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Abstract

Chronic neck pain, including subclinical neck pain (SCNP), is a significant problem that
places a burden on the healthcare system. Chiropractic manipulation has shown not only
to be effective in treating symptoms of neck pain, but also in providing a
neuromodulatory effect on the central nervous system. The motor cortex and cerebellum
are thought to be important neural structures involved in motor learning and sensorimotor
integration (SMI), and are therefore key structures to investigate how SMI is changed in a
SCNP group following chiropractic care. Motor sequence learning (MSL) has also been
shown to provide alterations in cerebellar projections to the motor cortex. Therefore, the
studies in this thesis set out to determine if it was possible to induce both cortical and
cerebellar learning, and if chiropractic care could alter motor output via transcranial
magnetic stimulation measures to facilitate this learning.

The study’s results suggest that in a healthy group of subjects there is alteration in the
intracortical inhibition of the motor cortex and no significant change in the cerebellum,
following MSL. However, the results also suggest that in a SCNP group, there is a
modulation of the cerebellar connections to the motor cortex but no effect specific to the
motor cortex following both MSL and chiropractic manipulation. Therefore, these
findings suggest that people with intermittent neck pain have concomitant changes in
SMI and could manifest as clinical symptomology.
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Section 1: Literature Review




Chapter 1 - Introduction to Neck Pain, Cortical Plasticity and
Chiropractic Care

Chronic neck pain is a common and significant problem which affects about 30-50% of
people every year and places a great burden on healthcare systems (Hogg-Johnson et al.
2008). There has recently been an increase in studies that report evidence for altered
neuromuscular and proprioceptive function in patients with neck and back pain, with
discussion and suggestion as to why pain becomes chronic (Gogia 1994; Branstrom et al.
2001; Falla et al. 2004; Stapley et al. 2006). Chiropractic intervention is one of the most
frequently applied treatments for neck and back pain, however the neurophysiological
mechanisms that underlie the therapeutic effect resulting in the alteration of the pain
pathways and the subjective pain experience is poorly understood. Previous research has
shown that chiropractic adjustments can induce changes to the central nervous system
which includes excitability, cognitive processing, sensory processing, and motor output
(Murphy et al. 1995; Herzog et al. 1999; Suter et al. 1999). This combination of effects
suggests that chiropractic intervention may provide a positive modulation on the

neurophysiological system and this may play a role in the effect that it has on neck pain.

A mechanism proposed by Haavik-Taylor and Murphy (2007) postulates that areas of
spinal dysfunction results in input that alters afferent feedback and could therefore be
responsible for malign central plastic changes due to altered discordant sensorimotor
integration. By implementing a high-velocity, low-amplitude manipulation technique to
the area of spinal dysfunction, it is proposed that the altered afferent feedback from the
spine and limbs may be normalized, thus resulting in normalized sensorimotor

integration. This hypothesis and sequence of reactive changes is supported by work using




transcranial magnetic stimulation (TMS) (Haavik-Taylor and Murphy 2007), measuring
the balance of motor cortical output to a defined target muscle, and also somatosensory

evoked potentials (SEPs) (Haavik-Taylor and Murphy 2007; Taylor and Murphy 2010),
measuring the processing of sensory information by the brain, has indicated that cervical

spine adjustments can alter sensorimotor integration of the upper limb.

The cerebellum is a neural structure that is actively involved in motor learning and
sensorimotor integration. Studies have shown that the cerebellum is associated with
motor learning (Doyon et al. 2002; Doyon et al. 2003; Manto and Bastian 2007; Molinari
et al. 2007) and is responsible for receiving and integrating the incoming signals from the
joints of the neck and spine (Manzoni 2005; Manzoni 2007). There is also evidence that
the cerebellum plays a role in plastic changes and the adaptation of motor circuits (Doyon
and Ungerleider 2002; Apps and Garwicz 2005). Recent work has shown that there is a
modulation of motor cortex excitability due to a reduction of cerebellar modulation in
both patients suffering from focal hand dystonia (Brighina et al. 2009) and migraine with
aura (Brighina et al. 2009). Therefore, it is fundamental that the cerebellum as a key
neural structure is investigated with regard as to how chiropractic intervention alters
sensorimotor integration to disclose the mechanism behind spinal adjustments. This
project’s goal is to investigate if there is modulation in cerebellar output from neck pain

patients, and if spinal manipulation has an effect on sensorimotor integration.




Chapter 2 - Inclusion/Exclusion Criteria for Literature Search

The contribution of chiropractic intervention in the alteration of neural components
during the treatment of patients across a broad scope of neural complaints is sparsely
represented in the literature. There are even fewer articles regarding these neural
alterations in neck pain patients, and no known articles defining the role of the
cerebellum in this process. In order to provide an unbiased and accurate review of the
literature, evidence needed to be extracted, evaluated, and organized into a
comprehensive representation of the current state of knowledge. This was accomplished
by systematically using a set of inclusion/exclusion criteria when searching for literature.
Keywords used in the literature search were developed from the research question and
were: Cerebellum, chiropractic care, neck pain, motor sequence learning, and transcranial
magnetic stimulation. Databases used for the search included Google Scholar and Science
Direct. A “hand search” of articles was also performed following the attainment of the
most significant articles from the literature by looking at the references that significantly
supported their studies. Gray literature was also used as a resource to determine basic
anatomy and physiology that corresponds with the motor cortex, cerebellum, and their

associated pathways.

The inclusion/exclusion criteria were set to include relevant literature that would help to
identify and solve the research question that was developed for this project. The article
must have been written in English because that is the only language that would be
comprehensible to the researchers performing this project. It was important that the data

from one study not overlap another study because this would test a greater subject pool,




and therefore provide greater strength to the literature review. This analysis also
specified human subjects in order to provide comparable data between different research
projects. Techniques that were used to attempt to uncover the neural correlates needed
were limited to TMS, somatosensory evoked potentials, electroencephalography, and/or
magnetic resonance imaging because these are techniques that have been shown to
accurately uncover details about the brain and its activity as specific techniques but also
in relationship to each other in various research design approaches. Also, this emphasized

the recency of the literature (1990-2012) as these techniques are relatively modern.




Chapter 3 - Functional Neuroanatomy

Although several areas of the brain are known to directly influence the activity of the
spinal cord through their descending connections, the main pathway that is activated
during voluntary movement is the corticospinal tract. The next section aims to discuss the
role of the structures involved in this pathway that allow for movement to occur in the

human body.

3.1 - The Primary Motor Cortex
In the early 20™ century, Korbinian Brodmann distinguished 52 anatomically and

functionally distinct areas of the human brain by examining these regions cyto-
architecture. This led to the well-established Brodmann classification system, which
identified these structurally different areas. Specifically, Brodmann’s area 4 was found to
be unique from other regions of the brain due to its functional capability to control motor
movements and ultimately came to be known as the primary motor cortex. The primary
motor cortex (M1) is located in each frontal lobe, directly anterior to the central sulcus in
the precentral gyrus (Jenkins et al. 2007). Each region in the primary motor cortex
controls voluntary actions of specific muscles or groups of muscles. Therefore, this
region of the brain is responsible for movement initiation and coordination of movements
for fine motor skills (Magill 2007). This occurs because they have motor neurons that
connect axons to skeletal muscles throughout the entire body. The motor neurons act as
the control center, while the axons relay the messages (or stimuli) down to the affected
muscles. M1 is organized somatotopically: meaning that there is a greater representation
of cortical area dedicated to highly innervated regions of the body (Magill 2007). These

areas of greater representation include the hand and face regions of the body, as we use




the muscles in these parts of the body to perform finely tuned movements, such as to give

a facial expression or to move your fingers to pick an object up.

B Mator homunculus

Mediai Lateral

Figure 1. The motor homunculi illustrating the location and amount of cortical area dedicated to specific
skeletal muscles on the body. Adapted from (Kandell et al. 2000).

3.2 - The Corticospinal Tract
The corticospinal tract (or the pyramidal tract) consists of about a million axons (DeMyer

1959), of which 60% originate from the primary motor cortex (Magill 2007), and most
decussate (crosses over to the other side of the body) at the medulla. Because of the cross
over in the brainstem, the muscles on each side of the body are controlled by the opposite
hemisphere. The other 40% of the fibers originate from numerous other areas in the
cerebral cortex. These include the premotor areas, the primary sensory cortex, and areas 5
and 7 of the parietal cortex (Porter 1993; Rothwell 1994). Therefore, due to the large
amount of cortical representation that is involved in the corticospinal pathway, it is
logical to accept that transcranial stimulation over a large amount of areas in the brain

would result in the activation of this pathway.




Although 90% of corticospinal fibers decussate at the medulla, about 10% of the fibers do
not cross until they reach the level of the spinal cord where they end (Magill 2007). In the
spinal cord, some corticospinal fibers form synapses with interneurons, which allows for
the coordination of larger groups of muscles to perform more gross movements
(Buschges and El Manira 1998). Other fibers make single synapses with motor neurons
that are involved in controlling fine movements (Pollok et al. 2006). The corticospinal
tract is also modified by ascending sensory information, which includes visual and
proprioceptive information. This allows for the ability to note the environment and

situation one is in, and to smoothly execute movements (Doyon et al. 2003).
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Figure 2. The corticospinal pathway illustrating the fibers originating in the primary motor cortex,
decussating at the medulla, and terminating in the ventral horn of the spinal cord. Located in the ventral
horn are the lower motor neurons which act as the final common pathway for transmitting neural
information to skeletal muscle. Adapted from (Kandell et al. 2000).

3.3 - The Cerebellum
The cerebellum is located in the posterior fossa of the skull, dorsal to the brainstem and

below the occipital pole of the cerebral hemispheres. It is composed of a 1-mm outer
layer of grey matter that composes the cerebellar cortex and forms a continuous layer
over the entire outer surface. A dense mass of white matter is located internally to the
cortex which contains four pairs of cerebellar nuclei in the ventral aspect: the dentate, the
emboliform, the globose, and the fastigial nucleus. One identifying feature of the
cerebellum is that its surface contains many parallel fissures that run transversely. Two
main fissures separate the cerebellum into three lobes. The primary fissure on the dorsal
surface separates the anterior and posterior lobes, while the posterolateral fissure on the
ventral surface separates the posterior lobe from the flocculonodular lobe. A longitudinal
band of less dense cortex, known as the vermis, forms a medial divide that separates the
cerebellum into two lateral hemispheres. Each hemisphere can be further divided into

intermediate and lateral regions (Kandell et al., 2000).

The cellular structure of the cerebellar cortex consists of three layers consisting of only
five types of neurons. Four of these neurons are inhibitory (stellate, basket, Purkinje, and
Golgi), while one is excitatory (granule cells). The two main afferent inputs into the
cerebellum are mossy fibers and climbing fibers. Both types form excitatory connections
with cerebellar neurons, however they terminate in different areas of the cerebellum and
produce different firing patterns in the Purkinje neurons. Mossy fibers originate from
nuclei in the spinal cord and brainstem and convey afferent information from the

periphery and the cerebral cortex. Mossy fibers exert excitatory synapses on granule cells




within the cerebellar cortex and through the granule cells parallel fibers, they make
connections with the dendrites of Purkinje cells. Climbing fibers originate exclusively
from the inferior olivary nucleus and convey somatosensory visual or cerebral cortical
information. Climbing fibers exert powerful excitatory influences on the Purkinje cells
and deep cerebellar nuclei. Each climbing fiber synapses onto 1-10 Purkinje neurons,
however individual Purkinje neurons only receive synaptic input from one climbing fiber

(Kandell et al., 2000).

Purkinje cells are the main output neurons and have inhibitory connections with the deep
cerebellar nuclei, which in turn provides an excitatory pathway to the motor cortex via
the ventral thalamus (Allen and Tsukahara 1974). Therefore, Purkinje cell activation
results in the reduction of excitatory output from the deep cerebellar nuclei to the motor
cortex and it is modification to this pathway that is thought to result in the alteration of

motor control (refer to chapter 4.3-4.4 for detailed description).
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Figure 3. Anatomical divisions of the cerebellum. The vermis divides the cerebellum into two
hemispheres, while the primary and posterolateral fissures divide this structure into three distinct lobes.
Adapted from (Kandell et al. 2000).
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Chapter 4 - Neural Plasticity

Until recently, the central nervous system (CNS) was viewed as an inflexible structure,
with little capability for adaptation and modification. However, most current research
exemplifies a paradigm shift with the central nervous system now being considered to be
a ‘plastic’ or ‘malleable’ organ, capable of modification to account for external stressors
or inputs (Celnik and Cohen 2004). This adaptive and reactive attribute of the brain has
led to the term known as neural plasticity (or neuroplasticity).

4.1 - Mechanisms of Neural Plasticity

Plasticity can be defined as “any experience dependent enduring change in neuronal or
network properties either morphological or functional” (Donoghue et al. 1996). It has
been well documented that the central nervous system is capable of cortical
reorganization following altered peripheral input (Kaelin-Lang et al. 2004; Tinazzi et al.
2004; Fratello et al. 2006). This can occur due to a decrease in behaviour or activity, such
as the case in deafferentation or ischemia of the brain (Hallett et al. 1999; Murphy and
Dawson 2002; Murphy et al. 2003; Tinazzi et al. 2003). It can also occur due to an
increase in peripheral input, such as with repetitive muscular activity (Byl and Melnick
1997; Renner et al. 2005; Cirillo et al. 2010). This phenomenon is thought to occur
because of alterations in the organization, function, and representation patterns of the

neuronal connections throughout the associated areas of the brain (Cohen et al. 1999).

