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CHAPTER 1
INTRODUCTION

1.1 Background and rationale

Neck pain and low back pain are frequently found in general population. The
majority of research around the world indicates that most adults will experience an
episode of neck pain or low back pain at some point during their lifetime. The ranges
of 1-year prevalence of neck pain and low back pain were 16.7%-75.1% and 36%-72%,
respectively (Dunn et al. 2004, Barrero et al. 2006, Fejer et al. 2006, Ihlebzk et al.
2006, Pedisic et al. 2013). In Thailand, the 1-year prevalence of neck pain ranges from
26% to 70.3% (Janwantanakul et al. 2008, Pensri et al. 2009, Dajpratham et al. 2010,
Polruk et al. 2014) and the 1-year prevalence of low back pain ranges from 34% to
73.3% (Janwantanakul et al. 2008, Pensri et al. 2009, Dajpratham et al. 2010,
Prombumroong et al. 2011, Puntumetakul et al. 2011, Taechasubamorn et al. 2011).

The concomitant findings of neck pain in patients with low back pain and vice
versa are common (Hill et al. 2004, Hoving et al. 2004, 1Jzelenberg et al. 2004, Childs
et al. 2008). Although various causes can be responsible for these findings, it is
postulated that the poor performance of core stabilizer muscles in the neck and low
back might play a role in the development of pain in the area that initially has no
symptom. It was found that a number of people with neck pain for 4 to 12 months but
had no low back pain showed poor performance of back core stabilizer muscles
(Moseley 2004). When these people were followed for two years, approximately 75%

of those who previously possessed poor performance of back core stabilizer muscles



reported low back pain (Moseley 2004). However, no studies have demonstrated the
similar phenomenon in patients with low back pain who initially do not have neck pain
whether they would possess poor performance of neck core stabilizer muscles.

In the literature, the performance of core stabilizer muscles was defined as the
strength and endurance of the muscles. The test commonly used for assessing the
performance of core stabilizer muscles of the cervical spine is the craniocervical flexion
test (CCFT) while it is the abdominal drawing in test (ADIT) for the performance of
core stabilizer muscles of the lumbar spine. For an objective measurement in research
study and clinical setting, these tests have been found to use in conjunction with a
pressure biofeedback unit. The results suggest that these tests are able to discriminate
between asymptomatic and neck pain or low back pain patients (Hodges et al. 1996,
Jull et al. 1999, Cairns et al. 2000, Jull 2000, Falla et al. 2004, Jull et al. 2004,
Fernandez-de-las-Pefias et al. 2007, Falla et al. 2011). When testing with the CCFT for
neck muscle performance, it is recommended that three data should be recorded (Jull et
al. 2008). First, the activation score which represents the strength of the neck core
stabilizer muscles is the highest pressure level that a person can maintain while holding
the neck steady in craniocervical flexion position for 10 seconds. Second, the
performance index which represents the endurance of the neck core stabilizer muscles
is the value of the activation score multiplied by the number of successfully repetitions.
With the ADIT for back muscle performance, the amount of pressure change that a
person can reduce from baseline and hold steady for 10 seconds is recorded which is
used to indicate the strength and endurance of the back core stabilizer muscles

(Richardson et al. 1995, Garnier et al. 2009).



With neck pain and low back pain, the strength and endurance of core stabilizer
muscles in the area of pain are found to reduce when comparing with asymptomatic
individuals (Hodges et al. 1996, Hodges et al. 1998, Cairns et al. 2000, Jull 2000,
Nederhand et al. 2000, Falla et al. 2004, Jull et al. 2004, Falla et al. 2011). In the spine,
core stabilizer muscles are the muscles that lie deep closed to the spine and help
stabilizing the spine during function. In the cervical spine, these muscles that are
considered as core stabilizer muscles are deep cervical flexor muscles such as longus
capitis and longus colli muscles while the main core stabilizer muscle of the lumbar
spine is transversus abdominis muscle (Richardson et al. 1995, Jull et al. 2008).

In consideration of the ability of the motorneurons to increase their excitability
at the multiple sites along the motor pathway (Hodges et al. 2011), it is therefore
possible that the sites where abnormal muscle control or poor muscle performance
occurs would not be limited only to the anatomical site of pain. With poor performance
of core stabilizer muscles in one spinal area, biomechanical demands would be posted
on the other spinal segments in order to compensate for the alteration in postural
strategy (Moseley 2004). Together with sustained and repetitive use in an altered spinal
biomechanics for prolonged duration, further adaptation or compensation in the
muscles, i.e. hypertrophy, atrophy, lengthening, shortening, stiffness, weakness, and
recruitment pattern alteration would then take place (Sahrmann 2010). Consequently,
an alteration in function of muscles other than those specific muscles in the painful site
would be plausible.

The aims of this study were to examine the performance of neck stabilizer
muscles in people with low back pain and the performance of back stabilizer muscles

in people with neck pain in subacute and chronic conditions.



1.2 Research questions

1) Were there any differences in the performance of back stabilizer muscles in
individuals with subacute neck pain, chronic neck pain, and asymptomatic
conditions?

2) Were there any differences in the performance of neck stabilizer muscles in
individuals with subacute low back pain, chronic low back pain, and
asymptomatic conditions?

3) Did level of core stabilizer muscles performance correlate with severity of

pain and disability?

1.3 Primary objectives
1) To compare the performance of back stabilizer muscles in individuals with
subacute neck pain, chronic neck pain, and asymptomatic conditions.
2) To compare the performance of neck stabilizer muscles in individuals with
subacute low back pain, chronic low back pain, and asymptomatic

conditions.

1.4 Secondary objectives
1) To identify the correlation between level of performance of back stabilizer
muscles and severity of neck pain.
2) To identify the correlation between level of performance of neck stabilizer
muscles and severity of low back pain.
3) To identify the correlation between level of performance of back stabilizer

muscles and disability of neck pain.



4)

To identify the correlation between level of performance of neck stabilizer

muscles and disability of low back pain.

1.5 Hypotheses

1)

2)

3)

4)

5)

6)

There would be statistically significant differences in the performance of
back stabilizer muscles in individuals with subacute neck pain, chronic neck
pain, and asymptomatic conditions.

There would be statistically significant differences in the performance of
neck stabilizer muscles in individuals with subacute low back pain, chronic
low back pain, and asymptomatic conditions.

The level of performance of back stabilizer muscles would negatively
correlate with severity of neck pain.

The level of performance of neck stabilizer muscles would negatively
correlate with severity of low back pain.

The level of performance of back stabilizer muscles would negatively
correlate with disability of neck pain.

The level of performance of neck stabilizer muscles would negatively

correlate with disability of low back pain.

1.6 Scope of the study

This study investigated participants with neck pain or low back pain and their

age- and gender-matched controls.



1.7 Expected benefit
The results of this study would provide physical therapists an evidence for
early intervention for preventing neck pain in individuals with low back pain as well

as to prevent low back pain in individuals with neck pain.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter describes the spinal stabilization system, core stabilizer muscles of
the cervical and the lumbar spines, tests for core stabilizer muscle performance, tools
for measuring performance of core stabilizer muscles, performance of core stabilizer
muscles in pain conditions, relationship between neck pain and low back pain, and

conceptual framework of the study.

2.2 Spinal stabilization system

Spinal column consists of 33 vertebrae including seven cervical, 12 thoracic,
five lumbar, five sacral, and four coccygeal bony segments. Vertebrae in each region
has a distinct morphology which reflects its specific function and movement potential
(Neumann 2010). Of all moveable vertebrae, cervical vertebrae are the smallest and the
most mobile. They align between the skull and the first thoracic vertebra which form a
lordotic curve of approximately 30-35 degrees (Neumann 2010). Thoracic vertebrae are
located between cervical and lumbar regions which form a kyphotic curve of
approximately 40-45 degrees. Lumbar vertebrae form a lordotic curve of approximately
40-50 degrees (Neumann 2010) Sacral and coccygeal segments are fused together.

The spinal stabilization system consists of three subsystems including passive,
active, and neural control subsystems that provide both static and dynamic stability

(Figure 2.1) (Panjabi 1992).



The passive subsystem includes vertebrae, facet articulation,
intervertebral discs, spinal ligaments, and joint capsules that cannot
voluntarily generate spinal motions by themselves. These structures help
limit spinal motion when they are stretched. For bony structures, the
shape of their articular surfaces that form a joint indicates the degree of
stability (Comerford et al. 2001). If the articular surfaces are perfectly
fit with each other, the joint will have high stability. Impairments in the
passive subsystem might be caused by mechanical injury such as
overstretch of the ligament, microtrauma of the vertebra, or extrusion of
the intervertebral disc.

The active subsystem includes muscles and tendons that surround the
spinal column and can generate force to help stabilize the spine. These
structures are required to have high endurance rather than high strength.
In general, muscles of the spine can be categorized into two groups, i.e.
global and local muscles (Bergmark 1989). Global muscles are
superficial muscles that generate movements and can stabilize multiple
segments of the spine. Local muscles or core stabilizer muscles attach
closed to the spine and function to provide segmental stabilization to the
spine. The core stabilizer muscles are early activated before any body
movements. Impairment of the active subsystem is presented as an
altered pattern of muscle function in that the global superficial muscles
are recruited prior to the local core stabilizer muscles.

The neural control subsystem or nervous system includes force and

motion transducers that locate in ligaments, tendons, and muscles. They



provide the information regarding muscle length and muscle tone to the
central nervous system which use it for adjusting tension within the
muscles. Impairment of the neural control subsystem can influence

functions both of the passive and the active subsystems.

Nenral

control
subsystem

Passive Active
subsystem subsystem

Figure 2.1 The spinal stabilization system (from Panjabi, 1992)

When there is an impairment in any subsystems, the remaining subsystems have
to work more for maintaining the spinal stabilization. With inadequate compensation
for the impairment, the spine will lose its stiffness and become unstable. Greater range
of movement in the neutral zone which is defined as a zone within the physiological
range that provides no restraint for any movements (Panjabi 1992) becomes larger. The
large neutral zone would therefore put the spine into the condition of minimal protection

from any stress and strain. The spine would be at risk of injury and pain.
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2.3 Core stabilizer muscles of the lumbar and the cervical spine
2.3.1 Core stabilizer muscles of the lumbar spine

All muscles of the lumbar spine can function as spinal stabilizer. They can be
categorized into tertiary, secondary, and primary stabilizer muscles (Richardson et al.
1992, Norris 1999). The tertiary stabilizer muscles are the superficial muscles that
attach between thoracic cage and pelvis which include the rectus abdominis and erecter
spinae muscles. They primarily move the spine but can stabilize the spine in the
presence of pain or when the spine is under high load.

The secondary stabilizer muscles are located deeper than the primary stabilizer
muscles. They consist of the internal abdominal oblique, external abdominal oblique,
and quadratus lumborum muscles. They do not only provide stability to the spine but
also act to move the spine.

The primary stabilizer muscles are the deepest trunk muscles which consist of
four muscle groups. These muscles enclose abdominal cavity (Richardson et al. 1995,
Hodges 1999, Agur et al. 2013). They are the transversus abdominis, deep fibers of the
lumbar multifidus, diaphragm, and pelvic floor muscles (Figure 2.2). Transversus
abdominis muscle originates from iliac crest and inner surfaces of the cartilages of the
lower six ribs at which it interdigitates with diaphragm muscle before ending on the
thoracolumbar fascia. The deep fibers of lumbar multifidus muscle span over two
vertebral segments which are suitable for controlling intervertebral shear and torsion
without generating torque (MacDonald et al. 2006). Diaphragm muscle attaches on the
sternum and xiphoid process anteriorly, the costal margin laterally, and the first three
lumbar vertebrae and the arcuate ligaments posteriorly. Pelvic floor muscles attach

between pelvic bone and the sacrum. When the transversus abdominis muscle contracts,
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it also induces contraction of pelvic floor muscles contraction (Sapsford et al. 2001).
The primary stabilizer muscles cannot create significant joint movements but their
contraction raises intra-abdominal pressure which helps stiffening the lumbar spinal
segments and the sacroiliac joints (Hodges 1999, Richardson et al. 2002). As a result,
the neutral zone would be reduced (Richardson et al. 1995, Neumann et al. 2002,

Hodges et al. 2003, Hodges et al. 2005).

Diaphragm /

Transversus
abdominis

Lumbar multifidus
(deep fibers)

Lumbar multifidus / §

(superficial fibers) R . 5
y 2 2
‘ .l L
Pelvic floor = | l ’
\\.\;‘-.: ~) _(_A;.

Figure 2.2 The core stabilizer muscles of the lumbar spine: transversus abdominis,
lumbar multifidus, diaphragm, and pelvic floor muscles (from Hodges, 1999)

To be claimed as a core stabilizer muscle, it is proposed that the muscle has to
possess specific characteristics. They are postural control muscles. In the lumbar spine,
it was shown that the transversus abdominis and lumbar multifidus muscles were
activated earlier than the prime movers of the upper and lower extremity movements
(Hodges et al. 1996, Hodges et al. 1998, Moseley et al. 2002, Marshall et al. 2003). In
healthy subjects, the transversus abdominis muscle was activated at 38.90+20.00,
24.17+25.00, and 24.80£22.00 milliseconds before the activation of the prime mover

muscle for shoulder flexion, abduction, and extension, respectively (Figure 2.3)



12

(Hodges et al. 1996). The lumbar multifidus muscle was slightly activated at
9.30£32.00 milliseconds after the activation of the prime mover muscle for flexion, but
more activated at 56.8+54.00 and 74.10+£54.00 milliseconds after the activation of the
prime mover muscle for abduction and extension (Hodges et al. 1996) Furthermore, the
transversus abdominis muscle was activated at 86.00+40.00, 57.00+38.00 and
71.00£35.00 milliseconds before the activation of the prime mover muscle for hip
flexion, abduction, and extension, respectively (Figure 2.4) (Hodges et al. 1998). The
lumbar multifidus muscle was activated before or after than 50 milliseconds of the
prime mover muscle activation for hip flexion abduction, and extension, respectively
(Hodges et al. 1997).

