardson, 1999a; Paul Marshall &
Murphy, 2010).
Prolonged pain and disuse are associated with altered motor cortical
representation. Tsao and colleagues (2010) showed that repetitive use alone
cannot induce reorganization of the motor cortical network and that the cortical
plasticity is dependent on the extent of conscious attention and skill during motor
training intervention (Tsao, Druitt, Schollum, & Hodges, 2010; Tsao, Galea, et al.,
2010).
Hodges and Richardson (1997) reported that contraction of TrA was
delayed during anticipatory postural adjustments (APAs) and patients with LBP
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suffered from inefficient stabilization of the lumbar spine. The patients were to
perform a unilateral rapid arm movement, as fast as they could, in response to
visual stimulus and the purpose was to estimate how the central nervous system
deals with this situation and how the muscles are activated. The main findings
were that when a limb is moved, and reactive forces are imposed on the spine,
TrA is the first trunk muscle to be activated within healthy subjects but is delayed
with LBP patients (P. W. Hodges & Richardson, 1997; Paul W. Hodges &
Richardson, 1999b).
According to the study by Morris et al. (2012), the APAs are “…small
postural movements occurring prior to predictable postural perturbations…APAs
occur prior to feedback from movements and are hence feed forward in nature.”
The main findings of the study are that TrA does not contract in a bilateral manner
during a rapid arm movement. Instead it is a part of a synergy of muscles that
generate forces in the core and perform an axial rotation that oppose forces
generated with arm movement. “The findings of the study support the hypothesis
that TrA acts as part of a synergy of muscles made up of the contralateral TrA,
contralateral, internal oblique and ipsilateral external oblique.” (Morris et al.,
2012)

2.6.1 Stability
For the human body, we have multiple terms for stability for example functional,
dynamic and mechanical. All the terms have one thing in common; they all
describe the physiological concept of clinical stability. Bergmark (1989)
performed a study in mechanical engineering and wrote about stability of the
lumbar spine. He pointed out that stability is a well-defined term in mechanics
and defines it as either stable or unstable. He says that it is “...the ability of a
loaded structure to maintain static equilibrium even at (small) fluctuations around
the equilibrium position…” (Bergmark, 1989). In his study, Bergmark quotes the
research by White and Panjabi from 1978, and the quote is a simple declaration or
a definition of clinical stability in referral to the spine itself.
The ability of the spine under physiologic loads to limit patterns of
displacement so as not to damage or irritate the spinal cord or nerve roots
and, in addition, to prevent uncapacitating deformity or pain due to
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structural changes. Any disruption of the spinal components (ligaments,
discs, facets) holding the spine together will decrease the clinical stability
of the spine. When the spine looses enough of these components to prevent
it from adequately providing the mechanical functions of the protection,
measures are taken to reestablish the stability (Bergmark A. 1989).
For a sufficient spinal stability all the core muscles have to be involved. Constant
migration of activity between the core muscles requires a responsive motor
control system, endurable muscles and sufficient tolerance of the spine to support
the resulting loads. When those muscles contract they both create force and
stiffness in the torso. Force may be stabilizing, whereas stiffness is always
stabilizing (McGill and Karpowicz, 2009).
According to Panjabi (2003, 2006) instability of the spine (clinical
instability) and less efficient muscle control of the stabilizing muscles and
subfailure injuries to ligament is an important cause of low back pain.
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3

Spinal disorders and disease

Spinal disorders, specific low back pain, are all regarded as of a mechanical
dysfunction. The disorders compromises clinical stability as well as it affects the
neuromuscular system (Haldeman et al., 2012; O’Sullivan & Lin, 2014; Panjabi,
1992a, 1992b, 2003).
Disc prolapse is one of the spinal disorders or the structural degenerative
changes that affect 1-2% of the population that present with low back pain. A disc
prolapse is “…defined as a focal displacement of nucleus, annulus or endplate
material beyond the osseous confines of the vertebral body, resulting in the
displacement of epidural fat, nerve root and/or thecal sac” (McNair & Breakwell,
2010). Pain sensitization can occur when the nucleus material moves radially
outwards through the annulus fibrosus and affects the disc periphery and the nerve
roots. A disc prolapse is often defined as posterior central, postero-lateral or far
lateral and can be divided into protrusion, a subligamentous extrusion, a
sequestered fragment or transligamentous extrusion. The mechanical symptoms of
a disc prolapse can vary from radiculopathy of the lower extremities to the Cauda
equine syndrome. Research indicates that the magnitude and location of the disc
prolapse determine the severity of the symptoms (Adams & Dolan, 2005; Adams,
2012; Nikolai Bogduk, 2012; McNair & Breakwell, 2010).
The most common disc prolapse is found at the intervertebral joints of L4L5 and L5-S1. Pain that derives from nerve root impingement causes sciatica,
sensory changes and weakness in muscle groups that are supplied with the same
root that is compressed. Clinical findings that are consistent with disc prolapse
causing radiculopathy are f.ex. a positive straight leg raise and contralateral
straight leg raise (Adams, 2012; Nikolai Bogduk, Aprill, & Derby, 2013; Nikolai
Bogduk, 2012; McNair & Breakwell, 2010).
Severe and chronic low back pain has been suspected to arise from the
intervertebral discs and their degenerative state (Adams & Dolan, 2005; Adams,
2012; Colombini et al., 2008; McNair & Breakwell, 2010; O’Sullivan & Lin,
2014).
Discogenic pain appears to depend on ´pain-sensitization´ phenomena in
which soluble factors from nucleus cells or from blood cells chemically
irritate in-growing nerves in the outer annulus. This explains why the
greatest known risk factor for severe back pain is a complete radial
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frissure stretching from the nucleus to the outermost annulus (Adams,
2012).
Normal pathology of an intervertebral disc is that it begins to degenerate before
the age of 20. Degeneration is then a normal physiological change of the
intervertebral component and can cause all forms of low back pain and radicular
leg pain. Even so, a disc prolapse can be apparent on MRI scanning though pain is
not present as discussed in the study by McCullough et al. (2012). A disc prolapse
is in most cases, not related to injury but that does not exclude that trauma can
trigger an underlying symptom.
The heritability of disc prolapse has been studied but it remains unknown
whether environmental factors or genes can affect the intervertebral disc or the
components of the intervertebral joints. Whether it is a specific gene or a
contribution of many genes that can affect also remains unknown even for
numerous familial aggregation and twin studies (Adams, 2012; Battié, Videman,
Levalahti, Gill, & Kaprio, 2007; Colombini et al., 2008; Kalichman & Hunter,
2008). Studies have shown that there is a positive correlation between disc
prolapse and the quantitative and qualitative changes to the extracellular structure
(ECM). Alterations to the ECM lead to disc degeneration but it is still a question
if the changes have a genetic factor (Colombini et al., 2008; Kalichman & Hunter,
2008). Further studies on this matter are needed but studies have indicated “…a
genetic predisposition by studies showing an association between the condition
and gene polymorphisms or mutations mainly located in genes encoding ECM
components and enzymes involved in their turnover.”(Colombini et al., 2008)
The condition of having a disc prolapse affects daily life, reduces quality of life
and increases disability status for most patients experience acute, chronic or
recurrent low back pain and sciatica. Scholars have been researching the
immediate and long-term effects of this condition on people, with special focus on
muscle function, stability and motor control prior to surgery and following.
Exercise intervention programs and rehabilitation are crucial elements following
surgery but in the end there has always been a change in ligament and muscle
function because there is no fundamental knowledge of the reasons of how a
person develops a lumbar disc herniation (McNair & Breakwell, 2010; Selkowitz
et al., 2006).
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The most common surgical intervention for posterolateral disc prolapse is a
discectomy. For a single-level lumbar discectomy (disc prolaps) there is most
often performed a microdiscectomy (microscopic surgery) which is, in most
cases, a successful surgical procedure. The level of the surgery varies from
choosing the material from the spinal canal to be removed or adjust the disc space
and clear some of its “broken” parts. The outcome of the procedure is reported to
be good, 80-90%, in short term but in long term perspective patients report
persistent or recurrent low back pain and limitations in activities in daily life
(Dedering, 2012; Kulig et al., 2009; McNair & Breakwell, 2010; Selkowitz et al.,
2006).
Disc prolapse can re-occur at the same intervertebral joints as was
surgically repaired. Studies show significant differences in results on surgery vs.
no surgery and researches debate on this matter. Surgery has been shown to have
a greater recovery rate than no surgery but still there are indications the recovery
of motor function is related to the severity of the disc prolapse before surgery.
Trauma, even at micro level, could affect musculature and ligamentous structure
of the lumbar spine. As neurophysiology shows, the white fibres of the local
musculature can change as a result of mechanical dysfunction (Bouche, Stevens,
Cambier, Caemaert, & Danneels, 2006; Dedering, 2012; Farrell, Joyner, &
Caiozzo, 2012; Haldeman et al., 2012; McNair & Breakwell, 2010; Postacchini,
Giannicola, & Cinotti, 2002; Selkowitz et al., 2006).
In relation to stability and postural control, Bouche et al. (2006) reported
in their study on postural control and lumbar discectomy that “…for long-term,
there is no complete recovery of postural control. Patients seem to develop visual
compensation mechanisms for underlying sensory-motor deficits…” (Bouche et
al., 2006).
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4