A fundamental consequence of neuroplasticity is that areas of the brain that are
responsible for specific functions can be reorganized to move or apparently relocate to
another location. This can occur within the scope of subjectively normal experience,

however it also occurs during damage to, or the loss of neural tissue (Johansson 2004;

11
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Ridding and Ziemann 2010). Conditions that cause cerebral lesions or tissue death, such
as cerebral vascular accidents (stroke), are common neurologic disorders that correspond
to plastic cortical changes (Ridding and Ziemann 2010). Despite permanent tissue loss,
most surviving stroke patients regain various degrees of function with time (Johansson
2004). It is widely accepted that this occurs because surrounding regions of the brain
develop and express association with repair processes of the functional deficits that were
lost to the original insult and concomitant tissue damage. Good stroke recovery has been
achieved by patients who have recruited task related areas of the brain rather than simply

recruiting motor areas (Ward et al. 2003).

4.2 - Repetitive Movement and Neural Plasticity
The central nervous system and the motor cortex has demonstrated the capability to

reorganize itself in response to motor performance and training, and represents an
important contribution to repair processes and rehabilitative treatment (Tinazzi et al.
1998; Murphy et al. 2003; Liepert et al. 2004). Training, such as repetitive ballistic finger
movements, has been shown to lead to encoding of the kinematic details of the practiced
movement in the primary motor cortex (Classen et al. 1998; Takahashi et al. 2005; Cirillo
et al. 2010). Further studies identified that NMDA receptor activation and GABAergic
inhibition are neurochemical modulatory mechanisms operating in use-dependant
plasticity of the motor cortex (Butefisch et al. 2000). NMDA and GABA are both
neurotransmitters, which act to either excite or inhibit neural activity respectively.
Therefore by activating NMDA receptors to accept this neurotransmitter or by inhibiting
GABA from releasing (GABAergic mechanisms), it is possible to facilitate use-
dependent plasticity. While plasticity can occur via being exposed to a life-long amount

of experiences and stimuli (long-term potentiation) (Tinazzi et al. 1998), it can also occur
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very rapidly, within minutes to hours (Tinazzi et al. 1997). Therefore, this rapid technique
can be used in order to induce motor cortical plasticity and investigate the response

differences of the motor cortex to different stimuli.

4.3 - Motor SKill Acquisition
Developing novel motor skills involves the process of learning movements produced

either in sequence or independently, and this trains the cortical and subcortical structures
of the neural system to perform them effortlessly after repeated practice (Willingham
1998). According to Doyan & Benali (2005), there are five distinct phases when learning
a motor skill. The fast (early) learning stage is when a considerable improvement in
performance occurs following an initial single training session. The second stage is the
slow (later) stage where following several sessions of training, there is a greater amount
of improvement. The consolidation phase occurs following a latent period of more than 6
hours after the first training session and is signified by considerable improvements in
performance without additional practice on the task. The fourth stage is the automatic
stage and is identified when the learned skill requires minimal cognitive resources and is
resistant to distraction or the effects of time. Lastly, the retention phase is the end goal of
motor skill acquisition and is when the skill can be executed on command without further

practice of the task.

Based on behavioural, lesion, and imaging studies investigating the neural components
responsible for motor skill learning and plasticity, it has been demonstrated that
interactions between cortico-striatal, cortico-cerebellar, and limbic system involvement
are all necessary for motor skill acquisition. Doyon et al. (Doyon and Ungerleider 2002;

Doyon et al. 2003), proposed a theoretical framework describing the plastic changes that
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occur in the neural circuitry that occurs across learning stages. In the fast and
consolidation learning stages, it has been shown that motor sequence tasks recruit both
the cortico-striatal and cortico-cerebellar systems depending on the cognitive processes
required during the task (Shadmehr and Holcomb 1997; Schendan et al. 2003; Aizenstein
et al. 2004). However, in the automatic phase it has been shown that there is a shift from
activity in the associative areas of the basal ganglia to the sensorimotor territories, while
in the cerebellum, a shift occurs from activation of the cerebellar cortex to the dentate

nucleus (Doyon et al. 2002; Floyer-Lea and Matthews 2004).

4.4 - Role of the Cerebellum in Neural Plasticity and Motor Learning
Patients with cerebellar conditions present with altered motor function and learning

capabilities, and it is likely that disorders in motor learning contribute to impaired
movement function for daily activities. It has been shown that the cerebellum is involved
in the control of associative motor learning tasks such as the classical eyeblink
conditioning response. Studies in cerebellar patients with degenerative cerebellar disorder
and defined focal regions have demonstrated that the conditioning response in the
eyeblink response is significantly reduced (Fortier et al., 2000; Gerwig et al., 2003,
2005). Using voxel-based lesion-symptom mapping techniques, it was shown that cortical
areas of the anterior lobe may be involved in altered conditioning response timing and
superior parts of the posterior lobe in stimulus association in humans (Gerwig et al.,

2003, 2005).

Based on theoretical mathematical modelling of cerebellar function of Marr & Albus
(Marr, 1969; Albus, 1971), it was proposed that climbing fiber input to Purkinje neurons

modifies the response of these neurons to mossy fiber afferents and does so for a
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prolonged period of time. This process was coined long-term depression and involves a
process where climbing fibers weaken the parallel fiber-Purkinje cell synapses.
According to this theory, altering the strength of mossy fiber-Purkinje cell synapses
would select specific Purkinje cells to correct motor commands by integrating the
afferent feedback of the movement. Therefore, each successive movement would allow
the climbing fibers to weaken the parallel fiber-Purkinje cell synapses associated with an
incorrect pattern of activity and allow for refinement of the appropriate movement. This
theory is based off of Donald Hebb’s original work on associative learning which stated
that synaptic plasticity occurs during the presence of a repeated and persistent firing rate
in a presynaptic neuron which subsequently stimulates a postsynaptic cell (Kandell et al.
2000). Therefore, in the cerebellum, the alterations between mossy fibers and Purkinje

cells following motor training can be seen as Hebbian learning.
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Chapter 5 - Transcranial Stimulation

Transcranial stimulation is a tool that is used to investigate the excitability of the motor
cortex. It was first described in 1896 by Arsenne D’ Arsonval (Geddes 1991) who
identified that a magnetic field could stimulate certain areas of the brain to induce
specific responses, such as inducing phosphenes (a sensation of light) and vertigo, when
passing a current through a coil in which the subjects head was placed. This technique
was rather invasive however, as patients had to be either being evaluated or undergoing
surgery at the time. The next breakthrough in transcranial stimulation occurred in 1980
when Merton and Morton developed what is known as transcranial electric stimulation.
They used a single high voltage shock, rather than a repetition of smaller shocks, and
demonstrated that stimulation over the motor cortex could produce muscular activation of
contralateral body parts (Merton and Morton 1980). However, the main problem with this
procedure was that it caused a significant amount of pain as only a small amount of
applied current flowed into the brain, while the rest went between the electrodes on the

scalp causing local discomfort and contraction.

5.1 - Transcranial Magnetic Stimulation
Transcranial Magnetic Stimulation (TMS) was created in the early 1980°s (Barker et al.

1985), and is a safe way to painlessly stimulate the motor area of the brain that controls
movement. This occurs due to a rapid discharge of current through a coil being placed
over the scalp, which induces a magnetic field that is oriented perpendicular to the coil,
and can reach values of up to 2 Tesla (Barker et al. 1985). This rapidly changing
magnetic field induces stimulation of the neural tissue in the brain, namely the
interneurons that synapse onto the neurons of the motor cortex. The magnetic field

diminishes significantly with distance from the coil surface, which means that deeper
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cortical structures in the brain (i.e. the thalamus and basal ganglia) remain inactivated
(Rothwell 1997). There are many different types of TMS coils that can be used including
round, figure-eight, and double cone coils. Round coils affect a large region of the brain,
however are sensitive to the radius of the circle (Roth et al. 1991). Larger coils do not
produce a very local stimulation, but are able to penetrate the motor cortex more deeply
and can therefore activate deeper muscles (Rothwell et al. 1991). The figure-eight shape
coil allows for the largest and most localized current under the intersection of both wings
of the magnetic coil where the two round components merge (Cohen and Bandinelli
1988; Roth et al. 1991). TMS also allows for the study of plastic changes in cortical areas
that function in motor and sensory mechanisms (Chen et al. 1998), and mechanisms of

plasticity (Ziemann et al. 1998).

5.2 - Motor Evoked Potentials
Once the TMS coil stimulates the area of the motor cortex that controls the muscle being

studied, it will then induce neural activity which discharges an action potential all the
way down the lateral corticospinal tract to the effected muscle (Rothwell 1997;
Muellbacher et al. 2000). The electromyographic (EMG) response by the muscle to these
stimuli is known as a motor evoked potential (MEP). Magnetic stimulation of the motor
cortex evokes EMG responses in contralateral and distal muscle (Rothwell 1997). In
order to identify the area of M1 which corresponds to the target muscle a “trial and error”
TMS mapping technique must occur, where the subject is stimulated along the primary
motor cortex region of the brain until there is activation of the muscle (Rossini 1990).
Once the area of the brain is identified, progressively increasing the intensity of the

stimulation while recording EMG will allow for the development of a threshold level,

which has previously been defined as the probability of evoking an MEP in 5 out of every
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10 stimulations (Rossini 1990). Inter-subject variability of subjects optimal coil position
for evoking a response in a muscle may vary up to 2 cm (Meyer et al. 1991), however
there is a great deal of emphasis to be put on the coil orientation as well because
stimulation of neural tissue is also dependant on whether or not the magnetic current is
perpendicular to the motor neuron axons (Barker et al. 1985). A coil orientation with
handle pointed backwards and rotated approximately 45 degrees away from the mid-
sagittal line has been shown to allow for optimal activation of corticospinal neurons
trans-synaptically (Werhahn et al. 1994; Kaneko et al. 1996). When performing trials, an
average of 8-16 MEP’s is usually taken for each stimulus parameter. In order to account
for operator variability, a tight fitting cap or a neuro-navigation system is often

implemented in order to accurately place the coil in the correct placement.

The MEP is usually larger in the hand and forearm region in the axial skeleton when
compared to the leg, foot and pelvis regions (Rossini 1990). This is due to the positioning
and the orientation of the primary motor cortex in the brain. The somatotopic position of
the hand region on the motor cortex is located near the most superior and superficial part
of the skull, and has the largest representation devoted to these finely skilled and complex

neural pathways (Jenkins et al. 2007).
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Figure 4. Example of an electromyography trace showing a motor evoked potential (Haavik Taylor 2007).

5.3 - Paired-Pulse TMS
Paired-pulse TMS (ppTMS) is produced when two distinct stimuli are outputted through

the same coil at different time intervals. The initial stimuli is referred to as the
conditioning stimulus (CS), while the second stimuli is called the test stimulus (TS), and
the interaction the stimuli have on each other depends on the time interval between, and
the intensities of both the CS and TS (Chen and Garg 2000; Ilic 2004). This method of
TMS is used to non-invasively investigate inhibitory (Chen and Garg 2000; Ilic 2004;
Cirillo et al. 2010) and excitatory (Chen et al. 1998; Ziemann et al. 1998; Boroojerdi et

al. 2001) neural networks in the motor cortex.

5.3.1 - Short Interval Intracortical Inhibition
Short-interval intracortical inhibition (SICI) occurs when a subthreshold CS is followed

by a suprathreshold TS at an interstimulus interval (IS1) of 1-6ms (Kujirai et al. 1993).
The response in the motor evoked potential of the target muscle is inhibited during this
phenomenon. There are two distinct phases of SICI, with one occurring at approximately

at an ISI of 1ms, while the other occurs at an ISI of ~2.5-4.5 ms (Fisher et al. 2002;
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Hanajima et al. 2003; Roshan et al. 2003). Studies have shown that the first phase of SICI
is due to refractoriness of the neural elements that are responsible for the activation of
corticospinal neurons, while the second phase of inhibition is a synaptic inhibition
mediated by the gamma-aminobutyric acid A (GABAA,) receptor (Kujirai et al. 1993;
Ziemann et al. 1996; Ziemann et al. 1996; Ilic et al. 2002). A reduction of SICI occurs
prior to and during voluntary activation of motor movements (Ridding et al. 1995;
Reynolds and Ashby 1999), which is thought to enhance use-dependant plasticity
(Ziemann and Hallett 2001). An enhancement of SICI by GABAA, receptor agonist

suppresses use-dependent plasticity in human motor cortex (Tegenthoff et al. 1999).

Test stimuzhes amly CE., + Test stimalis
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Figure 5. Example EMG trace showing SICI. The MEP evoked by the test stimulus alone is inhibited when
preceded by a smaller stimulus (Haavik Taylor 2007).