The earlier activation than the prime mover is considered as a feedforward
postural control that maintains balance and provides stability to the spine before
perturbation (Shumway-Cook et al. 2012). EMG onsets of core stabilizer muscles
between 150 milliseconds before and 50 milliseconds after prime mover muscle
activation are considered as feedforward postural control (Falla et al. 2004). As a result,
the transversus abdominis and lumbar multifidus muscles are important core stabilizer

muscles of the lumbar spine.
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Figure 2.3 The activation of transversus abdominis and lumbar multifidus muscles
during shoulder flexion, abduction and extension of normal subjects (from Hodges et.
al., 1996)

AD = anterior deltoid muscle, MD = middle deltoid muscle, PD = posterior deltoid
muscle, TrA = transversus abdominis muscle, 10 = internal abdominal oblique muscle,
EO = external abdominal oblique muscle, RA = rectus abdominis muscle and MF =
lumbar multifidus muscle

Flexion Abduction Extension

onset onset onset onset onset onset
TrA RF TrA  TFL TrA GM

RF ——-T'—'-"" TFL GM
TrA M’\-‘MW" TrA TrA
ol : ol ol
OE OE OE
RA RA RA
MF MF MF

—
100 ms

Figure 2.4 The activation of transversus abdominis muscle during hip flexion,
abduction and extension (from Hodges et. al., 1997)

RF = rectus femoris mudcle, TFL = tensor fascia latae muscle, GM = gluteus maximus
muscle, TrA = transversus abdominis muscle, Ol = internal abdominal oblique muscle,
OE = external abdominal oblique muscle, RA = rectus abdominis muscle and MF =
lumbar multifidus muscle
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2.3.2 Core stabilizer muscles of the cervical spine

The role of muscles of the cervical spine in cervical stability has been studied
in recent decade. It has been demonstrated that the deep cervical flexor and deep
cervical extensor muscles play a significant role in providing stability in the cervical
spine (Schomacher et al. 2013). Deep cervical flexor muscles include longus capitis and
longus colli muscles (Figure 2.5) (Mayoux-Benhamou et al. 1994, Neumann 2010,
Agur et al. 2013). Longus capitis muscle attaches from occipital bone to transverse
processes of three to six cervical vertebrae. Longus colli muscle attaches from the first
cervical vertebra, bodies of one to three cervical vertebrae, and transverse processes of
three to six cervical vertebrae. It helps maintain normal lordosis of the cervical spine.
Posteriorly, the deep cervical extensor muscles include cervical multifidus,
semispinalis cervicis, and cervical rotatores muscles (Figure 2.6) (Boyd-clark et al.
2001, Schomacher et al. 2013). They attach between transverse processes and spinous
processes of the cervical vertebrae, with the exception of the cervical rotatores muscle
attached between transverse process and the two superior segments (Agur et al. 2013).
Their action is craniocervical extension.

Other cervical muscles that lay superficially such as anterior scalene and
sternocleidomastoid muscles are not considered as core stabilizer muscles. Their
primary function is to produce torque than stabilization to the cervical spine (Conley et

al. 1995).
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Figure 2.5 The deep cervical flexor muscles: longus capitis and longus colli muscles
(modified from Agur et. al., 2013 page 334)

Semispinalis cervicais

Figure 2.6 The deep cervical extensor muscles: cervical multifidus, semispinalis

cervicis, and cervical rotatores muscles (modified from Agur et. al., 20 13 page 789)
Previous studies reported an early activation of deep cervical flexor muscles

before the prime movers that produced upper extremity movements (Falla et al. 2004,

Falla et al. 2004, Falla et al. 2011).
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In normal subjects, activation of deep cervical flexor muscles were reported less
than 50 milliseconds before prime mover muscles of shoulder flexion (Figure 2.7)
(Falla et al. 2004). The cervical spine has no structure to create the cavity for
stabilization same as lumbar spine. However, contraction of deep cervical flexor muscle

is mainly used for stabilization.
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Figure 2.7 The activation of deep cervical flexor muscles during shoulder flexion (from
Fall et. al., 2004)

DCF = deep cervical flexor muscles, AS = anterior scalene muscle and SCM =
sternocleidomastoid muscle

For deep cervical extensor muscles, the activation in normal subjects were early
activated before superficial cervical extensor muscles during cervical extension in
craviocervical neutral comparing with chronic neck pain subjects (Figure 2.8) (Elliott

etal. 2010, O'Leary et al. 2011).
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Figure 2.8 The activation of deep cervical extensor muscles during cervical extension
in craniocervical neutral exercise (from O’Leary et. al., 2011)
Mul/Sce = cervical multifidus/semispinalis cervicis muscles, SpC = splenius capitis
muscle and SCa = semispinalis capitis muscle
2.4 Tests for core stabilizer muscle performance
2.4.1 Craniocervical flexion test (CCFT)

The CCFT examines the performance of deep cervical flexor muscles. It
represents the ability of an individual to maintain a low intensity contraction of deep
cervical flexor muscles in craniocervical flexion for a certain period (Jull et al. 2008).
To be successful, the head nod action has to be performed with minimal superficial

cervical flexor muscle activity and in absence of any other substitution strategies such

as cervical extension.
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2.4.2 Abdominal drawing-in test (ADIT)

The ADIT assesses the performance of co-contraction of deep abdominal and
back muscles: transversus abdominis and lumbar multifidus muscles (Richardson et al.
1995). It can be done in many starting positions such as four-point kneeling, supine
crooking lying, prone lying and wall support standing positions (Richardson et al. 1995,
Norris 2001). During testing, a person is instructed to contract the lower abdominal
muscles towards the lumbar spine. No movements of the spine or pelvis which usually
occurs with the contraction of the superficial abdominal muscles are allowed. To be

successful, the contraction must be held with normal breathing.

2.5 Tools for measuring performance of core stabilizer muscles
To objectively measure the performance of core stabilizer muscles, several tools
have been used during the CCFT for neck stabilizer muscle performance and the ADIT

for back stabilizer muscle performance.

2.5.1 Magnetic resonance imaging (MRI)

MRI uses strong magnetic fields and radio waves to field gradients to generate
images of the organs and tissue in the body. It is a goal standard instrument for
measuring cross-sectional area of a muscle (Hides et al. 2006, Cagnie et al. 2008).
When muscle contracts, its cross-sectional area increases. Thus, the greater cross-
sectional area during contraction will represent the greater muscle activity. The person
who has pain tends to have a smaller cross-sectional area when comparing with normal
subjects during the CCFT for neck stabilizer muscle performance and the ADIT for

back stabilizer muscle performance (Cagnie et al. 2010, Gildea et al. 2013). The use of
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the MRI to measure core stabilizer muscle performance was shown to have excellent
intra-rater (ICC = 0.84-0.95) (Hides et al. 2006) and inter-rater reliabilities (ICC = 0.94)
(Cagnie et al. 2008). However, this instrument is expensive and requires a specialist for

operation.

2.5.2 Ultrasound imaging

Ultrasound imaging uses high-frequency sound waves to create images of
organs and tissues within the body. It measures muscle activity by measuring the
change in thickness or cross-sectional area during muscle contraction. The greater
increase in muscle thickness represents the greater muscle activity. Changes in
thickness from resting baseline values during the CCFT for neck stabilizer muscle
performance and the ADIT for back stabilizer muscle performance were found to be
lesser in subjects who had neck pain or low back pain (Hides et al. 1994, Jesus et al.
2008, Jun et al. 2013). This measurement was reported to provide excellent intra-rater
(ICC =0.88-0.98) (Jull et al. 2007) and inter-rater reliabilities (ICC = 0.93) (Teyhen et
al. 2005). Moreover, the results from the ultrasound imaging were found to have
excellent correlation with those of the MRI (r = 0.99) (Reeves et al. 2004). However,

this instrument is expensive and requires a specialist for operation.

2.5.3 Electromyography (EMG)

EMG is an instrument that is widely used as a gold standard instrument for
measuring muscle activity (Soderberg et al. 2000). This instrument records the
electrical current from muscle activity or myoelectric which is referred to as a

myogram. Two types of electrode used with the EMG can be classified as invasive and
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non-invasive electrodes. The invasive electrode needs to be inserted into the body
which include fine-wire and nasopharyngeal electrodes. The non-invasive electrode is
usually placed over the skin where the muscle locates.

Fine-wire electrode measures muscle activity of core stabilizer muscles by
inserting a fine wire into a muscle fiber (Hogrel 2005). With this technique, a researcher
can be sure that the detected muscle activity is from the muscle of interest. Deep situated
muscle can also be studied. However, the penetration of a fine wire through the skin
can cause pain and microtrauma to the muscle. A number of studies used fine-wire
electrode for measuring the performance of transversus abdominis and lumbar
multifidus muscles (Hodges et al. 1996, Hodges et al. 1997, Hodges et al. 1998, Hodges
et al. 1999, Hodges et al. 1999, Hodges et al. 1999, Hodges et al. 2000, Moseley et al.
2002, Neumann et al. 2002).

Nasopharyngeal electrode is a specially developed electrode that is inserted
through the nose to be attached on the posterior wall of the oropharyngeal cavity (Figure
2.9) (Fallaetal. 2003). A positive linear relationship was evident between the amplitude
of deep cervical muscle activity and the progressive stages of the CCFT. This
measurement demonstrated high reliability with low variability in the within-subject

values that ranged from 6.7% to 10.3% (Falla et al. 2003).

Surface electrode can measure muscle activity from a large area. It is
recommended to be better than the fine-wire electrode when measuring muscles that lie
superficially (Hogrel 2005). However, the results can be confounded by crosstalk
skinfold thickness of target area (Neumann et al. 2002). The point for electrode
placement for the transversus abdominis muscles during the ADIT is at two centimeters

anterior to the proximal end of a line drawn vertically from the anterior superior iliac
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spine (Hodges et al. 1996) or at horizontally at two centimeter inferior and medial to
the anterior superior iliac spine (Chanthapetch et al. 2009). Other placements have also
been reported (O'Sullivan et al. 1997, Marshall et al. 2003, Moseley et al. 2005). For
the lumbar multifidus muscle, the placement is at the fourth and fifth lumbar vertebral
interspace and two centimeters lateral to the spinous process (Hodges et al. 1996). This
method showed excellent intra-rater (ICC 0.84-0.97) (Dankaerts et al. 2004) and inter-

rater reliability (ICC = 0.90) (Marshall et al. 2003).
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Figure 2.9 The nasopharyngeal electrode (from Falla et. al., 2003)

Besides the use of EMG for measuring muscle activity, it is also used for
providing biofeedback during a training program. This is known as an EMG
biofeedback. A specific level of muscle activity is set as a target and the EMG
biofeedback will show visual, auditory, or other signals to indicate that the target is

reached.
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2.5.4 Pressure biofeedback unit

A pressure biofeedback unit is used not only to evaluate activity of the
abdominal and neck muscles but also to provide biofeedback to the patients during
exercise interventions (Lima et al. 2012). The unit consists of a three-chamber air-filled

pressure bag, a catheter and a sphygmomanometer gauge (Figure 2.10).

Figure 2.10 The pressure biofeedback unit

The CCFT for neck stabilizer muscle performance is measured by placing the
pressure biofeedback unit below the occiput while a person lays supine (Figure 2.11)
(Jull et al. 2008). Then, the pressure biofeedback unit is inflated to 20 mmHg. The
person is requested to slowly feel the back of his/her head slide up the plinth in a head
nod action. The pressure dial should elevate while the person keeps normal breathing
pattern and holds the pressure for 10 seconds. The pressure shown on the pressure dial
represented the performance of the core stabilizer muscles of the cervical spine. The

highest pressure level that a person could achieve 10-second holding is recorded as an
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activation score to represent the strength of the neck core stabilizer muscles. The score
that is a result of the multiplication of the activation score with the number of
successfully repetitions is known as the performance index is also recorded to indicate
the endurance of the neck core stabilizer muscles (Jull et al. 2008).

This method was proved to be valid with a positive correlation between the
craniocervical flexion range of motion and the deep cervical flexor muscle activity from
an EMG using nasopharyngeal electrode (r = 0.56) (Falla et al. 2003). The increasing
angle of craniocervical flexion during testing was found to be associated with an
increasing EMG amplitude in the deep cervical flexor muscles. Furthermore, the
activation score demonstrated excellent intra-rater reliability (ICC = 0.81, standard
error of measurement = 1.48-1.84 mmHg) and inter-rater reliability (ICC = 0.86,
standard error of measurement = 4.30-4.53 mmHg) (Juul et al. 2013). The performance
index demonstrated excellent intra-rater reliability (ICC = 0.78-0.93) (Jull et al. 1999,
Hudswell et al. 2005, Fernandez-de-las-Pefias et al. 2007) and moderate inter-rater

reliability (ICC = 0.54) (Hudswell et al. 2005).
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Figure 2.11 The craniocervical flexion test (from Jull, O'Leary et al., 2008)

The ADIT for back stabilizer muscle performance is commonly measured in
two positions, i.e. prone and supine. For prone position, a pressure biofeedback unit is
placed under abdomen in line with right and left anterior superior iliac spines (Figure
2.12) (Richardson et al. 1995). The pressure biofeedback unit is inflated to 70 mmHg
and the person is asked to draw abdomen towards the spine with normal breathing to
reduce the pressure for 4-10 mmHg without spinal movement from superficial muscles
such as rectus abdominis muscle and hold for 10 seconds. The pressure change is
recorded as the performance of the lumbar stabilizer muscles. For supine position, the
person is in supine crook-lying with the pressure biofeedback unit located under the
lumbar lordosis between the first sacral and first lumbar spinous processes. The
pressure at baseline is set at 40 mmHg (O'Sullivan et al. 1997). The person is required
to contract abdominal muscles and keep the pressure steady at 40 mmHg while
performing limb movements for each testing level. The level that the person can

perform correctly would be recorded as the performance of the lumbar stabilizer
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muscles. Since the testing in supine has limb movements that offer more perturbation
to the spine, it is therefore difficult to accomplish in the early stage. It might be suitable
for progression of training. Testing in prone position in a static posture is easy to learn
for the start and the ADIT in prone position is commonly used. The excellent intra-rater
(ICC =0.87) and inter-rater reliabilities (ICC = 0.89) (Rathod 2016) were reported for
using the pressure biofeedback unit for measuring the performance of the lumbar core
stabilizer muscles. This method also presented a high positive predictive value (0.8)

and low negative predictive value (0.2) with surface EMG (Lima et al. 2012).