Rehabilitation for LBP and disc prolapse

Modern ways of living encourage bad locomotion and bad posture/body position
and with limited to no exercise. The likelihood of developing muscle imbalance in
the motor chain and especially low back pain, increases profoundly, and whether
injury leads to instability of the lumbar spine or vice versa (A. Kiefer,
Parnianpour, & Shirazi-Adl, 1997; Alexander Kiefer, Shirazi-Adl, & Parnianpour,
1998; McGill et al., 2003; McGill, 2001). Throughout daily activities and in the
workplace the standing or sitting neutral body position has to be sustained for a
long periods of time (A. Kiefer et al., 1997). Stability of the lumbo-pelvic region
provides a foundation for load support and protection of the spinal cord and
nerves. Core stability also provides foundation for movement of the upper and
lower extremities and from a sport performance perspective, greater core stability
can deliver greater force production in the upper and lower extremities
(Willardson, 2007).
Management of the LBP disorder includes various different strategies,
over 200 different procedures, but exercise therapy is one of the most widely used
treatments. It may be given on an individual or group basis and the exercises may
vary in intensity, duration and frequency (Haldeman & Dagenais, 2008;
Haldeman et al., 2012; Van Middelkoop et al., 2010).
Specific exercises for people with LBP depend on their stage of the
disorder, acute or chronic. As previously described exercises vary in intensity and
frequency and can range from simple muscle activation techniques to stability and
balance; from breathing technique to dynamic control and from sensory
techniques to functional training and fitness (Paul W. Hodges et al., 2013).
The main benefit of specific training to support the spine and strengthen
the core muscles is the improved general health and posture. These types of
exercises could be a powerful tool to prevent for example LBP or discomfort,
increase strength as well as reducing rehabilitation costs for the general public as
the main focus is on training specific muscles such as transversus abdominis or
multifidus (Haldeman & Dagenais, 2008; Haldeman et al., 2012; Paul W. Hodges
et al., 2013; van Middelkoop et al., 2011).
Numerous scientific studies have been conducted on changes in
musculature patterns and motor control function of the nervous system within
patients with LBP, primarily chronic. The effectiveness of physical and
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rehabilitation interventions, perturbation (disturbance) techniques and electromyography biofeedback seems to have considerable positive effect on muscle
control, muscle activation, core stability and pain reduction (Bergmark, 1989;
Farrell et al., 2012; P. W. Hodges & Richardson, 1997; Paul W. Hodges et al.,
2013; Panjabi, 2003; van Middelkoop et al., 2011).

4.1

Electromyography and biofeedback

Electromyographic (EMG) biofeedback was developed in the 1960´s and was first
used on human patients in the 1970´s. Angoules et al. (2008) defined that
biofeedback is a method through various biological processes of the body that can
be monitored, recorded and potentially controlled by the patient undergoing treatment with the assistance of specialized equipment. Because of EMG biofeedback
patient can utilize the visual feedback it delivers and use it to cognitively increase
neuromuscular function and reduce musculoskeletal pain (Angoules et al., 2008;
P. Marshall & Murphy, 2003).
Surface electromyography (sEMG) has been used in many studies and its
validity and reliability has been proved and is not nearly as invasive as needle
electromyography. The method is frequently used in studies done on people with
LBP during exercise interventions or studies to clarify better the LBP disorder
with good results (Dankaerts, O’Sullivan, Burnett, Straker, & Danneels, 2004;
Ekstrom, Osborn, & Hauer, 2008; Fabian, Hesse, Grassme, Bradl, & Bernsdorf,
2005; P. Marshall & Murphy, 2003; McMeeken, Beith, Newham, Milligan, &
Critchley, 2004).

4.2

Perturbation
Perturbation is most often used and mentioned in studies where postural

control and postural- and joint equilibrium is challenged with a stimulus of some
sort (Fitzgerald, Childs, Ridge, & Irrgang, 2002).
Hirata et al. (2011), used a moveable force platform to translate
unexpected posture perturbation in their experimental research. The force
platform moved and data was collected from 20 perturbations or 20 sets of
platform movement. Stuart M. McGill et al. (2007), studied trunk muscle
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activation patterns using the Bodyblade, a popular perturbation tool found in most
physical clinics. Results showed that using perturbation tool as the Bodyblade
stimulated greater activation levels and instantaneous stability increase in two
well-known core muscles, internal oblique and external oblique.
Hodges & Richardson (1999a) studied altered trunk muscle recruitment in
people with LBP with upper limb movement at different speed. As a perturbation
they used a visual stimulus that travelled at three different speeds: fast (as rapid as
possible), intermediate (subjects normal speed) and slow (2 seconds). Reaction
time of the trunk muscles to the deltoid anterior muscle, from stimulus to
movement, was analysed and EMG used to record the timing. Results from the
study show that transversus abdominis and internal oblique failed to activate prior
to limb movement at the fast speed with the LBP group. Recordings showed no
activity for the abdominal muscles at intermediate or slow speed.

5

Study aims

The main aim of this study was to examine whether biofeedback from EMG and a
novel exercise intervention had a more positive effect than no feedback on muscle
activation, pain perception and TrA recruitment in people with history of disc
prolapse or/and microdiscectomy and delayed onset of TrA.
The hypothesis of this study was that using EMG biofeedback, in a novel
exercise intervention, would be more effective for people with history of disc
prolapse or/and microdiscectomy, low back pain and delayed onset of TrA than
not having the biofeedback. People with high pain scores on Oswestry Disability
Index (ODI) in pretesting would score less post exercise intervention and those
with delayed onset of TrA would have improved reaction or activation time post
exercise intervention.
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6
6.1

Methods and materials
Participants

Six participants of both genders (average age 33,5 and average BMI 26,6), with
history of disc prolapse in the lumbar vertebral spine volunteered to participate in
this study. Participant criteria was as follows: age 25-40, both genders, BMI <30,
disc prolapse or/and microdiscectomy in lumbar region more than six months ago,
ODI scores <80%, minimal neurological symptoms such as numbness and fatigue
later on in the day, exercise 2-4 times per week, no severe injury to the low back,
no cardiorespiratory problems and women should have given birth at least two
years ago. Additionally, symptoms of instability from the lumbo-pelvic region
and onset of TrA muscle were checked for in pretesting.
Twelve persons volunteered for the study but six withdrew their
participation, four before pretesting and two after. All volunteers were informed
that they could, at any time, withdraw from the study without any explanation.
The 8 volunteers prior to pretesting were identified in with a number from
1-8. Since two participants withdrew from the study after pretesting the numbers 4
and 6 were removed from the data. Numbers for the other participants were not
changed to ensure that data management was not contaminated in any way.
The six remaining participants were divided into groups of three, control
group and training group, with 1 female and 2 male participant. Both groups got
the same tests in pre- and posttesting and the same exercise intervention except
the training group had EMG biofeedback in training sessions. EMG data was
recorded from all participants.
EMG biofeedback was visible to the training group in every training
session. Biofeedback from KineLive was casted onto a white wall with a
projector. The image was to the left side of the table tennis robot.
All participants provided a written informed consent. The National
bioethics committee of Iceland granted ethical approval for the study and The
Data Protection Authority was informed of its procedure.
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6.2

Electromyography, self-report measures and testing methods

6.2.1 Electromyography
Data was collected with wireless sEMG solutions from Kine Ltd. from the
muscles: Transversalis (TrA/IO), External Obliques (EO), Multifidus (MF) and
Deltoid Anterior (DA). Pairs of surface electrodes (disposable EMG TriodeTM
Electrode, 10 mm in diameter and 20 mm inter-electrode distance, Thought
Techonolgy Ltd., Canada) were applied to the skin in parallel orientation to the
fibres of the underlying muscle. The skin was cleaned with alcohol and excess
hair removed if necessary to ensure sufficient skin impedance.
Electrode for TrA/IO was applied so that the lateral electrode was located
about 2 cm medial and inferior to the spina iliaca anterior superior as Marshall
and Murphy (2010) described in their study. Electrode for EO was just inferior to
rib cage, MF (superficial fibers) on and aligned with a line from spina iliaca
posterior superior to the interspace between L1 and L2, parallel to the spinous
process of L5 (about 2 cm from midline). DA electrode was applied to site with
one finger width distal and anterior to the acromion process (Beales, O’Sullivan,
& Briffa, 2009; “Welcome to SENIAM,” n.d.).
All calibration and recording of muscle activity was done with KineLive
EMG software from Kine Ltd. KineLive gives real time feedback within a few
hundred milliseconds after a single repetition of an exercise. The software
samples EMG data from each unit with signal bandwidth of 16 - 500Hz that can
be high-pass filtered at 30Hz to separate signal from noise and diminish
movement artifacts and ECG. Sampling rate is set at 1600 samples per second and
input impedance 10[GΩ].
All recording and signal analysis was performed in KineLive using
predefined profiles in Motor control mode (MC mode) for the ASLR and RAM
tests and the exercise intervention. The focus of MC mode is to display time
differences from one reference muscle to other following muscles, monitoring
muscles on/off time. Reference RMS size was set at 1000ms for all data sampling.
All scales and on/off levels of units were reset before normalization. Subsequently
an automatic RMS calculation for rest and reference values was done and scales
were manually locked afterwards. Rest values are multiplied with a constant, most
often 2, to represent the on/off level of each muscle. These values can be edited
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manually before or after recording if determined necessary. One simple reason for
changing/editing the values can be that a person can´t relax, for some reason,
during a test/recording and as a result the muscle measured, does not show a
relaxation state i.e. it does not go off.
When a recording is started in the software it collects all data to the
computer. When a recording is stopped the software opens an editor where data
can be analysed and reports can be done. The editor gives numerous options such
as the possibility to measure time, amplitude, time difference and amplitude
difference in signal or between signals.