5.3.2 - Short Interval Intracortical Facilitation/ I wave Facilitation
Short-interval intracortical facilitation (SICF) or I-wave facilitation (IwF) occurs when

the first stimulus (S1) is above the MEP threshold and the second stimulus (S2) is below
or at the level of the MEP threshold (Ziemann et al. 1998; Hanajima et al. 2002; Ilic et al.
2002). When this occurs, electromyography responses of the target muscles to the dual
stimuli can be larger than responses to S1 alone. This has been shown to occur at three
distinct phases of ISl at: 1.0-1.5; 2.5-3.0; and 4.0-4.5 (Ziemann 1999; Chen et al. 2008).
These SICF peaks have been shown to be related to I-wave generation (Patton and

Amassian 1954). There are two types of corticospinal waves following the stimulation of
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the motor cortex: direct (D) and indirect (1) waves. D-waves are due to the activation of
the axon of corticospinal neurons, while I-waves are due to the trans-synaptic activation
of these motor neurons (Patton and Amassian 1954). In respect to SICF and IwF, this
phenomenon is thought to occur because the second stimulus acts on the neuronal tissue
around the motor neuron that have been partially facilitated, but have not yet reached
threshold by the first stimulus, thus activating the indirect pathway (Di Lazzaro et al.
2004). I waves occur at regular “clock-like” intervals of 1.5 ms intervals, and since the
three phases of SICF occur around intervals of 1.5 ms as well, it is thought that SICF is
due to the interaction of | waves generated by the two stimuli (S1 and S2) (Ziemann et al.

1998).

Tmy

r | TSme

Figure 6. Example EMG trace showing SICF (or IwF). The MEP from the test stimulus (S1) alone is
facilitated when followed with a smaller stimulus (S2) (Haavik Taylor 2007).

5.3.3 - Long Interval Intracortical Inhibition
In contrast to SICI, which is thought to be a GABAA mediated process, long interval

intracortical inhibition is an inhibitory process that is thought to be mediated by GABAg
receptors based on studies using GABAg receptor agonists (Valls-Solé et al. 1992;
Wassermann et al. 1996). This process assesses intra-cortical inhibition with paired
suprathreshold TMS pulses at interstimulus intervals ranging from 50-200 ms, with the

optimal inhibition occurring at approximately 100 ms (Nakamura et al. 1997; Chen et al.
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1999). LICI and SICI differ, as there is no relationship between the levels of SICI and
LICI in different individuals, as well as the fact that with increasing test pulse strength,

LICI decreases but SICI tends to increase (Sanger et al. 2001).

H\/\ -

Figure 7. Example EMG trace showing LICI. The initial MEP evoked is much larger than the second MEP, which can
occur at an I1SI of 50-200 ms.

5.3.4 - Cerebellar TMS
Activity of the cerebellothalamocortical pathway can be revealed non-invasively in

humans. It has been shown that performing either electrical (Ugawa et al. 1991) or
magnetic (Ugawa et al. 1995; Pinto and Chen 2001) stimulation of the cerebellum 5-7ms
before stimulation of the motor cortex results in the inhibition of this motor cortical
stimulation. A double-cone coil has been shown to produce the optimal suppression using
this technique (Ugawa et al. 1995). During this technique, the coil is placed over the
cerebellar cortex on the contralateral side of cortical stimulation. The coil is centered to
be at the midpoint on a line joining the external auditory meatus to the inion, while the
current in the coil is directed downwards (induces an upward current in the cerebellar
cortex). This coil position was found to be optimal for suppressing the contralateral motor
cortex (Ugawa et al. 1995). The intensity of the coil has been most commonly set to 95%

of active motor threshold for pyramidal tract activation, while the coil is centered over the
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inion, in order to reduce the risk of activating the spinal cord (Daskalakis et al. 2004;

Brighina et al. 2009).

Daskalakis et al. (2004) explored the connectivity between the cerebellum and motor
cortex by using both cortical inhibitory and excitatory motor circuits to examine how
cerebellar TMS interacts with these processes. The three inhibitory processes used were
cerebellar inhibition (CBI), SICI, LICI, while the excitatory measure used was ICF. The
first experiment showed that with increased TS intensities, CBI, LICI and ICF decreased,
while SICI increased. The second experiment demonstrated that the presence of CBI
reduced SICI and increased ICF. The third experiment showed that the interaction
between CBI and LICI reduced CBI. Based on these results, the authors concluded that
CBI results in changes to both excitatory and inhibitory neurons. The finding of reduced
SICI following CBI suggests that there is activation of the Purkinje cells leading to
suppression of excitatory output from the venterolateral nucleus of the thalamus, thus
leading to a decreased excitatory drive to both excitatory output motor neurons as well as

inhibitory (SICI) interneurons.

Figure 8. EMG traces demonstrating the effect of CBI. The MEP evoked by the test stimulus alone at ImV is inhibited
when a conditioning stimulus to the cerebellum 5 ms prior to cortical stimulation is given.
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Chapter 6: Cervical Spine Dysfunction and Chiropractic
Intervention

According to Haldeman et al (2008), a majority of the general population experiences
some degree of neck pain within their lifetime. There are many prevailing factors that
result in neck pain, including socioeconomic status, prior health, workplace injuries,
psychological, societal, genetic, health behaviours, and sport injuries (Hogg-Johnson et
al. 2008). Although neck pain is common, qualitative analysis has shown that there is
marked degree of variation in the signs and symptoms that occur in the involved
population. There are many reported cases of some pain, fewer cases of significant
duration, less cases that need healthcare treatment, and even fewer cases that result in
disability (Hogg-Johnson et al. 2008). The incidence rate of self-reported neck pain in the
general population ranges from 146 to 213 per 1000 people (Croft et al. 2001; C6te et al.
2004; Stahl et al. 2004), while the annual prevalence rate of neck pain ranged between
30% and 50% (Hogg-Johnson et al. 2008). Most studies have shown that the prevalence
of neck pain increases with older age, peaking in mid-life and declining in the later years.
However, the risk of developing neck pain is the same over all age groups. The younger
population with neck pain have a better prognosis when compared to older persons
(Carroll et al. 2008). Therefore, it may be this factor that demonstrates the difference

between incidence rates and prevalence.

Chiropractic practitioners are trained to treat neuromuscular conditions through many
diversified techniques such as physiological therapeutics, exercise, nutrition, and
manipulation. Chiropractors place an emphasis on the latter of these techniques with the
goal of correcting disorders of the neuromuscular system by improving joint alignment,

range of motion, and quality of movement (Haneline 2005). Although chiropractic care is
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one of the most common complementary treatment methods to neck pain, there is little
understood about the neurophysiological effects that make treatment so effective.
Recently, there has been evidence to suggest that patients with neck and back pain
undergo neurophysiological and proprioceptive changes in function, which may lead to
chronic changes (Murphy et al. 1995; Herzog et al. 1999; Suter et al. 1999). There is also
evidence to suggest that chiropractic care can induce changes in nervous system
functioning including cognitive processing and motor output (Herzog et al. 1999; Haavik-
Taylor and Murphy 2007; Haavik-Taylor and Murphy 2007), suggesting that chiropractic
treatment not only manages pain and normalizes movement, but also has the potential to

modulate neural functioning.

More specifically, Haavik and Murphy (2012) have proposed an interventional approach
based on the principle that high-velocity, low-amplitude spinal manipulation improves
function and reduces symptoms. This novel approach suggests that altered afferent
feedback caused by joint dysfunction affects ascending afferent input into cortical and
subcortical neural structures, which further leads to altered sensorimotor processing.
Through the use of spinal manipulation, this therapeutic treatment can facilitate
normalization of the altered input and therefore return the process to its normal spectrum
of perceived function (Taylor and Murphy 2010). Several studies have demonstrated
altered motor control following spinal manipulation of the cervical spine by utilizing
various TMS techniques(Haavik-Taylor and Murphy 2007; Taylor and Murphy 2008).
TMS techniques studied have included short interval intracortical inhibition, short
interval intracortical facilitation, and the cortical silent period, and each are thought to

reflect different processing mechanisms within the cortex (Fisher et al., 2002; Kujirai et
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al., 1993; Hanajima et al., 2002). According to Taylor & Murphy (2008) there was an
increase in SICI following manipulation of dysfunctional segments in the cervical spine
to the abductor pollicis brevis muscle (APB), as well as an increase in SICF for the APB
muscle and a decrease in SICF for the extensor indices proprios (EIP) muscle. Therefore,
these alterations in motor control appear to be targeted and specific to the muscle being

utilized.
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Chapter 7: Literature Synthesis and Perspective

Chiropractic treatment is one of the most common treatments for neck pain, however
there is little known about the exact biological mechanism involved for its undoubted
efficacy. Neck pain places a large burden on the healthcare system with approximately a
30-50% one year prevalence rate in the general population (Hogg-Johnson et al. 2008).
Therefore, with the appropriate knowledge of the mechanisms involved in the therapeutic
process of spinal manipulation, it may be possible to enhance treatment capabilities and
provide better healthcare to clients. There is a growing amount of evidence to suggest that
there is impaired proprioception and neuromuscular functions in patients with neck and
back pain (Branstrom, Malmgren-Olsson, & Barnekow-Bergkvist, 2001; Falla, Bilenkij,
& Jull, 2004; Gogia, 1994, Stapley, Beretta, Toffola, & Schieppati, 2006). There is also
evidence to suggest that chiropractic manipulation can induce changes in the central
nervous system related to sensory processing and motor control (Herzog et al. 1999;
Haavik-Taylor and Murphy 2007; Haavik-Taylor and Murphy 2007). Taylor and Murphy
(2008) have suggested that altered afferent input to the central nervous system as a
consequence of neck joint dysfunction may affect the way that the CNS processes
afferent input from the neck and upper limbs and over time this may lead to altered
sensorimotor integration, which can then be normalized when the dysfunctional neck

joints are manipulated.

One neural structure postulated to be the integrator for this afferent information is the
cerebellum. Research has shown that the cerebellum is involved in the integration of
incoming signals from the joints of the neck and spine (Manzoni 2005; Manzoni 2007),

and has also shown that it is associated with motor learning (Doyon et al. 2002; Doyon et
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al. 2003; Manto and Bastian 2007; Molinari et al. 2007). There is no known work directly
showing a relationship between the cerebellum and neck pain or chiropractic treatment.
However, recent work has shown that there is reduced cerebellar modulation of motor
cortex excitability in patients with focal hand dystonia (Brighina et al. 2009) and patients
who suffer from migraine with aura (Brighina et al. 2009). These studies are both
relevant to the field of chiropractic treatment as migraine and overuse injuries are
conditions often treated by chiropractors. Given that these two conditions alter cerebellar
output, it is possible that there will also be modulation in neck pain patients as well. If an
alteration in motor output is demonstrated at the level of the cortex or the cerebellum, it
may provide a neurological marker of whether the altered sensorimotor integration has
been normalized, or if the patient is still at risk for recurrent neck pain and requires
further or different care. Changes in the cerebellar output to the cortex would add to the
current knowledge on the role of this neural structure on sensorimotor processing and
could also contribute to future study designs to determine how prolonged these alterations

are and what modes of chiropractic treatment would provide optimal care.

In order to view changes in the motor output of the cerebellum various TMS techniques
can be implemented. Ugawa et al (1995) demonstrated that activity of the
cerebellothalamocortical pathway can be revealed non-invasively in humans. This was
revealed through stimulation of the cerebellum 5-7 ms before stimulation of the motor
cortex, which resulted in the inhibition of the cortical stimulation. Recent studies
(Haavik-Taylor and Murphy 2007; Taylor and Murphy 2008) have shown that
manipulation of dysfunctional segments in the cervical spine alters sensorimotor

integration of input from the upper limb by using cortical TMS techniques. Experimental
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measures used in these studies were SICI, SICF, and CSP and all are thought to be
measures of SMI processing at the level of the cortex (Fisher et al., 2002; Kujirai et al.,
1993; Hanajima et al., 2002). Due to this alteration from spinal manipulation, it is
necessary to investigate cortical changes, as well as cerebellar changes, in order to
determine the exact neural structures which are responsible for sensorimotor changes in

patients with dysfunctional spinal segments.
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Abstract

Background: The central nervous system is capable of adaptation following the
development of motor skills. These changes have been shown to occur in both the
cerebellum and the motor cortex following motor sequence learning (MSL). Objectives:
To investigate the role that both the cerebellum and motor cortex play in MSL via
transcranial magnetic stimulation (TMS) measures of cerebellar inhibition (CBI), short
interval intracortical inhibition (SICI) and long interval intracortical inhibition (LICI).
Methodology: Electromyographic (EMG) activity was recorded from the right first dorsal
interosseous muscle in 11 healthy subjects before and after a MSL task intervention. CBI
was performed and measured after applying a conditioning stimulus of 70, 80 or 90% of
maximal stimulator output to the right cerebellar hemisphere prior to cortical stimulation.
Cortical TMS was performed on the left motor cortex and inhibitory measures of SICI
and LICI were recordedSICI and LICI measures were compared pre- to post-intervention
using a paired t-test, while CBI was measured using a repeated measures ANOVA
comparing the three conditioning stimulus intensities both pre- and post-intervention.
Results: Following the motor learning task there was an improvement in task
performance as indicated by a 25% decrease in reaction time (p < 0.001). SICI levels
decreased by 32% following the MSL intervention (p < 0.03), while there was no change
in CBI and LICI. Conclusions: In a healthy population, the MSL task can reduce

intracortical inhibition.
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Introduction

The central nervous system has been shown to be a plastic organ, capable of modification
in neuronal network properties in response to altered afferent input (Donoghue et al.
1996). Such changes in neural circuitry can be a result of a decrease or increase in
behaviour or activity (Hallett et al. 1999; Murphy and Dawson 2002; Tinazzi et al. 2003;
Haavik Taylor and Murphy 2007), or can be a result of an increase in peripheral input,
such as with an increase in motor functioning like motor skill acquisition (Byl and
Melnick 1997; Cirillo et al. 2010). Motor training provides a functional method of
inducing cortical and sub-cortical plasticity within the human central nervous system, and

this modification can be tested in a lab setting.

