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1.1 Background and rationale 

CHAPTER I 

INTRODUCTION 

The prevalence of neck pain has been reported to be high (Cote et ai, 1998). This 

may result in a large proportion of health care practice responsible for the treatment of 

neck problems. Consequently, the cost of neck pain treatment is numerous, for 

example, the cost of the treatment was reported to be 686 millions US dollars in the 

Netherlands in 1996 (Borghouts et ai, 1999). Even though there are a large number of 

patients experiencing neck pain, the diagnostic of such patients are still inconclusive. 

The majority of neck pain is normally diagnosed as mechanical neck pain (MNP). 

There are a number of treatments aiming to relief neck pain and improve functional 

activities or range of motion (ROM) for patients with MNP. These include medical 

care, chiropractic, acupuncture and physical therapy. Spinal manipulative therapy 

(SMT) is one of the most common treatments used by a physical therapist for MNP 

patients (Bronfort et ai, 2004; Jensen and Harms-Ringdahl, 2007). However, patients 

often report adverse effects such as dizziness, headache and vertigo after the 

application of SMT directed to the cervical spine (Magarey et ai, 2004) . 
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In order to avoid the adverse effect, there are a few studies investigating the effect of 

thoracic manipulation that is the thoracic posteroanterior manipulation technique on 

relieving neck pain (Cleland et ai, 2005; 2007) and trend toward an increase in all 

active cervical ROM (Fernandez-de-Ias-Penas et ai, 2007). It has been noted that the 

thoracic manipulation would be able to relief neck pain (Cleland et ai, 2005; Cleland et 

ai, 2007; Fernandez-de-Ias-Penas et ai, 2007) and improve active cervical ROM 

(Femandez-de-Ias-Penas et ai, 2007). Also one of these studies has shown significant 

greater pain reduction after thoracic manipulation than a nonthrust manipulation 

technique in MNP (Cleland et ai, 2007). This study investigated the use of the 

thoracic posteroanterior manipulation technique in MNP patient which have some 

difficulties to apply if the body size of a patient is larger than the physical therapist. 

Briefly, this technique is applied to a patient who is asked to lie on his back. A 

physical therapist places his pistol grip under the patient's back at the target spinal 

level. The therapist is then performed a posteroanterior pressure with high velocity 

and small amplitude thrust at the end of normal exhalation (Figure 1.1 A). 

With similar effects, the thoracic rotary posteroanterior manipulation which is easier to 

apply to a patient than the thoracic posteroanterior manipulation was then selected to 

investigate its effect in order to diminish these difficulties. Briefly, the thoracic rotary 

posteroanterior manipulation is applied to a patient who is asked to lie in prone. A 

physical therapist places the ulnar border of each hand in a line across the patient's 
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rib cage in parallel lines and then applies posteroanterior and rotary pressures with 

high velocity and small amplitude thrust at the end of normal exhalation (Figure 1.1 B) 

(Maitland et ai, 2005). Therefore this study aimed to investigate whether the SMT 

applied to the thoracic spine yields different results from the SMT applied to the 

cervical spine in the treatment of MNP. 

A B 
Figure 1.1 The thoracic manipulation techniques 

A and B represent the thoracic posteroanterior manipulation and the 

thoracic rotary posteroanterior manipulation techniques, 

respectively. 

1.2 Objectives 

This study aimed to compare the immediate effect of the thoracic rotary 

posteroanterior manipulation to the cervical posteroanterior mobilization on neck pain 

and active cerVical ROM in MNP treatment. 
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1.3 Specific objectives 

The thoracic rotary posteroanterior manipulation was superior to the cervical 

posteroanterior mobilization in relieving neck pain intensity and improving active 

cervical range of motion in the treatment of MNP. 

1.4 Hypotheses 

There would be statistically significant differences in the change in neck pain intensity 

and active ROM between the subjects who receive the central posteroanterior 

mobilization and the thoracic rotary posteroanterior manipulation. 

1.5 Scope of the study 

This study carried out in bilateral MNP patients. Sixty participants age over 20 years 

old without any contraindications to SMT such as spinal cord involvement, vestebro-

basilar insufficiency syndromes, fracture spine, and cancer participated. 



1.6 Brief method 

Participants recruited in this study gave written informed consent prior to participate in 

the study (Appendix G). The patient was asked to rate their neck pain intensity both 

at rest and during active cervical ROM on a visual analog scale (VAS). In order to be 

eligible to be a subject. the patient had to have their pain at rest at least 20 mm on the 

VAS. The subject was then measured their active cervical ROM using the cervical 

range of motion device (CRaM) at baseline by an assessor who was blinded to the 

intervention. A qualified physical therapist then assessed the subject's cervical spine 

as well as thoracic spine to identify the treatment dosage. The subject was then 

randomly allocated to either cervical mobilization group or thoracic manipulation 

group. The subject in the cervical mobilization group received the central mobilization 

applied to the identified cervical spinal level using the preferable treatment dosage 

with respect to the assessment results. The subject in the manipulation group 

received the thoracic rotary posteroanterior manipulation applied to the identified 

thoracic spinal level. After treatment 5 minutes. the subject was asked to rate their 

neck pain intensity and to take their movement test by the same assessor. 

5 
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1.7 Advantage of the study 

This study would be helpful in both research and clinic rela ted to the management of 

MNP. It would provide evidence for selecting a suitable technique for treatment of 

patients with bilateral MNP. 



2.1 Introduction 

CHAPTER II 

LITERATURE REVIEW 

The prevalence of neck pain has been reported to be high. Therefore, there are a 

number of treatments aiming to relief neck pain and improve active cervical ROM. 

This chapter describes the neck pain, the management of neck pain, the 

effectiveness of SMT for neck pain, and the application of Maitland's SMT. 

2.2 Neck pain 

Area of neck pain has been defined as any pain or symptoms occurred between the 

occiput and the third thoracic vertebra with or without any symptoms in the upper 

extremities or head and face areas (Maitland et ai, 2005). Neck pain can also be 

classified regarding the distribution of the symptoms as bilateral and unilateral 

symptoms. Bilateral and unilateral symptoms are represented the symptoms in head, 

neck, upper extremity both sides and one side, respectively (Figure 2.1). 



Figure 2.1 Possible symptom distribution areas of neck pain 

A and B represent bilateral and unilateral neck pain symptoms, 

respectively (Maitland et ai, 2005) 

Additionally, neck pain can be classified with regard to the duration or chronicity of 

the symptom; and causes of symptoms. Regarding to the duration of the symptom, 

neck pain can be classified as acute, subacute, and chronic neck pain (Jensen and 

Harms-Ringdahl, 2007). In general, the term acute, subacute, and chronic have been 

used to define a patients presenting with neck pain between 0-3 weeks, 4-12 weeks, 

and more than 12 weeks, respectively. Regarding to the cause of symptoms, neck 

pain can be classified as non-MNP and MNP (Maitland et ai, 2005). The term non-

MNP has been used to define a patient presenting with neck pain who has specific 

diseases such as cancer, bone infection, fracture, spinal cord involvement, and 

metabolic bone diseases. The term MNP has been used to define such patients 

whose pain arising from mechanical dysfunction. The mechanical dysfunction is 

commonly resulted from various structures in the neck area such as zygapoghysial 

joints, muscles and nerves of the cervical spine (Bogduk, 1993). 

8 
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2.3 Management of neck pain 

In treatments of patients with MNP, there are a number of treatments aiming to relief 

neck pain and improve active cervical ROM. These treatments include acupuncture, 

SMT and general physical therapy, and are noted to be effectiveness in reliving neck 

pain. It was noted that both SMT and acupuncture would give the similar pain reliving 

effect which was superior to the sham treatment (Trinh et ai, 2006). Additionally, the 

pain reliving effect after the application of SMT was superior to general physical 

therapy and education (Hoving et ai, 2002). A systematic review on the effectiveness 

of SMT noted that SMT was superior to medical care and physical therapy in chronic 

MNP. However, the evidence was inconclusive for acute MNP (Bronfort et ai, 2004). 

Additionally it has been noted that SMT would be able to reduce the treatment cost 

compared to other treatments (Korthals-de-Bos et ai, 2003). 

2.4 SMT for neck pain 

SMT has been commonly used by both a chiropractor and a physiotherapist. This 

technique can be categorized as manipulation and mobilization techniques. Briefly 

the manipulation is a single passive movement applied with high-velocity and small 

amplitude at the end or just beyond the end of range while the mobilization is a set of 

oscillatory movements applied with low velocity within a joint ROM. The mobilization is 
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also performed in such a manner that a patient can prevent during the treatment 

whereas the other can not. In practice, a chiropractic trends to use only manipulation 

technique whereas a physical therapist trends to use both mobilization and 

manipulation techniques. Additionally, experts in manipulative physical therapy 

recommend to use mobilization as the first selection treatment technique and to use 

manipulation technique as a progression treatment technique (Maitland et ai, 2005) . 

However, the selection of technique is based on both clinical presentation and manual 

assessment results. With regard to the manual assessment, a physical therapist 

commonly assesses a joint mobility and portrays what is happening during the 

assessment using a movement diagram. 