Figure 2.12 The abdominal drawing-in test (from Richardson and Jull, 1995)

2.6 Performance of core stabilizer muscles in pain conditions

Poor performance of core stabilizer muscles had been reported in pain
conditions. Several impairments have been found in association with this poor
performance such as a decrease in muscle cross-sectional area, muscle thickness,
muscle strength, and muscle endurance. Alteration in muscle pattern recruitment has

also been shown.
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2.6.1 Performance of core stabilizer muscles in neck pain

Decreased isometric deep cervical flexor muscle strength was demonstrated in
neck pain sufferers with moderate to severe disability. The decrease was shown at
maximum, 50%, and 25% of maximal voluntary contraction (O’Leary et al. 2007). On
average, the neck pain sufferers showed a decrease of 15.9% compared with the
asymptomatic group. The cross-sectional area and thickness of longus colli muscle of
the persons with neck pain were smaller than the asymptomatic group as shown by MRI
(Cagnie et al. 2010) and ultrasound imaging (Jesus et al. 2008, Jun et al. 2013). Testing
using the pressure biofeedback unit revealed an average activation score of 3+1.30
mmHg in chronic whiplash (Jull 2000), 4.02+1.90 mmHg in chronic cervicogenic
headache (Jull et al. 1999), and 6.60+£2.30 mmHg in chronic tension-type headache
(Fernandez-de-las-Pefias et al. 2007) which were lower than individuals with no neck
pain. The performance index was also found to be lower in subjects who had pain. It
was 10.60£15.30 in chronic cervicogenic headache (Jull et al. 1999) and 32.40£15.80
in chronic tension-type headache (Fernandez-de-las-Pefias et al. 2007).

When performing the craniocervical flexion, patients with neck pain initiated
the movement with the recruitment of superficial cervical flexor muscle such as
sternocleidomastoid and anterior scalene muscles (Jull 2000, Falla et al. 2004, Jull et
al. 2004). The increase in superficial cervical flexor muscles activity are proposed to be
a compensation for the reduced strength of the deep cervical flexor muscles.
Furthermore, The activation of the deep cervical flexor muscles was delayed after the
recruitment of the deltoid muscles during upper limb movement (Figure 2.13) (Falla et
al. 2004). Greater delayed onset of the deep cervical flexor muscles during rapid

shoulder flexion was found to be associated with high level of neck pain (r = 0.50, p <
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0.01) and low activation score (r = -0.36, p < 0.05) (Falla et al. 2011). Histologically,
the deep cervical extensor muscles in chronic neck pain change their morphology in

that there is fat deposit within the muscles as shown on MRI (Schomacher et al. 2013).
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Figure 2.13 The activation of deep cervical muscles during shoulder flexion in normal
subjects and neck pain (from Falla et. al., 2004)

DCF = deep cervical flexor muscles, AS = anterior scalene muscle and SCM =
sternocleidomastoid muscle

2.6.2 Performance of core stabilizer muscles in low back pain

Individuals with low back pain also possess impairments similar to those with
neck pain. There was an evidence of lumbar multifidus muscle wasting ipsilateral to
the symptomatic side in patients with acute/subacute low back pain (Hides et al. 1994,
Hides et al. 1996, Gildea et al. 2013). However, no significant difference in lumbar
multifidus muscle thickness between patients with low back pain and control group

(Teyhen et al. 2005).
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The pressure change of the ADIT in chronic low back pain group was
1.17+4.36 and 1.78+2.43 mmHg that lower than control group (Hodges et al. 1996,
Cairns et al. 2000). Furthermore, the delayed activation of the back stabilizer muscles
after the deltoid muscles during rapid arm movements in shoulder flexion, extension,
and abduction was shown when being compared with the control group (Figure 2.14)
(Hodges et al. 1996). During the lower limb movements, the transversus abdominis
muscle was also activated after prime movers for hip flexion, abduction, and extension
including rectus femoris, tensor fascia latae, and gluteus maximus, respectively (Figure

2.15) (Hodges et al. 1998).
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Figure 2.14 The activation of transversus abdominis and lumbar multifidus muscles
during shoulder flexion, abduction and extension in normal subjects (A) and low back
pain (B) (from Hodges et. al., 1996)
AD = anterior deltoid muscle, MD = middle deltoid muscle, PD = posterior deltoid
muscle, TrA = transversus abdominis muscle, 10 = internal abdominal oblique muscle,

EO = external abdominal oblique muscle, RA = rectus abdominis muscle and MF =
lumbar multifidus muscle
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Figure 2.15 The activation of transversus abdominis muscle during hip flexion,
abduction and extensionin normal subjects (A) and low back pain (B) (from Hodges et.
al., 1998)

RF = rectus femoris mudcle, TFL = tensor fascia latae muscle, GM = gluteus maximus
muscle, TrA = transversus abdominis muscle, Ol = internal abdominal oblique muscle,
OE = external abdominal oblique muscle, RA = rectus abdominis muscle and ES =
erector spinae muscle

2.7 Relationship between neck pain and low back pain

Previous studies have found the association between the concomitant neck pain
and low back pain and vice versa (Tulder et al. 2002, Hill et al. 2004, Hoving et al.
2004, 1Jzelenberg et al. 2004). The relationship between the performance of core
stabilizer muscles and spinal pain was also reported. It was found that people with neck
pain for 4 to 12 months showed a reduced capacity to perform the ADIT (Moseley
2004). Furthermore, over 2-year follow-up, both neck pain and control who presented
abnormal response to the ADIT reported low back pain up to 74% and 75%,
respectively (Figure 2.16). No studies have demonstrated the similar phenomenon in

patients with low back pain.
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Figure 2.16 The proportion between normal and abnormal response of the ADIT in
neck pain and normal subjects (from Moseley 2004)

Poor performance of lumbar stabilizer muscles on the ADIT in people with neck
pain was proposed to be caused by an alteration in postural strategy that posted
biomechanical demands on the other spinal segments (Moseley 2004). After injury or
pain in one subsystem of the spinal stabilization system, the other subsystems have to
work in compensation to maintain the stability of the spine. Focusing on the active
subsystem, there might be change in motorneurons excitability in the core stabilizer
muscles. These changes were not limited to the site of pain but also found at the multiple
sites along the motor pathway. With cortical changes, alteration in motor planning

would be expected (Figure 2.17) (Hodges et al. 2011).
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Figure 2.17 The motor adaptation to pain (from Hodges 2011)
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In regard to the kinesiopathological model (Figure 2.18), pain and changes in

excitability of motorneurons might lead to movement impairment if they persist for

prolonged period. With sustained posture and repetition of an impaired movement,

alterations in the three subsystems of the spinal stabilization system (Figure 2.1)

together with the supporting system would bring about the perpetuation of pain

(Sahrmann 2010). Further adaptation or compensation in the muscles, i.e. hypertrophy,

atrophy, lengthening, shortening, stiffness, weakness, and recruitment pattern alteration

would then take place. As the whole body is anatomically connected, the relative

flexibility/stiffness of the altered tissues would induce tissue pathology and functional

limitation in the other areas apart from the site of pain.
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Figure 2.18 The kinesiopathological model of the human movement system (from
Sahrmann 2010 page 5)

Although it was shown that people with neck pain of longer than four months
performed badly on the ADIT, no previous studies have examined people with neck
pain of lesser duration. Moreover, no studies have reported the performance of neck
stabilizer muscles on the CCFT in people with low back pain. The aims of this study
were to examine the performance of neck stabilizer muscles in people with low back
pain and the performance of back stabilizer muscles in people with neck pain in

subacute and chronic conditions.



2.8 Conceptual framework

Spinal stabilization
system
Passive subsystem

Neural control

Normal neutral zone

i

Asymptomatic
condition

()

Control neutral zone

34

e Sustained

v

subsystem L postur'e'
* [Active subsystem | I * Repetitive
ncrease neutral zone movement
) )
Back - ] .
— stabilizer _ - Neck pain Low back pain ‘ .
muscles H
Neck Severity of pain
— stabilizer and disability
muscles *

Impaired
performance

of neck stabilizer

muscles

Impaired
performance

muscles

of back stabilizer

Figure 2.19 Conceptual framework




CHAPTER 3
METHODS

3.1 Introduction
This chapter describes the study design, characteristics of participants,

materials, and procedure of this study.

3.2 Study design

This study was a cross-sectional study design with age- and gender-matched.

3.3 Participants

Ethical approval for the study was granted by the Chulalongkron University
Human Ethics Committee (No. 068.1/59) (Appendix A). An advertisement was posted
around the University area in order to recruit the participants. All participants who met
the selection criteria signed the consent form before participating in the study. The
sample size was calculated using the formula for testing the differences of two
independent means (Chirawatkun 2010). The significant level was set at 0.05 (Z,=1.96)

and a power of test at 80% (Z=0.842).
Formula:

2
Za + Z
n/group = 2 M}

H1 — H2

n = sample size/group

o = variance
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Zo = Z-value for type | error
Zg = Z-value for type Il error
Uy — Uy = mean difference

The calculation was based on Jorgensen and colleagues (Jorgensen et al. 2014)
(see Appendix B for details). The calculation revealed that this study needed 23

participants.

3.3.1 Inclusion criteria
The participants aged between 20 and 45 years old both males and females with
normal body mass index (18.5-22.9 kg/m?) (WHO 2000) were recruited. The
participants were classified into three groups including neck pain group, low back pain
group and age- and gender-matched control group. For neck pain and low back pain
groups, the participants were categorized into two subgroups according to their pain

duration.
1. Group 1 — Neck pain

Neck pain is defined as perceived pain within the region bounded
superiorly by the superior nuchal line, laterally by the lateral border of
the neck, and inferiorly by the imaginary transverse line through the tip
of the third thoracic spinous process (C6té et al. 1998). The pain might
occur with or without radiation to head, trunk, and upper extremities
(Childs et al. 2008, Guzman et al. 2008). The participants were

classified into two subgroups (Jensen et al. 2007):
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e Subacute neck pain. The pain had been present between
one and three months.
e Chronic neck pain. The pain had been present for more
than three months.
2. Group 2 — Low back pain
Low back pain was defined as pain perceived within the region
bounded superiorly by imaginary transverse line through the tip of the
twelfth thoracic spinous process, laterally by vertical line to the lateral
borders of the lumbar erector spinae, and inferiorly by imaginary
transverse line through the inferior gluteal folds (Krismer et al. 2007).
The pain might also occur with or without lower extremity pain (Delitto
et al. 2012). The participants were classified into two subgroups (Von
Korff 1994, Delitto et al. 2012):
e Subacute low back pain. The pain had been present
between one and three months.
e Chronic low back pain. The pain had been present for
more than three months.
3. Group 3 — Age- and gender-matched control
Control group had to have no pain or discomfort in the spine
which lasted longer than one day within the last two years. They were
age- and gender-matched (+ 3 years) (Jorgensen et al. 2014) with the

participants in pain groups.
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3.3.2 Exclusion criteria

The participants were excluded if they met any of the following criteria:

3.4 Materials

Had abdominal skinfold thickness at two centimeters inferior to the
navel and one centimeter lateral to the midline greater than 20
millimeters (Chanthapetch et al. 2009)

Had undergone abdominal wall and spinal surgery

Had spinal deformity such as scoliosis that was tested positive with the
Adam’s forward bend test (found one side of the rib cage to be higher
than the other side) (Patias et al. 2010)

Had neurological condition, fracture, cancer and infectious disease of
the spine

Had participated in the training program of neck or back stabilization
within the last one year

Unable to lie prone

Unable to perform the CCFT for neck stabilizer muscle performance
and the ADIT for back stabilizer muscle performance due to pain

Had menstruation or currently pregnant for female participants

3.4.1 Pressure biofeedback unit

A pressure biofeedback unit (Chattanooga, USA) (Figure 3.1) was used to

measure the performance of core stabilizer muscles. It consists of a three-chamber air-

filled pressure bag, a catheter, and a sphygmomanometer gauge. The size of pressure
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bag is 16.7x24 centimeters and is made from an inelastic material. The
sphygmomanometer gauge shows a range of 0-200 mmHg, with 2-mmHg intervals on

the scale. The accuracy of the apparatus is +3 mmHg.

Figure 3.1 Pressure biofeedback unit

3.4.2 Skinfold caliper

Skinfold caliper (Moore and Wright, United Kingdom) with 1-millimeter
resolution was used to measure abdominal skinfold thickness at two centimeters lateral

to the navel and one centimeter lateral to the midline (Chanthapetch et al. 2009).
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3.4.3 Stopwatch

A stopwatch was used to record the holding time that the participants could
achieve during the CCFT for neck stabilizer muscle performance and the ADIT for back

stabilizer muscle performance.

3.4.4 Plinth

A plinth was used for performing the CCFT for neck stabilizer muscle

performance and the ADIT for back stabilizer muscle performance.

3.4.5 Screening questionnaire

The screening questionnaire was used to screen for the eligibility of participants.
This questionnaire includes age, gender, weight, height, body mass index, inclusion and

exclusion criteria (Appendix I).

3.4.6 Visual analog scale

Visual analog scale is the most commonly used tool for measuring pain
intensity. It was used to assess pain intensity at neck and lower back in this study.
Participants were asked to rate their pain levels on a 100-millimeter linear line. The
anchor on the left end represents “no pain” and the right end represents “pain as bad as
it could be” (Appendix J). A ruler was used for measuring the distance from “no pain”
anchor to the marked point in millimeters. The results were categorized into four
categories: 0-4 millimeters is no pain, 5-44 millimeters is mild pain, 45-74 millimeters

is moderate pain, and 75-100 millimeters is severe pain. The moderate to excellent test-
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retest reliability of pain measurement was reported in the previous study (ICC = 0.71-

0.94) (Hawker et al. 2011).