Developing motor skills involves the process of learning movements produced either in
sequence or independently, and this trains the cortical and subcortical structures of the
neural system to perform them effortlessly after repeated practice (Willingham 1998).
According to Doyan & Benali (2005), changes in cortical and subcortical structures can
occur very rapidly after an initial training sessions, while further changes in neural
organization can occur after repeated training sessions where the motor task can be
performed on command. Although there are a plethora of studies showing the response of
the motor cortex to motor skill development, (Pascual-Leone et al. 1995; Liepert et al.
2004; Takahashi et al. 2005; Cirillo et al. 2010) there are few studies demonstrating the

effect on the cerebellum.

With direct and indirect anatomical connections to almost the entire central nervous
system, the cerebellum is a multi-functional neural structure that is actively involved in

motor learning (Bloedel 2004; Manto and Bastian 2007) and sensorimotor integration
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(Manzoni 2007; Molinari et al. 2007). There is evidence to suggest that the cerebellum
plays a key role in the development of motor skills, as functional brain imaging
techniques such as positron emission tomography (PET) and functional magnetic
resonance imaging (fMRI) (Shadmehr and Holcomb 1997; Schendan et al. 2003,
Aizenstein et al. 2004) have identified the neural networks involved with motor learning
and the cerebellum. These studies have also helped to identify plastic changes that occur
throughout the initial and later stages of motor learning as task performance improves
with practice (Doyon et al. 2002; Doyon et al. 2003). Imaging techniques are beneficial in
determining the structures and networks involved in the learning process however are
unable to show the inhibitory and excitatory processes in neural circuitry and the

resulting change in motor output.

Activity of the cerebellothalamocortical pathway has been revealed non-invasively in
humans using both electrical (Ugawa et al. 1991) and magnetic (Ugawa et al. 1995; Pinto
and Chen 2001) stimulation of the cerebellum 5-7 ms before stimulation of the motor
cortex. This process has been referred to as cerebellar inhibition (CBI) (Daskalakis et al.
2004) . This conditioning stimulus resulted in the suppression of motor cortical
stimulation evoked potentials in the first dorsal interosseous (FDI) muscle. There have
also been reports that low frequency repetitive TMS of the cerebellum (Oliveri et al.
2005) produces modulatory effects in the motor system by facilitating motor evoked
potentials (MEPSs) and increasing the amount of intracortical facilitation within the motor
cortex. Therefore, it is evident that the cerebellum plays a role in the modulation of motor
function in relation to the motor cortex. It has been shown in previous studies that the

motor cortex is highly involved in the role of motor learning by utilizing TMS techniques
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(Pascual-Leone et al. 1995; Cirillo et al. 2010). However, there are no known studies
reporting the response of the cerebellum to a motor sequence acquisition task while
utilizing this CBI TMS protocol, although response changes have been identified using
functional brain imaging technology. TMS techniques such as short interval intracortical
inhibition (SICI) and long interval intracortical inhibition (LICI) can be used to
investigate changes in the inhibitory processes of the motor cortex (Hallett 2007), while
CBI can assess the changes in the degree of inhibitory cerebellar connections to the motor
cortex. These TMS techniques therefore provide complementary measures which provide
additional information on mechanism as compared to previously published fMRI
investigations (Doyon and Benali 2005) and can provide a broader view on how these
neural structures adapt to motor learning. Therefore, the aim of this study was to
investigate the role that the cerebellum plays in motor sequence learning through the use
of CBI, as well as the cortical inhibitory measures short interval intracortical inhibition

(SICI) and long interval intracortical inhibition (SICI).

Methodology

Subjects

Experiments were performed on 11 healthy volunteers (mean age: 23.5; range19-33; 9
men and 2 women) after giving their written informed consent. All of the participants
were right handed according to the widely used and adopted Edinburgh Handedness
Inventory and none of them had any history of neurological disease (See Appendix 1 & 3
for TMS safety checklist and Edinburgh Handedness Inventory respectively). The study

was approved by the local ethics committee and conducted in accordance with
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regulations laid down in the Decleration of Helsinki (See Appendix 2 for project consent

form).

Electromyographic Recordings

Electromyographic (EMG) activity was recorded from the right first dorsal interosseus
(FDI) muscle using a pair of Ag-AgCl surface electrodes in a belly-tendon arrangement.
A ground electrode strap was placed around the wrist of the right arm, between the site of
stimulation and the recording electrodes. The EMG signal was amplified (1000x) and
band-pass filtered (bandwidth 20-2000 Hz) with a Cambridge Electronic Design 1902
isolated amplifier (Cambridge Electronic Design, Cambridge, UK), digitizing at a
sampling rate of 1 kHz (CED 1401 laboratory interface; Cambrdige Electronic Design,
Cambridge, UK) and received by a laboratory computer for storage and off-line analysis.
Data was analyzed using SIGNAL software version 4.08 (Cambridge Electronic Design,
Cambridge, UK). Subjects were asked to maintain a relaxed position throughout the
experiment, with their hand placed in a pronated position, while EMG activity was

monitored to ensure that the muscle was at complete rest (Figure 9).




Figure 9. Electrodes were placed in a belly-tendon formation over the right FDI muscle, with ground electrode placed
over the wrist and hand placed in a pronated position.

Motor Sequence Task

During the motor sequence task, the subjects were seated in a comfortable chair with their
hand resting in a pronated orientation on a platform that held a modified numeric keypad.
With their hand lying palm down in a relaxed position, participants were asked to place
their index finger on the keypad in a comfortable position so that they could reach the 7,
8 and 9 keys, while the other three fingers and thumb were taped down in order to

maintain hand orientation (Figure 10).

Figure 10. A custom keyboard was developed to allow the index finger to reach the 7, 8 and 9 keys of the numeric
keypad. Other digits were then taped down in place to allow the proper hand orientation to allow the index finger to
move freely and optimally activate the FDI muscle through abduction.

A custom program was made using E-Prime 2.0 software (Psychology Software Tools,
Sharpsburg, PA) which prompted the participants to enter randomized sequences of the
keys 7, 8 and 9 in six letter blocks being displayed on a screen. This side to side
movement of the index finger allowed optimal activation of the FDI muscle by

performing its primary action of abducting the index finger. Subjects were asked to

44

—
| —



perform the action of pressing the sequence as quickly and accurately as possible. The
task was separated into three parts: a pre-section, complex task, and a post-section. The
task was the same for all three parts. Accuracy and reaction time data were calculated
from two blocks of 15 trials performed at the beginning and end of the complex task,

whereas the complex task itself contained 225 trials performed over a 20 minute period.

Transcranial Magnetic Stimulation

For cortical stimulation, a figure-of-eight coil (outer diameter 10 cm) was applied over
the hand region of the left motor cortex. Magnetic stimulation was applied to the target
site via the use of two Magstim 200 stimulator units (Magstim Co., Whitland, Dyfed,
UK) given in BiStim mode. The coil was held with the handle pointed backwards and
rotated approximately 45 degrees away from the mid-sagittal line, with the current
flowing posteriorly. This specific coil orientation has been shown to allow the induced
current to be perpendicular to the central sulcus, which allows for optimal activation of
corticospinal neurons trans-synaptically (Kaneko et al., 1996; Werhahn et al., 1994). The
optimal coil position for inducing motor evoked potentials (MEPS) in the FDI muscle was
determined as the site where stimulation at just above threshold intensity which
consistently produced the largest MEPs. The optimal site was then marked with a felt tip
pen on a cloth cap that the subject was asked to wear throughout the entire experiment, in
order to maintain consistent coil placement. TMS was delivered at a frequency of 0.2 Hz

with a 20% variance in order to account for anticipatory effects in all trials.

RTh and 1 mV MEP
In order to determine the correct parameters needed for the paired-pulse TMS techniques

being utilized in this experiment (SICI and LICI), it was necessary to find the stimulus
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intensity that elicited a MEP of approximately 1 mV as well as the subjects resting motor
threshold (RTh). The 1 mV MEP was calculated by determining the level of stimulator
output that would elicit approximately a 1 mV MEP in peak to peak amplitude after
averaging 14 pulses. RTh was calculated by determining the lowest stimulus intensity
needed to elicit a MEP of approximately 0.05 mV in at least five out of ten trials, while
the subject was at rest.

Paired Pulse TMS

Short interval intracortical inhibition (SICI) and long interval intracortical inhibition
(LICT) were assessed using paired-pulse TMS paradigms. The SICI protocol consisted of
a subthreshold conditioning stimulus (set to 80% of RTh) that is followed by a
suprathreshold test stimulus (TS) by 2.5 ms (Kujirai et al., 1993). The test stimulus
intensity was monitored before and after the motor training intervention in order to ensure
that it was still similar to the pre-trial peak-to-peak amplitude and adjusted accordingly.
Each data block consisted of sixteen stimuli. The conditioned MEP amplitude was
expressed as a percentage of the suprathreshold 1 mV amplitude.

Long interval intracortical inhibition (LICI) was assessed by applying a suprathreshold
stimulus preceded by another suprathreshold stimulus and separated by an interstimulus
interval (1SI) of 100 ms (Nakamura et al. 1997; Chen et al. 1999). The two suprathreshold
stimuli were set to the 1 mV value of stimulator output and the inhibition was measured

as a ratio between the first and second MEPs.

Cerebellar TMS

The cerebellar conditioning stimulus (CCS) was delivered over the right cerebellar

hemisphere with a double cone coil (110 mm mean diameter). This coil has previously
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been found to be the most effective in applying an inhibitory stimulus to induce
cerebellar brain inhibition (CBI) (Ugawa et al. 1995). The coil was positioned in the
midpoint of a line joining the external auditory meatus to the inion and the coil was
oriented downwards to produce an upwards current in the cerebellar cortex (Ugawa et al.
1995; Daskalakis et al. 2004; Brighina et al. 2009). The coil was held by a stand and was
strapped around the participants’ heads in order to maintain a close fit and proper coil

orientation (Figure 11).

Figure 11. Cerebellar coil was positioned over the right hemisphere of the subjects cerebellum, and strapped in place
around the subjects head to maintain a close fit.

The intensity of the stimulator was pseudo-randomized to stimulate at 70, 80, or 90% of
the combined output of the two Magstim units connected by a BiStim Unit. These
intensities were chosen based on pilot data (Daligadu et al. 2012) which showed that an
inhibitory modulation could be demonstrated at these three intensities without the
contamination of brain stem or nerve root stimulation. The test stimulus over the motor

cortex was set to a stimulus intensity that evoked a MEP of approximately 0.8 mV, as
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CBI has been demonstrated to be most effective when MEP amplitudes were below 1 mV
(Daskalakis et al. 2004). The interstimulus interval between the CCS and the test stimulus
of the motor cortex was set to 5 ms. This ISI was chosen because it has been previously
shown to induce CBI and the effects are thought to be related to cerebellar stimulation as
opposed to stimulation of peripheral nerves or muscles (Ugawa et al. 1995; Daskalakis et

al. 2004).

Experimental Design

This experiment looked to examine the effects of a motor sequence learning task on the
cerebellar and motor cortices. The cortical measures used were SICI and LICI, while CBI
was used to measure the inhibitory effect of the cerebellum. These were measured both
before and after a 20 minute motor sequence learning task that was used to specifically
activate and train the FDI muscle. SICI and LICI were performed after the attainment of
the 1 mV MEP and the RTh (Bistim set-up), and both measures were averaged over 16
stimuli. CBI was performed following the attainment of the 0.8 mV MEP (single
Magstim set-up) and was averaged over 10 stimuli. An additional 4 stimuli were given at
each of the three intensities used in order to monitor for brainstem and nerve root

activation.

Statistical Analysis

Once data was acquired, the peak-to-peak amplitude for each trial was measured off-line
using a customized Signal configuration (Cambridge Electronic Design, Cambridge, UK)
and the average amplitude was calculated for each session using Microsoft Excel. SICI
and CBI were measured as a ratio of conditioned MEPs to unconditioned MEPs, while

LICI was measured as a ratio of the first MEP to the second MEP. Paired t-tests were run
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between the pre- and post-intervention MEPSs in order to compare the mean peak-to-peak
amplitudes using IBM SPSS Statistics (Version 19) for SICI and LICI. Performance on
the motor sequence task was analyzed based on the measures of reaction time and
accuracy of the keystrokes. The effects of cerebellar inhibition were evaluated through
repeated measures ANOVA with Time (two levels: pre- and post-intervention) and
between conditioning stimulus intensity (three levels: 70%, 80%, and 90% MSO), with

appropriate post hoc tests as required.

Results

None of the subjects reported side effects from the experimental measures. A total of 11
subjects completed the study, however 1 subject found the cerebellar stimulation too
uncomfortable and two subjects had large artefacts from the high intensity cerebellar
stimulation that swamped the EMG signal and could not be suppressed, even with efforts
to further decrease impedance of the skin overlying the FDI. Therefore there were 11

data sets for SICI and LICI and 8 data sets for the CBI analysis.

SICI MEP
TS MEP

Figure 12. Raw EMG data illustrating the effect of SICI on the test stimulus. This paired-pulse technique results in the

suppression of the test MEP from a conditioning stimulation that occurs 2.5 ms prior to the TS.
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Figure 13. Averaged results for pre- and post-intervention SICI, with the conditioned response (CR) being averaged to
the TS. The motor sequence learning intervention led to a 32% decrease in the effect of SICI.