The movement diagram includes the amount of three parameters occurred during the 

manual assessment; joint resistance or stiffness, pain intensity and muscle spasm. 

Additionally the behavior of each parameter is presented. Figure 2.2 shows a normal 

movement diagram. Briefly the normal movement diagram is a rectangular square, 

consisting of A, B, C and D where A and B represent the beginning and the end of a 

joint ROM, respectively. The AC line represents the intensity of joint resistance, pain 

and muscle spasm. The R, represents the first felt of an increase in joint resistance 

while R2 represents the maximum resistance at the end of a normal joint movement. 
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Figure 2.2 Normal movement diagram (Maitland et ai, 2005) 

2.5 Treatment dosage 

A and B represents starting position and limit of the average normal 

passive range, respectively. AC and BO represents quali ty or intensity of 

the factors being plotted such as severity, irritability, nature and a line to 

complete the movement diagram, respectively. For example joint 

resistance is a parameter that normally presenting a movement diagram; 

R1 and R2 represent the onset of resistance and the maximum resistance 

at the normal joint the limitation, respectively. 

This section describes the treatment dosage that consists of grade of movement, 

frequency of mobilization, and repetition of mobilization. 

2.5.1 Grade of movement 
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The grades of movement in the use of SMT are divided into five grades (Figure 2.3); 

Grade I represents a set of oscillatory small amplitude movements applied near the 

beginning of a joint of mobility; Grade /I represents a set of oscil latory large amplitude 

movements applied near the beginning of joint mobility; Grade III represent a set of 

oscillatory large amplitude movements applied at 50 percentage of jOint resistances; 

Grade IV represent a set of oscillatory small amplitude movements applied at 50 



percentage of joint resistance; Grade V represent a single small amplitude movement 

with high velocity applied at the end of range or just beyond (Maitland et ai, 2005). 

The grade of movement can also be modified using the positive (+) or negative (-) 

sign representing an increase or decrease of 25 percentage of the resistances, 

respectively (Figure 2.3). Experts suggested to use a set of large amplitude of 

movements for treating pain as a dominant factor and to use a set of small amplitudes 

of movement for treating stiffness as a dominant factor. 

v R:? 
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Seventy-irntability-nature 
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" 
B 

A 1/4 112 314 
R1 L 
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Figure 2.3 Grades of movement in a normal range having a soft end-feel 

(modified from Maitland et ai, 2005; page 176) 

2.5.2 Frequency of mobilization 

12 

The expert recommended speed of oscillation approximately 05-2 Hz. This range is 

consistent with the frequency used to perform cervical mobilization (Snodgrass et ai, 

2007). Additionally, the low frequency is recommended to use for treatment aiming to 

relieve pain. The high frequency is recommended to use for treatment aiming to 

improve joint mobility. 
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2.5.3 Repetition of mobilization 

In general, a number of sets of SMT used in the treatment depends on the response of 

the joint being treated as well as the change in the symptom after the application. 

Experts recommended a therapist to treat their patient for 1-3 sets of mobilization. In 

order to, get best treatment outcome (Maitland et ai, 2005). However, this number is 

given as only a guideline and it can be adjusted under the therapists' consideration. 

2.6 Treatment technique selection 

The choice of treatment technique selection is based not only on the movement which 

mostly reproduces the patients symptoms but also the distribution of the neck pain. In 

practice, there are a number of movement directions that a therapist commonly 

assesses and treats MNP, these include central posteroanterior, unilateral 

posteroanterior and transverse movement. The therapist frequently selects one of 

these movements to treat the patient if the movement reproduces the symptoms 

similar to the patient's symptom. Additionally, manual therapy experts suggest a 

therapist to apply central posteroanterior to a spinous process of the cervical spine for 

bilateral symptom while to apply ipsilateral unilateral posteroanterior to a facet joint for 

unilateral symptoms in the treatment of MNP (Maitland et ai, 2005). 
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2.7 Effect of SMT 

There are a number of studies noted that SMT is effective in pain reduction and 

improving mobility (Cassidy et ai, 1992; Cleland et al. 2005; 2007; Martinez-Segura et 

al. 2006; Fernandez-de-Ias-Penas et al. 2007). A few mechanisms have been 

proposed to support this evidence. these are neurophysiological and biomechanical 

mechanisms. This part is going to discuss on these mechanisms. 

2.7.1 Neurophysiological mechanisms 

The effect of SMT on pain reduction can be categorized into three levels; these are 

peripheral level. spinal level or gate control theory. and supraspinal level or 

descending pain inhibitory system (DPIS). Regarding the peripheral level. SMT would 

increase blood circulation that may promote clearances of toxic substances (Maigne 

and Vautravers. 2003). Regarding the spinal level. SMT would stimulate the 

mechanoreceptor and proprioceptor via Au. Aj3 fiber resulting in an activation of the 

interneuron in dorsal horn in spinal cord when the interneuron in the spinal cord is 

activated, the pain afferent signal is blocked at the spinal cord (Figure 2.4) (Melzack 

and Wall. 1965). Consequently, the pain afferent can not be ascended to the brain via 

the spinal cord. 



Pain sensation is ascended via AO and C fibers to spinal cord. 

SMT sUmulates mechanoreceptor and vibration via Ao. and A~ fibers. 

Figure 2.4 Gate control theory (modified from Melzack and Wall, 1965) 

I and P represent inhibitory interneuron and projection neuron, 

respectively. + and - represent activation of the impulse and inhibition of 

the impulse, respectively. 
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Regarding the DPIS, it has been suggested that SMT would stimulate neurons in 

dorsal horn resulting from inhibiting impulse from the projection neuron in the 

periaquductal gray in midbrain. This would result in an inhibition of the interneuron in 

the spinal cord (Wright, 1995). Figure 2.5 showes the overlapped mechanism of the 

three control levels; peripheral, spinal, and supraspinal levels. 

PERIPHERAL LEVEL 

, , 
Pain sensation is ascended via AO and C fibers to spinal cord. 

SPINAL LEVEL 

SMT stimulates mechanoreceptor and vibration viatA<l and Af3 fibers. , , , , , , 

, I SUPRASPINAL LEVEL 

Figure 2.5 Summary of the neurophysiological mechanisms after the SMT 

I and P represent inhibitory interneuron and projection neuron, 

respectively. +, - and PAG represent activation of the impulse, inhibition 

of the impulse and periaqueductal gray, respectively. 

separates the level of neurophysiological mechanisms 

represents the mechanisms in supraspinal level 
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2.7.2 Biomechanical mechanisms 

The effect of SMT on increase ROM could be categorizes into two areas; local and 

adjacent areas. 

2.7.2.1 Local area 

The mechanism of the improving in ROM after the application of SMT has not been 

clearly understood. It has been proposed that SMT would either release entrapped 

synovial folds or gap the affected intervertebral joint or relax the hypertonic muscle 

resulting in an increase in ROM (Evans. 2002). Additionally. it has been proposing 

that SMT would cause permanent tissue elongation resu lting an improving in ROM 

(Maitland et al. 2005) . There is only one study investigating the amount of force used 

to produce spinal tissue elongation in cardeveric specimen (Threlkeld. 1992). It was 

noted that average mean force of 578.2 N would cause tissue elongation effect in 

caderveric specimen. A current study investigated the amount of force used during 

SMT in live subjects. Noting that the maximum force used during SMT was 81.1 N 

(Snodgrass et al. 2006). It can be seen that the force applied to a human subjects are 

noted to be a lot lesser than that applied to cardeveric specimen. Therefore. it is 

unlikely that the improving the ROM following SMT is due to the permanent tissue 

elongation of the tissue. 



2.7.2.2 Adjacent area 

It has been hypothesized that the stiffness in the cervical spine may result from an 

increased in the stiffness of the cervicothoracic spine especially C7 to T1 (Norlander 

et ai, 1998). There is only one study investigating on the factor contributing the 

stiffness in the spinal column (Chansirinukor et ai, 2003). This study investigates the 
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change in the lumbar stiffness in two conditions; constrained of the rib cage and 

pelvis and unconstrained conditions. It was noted that the lumbar stiffness was 

increased in constrained condition compare to the unconstrained condition. Based 

on this study, it may imply that an increased in the thoracic spine would affect the 

stiffness of the cervical spine resulting in neck pain. However, there is no directly 

investigating on the relationship of the stiffness of the thoracic spine and the cervical 

spine. 

2.8 Summary 

Neck pain is a common musculoskeletal disorder. SMT delivered directly to the 

cervical spine would be effective in reliving neck pain but the patient often reports 

some adverse effect. In order to avoid the adverse effects, there are a few studies 

reporting the effect of thoracic manipulation on neck pain reduction and improving in 

active cervical ROM. However, there is no direct investigation on the effectiveness of 

the use of SMT delivered to cervical spine and that applied to the thoracic spine. 
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Therefore, it was a clear need to investigate whether the SMT applied to the cervical 

spine yields different results from the SMT applied to the thoracic spine in the 

treatment of MNP. 



3.1 Introduction 

CHAPTER III 

METHODOLOGY 

This chapter describes the study design, characteristics of participants, materials, 

procedures, data processing and statistical analyses. 