3.4.7 Neck disability index

Neck disability index was used to estimate disability from neck pain (Appendix
K). It has 10 items that related with activity of daily living and pain (Vernon et al.
1991). Each item is scored from 0 to 5. The maximum sum score of 10 items is 50 and
minimum sum score is 0. The higher score represents the greater level of disability. The
sum score of 0-4 is classified as no disability, 5-15 as mild disability, 15-25 as moderate
disability, 25-34 as severe disability, and over 35 as complete disability. Thai version
reported the moderate to excellent test-retest reliability (ICC = 0.74-0.91), moderate
convergent validity (r = 0.64) and excellent internal consistency (Cronbach o values =
0.85) (Uthaikhup et al. 2011). The standard error of measurements was 5.8 and minimal

detectable change (scale range = 0—100) was 16.1 points (Uthaikhup et al. 2011).

3.4.8 Modified Oswestry low back pain disability questionnaire

Modified Oswestry low back pain disability questionnaire (Appendix L) was
used to estimate disability from low back pain. It has 10 items that related with activity
of daily living and pain (Fritz et al. 2001). Each item is scored from 0 to 5. The
maximum sum score of 10 items is 50 and minimum sum score is 0. The higher score
represents the greater level of disability. The sum score of 0-4 is classified as no
disability, 5-15 as mild disability, 15-25 as moderate disability, 25-34 as severe

disability, and over 35 as complete disability (Fairbank et al. 2000). For Thai version
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of modified Oswestry low back pain disability questionnaire, the excellent test-retest
reliability in low back pain group was presented (ICC = 0.98) (Sakulsriprasert et al.

2006).

3.5 Assessors

Two assessors participated in this study and they were physical therapists.
Assessor 1 conducted the CCFT for neck stabilizer muscle performance and the ADIT
for back stabilizer muscle performance. This assessor was blinded from characteristics
of the participants. The intra-rater reliability for measuring the activation score and the
performance index of the CCFT and the pressure change of the ADIT were good with
the intraclass correlation coefficient more than 0.86 (see Appendix C for details).
Assessor 2 was responsible for recruiting and screening for the suitability of the
participants as well as performing the measurement of the visual analog scale in the
pain groups. Excellent intra-rater reliability for measuring the visual analog scale was
established prior to conducting the study with the intraclass correlation coefficient of

0.99 (see Appendix C for details).

3.6 Procedure

The testing protocol was performed within one day. It consisted of a training
session and a testing session with at least five minutes interval. All experiments took
place in the laboratory room that standardized the environmental conditions to
minimize any distractions throughout the experiment. All participants were measured

after food consumption at least 30 minutes and empty bladder.
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3.6.1 Training session

A training session was provided to familiarize participants with the testing
protocol. They were instructed to perform the CCFT for neck stabilizer muscle
performance and the ADIT for back stabilizer muscle performance until the correct

performance was achieved.

3.6.1.1 The CCFT with pressure biofeedback unit

The participants were in supine crook lying position on a plinth with the neck
in a neutral position (Jull et al. 2008). A pillow or towel (s) might be used to keep neck
in neutral position so that their forehead and chin were aligned horizontally to the plinth
surface. The pressure biofeedback unit was placed below the occiput and inflated
pressure to 20 mmHg (Jull et al. 2008). The participants were requested to slowly feel
the back of their head slide up the plinth in a head nod action to elevate the pressure
from 20 to 22 mmHg with normal breathing pattern. This process was repeated with
the next pressure levels of 2-mmHg interval between levels. There were five levels of
testing which consisted of the change in pressure from 20 to 22 mmHg for level one,
20 to 24 mmHg for level two, 20 to 26 mmHg for level three, 20 to 28 mmHg for level
four, and 20 to 30 mmHg for level five. Throughout the CCFT, Assessor 1 placed
fingers over both sternocleidomastoid muscles of the participants to palpate for the
contraction of the muscles (Jull et al. 2008). The method of manual palpation for
detecting the sternocleidomastoid muscles activity during the CCFT was proved to be
valid as shown in Appendix E. To be successful, the CCFT had to be performed with

minimal sternocleidomastoid muscles activity and in absence of any substitution
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strategies. For the training session, the participants were allowed to practice at each

target pressure level for no longer than 2-3 seconds.

3.6.1.2 The ADIT with pressure biofeedback unit

Participants were in prone position with the head lay comfortably and relaxed.
The pressure biofeedback unit was placed under lower abdomen in line with right and
left anterior superior iliac spines (Richardson et al. 1995). Then, the unit was inflated
to 70 mmHg. Assessor 1 placed fingers over the thoracolumbar area for detecting any
spinal movement. This technique was modified from previous study by placing fingers
under rectus abdominis muscle (Garnier et al. 2009) which might cause discomfort
during the ADIT in prone position that was found in pilot study. The participants were
asked to draw abdomen toward the spine with normal breathing to reduce the pressure
by 4-10 mmHg without spinal movement. To be successful, the ADIT had to be
performed with minimal superficial abdominal muscles activity which no detectable
spinal movement and in the absence of any other substitution strategies detected by
Assessor 1 (Richardson et al. 1995, Garnier et al. 2009). For the training session, the
participants were asked to hold the decreased pressure steadily for no longer than 2-3

seconds.

3.6.2 Testing session

Once the participants were able to perform both the CCFT for neck stabilizer
muscle performance and the ADIT for back stabilizer muscle performance correctly,
the testing session started. The testing order of the CCFT and the ADIT was randomized

with 2-minute rest in between.
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3.6.2.1 The CCFT with pressure biofeedback unit

The testing protocol presented in section 3.6.1.1 was followed. However, the
participants were required to hold steady at each target pressure level as long as they
could up to 10 seconds. Two data were recorded, i.e. activation score and performance
index (Jull et al. 2008).

e The activation score was defined as the highest pressure level that the
participants could achieve 10-second holding with correct movement.
The activation score ranged from 0 to 10 mmHg. The resting period
between each successive target level was 30 seconds (Jull et al. 2016).

e The performance index was scored via the highest pressure level
(activation score) at which the participants could repetitively hold for
10-second duration. It represented the isometric endurance of the deep
cervical flexor muscles. The number of repetitions were then multiplied
with the activation score and be referred to as the performance index.
For example, if a participant could achieve an activation score of 6
mmHg and perform five of 10-second holds, then the performance index

was 6x5 = 30. The performance index ranged from 0 to 100.

3.6.2.2 The ADIT with pressure biofeedback unit

The testing protocol presented in section 3.6.1.2 was followed. However, the
participants were required to hold steady at the reduced pressure level as long as they
could up to 10 seconds (Cairns et al. 2000). The amount of the reduced pressure in

mmHg was recorded as pressure change which would be used for data analysis.



46

3.7 Statistical analysis

The IBM SPSS Statistics version 22.0 (IBM Corp. Released 2013, Armonk, NY,

USA) software package was used for all statistical analyses. The significant level was

set at p < 0.05. The descriptive statistics was performed to describe the demographic
data which were expressed as mean, standard deviation (SD), median, minimum, and

maximum. The Shapiro-Wilk test was used to test the distribution of the data. If data

were normally distributed, the one-way analysis of variance (ANOVA) would be used
to test for the differences between groups. If data were not normally distributed, the

Kruskal Wallis test would be used to analyze the differences between groups.

e The primary objective was to compare the performance of core stabilizer
muscles in individuals with neck pain, low back pain, and age- and gender-
matched control groups.

The analysis by the Shapiro-Wilk test showed that the data from all outcome

measures were not normally distributed. Therefore, separate Kruskal Wallis tests were
used to analyze the differences in the activation score and performance index from the
CCFT and the pressure change from the ADIT among three groups (subacute, chronic,
and control). Mann-Whitney U test was used as a post hoc analysis to identify which
pairs were responsible for the statistical significance.

Further analysis was conducted to examine whether there was a homogeneity in
proportions of the participants whom were classified as normal and abnormal
performance among subacute, chronic, and control groups. Chi-square test was
conducted. The activation score and performance index from the CCFT for neck

stabilizer muscle performance and the pressure change from the ADIT for back
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stabilizer muscle performance were classified for statistical analysis. The criteria for
categorization were based on previous studies that investigated the differences in
muscle performance of cervical and lumbar core stabilizer muscles between
symptomatic and asymptomatic subjects. This study classified results into two
categories, i.e. normal and abnormal.
1. Activation score of the CCFT for neck stabilizer muscle performance
(Jull 2000, Beer et al. 2012)
¢ Normal when the value was greater than 4 mmHg.
e Abnormal when the value was equal to or less than 4 mmHg.
2. Performance index of the CCFT for neck stabilizer muscle
performance (Jull et al. 1999, Fernadndez-de-las-Pefias et al. 2007)

o Normal when the value was greater than 20. This value was
deemed appropriate as it was ranged between the 10.60+£15.30
and 32.40+15.90 found in patients with chronic cervicogenic
headache and chronic tension type headache. The participants
should obtain the activation score of at least 4 mmHg with at
least 6 repetitions.

e Abnormal when the value was equal to or less than 20

3. Pressure change of the ADIT for back stabilizer muscle performance
(Hodges et al. 1996, Moseley 2004)
o Normal when the value was equal to or greater than 4 mmHg.

o Abnormal when the value was less than 4 mmHg.



48

e The secondary objective was to identify the correlation between level of
performance of core stabilizer muscles and severity of pain and disability in
other areas where there was no pain.

The Spearman’s correlation coefficient were used to test for the correlations of
interest. Correlation coefficient (r) of 0-0.25 indicates little or no relationship, 0.25-
0.50 is fair, 0.50-0.75 is moderate to good, and greater than 0.75 is good to excellence

(Portney et al. 2009).



CHAPTER 4
RESULTS

There were 122 participants in this study (60 males and 62 females). There were
23 participants in each of the symptomatic groups while there were 30 participants in
the age- and gender-matched control group. The demographic data for participants with
neck pain and low back pain along with their age- and gender-matched control groups
are presented in Tables 4.1 and 4.2. No statistically significant differences in

demographic data between groups were shown.

Table 4.1 Demographic data of subacute neck pain, chronic neck pain and age- and
gender-matched control groups

Variables Mean (SD) p-
Subacute Chronic  Control for Control for Vvalue
neck pain neck pain subacute chronic

group group neck pain  neck pain
(n=23) (n=23) (n=23) (n=23)
Gender, -
N (%)
- Male 11 (47.80) 11 (47.80) 11 (47.80) 11 (47.80)
- Female 12 (52.20) 12 (52.20)  12(52.20) 12 (52.20)
Age (years) 23.30 (2.88)  24.22 (4.12) 2248 (2.57) 23.39(3.74) 0.433
Body mass 20.95 (1.15)  20.79 (1.26) 20.38 (1.38) 20.46 (1.36) 0.279
index (kg/m?)
Abdominal 15.88 (3.18)  16.62 (3.12) 15.28 (3.40) 15.20 (3.46) 0.284
skinfold
thickness
(mm)
Visual analog  43.78 (18.16) 50.26 (16.89) - - -
scale (mm)
Neck 5.74 (3.96) 7.74 (3.57) - - -
disability
index

*p-value < 0.05
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Table 4.2 Demographic data of subacute low back, chronic low back pain and age-

and gender-matched control groups

Variables Mean (SD) p-
value
Subacute Chronic Control for Control for
low back low back subacute  chronic low
pain group paingroup  low back back pain
(n=23) (n=23) pain (n=23) (n=23)
Gender, -
N (%)
- Male 11 (47.80) 12 (52.20) 11 (47.80) 12 (52.20)
- Female 12 (52.20) 11 (47.80) 12 (52.20) 11 (47.80)
Age (years) 2270 (3.27) 25.13(5.39) 22.43(2.89) 24.61(5.13) 0.236
Body mass 20.77 (1.45)  20.73 (1.26) 20.45(1.31) 2056 (1.35) 0.667
index (kg/m?)
Abdominal 16.73(2.99) 15.32(3.87) 15.17(3.15) 1550 (3.45) 0.114
skinfold
thickness
(mm)
Visual analog 47.26 (18.14) 52.35 (20.21) - - —
scale (mm)
Modified 4.34 (3.41) 6.39 (4.00) — - -
Oswestry low
back pain
disability

questionnaire

*p-value < 0.05

Mean (SD), median, minimum, and maximum values of the activation score and
performance index of the CCFT for neck stabilizer muscle performance, and pressure
change of the ADIT for back stabilizer muscle performance of all participants are
presented in Table 4.3. In general, the control groups showed higher performance of

core stabilizer muscles than the subacute and the chronic groups.
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Table 4.3 The mean (SD), median, minimum, and maximum values of the activation
score, the performance index, and the pressure change of pain groups and age- and
gender-matched control groups

Mean (SD) Median Minimum Maximum

Activation score (mmHg)

- Subacute neck pain group 3.04 (1.80) 4 0 6
(n=23)
Control group (n=23) 6.78 (2.24) 6 2 10
- Chronic neck pain group 2.96 (1.19) 4 0 4
(n=23)
Control group (n=23) 6.78 (2.15) 6 2 10
- Subacute low back pain 4.35 (2.31) 4 0 10
group (n=23)
Control group (n=23) 6.96 (2.16) 6 2 10
- Chronic low back pain group 4.26 (2.72) 4 0 10
(n=23)
Control group (n=23) 6.52 (2.19) 6 2 10

Performance index

- Subacute neck pain group 12.00 (9.01) 10 0 24
(n=23)
Control group (n=23) 37.48 (20.32) 42 4 80
- Chronic neck pain group 11.13 (8.31) 12 0 28
(n=23)
Control group (n=23) 35.57 (19.06) 42 4 60
- Subacute low back pain 17.04 (13.70) 16 0 50
group (n=23)
Control group (n=23) 37.48 (20.82) 48 4 80
- Chronic low back pain group ~ 21.74 (21.53) 16 0 80
(n=23)

Control group (n=23) 36.61 (20.33) 40 4 80
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Mean (SD) Median  Minimum  Maximum

Pressure change (mmHQ)

- Subacute neck pain group 3.13 (1.46) 2 2 8
(n=23)
Control group (n=23) 4.43 (1.90) 4 2 10
- Chronic neck pain group 3.04 (1.46) 2 0 6
(n=23)
Control group (n=23) 4.35 (1.87) 4 2 10
- Subacute low back pain 1.65 (0.98) 2 0 4
group (n=23)
Control group (n=23) 4.35 (1.87) 4 2 10
- Chronic low back pain group  2.00 (1.35) 2 0 4
(n=23)
Control group (n=23) 4.48 (2.00) 4 2 10