For the SICI data, a significant effect was observed when comparing pre- to post-
intervention results. The mean amplitude of the pre-intervention SICI measure was 0.237
+ 0.47 SE, compared to the post-intervention SICI which was 0.346 + 0.66 SE (p < 0.03)
(Figure 12 & 13). LICI showed no significant change from pre-intervention (mean ratio
17.98 £ 6.19 SE) compared to post-intervention (mean ratio 16.48 + 5.84 SE; p = 0.831)
(Figure 14). For the CBI measure, repeated measures ANOVA evidenced a significant
effect for the factor of stimulus intensity (F = (6,2) 31.64 (p < 0.001)), however none for

the factor of time (Figure 15).
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Figure 14. Averaged ratios for pre- and post- intervention LICI. The motor sequence learning showed no significant
differences between pre- and post-intervention LICI values when investigating the ratio between the first conditioning
MEP to the second test MEP.
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Figure 15. Conditioned response magnitude for CBI averaged according to the TS (where 1.00 indicates TS
amplitude). There was greater inhibition as the conditioning cerebellar stimulation was increased. However, there was
no significant difference between the pre- and post-intervention responses at all three levels of stimulus intensity.

The motor training task showed that following the motor sequence learning intervention,
the reaction time improved significantly (from 493.1 ms to 367.29 ms, p = 0.001). As
reaction time decreased, task accuracy also decreased significantly following the
intervention (97.6% to 95.2%, p = 0.024). However, this was only a 2.5% decrease in

accuracy.

Discussion

This research project looked to identify neural changes in the motor cortex and
cerebellum following a motor sequence learning task. The motor cortex was investigated
using paired-pulse TMS measures of SICI and LICI, while the cerebellum was
investigated using CBI. A significant decrease in SICI was found following the
intervention, while no changes were found using the LICI and CBI measures. It was also
noted that a significant improvement in reaction time occurred during the intervention,

and a significant decrease in accuracy.

Motor sequence learning tasks have been demonstrated to have the capacity to induce
structural plastic changes in both the motor cortex (Pascual-Leone et al. 1994; Pascual-
Leone et al. 1995; Cirillo et al. 2010) and the cerebellum (Doyon et al. 2003). However,
few studies have used this technique to show plastic changes in the motor cortex with
TMS measures following motor sequence learning, and no known studies have used it to

show cerebellar changes with CBI.
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It has been previously shown that motor cortex representations change when humans
perform and learn sequences in response to sensory cues. These motor sequences often
require participants to press a sequence in order, and with repetition the reaction time to
start the button gradually decreases (Nissen & Bullemer, 1987). This decrease in reaction
time is thought to reflect implicit (or learning) knowledge, and has been shown to induce
a larger representation of the finger muscles in the motor cortex using TMS mapping
techniques (Pascual-Leone et al. 1994). In the present study, we found that from the
beginning of the intervention to the end, there was a 25% decrease in the time needed to
react to the motor sequence. Therefore, this decrease in reaction time is interpreted as

implicit knowledge learning.

This increase in implicit knowledge was reflected in a 32% decrease in SICI following
the intervention. Previous studies have also demonstrated a decrease in SICI following
motor learning of both simple and complex tasks (Gallasch et al. 2009; Cirillo et al.
2010), and reflects the current findings in this study using motor sequence learning. SICI
is thought to be reflective of the excitability in GABAAa-ergic circuitry within the human
cortex, and it is therefore suggested that the decrease in intracortical inhibition plays an
important role in motor skill learning and motor cortical plasticity. LICI is also a measure
of intracortical inhibition, however it is thought to be reflective of the excitability in
GABAg-ergic circuitry. Since there was no modulation of LICI following the
intervention, it is suggested that this inhibitory pathway does not play a role in motor

adaptation.

Previous imaging studies have shown that there is activation of cerebellar structures such

as the cerebellar cortex and the deep cerebellar nuclei in the process of motor learning
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(Doyon et al. 2002). However, in the present study there were no such changes as
indicated by the TMS measure of CBI. This could be due in large to a couple of reasons.
Firstly, we did use a novel motor sequence learning intervention in order induce cortical
and potentially cerebellar plasticity and learning modulations. This was based on similar
methodologies previously studied, which were shown to induce plasticity in the cortex
using cortical TMS (Pascual-Leone et al. 1994), and cerebellum using neuroimaging
(Doyon et al. 2002). However, the slight modifications made to this motor learning task
may have led to a greater amount of recruitment from motor cortex as opposed to the
cerebellum, as demonstrated by the decrease in SICI following the intervention. It may
also have been that the task we selected was not complex enough to require large
amounts of cerebellar involvement for learning to occur. Previously published work on
motor training, via pressing the numbers 7,8,9 repeatedly in sequence on a keypad, has
been shown to cause changes in somatosensory evoked potential peaks related to
sensorimotor integration (Haavik Taylor and Murphy 2007), however this task reflected
simple motor training as opposed to the more complex task of motor sequence acquisition
which has been shown to involve the cerebellum (Doyon et al. 2002). It was thought that
by randomly generating the number sequences, that we would be better testing skill
acquisition as opposed to motor training, however the random nature may have favoured
motor skill acquisition requiring changes in cortical inhibition reflective in the SICI

changes but requiring fewer cerebellar changes for improvement to occur.

Secondly, we used a modified CBI protocol from that of Ugawa et al. (1995) who
originally developed it. The original protocol involves stimulating the cerebellum at a

stimulus intensity that is sub-threshold to posterior fossa stimulation (cervical medullary
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evoked potentials or CMEP). However, it is not possible to evoke a CMEP in all people,
and we therefore found that it was difficult to find subjects that could perform the
protocol. Also, the stimulus from the cerebellar coil is rather uncomfortable for the
participant to undergo numerous sweeps. Therefore, the modifications made to our
protocol were made in order to allow all screened subjects to participate in the study and
to shorten the amount of exposure to CBI. It is possible however, that this modified CBI
protocol may have not had the capacity to determine changes within the cerebellar cortex,
or even possibly have activated complementary neural structures which would have led to
the suppression of the conditioned CBI MEPs. However, EMG was monitored
throughout the experiment and while eliciting conditioning CBI stimuli alone, in order to
ensure that there was no cortical output to the FDI that would have been interfering with
the CBI. Therefore, it would be unlikely that activation of the corticospinal tract directly

would have resulted in the suppression of the MEP responses.

Future studies should aim at further fine tuning the motor sequence learning task to elicit
a greater response from the cerebellum. The sample size of the cerebellar group was also
small and therefore further research should include a greater sample size to enhance the

statistical power.
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Abstract
Background: Chiropractic manipulation is one of the most common treatment methods

for neck pain, however little is understood about its neurophysiological effects. Previous
work has shown that spinal manipulation affects sensorimotor integration (SMI), and it is
thought that structures involved in this process include the motor cortex and cerebellum.
Objective: To investigate if there is modulation in cerebellar output from subclinical neck
pain patients, and if spinal manipulation and motor sequence learning (MSL) has an
effect on SMI with respect to the cerebellum and motor cortex. Methodology:
Electromyographic (EMG) responses were recorded from the right first dorsal
interosseous muscle in 10 volunteers who experienced subclinical neck pain (SCNP),
before and after a combined intervention of chiropractic treatment and MSL. Transcranial
magnetic stimulation (TMS) was performed on the left motor cortex and included the
inhibitory measures of short interval intracortical inhibition (SICI) and long interval
intracortical inhibition (LICI). Cerebellar TMS was performed over the right cerebellar
hemisphere using the inhibitory measure of cerebellar inhibition (CBI), with conditioning
stimulus intensities at 70, 80, and 90% maximal stimulator output (MSO). SICI and LICI
measures were compared pre- to post-intervention using paired t-tests, while CBI was
measured using a repeated measures ANOVA. Results: Following the intervention there
was an improvement in task performance as indicated by a 19% decrease in mean
reaction time (p < 0.0001). There was a significant decrease in CBI following the
combined spinal manipulation and MSL intervention (F = (7,2) 7.92 (p < 0.05)). No
changes were seen in the inhibitory cortical measures. Conclusions: Altered SMI in
SCNP patients may play a role in the modulation of cerebellar output to the motor cortex.

Chiropractic treatment may potentially be able to modify this defunct SMI.
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Introduction

Chiropractic treatment is one of the most common treatments for neck and back pain,
however there is little understood about the neurophysiological mechanism that results in
its efficacy to deter pain. Neck pain is a common and significant problem which affects
about 30-50% of people every year and places a great burden on healthcare systems
(Hogg-Johnson et al. 2008). Subclinical neck pain (SCNP) falls under this category and is
defined as recurring neck dysfunction, such as mild neck pain, ache, and/or stiffness in
individuals who have not sought any treatment for their maladies (Haavik and Murphy
2011). Recent studies have provided a growing body of evidence for altered
neuromuscular and proprioceptive function in patients with neck and back pain which
may explain why pain becomes chronic (Branstrom et al. 2001; Falla et al. 2004; Stapley
et al. 2006). There is also accumulating evidence to suggest that chiropractic
manipulation can result in changes to the central nervous system function including reflex
excitability, cognitive processing, sensory processing, and motor output (Murphy et al.
1995; Herzog et al. 1999; Haavik-Taylor and Murphy 2007; Haavik-Taylor and Murphy
2007). This is also evident in individuals that fall under the category of SCNP, as
chiropractic manipulation has led to alterations in cortical somatosensory processing
(Haavik-Taylor and Murphy 2007), and in elbow joint position sense (Haavik and
Murphy 2011). This evidence suggests that chiropractic manipulation may have a
positive neuromodulatory effect on the central nervous system and this may play a role in

the effect it has on neck pain.

One mechanism proposed by Haavik-Taylor and Murphy (2007) suggests that areas of

spinal dysfunction alters sensory feedback and could therefore be responsible for
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improper sensorimotor integration (SMI) due to central plastic changes. The use of
appropriate chiropractic care and spinal manipulation to the areas of spinal dysfunction
would therefore normalize the afferent input, thus resulting in appropriate SMI. Previous
work using paired-pulse transcranial magnetic stimulation (TMS) of the motor cortex has
indicated that cervical spine manipulation can alter sensorimotor integration of the upper
limb by decreasing the amount of short interval intracortical inhibition (SICI) (Haavik-

Taylor and Murphy 2007).

The cerebellum is neural structure that is actively involved in both motor learning (Doyon
et al. 2002; Doyon et al. 2003; Manto and Bastian 2007; Molinari et al. 2007) and SM1I of
afferent input from the joints of the neck and spine (Manzoni 2005; Manzoni 2007). It
has also been suggested that the cerebellum is a plastic structure resulting in the
modulation of motor circuitry (Doyon and Ungerleider 2002; Apps and Garwicz 2005).
More recently, studies have shown that the cerebellum is also involved in the modulation
of motor cortex excitability due to a reduction of cerebellar inhibition in patients
suffering from migraine with aura (Brighina et al. 2009) and patients with focal hand
dystonia (Brighina et al. 2009). These findings are highly relevant as they provide support
for the concept that changes in the excitability of cerebellar projections may occur in
individuals who suffer from overuse injuries and migraine, two conditions commonly
treated with neck manipulation. Therefore, the effect of chiropractic manipulation on
cerebellar function and its contribution to SMI, as well as its interactions with the motor
cortex needs to be investigated in order to further understand the role and mechanisms
underlying the efficacy of spinal manipulation. This research study therefore aims to

investigate if there is modulation in cerebellar output to the motor cortex in SCNP
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patients, and if spinal manipulation and motor sequence learning has an effect on SMI
with respects to the cerebellum and subsequently the motor cortex. This will be
performed using the cortical TMS measures of SICI and long interval intracortical
inhibition (LICI), as well as the cerebellar TMS measure known as cerebellar inhibition

(CBI) following spinal manipulation and a motor learning task.

Methodology

Subjects

Experiments were performed on 10 volunteers (mean age: 23.8; range: 20-35; 7 males &
3 females) each of which experienced recurring neck pain classified as SCNP, as assessed
by the neck disability index (refer to appendix 4), and by a registered chiropractor, after
giving their informed written consent. All of the participants were right handed as
assessed by the Edinbugh Handedness Inventory (EHI), and none had any history of
neurological disease as assessed by the TMS Safety Checklist (TSC) (refer to appendix 1
& 3 respectively). The study was approved by the local ethics committee and conducted
in accordance with regulations laid down in the Decleration of Helsinki (refer to appendix

2 for consent form).

Electromyographic Recordings

Electromyographic (EMG) activity was recorded from the right first dorsal interosseus
(FDI) muscle using a pair of Ag-AgCl surface electrodes in a belly-tendon arrangement.
The ground electrode was placed around the wrist of the right arm, in a location that was
located between the stimulating coil and the surface electrodes. The EMG signal was

amplified (1000x) and band-pass filtered (20-2000 Hz) with a Cambridge Electronic
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Design 1902 isolated amplifier (Cambridge Electronic Design, Cambridge, UK)
digitizing at a sampling rate of 1kHz (CED 1401 laboratory interfacel Cambridge
Electronic Design, Cambridge, UK) and received by a laboratory computer for off-line
analysis. Data was analyzed using SIGNAL software version 4.08 (Cambridge Electronic
Design, Cambridge, UK). Subjects were asked to maintain a relaxed position throughout
the experiment, while their hand was placed in a pronated position. EMG activity was

monitored during the protocol to ensure that the muscle was at rest.