3.2 Study design 

A pretest-posttest design was use to compare the effectiveness of the central 

posteroanterior applied to the cervical spine with of the thoracic rotary posteroanterior 

manipulation in the treatment of MNP. In order to avoid bias, a randomized control 

trial with a blinded assessor was conducted. Figure 3.1 shows the design of this 

study. Group allocations were pre-arranged in concealed opaque envelopes using a 

random function in Microsoft Excel 2003. Measurement at baseline and 5 minutes 

after treatment were taken by an assessor who was blinded to the group intervention. 

A total of 10 variables were investigated including pain intensity both at rest and on 

most painful movement, active cervical ROM, ROM of most painful movement and 

global perceived effect (GPE). This study was approved to conduct by the Eth ical 

Review Committee for Research Involving Human Subjects and/or Use of An imal in 
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Research, Health Science Group of Faculties, Colleges and Institutes, Chulalongkorn 

University, Thailand (Appendix A). 

Mobilization group 

Post-measurement 
Patient with mechanical ... Baseline -1 Random 

neck pain 

Manipulalion group 

Figure 3.1 Research design 

3.3 Participants 

This section describes the participants in this study that inc luded a physical therapist, 

an assessor, and participants. 

3.3.1 A physical therapist 

A physical therapist was recruited in this study. Chiradejnant A. who had clinical 

experience in the use of SMT more than 20 years was recruited as a physical 

therapist. The therapist was responsible for screening the suitable patients, 

assessment the cervical and thoracic spine, as well as defining the appropriate 

treatment details for both mobilization and manipulation treatment (grade and spinal 

level treateda). Additionally the therapist performed the treatment to all patients. 
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3.3.2 An assessor 

An assessor (Kongsawatvarakul M.) was recruited in this study. The asscessor 

enrolled in a Master degree of Physical Therapy Program, Faculty of All ied Health 

Sciences. The assessor was responsible to note baseline and post-treatment data. 

3.3.3 Participants 

Bilateral MNP patients with the age over 20 years old were asked if they wished to 

participate in this study. The details of the study were then fully explained. After the 

patients agreed to participate, they were asked to give consent in writing. The 

patients were then screened and assessed by the therapist. The patients' neck pain 

intensity needed to be more than 20 mm on a visual analog scale (VAS) to allow for 

any clinically important changes to be demonstrated (Ostelo and de Vet, 2005). The 

patients were excluded if they had any contraindication to SMT such as spinal cord 

involvement, fracture spine, infectious disease affecting the spine, cancer, and history 

of cervical spine surgery (Maitland et ai, 2005). Additionally the patients were 

excluded if the therapist could not establish either the abnormal stiffness or painful of 

the thoracic spine. 



3.4 Material 

This section describes the materials used in this study including CRaM, a height-

adjustable couch, a wooden chair, pillows, and a mirror. 

3.4.1 The Cervical range of motion device® (Performance Attainment Associates, 

Lindstrom, Minnesota) 
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The CRaM (Figure 3.2) consists of two parts: magnetic neck brace (Figure 3.2A) and 

three inclinometers (Figure 3.2B) mounted to a frame. The neck brace consists of two 

padded bars, mounted on the shoulder, with the magnetic poles pOinting to the north. 

Three inclinometers include sagittal, frontal, and transverse plane meters are 

responsible for measuring flexion and extension, lateral flexion to both sides and 

rotation to both sides, respectively. Both meters in sagittal and frontal planes work 

with the gravity to indicate the active cervical ROM while the meter in transverse plane 

meter works with the magnetic neck brace to indicate the cervical rotation ROM. Prior 

to measuring active cervical ROM, the magnetic neck brace was placed on the 

patient's shoulder and the frame was aligned on the nose-bridge and ears. 
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Figure 3.2 The ceNical range of motion device 

The A and B represent magnetic neck brace and inclinometers, respectively. The 

B1, B2, and B3 represents dial angle meters measuring the active cervical ROM 

in transverse plane, sagittal plane, and frontal plane, respectively. 

The criterion-related validity of the CROM has been shown to be val id measure 

cervical ROM with the pearson's correlation against a radiograph and an 

optoelectronic system ranging from 0.82 to 0.98 in all movements (Tousignant et ai, 

2000; 2002; 2006). The CROM has been shown good intra-tester reliabil ity with the 

intraclass correlation coefficients (ICCs) ranging from 0.84 to 0.95 (Youdas et ai, 

1991) and good inter-tester reliability with the ICCs ranging from 0.76 to 0.98 (Rheault 

et ai, 1992). A pilot study was also conducted in order to investigate the test-retest 

reliability of the assessor recruited in this study (Appendix C). High intraclass 

correlation coefficients (lCCs) were noted ranging from 0.84-0.95 which was found to 

be consistent with the previous studies (Youdas et ai, 1991). 
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3.4.2 A height-adjustable couch 

A height-adjustable couch with a face hole for allowing the patients to breathe 

comfortably (Gymna Uniply, Pasweg 6a, Bilzen) was used in this study. The couch 

allows the therapist to perform the central posteroanterior mobilization and thoracic 

rotary posteroanterior manipulation with appropriate body mechanics by adjusting the 

height of the couch. 

3.4.3 A wooden chair 

A wooden chair with the backrest supporting from the thorax to sacrum was used in 

this study. The height from the floor to the seat and the seat to the top of backrest 

were 45 centimeters. The seat dimension was 40x45 centimeters. The patients were 

asked to sit with their back against the backrest during the measurement. 

3.4.4 Pillows 

Pillows with the dimension of 50x40 centimeters were put on the patient's laps. The 

patient was asking to put their both forearms on the pillows. This would allow the 

patient to sit comfortably with their both shoulder relax during the measurement of the 

active cervical ROM. 
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3.4.5 A mirror 

A mirror with the dimension 150x100 centimeters was positioned in front of the 

patients to provide self-feedback of the patient's head position at the beginning of the 

movement test. The patient was also asked to look straight to the mirror during 

measuring active lateral flexion cervical ROM in order to avoid any trick movements. 

3.5 Outcome measure 

This section describes the outcome measure in this study that included pain intensity, 

movement test, and GPE. 

3.5.1 Pain intensity 

A VAS was previously used in a number of studies to note the patient's pain intensity 

both at rest and on worst movement to note the subject's pain intensity (DeLoach et 

ai, 1998; Cleland et ai, 2005; Fernandez-de-Ias-Penas et ai, 2007). The VAS was a 

continuous 100 mm line where the left-ended and right-ended represents no pain and 

the worst pain imaginable. respectively (Figure 3.3). The VAS has been shown the 

good reliability with the ICCs noted to be 0.99 (Gallagher et ai, 2002). The VAS was 

presented to all patients prior to the treatment in order to note the patient's pain 

intensity. The pain during each movement was used to define the most painful 
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movement. The change score of 14 mm on the VAS was considered to be clinically 

relevant (Kelly, 2001). 

No pain The worst pain imaginable 

Figure 3.3 The visual analog scale (Deloach et ai, 1998) 

3.5.2 Movement test 

Six movements including flexion, extension, lateral flexion to left and right, and rotation 

to left and right were investigated. The participants were pre-positioned in a 

standardize position (Figure 3.4) and asked to perform the movements using 

consistent verbal instructions (Appendix I). The standardized position included both 

feet flat on the floor, hips and knees positioned at 90° and the buttocks closed against 

the back of chair. Then the patients were asked to perform each cervical movement 

twice and the measurement was recorded on the second trial. 



3.5.3 GPE 
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Figure 3.4 The pre-positioning in standardized position 

A and B represent the anterior view and lateral view. respectively 

B.1 . B.2. B.3 and B.4 represent elbow position at 90°. buttocks closed against the 

chair. knees positioned at goo and both feet fl at on the floor. respectively. 

The overall change of symptoms was noted using a GPE scale. This scale was used 

in the previous studies to reflect patient's satisfaction of the treatment (Pool et ai, 

2006; Haspeslagh et ai, 2006). The GPE scale was shown to the patients 5 minutes 

after treatment as 7 -point scale ranging from 1 to 7 represent (Table 1). Briefly, the 1 

while represents completely recovered, 4 represents no change, and 7 represents 

worse than ever. To be clinical important change of score, the patient should rate the 

score of either less than 2 scale more than 6 on the GPE scale (Ostelo and de Vet, 

2005). 
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Score Definition 

completely recovered 

2 much improved 

3 slightly improved 

4 no change 

5 slightly worsened 

6 much worsened 

7 worse than ever 

Table 3.1 Definition of the score on the GPE scale (Ostelo and de Vet, 2005) 

3.6 Procedures 

This study was conducted at the laboratory room number 3202, Department of 

Physical Therapy, Faculty of Allied Health Sciences, Chulalongkorn University. The 

patients was asked to fill out a questionnaire regarding their demographic data and 

their symptoms including area of pain, duration of the symptoms, and the Thai version 

of neck disability index (NDI) (LuckumnuePorn, 2007). Baseline measurement 

including pain intensity and active cervical ROM was then taken by the assessor. The 

patient was randomly allocated using concealed opaque envelope into either 

mobilization group or manipulation group. The physical therapist was assessed both 

the cervical to identify the cervical spinal level responsible for neck pain and the 

thoracic spine to identify the most stiffness or painful thoracic spinal level. The 

therapist then performed the treatment with respect to the treatment stated in the 
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concealed envelope. For mobilization group, the physical therapist was asked to 

perform 2 sets of 1-minute repetition of central posteroanterior mobilization technique 

applied to the identified cervical spine using the preferable grade. For manipulation 

group, the thoracic rotary posteroanterior manipulation was delivered to the identified 

thoracic spinal level in 2 directions: clockwise and anti-clockwise. If no audible 

cavitation was heard on the first attempt, the manipulation was then repeated for 

another time. This procedure was performed for a maximum of 2 attempts in each 

direction. The post-measurement was performed 5 minutes after the treatment in the 

same manner as at baseline by the same assessor. Also the GPE scale was shown to 

the patient to rate the patient's satisfaction of the treatment. 