Kruskal Wallis tests showed significant differences in the activation score, the
performance index, and the pressure change among three groups (p < 0.05) both in the
neck pain and low back pain. Post hoc analyses with Mann-Whitney U test revealed
significantly lower activation score, performance index, and pressure change values in
the subacute and the chronic pain groups than the control group (p < 0.05). These
phenomena were demonstrated both in the neck pain (Tables 4.4) and low back pain

conditions (Tables 4.5).
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Table 4.4 The level of significance (p-values) from post hoc analyses with Mann-
Whitney U tests of the activation score, performance index and pressure change
between subacute neck pain, chronic neck pain and age- and gender-matched control

groups

Activation score

Groups Subacute neck Chronic neck Control
pain (n=23) pain (n=23) (n=23)
Subacute neck pain - 0.867 <0.001*
Chronic neck pain - <0.001*
Performance index
Groups Subacute neck Chronic neck Control
pain (n=23) pain (n=23) (n=23)
Subacute neck pain - 0.649 <0.001*
Chronic neck pain - <0.001*
Pressure change
Groups Subacute neck Chronic neck Control
pain (n=23) pain (n=23) (n=23)
Subacute neck pain - 0.971 0.006*
Chronic neck pain - 0.012*

*p-value < 0.05

Table 4.5 The level of significance (p-values) from post hoc analyses with Mann-
Whitney U tests of the activation score, performance index and pressure change
between subacute low back pain, chronic low back pain and age- and gender-matched

control groups

Activation score

Groups Subacute low  Chronic low back  Control
back pain pain (n=23) (n=23)

(n=23)
Subacute low back pain - 0.889 <0.001*
Chronic low back pain - 0.004*

Performance index

Groups Subacute low  Chronic low back  Control
back pain pain (n=23) (n=23)

(n=23)
Subacute low back pain - 0.724 0.001*
Chronic low back pain - 0.011*
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Pressure change

Groups Subacute low  Chronic low back  Control
back pain pain (n=23) (n=23)
(n=23)
Subacute low back pain - 0.384 <0.001*
Chronic low back pain - <0.001*

*p-value < 0.05

Table 4.6 presented that approximately 50% of the participants who had neck
pain demonstrated abnormal response on the ADIT for back stabilizer muscle
performance. While approximately 60% of the participants who had back pain
demonstrated abnormal response on the CCFT for neck stabilizer muscle performance
(Table 4.7). Chi-square tests showed significant differences in the proportions of the
participants whom were classified as normal and abnormal responses on the ADIT and

the CCFT among subacute, chronic, and control groups.

Table 4.6 Results of Chi-square tests for comparisons of the number of the participants
whom were classified into normal and abnormal response for the activation score,
performance index, and pressure change in subacute neck pain, chronic neck pain and
age- and gender-matched control groups

Variables N (%) p-value
Subacute  Chronic Control  Control for
neck neck pain for chronic
pain group subacute neck pain
group (n=23) neck pain (n=23)
(n=23) (n=23)
Activation <0.001*
score

- Normal 3(13.0) 0 (0.0) 20 (87.0) 20 (87.0)

- Abnormal 20 (87.0) 23 (100.0) 3(13.0) 3(13.0)
Performance <0.001*
index

- Normal 7 (30.4) 3(13.0) 18 (78.3) 17 (73.9)

- Abnormal 16 (69.6) 20 (87.0) 5 (21.7) 6 (26.1)
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Variables N (%) p-value
Subacute  Chronic Control Control for
neck neck pain for chronic
pain group subacute neck pain
group (n=23) neck pain (n=23)
(n=23) (n=23)
Pressure 0.018*
change
- Normal 11 (47.8) 11 (47.8) 19 (82.6) 19 (82.6)
- Abnormal 12 (52.2) 12 (52.2) 4 (17.4) 4(17.4)

*p-value < 0.05

Table 4.7 Results of Chi-square tests for comparisons of the number of the participants
whom were classified into normal and abnormal response for the activation score,
performance index, and pressure change in subacute low back pain, chronic low back
pain and age- and gender-matched control groups

Variables N (%) p-value
Subacute Chronic Control Control
low back  low back for for chronic
pain pain group  subacute low back
group (n=23) low back pain
(n=23) pain (n=23)
(n=23)
Activation <0.001*
score

- Normal 6 (26.1) 8 (34.8) 21 (91.3) 19 (82.6)

- Abnormal 17 (73.9) 15 (65.2) 2 (8.7) 4 (17.4)
Performance <0.001*
index

- Normal 6 (26.1) 9 (39.1) 17 (73.9) 18 (78.3)

- Abnormal 17 (73.9) 14 (60.9) 6 (26.1) 5(21.7)

Pressure <0.001*
change

- Normal 2 (47.8) 5(21.7) 19 (82.6) 19 (82.6)

- Abnormal 21 (52.2) 18 (78.3) 4 (17.4) 4 (17.4)

*p-value < 0.05
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The performance of neck stabilizer muscles showed no correlations with the
pain severity and disability of low back pain (r ranged from -0.08 to -0.26) (Table 4.8).
Similarly, the performance of back stabilizer muscles showed no correlations with the

severity and disability of neck pain (r ranged from -0.12 to 0.08).

Table 4.8 The correlations between pain, disability and performance of core stabilizer
muscles

Variables Correlation p-value
coefficient (r)

Activation score (n=46)

- Visual analog scale -0.183 0.225
(low back pain groups)
- Modified Oswestry low back pain -0.076 0.616

disability questionnaire

Performance index (n=46)

- Visual analog scale -0.262 0.079
(low back pain groups)
- Modified Oswestry low back pain -0.110 0.466

disability questionnaire

Pressure change (n=46)

- Visual analog scale 0.079 0.601
(neck pain groups)
- Neck disability index -0.118 0.443

*p-value < 0.05



CHAPTER 5
DISCUSSION

The primary objectives of this study were to examine the performance of lumbar
stabilizer muscles in subacute neck pain, chronic neck pain, and age- and gender-
matched control groups as well as to examine the performance of cervical stabilizer
muscles in subacute low back pain, chronic low back pain and age- and gender-matched
groups. The results suggest that people with neck pain or low back pain presented
abnormal performance of core stabilizer muscles both in the cervical and the lumbar
spines. For the secondary objectives, pain severity and disability in one spinal region
did not correlate with the level of the performance of core stabilizer muscles in the
remote spinal region.

This is the first study that investigated the performance of the cervical core
stabilizer muscles in patients who had low back pain. The lower activation score and
the performance index values from the CCFT for neck stabilizer muscle performance
in the subacute and chronic low back pain groups than the control group indicate the
plausible link between low back pain and neck pain. This study found approximately
70% of subacute low back pain participants and 60% to 65% of chronic low back pain
participants demonstrated abnormal responses on the activation score and the
performance index from the CCFT for neck stabilizer muscle performance (Table 4.7).
These proportions of abnormal responses were much higher than the control group.
Although there have been no evidence for cause and effect of poor performance of

cervical core stabilizer muscles and the development of neck pain, abnormal CCFT for
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neck stabilizer muscle performance responses in low back pain groups might put the
cervical spine to be at risk of neck injury.

The lower pressure change values from the ADIT for back stabilizer muscle
performance in the subacute and chronic neck pain groups than the control group also
indicate the plausible link between neck pain and low back pain. These results support
previous study that found people with chronic neck pain more than four months had a
reduced capacity to perform the ADIT for back stabilizer muscle performance (Moseley
2004). Furthermore, the reduced performance of the lumbar core stabilizer muscles in
these neck pain patients was associated with an increased risk of developing low back
pain at 2-year follow-up period. Approximately 50% of subacute neck pain participants
and 50% of chronic neck pain participants demonstrated abnormal responses on the
pressure change from the ADIT for back stabilizer muscle performance (Table 4.6).
These amount of proportion was lower than the 75% reported by the previous study
(Moseley 2004). These differences might be explained by differences in characteristics
of the participants. The chronic neck pain participants in this study had mild level of
the neck disability index (7.74+3.57) while it was moderate to severe disability
(37.00£7.00) in the previous study (Moseley 2004). Chronic neck pain who had high
level of disability might demonstrate poorer muscle performance and abnormal
response to the ADIT for back stabilizer muscle performance than those who had low
level of disability.

This study found the performance of core stabilizer muscles in the area of pain
was less than normal when being compared with the controls. On average, the neck
pain participants in this study showed activation score (2.96+1.19 to 3.04+1.80 mmHg)

compared to the previous studies that reported the range from 3 to 4.2 mmHg in patients
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with chronic whiplash (3.00+£1.30 mmHg) (Jull 2000) and chronic cervicogenic
headache (4.20+1.90 mmHg) (Jull et al. 1999). However, the value was lower than 6.60
+ 2.30 mmHg that was reported in patients with chronic tension-type headache
(Fernandez-de-las-Pefias et al. 2007).

For the control group, the activation score was in line with the previous studies
which showed the range of 6.10+1.50 to 8.00+1.70 mmHg (Jull et al. 1999, Jull 2000).
The values of the performance index of neck pain groups (11.13+8.31 to 12.00£9.01)
were also coincided with previous studies that assessed in patients with chronic
cervicogenic headache (10.60£15.30) (Jull et al. 1999) and lower than chronic tension-
type headache (32.40+15.80) (Fernandez-de-las-Pefias et al. 2007). Likewise, the
values of the pressure change for the ADIT (1.65+0.98 to 2.00+1.35 mmHg) of no
greater than 2 mmHg were coincided with previous studies which reported similar
values (1.17+4.36 to 1.78+2.43 mmHg) (Hodges et al. 1996, Cairns et al. 2000).
Furthermore, the result was lower than 1.80+1.50 mmHg that demonstrated in neck
pain patients with pain duration of more than 4 to 12 months (Moseley 2004).

No correlations between the performance of core stabilizer muscles with pain
severity and disability in the other areas without pain were found in this study. In other
words, the pain severity and disability of neck pain had no effect on the ADIT for back
stabilizer muscle performance. The pain severity and disability of back pain also had
no effect on the CCFT for neck stabilizer muscle performance. These results suggest
that the performance of core stabilizer muscles in one spinal region does not get worse
with increasing pain severity and disability in the remote spinal region. The reasons for
these results were unclear. However, these outcomes support the finding of the previous

studies that studied the effects of pain severity on the performance of core stabilizer
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muscles within that same painful area. No strong correlation (r=-0.36) between the
CCFT for neck stabilizer muscle performance and pain severity in chronic neck pain
was reported (Falla et al. 2011). Likewise, no correlation between the ADIT for back
stabilizer muscle performance and chronicity was demonstrated in chronic low back
pain (Cairns et al. 2000). Therefore, the possibility to find strong correlations between
the performance of core stabilizer muscles in one spinal region and pain severity and

disability of the other spinal regions might be difficult.

Limitations of this study

There were few limitations of this study. First, this study did not follow
participants who presented abnormal response for the CCFT or the ADIT for longer
period. The cause and effect between the abnormal response and the development of
spinal pain could not be established. A prospective study would be required. Second,
the pressure biofeedback unit could detect difference for 2 mmHg that might not be
suitable for detecting minimal change between subacute and chronic conditions. The

digital pressure biofeedback should be used in future study.



CHAPTER 6
CONCLUSION

Individuals with neck pain not only had abnormal performance of core stabilizer
muscles in the cervical spine but also had abnormal performance of core stabilizer
muscles in the lumbar spine. Similarly, individuals with low back pain had abnormal
performance of core stabilizer muscles both in the cervical and the lumbar spines. Pain
severity and disability had no effect on the level of core stabilizer muscle performance.
These findings provide physical therapists an evidence for early intervention for
preventing neck pain in individuals with low back pain as well as for preventing low

back pain in individuals with neck pain.
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APPENDIX B
SAMPLE SIZE CALCULATION

The sample size was calculated using the formula for testing the differences of
two independent means (Chirawatkun 2010). The significant level was set at 0.05

(24=1.96) and a power of test at 80% (Z3=0.842).

Formula:
2
Z,+t75)0
n/group = 2 lMl
K-y
n = sample size/group
o = variance
Z, = Z-value for type | error
Zg = Z-value for type Il error

K- u, =mean difference

The calculation was based on the previous study from Hodges which assessed
the ADIT for back stabilizer muscle performance with pressure biofeedback unit
(mmHg) in low back pain (n = 6) and control group (n = 9) (Hodges et al. 1996). Mean
and standard deviation (SD) of the pressure change in neck pain and control were 1.78
+ 2.43 and 5.82 £+ 3.13 mmHg. Based on this study, the mean and SD was used to
calculate the pool variance. The pool variance was 2.88. The cut off pressure between
normal and abnormal response was 4 mmHg that set as mean difference. From formula

1, the sample size for each group was 9 participants.
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Zyt zﬁ)c]
L)
(1.96+0.842) 2.88]2
4

n/group =2 [(
n/group =2

n/group = 8.14
n/group ~ 9

The CCFT for neck stabilizer muscle performance, the calculation was based
on Jorgensen and colleagues which assessed the intra-rater reliability of neck pain
measurements including the activation score of the CCFT, range of motion, joint
position error, gaze stability, smooth pursuit neck torsion test and neuromuscular
control of deep extensors in chronic neck pain (n = 21) and control group (n = 21)
(Jorgensen et al. 2014). Based on this study, the standard error (SE) of the CCFT was
converted to SD. The SD was 4.796 that set as variance. The minimal detectable change
was used as mean difference of the CCFT that was 3.99. The total sample size for each

group was 23 participants.

(Zy+ Z4)0]’
n/group =2 [———
FVENS
A [(1.96+0.842) 4.7961>
n/group =2 e ]

n/group = 22.69
n/group =~ 23

The maximum of sample size was presented from the CCFT. Therefore, this

study was used 23 participants for each group.
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APPENDIX C
RELIABILITY STUDY

1. Introduction

This appendix describes the reliability of manual palpation and EMG
biofeedback during the CCFT for neck stabilizer muscle performance and the ADIT for
back stabilizer muscle performance and the reliability of measurement of the visual
analog scale. The topics consist of objectives, characteristics of participants, materials,

assessors, procedures, statistical analysis, results, discussion and conclusion.