Motor Sequence Task

Throughout the motor sequence learning (MSL) task, subjects were asked to sit in a chair
with their arm supported by a soft pillow with a modified numeric keypad lying on top.
With their hand palm down in a relaxed position, participants were asked to place their
index finger on the keypad in a comfortable position so that they could reach the 7, 8 and
9 keys, while the other three fingers and thumb were taped down in order to maintain
proper hand orientation. A custom program was created using E-prime 2.0 software
(Psychology Software Tools, Sharpsburg, PA) which prompted the participants to enter
randomized sequences of the keys 7, 8 and 9 in six letter blocks being displayed on the
screen. This side to side movement of the index finger allowed optimal activation of the
FDI muscle by performing its primary action of abducting the index finger. Each
participant’s performance was measured by accuracy and reaction time to the task. Due to
the long duration of the task (~20 min), the task was separated into three parts: a pre-
section, the complex task, and a post-section. The task was the same for each section,
however the pre- and post-sections only consisted of 15 trials, while the complex task

itself consisted of 225 trials.
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Chiropractic Treatment

Participants received high velocity, low amplitude spinal manipulation immediately
following the pre-intervention measures. Manipulations focused on the cervical and upper
thoracic spine, in treatment of neck pain, and were targeted on dysfunctional cervical
joints, which were determined by a registered chiropractor. Clinical evidence of joint
dysfunction includes restricted intersegmental range of motion, palpable muscle tension
at the intervertebral level, and tenderness to palpation of the joint (Hubka and Phelan
1994; Fryer et al. 2004). Myofascial trigger points in the cervical muscles were also
treated if determined necessary by the chiropractor. The high velocity, low amplitude
manipulation consisted of thrusts to the spine held in lateral flexion, with slight rotation
and slight extension. This is a standard manipulation common to physiotherapists,
physicians, and chiropractors. Previous research has shown that reflex EMG only occurs
after this specific type of manipulation, rather than that of low-amplitude manipulations,
and would thus be more capable of modulating afferent input to the central nervous

system (Herzog et al. 1995).

Transcranial Magnetic Stimulation

Cortical stimulation was performed using a figure-of-eight coil (outer diameter 10mm)
and was applied over the hand region of the left motor cortex (to elicit a response in the
right FDI). Magnetic stimulation was given via the use of two Magstim 200 stimulator
units (Magstim Co., Whitland, Dyfed, UK) connected together with a BiStim unit. The
coil was held with the handle pointed backwards at approximately 45 degrees away from
the mid-sagittal line, with the current flowing posteriorly. This coil orientation has been

previously shown to allow the induced current to be perpendicular to the central sulcus,
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which allows for the optimal activation of corticospinal neurons trans-synaptically
(Werhahn et al. 1994; Kaneko et al. 1996). The optimal coil position for inducing a motor
evoked potential (MEP) in the right FDI muscle was determined as the site where a
slightly suprathreshold stimulus consistently produced the largest MEPs. This location
was then marked with a felt tip pen onto a cap that the subject was asked to wear
throughout the entire procedure. TMS was delivered at a frequency of 0.2 Hz with a 20%

variance in order to account for anticipatory effects.

RTh and 1ImV MEP

In order to determine the correct parameters used in the paired-pulse measures being
utilized in this study (SICI and LICI), it was necessary to attain the correct stimulus
intensity that elicited a MEP of approximately 1 mV and the subjects resting threshold
(RTh). The 1 mV MEP was calculated by determining the stimulus intensity that would
elicit MEPs of approximately 1 mV in peak to peak amplitude after averaging 14 sweeps.
RTh was determined by finding the lowest level of stimulator output that would elicit a
MEP of approximately 0.05 mV in at least 5 out of 10 trials, while the subjects hand was

at rest.

Paired Pulse TMS

SICI and LICI were assessed using paired-pulse TMS paradigms. SIClIs protocol
consisted of a subthreshold conditioning stimulus (set to 80% of the RTh) preceded by a
suprathreshold test stimulus at an interstimulus interval (IS1) of 2.5 ms (Kujirai et al.
1993). The test stimulus for SICI was set to the stimulator intensity that elicited an
approximate 1 mV MEP. The test stimulus was monitored both before and after the

intervention in order to ensure that the peak-to-peak amplitude was within 15% of each
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other. If this value was outside of this 15% allowance, the stimulator intensity was raised
until it was back within range. Each data block consisted of sixteen stimuli. The
conditioned MEP amplitude was expressed as a percentage of the suprathreshold 1 mV

amplitude.

LICIs protocol was assessed by applying a suprathreshold stimulus preceded by another
suprathreshold stimuli and separated by an ISI of 100 ms (Nakamura et al. 1997; Chen et
al. 1999). The two suprathreshold stimuli were set to the stimulator intensity that elicited
the 1 mV MEP and the inhibition was measured as a ratio between the first and second

MEPs.

Cerebellar TMS

The cerebellar conditioning stimulus (CCS) was delivered over the right cerebellar
hemisphere with a double cone coil (110 mm mean diameter). This coil has been
previously shown to be effective in applying an inhibitory stimulus to induce CBI
(Ugawa et al. 1995). In order to position the coil with correct placement the coil was set
at the midpoint of a line joining the external auditory meatus to the inion and the coil was
oriented downwards, in order to produce an upwards current within the cerebellar cortex
(Ugawa et al. 1995; Daskalakis et al. 2004; Brighina et al. 2009). The coil was placed in a
stand and was strapped around the head of the participant in order to maintain a close fit
and proper coil orientation. The intensity of the stimulator was pseudorandomized to
stimulate at 70, 80, or 90% of the combined maximal stimulator output (MSQO) of the two
Magstim units connected by a BiStim unit. These intensities were chosen based on pilot
data which showed that an inhibitory modulation of the test MEP could be attained at

these levels, without the contamination of brain stem or nerve root stimulation . The test
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stimulus, which was placed over the left motor cortex, was set to a stimulus intensity that
elicited an MEP of approximately 0.8 mV, as CBI was demonstrated to be most effective
when MEP amplitudes were below 1 mV (Daskalakis et al. 2004). The interstimulus
interval between the CCS and the test stimulus of the motor cortex was set to 5 ms as it
has been previously shown to induce CBI (Ugawa et al. 1995; Daskalakis et al. 2004).

The inhibition was expressed as a percentage of the 0.8 mV test stimulus.

Experimental Design

This experiment looked to examine the effects of chiropractic treatment and a MSL task
on the cerebellar and motor cortices. The cortical measures used were SICI and LICI,
while the cerebellar measure used was CBI. These were measured both before and after a
combined intervention of the chiropractic treatment and MSL task. These two tasks were
combined as it was necessary to keep the experimental procedure under 3 hours in order
to prevent the subjects tiring and thus decreasing their excitability levels. SICI and LICI
were performed after the attainment of the 1 mV MEP and the RTh (Bistim set-up), and
both measures were averaged over 16 stimuli. CBI was performed following the
attainment of the 0.8 mV MEP (single Magstim set-up) and was averaged over 10
stimuli. An additional 4 stimuli were given at each of the three intensities used in order to

monitor for brainstem and nerve root activation.

Statistical Analysis

Once the data was acquired, the peak-to-peak amplitude for each sweep was measured
off-line using a customized Signal configuration (Cambridge Electron Design,
Cambridge, UK) and the average amplitude was calculated for each session using

Microsoft Excel. SICI and CBI were measured as a ratio of test MEPs, and LICI was
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measured as a ratio of the first to second MEPs. Paired t-tests were run between the pre-
and post- intervention groups in order to compare the mean peak-to-peak amplitudes for
SICI and LICI. CBI was analyzed using a repeated measures ANOVA test with time (two
levels: pre- and post-intervention) and between conditioning stimulus intensity (three
levels: 70, 80, and 90% MSO), with appropriate post-hoc analyses as needed using IBM
SPSS Statistics (Version 19). The MSL task was analyzed based on the measures of
reaction time and accuracy of the keystrokes using a paired t-test between the pre- and

post-intervention trials, which was also performed in IBM SPSS Statistics.

Results

SICI and LICI were performed on all participants both before and after the spinal
manipulation and MSL task. However, only 7 participants were able to complete the CBI
measure, as 3 of the subjects had large artefacts from the high intensity cerebellar
stimulation that swamped the EMG signal and could not be suppressed, even after
repeated abrading of the skin overlying the FDI muscle. Therefore, there were 10 data

sets for SICI and LICI and 7 data sets for the CBI data analysis.

The MSL task showed that following the training intervention, the subjects reaction time
improved significantly (from 451.63 to 364.14 ms; p < 0.0001) (Figure 16), while the

participants accuracy of the task remained unchanged (p = 0.55).
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Figure 16.Motor sequence learning reaction times for all subjects. The MSL task resulted in a significantly decreased
reaction time to the intervention for all subjects.

For the CBI measure, a significant difference was seen when comparing pre- and post-
intervention with respects to the factor of time (F = (6,2) 7.92 (p < 0.05)), and with the
factor of conditioning stimulus intensity (F = (6,2) 6.56 (p < 0.05)). However, there was
no reported interactive effect between the two factors. A priori contrasts revealed that
there was significant difference between pre- and post-intervention at both 70 (p <

0.0001) and 80% (p < 0.05) MSO, however no significant difference at 90%.
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Figure 17. Raw EMG demonstrating the effect of CBI on cortical stimulation. When a conditioning stimulus is
presented over the posterior fossa 5 ms prior to a cortical stimulus, it results in the suppression of the MEP.

Cerebellar Inhibition at Differing %MSO

1.4 -
* M Pre-Intervention

1.2 - Post-Intervention

0.8 -

Response (CR/TS)

0.4 -

70 80 90
Maximal Stimulator Output (%)

Figure 18. Responses for CBI at all conditioning stimulus intensities compared pre- to post-intervention, with the
conditioned response (CR) being averaged to the test stimulus (TS). At 70 and 80% of MSO there was a significant
change in the conditioned response, however no change at 90%.

Both SICI and LICI remained unchanged when comparing from pre- to post-intervention.
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Discussion

The aim of this research project was to identify if there was modulation in cerebellar
output in SCNP patients following spinal manipulation and MSL. Cortical TMS was used
to measure the level of inhibition included SICI and LICI, while CBI was used to
measure the inhibitory effect of the cerebellum on the motor cortex. A significant
decrease in CBI was found following the intervention, while no change was found in the
cortical measures of SICI and LICI. Significant improvement in reaction time occurred
after the MSL segment of the intervention, while there was no change in the accuracy of

the task.

MSL tasks have been previously shown to induce plasticity within the circuitry of both
the motor cortex (Pascual-Leone et al. 1994; Pascual-Leone et al. 1995; Cirillo et al.
2010) and the cerebellum (Doyon et al. 2003). The decrease in mean reaction time as
demonstrated in this study reflects implicit learning, which has been previously reported
to induce altered representations of finger muscles in the motor cortex (Pascual-Leone et
al. 1994). Neck manipulation has also been shown to provide a modulatory effect on the
motor cortex by reducing the amount of intracortical inhibition (Haavik-Taylor and
Murphy 2007). However, there are no known studies that have demonstrated the effects
of neck manipulation alongside MSL using TMS to measure cortical and cerebellar

outpu.

It has been previously demonstrated that cerebellar modulation is present in certain
patient groups including focal hand dystonia (Brighina et al. 2009) and migraine with

aura (Brighina et al. 2009). This study further adds to the literature by demonstrating an
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alteration to cerebellar output in neck pain patients when they received a manipulation
based chiropractic treatment prior to performing MSL. In manuscript one, there was no
change seen following MSL alone in a healthy patient population, however in this study
there was a change following the combined intervention in a SCNP group of subjects. It
may be possible that these results occurred because of altered sensorimotor integration as
proposed by Haavik Taylor & Murphy (2012), which was remedied following treatment.
However, a limitation to these results is that due to the time limit being placed on the
protocol, we had to perform the chiropractic treatment and MSL task one after another.
Therefore, the design did not allow us to attribute whether the changes were due to the

chiropractic intervention or the MSL task.

It is interesting to note that there was no significant effect on SICI following chiropractic
treatment and the MSL. Referring back to manuscript one in this thesis, it was found that
after MSL alone there was a significant decrease in the amount of intracortical inhibition
as determined by SICI, while in another previous study by Haavik-Taylor & Murphy
(2007) there was also a decrease in SICI following chiropractic treatment. It has also been
shown that spinal dysfunction, as assessed by simultaneous median and ulnar stimulation
divided by the arithmetic sum of somatosensory evoked potentials obtained from
individual stimulation of the median and ulnar nerves, altered sensorimotor processing
whereas chiropractic care resulted in changes to this ratio (Haavik-Taylor and Murphy
2007). Therefore, the lack of a significant change in SICI can be seen as uncharacteristic

to the past literature.

This lack of results may have occurred due to numerous reasons. Firstly, there may have

been an interaction between the spinal manipulation and the MSL task which may have
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potentially cancelled out the effect observed from strictly the MSL task alone. Secondly,
the previous study by Haavik-Taylor & Murphy (2007b) was shown to produce changes
in the abductor pollicis brevis muscle, rather than the FDI which was used in the current
study. Therefore, the FDI may not be susceptible to changes in excitability following
spinal manipulation. Lastly, a SCNP group was used in the current study, and their
altered sensorimotor integration may have led to insignificant changes in cortical

excitability pre- to post-intervention.