3.7 Statistical analyses 

Different scores of a total of 10 independent variables was calculated by subtracting 

the baseline score from post-measurement score for the statistical analysis, these 

included pain at rest, pain on worst movement and active cervical ROM in cervical 

flexion, extension, lateral flexion to left and right, and rotation to left and right. Oneway 

ANOVA was used to determine the difference in the change scores of pain intensity 

and cervical ROM between the patients between groups. Paired t-test was used to 

determine the effect of SMT in each group. A p-value less than 0.05 were considered 

to be statistically significant. The GPE was compared between 2 intervention groups 



30 

and classified into three groups; (1-2) improved, (3-5) unchanged and (6-7) worsened 

on the GPE scale. The percentages of the number of patients in each group were 

calculated. 



4.1 Introduction 

CHAPTER IV 

RESULTS 

This research was conducted over 6-month period from March - August 2008. The 

results of this study are presented in this chapter. The patients' demographic data 

are presented as well as the effect of the central posteroanterior mobilization and 

thoracic rotary manipulation. 

4.2 The patients' demographic data 

There were sixty-seven patients with bilateral MNP interesting to participate in this 

study. Seven patients were excluded because the pain intensity at rest was less than 

20 mm. A total of sixty patients with bilateral MNP were eligible to participate (Figure 

4.1). No statistically significant difference was noted for baseline and the 

demographic data (p>0.05) (Table 4.1). Table 4.2 represents number of patients in 

each of grade of movement in mobilization group. 
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67 patients with bilateral 

MNP were interested to 

participate. 

7 patients were excluded because 

their pain intensity at rest was less 

than 20 mm on the VAS 

60 patients were recruited 

to the study 

Figure 4.1 Flow chart depicting subject selection 

Table 4.1 Subject demographic and baseline data (N=60) 

Variables 
Mean (SD) 

Mobilization Group Manipulation Group 

Sex (male/female) 15/15 15/15 

Age (years) 45.2 (11 .3) 42.0 (12.2) 

Height (m) 1.6 (0.1) 1.6 (0.1) 

Body weight (kg) 65.2 (10.6) 63.0 (12.4) 

Duration of neck pain (days) 1826.4 (1953.1) 2398.4 (2337.3) 

Neck Disability Index (percentage) 26.0 (10.0) 29.1 (9.0) 

Neck pain intensity (millimeters) 

At rest 45.6 (20.2) 50.6 (18.9) 

On most painful movement 57.7 (18.7) 58.2 (15.6) 

Active cervical range of movement (degrees) 

Flexion 38.7 (10.0) 40.1 (9.6) 

Extension 62.9 (14.4) 62.2 (12.8) 

Left lateral flexion 36.1 (8.2) 38.3 (10.2) 

Right lateral flexion 34.2 (7.1) 33.9 (7.0) 

Left rotation 62.3 (9.3) 64.2 (7.0) 

Right rotation 67.4 (10.8) 66.1 (9.2) 

On most painful movement 44.9 (15.8) 48.2 (15.3) 



Table 4.2 Number of patients in each grade of movement 

of mobilization group 

Grade of movement 

4 .3 Pain intensity and active cervical ROM 

Number of patients 

14 

12 

4 
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The majority of the patients had their worst movement in sagittal plane (Flexion and 

Extension) and the grades of mobilization in mobilization group are grade 4 (Table 4.2). 

Table 4.3 showed the means (SO) of the baseline, post-treatment data, and paired (-test 

results of each variable. Paired (-test reviewed statistically Significant difference of pain 

intensity both at rest and on most painful movement between baseline and post-

treatment data for both groups (p<O.001). Also there is statistically significant of right 

lateral flexion and ROM on most painful movement after the use of the thoracic 

manipulation (p<O.05). The mean (SO) of the change score of each variable of 2 groups 

are presented in Table 4.4. It is noted that there is no statistically significant in the 

change score of all variables investigated in this study between 2 groups. Additionally, 

the number of patients who rated each score on the GPE scale is presented in Table 

4.5. 
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Table 4.3 Means (SD) and paired (-test result investigating the effects of the treatment within group 

Variables Mobilization Group Manipulation Group 

Baseline Post-treatment p Baseline Post-treatment 

Neck pain intensity (millimeters) 

At rest 45.6 (20.2) 33.2 (21.8) 4.1 O.W 50.6 (18.9) 34.4 (22.3) 6.9 

On most painful movement 57.7 (18.7) 46 .0 (24.3) 4.0 0.00' 58.2 (15.6) 42.2 (20.7) 5.2 

Active cervical range of movement (degrees) 

Flexion 38.7 (9.9) 38.9 (9.5) -0.2 0.83 40.1 (9.6) 40.8 (9.8) -1.0 

Extension 62.9 (14.4) 63.3 (14 .6) -0.9 0.39 62.2 (12.8) 63.6 (11.6) -1.4 

Left lateral flexion 36.1 (8.2) 36.8 (7.8) -0.7 0.50 38.3 (10.2) 38.7 (8.1) -0.3 

Right lateral flexion 34 .2 (7.1) 35.1 (7.2) -1.4 0.18 33.9 (7.0) 35.7 (7.3) -3.2 

Left rotation 62.3 (9.3) 63.9 (1.5) -1.7 0.10 64.2 (7.0) 63.9 (8.0) 0.3 

Right rotation 67.4 (2.0) 68.2 (2.0) -1.9 0.39 66.1 (9.2) 67.6 (8.3) -1.9 

On most painful movement 44.9 (15.8) 46. 1 (0.3) -1 .1 0.27 48.2 (15.3) 50.3 (15.4) -3.1 

t, P and ' present t-value, p-value, and statistically significant difference (p<0.05), respectively. 

Table 4.4 Means (SD) of change score of the variables and Oneway ANOVA result investigating 

the effects of the treatment group between groups 

p 

0.00' 

0.00' 

0.34 

0.17 

0.79 

0.004' 

0.77 

0.07 

0.004' 

Variables Mean (SD) Oneway ANOVA 

Mobilization Group Manipulation Group F Jrvalue 

Neck pain intensity (millimeters) 

At rest 12.4 (16.5) 16.2 (12.8) 1.0 0.32 

On most painful movement 11 .7 (16.0) 16.2 (17.0) 1.0 0.31 

Active cervical range of movement (degrees) 

Flexion 0.1 (6.7) -0.8 (4 .5) 0.4 0.53 

Extension -0.5 (4.9) -1.4 (5.4) 0.5 0.50 

Left lateral flexion -0.6 (6.0) -0.3 (6.9) 0.03 0.87 

Right lateral flexion -0.7 (3.7) -1.8 (3.2) 1.5 0.23 

Left rotation -1.2 (5.2) 0.3 (5.0) 1.2 0.28 

Right rotation -0.7 (5.0) -1.5 (4.2) 0.4 0.51 

On most painful movement -1.2 (5.9) -2.1 (3.7) 0.5 0.48 



Table 4.5 The number of patients who rated their global perceived effect in each of the 7-point 

scale after treatment 

Mobilization Group Manipulation Group 

Global perceived effect 
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Number of patients Percentage Number of patients Percentage 

1 = completely recovered 

2 = much improved 

3 = slightly improved 

4 = no change 

5 = slightly worse 

6 = much worsened 

7 = worse than over 

7 

7 

15 

o 

o 
o 

26.7 

73.3 

o 

o 
9 

8 

13 

o 
o 
o 

30 

70 

o 



5.1 Introduction 

CHAPTER V 

DISCUSSION 

This study compared the immediate effect of the cervical posteroanterior mobilization 

to thoracic rotary posteroanterior manipulation on neck pain intensity and active 

cervical ROM. The results showed that the effectiveness of the mobilization is not 

superior to the other in rel ieving neck pain and improving active cervical ROM. 

However, these two techniques noted to be effective in relieving neck pain both at rest 

and on most painful movement (p<0.001). 