2. Objectives

This study was to estimate the reliability of manual palpation and EMG
biofeedback during the CCFT for neck stabilizer muscle performance and the ADIT for
back stabilizer muscle performance and to estimate the reliability of measurement of

the visual analog scale.

3. Participants

Thirty participants from main study in three periods including beginning,
middle and end were recruited. The beginning period was participants who participated
before number 50. The middle period was participants who participated during number
50-100. The end period was participants who participated after number 100. The
participants were classified into three groups including neck pain group, low back pain
group, and control group. There were 10 participants for each group. The characteristics

of participants in this study followed topic of participants in CHAPTER 3.
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4. Materials

Materials of this study followed topic of materials in CHAPTER 3.

4.1 EMG biofeedback

The Myomed 932® (Enraf-Nonius, Delft, the Netherlands) was used to provide
feedback for the contraction of superficial muscles during the CCFT for neck stabilizer
muscle performance and the ADIT for back stabilizer muscle performance. The

feedback can be set to be visual and/or audio feedback.

4.2 Silver/silver chloride surface electrodes

Silver/silver chloride surface electrodes (Medicotest Blue Sensor type M-00-S,
Ambu, Denmark) were used to measure muscle activity of the superficial muscles
during testing. These muscles were sternocleidomastoid and rectus abdominis muscles.
All electrodes had one centimeter in diameter and were placed with center-to-center

spacing of less than 2.2 centimeters (Ng et al. 1998).

4.3 Skin preparing equipment
Seventy percent ethyl alcohol was used with cotton ball to clean the skin over

the electrode placement. This was to decrease the skin resistance.

5. Assessors
Two assessors participated in this study. Assessor 1 conducted the CCFT for
neck stabilizer muscle performance and the ADIT for back stabilizer muscle

performance while using manual palpation to monitor the contraction of the superficial
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muscles and placed surface electrode. Assessor 2 operated EMG biofeedback for
monitoring the contraction of the superficial muscles during the tests. These two
assessors were blinded from each other’s results. Assessor 2 measured the visual analog

scale for participants in pain groups.

6. Procedures

Procedures of this study followed topic of procedures in CHAPTER 3. This
study was changed that participants were performed the CCFT and the ADIT at random
order with half of the participants performed the CCFT prior to the ADIT with two
repetitions and rest two minutes between repetitions or until no fatigue. From the pilot
study, the learning effect from performance of core stabilizer muscles was found in the
CCFT and the ADIT between the first and second tests after one week. To prevent that
effect and represent real performance of core stabilizer muscles, this study would be
tested within one day. The activation score and performance index were recorded as
result of the CCFT and the pressure change was recorded as the result of the ADIT from
manual palpation and EMG biofeedback. The visual analog scale was measured by
using the same ruler. The second measurement was occurred after the first measurement

for one day. The assessor would not be able to remember the results.

6.1 Training session

A training session was provided to familiarize participants with the testing
protocol. They were instructed to perform the CCFT for neck stabilizer muscle
performance and the ADIT for back stabilizer muscle performance until the correct

performance was achieved.
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6.1.1 CCFT with pressure biofeedback unit

Participants were in supine crook lying position on a plinth with the neck in a
neutral position (Jull et al. 2008). The pillow or towel might be used to keep neck in
neutral position that lie horizontal to the plinth. Assessor 1 prepared the skin over both
sternocleidomastoid muscles and left lateral epicondyle of humerus. Two silver/silver
chloride surface electrodes were placed on one third of distance from the sternal notch
to the mastoid process for detecting muscle activity of sternocleidomastoid from both
sides during test (Falla et al. 2002). A reference electrode was placed on left lateral
epicondyle of humerus. An adhesive tape was used to prevent sliding of electrode
during measurement. The pressure biofeedback unit was placed below the occiput and
inflated pressure to 20 mmHg (Jull et al. 2008). Participants were requested to slowly
feel the back of their head slide up the plinth in a head nod action to elevate the pressure
from 20 to 22 mmHg with normal breathing pattern and held head position for 2-3
seconds in training session. This process was repeated through each 2-mm Hg
increment of the test to 30 mmHg. There are five stages of testing consisting of 20-22
mmHg for stage one, 20-24 mmHg for stage two, 20-26 mmHg for stage three, 20-28
mmHg for stage four and 20-30 mmHg for stage five. Throughout the training, Assessor
1 placed fingers over both sternocleidomastoid muscles to palpate contraction of
sternocleidomastoid muscles (Jull et al. 2008). To be successful, the CCFT had to be
performed with minimal sternocleidomastoid muscles activity and in absence of any

substitution strategies.
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6.1.2 ADIT with pressure biofeedback unit

Participants were in prone position with the head lay comfortably and relaxed.
After prepared the skin above rectus abdominis muscles and left lateral epicondyle of
humerus, two silver/silver chloride surface electrodes were placed at two centimeters
inferior to the navel and one centimeter lateral to the midline for detecting muscle
activity of rectus abdominis muscles from both sides during test (Chanthapetch et al.
2009). A reference electrode was placed on left lateral epicondyle of humerus. An
adhesive tape was used to prevent sliding of electrode during measurement. The
pressure biofeedback unit was placed under lower abdomen in line with right and left
anterior superior iliac spines (Richardson et al. 1995). It was inflated to 70 mmHg and
the participants were asked to draw abdomen toward the spine with normal breathing
to reduce the pressure for 4-10 mmHg without spinal movement and hold for 2-3
seconds. Assessor 1 placed hand over the thoracolumbar area for detecting any spinal
movement that modified from previous studies for suitable with prone position
(Richardson et al. 1995, Garnier et al. 2009). To be successful, the ADIT had to be
performed with minimal superficial abdominal muscles activity and in the absence of
any other substitution strategies detected by assessor (Richardson et al. 1995, Garnier

et al. 2009).

6.2 Testing session

All participants were measured after food consumption at least 30 minutes and
empty bladder. The order of the CCFT for neck stabilizer muscle performance and the
ADIT for back stabilizer muscle performance were randomized and the duration

between tests was two minutes.
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6.2.1 The CCFT with pressure biofeedback unit

Testing session, participant was requested to elevate the target pressure from 20
to 22 mmHg and to hold the position for 10 seconds detected by the stopwatch then
resting period was provided for 30 seconds (Jull et al. 2016). Assessor 1 monitored
contraction of sternocleidomastoid muscles from manual palpation and assessor 2 from
EMG biofeedback. Two data were recorded, i.e. activation score and performance index
(Jull et al. 2008). The activation score was defined as the highest pressure achieved with
correct movement. The highest activation score is 10 mmHg. The performance index
represents the isometric endurance of the deep cervical flexor muscles which
documented as the number of times the participants could perform at their best
activation score multiplied by the activation score. For example, if participants could
achieved 26 mmHg and performed five repetitions, the performance index was 6x5=30.

The highest performance index is 100.

6.4.2 The ADIT with pressure biofeedback unit

Testing session, participants were requested to slowly draw abdomen off the
pressure from 70 mmHg and hold the position for 10 seconds; the holding time was
detected by the stopwatch (Garnier et al. 2009). Assessor 1 monitored spinal movement
from manual palpation and assessor 2monitored contraction of rectus abdominis

muscles from EMG biofeedback. The pressure change was recorded.
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7. Statistical analysis

The IBM SPSS Statistics version 22.0 (IBM Corp. Released 2013, Armonk,
NY, USA) software package was used for all statistical analyses. The significant level
was set at p < 0.05. The descriptive statistics was performed to describe the
demographic data which were expressed as mean, standard deviation (SD), median,
minimum and maximum. The Shapiro-Wilk test was used to calculate distribution of
data. The differences of demographic data between groups were used Kruskal Wallis
test. The descriptive statistical analysis was used to analyze demographic data. The
intraclass correlation coefficient (ICC) with 95% confidence interval (95% CI) would
be used to determine the intra-rater reliability of the results of the CCFT and the ADIT
from manual palpation and EMG biofeedback. The expected value of intraclass

correlation coefficient would be more than 0.75 (good reliability) (Portney et al. 2009).

8. Results
Fifteen males and 15 females were participated in this study. The demographic
data were presents in Table 1. The mean (SD), median, minimum and maximum of

activation score, performance index and pressure change were presented in Table 2.

Table 1 Demographic data of participants (n = 30)
Variables Mean (SD) p-
Neck pain ~ Low back pain Control value
group (n=10) group (n=10)  group (n=10)
Gender N (%) -

- Male 5 (50.00) 4 (40.00) 6 (60.00)
- Female 5 (50.00) 6 (60.00) 4 (40.00)
Age (years) 2270 (3.56) 2270 (2.31)  26.60 (2.72) 0.936

Body massindex ~ 21.03 (1.19)  20.88 (1.80)  20.97 (1.86) 0.988
(kg/m?)
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Variables Mean (SD) p-
Neck pain  Low back pain Control value
group (n=10) group (n=10)  group (n=10)

Abdominal 16.21 (3.82) 16.62 (2.32) 16.82 (3.49) 0.854

skinfold thickness

(mm)

Neck disability 15.00 (10.33) - - -

index

Modified - 8.60 (7.43) - -

Oswestry low

back pain

disability

questionnaire

Table 2 Mean (SD), median, minimum and maximum of activation score, performance
index and pressure change of participants. (n = 30)
Mean (SD) Median Minimum Maximum

Total (n=30)
Activation score (mmHg)
- Manual palpation 1 3.13 (2.86) 2 0 10
- Manual palpation 2 2.80 (3.04) 2 0 10
- EMG biofeedback 1 2.53 (2.73) 2 0 10
- EMG biofeedback 2 2.87 (3.35) 2 0 10
Performance index
- Manual palpation 1 10.07 (13.84) 4 0 50
- Manual palpation 2 9.27 (13.56) 4 0 50
- EMG biofeedback 1 8.53 (12.59) 4 0 40
- EMG biofeedback 2 9.47 (15.60) 4 0 64
Pressure change (mmHg)
- Manual palpation 1 2.87 (1.55) 2 2 8
- Manual palpation 2 2.60 (1.75) 2 0 8
- EMG biofeedback 1 2.13 (1.96) 2 0 8
- EMG biofeedback 2 2.00 (1.97) 2 0 8
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Mean (SD) Median  Minimum Maximum
Neck pain group (n=10)
Activation score (mmHg)
- Manual palpation 1 2.40 (2.27) 2 0 6
- Manual palpation 2 2.00 (2.11) 2 0 6
- EMG biofeedback 1  1.80 (2.39) 1 0 6
- EMG biofeedback 2 2.40 (2.80) 2 0 8
Performance index
- Manual palpation 1 4.20 (3.94) 4 0 12
- Manual palpation 2 5.00 (5.60) 4 0 16
- EMG biofeedback 1  3.60 (4.30) 2 0 12
- EMG biofeedback 2 4.40 (4.50) 4 0 12
Pressure change (mmHg)
- Manual palpation 1 3.00 (1.94) 2 2 8
- Manual palpation 2 2.80 (1.93) 2 2 8
- EMG biofeedback 1 ~ 2.40 (2.46) 2 0 8
- EMG biofeedback 2~ 2.40 (2.27) 2 0 8
Low back pain group
(n=10)
Activation score (mmHg)
- Manual palpation 1 1.60 (1.58) 2 0 4
- Manual palpation 2 1.00 (1.41) 0 0 4
- EMG biofeedback 1~ 1.20 (1.40) 1 0 4
- EMG biofeedback 2 0.80 (1.40) 0 0 4
Performance index
- Manual palpation 1 5.00 (8.23) 2 0 24
- Manual palpation 2 2.60 (6.26) 0 0 20
- EMG biofeedback 1~ 3.20 (6.20) 1 0 20
- EMG biofeedback 2 1.80 (3.82) 0 0 12
Pressure change (mmHg)
- Manual palpation 1 2.00 (0.00) 2 2 2
- Manual palpation 2 1.40 (0.97) 2 2 2
- EMG biofeedback 1~ 0.80 (1.03) 0 0 2
- EMG biofeedback 2 0.60 (0.97) 0 0 2
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Mean (SD) Median Minimum Maximum

Control group (n=10)
Activation score (mmHgQ)

- Manual palpation 1 5.40 (3.13) 5 2 10
- Manual palpation 2 5.40 (3.41) 6 0 10
- EMG biofeedback 1 4.60 (2.99) 4 0 10
- EMG biofeedback 2 5.40 (3.78) 6 0 10
Performance index
- Manual palpation 1 21.00 (18.29) 17 0 50
- Manual palpation 2 20.20 (17.87) 16 0 50
- EMG biofeedback 1~ 18.80 (16.69) 11 0 40
- EMG biofeedback 2 22.20 (21.80) 18 0 64
Pressure change (mmHg)
- Manual palpation 1 3.60 (1.58) 4 2 6
- Manual palpation 2 3.60 (1.58) 4 2 6
- EMG biofeedback 1 3.20 (1.40) 3 2 6
- EMG biofeedback 2 3.00 (1.70) 3 0 6

The intra-rater reliability of manual palpation from the activation score,
performance index and pressure change were good with the intraclass correlation
coefficient more than 0.86 in beginning, middle and end periods (Table 3). In the same
way, the intra-rater reliability of EMG biofeedback from the activation score,
performance index and pressure change were good with the intraclass correlation
coefficient more than 0.78 in three periods (Table 3). The intra-rater reliability of
measurement of the visual analog scale were good with the intraclass correlation

coefficient 0.99 (Table 4).