6.2.2 Self-report measures
An Icelandic version of the Oswestry Low Back Pain Disability Index (ODI) was
used to measure self-reported low back pain and its affect on activities of daily
life. The ODI is well recognized and the most common form of assessment for
low back pain affect on functional capacity and shows a moderate correlation with
other pain measures. It is frequently used as a self-reported measurement tool in
studies related to low back pain. It is short and easy to submit.
The questionnaire includes 10 items with 6 corresponding answers that are
scored from 0 – 5, based on severity. All scores are calculated according to a
predefined formula and presented as a percentage. The relative score, from 0100%, is an indicator of how severe the affect of pain has on a persons activities
of daily living and basic daily needs. Figure 3 shows interpretation of scores.
(Fairbank & Pynsent, 2000; Paul Marshall & Murphy, 2010).
An additional questionnaire was also submitted in in the pretesting
session. It included questions on basic elements such as weight, height, dominant
side and at which intervertebral joint the disc prolapse was diagnosed or/and
microdiscectomy was performed. There were also questions regarding physiotherapy as rehabilitation after diagnosis and duration of rehabilitation. Current
state of low back pain was addressed as well as numbness, nerve symptoms and
scaling of nerve symptoms. Participants were also asked to define their current
low back pain as accurately as possible.
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Figure 3 Interpretation of ODI scores

(Fairbank & Pynsent, 2000)
6.2.3 Testing methods
Pretesting and posttesting included an Active straight leg raise (ASLR)
test to determine lumbo-pelvic instability and the Rapid arm movement (RAM)
test to measure reaction time of TrA/IO and MF to DA. Prior to testing each
participant answered the Oswestry Low Back Pain Disability Index (ODI) and the
additional questionnaire previously described.

6.3

Perturbation
A table tennis robot, the Robo-pong 1050, from Newgy Industries Inc. was

used as a perturbation tool and provided both audible and visual stimulus. Using
the Robo-pong is a novel approach and as far as known these robots have only
been used in training strokes, footwork, speed, agility and reaction in table tennis
or in tennis. It has never been used in scientific studies related to LBP or TrA/IO.
To be able to stimulate rapid movements and train functional motor skills,
particularly reaction time, there was a need to find a perturbation tool that could
imitate and replace a thrower. The Ropo-pong can fulfil and combine all of the
factors mentioned above and was therefore the choice of perturbation in this
study.
Nine robot drills were written and programmed in a certain way with the
main emphasis on speed and reaction to the stimulus, in this case a table tennis
ball. Each robot drill included position (angle) the ball should be thrown in, speed
variation and wait time between each thrown ball. Information about the drills that
were used can be found in the appendices chapter.
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6.4

Exercise intervention and settings

Six exercise sessions were scheduled for each participant over a three-week
period, approximately two sessions per week. Each session was within a 30minute timeframe and included two sets of exercises, one set without partition and
one with partition. Table 6 shows the exercise plan for 1 session.
The Robo-pong was placed on a platform, 73,5 cm high and 39 cm wide,
facing a white wall and it stood 120 cm from the wall. Approximately 120 cm
from the end of the platform was a straight line of tape on the floor that indicated
where to stand; behind the line.
Each set in a session included three drills as table 7 shows and 12 rounds
per drill with 7 balls thrown in every round, a total of 84 balls. Surface EMG
recordings were conducted from the beginning of a drill to the end of the third
drill in each set. A 30 second rest period was between drills, a total of 1 minute of
rest in each set, and roughly 90 seconds of rest between sets.
Every session involved a partition, 150 cm high and 91,5 cm wide, in the
second set of drills. The partition was placed behind the robot so the participant
couldn´t see when a ball was thrown from the robot, i.e. only saw the ball when it
bounced from the wall towards the participant. This challenged both visual and
audible perception. In the fifth and sixth session each participant wore a headset
that was used during all drills to reduce the sounds from the robot and slightly
challenge audible perception.
Prior to every exercise session sEMG was placed bilaterally on TrA/IO,
EO, MF and DA. Normalization for TrA/IO and EO was done with 3 repetitions
of crook lying double leg raise with cervical flexion. Normalization for MF and
DA was 3 repetitions of unilateral rapid arm movements, without free weight,
performed in upright standing posture.
Table 6 Exercise plan for one session

Exercise plan for one session
1. set without partition

Drill

(drills in original order)

56

30 sec rest

Drill
57

30 sec rest

Drill
58

90 seconds rest period
2. set with partition
(drills in reverse order)

Drill
56

30 sec rest
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Drill
57

30 sec rest

Drill
58

Participants were verbally instructed to place themselves in a straight line with the
robot and to hit each ball, which the robot threw, with the palm of the right or left
hand as fast and as firmly as they could. They chose movements of their own but
were only allowed to take 1-2 steps to each side from starting position, left or
right, if they had to reach for or move to hit a flying ball. When a drill finished
they should stand still in an upright relaxed posture until the next drill started.
Table 7 Sets in exercise sessions

Exercise session

Drills

Sets

Total drill time

Balls thrown

1 and 2

62-63-64

12

06:85

252

3 and 4

59-60-61

12

04:44

252

5 and 6

56-57-58

12

03:14

252

The exercise intervention had a periodization where position and wait time factors
were increased. New drills were introduced in the third and fifth exercise sessions.
Changing the drills was a tactical alteration to diminish participant’s ability to
remember the drills even though 84 balls were thrown in each drill. Additional
factor was an increase in speed and decrease in wait time so each drill took a
shorter time and the exercises became more of aerobic and functional movement
training. The main reason for the change was to challenge awareness, increase
visual stimulation, challenge motor control, encourage rapid movements and
increase the fun-factor. Table 8 shows the setup for 1 of the 9 drills that were used
in the exercise intervention.
To clarify the setup for the drill in table below there are a few main factors
that need to be explained. “BALL SPEED sets how fast the Ball Speed Motor
spins. This determines both how fast the ball is discharged and how much spin is
placed on the ball. The higher this setting the more speed and spin. Setting of 0
means the motor is off and will result in balls falling out of the discharge hole.
Maximum setting is 30.” (Newgy Inc., 2009). Position determines the rightmost
and leftmost positions to which a ball is thrown from the robot. Figure 4 shows
the oscillator positions. The number of balls thrown is labeled in the drill setup as
throw and only one ball is thrown at a time in all the drills. The wait factor is the
amount of time between shots and the time is always presented in seconds
(Newgy Inc., 2009).
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Additional setup factors used for all the drills were ball spin and trajectory
of a ball. The ball spin was set as topspin and it “…causes the ball to dip
downward as it travels through the air.” Adjusting the angle of the robot head
controls the trajectory of a ball The angle can be changed whether it is supposed
to be low or high and for the drills, in the exercise intervention, the angle was set
at 11 (Newgy Inc., 2009).
Table 8 Drill 56

Ball Speed

Position

Left/Right angle

Throw

Wait (seconds)

12 rounds

19

5

Left

1

0,5

total time:

17

11

Right

1

0,5

01:03

17

15

Right

1

0,5

17

12

Right

1

0,5

19

8

Left

1

0,5

18

14

Right

1

0,5

17

13

Right

1

0,5

Figure 4 The Robo-pong
positions/angles for throwing

(Newgy Inc., 2009)
6.5

Data collection and processing
The Active straight leg raise test (ASLR) from the study by Beales,

O´Sullivan and Briffa (2009) was a guideline for the protocol used in this study.
For normalization 5 seconds of sEMG data was collected with KineLive and
submaximal voluntary contraction (reference value) collected for 3 repetitions of
a crook lying double leg raise with cervical flexion. Data was then collected from
60 seconds of supine resting and then participants were asked to cough. Around, 5
seconds after coughing participants were instructed by, an audible stimulus, to
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raise their right leg 10 cm from surface. Subsequently they were to hold the raised
leg for 45 seconds, then lower the leg and relax for 10 seconds. Audible
instructions (profile events) from the KineLive application were: up, down and
relax. The participants repeated the raise two times additionally and data
collection was ceased after three repetitions of leg raise. This process was
repeated for the left leg in a separate data recording.
Data was collected bilaterally from TrA/IO and EO and information about
average muscle activity, threshold statistics, was exported to Microsoft Excel for
further evaluation. Average muscle activity was determined from a 35 second
timeframe from each leg raise; 5 seconds in the beginning and at the end of each
lift were removed, in KineLive, from the recording to ensure accordance in all
individual data. Rest values, which were recorded from normalization, were
multiplied with 2 to set the on/off levels of each muscle.
Originally (2009) the coughing part of the data collection was done to
synchronize ultrasound and EMG. Since ultrasound was not used in this study the
coughing procedure was used to ensure that all muscles activated and were
detected in the EMG recording.
Data from the Rapid arm movement test (RAM) was collected after the
ASLR test with EMG and KineLive. Previous studies on the method such as one
by Hodges and Richardson (1999a) were the basis for the method used in this
study. Data was collected from ipsilateral TrA/IO and DA contralateral MF. For
normalization

one

repetition

of

rapid

arm

movement,

with

shoulder

flexion/scaption and a 2 kg free weight, was collected to represent submaximal
voluntary contraction (MVC). Following normalization each participant executed
6-10 rapid arm movements to an audible instruction, up, from the KineLive
software. Participants were, prior to testing, instructed to raise their arm right arm
as fast as possible in a flexion/scaption direction, count to 2 in the raised position
and then lower the arm down as fast as possible. As mentioned before participants
raised their arm 6-10 times with a 2-3 seconds “rest” in between repetitions. Data
was ceased 10 seconds after the last repetition. Normalization was executed for
the left arm/side in same way as the right side and data collected separately.
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6.6

Data analysis
To retrieve data equally from all recordings the rest value, recorded from

normalization, was multiplied with 4 to set the on/off levels for each muscle.
Average delay between Deltoid anterior and Transversalis, time (milliseconds),
was exported from the data to Excel for further analysis.
Questionnaire and ODI data was analysed in the Statistical Package for the
Social Sciences (SPSSTM v. 22.0 for Mac), using descriptive statistics and
compare means.
Data from each participants pretesting and posttesting (ASLR and RAM)
was analysed in Excel as well as data from all participants was put in result tables
to present results from the tests.