5.2 Effect of the cervical posteroanterior mobilization and the thoracic rotary 

posteroanterior manipulation on pain reduction 

After the application of each technique, it was noted that these two techniques are 

effective in relieving neck pain at rest and on most painful movement (p<0.001) . The 

findings were consistent with a number of previous studies (Cleland et ai, 2005; Matinez­

Segura et ai, 2006; Fernandez-de-Ias-Penas et ai, 2007). Even though neck pain 

intensity both at rest and on most painful movement after cervical mobilization were 

noted to be effective in alleviation effect, the amount of the mean of the change score 
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were noted to be only 12.4 mm and 11.7 mm, respectively. These amounts of pain 

reduction were considered to be non-clinically relevant. However, the statistical analysis 

reviewed the effectiveness of the thoracic manipulation similar to the effectiveness of 

cervical mobilization. Interestingly, the mean of the change score of the neck pain 

intensity both at rest (16.2 mm) and on most painful movement (16.2 mm) were more 

than 14 mm considering to be clinical relevant after the use of the manipulation. 

A number of explanations of non-clinically relevant noting after receiving the cervical 

mobilization treatment are as follow. All of recruited subjects were chronic consequently 

there were a couple of cervical spinal levels needed to be treated and each spinal level 

was received 2 sets of mobilization treatment. Additionally, all of subjects in mobilization 

group were treated with grades 4 to 4++ which aim to treat stiffness and pain. With 

regard to the movement diagram the treating physical therapist would have to apply a 

greater amount of posteroanterior force to the spinal level treated. This may produce 

other painful experience during treatment or soreness of the soft tissue over the treated 

spine. Consequently, both at rest and on most painful movement were then affected 

after mobilization treatment. Unfortunately, the current study did not collect this 

information in order to provide evidence to support this proposal. 

The immediate neck pain reduction after the cervical mobilization could be explained by 

the neurophysiological mechanism proposed by Wright (1995). This is due to the fact 
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that the innervations of the spinal nerve of the spinal vertebrae being mobilized overlap 

to patient's symptoms known as dermatome, myotome and sclerotome. On the other 

hand, the immediate neck pain reduction after the thoracic manipulation could not be 

explained by the same mechanism. This is because there is no linkage between the 

innervations of the spinal never of the spinal vertebrae being manipulated and the 

patient's symptoms. 

A plausible explanation of the neck pain reduction effect after the thoracic manipulation 

would be the linkage between the stiffness of the thoracic and cervical spine. It would 

be possible that the stiffness of the thoracic spine is reduced after the manipulation 

resulting in the reduction of the stiffness of the cervical spine. Once the stiffness of the 

cervical spine is reduced, the neck pain intensity would reduce. Interpreting these 

results should do it with care because there is no direct investigation on either the 

relationship between the stiffness of the thoracic spine and the stiffness of the cervical 

spine; or the relationship between the stiffness of the cervical spine and neck pain does 

exit. 

Comparing the effectiveness of the cervical mobilization to the thoracic manipulation in 

relieving neck pain, statistical analysis reviewed non-significant difference between 

these two techniques. This may imply that the effectiveness of cervical mobilization 

treatment is not superior to the effectiveness of thoracic manipulation in relieving neck 
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pain intensity. However, a trend towards the pain reduction shows that the thoracic 

manipulation would be able to relieve neck pain intensity more than cervical 

mobilization. A plausible explanation of non-significant difference of the effectiveness 

between these two techniques is as follow. Both techniques are treatment techniques 

which were shown to be effective in reliving neck pain (Table 4.2). Therefore, it is 

unlikely to determine statistically significant difference between the effectiveness after 

the application of these two techniques. 

5.3 Effect of the cervical posteroanterior mobilization and the thoracic rotary 

posteroanterior manipulation on active cervical ROM 

Statistically analysis reviewed no significant changes in active cervical ROM except for 

manipulation group noted significant change only in right lateral flexion and on most 

painful movement (p<0.05). This may result from the activation of the muscle relaxation 

reflex (Fernandez-de-Ias-Penas et ai, 2007). However, the mean change score (SO) in 

right lateral flexion ROM [1.8 (3.2) degrees] after thoracic manipulation was noted to be 

trivial. These findings are consistent with a number of studies which reported the 

maximal increasing in ROM to be less than 5 degrees (Cassidy et ai, 1992; Martinez-

Segura et ai, 2006). Additionally, the pilot study noted the change score of the active 

cervical ROM using the CROM was 10 degrees in order to consider being clinical 

relevant (Appendix C). 
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The minimal change in active cervical ROM might be related to the number of 

treatments being applied by the physical therapist. This is because the current study 

investigated the immediate effect of SMT applied to either cervical spine or thoracic 

spine and allowed the therapist to treat the subjects' only one visit. Additionally, all of 

subjects were in chronic stage, consequently the property of the spine such as 

extensibility of tissue in the treated area might not have changed after one treatment. 

Therefore, it is not surprised to note no change in the active cervical ROM immediately 

after the application of SMT in chronic MNP. 

5.4 Effect of the cervical posteroanterior mobilization and the thoracic rotary 

posteroanterior manipulation on GPE 

Interestingly similar distribution of the number of subjects who rated each score of GPE 

was noted. None of the subjects got worse after the application of both treatments. The 

majority of the subjects (approximate 70 percent) noted no improvement from neck pain 

while the rest reported on a decrease in neck pain after the treatment. Comparing these 

results to previous research is limited because there is no report on the immediate effect 

of the use of SMT in the treatment of MNP on a 7 -point scale GPE. A question was 

raised if the satisfaction of the treatment was related to the change in the neck pain. 

Therefore the relationships of the GPE and the change score of the neck pain intensity 

were then investigated both within and all subjects. It was noted that correlation 
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coefficients noted to be fair to good ranging from 0.44-0.69 (Table 5.1). Based on these 

results, it may imply that the decision making on the satisfaction of the treatment did not 

relate well to the change of the neck pain after treatment. However, caution is needed 

to exercise to interpreting this result because there are a number of factors influencing 

on this issue such as the duration of neck pain, number of treatments and patient's 

expectation on the treatment. 

Table 5.1 Spearman rank correlation coefficient between GPE and change in pain intensity 

Within subject 
All subjects 

GPE and change score of pain at rest 

GPE and change score of pain on most 

painful movement 

Mobilization group 

rs p 

-0.44 0.01' 

-0.52 0.03' 

Manipulation group 

rs p rs 

-0.55 0.003' -0.48 

-0.69 0.00' -0.60 

rs' P. and' represent Spearman rank correlation coefficient. p-value, and statistically significant difference (p<0 .01), 

respectively. 

5.5 Limitations of this study 

There are some limitations should be taken into account for these results. First of all 

recruited subjects were chronic. Therefore generalizing these results to other 

subgroups of bilateral MNP either acute or sub-acute may not be appropriated. 

Second, the duration of 5 minutes after the cervical mobilization treatment may not be 

enough to ease the soreness of the soft tissue over the treated spinal level and to repeat 

the post-treatment data. Different findings may be noted if either lengthen the duration 

p 

0.00' 

0.00' 
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of 5 minutues to 10 or 15 minutes or inform the subjects to focus only on their symptoms 

or pain intensity which they firstly felt before taking measurement. This may affect the 

pain intensity after one treatment. Finally the effectiveness of these two techniques on 

pain intensity and active cervical ROM may demonstrate different results follow the 

number of treatment or a course of treatments. 

5.6 Suggesting for further study 

Repeating a study in other sub-groups such as acute and sub-acute conditions would 

be helpful for clinical practices in order to provide a guideline in the management of 

patient with bilateral MNP. Additionally, the effectiveness of the use of cervical 

mobilization is questionable whether it is clinical relevant or not. Therefore further 

research needs to collect data on any soft tissue spasm of cervicothoracic area both 

before and after treatment. Moreover there is a need to investigate the latent effect after 

the application of both cervical mobilization and thoracic manipulation for 24 to 48 hours 

on neck pain intensity. Finally, research is required in order to better understanding of 

the mechanism of how thoracic manipulation relieving MNP. 



CHAPTER IV 

CONCLUSION 

The results show an important implication for physical therapy practices in the treatment 

of bilateral MNP patients. Even though the effectiveness of the use of both techniques 

has been found to be no statistical significant in relieving neck pain, a trend of alleviation 

effect after the use of the thoracic manipulation is noted to be superior to the other. It 

suggests that the thoracic manipulation would be able to use as an alternative approach 

for treating bilateral MNP. This approach is also recommended for treating a bilateral 

MNP patient who has severe neck pain and the therapist cannot directly apply the 

cervical mobilization to the patient's spine. 



REFERENCES 

Bogduk N, Aprill C. On the nature of neck pain, discography and cervical 

zygapophysial jOint blocks. Pain54 , 2 (1993): 213-17. 

Borghouts J, Koes B, Vondeling H, et al. Cost-of-illness of neck pain in The 

Netherlands in 1996. Pain80 (1999): 629-36. 

Bronfort G, Hass M, Evans R, et al. Efficacy of spinal manipulation and mobilization for 

low back pain and neck pain: a systematic review and best evidence synthesis. 

Spine Journa/4 (2004): 335-56. 

Cassidy J, Lopes A. Yong-Hing K. The immediate effect of manipulation versus 

mobilization on pain and range of motion in the cervical spine: a randomized 

controlled trial. Journal of Manipulative and Physiological Therapeutics15 

(1992): 570-5. 

Chansirinukor W, Lee M, Latimer. Contribution of ribcage movement to thoracolumbar 

posteroanterior stiffness. Journal of Manipulative and Physiological 

Therapeutics26 , 3 (2003): 176-83. 