Table 3 The intraclass correlation coefficient (ICC) of the maximum pressure achieved

from the CCFT and the pressure change from the ADIT in three periods (n=30)

ICC (95% ClI)

Manual palpation

EMG biofeedback

Activation score
- Beginning period (n=10)
- Middle period (n=10)
- End period (n=10)

Performance index
- Beginning period (n=10)
- Middle period (n=10)
- End period (n=10)

Pressure change
- Beginning period (n=10)
- Middle period (n=10)
- End period (n=10)

0.959 (0.845-0.990)
0.872 (0.567-0.966)
0.888 (0.614-0.971)

0.865 (0.549-0.965)
0.966 (0.870-0.991)
0.917 (0.702-0.979)

0.914 (0.695-0.978)
0.867 (0.553-0.965)
0.947 (0.802-0.987)

0.973 (0.894-0.993)
0.780 (0.335-0.940)
0.882 (0.596-0.969)

0.925 (0.730-0.981)
0.920 (0.713-0.980)
0.917 (0.702-0.979)

1.000 (1.000-1.000)
0.928 (0.739-0.982)
0.920 (0.711-0.979)

Table 4 Mean (SD) and the intraclass correlation coefficient (ICC) of the visual analog
scale (n=30)

Mean (SD) ICC (95% CI)
The visual analog scale (1) 48.95 (15.79)  0.999 (0.998-1.000)
The visual analog scale (2") 49.05 (15.81)

4.9 Discussion

The objective of this study was to estimate the reliability of manual palpation
and EMG biofeedback during the CCFT and the ADIT and to estimate the reliability of
measurement of the visual analog scale. The good reliability in beginning, middle and
end periods were presented in this study. These results were consistent the results of
previous studies (Garnier et al. 2009, Juul et al. 2013). This might be from assessors
who had practiced with clearly setting procedure to correctly performance of the CCFT
and the ADIT. Moreover, the assessors used consistent verbal feedback to participants.
The good reliability of measurement of the visual analog scale was presented in this

study. This result was higher than previous study that reported moderate to good test-
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retest reliability of visual analog scale (ICC = 0.71-0.94) (Hawker et al. 2011). The
limitation that was not assessed inter-rater reliability. However, this study was used one
assessor with manual palpation, and one assessor with EMG biofeedback and visual

analog scale.

10. Conclusion
The reliability between manual palpation and EMG biofeedback during the
CCFT and the ADIT was good with the intraclass correlation coefficient that could be

used in next study.
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APPENDIX D
DATA OF RELIABILITY STUDY
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APPENDIX E
VALIDITY STUDY

1. Introduction

This chapter describes the criterion validity of manual palpation for monitoring
the contraction of the superficial muscles during the CCFT for neck stabilizer muscle
performance and the ADIT for back stabilizer muscle performance, using the EMG
biofeedback as the accepted standard of measurement. The topics consist of objective,
characteristics of participants, materials, assessors, procedures, statistical analysis,

result, discussion and conclusion.

2. Objective

This study was to estimate the criterion validity of manual palpation for
monitoring the contraction of the superficial muscles during the CCFT for neck
stabilizer muscle performance and the ADIT for back stabilizer muscle performance,

using the EMG biofeedback as the accepted standard of measurement.

3. Participants

Thirty participants from reliability study. The participants were classified into
three groups including neck pain group, low back pain group, and control group. The
characteristics of participants in this study followed topic of participants in Appendix

C.
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4. Materials

Materials of this study followed topic of materials in Appendix C.

5. Assessors

Assessors of this study followed topic of assessors in Appendix C.

6. Procedures

Procedures of this study followed topic of procedures in Appendix C. The
activation score and the performance index were recorded as result of the CCFT and
the pressure change was recorded as the result of the ADIT from manual palpation and
EMG biofeedback. The first results of the CCFT and the ADIT from Appendix C would

be used to calculate.

7. Statistical analysis

The statistical analysis was followed CHAPTER 3. The criterion validity was
tested by examining the correlation between the pressure biofeedback readings of the
CCEFT for neck stabilizer muscle performance and the ADIT for back stabilizer muscle
performance which used manual palpation and EMG biofeedback for monitoring the
contraction of the superficial muscles. If data was normally distributed, the Pearson’s
correlation coefficient was calculated would be used. If data was not normally
distributed, the Spearman’s correlation coefficient would be used. Correlation

coefficient (r) of 0-0.25 indicated little or no relationship, 0.25-0.50 was fair, 0.50-0.75
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was moderate to good and greater than 0.75 was good to excellence (Portney et al.

2009).

8. Results

The demographic data of this study was presented in Appendix C (Table 1). The
mean (SD), median, minimum and maximum of activation score, performance index
and pressure change were presented in Appendix C (Table 2) The Spearman’s
correlation coefficient were demonstrated excellent correlations between the test results
obtained between the two methods i.e. the activation score, performance index and
pressure change (r = 0.914, 0.918 and 0.803 p < 0.01) (Table 1). These excellent

correlations also showed when conducting subgroup analyses (Table 1).

Table 1 The correlation coefficient (r) of the maximum pressure achieved from the
CCFT and the pressure change from the ADIT recorded between the manual palpation
and the EMG biofeedback. (n=30)

Activation score Performance Pressure change

index
Total 0.914* 0.918* 0.803*
Neck pain 0.856* 0.932* 0.849*
(n=10)
Low back pain 0.853* 0.884* 1.000*
(n=10)
Control 0.962* 0.954* 0.853*
(n=10)

*p-value < 0.05
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9. Discussion

The objective of this study was to estimate the criterion validity of the manual
palpation for monitoring the contraction of the superficial muscles during the CCFT
and the ADIT, using the EMG biofeedback as the accepted standard of measurement.
The results of the study demonstrated excellent correlations between the pressure
readings obtained from the two methods. These findings suggest that manual palpation
can be used for monitoring the contraction of the superficial muscles during the CCFT
and the ADIT.

This study set the threshold for contraction of sternocleidomastoid and rectus
abdominis muscles at 10% of their MVICs which was regarded as minimal muscle
contraction. The ability of manual palpation to detect this small change in muscle
tension is plausible as it was reported that the mechanoreceptors in the fingers are
capable to perceive the tension as small as 0.3 N (Hides et al. 2006). The previous study
that use digital palpation to classify pelvic floor muscle strength into five grades on the
Modified Oxford Scale also demonstrated excellent correlation (r = 0.90) between the
digital palpation and the pelvic floor muscle contraction pressure (Pereira et al. 2014).
The excellent correlation of the results of the ADIT obtained from the manual palpation
and the EMG biofeedback suggests that the palpation for the thoracolumbar movement
can be used to indicate a dominant contribution of trunk superficial muscles during the
test. The ability of a trained therapist to palpate the motion of the body has been well
presented in previous studies and the percentage of agreement of the findings between
the therapists were moderate to high (K ranged from 0.65-0.77) (Hodges 1999,
Humphreys et al. 2004). In the current study, the lower pressure readings which

reflected the poor performance of the core stabilizer muscles were apparent in the
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groups of individuals with neck and low back pain when comparing with asymptomatic
individuals. These findings were in line with previous studies (Hodges et al. 1996,
Hodges et al. 1998, Cairns et al. 2000, Jull 2000, Falla et al. 2004, Falla et al. 2004, Jull
et al. 2004, Falla et al. 2011).

Nevertheless, the excellent correlations between the results of the CCFT and the
ADIT obtained from the two methods were demonstrated across all three groups. These
findings suggest that although the symptoms in the neck or in the back have an effect
on the performance of the cervical and lumbar stabilizer muscles, they did not influence
the ability of the assessment of the contraction of the superficial muscles. A major
strength of this study is based on the use of the EMG biofeedback with surface
electrodes which is an accepted standard for measurement of the superficial muscle
activity. However, there are a few limitations when interpreting the findings. The use
of surface electrodes not the fine wire electrodes may allow EMG signals from the
surrounding muscles other than the ones that were tested could not be excluded. As
these surrounding muscles would not be grouped as core stabilizer muscles, their
muscle activities could still be regarded as the dominant contraction of the superficial
muscles. The sample used was one of convenience with a mix of individuals both with
and without spinal problems. Although this would provide clinical applicability to both
symptomatic and asymptomatic individuals, a relatively small number of participants

in each group would need further study to confirm the results.
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10. Conclusion
The manual palpation was found to be a valid method for monitoring the
contraction of the superficial muscles during the CCFT for neck stabilizer muscle

performance and the ADIT for back stabilizer muscle performance.
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APPENDIX F
DATA OF VALIDITY STUDY
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APPENDIX H
PARTICIPANT INFORMATION SHEET
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APPENDIX |
SCREENING QUESTIONNAIRE
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APPENDIX J
VISUAL ANALOG SCALE
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APPENDIX K
NECK DISABILITY INDEX
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APPENDIX L
MODIFIRED OSWESTRY LOW BACK PAIN
DISABILITY QUESTIONNAIRE
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APPENDIX M
DATA COLLECTION SHEET
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APPENDIX N
INSTRUCTION FOR PARTICIPANTS

Instruction for participants to perform maximum voluntary contraction of

superficial muscles

1. Sternocleidomastoid muscles
Yy o 1 o Y dy . . !
M'J ﬂﬂﬂﬁ@ﬂﬁ1ﬂ1ﬂ15‘1/]1\111!13\1@'@“110\1ﬂﬁ1ﬂﬂ!8 sternocleidomastoid Gl‘L!‘V]TN?JLl’Vi\ﬂEI
' v o 1Y o D) Y o w a YY Y 1 Ao 2
FAUNUSUIVING 2 LAZUUUNYT 2 VI NNV NNANT IQEJEJﬁ‘lﬂﬂchfi@L"lﬂi'ﬁJﬂWi’J*ﬂﬂﬂ‘ﬂUﬂluﬁﬂu

Y
MINATDY A

° ' B ) { ¥ X Ao ¥ <
“« GI,UGUﬂ!31/]'":]’]31/]ﬂﬁ@ﬂw’lﬂ’]ﬂ’liﬂ']QWHQQ@@M@QﬂaTM!ﬁ@ﬂ@“]fuau ﬂﬂugﬂgiﬂﬂmlﬂﬂﬂ’]\‘l

J v 1 = 9 9 =2 9 s 9 Yy a = v 2 1
i'Jllﬂ‘Llﬂ’E]EJ@]ﬂﬂﬁiﬂgﬁlﬂaﬂﬂwufﬂf]MU\?G]ﬂc] Lﬂi\‘lﬂ'l\?llﬂlﬂunﬁ'l 10 3UIN "luﬂaumﬂ% IUNIN

° < = = A 3 9 9 1
AN INUANLAZIATIVINATHS USAL ... ITUAY ... mﬂmﬂ’guzﬂz ... NS

2. Rectus abdominis muscles
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Instruction for participants to perform the craniocervical flexion test
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Instruction for participants to perform the abdominal drawing in test
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APPENDIX O
DATA OF MAIN STUDY

) 8 o _ CCFT ADIT
=} = < o — —
z 8 > pd Activation  Repetitions Performance Pressure
score index change
1 sNP 21 4 4 6 24 4
2 SNP 25 4 6 6 24 4
3 sNP 35 5 2 2 4 2
4 SNP 48 5 2 3 6 2
5 sNP 37 3 2 3 6 2
6 SNP 48 6 2 5 10 4
7 sNP 21 5 2 3 6 2
8 sNP 38 7 4 3 12 2
9 sNP 89 12 2 3 6 2
10 sNP 38 3 4 6 24 4
11  sNP 25 4 4 3 12 4
12 sNP 65 7 4 6 24 4
13 sNP 69 9 4 6 24 4
14 sNP 33 3 4 6 24 2
15 sNP 52 10 2 4 8 2
16 sNP 66 4 2 2 4 2
17 sNP 58 20 0 0 0 4
18 sNP 37 4 0 0 0 2
19 sNP 24 3 0 0 0 2
20 sNP 65 4 4 6 24 4
21  sNP 29 2 4 4 16 2
22 sNP 51 4 6 1 6 8
23 sNP 33 4 6 2 12 4
24 cNP 72 7 4 4 16 2
25 cNP 25 9 4 5 20 2
26 cNP 27 5 4 3 12 4
27  cNP 39 2 4 3 12 4
28 CcNP 70 5 2 1 2 6
29 cNP 41 5 4 3 12 4
30 cNP 71 12 2 3 6 4
31 cNP 47 4 4 5 20 6
32 cNP 20 9 4 3 12 4
33 cNP 37 11 2 2 4 2
34 cNP 37 7 2 2 4 2
35 CcNP 54 7 4 6 24 4
36 cNP 40 11 4 7 28 4
37 cNP 43 9 2 2 4 2
38 CcNP 72 8 2 2 4 4
39 cNP 64 5 4 6 24 2
40 cNP 42 10 0 0 0 2
41 cNP 69 18 2 1 2 2
42 cNP 36 2 2 7 14 2
43  cNP 51 6 4 5 20 2
44 cNP 70 7 2 2 4 4
45 cNP 70 11 4 1 4 2
46 cNP 59 8 2 4 8 0
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CCFT = craniocervical flexion test, ADIT = abdominal drawing-in test, SNP = subacute neck pain group, cNP = chronic neck pain
group, sLBP = subacute low back pain group, cLBP = chronic low back pain group, C = control group, VAS = visual analog scale,
NDI = neck disability index and ODQ = modified Oswestry low back pain disability questionnaire
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(72}
S g 2 =z 8, CCFT ADIT
zZ 8 > £ =2 o Activation Repetitions Performance Pressure
score index change
47 sLBP 49 - 5 4 3 12 2
48 sLBP 41 - 4 8 2 16 2
49 sLBP 20 - O 6 7 42 2
50 sLBP 48 - 13 4 6 24 2
51 sLBP 34 - 4 4 3 12 2
52 sLBP 31 - 3 4 4 16 2
53 sLBP 54 - 7 4 4 16 2
54 sLBP 56 - 2 4 5 20 2
5 sLBP 71 - 5 8 2 16 2
56 sLBP 55 - 3 4 5 20 2
57 sLBP 67 - 1 10 5 50 2
58 sLBP 76 - 5 6 5 30 4
59 sLBP 40 - 4 6 5 30 2
60 sLBP 79 - 11 4 2 8 0
61 sLBP 23 - 7 4 1 4 0
62 sLBP 52 - 3 0 0 0 0
63 sLBP 34 - 5 4 4 16 2
64 sSLBP 48 - 4 4 1 4 0
65 sLBP 69 - 10 0 0 0 2
66 sLBP 64 - 1 2 1 2 0
67 sLBP 23 - 2 4 10 40 2
68 sLBP 28 - 1 4 2 8 2
69 sLBP 25 - 0 2 3 6 2
70 cLBP 29 - 8 8 3 24 2
71 cLBP 30 - 3 8 4 32 4
72 cLBP 62 - 1 4 1 4 4
73 cLBP 47 - 7 6 3 18 4
74 cLBP 59 - 13 2 2 4 2
75 cLBP 94 - 10 4 4 16 2
76 cLBP 64 - 8 2 5 10 0
77 cLBP 64 - 16 4 3 12 2
78 cLBP 24 - 3 6 6 36 4
79 cBP 31 - 2 4 4 16 0
80 «cBP 35 - 5 2 3 6 4
81 «cLBP 78 - 12 6 6 36 2
82 «cLBP 27 - 4 4 10 40 2
83 «cLBP 64 - 3 8 7 56 2
84 cLBP 77 - 6 2 1 2 2
85 «cLBP 41 - 10 6 10 60 2
86 cLBP 49 - 6 4 1 4 2
87 «cLBP 36 - 5 10 8 80 2
88 «cLBP 29 - 2 4 5 20 2
89 «cLBP 76 - 6 4 6 24 2
90 cLBP 77 - 10 0 0 0 0
91 cBP 52 - 1 0 0 0 0
92 cLBP 59 - 6 0 0 0 0
93 C - - - 8 7 56 10
94 C - - - 6 7 42 6
95 C - - - 6 10 60 4