6.7

Transversalis (TrA/IO) onset analysis
Onset time for Transversalis was represented in milliseconds (ms). DA

was set as a reference muscle, the zero, in the RAM and TrA/IO and MF as
followers. Onset detection of DA signal was applied over a time period of 500 ms
before and after the peak of the EMG signal.
Delayed onset of TrA/IO is signified with positive numbers whereas onset
prior to DA is signified with negative numbers. For example, if TrA/IO shows the
number -196 in average delayed onset in data it means that TrA/IO is activated
196ms prior to DA.
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7
7.1

Results
Questionnaire results

As previously discussed the participants were 6, 4 men and 2 women. Average
age for all participants was 33,5 (Standard deviation (SD.) 5.1) and average BMI
was 24,6 (SD. 3.2). Average age for men was 36 (SD. 4.1) and BMI was 26,6 (SD.
1.2). Average age for women was 28,5 (SD. 2.1) and BMI was 20,7 (SD. 0.0). All
participants were right hand dominant and had all history of disc prolapse. Four
participants, 1 woman and 3 men, had a history of microdiscectomy whereas 2 did
not, 1 woman and 1 man.
Disc prolapse was clinically diagnosed at L3-L4 with 1 participant, at L4L5 for 3 and at L5-S1 for 2 and microdiscectomy was performed on prolapse at
L4-L5 for 2 participants and at L5-S1 for other 2.
Only 3 participants sought physiotherapy after disc prolapse diagnosis or
microdiscectomy for the period of 1-4 months. Four reported numbness from the
lumbo-pelvic region and 5 reported low back pain present in pretesting. Minor
nerve symptoms were present with 5 participants and average nerve pain (sciatica)
was reported 4 out of 10 (SD. 0.9). Four participants reported nerve symptoms
down the right leg whereas 2 down the left leg.
7.2

Results from Oswestry Disability Index (ODI)

All participants answered the 10-item questionnaire in pretesting and in
posttesting. Average ODI score in pretesting was 19% (SD. 11.1) and posttesting
was 16% (SD. 11.0). Men reported 16% in pretesting and 15% in posttesting
whereas women reported 25% in pretesting with reduction to 18% in posttesting.
For the training group, that received EMG biofeedback in exercise
intervention, the ODI scores were 12,7% in pretesting and 10,7% in posttesting.
For the control group, that did not receive EMG biofeedback in exercise
intervention, the ODI scores were 25,3% in pretesting and 21,3% in posttesting.
Figure 5 shows ODI scores for all participants, prestesting and posttesting.
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Figure 5 ODI pain scores
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7.3

ASLR results

Data was analysed on an individual basis for the active straight leg raise and
results on average muscle activity (%) compared from pretesting to posttesting.
Male participant, male, showed increased activity for all 4 muscles during
lifts for both the right leg (55,1%) and the left leg (72,2%). Female participant 2,
presented increase in all muscles, right leg (28,3%) and left leg (15,4%). Male
participant 3 presented a decrease in all muscle activity on the right leg (30,5%)
but on the left leg the pretesting results were missing for comparison with the
posttesting results. Male participant 5 presented a decrease in all muscle activity
between tests for the right leg (34,4%) and the left leg (20,2%). Female
participant 7 showed increase in activity for all muscles during right leg lift
(24,2%) and left leg (18,8%). Male participant 8 also showed increase in muscle
activity during right leg lift (35,1%) and left leg lift (38,3%).
Results for average muscle activity (%) of Transversus abdominis/
Transversalis (TrA) is presented in figure 6 for right leg raise and figure 7 for left
leg raise.
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7.3.1 Right leg raise
Three out of six participants present an increase in average muscle activity
for both left and right TrA between testing of the right leg. Participant 3 shows a
slight increase on left TrA but a decrease on the right TrA. Participant 5 shows
nearly no change on right TrA during the right leg raise but a great decrease on
left TrA. A decrease in muscle activity for right TrA is presented with participant
7 but an increase for the left TrA.
Figure 6 ASLR - Transversalis results right leg raise
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7.3.2 Left leg raise
Three participants out of six presented an increase in average muscle
activity for both right and left TrA during the left leg raise. Left TrA also seems to
have higher activity levels in posttesting than right TrA does during the raise.
Participant 2 showed an increase in right TrA activity but a slight decrease
in left TrA. Data from pretesting, for participant 3, was missing and therefor no
results on the changes between tests. Even so the average muscle activity for this
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participant was under 11,5% for both right and left TrA. Participant 5 showed an
increase in activity for the right TrA but a decrease for left TrA.
Figure 7 ASLR - Transversalis results left leg raise
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7.3.3 Difference between surgery and no surgery participants in the ASLR
Only one measurement, activity of right TrA during left ASLR, exhibited
difference between the participants that had microdiscectomy and those who did
not. The difference is insignificant and does not indicate difference between
surgery and no surgery participants.
Figure 8 displays the difference in average muscle activity in right TrA
during a left leg lift. The participants that have no history of microdiscectomy,
number 2 and 5, show a higher muscle activity whilst raising the left leg to hold
than the other participants. It is taken into consideration that data from participant
3 is missing here but posttesting shows less activity than with participant 2 and 5.
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Figure 8 Difference between participants on ASLR - surgery vs. no surgery
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7.4

RAM results

Results are presented in two separated result tables showing pretest end posttest
results for rapid arm movement. Time between the onsets of DA to TrA is
displayed in time (seconds) for right and left arm movement is presented in
figures 9 and 10.

7.4.1 RAM results right side
Results between pretest and posttest for participant 1 shows that time between DA
and TrA was 126 seconds better and nearly reached the “feedforward” criteria for
TrA. Participant 2 also showed better timing but was still over feedforward and
the same was present for participant 7. Participant 8 presented better timing than
any other participant, a total of 421 seconds of change between tests. However
participants 3 and 5 showed different changes in timing than the other did.
Participant 3 fulfilled the “feedforward” in pretesting but timing got worse in
posttesting as the result table shows. Apart from participant 3, participant 5 met
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“feedforward” timing criteria in posttesting and did not show as much delayed
onset of right TrA as the other “normal” participants did.
Figure 9 Rapid arm movement - results right side
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7.4.2 RAM result left side
Participants 1, 2, 3 and 7 all showed better timing between the onset of DA to TrA
in posttesting and all reached “feedforward” criteria. Timing for participant 5
declined of 110 seconds between the tests but stayed under “feedforward”.
Participant 8 showed better timing results, 128 seconds between tests, but did not
present “feedforward” as in the right arm movement.
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Figure 10 Rapid arm movement - result right side
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7.4.3 Difference between groups, with and without EMG biofeedback
The main emphasis was put on difference in TrA recruitment, pretest to posttest,
with the training group, with biofeedback, and the control group, without biofeedback. Difference on RAM testing results was not significant. Figures 11 and
12 show results from RAM pretesting and posttesting between the two groups,
with and without EMG biofeedback.
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Figure 11 EMG comparison between groups - RAM right side
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Figure 12 EMG comparison - RAM left side
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8

Discussion

This is the first study where a novel exercise intervention, with the emphasis on
rapid arm movements is presented and where the tool for perturbation is a table
tennis robot. A table tennis robot has never been used in training for people with
LBP or history of disc prolapse or discectomy for that matter.
8.1

ASLR results

Results from the active straight leg raise in this study are not comparable with
findings in other research. The method used to execute the test was based on the
study by Beales et al. (2009). That study was done with 14 pain-free female
participants, to determine motor control patterns for people suffering from chronic
pelvic girdle pain. Measurement methods were different from this study but were
conducted using EMG for the abdominal wall during an ASLR test. Needle EMG
was used measuring activation of TrA and sEMG used for IO activity. The result
showed that pain-free subjects demonstrated a predominant pattern of greater
ipsilateral tonic activation of the abdominal wall on the side of the leg raise.
Results from this study are rather different and the only emphasis was on
how or if muscle activation changed for the six participants. As explained in the
results chapter, three participants showed increased muscle activity for all muscles
during the right leg raise. The average muscle activity from TrA increased more
ipsilaterally than contralerally. I.e. participants that showed increased activity
gained more tonic activation on the right side than the left side while holding the
right leg raised. The other three participants showed different results and two of
them, 3 and 5, showed a great reduction in muscle activity.
There were also three participants that showed increase in muscle activity
for the left leg raise however these were not the same participants as in the right
leg raise. The average muscle activity from TrA increased more ipsilaterally than
contralerally. I.e. participants that showed increased muscle activity gained more
tonic activation on the left side than the right side while holding the left leg.
Pretesting results from participant 3 were missing when data was analysed so
there was no way to speculate. The two participants, 2 and 5, the showed different
activation, higher activation for right TrA and lower for left TrA, did not have a
history of microdiscectomy. Both participants reported having nerve symptoms
down the right leg in pretesting.
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There might be an explanation to the changes seen with participants 3 and
5. During the intervention, from pretesting to posttesting, both participants were
training more than usual. Participant 3 was training for Ironman and exercised on
a daily basis for long periods at a time. His results were worse on the posttesting
in the right leg raise and were low, compared to other participants, on the left leg
raise. Prior to the posttesting he had been in a swimming session and was
physically and mentally tired and changes in breathing pattern were noticeable.
Participant 5 had also been exercising during the intervention than he did before
participating. He had been in the gym lifting weights and prior to posttesting he
had been partying with his friends for a whole weekend, was tired and had pain.
In addition, he reported higher ODI scores in posttesting than pretesting.
Findings on motor control pattern in this study are similar to the results from
Beales et al. (2009) even though the participants of the current study were not
pain-free, had history of disc prolapse and were of both genders. However inconsistencies remain with results from 4 of the 6 participants and only leaves 2
participants (33%) that showed true ipsilateral increase in average muscle activity
in both right and left leg raise.
Average muscle activity was considered to be better for the three participants that showed increase in activity. Pretesting showed low levels of activity
that could be interpreted as inactive and untrained muscles. Therefor the muscles
were more active and better trained when in posttesting, after the exercise
intervention. Moreover the participants did not know the ASLR procedure in
pretesting but remembered it during the posttesting, hence better results. This
indicates that increased muscle activity is related to better status of training but
contradicts the EMG-force ratio presented in The ABC of EMG by Konrad
(2005), figure 13. If EMG activity is high and the force is low, the muscle is
thought to be atrophic. If EMG activity is low and force is high, the muscle
thought to be trained.
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Figure 13 EMG-Force ratio