Daskalakis et al. (2004) demonstrated that there is an interaction between CBI and SICI.
This study postulated that if TMS of the cerebellum activated inhibitory Purkinje cells,
the output from the deep cerebellar nuclei to the motor cortex via the ventrolateral
nucleus of the thalamus would be reduced. Furthermore, if the cerebellothalamocortical
pathway terminated on inhibitory neurons within the motor cortex, it would be expected
that the cerebellum would also have the potential to reduce local intracortical inhibition.
If the MSL task had a significant effect on the cerebellum in this group of subjects due to
their neck pain and altered sensorimotor integration, then it is possible that a decreased
level of CBI output to the motor cortex would result in an increase in SICI. However,
with previous studies demonstrating that both chiropractic care and MSL tasks decrease
SICI levels, the combined effects may have negated one another resulting in the lack of

change seen in this study.

Future studies should individually investigate the effects of MSL and chiropractic
manipulation on neck pain patients. By performing CBI and SICI protocols in separate
experiments, the design could include an immediate post-manipulation measure prior to

the MSL which would allow us to more clearly attribute changes to the either
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manipulation or MSL effects. Also, a control condition, such as a passive head
movement group, should be included to act as a control for the non-specific physiological
effects that occur with a neck manipulation such as the application of pressure over a
joint and head movements that occur during a neck manipulation. This comparison

should be performed in that of a healthy age- and gender-matched control group.
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Thesis Summary

Subclinical neck pain is a substantial problem that affects numerous people each year,
and places a burden on the healthcare system. Altered afferent input to neural structures,
as a result of neck pain, results in defunct sensorimotor integration within the motor
cortex, however it is unclear if there is modulation that occurs within the cerebellum as
well. Motor sequence learning has also been shown to induce sensorimotor and plasticity
changes within the cerebellum, and therefore these two mechanisms may alter the
cerebellum similarly in order to induce plastic changes within the structure. Two studies
were performed in order to determine if it was possible to induce both cortical and
cerebellar learning, and if chiropractic care could alter motor output, via transcranial

magnetic stimulation measures, to facilitate this learning.

Study one set out to determine if motor sequence learning could result in altered
cerebellar and cortical processing and motor output. Results showed that following the
motor learning intervention, there was an alteration in intracortical inhibition of the motor
cortex, however no significant change in cerebellar output. Study two investigated if
subjects with subclinical neck pain had altered sensorimotor integration within the
cerebellum and motor cortex, and if chiropractic intervention could remedy this
alteration. Results from this study demonstrated that following a combined intervention
of motor sequence learning and chiropractic intervention, there was a modulation of
cerebellar output to the motor cortex with no modulation within cortical inhibitory

mechanisms.
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There have been no known studies to have reported cerebellar processing changes
following chiropractic manipulation, and few that have reported changes following motor
sequence learning. The combined results of these two studies indicate that people who
have subclinical neck pain have some form of altered sensorimotor integration which is
changed when receiving chiropractic treatment. It is also evident that there is a change in
cortical connections following MSL in the normal population, however a change in
cerebellar processing in SCNP patients following chiropractic treatment. Therefore, it is
evident that there is a modulation effect that occurs following chiropractic manipulation
in the cerebellum, and that the cerebellum plays a role in those patients with altered
afferent input. This is highly significant to future work in the field as this dysfunctional
cerebellar processing may have potential as a measurement tool to determine those SCNP
patients with disordered cerebellar integration and who may therefore be at risk of

developing chronicity.
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Section 3: Appendices
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Appendix 1: TMS Safety Checklist

TMS safety checklist:

The following questions are to ensure it is safe for vou to have TMS applied. If vou
answer ves to any of the questions below, we mav need to exclude vou from TMS

experiments.

QUESTION ANSWER
1. Do wou suffer from epilepsy, or have vou ever had an epileptic | Yes | No
seizure”’

2. Does anvone in vour family suffer from epilepsy? Yes | No
3. Do vou have anv metal implant(s) in any part of vour bodvor | Yes | No
head? (Excluding tooth fillings)

4. Do vou have an implanted medication pump? Yes | No
5. Do vou wear a pacemaker? Yes | No
6. Do vou suffer anv form of heart disease? Yes | No
7. Do vou suffer from reoccurring headaches®**? Yes | No
8. Have vou ever had a skull fracture or serious head injury? Yes | No
0. Have vou ever had anv head surgerv? Yes | No
10. Are vou pregnant? Yes | No
11. Do vou take anv medication or use recreational drugs Yes | No
(including marijuana)*?

12. Do vou suffer from anv known neurclogical or medical Yes | No
conditions?

Comments

Name

Signature

Date

*Noteif taking medication or using recreational drugs please read through the medication
list on the next page to see if vou use contraindicated drugs or medications. You donot
need to tell the researcher which medications or drugs vou use, unless vou wish to.
However, all researchers have signed confidentiality agreements and this information will
not recorded in writing, if vou do wish to discuss this issue.

**Dr. Murphy will meet with participants who answer ves to this question to seek further
information.

80

—
| —



Medications contraindicated with magnetic stimulation:

1) Tricychc antidepressants
Mame
amitriptyline (& butriptyling)
desipramine
dothispin hydrochloride
mipramme (& dibenzepm)

doxepin
clomipramine

1) Neuroleptic or Antipsychotic drugs

Brand

Elavil. Endep. Tryptanol. Trepiline
Prothiaden, Thaden

Tofranil

Pamelor

Qmpw . lnsidon

lm;uli ]

Asendm. Asendis. Defanyl. Demolox. Moxadil
Adzpm. Smequan

Anafranil

A) Tvpieal anl:ipsg.‘chul:ics
Phenothiaz

Thigzznthenss:

o Chlorpromazme (Thorazme) o Chlomrothmens
o Fluphenazme (Prolixin) o Flupenthixol (Depixol and Fluanxel)
o Pemphenazme (Tolafon) o Thiothmens (Navans)
o Prochlorperzzing (Comparing) o Zuclopsnthizel (Clopizel and Aguphase)
o Thionidazme (Mellari * Butyrophenones:
o Irifluopsrazime (Stelazme) o Haloperidol (Haldol)
o mm o Dropenidol

. . _ o Pmozids (Qtap)
o Iuﬂnpmmm (Vesprm) o Melperone
Levomepromazme (Nozman)
B) Atvpical antipsvchotics
Clozapme (Clozanl) Quetiapme (Seroquel)
* Dlanzapine (Zyprexa) = Ziprazidons (Geodon)
Palipenidons (Invega) * Amisulpride (Solian)

* Risperidons (Risperdal)

C) Dopamine partial agonists: Aripiprazole (Abilify)

D) Others
Svmbyax - A combmation of clanzzpine and fluoxetine used m the treztment of bipolar depression.
Igg{ahgmm, m m Camada ':md m m \m-t Zealamd and some parts of Europe

—
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Appendix 2: Project Consent Form

l IOIJ I : Associate Profassor Bernadatta Murphy
. Universite of Ontario Instituts of Technology

FALLERY NI COEY Faculty of Health Scisnces
2000 Simecos 5t. MNorth
Ozhawa, Ontario
CAMNADA LOB 110
Email: Bemadette Murphvifuoit.ca
Phona: (905) 721-B668 Fax: (005 721-3170

Eesearch Informaton for partcipant

Title: The reurophysislogical gffecty of spinal maripplogeor- TS April 2008 This study has received ethical
approval from the TOIT ethics commites (REB= 07-073)

Thiz iz a multi-pepfrz ressarch stedy being conducted by [y Bemadstte MMuphy ffom the Famulty of Health Scismces
at the University of Ontsio Testitgts of Tachnolesy (UOIT), in Oshawa, Ontario, Canads spd Dr. Haidi Tayles from
the Mow Zasland Collazs of Chiropractic in Audkland, New Zealand. Wa are investigating bow joint mandipulation
sltars pewophyziclogicsl finction inthe central merrous systam. In onder to do thiz we will nead to collsct zoms
information abput the way vour biain processes information and how it controls vous hand and forssrm muscles
befode and after 3 peried of chiropgactic care. We will also gt vou to complste some guestionnairss, which will
provids information egsmding your cunent fimctional capacity, level of pack pain (if any), and geners] mell beips

You are invited to participats in our resssrch snd we would sppreciste any assiztance wou can offer we. Your
participation in thiz stody iz antirely voluntsry {vouwr choeics) snd vou a= fe== to declins tsking pert in thiz stoedy. Youw
may alzp withdraw from the study at any time without giving a reazon. Thiz will in no way afec your firtms
chiropractic care andor academic progress, imsspective of whether of pot payment iz involved. Wa are seshing
p=ople with no mack of am problemsz 2= wall 3z those who have had 3 history of chrondc neck psin for at 1east thies
month: and are aged betwesn 18 apd 50, To petticipate in thiz study vou must complsts an aligibility cheddist in
conjunction with one of the rezsarchers, to snzwr= you are cligible to participant in thizs ressarch. You will alzo pesd to
complate 3 TS safsty checklizt.

Mleasurement sessions

Should vou asres to participats, we will pesd vou to atend up to two diffsrent evaluation sezzions. If vou am=
taking part in the :pinal mandipulstion component, wou will be soeoned by D Bomadstts Wlwphy in ooder to
determine and docement if thers iz evidenos of restricted joint movement in the joimts of vour neck. During =ach
avalpation session we Will colledt some information abowt the way vour bfain iz proceszing information fTom wowr
uppsr limb, and bhow it iz controlling hend spd forssmm musclss. Te do thiz it will be peceszary to placs zoms
glactrode: on your skin over thess hand, and fosesrmn, muscla:s to recoed the zignsl:s from vour brzin to thess musclas.
You may axparisnce zome mild dizcomfort a= vour zkin iz preparsd for the slactiedss by mbbing them with spacial
shrasive tape and then wiping the area with sloohol. It iz impostant to note that thess sre recosding elsctrods: only
and do not pisrcs the zkin and do not mn cerent theowsh vour body. The stimulation will only be over your scalp.
Owcasionally, zome people sxperience mild, trEnsisnt nanssa of scalp dizcomfort, dus to the activation of the scalp
muzclsz by the stimulaster If vou fesl uncomfortshls at any time during the =xpariment pleass notify the
exparimanter,.  Each svaluation zazziom will tsks spprosmimataly 2-3 howrs and you will be given feadback showt pour
rezults at each zeszion. If mrant funding iz obtzsined, we may be able to provids you with 2 $10 gasoline vouwcher for
attending the messwrsment zs:zions.

Aanipulation

If vou a2 in the group r=ceiving :pinal msanipulstion one of the esssrcher: will fill in an ligikdlity
guestionnaiss with vou to ensue vou are a switable candidats to receive spinal mandpulstion. If for any resson, vou as
oot Sn appropdists candidate for thiz stedy, we will withdrsw you fom the stody. Howsver, thiz will not impact in any
way on youf chitopractic cas.

Fisks and benefits
The bansfits of participating in thiz stody iz that vou will lsam more sbout your nack and am pain and pon
will recsive 3 fies trestment zaszion.  You will also be siding owr understanding of thesa cpstly and dizshling
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conditions. Omly =afs conventional lew amplitnde spinsl manipulation technigue: will be smploved in thiz stody.
Thaz= have besn uwsad by ouwr ressarch sroup in previouws stodies and no participant has repocted any {1l offacts ar &l
Mlost participants hawve had very positive improvemsnts in their outcome measwres. On oocasion, some participants
may sxpsrisnce soq=nes: tha day after their first treatment but thiz iz only tramsisnt. I any patticipant experisnce: an
unaxpectsd worsening of their condition 3= 2 result of their cae they will be withdrawn from the sedy and
enoouragsd to rsfem to their medicsl practitionsr for further advice. The swrface EMG techmigus:s have low nizks such
3z the perzon gstting a skin dimitstion fom the sloohol swab or slsctrode gal, but thess azsin a= moommon and Dot
zaripez.  hlasmstic stimulation iz 3 zafe procadure that allows we to stody the narea pathways that zo to the muscla: of
the hand. The stimulator produce: a clicking sound and then a mild twitching fesling can zomatimes ba {51t in the
zoalp musclss a2 wall &= the hand muscles.  Ococasionally, soms paopls sxpsrisnce mild, traneisnt zcalp dizcomfiort
dus to the activation of the zcalp musclss by the stimulator. Some peopls may sl:o sxpsrisnce Syperisnos neEwses of 4
mild beadacha Both thess reaction: a2 unoommon snd not serous. If you sxperience any of thess affects for longsr
than 24 bours afier the =tperiment please comtact the principal investigsior. Both thess feaction:s are uncommon and
oot serions. There are oo other specific risks associated with the procesdure: and the sguipment wied in the study.
Bacarza the masnstic field discharges zo gquickly ther= iz far less alsctromasmetic radistion than that from a televizion
of mobils phona. At any tims during the axpariment, af vour rageast we will stop the stimulation immsadiataly.