Cleland J, Child JD, McRae M, et al. Immediate effects of thoracic manipulation in 

patients with neck pain: a randomized clinical trial. Manual Therapy10 (2005) : 

127-35. 

Cleland J, Glynn P, Whitman J, et al. Short-term effects of thrust versus nonthrust 

mobilization/manipulation directed at the thoracic spine in patients with neck 

pain: a randomized clinical trial. Physical Therapy87, 4 (2007): 437-40. 

Cote P, Cassidy JD, Carroll L. The Saskatchewan health and back pain survey: the 

prevalence of neck pain and related disability in Saskatchewan adults. Spine23 , 

15 (1998}: 1689-98. 

DeLoach L, Higgins M, Caplan A. et al. The visual analog scale in the immediate 

postoperative period: intrasubject variability and correlation with a numeric 

scale: Anethesia and Analgesia86, (1998): 102-6. 



45 

Evans OW. Mechanisms and effects of spinal high-velocity, low-amplitude thrust 

manipulation: previous theories. Journal of Manipulative and Physiological 

Therapeutics25, 4 (2002): 251-62. 

Fernandez-de-Ias-Penas C, Palomeque-del-Cerro L, Rodriguez-Blanco C, et al. 

Changes in neck pain and active range of motion after a single thoracic spine 

manipulation in subjects presenting with mechanical neck pain: a case series. 

Journal of Manipulative and Physiological Therapeutics30, 4 (2007): 312-20. 

Gallagher E, Bijur P, Latimer C, et al. Reliability and validity of visual analog scale for 

acute abdominal pain in the ED. The American Journal of Emergency 

Medicine20,4 (2002): 287-90. 

Haspeslagh S, Suijlekom H, Lame I, et al. Randomised controlled trial of cervical 

radiofrequency lesions as a treatment for ceNicogenic headache. BMC 

Anesthesio/ogy6,1 (2006): 1-11. 

Hoving J, et al. Manual therapy, physical therapy, or continued care by a general 

practitioner for patients with neck pain. A randomized, controlled trial. Annals of 

Internal Medicine136 (2002): 713-22. 

Jensen I, Harms-Ringdahl K. Neck pain. Best Practice and Research Clinical 

Rheumato/ogy21 , 1 (2007): 93-108. 

Kelly A. The minimum clinically significant difference in visual analogue scale pain 

score does not differ with severity of pain. Emergency Medicine Journa/18 

(2001): 205-7. 

Korthals-de Bos, et al. Cost effectiveness 0 physiotherapy, manual therapy, and 

general practitioner care for neck pain: economic evaluation alongside a 

randomized controlled trial. British Medical Journa/326 (2003): 911. 

Luckumnueporn T. Cross-cultural adaptation and psychometric testing of the Thai 

version of the neck disability index in patients with mechanical neck pain. 

Master's Thesis, Department of physical Therapy Graduate School 

Chulalongkorn University. 2007. 

Magarey M, Rebbeck T, Coughlan B, et al. Pre-manipulative testing of the cervical 

spine review, revision and new clinical guidelines. Manual Therapy9, 2 (2004): 

. 95. 



Maigne J and Vautraver P. Revic'v'v' mechanism of action of spinal manipulative 

therapy. Joint Bone Spine 70 (2003): 336-41. 

Maitland G, Hengeveld E, Bank K, et al. Maitland's vertebral manipulation. 7th ed. 

London, England: Butterworth Heinemann, 2005. 

46 

Martinez-Segura R, Fernandez-de-Las-Penas C, Ruiz-Saez M, et al. Immediate effects 

on neck pain and active range of motion after a single cervical high-velocity low­

amplitude manipulation in subjects presenting with mechanical neck pain: a 

randomized controlled trial. Journal of Manipulative and Physiological 

Therapeutics29 (2006): 511-7. 

Melzack P and Wall P. Pain mechanisms: a new theory. Science150 (1965) : 971-79. 

Norlander S, Nordgren B. Clinical symptoms related to musculoskeletal neck-shoulder 

pain and mobility in the cervico-thoracic spine. Scandinavian Journal of 

Rehabilitation Medicine30 (1998) : 243-51 . 

Ostelo R and de Vat H. Clinically important outcomes in low back pain. Best Practice 

and Research Clinically Rheumatology19, 4 (2005): 593-607. 

Pool J, Ostelo R, Koke A. et al. Comparison of the effectiveness of a behavioural 

graded activity program and manual therapy in patients with sub acute neck 

pain: Design of a randomized clinical trial. Manual Therapy11 (2006): 297-305. 

Rheault W, Albright B, Byers C, et al. lntertester reliability of the cervical range of 

motion device. Journal of Orthopaedic and Sports Physical Therapy15, 3 

(1992): 147-50. 

Snodgrass S, Rivett D, Robertson V. Manual forces applied during posterior-to­

anterior spinal mobilization: a review of the evidence. Journal of Manipulative 

and Physiological Therapeutics29 (2006): 316-29. 

Snodgrass S, Rivett D, Robertson V. Manual forces applied during cervical 

mobilization. Journal of Manipulative and Physiological Therapeutics30 (2007) : 

17-25. 

Threlkeld AJ. The effects of manual therapy on connective tissue. Physical Therapy 

72,12 (1992): 893-902. 



Tousignant M, Bellefeuille L, O'Oonoughue S, et al. Criterion validity of the cervical 

range of motion (CROM) goniometer for cervical flexion and extension. Spine25 

(2000): 324-30. 

47 

Tousignant M, Duclos E, Lafleche S, et al. Validity study for the cervical range of 

motion device used for lateral flexion in patients with neck pain. Spine27 , 8 

(2002): 812-17 . 

Tousignant M, Smeesters C, Breton A, et al. Criterion validity study of the cervical 

range of motion (CROM) device for rotational range of motion on healthy adults. 

Journal of Orthopaedic and Sports Physical Therapy25 (2006): 324-30. 

Trinh K, Graham N, Goldsmith C, et al. Cervical Overview Group, Acupuncture for 

neck disorders. Cochrane Database of Systematic Reviews 2006, Issue 3. Art. 

No.: CD004870. 001 :10.1 002l14651858.CD004870.pub3. 

Wright A. Hypoalgesia post-manipulative therapy: a review of a potential 

neurophysiological mechanism. Manual Therapy1 (1995): 11-16. 

Youdas JW, Carey JR, Garrerr TG. Reliability of measurements of cervical spine range 

of motion- comparison of three methods. Physical Therapy71 , 2 (1991): 98-104. 



APPENDICES 



APPENDIX A 

Ethical approval granted by the Ethical Review Committee for Research Involving Human 

Subjects and/or Use of Animal in Research, Health Science Group of Faculties and Institutes, 

Chulalongkorn University, Thailand. 

1flI1D~lU 

, _ J I _ ..., 

mpnnOlf1llH11'1"mn 'll'fln.:jfl1Il1U1Il1Tl[J)au 

lh~ihl~Ha~Dm17Ifinn 1.yIl1f1iif1m~ ~Rii ~m ::~fI"\J Ii" ~I~ 0 

1\1)110 ltllilb;;\fH) 

EFFECTIVENESS OF VARIOuS SPINAl. M,\NIPtJl.,\ nvF. 

TECHNIQUES IN PATIENTS WITH 'EeK PAIN 

to' • "... (... "" ~ " 
IflnUfl'lI'fA,lHiV R' .O~\I! "IA\ll/lm ON1,O 

flW~nmlY",nllf ,mn~n'l!llJlnilllJln() 

i1w::t1JI\Jn,.;n\lljWl'~tlliI1Ufm1{/Ihnnplilim::m~'itr\l\im\ilo~'\lml~~1l 

nqlJlnU1N1''fA{ l'f"1l1n ~)f lit~fljW1J\11irl(J1i;o 

fU1 0·1")11 ii 28 ilfJ\llOIl 2550 

~~ ... &!.:': .. ~~:'~£ .... lh:::1il\I . 