(Konrad, 2005)
If results from this study were put into relation the EMG/force relationship, the
participants thought to have better results would actually be exhibiting EMG
activity of atrophic muscles and produce less force. The participants thought to
have worse results would then be exhibiting better EMG activity of trained
muscles and produce more force.
Since force was not measure during the tests it is unclear if force
production was lower or higher. Further studies on this matter could shed some
light on the relationship for a similar group of participants as in this study.
Difference between participants, whether they had history of microdiscectomy or not, was insignificant. However participants 2 and 5 exhibited more
muscle activity for the right TrA during a left leg raise in pretesting and posttesting. That could indicate a minor difference but remains unclear because of the
missing pretesting data from participant 3.

8.2

RAM results
Five participants of 6 presented with delayed onset of TrA to DA in right

rapid arm movement. All participants should have had delayed onset to participate
in the study but because of a small group of volunteers an exception was made for
one participant. Participant 3 was determined to take part in this study and was
enlisted because he met all other factors of criteria.
Results show that 5 of 6 participants had better timing in posttesting vs.
pretesting for the right arm movement and 3 of 6 participants met “feedforward”
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activation. One of the participants, number 3, met “feedforward” in pretesting and
did so as well in posttesting but timing was increased by 17 ms.
Again, 5 of 6 participants showed better activation time in posttesting and 4
of 6 met “feedforward” activation even better for the left side than results show
for the right side. Participant 5 was on the other hand was the only participant that
exhibited a reverse in timing and went from very good “feedforward” activation
to a worse status though still being below 50 ms in activating TrA after DA. This
change is of some concern but could be related to the pain status that the
participant reported during posttesting.
When moving the left arm rapidly, a torque is created and the contralateral
multifidus muscle has to help out and stabilize the spine (P. W. Hodges &
Richardson, 1997; Paul W. Hodges & Richardson, 1999a; Paul Marshall &
Murphy, 2010; McGill, 2001; Morris et al., 2012). Participant 5 has history of
disc prolapse at intervertebral joints L3-L4 and sciatica down the right leg, which
could contribute to loss in motor control. This hypothesis plus the participants
increased exercise activity during the exercise intervention could explain why the
timing changed so much.
Results from the RAM test indicate improved reaction or activation time post
exercise intervention for both right and left arm movements.

8.3

EMG biofeedback results

Results show no correlation between training group and control group on EMG
biofeedback. Biofeedback did not have any effect on RAM results or pain scores.
One of the reasons why there is no effect could be related to the setup of the
exercise intervention. EMG was recorded during all of the exercise sessions for
both groups but was only visible for the training group. Each session involved
rapid movements of extremities and participants had to keep focus on the table
tennis balls shooting from the robot. The simplest explanation to all is that they
did not have time or a chance to look at the biofeedback during the drills or else
they would not hit a flying ball.
Participant got no training on how to pre-activate the TrA nor did they get
taught to activate the muscle using the EMG biofeedback. If the training group
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had had instructions to activate certain muscles during the drills or keep a better
eye on the biofeedback there might have been a difference but that is unknown.
8.4

ODI results

People with high pain scores on ODI in pretesting had lower scores in posttesting.
This indicates that the exercise intervention had positive effect on the participants
and they scored relatively lower in posttesting than in pretesting. Interestingly the
pain scores for the women participants were lower than the men reported and
these results attract questions on the gender difference of pain perception.
Research have shown that women have higher disability status than men because
of LBP so results from this study do not match other research (Paul W. Hodges et
al., 2013; O’Sullivan & Lin, 2014).
Two participants, 3 and 5, had higher pain scores in posttesting and are
believed to a result from being fatigue. As previously discussed, participant 3 was
mentally and physically tired after hard training and participant 5 experienced
more pain after having exercised more while participating in the study and
“partying” two days prior to posttesting. Both verbally reported that they were
tired. It is also interesting to mention that these two participants, 3 and 5, were the
oldest in the study. Literature implies that increased age has an affect on spinal
health and that could be the case for the results though there are no evidence on
that matter.

8.5

Methodology considerations
The ASLR test is a validated method for determining lumbo-pelvic

instability but the implementation seems to vary between researches (Beales et al.,
2009; Hu et al., 2012). The method used by Beales et al. was a guideline for this
study but was submitted with minor alterations. The RAM test is not as validated
test as the ASLR but its usage has been reported in identifying changes in trunk
muscle recruitment (Paul W. Hodges & Richardson, 1999a; P. Marshall &
Murphy, 2003; Paul Marshall & Murphy, 2010). The RAM method in this study
was a combination of the methods used by Hodges et al. (1999a) and Marshall &
Murphy (2003; 2010). The settings for testing were the same for pre- and
posttesting and arrangement of tests was also the same. Participants started with
answering questionnaires, then the ASLR test was performed for the right leg first
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and the left leg followed by the RAM test that was performed for the right side
first and the left side irrespectively.
Performance in testing is a topic of discussion because repeatability was not
considered. Differences in testing methods could greatly influence the results but
participants’ performance could also have an affect on the outcome such as at
what time of the day the test is implemented, how the skin impedance is, where
electrodes are placed and what verbal instructions are submitted. Mental and
physical status and breathing patterns could also affect performance in testing as
result of this study imply.

8.6

Exercise intervention

The exercise setup was predetermined and all the drills had been written
beforehand. All the participants received the same training setup and same order
of drills each time and EMG data was recorded from all exercise sessions. As
described in the methods chapter, each participant trained with the table tennis
robot for the time that took the six sets of drills to finish. The training sessions had
periodization so that speed, position and wait time were changes to make the drills
a bit more difficult. It was also a tactical strategy to change the drills so the participants had to stay alert and they were never be able to remember the setup for
each drill.
In the first two sessions the amount of balls that were shot to a right
position were more than to the left position. Some of the participants asked
specifically if the robot was shooting more to the right than the left because they
were right hand dominant. This was not the case for the setup but many of the
participants used their right hand to hit the balls that were specifically shot to a
left position. Some of the participants, unconsciously or not, moved from the
starting position, leaned to the side or rotated the trunk to be able to hit the left
positioned ball with the right hand. If the exercise sessions had been filmed the
exact number of times where the right hand was used to hit left positioned balls
would have been easily calculated.
A balance of right and left positioning was one of the main focuses in the
drill setup. No drill was setup as pure right or pure left positioned.
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Participants had some comments on the exercise setup. Some participants
asked if they collected any points by hitting someone or something with the ball
they hit. Some complained about the colour difference of the balls because some
of them were white and some were orange. The white balls seemed to be more
difficult to follow because the robot shot towards a white wall but the orange balls
were easier to see. Some asked if there could possibly be a scoreboard on the
white ball so you could pretend that you were playing for the highest score and
the scoreboard would be an extrinsic motivational factor to the exercise. Some
complained about the lack of music whilst exercising. Sadly all extrinsic
motivators, aside the panelling and the headphones, were excluded from the
exercise intervention. It could be a great idea to conduct a study on if extrinsic
motivational factors such as music and scoreboard would change any of the
results. Psychological and social factor are thought to have a great affect on
people with LBP so it would be a novel experiment to examine the effect on ODI
scores and muscle activity with different choice of music in exercises with a table
tennis robot.
For further studies it would be a good plan to record all exercise sessions
with a video camera. It would also be wise to change the drill setups and examine
how speed, position and wait affect muscle activity. It would also be a good idea
to examine and calculate the velocity of each ball that is shot from the robot.
Additionally it would be interesting to examine what affect it has on muscle
activity when you have to reach far to the side to hit a ball. In some of the drills
there were balls that were shot to position 2 and 15. These balls seemed to be very
difficult to reach but the ballistic motion that was produced showed a clear spike
in muscle activation on the EMG recordings. All these ideas can become topics of
further studies.
Results show no difference between training group and control group. The
hypothesis was that with the novel exercise intervention the EMG biofeedback
would be beneficial to participants that received it in matter of better TrA
activation time and lower pain scores. The main research question has been
answered.
Even so, results from this study indicate that it seems that exercising with a
table tennis robot is an effective way to train reflexes and TrA muscle activation.
Numerous studies can be found on specific training methods for the trunk muscles
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and people with LBP. This study seems to be the first study that trains TrA
recruitment with similar rapid movements as used in the RAM testing. Though
many other exercise treatments deliver good results to people with LBP no other
study shows the result that this current study does. It seems logical to train
reflexes and more rapid muscle activation with rapid movements that lying in a
supine position and trying to execute abdominal bracing as fast as possible. So if
you want to train reflexes you ought to train reflexes and reflex technique. Just
like if you want to run faster you have to train running techniques that enhances
your reflexes and your ability to run faster.
8.7