CCFT = craniocervical flexion test, ADIT = abdominal drawing-in test, SNP = subacute neck pain group, cNP = chronic neck pain
group, SLBP = subacute low back pain group, cLBP = chronic low back pain group, C = control group, VAS = visual analog scale,
NDI = neck disability index and ODQ = modified Oswestry low back pain disability questionnaire
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2 . CCFT ADIT
=] 3 2 [a) 4
z 8 >S. 2 0 Activation Repetitions Performance Pressure
score index change
96 C - - - 10 5 50 4
97 C - - - 10 8 80 6
98 Cc - - - 8 6 48 8
99 C - - - 6 1 6 4
100 C - - - 8 1 8 2
101 C - - - 6 5 30 6
102 C - - - 6 5 30 4
103 C - - - 8 2 16 4
104 C - - - 6 4 24 2
105 C - - - 8 6 48 4
106 C - - - 8 7 56 4
107 C - - - 6 8 48 4
108 C - - - 8 6 48 4
109 C - - - 6 10 60 4
110 C - - - 6 6 36 4
111 C - - - 6 6 36 4
112 C - - - 10 5 50 4
113 C - - - 6 6 36 6
114 C - - - 6 8 48 4
115 C - - - 8 3 24 6
116 C - - - 10 5 50 2
117 C - - - 6 2 12 2
118 C - - - 4 10 40 4
119 C - - - 4 10 40 2
120 C - - - 2 4 8 4
121 C - - - 2 2 4 4
122 C - - - 6 5 30 4

CCFT = craniocervical flexion test, ADIT = abdominal drawing-in test, SNP = subacute neck pain group, cNP = chronic neck pain
group, SLBP = subacute low back pain group, cLBP = chronic low back pain group, C = control group, VAS = visual analog scale,
NDI = neck disability index and ODQ = modified Oswestry low back pain disability questionnaire
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Abstract

In clinical and research settings, manual palpation is commonly used for detecting an
unwanted contraction of the stemocleiomastoid muscles (SCM) during the craniocervical flexion test
(CCFT). Nevertheless, no studies have investigated the correlation between the test results obtained
by the manual palpation and the electromyography (EMG) which is considered as a gold standard for
measuring muscle activity. The objective of this study was to evaluate the corelation between the
highest pressure achieved obtained by the manual palpation and the EMG biofeedback during the
CCFT. Twenty volunteers participated in this study. They consisted of 10 individuals with neck pain
for more than one month and 10 asymptomatic participants. They were instructed to perform the
CCFT while the muscle activity of the SCM muscle was simultaneously monitored by the manual
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palpation and the EMG biofeedback by different assessors. The highest target pressure achieved was
recorded for analysis. A Spearman’s correlation coefficient (r) between the highest target pressure
achieved from the manual palpation and the EMG biofeedback methods was 0.940 (p < 0.001).
Subgroup analyses also revealed significant correlations in neck pain (r = 0.856, p = 0.002) and
asymptomatic participants (r = 0.984, p < 0.001). The results of this study suggested that the manual
palpation method was shown to be a suitable method for determining whether there is unwanted
muscle activity from the SCM muscle during the CCFT.

Keywords: Craniocervical flexion test, Electromyography, Neck pain, Neck muscles

Introduction

Impairments of the deep cervical flexor muscles have been presented in patients who
suffered from neck pain. The strength and endurance of these muscles were found to reduce
with low muscle activity while there was high muscle activity in the sternocleidomastoid (SCM)
muscle in comparison to the asymptomatic persons.(1-9) These findings suggest that the deep
cervical flexor muscles lose their function as active spinal segmental stabilizers and a specific
therapeutic exercise should be initiated.(2, 10)

The test that is generally conducted as a part of physical therapy examination for
examining the function of the deep cervical flexor muscles are the cranio-cervical flexion test
(CCFT). It aims to indirectly measure the strength and endurance of the deep cervical flexor
muscles - the longus capitis and longus colli muscles.(11) The test requires an individual to
perform cranio-cervical flexion movement over a pressure biofeedback unit in order to achieve
the pressure targets of five incremental levels with negligible activity in the SCM muscle.(12) Any
detectable muscle activity of SCM muscle is considered as a fail for that level. The greater the
highest pressure achieved, the greater strength of the deep cervical flexor muscles.(13)

From the above, an ability of a therapist to detect activity of the SCM muscle during
the CCFT is therefore critical for classifying the level of strength of the deep cervical flexor
muscles. In general, the method used for determining activity of the SCM muscle is performed
by direct manual palpation over the muscle.(11) However, it is well accepted that the
electromyography (EMG) either the surface or the needle EMG is a gold standard for indicating
the amount of muscle activity. Nevertheless, little is known about the correlation between the
test results during the CCFT measured by manual palpation and EMG. Therefore, the aim of this
study was to examine the correlation between the highest pressure achieved during the CCFT
measured by these two methods.

Methods
1. Participants

Twenty participants aged between 20 and 45 years, both male and female with normal
body mass index (18.5-22.9 kg/m?) were recruited. They consisted of 10 individuals with neck
pain for more than one month and 10 asymptomatic participants. Neck pain was defined as
region of the superior nuchal line to the third thoracic spinous process.(14) They were excluded
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if they had undergone abdominal wall or spinal surgery in the last two years, had spinal
deformity such as scoliosis that had a positive test from Adam’s forward bend test, had
neurological condition, and had history of fracture, cancer, and infectious disease of the spine.
The persons who were unable to perform CCFT and had participated in the training program of
neck stabilization within the last one year were also excluded. The ethical approval was
obtained from the Chulalongkron University Human Ethics Committee (No. 068.1/59). All
participants who met the selection criteria signed the consent form before participating in the
study.

2. Instruments

2.1 Pressure biofeedback unit

A pressure biofeedback unit (Chattanooga, USA) was used for measuring the
performance of the deep cervical flexor muscles. It is reported to be accurate at +3 mmHg
(Figure 1).

Figure 1 Pressure biofeedback unit

2.2 EMG biofeedback

The muscle activity of the SCM muscles was measured by the Myomed 932® (Enraf-
Nonius, the Netherlands) EMG biofeedback. The silver/silver chloride surface electrodes of 10
millimeters in diameter, with a 22-millimeter inter-electrode distance, were positioned along the
lower one-third of the muscle bellies on both sides (Figure 2).(15) A reference electrode was
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placed on the lateral epicondyle of the left elbow. According to previous studies, the
acceptable negligible activity of the SCM muscles during the CCFT was reported to be less than
10% of their maximum voluntary isometric contraction.(2, 13) Thus, the 10% MVIC was set as a
threshold for the EMG biofeedback to determine that there was unwanted SCM muscle activity
during the test. The threshold of each participant was set as a horizontal line marker shown the
LCD screen of the EMG biofeedback. At the moment when the muscle activity rose above this
threshold, the pressure level on the pressure biofeedback gauge would be recorded for further
analysis.

Figure 2 The placing of electrodes on the sternocleidomastoid muscles (SCM).

The maximum voluntary isometric contraction of the SCM muscles was established by
having the participants lie in supine crook lying position. Then, they were instructed to flex neck
to just clear the head from the plinth and held for 10 seconds.(2)

3. Procedure

Each participant was positioned in supine with the knees bent and the head in the
horizontal line of the body (Figure 3). The pressure biofeedback unit was placed behind the
neck at suboccipital region and inflated to the baseline pressure of 20 mmHg.(9, 11) Participants
practiced the CCFT by gently nodding their head to achieve progressive pressure targets at
increment of 2 mmHg from 22 to 30 mmHg holding for 2 - 3 seconds. The testing period began
after food consumption for at least 30 minutes with an empty bladder.
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Figure 3 The setting of the participants during the craniocervical flexion test (CCFT).

Two assessors monitored the contraction of the SCMs at the same time. After the CCFT
training period, one assessor placed fingers over both SCMs to manually palpate for muscle
contraction. Another assessor monitored the LCD screen of the EMG biofeedback for activity of
both SCMs. Assessor who conducted the manual palpation constantly watched on the pressure
gauge and announced the target pressure level. By this means, the assessor who monitored the
LCD screen of the EMG biofeedback would know the target pressure level that was being tested.
Once the participants could achieve the set target pressure level, they were asked to perform
the CCFT at the next target pressure level. Each increment was held steadily for 10 seconds
with 30-second rest in between until the participants reached the highest pressure level at 30
mmHg. Each assessor independently recorded the pressure target on the pressure biofeedback
unit at which the participants could perform the CCFT correctly. The highest pressure level
achieved with negligible contraction of the SCM muscles was recorded for analysis.

4. Statistical analysis

Data analysis was performed using the SPSS software version 22.0. The significant level
was set at p < 0.05. The descriptive statistics was used to describe the demographic data. The
Spearman’s correlation coefficient was used to determine the correlation of the highest
pressure achieved recorded between the two methods. Correlation coefficient (r) of 0-0.25
indicates little or no relationship, 0.25-0.50 was fair, 0.50-0.75 was moderate to good and greater
than 0.75 was good to excellence.(16)

Results

There were 9 females and 11 males participated in this study. The demographic data
are presented in Table 1. Table 2 shows the correlation coefficients (r) between the highest
pressure achieved from the CCFT recorded by the manual palpation and the EMG biofeedback
methods. Significant positive correlation between the highest pressures achieved from two
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methods was excellent correlation (- = 0.940, p < 0.001). Subgroup analyses also revealed
significant correlations in neck pain (r = 0.856, p = 0.002) and asymptomatic participants (r =
0.984, p < 0.001).

Table 1 Demographic data (means (SD)) of the participants.

Total Neck pain Asymptomatic

Variables
(n = 20) (n =10) (n = 10)
Male / Female 11/9 575 6/4
Age (years) 23.0(3.5) 22.7 (3.6) 23.3 (3.6)
Weight (kg) 57.8(7.1) 56.6 (6.1) 59.1(8.2)
Height (cm) 166.3 (8.6) 163.9 (6.6) 168.7 (10.0)
Body mass index (kg/m?) 20.9 (1.3) 21.0(1.2) 20.7 (1.5)

Table 2 The correlation coefficients (r) between the highest pressures achieved during the CCFT
measured by the manual palpation and EMG biofeedback.

Variables Correlation coefficient (r) p - value

Total 0.940 <0.001

Neck pain 0.856 0.002

Asymptomatic 0.984 <0.001
Discussion

This study examined the correlation between the highest pressures achieved during the
CCFT measured by the manual palpation and EMG biofeedback methods. Excellent correlation
between the two methods was found both in the neck pain and asymptomatic participants.
These findings suggest that the use of manual palpation for determining whether there is
unwanted muscle contraction from the SCM muscles during the CCFT is acceptable.

The high correlation between the results obtained via the manual palpation and the
EMG biofeedback methods helps validate the use of the manual palpation during the CCFT. As
the CCFT is widely used not only in clinical setting but in research setting, these findings would
provide both the therapists and the researchers with confidence to utilize the manual palpation
during the CCFT.

The results of this study are in line with previous studies that examined manual
palpation for pelvic floor muscle contraction. The strength of the pelvic floor muscle was
classified into five grades, ranging from zero to five on the Modified Oxford Scale which is similar
to the 5-stage increment pressure testing for the CCFT. Manual palpation of the pelvic floor
muscle was shown to have moderate to good correlation with perineometer (17) and EMG (18,
19) as well as have moderate correlation with ultrasonography.(19, 20) The findings that a
researcher could differentiate among various levels of muscle contraction suggest that an
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individual who was trained would be able to perceive change in the strength of muscle
contraction through manual palpation. In the present study, it was demonstrated that the
minimal contraction of the SCM muscles as low as 10% of its maximum voluntary contraction
was plausible to be detected via manual palpation.

The excellent correlations demonstrated both in the neck pain and asymptomatic
participants also support the validation for the use of manual palpation during the CCFT in both
populations. The findings of the lower highest pressure achieved during the CCFT in the neck
pain than the asymptomatic participants also concur with previous studies.(1-4) These results
confirm that the deep cervical flexor muscles tend to impair in persons with neck pain.

There are limitations to this study. Firstly, this study employed the surface electrodes
not the intramuscular electrodes over the SCM muscles. Some artifacts during testing might
interfere with the amount of the muscle activity. Nonetheless, this confounding would be
minimal as the test was conducted in the superficial muscle of the neck. A previous study
showed that at least 60% of the recorded muscle activity was from the SCM muscles. (21)
Secondly, manual palpation closed to the surface EMG electrodes might interfere with the EMG
data. However, the palpation in this study that took place as a light touch should not affect the
data. This was evident by the negligible change in the resting muscle activity of the SCMs on the
LCD screen of the EMG biofeedback during manual palpation. Thirdly, this study focused on
identifying the highest pressure achieved during the CCFT which represents the strength of the
deep cervical flexor muscles, the endurance of the muscles was not investigated. Nevertheless,
it is speculated that the manual palpation of the SCM muscle activity could also be employed
when testing for muscle endurance. However, further investigation is necessary to prove this
notion.

Conclusion

Significant correlations between the highest pressure achieved obtained by the manual
palpation and the EMG biofeedback during the CCFT were excellent. The results support the
use of manual palpation for determining whether there is unwanted muscle activity from the
SCM muscle during the CCFT.
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