('iOHlliTAntm, \ll{JII"YI~ff"\.h:::fl\li) 

~ {tif~\llet)\~~ 
.•.••..• . . •. . •.•• •••. .. •...• ............. ....... .•. lll'll1I.j fl 1, 

(~Yl()f'/l?l"An'lld in.,rIlYil iO\l\l:n~ffl h"'ll) 

49 



'Wiifnm1 

L~uthj;\Lftti 

bJiitnm1 

L~utJ')(IlLftti 

APPENDIX B 

VISUAL ANALOGUE SCALE 

L~lJl.hj;\),nn~~(;lLYh~":; 

~i.\~t.nm11~ 

L ~lJl.J') j;\),nn~~(IlLYh~":; 

~i.\1J1i.\1m11~ 

50 

mrl(ll5':;~tJf'l'l1)JL~tJthCilli.\,ru:::~n "::l,x~tl'ltl~'lLn~tnmnh(ll'lJru:;~l)jijmnFl~fli.\l~,)Flfl LL~')ntl'l1i.\ 

5'::~tJf'l'l1).JL~tJU,)CiltTUtCiltl~CilL~i.\ I ~j;\ft'ltJi.\L~i.\InNli.\LL~Wl1Yt 

"1 ntTi.\ 1 ,x~'l Ln 1n'l1Yif'lYl1>31Ci1rlfll,x LnCilf'l'l1).J L ~tJU,) (;l)J1 n~~ (Il ~'l ntl'l1i.\5'::~tJ f'l,)1).J L ~tJl.h Cilli.\Yif'lYl1>3tTu tCil EJ~ '" 

L~i.\ I l1iC;)ft'ltJi.\L~i.\IJ1'Nli.\LLeJWl1Yt 



C I Introduction 

APPENDIX C 

PILOT STUDY 

51 

One of the outcome measures used for demonstrating the effectiveness of the treatment 

intervention is the change in range of motion (ROM) of the cervical spine. The Cervical 

range of motion device (CROM) has been widely accepted as an easier, safer, less 

expensive, and more accurate device (Rheault et ai, 1992). It has been tested against a 

radiograph and an optoelectronic system to be a valid instrument for measuring active 

cervical ROM in all directions: cervical flexion (r = 0.97, P < 0.01), extension (r = 0.98, p < 

0.01), left lateral flexion (r = 0.82, P < 0.05), right lateral flexion (r = 0.84, P < 0.05), left 

rotation (r = 0.94, P < 0.05), right rotation (r = 0.89, p < 0.05) (Tousignant et al 2000, 2002, 

and 2006). 

The CROM has been shown in healthy subjects to provide good intra-tester reliability with 

the intraclass correlation coefficients (ICCs) ranging from 0.84-0.95 and good inter-tester 

reliability with the ICCs ranging from 0.73-0.92 (Youdas et ai, 1991). In neck pain patients, 

good intra-tester reliability was also reported with the ICCs ranging from 0.76 to 0.98 

(Rheault et ai, 1992). 
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Although these previous studies showed excellent intra-tester reliability of CROM, it is 

recommended that all studies should have to conduct their own reliability study. This is 

because the reliability is an inherent property that is associated with certain population and 

testing procedure. Thus, the aim of this pilot study was to examine the intra-tester reliability 

of CROM of cervical movements. 

C II Study design 

A test-retest research design was used to evaluate the intra-tester reliability of the CROM. 

The independent variable was the session and the dependent variable was the ROM. 

C III Participants 

Twenty mechanical neck pain (MNP) patients were asked to participate in this study. The 

inclusion and the exclusion criteria were the same as those described in Chapter 3.3.3. 

Prior to the experiment, each participant was required to give written informed consent 

(Appendix G). Ethical approval to conduct the study was approved by the Ethical Review 

Committee for Research Involving Human Subjects and/or Use of Animal in Research, 

Health Science Group of Faculties, Colleges and Institutes, Chulalongkorn University, 

Thailand (Appendix A). 
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C IV Outcome measure 

The CROM was used for measuring the active cervical ROM. The procedures are 

described in Appendix I. Each participant was asked to perform each cervical movement 

twice and the measurement will be recorded on the second trial with 5-minute rest between 

sessions. 

C V Statistical analysis 

To determine the reliability between the session, the ICC(1.2) were obtain using the SPSS. 

The level of agreement was considered no relationship or no little when the ICCs was 

between 0 and 0.25, fair when it was between 0.25 and 0.50, moderate to good when it was 

between 0.50 and 0.75, and good to excellent when it was greater than 0.75 (Portney and 

Watkins, 2000). Paired (-tests were used to ascertain whether there were statistical 

differences between sessions. A value of p<0.05 was used to determine statistical 

significance. According to the properties of the normal curve, there is a 95% chance for the 

group's true mean score to lie within +2 Standard Error of Measurement (SEM). The small 

SEM values in relation to the means suggest small measurement error and high reliability. 

The SEM was then calculated using the Formula 1. Additionally the minimal detectable 

change (MDC) was calculated using the Formula 2. 
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Formula 1 SEM = SO X ..J1-r 

SEM, SO, and r represent the Standard Error of Measurement, the Standard Deviation, and the 

reliability coefficient, respectively (Jette et ai, 2007). 

Formula 2 MOC = zlevel of confidence XSEM x..J1-r 

Moe and z represent the Minimal detectable change and the z, respectively (Jette et ai, 2007). 

C VI Results 

Twenty MNP patients (7 male and 13 Female) were recruited in this pilot study. Seven 

males and thirteen females participated in the study. The demographic data of the 

paticipants is presented in Table C I. The ICCs(1,2) values are summarized in Table 2. The 

intra-tester reliability showed excellent reliability with high ICCs(1,2) values (mean 0.9, range 

0.81-0.95). Paired I-test reviewed no significant differences in the data obtained between 

sessions. The SEM and MOC ranged from 2.10 to 3.27 degrees and 5.80 to 9.06 degrees, 

respectively (Table C II). Raw data of this pilot study are presented in Appendix M. 
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Table C I Demographic data of participants (n = 20) 

Minimum Mean (SO) Maximum 

Age (year) 23 40.8 63 

Mass (kilograms) 42 56.5 75 

Height (meter) 1.50 1.61 1.77 

Table C II The intraclass correlation coefficients (ICCs(1 ,2)) for Intra-tester reliability of CROM (n = 20) 

SEM MDC 
Movement ICCs(1,2) 95% CI p-value 

(degrees) (degrees) 

Flexion 0.85 0.67-0.94 3.27 0.68 9.06 

Extension 0.95 0.89-0.98 2.46 0.70 6.81 

Left Lateral Flexion 0.80 0.56-0.91 2.78 0.12 7.70 

Right Lateral Flexion 0.85 0.67-0.94 2.12 0.15 5.87 

Left Rotation 0.95 0.88-0.98 2.10 0.31 5.80 

Right Rotation 0.93 0.83-0.97 2.55 0.90 7.06 

ICCs, CI , SEM and MDC represent the intraclass correlation coefficient, confidence interval, standard error of 

measurement and minimal detectable change, respectively. 

C VII Discussion 

This study investigated the intra-tester reliability of the assessor recruited in the main study 

in measuring the active cervical ROM using the CROM. Excellent ICCs reported in this 

study were consistent with the results noted in previous studies (Youdas et ai, 1991; Rheault 

et al. 1992). The excellent ICCs show the assessor was reliable in measuring the active 

cervical ROM using the CROM. Additionally. the MOC values of less than 9 degrees were 

noted in all six directions by this assessor (Table C II). This result suggests that the 
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changes of active cervical ROM of more than 10 degrees would be justified to be clinical 

relevant. 

C VIII Conclusion 

The assessor was reliable in measuring the active cervical ROM using the CROM. 

Additionally, the change score of active cervical ROM after spinal manipulative therapy to 

be more than 10 degrees is justified as clinical relevant. 
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APPENDIX E 

GLOBAL PERCEIVE EFFECT 
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(Global perceived effect; Modified from Ostelo and de Vet. 2005) 
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i'il1Ai ~01i1~tI l.h~~V1ti t.Jft'tJfl~m1L~fln 1ifLYlf'lilf'lm1~ ~~~ m~~n~1..I~ft~ L ~tlfm~t'lmmnJ,)Cilf'lfl 
i'ilWl~e 1..I'l~~'l')~nilCil'l f'l~~1'~~,)l1nft u , 

E-mail: manidak@gmail.com 
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Yi'l\mj1..l~~~11..1~1.bmJ,)Mflr.l'l'l..m.l 60 f'l\.l~1~fuL~C1.!1~L;hi,)~n1f)4'tJL1tl~m1~Cil~~m::~n~\.I~ft~ 

L~flfmt'lmm11.J,)~f'lfl 

1'(;I~1.h::~~Fl 

L~fl~m~'l1\.1'lJru~";'lLV1f'lilf'lm1~Cil~.m1::~n~\.I~ft~,J\.I l1i'lu.wJ~~UnmtlInYlthU~1~L1NnCilU\.lm::~n 
~\.I~ft~ -dj t.JftlJimh::~V1tiInYl11..1m1U11LV11mmnJ,)Cil~ft~'llfl~ eJ1.btl~1tl hi .. 

.... _ _ 4V 

~m'U'Y1"1L 'U,\Jn1i1'UI 

• f'l~ilnn1t1n1Y1U1UCil 

,'Alft~n1CU~~11Yltnfttl 154 (1\.11..1 Yl1::1'l~ 1 UYl~1'\.I nt~LV1Y1'1 10330 

• f'l~ilnmtlInYlU'lUCilI LLt.J\.InmtlInYlU1UCil h~YlmU1ft11..1nt~LV1Yl~~'l\.lfi\1 L1~::1\.1L1J1fI 

m~ru't1ft 

_.ell .... .."" 
1fi01i"'1L 'U'Un1i1~tI 

L~flYi'l\.l(;lnft~~"I::Lif'lh~11..1m1~mnvll\.1"1::1~fum1U!ju~~~~ 
1. eJil4'tI"I~flfiU1t11"'Yi'l\.lYll1UL~mnu,r\.ll11tl\.lmf)4'tI~~~~~ "I'ln,J1..I"I::1~Yil\.1ft~~flU\.ltlfl~L;lh~m1 ... 