Limitations

The biggest limitation to the validity of this study is number of participant. It took
a lot of time to get volunteers but a total of 12 people applied for participation.
Why so few volunteers remains unclear but participant criteria was tight. Only six
participants finished through testing and the exercise intervention, and are the
basis for results in this study.
Participant criteria was not simple but was set up to find a specific group
of people. Scores on the ODI questionnaire were set to be below 80% and it
seems to have been too high. Participants in this study scored all below 40% and
that could have been a better criterion and would have excluded people with
severe disabilities from the study. The results indicate that the exercise intervention was some beneficial to those with low pain scores.
Additional perturbation was a limiting factor for the exercise intervention.
The researcher managed training and set the robot drills for each session. Due to
the amount of table tennis balls that was shot in each set of drills, the researcher
was moving around in the room and in the vicinity of the robot to collect the balls
and return them to the robot. This created additional perturbation for the
participants even though they were encouraged to disregard the researcher and
only focus on hitting the shooting balls.
It might be considered as a limitation to the research that the researcher
was not bias or passive when conducting this study and the study was not blinded.
The researcher was also the trainer in the exercise intervention and knew all
details from pretesting and questionnaires. In spite of this it is considered strength
in this study that the researcher knew all the details, all the exercise setup and
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controlled the robot by pressing the on/off button. This made data collection and
analysis a bit easier because important information, such as prior pregnancy, was
missing from the pretesting questionnaire but was discussed in training sessions.
Participants might also have gained useful information along the way on their
physical abilities and movement pattern and how training the trunk muscles can
contribute to better qualities of living, with less pain.

53

Conclusions
A novel exercise intervention with EMG biofeedback,like the one presented in
this study, does not contribute to better activation and onset of TrA and reduce
peoples low back pain experience. Even though this is the main conclusion there
were indications of better activation and onset of TrA with four of six participants
and reduction in peoples low back pain experience after the exercise intervention.
Whether this is a result from the exercise intervention is unknown but does not
exclude that this form of training could be useful addition to the 200 or more
exercise setups that have been suggested for people suffering from low back pain.
Results do also indicate that a table tennis robot can be a useful
perturbation tool in exercises for people with low back pain and history of disc
prolapse or microdiscectomy.
EMG biofeedback has been validated in many exercise interventions but
there seem to be indications from this study that the use of biofeedback, during
rapid or/and ballistic movements, is not adequate. This doesn’t prove that EMG
biofeedback is an unsuitable tool for training rapid movements and motor control.
It could be beneficial for participants to do stabilizing exercises with the EMG
biofeedback prior to train rapid/ballistic movements.
It would be interesting to study the exercise intervention more as well as
the combination of activation of TrA and other muscles, people with LBP and
EMG biofeedback with a larger group of participants and different criteria.
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9.1

Appendices

Pretesting questionnaires

Spurningarlisti til væntanlegra þátttakenda
1. Kyn
[ ] Karl
[ ] Kona
2. Hæð: ________
3. Þyngd: ________
4. Aldur: __________
5. Hefur þú, einhvern tímann á lífsleiðinni, fengið brjósklos í hryggjarliði á
mjóhryggjarsvæði (L1 – S1). Merktu einungis við einn svarmöguleika.
[ ] Já
[ ] Nei
6. Ef já við spurningu 5. Hvenær var brjósklos greint af lækni/sjúkraþjálfara
(ártal) ? __________
7. Hefur þú, einhvern tímann á lífsleiðinni, farið í smásjáraðgerð vegna
brjóskloss? Merktu einungis við einn svarmöguleika.
[ ] Já
[ ] Nei – svara næst spurningu 9.
8. Ef já við spurningu 7. Hvenær var smásjáraðgerð vegna brjóskloss
framkvæmd (ártal) ? __________
9. Ertu að glíma við verki þessa stundina? Merktu einungis við einn
svarmöguleika.
[ ] Já
[ ] Nei
10. Hefur þú áhuga á að taka þátt í rannsókninni?
[ ] Já
[ ] Nei
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Spurningarlisti áður en mælingar eru framkvæmdar
1. Kyn
[ ] Karl
[ ] Kona
2. Hæð: ________
3. Þyngd: ________
4. Ríkjandi hlið:
[ ] Hægri
[ ] Vinstri
5. Á hvaða hryggjarliðum greindist brjósklos og/eða á hvaða
hryggjarliðum var aðgerð framkvæmd?
[ ] L1 - L2
[ ] L2 – L3
[ ] L3 – L4
[ ] L4 – L5
[ ] L5 – S1
6. Sóttir þú sjúkraþjálfun sem endurhæfingu eftir að brjósklos greindist
og/eða eftir að aðgerð var framkvæmd?
[ ] já
[ ] nei – svara næst 8. spurningu
7. Ef já við spurning 6.
Hversu lengi sóttir þú sjúkraþjálfun sem endurhæfingu?
[ ] 0-1 mánuði
[ ] 1-2 mánuði
[ ] 2-3 mánuði
[ ] 3-4 mánuði
[ ] 4 mánuði eða lengur
8. Finnur þú fyrir verkjum frá mjóhryggjarsvæði þessa stundina?
[ ] Já
[ ] Nei
9. Finnur þú fyrir doða frá mjóhryggjarsvæði þessa stundina (væg
einkenni taugaklemmu)?
[ ] Já
[ ] Nei
10. Finnur þú fyrir taugaeinkennum frá mjóhryggjarsvæði þessa stundina?
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[ ] Já
[ ] Nei
11. Hveru miklum taugaeinkennum (taugaklemmu) finnur þú fyrir þessa
stundina, á skalanum 0-10 (0 verandi engin einkenni og 10 mikil
einkenni)
[ ] 0 – engin taugaeinkenni
[ ]1
[ ]2
[ ]3
[ ]4
[ ] 5 – miðlungs taugaeinkenni
[ ]6
[ ]7
[ ]8
[ ]9
[ ] 10 – mikil taugaeinkenni, taugaklemma til staðar
12. Lýstu stuttlega verkjum þínum frá mjóhryggjarsvæði og
taugaeinkennum ef þau eru til staðar. Reyndu að vera eins nákvæm/ur
og kostur er.
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9.2

Cover letter to participants

Kynningarbréf til þátttakenda
Kæri viðtakandi
Fyrirhugað er að hefja neðangreinda rannsókn á vegum Tækni- og
verkfræðideildar Háskólans í Reykjavík sem námsverkefni til meistaragráðu í
Íþróttavísindum og þjálfun í janúar 2014. Rannsóknin hefur hlotið leyfi
Vísindasiðanefndar og verið tilkynnt til Persónuverndar.
Rannsóknin ber vísindaheitið: „Þjálfunarinngrip með sjónrænni endurgjöf
vöðvarafrits hefur jákvæð áhrif á vöðvavirkni, virkjun á innsta kviðvöðva og áhrif
bakverkja á daglegt líf hjá einstaklingum sem hafa forsögu um brjósklos á
mjóhryggjarsvæði og/eða smásjáraðgerð við brjósklosi, og seinkun á virkni í
innsta kviðvöðva.“
Markmið rannsóknarinnar er að kanna hvort það að sjá mælingar á spennu
í vöðva á skjá hafi jákvæðari áhrif á virkni vöðva, verki og virkni innsta
kviðvöðva en að hafa ekki möguleika á að sjá mælingarnar á skjánum. Ætlunin er
að kanna þessi atriði með mælingum og þjálfun sem flokkast til færnisþjálfunar
þar sem verið er að þjálfa tauga- og vöðvakerfið. Í þjálfunni verður notast við
borðtennishermi og einfaldan heilbrigðistæknibúnað til að kanna hvort það beri
meiri árangur að hafa möguleika á að sjá niðurstöður vöðvaspennu á skjá eða
ekki.
Ábyrgðarmaður rannsóknar:
Nafn
Starfsheiti
Dr. Magnús
Lektor við
Kjartan Gíslason Háskólann í
Reykjavík
Aðrir sem koma að rannsókninni:
Nafn
Starfsheiti
Einar Einarsson
Aðjúnkt við
Háskólann í
Reykjavík
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Sími
825-6344