If the information you provide is r=portad of publizhed it iz done in 2 way that doss not idantify you a= itz
somrce.  The data will be stored in a locksd filing cabipst &t the Mew Zealand Collezs of Chiropractic for 10 veas
from the complation of the study after which it will be destroved.  You ae fies to withdraw from the data collection
at any tims up until the complstion of vour last data gathering zszzion. Omoe yvou have complstad the chiropractic
cara, vour data canmot be withdrasm, Taking part in thiz stody i= voluntary and wour decizion to taks part in thiz stody
{of not) will in po way influence vour r=lationship with your chiropractor and’of teacher

Thank wou very much for vour tims and halp in making thiz study possible.  If vou have any guerie:s of wizh
to kmow moge plessa contact [ Bemadetts Wwphy, an Aszociate Professor at the University of Ontario Institute of
Tachnolosy, Famlty of Haslth Bcisncas, 2000 Simoos 5t Worth, Ozhawa Omtarie, L1H TE4
Phon= (035) T21-B888 =xf 2778 Fax (005 711-3170

For any gueriss rearding thiz study, plesss comtact the TUOIT Fesasrch and Ethic: Committss Complisncs
officer {complisnca@ueit.ca and D03-T21-B868 =g 36030
Phon= {00 526 6780 =g 207 Foor (000 526 78R

The data fiom thiz resesrch will be submitted to scisotific conforence: and peer reviewsd jowmmals. At the
complation of the study, vou will be zant 3 summary of the resssrch finding: and any place whets the dats has be=n
publizhad. All publizhed data will be codad 20 that your data iz not identifisbla.

FPlease read the following before signing the consent form and remember to keep a copy for your own records.

» ] understand that taking part in thiz stedy iz voluntary (my cdeeics) and that I am fes to withdrsw fom the
study at any tima without giving 3 reazon and that thiz will inne way affect my firtere chitopractic cas
=nd'or acadsmic progress, imsspective of whether of Dot payment iz involwad.

#»  Thiz conzsnt form will be kept in a ledked filing cabinat af TH0IT, Ozhawa, Ontarie for a pericd of zovan
waarz bafioge being dastrovad.

#  The dats collectad in thiz stwdy will be kapt ina locksd filing csbinst, s=perats to consent forms, at THOIT,
Ozhawa, Ontario for 2 peried of 32van vears bafore being destroved.
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cevenennnens AET22 10 taka part in thiz fesasch
I hawa road and I undsrstand the information shest dated Apeil 2008 for woluntssrs taking part in the study
dazimnad to investizats the newophysiolosical affectz of spinal mandpulation. I have had the oppoctunity to
dizones thiz stody. I am zatizfiad with the snewers [ have beon given.

I will ba attending up to two 22zzsion: whers messwamants will be taken of tha slactrical activity in my

hand and foresmm muscls: following mamsnetic stimulation of my besin
& Thave complatad an aligibility chacklist to enswe I am aligibla to participant in thizs fesasnch,

o Thave complstsd a THhIS zafety checklist.

o Tundsrstand that I can withdraw any data I supply up tothe complation of my last messuremant zazzipn.

o Tundsrstand thst my perticipation inthizs stody iz confidentisl and that no materisl which could idantify ma

will ba wzad in any report: on thiz stedy.
# Ihave had tims to consider whether to tale part.
* Ilnow who tocontact if I have any side affects o the smdy.

¢ Ilmow who tocontact if I have any guaestion: about the chiropractic care of the study.

I give conzant for the data from thiz stedy to ba wzed in fohes reesach

&s long as thera iz noway that I can be identified in this rezearch. YTES |:| KO I:I
{tick ons=)

I would lika to rapsive 3 thost r=port shout the owtcomas of this

sty (tick ona) TES |:| MO I:I

Contact pembars of main rezeschers:
Dy Bemadatta Wwphy, Phona: = 803 721-B668 =gt 2778
D Haidi Hagvik-Taylor, Direct Dial Phone: = 640 526-2104 (Mow Zaaland)

FESEAFCHEFR. TO COMPLETE

Project explained by

Projact role:

5imnature: Doata:
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Appendix 3: Edinburgh Handedness Inventory

Edinburgh Handedness Inventory

Pleaze indicate your pI“fErEﬂtEi m the use ufhands m the fu]lum_ug activities By pumﬂa a check
in the appropriate column. Where th = =

a m&cﬁ in doth colummns.

Some of the activities listed below require the use of both hands. In these cases, the part of the
task, or object, for which hand preference iz wanted is indicated i parentheses.

Flease try and answer all of the questions, and only leave a blank if vou have ne experience at 2l
with the object or task

Left Right

. Writing

. Drawing

. Throwing

. Scissors

. Toothbrush

. Knife (without fork)

. Spoon

. Broom (upper hand)

0. Striking Match (match)
10. Opening box (lid)
TOTAL{count checks in
both columns)

Cea | =] o | | | Ll |

a7 77 717 0
i I I e (e e B B B
i I I e (e e B B B
i i I e (e R R B N B

Dhffersnce Cumulatrve TOTAL Fesult

Scoring:

Add up the number of checks in the “Left”™ and “Right™ columns and enter in the
“TOTAL" row for each column. Add the left total and the right total and enter in
the “Cumulative TOTAL"™ cell. Subtract the left total from the right total and enter
in the “Difference”™ cell. Divide the “Difference”™ cell by the “Cumulative
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TOTAL" cell (round to 2 digits 1f necessary) and multiply by 100; enter the result
in the “Result”™ cell.

Interpretation (based on Result):
below -40 = left-handed

between -40 and +40 = ambidextrous
iajr;gm%[] = right-handed
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Appendix 4: Neck Disability Index (NDI)

MNeck Disability Index

SECTION 1 - PAIN INTENSITY

a
a
a
a
a
a

I have no neck paln at the momeant.

The paln ks very mild at the moment.

The paln ks moderate at the moment.

The paln I falriy ssvers at the moment.

The paln ks wery asvers at the moment.

The paln ks the worst Imaginable at the moment.

SECTION 2 - PERSONAL CARE

a
a
a
a
a
a

I can look after myssll normally without causing

aeira neck paln.

I can look after myssll normally, but It causss

gutra nmg]n.

It k& painful to look after mysaif, and | am slow and carsful
I negd 2ome help but manags mest of my personal cars.
I need help svery day in most aspects of sslf -cars.

1 e not get dresssd. | wash with difficulty and

stay In bed.

SECTION 3 — LIFTING

a
a

1 can It haavy welghts without causing exira neck pain.
1 can It haavy welghts, but It gives me axira neck pain.
Mack pain prevents me from IIfing heavy welghts off
the Moor bat | can manags IT arg convenlently

, b2, 0N a table.
Meck pain prevents me from IIfEing heavy walghts, but |
can manage light welghts If thay are conwanlently

positionad
I 'can It only very lght walghta.
1 cannot 1Ift or carry anything at all.

SECTION 4 — READING

O 0O Doooo

| can read as much a8 | want with no neck pain.

| can read a8 much 3z | wani with slight nsck pain.
Icmmmmmlwmmmmm
| cam't read as much as | want bacauss of

neck pain.

| can't read as much as | want bacauss of asvers
neck pain.

| cam't read at all.

SECTION 5 — HEADACHES

oooooo

| have ne haadaches at all.

| hawe slight headaches that come Infrequenty.

| hawe modarate headaches that coms Infraqueny.
| hawe modarate headaches that come frequently.

| hawe severs headaches that come fraquently.

| have headaches simoat all the time.

PATIENT NAME

THIS QUESTIOMMAIRE IS DESIGMED TO HELP LS BETTER UNDERSTAND HOW YOUR NMECK PAIN AFFECTS
YOUR ABILITY TO MAMAGE EVERYDAY -LIFE ACTIVITIES. PLEASE MARK IN EACH SECTICN THE ONE BOX
THAT APPLIES TO YOLL.
ALTHOUGH YOU MAY CONSIDER THAT TWO OF THE STATEMENTS IN ANY ONE SECTION RELATE TO YOU,
PLEASE MARK THE B0X THAT MOST CLOSELY DESCRIBES YOUR PRESENT -DAY SITUATION.

SECTION 6 — CONCENTRATION

poooopo

| can concentrate fully without difficulty.

| can concentrate fully with siight dificurty.

| have a falr degres of dificulty concemtrating.
I have a lot of difficulty concentratimg.

| have a great deal of difficulty concentrating.
| zam't concantrate at all.

SEcTION 7 — WoRK

poopBpo

| can do 38 much work a2 | want

| can ﬂl“]' do my waual work, but no more.

| can ﬂﬂ-ﬂmml’l’l]' usual work, but no mons.
| can't do my usual Work.

I can haraly do any work at all.

I can't do any work at all.

SecTioN 8 — DRIVING

oo opoo

| can drive my car without neck pain.

| can drive miy car with only slight neck pain.

| zan drive ag long as | want with moderate neck pain.
| can't drive a8 long a8 | want becawss of moderate
nack pain.

| can hardly drive af sl becauss of sevens neck pain.

| can't drive my care at all becauss of neck paln.

SECTION 9 — SLEEFING

oopooBpo

| have no trouble sleeping.
My slesp Is alightly disturbed for lsss than 1 hour.
My slesp |2 mildly disturbed for up to 1-2 hours.

My slesp |s modsrately disturbed for up to 2-3 hours.
My =lesp I= greatly disturbed for up to 3-5 hours.
My slesp Is complstely disturbed for up to 5-7 hours.

SecTiON 10 — RECREATION

oo g B @ a

| am abla fo engags In all my recreational activities with
no neck palm at all

| am abla fo engags In all my recraational activitias with
S0AME NEck pain.

1 am abds fo engags in most, but not ail of my recreational
acfivitlas bacauss of pain In my neck.

1 am abla fo engage In a few of my recraational activities
becauss of neck pain.

| can hardly do recraathonal activittes dus te neck paln.

| can't do any recreational aciivities dus fo neck pain.

DaTe

ScoRE =0

CoryrIgHT. VEAnNON H & Hacino C, 1331
HVERNONEDCMOT.CA
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Appendix 5: Chiropractic Patient Examination Form

Subject #: Date:

Name: Code:

Age: DOE: Ph=:

Sex: M /F Mobile:

VBI test:  Left side Right side

Current problem area (Neck/shoulder/elbow/forearm/wrist'hand)
Location

Omnsat

Palliative provocative

Quality

PFzgion/radiation

Severity outof 10

Timine (when doss it ooeur)

(how long have yvou had this problam)

Pravions zpizodas {if raoceurring, how oftan)

Pravious treatments for this conditions and outcomas

Previous head'neck mjury: Y /N

Previous chiropractic treatments: Y /N
If ves, details:

Previous trauma: Y / N

Previous surgery: ¥ /N

Enown conditions: ¥/ MW

Current medication: ¥ /N
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Orthopedic tests: Trigger points present:
Tinels

Phalens
Bracelet

Upper limb Reflexes:
C5
C6
c7

Upper limb muscle strength (note if pain on testing):

Lateral daltoid
Supraspinatus
Anterior daltoid
Taras minor
Subscapularis
Bicaps

Tricaps

Wrist axtansors
Wrist flaxors
Supinstion
Pronation
Triceps

Triceps

Chiropractic Pre-check notes and care plan
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Additional problem area (Neclk/shoulder/elbow/forearm/wrist’hand)

Location

Omnszat

Pallistiva/provocativa

Craality

Eagion/radiation

Saverity out of 10

Timing

Pravious apisodas

Previous treatrnents for this conditions and cutcomes

Additional problem area (Neck/shoulder/elbow/forearm/wrist'/hand)

Location

Cmsat

Palliativa/provocative

Quality

Bapion/radiation

Severity out of 10

Timing

Pravious episodas

Previous treatments for this conditions and outcomes
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Table | Diaggmastic criversa for wpper Fimb divomders propesed by che HSE Whnkshop (adapiod from Horringam o of, 1995

Dhewrden Dhap v vt

Fotaior cuff ieradie i Hinsony af pusiss 2= st Aclione) rogaom amd s o riited sove moversent {abdiction - supripuiatus: oxiernal potation
- mfrwpenatys; ibormall rocecon « IsCIpEETR

Bacipatd 1tpdmetn Hiniory of meterson shoubder pain and pusn ve seiied sotive Betion on wepization of focearm:

Shevelder capvelien (fouen daoubler Histrery of ity it defuoid wre end oigeal epatracnicn of st asud pineny glenobumen] movereny wigh capusbie
pumeen [ensereal recatson > abductn,  miornall rotston)

Lateral epacondylti Epspondybar piss and spbiosadvlin bendierncs and paie on ransad smemaon of de arn

Wadul epicoadybris Epcorndylar pan o spionndylar tendersei and pain on resined Semion of the wrist

D v s dcine of {56 wmt Post e the radial sty amd nesadzy yorellng of first et Oompartmint and v paom reproduoed by rewssad
thvarmly eamermiion o positne Fisbtisnn’s e

Tetrimovis of wrns Pun e rowernnt localned 8o the smdon dhoatin in the wriss and veproducuon of puin by reiied st mormmmi

Carpal nmn wyndnoms: Pt o pusesithinis of scmofy kns i (e mndion nerve dusribution s o of Tinels lew: posites, Plales’s sey
positive, soctuimal oacerbason of sympieom, meower fee with saating of abducion pellios beove, abaccrsal nerve
oondiscras, e

Sna-spociic diffme frecwm paon P n gse Sotcarm o the sbactis of 5 il dugnaos of patholegs {ometimes iclode: low of funcie. wels,

ey, rnpcle smdmios, alledvan, sowing of Ene movemean

The subjects diagnosis based on the above criteria
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