Sími
840-7806

Netfang
magnuskg@ru.is

Netfang
einarei@ru.is

Milan Chang
Guðjónsson
Baldur Þorgilsson

Birna Markúsdóttir

Lektor við
Háskólann í
Reykjavík
Aðjúnkt við
Háskólann í
Reykjavík
Meistaranemi við
Háskólann í
Reykjavík

e/v

milancg@ru.is

840-7802

baldurtho@ru.is

821-3879

birna06@ru.is

Til þess að taka þátt í rannsókninni þurfa væntanlegir þátttakendur að
undirrita upplýst samþykki um að þeir hafi lesið kynningablað um rannsóknina og
geri sér grein fyrir hvað felst í þátttöku.
Rannsóknin felur í sér mælingar og þjálfun sem mun fara fram í
húsakynnum Kine, Mörkinni 6, eða í rannsóknarstofu Íþróttafræði við Háskólann í
Reykjavík. Gerð verður greining á óstöðugleika vöðva frá mjóhryggjarsvæði (bak
og kvið) með viðurkenndu prófi sem og athuguð tímaröðun ákveðinna kvið- og
bakvöðva með vöðvarafriti og ómsjá. Þeir einstaklingar sem falla undir skilyrði
fyrir þátttöku í rannsókninni verður skipt jafnt í tvo hópa, tilraunahóp og
viðmiðunarhóp. Báðir hópar fá sömu þjálfun, færnisþjálfun með borðtennishermi,
en tilrauna-hópurinn fær einungis að sjá niðurstöður sem vöðvarafritið gefur í
þjálfuninni. Þátttakendur eru með þráðlausa nema á húð sinni sem senda
upplýsingar frá sér til tölvubúnaðar. Þátttakendur geta því séð á tölvuskjá hversu
mikla spennu hver og einn vöðvi er að mynda. Þjálfun fer fram 2 sinnum í viku,
15 mínútur í senn, í 4 vikur. Æfingar í þjálfuninni eru einfaldar og hreyfingar eru
framkvæmdar í uppréttri stöðu. Borðtennishermir er notaður í hverri æfingu og
býr til truflun eða áreiti sem þátttakandi þarf að bregðast við.
Þeir aðilar sem ekki uppfylla óstöðugleikaskilyrði, tímaröðun og/eða
uppfylla öll skilyrði en hafa ekki tækifæri til að taka þátt í þjálfunarinngripi vegna
búsetu sinnar utan höfuðborgarsvæðisins verður boðið að vera þátttakendur í
aukahóp. Aukahópurinn hefur þann tilgang að koma til fyrstu mælinga og til
lokamælinga (sjá betur hér að neðan). Hópurinn fær enga leiðbeiningar eða
eftirfylgni en þjónar því hlutverki að vera viðbótar-viðmiðunarhópur þeirra hópa
sem taka þátt í þjálfunarinngripinu sem lýst er hér að ofan.
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Áætlað er að framkvæma eftirfarandi mælingar:
1) Greining á óstöðugleika vöðva frá mjóhryggjarsvæði með viðurkenndu prófi,
ómsjárskoðun á innsta kviðvöðva, þrýstinemi til að meta virkni innsta
kviðvöðva sem og virkni yfirborðs-vöðva við mjóhrygg með vöðvarafriti er
greind. Spurningalista svarað til að meta áhrif verkja á daglegt líf og færni.
2) Mælingar í þjálfun verða notaðar til að greina árangur þátttakenda af
þjálfuninni og fylgjast með virkni vöðva.
3) Allar mælingar, sem gerðar voru í byrjun, eru endurteknar að lokinni fjögurra
vikna þjálfun.
4) Eftirfylgni: Til að fylgja eftir rannsókninni verða þátttakendur boðaðir til
mælingar fjórum vikum eftir að þjálfun lýkur til að kanna hver árangur
þjálfunar sé þ.e. hvort niðurstöður bendi til að jákvæð áhrif þjálfunarinnar
endist.
Að lokinni rannsókn munu allir þátttakendur fá niðurstöður úr mælingum og
þjálfun sem þeir geta hugsanlega nýtt sér í framtíðinni. Ef niðurstöður sýna að
tilraunahópur hefur fengið betri árangur úr þjálfun en viðmiðunarhópur mun þeim
hópi standa til boða að fá þjálfun líkt og tilraunahópur fékk, sér að kostnaðarlausu.
Áhætta af þátttöku í rannsókninni er lítil þar sem að hreyfingar sem
þátttakendur munu framkvæma eru einfaldar í útfærslu. Það er því óveruleg hætta
á meiðslum þegar mælingar eru framkvæmdar en ómögulegt er að útiloka að slíkt
geti komið fyrir. Háskólinn í Reykjavík er með í gildi frjálsa ábyrgðartryggingu
hjá Sjóvá Almennum tryggingum hvað varðar rannsóknir í íþróttafræðum og eru
allir einstaklingar sem taka þátt í rannsókninni tryggðir gagnvart meiðslum sem
þeir kynnu að verða fyrir á meðan mælingum stendur.
Þær

upplýsingar

sem

þátttakendur

veita

í

rannsókninni

verða

meðhöndlaðar samkvæmt reglum um trúnað og nafnleynd og farið að lögum um
persónuvernd, vinnslu og eyðingu frumgagna. Rannsóknargögn verða varðveitt í
tölvukerfi Háskólans í Reykjavík á meðan á rannsókninni stendur og öllum
gögnum verður eytt að eigi síðar en fimm árum eftir að rannsókn lýkur.
Aðalrannsakandi, Birna Markúsdóttir, mun starfa eftir Siðareglum þroskaþjálfa er
varðar trúnað og þagmælsku í starfi, enda hefur hún hlotið starfsleyfi þroskaþjálfa
frá Heilbrigðis- og tryggingamálaráðuneyti.
Sá möguleiki er fyrir hendi að birt verði vísindagrein byggð á göngum
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rannsóknarinnar og niðurstöðum í erlendu vísindatímariti. Taka skal fram að allar
niðurstöður verða ópersónu-greinanlegar og órekjanlegar til allra þátttakenda.
Þátttakandi getur hafnað þátttöku eða hætt í rannsókninni á hvaða stigi sem er án
útskýringa.
Virðingarfyllst,
____________________________
Dr. Magnús Kjartan Gíslason, lektor
Ábyrgðarmaður rannsóknar
____________________________
Einar Einarsson, aðjúnkt
____________________________
Milan Chang Guðjónsson, aðjúnkt
____________________________
Baldur Þorgilsson, aðjúnkt
_________________________
Birna Markúsdóttir, nemi við Háskólann í Reykjavík

71

9.3

Informed written consent

Upplýst samþykki þátttakanda til þátttöku í rannsókn
„Þjálfunarinngrip með sjónrænni endurgjöf vöðvarafrits hefur jákvæð áhrif á
vöðvavirkni, virkjun á innsta kviðvöðva og áhrif bakverkja á daglegt líf hjá
einstaklingum sem hafa forsögu um brjósklos á mjóhryggjarsvæði og/eða
smásjáraðgerð við brjósklosi á mjóhryggjarsvæði, og seinkun á virkni í innsta
kviðvöðva.“
Ég, undirrituð/aður, samþykki hér með þátttöku mína í meistaraverkefni Birnu
Markúsdóttur nemanda við Tækni- og verkfræðideild Háskóla Reykjavíkur í
Íþróttavísindum og þjálfun. Ég veiti leyfi fyrir því að nota persónulegar
upplýsingar mínar til söfnunar, notkun, geymslu og úrvinnslu gagna.
Ég geri mér grein fyrir því að niðurstöður rannsóknarinnar verða kynntar
sem hluti af verkefni til mastersgráðu auk þess sem fyrirhugað er að skrifa
vísindagrein byggða á niðurstöðunum.
Ég hef lesið kynningarbréf rannsóknarinnar og geri mér grein fyrir framgangi
hennar, ávinningum og áhættu. Mér er ljóst að ég get hætt þátttöku, án frekari
útskýringa, hvenær sem er á rannsóknartímabilinu.

____________________________________
Staður og dagsetning
____________________________________
Fullt nafn
____________________________
Kennitala
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9.4

Drill setup – exercise intervention

Drill 57
Ball Speed

Position

Left/Right angle

Throw

Wait (seconds)

12 rounds

18

6

Left

1

0,5

total time:

17

4

Left

1

0,5

01:07

19

13

Right

1

0,5

17

5

Left

1

0,5

17

2

Left

1

0,5

18

14

Right

1

0,5

19

8

Left

1

0,5

Drill 58
Ball Speed

Position

Left/Right angle

Throw

Wait (seconds)

12 rounds

17

9

Left

1

0,5

total time:

19

7

Left

1

0,5

01:04

18

14

Right

1

0,5

19

11

Right

1

0,5

17

2

Left

1

0,5

18

12

Right

1

0,5

18

14

Right

1

0,5

Drill 59
Ball Speed

Position

Left/Right angle

Throw

Wait (seconds)

12 rounds

16

9

Left

1

1

total time:

17

7

Left

1

1

01:50

16

2

Left

1

1

17

15

Right

1

1

17

3

Left

1

1

17

15

Right

1

1

18

12

Right

1

1

Drill 60
Ball Speed

Position

Left/Right angle

Throw

Wait (seconds)

12 rounds

16

15

Right

1

1

total time:

17

12

Right

1

1

01:48

17

4

Left

1

1

18

7

Left

1

1

17

15

Right

1

1

16

6

Left

1

1

16

2

Left

1

1
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Drill 61
Ball Speed

Position

Left/Right angle

Throw

Wait (seconds)

12 rounds

18

8

Left

1

1

total time:

16

5

Left

1

1

01:46

17

15

Right

1

1

17

6

Left

1

1

18

14

Right

1

1

17

13

Right

1

1

17

15

Right

1

1

Drill 62
Ball Speed

Position

Left/Right angle

Throw

Wait (seconds)

12 rounds

14

11

Right

1

1,5

total time:

16

13

Right

1

1,5

02:28

16

14

Right

1

1,5

16

5

Left

1

1,5

17

2

Left

1

1,5

16

13

Right

1

1,5

17

4

Left

1

1,5

Drill 63
Ball Speed

Position

Left/Right angle

Throw

Wait (seconds)

12 rounds

14

5

Left

1

1,5

total time:

16

8

Left

1

1,5

02:31

16

6

Left

1

1,5

17

13

Right

1

1,5

16

5

Left

1

1,5

16

12

Right

1

1,5

17

3

Left

1

1,5

Drill 64
Ball Speed

Position

Left/Right angle

Throw

Wait (seconds)

12 rounds

16

12

Right

1

1,5

total time:

17

13

Right

1

1,5

02:26

16

5

Left

1

1,5

18

4

Left

1

1,5

17

11

Right

1

1,5

16

7

Left

1

1,5

17

4

Left

1

1,5
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9.5

ODI scores pre- and posttest
Descriptive Statistics
N

Minimum

ODI results pretest

6

Valid N (listwise)

6

Maximum

4

34

Mean

Std. Deviation

19.00

11.082

Descriptive Statistics
N

Minimum

ODI results posttest

6

Valid N (listwise)

6

Maximum

8

36

Mean

Std. Deviation

16.00

11.027

ODI results pretest
Cumulative
Frequency
Valid

Percent

Valid Percent

Percent

4

1

16.7

16.7

16.7

10

1

16.7

16.7

33.3

16

1

16.7

16.7

50.0

24

1

16.7

16.7

66.7

26

1

16.7

16.7

83.3

34

1

16.7

16.7

100.0

Total

6

100.0

100.0

ODI results posttest
Cumulative
Frequency
Valid

Percent

Valid Percent

Percent

8

3

50.0

50.0

50.0

16

1

16.7

16.7

66.7

20

1

16.7

16.7

83.3

36

1

16.7

16.7

100.0

Total

6

100.0

100.0
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Report
ODI results

ODI results

posttest

pretest

Male or female
male

Mean

15.00

16.00

4

4

14.000

12.961

18.00

25.00

2

2

Std. Deviation

2.828

1.414

Mean

16.00

19.00

6

6

11.027

11.082

N
Std. Deviation
female

Mean
N

Total

N
Std. Deviation

Case Processing Summary
Cases
Included
N

Excluded

Percent

N

Total

Percent

N

Percent

ODI results pretest *
Got EMG
biofeedback in

6

100.0%

0

0.0%

6

100.0%

6

100.0%

0

0.0%

6

100.0%

exercise intervention
ODI results posttest
* Got EMG
biofeedback in
exercise intervention

Report
Got EMG biofeedback in exercise

ODI results

ODI results

pretest

posttest

intervention
yes

Mean

12.67

10.67

3

3

10.263

4.619

25.33

21.33

3

3

Std. Deviation

9.018

14.048

Mean

19.00

16.00

6

6

11.082

11.027

N
Std. Deviation
no

Mean
N

Total

N
Std. Deviation
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9.6

Questionnaire results
Male or female
Cumulative
Frequency

Valid

Percent

Valid Percent

Percent

male

4

66.7

66.7

66.7

female

2

33.3

33.3

100.0

Total

6

100.0

100.0

Descriptive Statistics
N

Minimum

Age of participant

6

Valid N (listwise)

6

Maximum

27

Mean

39

Std. Deviation

33.50

5.089

Case Processing Summary
Cases
Included
N
Age of participant *

Percent
6

Male or female

Excluded
N

Total

Percent

100.0%

0

0.0%

N

Percent
6

100.0%

Report
Age of participant
Male or female

Mean

N

Std. Deviation

male

36.00

4

4.082

female

28.50

2

2.121

Total

33.50

6

5.089

Descriptive Statistics
N

Minimum

Height and weight

6

Valid N (listwise)

6

20.7

77

Maximum
28.3

Mean
24.633

Std. Deviation
3.1835

Case Processing Summary
Cases
Included
N

Excluded

Percent

Height and weight *
Male or female

N

Total

Percent

N

Percent

6

100.0%

0

0.0%

6

100.0%

6

100.0%

0

0.0%

6

100.0%

Scale of how much
nervesymptoms
experienced * Male
or female

Report
Scale of how
much
Male or female
male

Height and

nervesymptoms

weight

experienced

Mean

26.600

4.25

4

4

Std. Deviation

1.1916

.957

Mean

20.700

3.50

2

2

.0000

.707

24.633

4.00

6

6

3.1835

.894

N
female

N
Std. Deviation
Total

Mean
N
Std. Deviation

Dominant side/arm
Cumulative
Frequency
Valid

right side

Percent
6

Valid Percent

100.0

Percent

100.0

100.0

At which intervertebral joint the prolaps was
Cumulative
Frequency
Valid

Percent

Valid Percent

Percent

L3-L4

1

16.7

16.7

16.7

L4-L5

3

50.0

50.0

66.7

L5-S1

2

33.3

33.3

100.0

Total

6

100.0

100.0
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At which intervertebral joint the surgery was
Cumulative
Frequency
Valid

Percent

Valid Percent

Percent

no microdiscectomy

2

33.3

33.3

33.3

L4-L5

2

33.3

33.3

66.7

L5-S1

2

33.3

33.3

100.0

Total

6

100.0

100.0

Physiotherapy after diagnosis
Cumulative
Frequency
Valid

Percent

Valid Percent

Percent

yes

3

50.0

50.0

50.0

no

3

50.0

50.0

100.0

Total

6

100.0

100.0

If physiotherapy - how long
Cumulative
Frequency
Valid

Percent

Valid Percent

No physiotherapy

3

50.0

50.0

50.0

1-2 months

1

16.7

16.7

66.7

3-4 months

2

33.3

33.3

100.0

Total

6

100.0

100.0

Numbness from lumbar region
Cumulative
Frequency
Valid

Percent

Valid Percent

Percent

yes

4

66.7

66.7

66.7

no

2

33.3

33.3

100.0

Total

6

100.0

100.0

Low back pain now
Cumulative
Frequency
Valid

Percent

Percent

Valid Percent

Percent

yes

5

83.3

83.3

83.3

no

1

16.7

16.7

100.0

Total

6

100.0

100.0
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Nerve symptoms now
Cumulative
Frequency
Valid

Percent

Valid Percent

Percent

yes

5

83.3

83.3

83.3

no

1

16.7

16.7

100.0

Total

6

100.0

100.0

Descriptive Statistics
N

Minimum

Maximum

Mean

Std. Deviation

Scale of how much
nervesymptoms

6

3

5

4.00

.894

experienced
Valid N (listwise)

6

Where are the nervesymptoms
Cumulative
Frequency
Valid

Percent

Valid Percent

Percent

right leg

4

66.7

66.7

66.7

left leg

2

33.3

33.3

100.0

Total

6

100.0

100.0
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9.7

Result tables -graphics

Active	
  straight	
  leg	
  raise	
  -‐	
  pretest	
  results	
  right	
  
side	
  
50	
  

Right	
  TrA	
  

Average	
  muscle	
  activity	
  (%)	
  

45	
  

Left	
  TrA	
  

40	
  
35	
  

Left	
  EO	
  

30	
  

Right	
  EO	
  

25	
  
20	
  
15	
  
10	
  
5	
  
0	
  
1	
  

2	
  

3	
  

5	
  

7	
  

8	
  

Participants	
  

Active	
  straight	
  leg	
  raise	
  -‐	
  posttest	
  results	
  right	
  
side	
  
50	
  

Right	
  TrA	
  

Average	
  muscle	
  activity	
  (%)	
  

45	
  

Left	
  TrA	
  

40	
  

Left	
  EO	
  

35	
  

Right	
  EO	
  

30	
  
25	
  
20	
  
15	
  
10	
  
5	
  
0	
  
1	
  

2	
  

3	
  

5	
  

Participants	
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7	
  

8	
  

Active	
  straight	
  leg	
  raise	
  -‐	
  pretest	
  results	
  left	
  side	
  
50	
  
Right	
  
TrA	
  
Left	
  TrA	
  

Average	
  muscle	
  activity	
  (%)	
  

45	
  
40	
  

Left	
  EO	
  

35	
  

Right	
  EO	
  

30	
  
25	
  
20	
  
15	
  
10	
  
5	
  
0	
  
1	
  

2	
  

3	
  

5	
  

7	
  

8	
  

Participants	
  

Active	
  straight	
  leg	
  raise	
  -‐	
  posttest	
  results	
  left	
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50	
  

Right	
  TrA	
  

Average	
  muscle	
  activity	
  (%)	
  

45	
  

Left	
  TrA	
  

40	
  

Left	
  EO	
  

35	
  

Right	
  EO	
  

30	
  
25	
  
20	
  
15	
  
10	
  
5	
  
0	
  
1	
  

2	
  

3	
  

5	
  

Participants	
  

82

7	
  

8	
  

Difference	
  between	
  participants	
  during	
  left	
  leg	
  
ASLR	
  -‐	
  surgery	
  vs.	
  no	
  surgery	
  

Participants	
  

8	
  surgery	
  
7	
  surgery	
  

Right	
  TrA	
  
pretest	
  

3	
  surgery	
  

Right	
  TrA	
  
posttest	
  

1	
  surgery	
  
5	
  no	
  surgery	
  
2	
  no	
  surgery	
  
0	
  

10	
  

20	
  

30	
  

40	
  

50	
  

Average	
  muscle	
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Difference	
  between	
  participants	
  during	
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  leg	
  
ASLR	
  -‐	
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  no	
  surgery	
  
	
  
8	
  surgery	
  

Left	
  TrA	
  
pretest	
  

Participants	
  

7	
  surgery	
  

Left	
  TrA	
  
posttest	
  

3	
  surgery	
  
1	
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5	
  no	
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50	
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  between	
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  surgery	
  vs.	
  no	
  surgery	
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  surgery	
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  TrA	
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Participants	
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Participants	
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50	
  