14'tI 

2. Yi'l\.l"l::1~fum1~~Inktnr L1ft::I111')"Ih~mu~c;ltJunmtlInYlU'lU{;l ~')tl1fiYl1~mtlInYlU1UCil L~fl~{;l~\.I 

mtlInYlU'lU (;\~')tI%m1~\.I~tl 11J 

3. m::U')1..Imil4'tl1ifL')ft'l1.h~~'lru 

14'tI) 

4. eJil4'tI~~";'lmrl(;\1::~Uf'l,)'l~L~UU,)CII . 
Lfi\1tl~iitl1'Cili-l~n11Lf'l~tl'\.l1~') 1\.1'Dru:;~vll\.1flfJl\.1Yh,r~ LLft~1..Ifl1..l~~'ltl LtI"I::1"'Yil1..1";'lm1L~u",,Jl n~ 
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Yi1UflU'IN1U 

5. r,nmrU04'U"I::li1n11UtJ-ln~)..J~thUflflmUU 2 n~)..J Flfl n~)..J~ 1 "I::l;;fun111mn L~Un1m~;;'lu;jfl 

~uu4'-l\!'l::~'1Uum::~nIMUFlflluu1-~'lruuU'ln~1-l L~~::nft)..J~ 2 "I::1!Mfun111mn L(;)Un11~~~-lU1~,)ru . . 

~thtllurl~ilnfl~Luuth::~1 

6. ~lbuYJnrlu"I::U'fun111m~n;;')t1;Sfim1~"'~-lluYi1UflUFl11 LUUL'l~1U1U 2 U1Yl 

7. L~fl Lfl~~Um1~~~'1 U~') cYrl4'un~tJ L ;r1)..J11utJ1-L')ru~Yi1m11mn U~::Yi1n1rl(;) FI'l1)..J L ~UtJ')~ U~::'Ii'l-l . 

tJ ~ t !I'iI'lH1,;,U"l:: tfiru 
Yi1Ufl1"1 bJ 'U'futJ1:: LtI"IlU"I1 n n11;S 4' U;1L(;) U tJ1 1'1 LLIJi c.J~mil4't1n"l::rifll ~ LnM'l1)..J n1')~i11Yl1-l;S"ll1m1 

1n~mn1m,)~rlfl~')t1LYlFlilFlm1~~~-lm::(;)n"'U\!~-l ~-liitJ1::LtI"IlU1Un11~"-JU1LYlf'lUFlm1fmnLL~:;~U~ 
~ ~ 

i~fi'!l'il~'il1.1.arFli 

m1L;hn)..Jlu'i:Fl'Nm1~n~i)4'Uf'lf-lnLuultJ~,)uFI,)1)..Jfl,rFl11"1 Yi1U"I::b.ilr1\fu~1tJ1fltJuYlulum1L;r1n)..J 

mil4't1 Yhuiii'Ylit1fl~t1fluflfln"l1nm1~m~n;S4'ulUflf-lnlr1\YJm,)~1 L",ub.iIMfl-ll~fuLYl~ ~1fl~t1JL~U 
tJ1:; LU'I!U~'1Yi-lU'fu L~t1'W~1 LUUIMfl-l LL'~-l mtJ1tJ~-ntl-l n11C1fl~C1flU U~:;"I:: b.iiim1:;c.Jn~'W~flltJl'Wfl'W1 fl tJ1 . . 
fI'l1~Htl"L~!li'il\!a 

ifl)J~ri'lUlil,) ~::ifl)J~~'W1 ~m"l~11tJ~m1Lil ~Lt.JtllIl'l'!lfl-lYi1U"I::lr1\fun1runil(;l U n L-1'Wr;i11~fu Pi1 

u'Wufl)..J"nnvhu ;fl)J~'llfl-lnYi1'WCJmntJ 11 LU'WFI'l1)..JfttJ L ~Y'l1::Flru::04't1 ~lh)tJ ~ u~m1i)4'u ~tJ11'l"lflfltJ 

u~:;F1ru:;nm.Jmm"l11ru1"11-t1fin)..J Ui'l:;"I:;Lil(;lLtJtJL~Y'l1:;lupJ~Lu'WflttJtJ~mil4't1 ~1nYi1'Wiitlt1J~1 ifl 

fl-l"'UtJ'1:;m'1~ ntru1;i(;llJifl 'W1'1fl1'l)..J1U"'1 f'l'l~t)~~'l'11fj~ LYl'1~Y'liLFl~flU~ 087 1080078 
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APPENDIX G 

INFORMED CONSENT FORM 

(Informed consent form) 

n1~finHI ~ft'!J~..:lLYlf'lUrmI1~~~..:lm::~m\'U\.l~..:l 2 LYlf'lUI'l ~~ (1) ~'l!Plfin11~~nuNn(;lUum::(;ln~UWlr..:l LLft:: 
~ w 

(2) m1~(;l~..:lm::~n~U\.l~..:l~'lU~n lU~thtl~~mn1nJ'l(;lf'lfl~..:l 2 ;)1..:l tll LYlf'lUf'l l(;ll~~ft lumrumYl1fl1mnJ'l(;l 

~Uf'lfl 'l~~ntllnU 

4IIlI ... 1 ...".. "'4. . it .... .., 
LiI'II'YI lJ~"iIln~j;\~'a!J1~~~'a~~~~'U~'nl 'Un111~!1 ...... ...... .. .................. ... .. ....... ... . .. 

iill'iL~11~fuYll1U"llnr{l4'tI ~~ UI..:lt'll'l).nU(;l1 f'I..:lt'l1'i\~'ll1fJft 

~~~ ml'lij"lllmtlml'iUIU~ f'lru::t'I\.IL'l"llI'lIi\~f ,'r11ft..:lnmr2J\.I11Y1m~tI 
~..:l~ft..:lUI~~I~vrlt1'!J~..:l\.l,r..:l~fl~ ~..:l1'",~tJ1::t'I..:l~ ~n1!N:: Uft::LL~'lYlI..:l~mt114'tI ~~..:l tJ1::~Y1~~ft'll~..:lm1 
L~~n 1;rLYlf'lUf'ln11~ ~ ~..:lm::~n~U\.I~..:lL ~~fn1!1~lmnJ'lMfl r.l2J~..:lYll1Un..:l~ft~ ~ftiil..:lL~tI..:l Uft::f'I'lI2JL~tI..:l~ 
flI"lLii",;U ;r1l'iL~11~;nm2J lilfil'lI2JL;r11"1L~tI'lnUnI1~n1!1~..:lnfil'l~ LU~~(WU1fltlU~'l 

• ;r1l'iL~IU~~Liiltmn11P1n1!114'tlfilf..:lfu"'tlR,rft11~ L~flLU~tJ1::LtI"ll..r~~m1P1n1!IUft::~~Y1~~"I::tJ5LRfi 
"llm1L iiltm n1f)4'tll~ lJll2J~fl..:lm'1 'lI1ItI "uHILUUt1ffl..:lLL~..:lL\.I ~ ~ft ~..:l"l::hj;j~ft 'lliI11'i~iill'i L~1 

• ;r1Y1 L ~11~fu n1'1fu'1~..:l"l1 n r{54'tltll;rfl);jft"fl-.liill'i L ~1"l:: ~ n LllU fn1!1 LU~I'l'lI2J~U 

• ;r1Y1L~IU~UUtll ;r1Y1L~I;jfl1~ 20 uullJnU \.IW2Jlnntll 

• ;r1l'iL~IUU~dhtmn1'1~n1!1~ mtl~L~flu'l,,~'1::l.jHU~'llUiil..:lt1fU 

ft..:lUI2JtJ'1::"llln'1~'l~UI..:l 

\.Iffi~;j~'lurl2Jlumf)4'tI 

. . 
~muYi / 1'uYi 

. . 
t'I muYi / 1'uYi 
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APPENDIX H 

SCREENING QUESTIONNAIRE 

... 
1. 'lltl (lJ1U, lJ1~, lJ1~~1'l) ........................ ..... ....... ... ..... lJ1~~l1ft ............... ....... ..... .... .. ................... .. . 

" 
2 . tl1~ ......................... n \hwwn ... .... .. .... ......... ... mrlnf~ t'I'llJ~~ ... .. ..... .. ........... ..... L'lllJj;i u.J j;]'l' 

... 
3 . tl1'llYi ..... ... ..... ... ..... ........ .. .... ........ ......... .... ... ... ... ......... . 

, " .. .. .1 ~ ='" .. ~ 
4 . 'l' :;U:;L'lrl1Yl~mn1'l'u'lf'lYl~l-I~f'I .... ......... ......... u .............. ....... Lf'ltllJ ................. ...... 'llJ 

o ii ..... ....................... ....... . 

'lI . iiHf o ii .............. ............. ........ . 

o bJii o ii ..................... .. ...... ...... . 

o ii .... ............................... . 

o ii .... ..... .......................... . 

o ii ...... .. ........................... . 

'lI. CeNical instability o ii .... ... .... ....... ....... ... .... ... . 

'lI . Rheumatoid arthritis o bJii o ii ......... ......... ................ .. 

DJ . Ankylosing spondylitis o bJii o ii ...................... ............. . 

C1J . Migraine o bJii o ii ............ .. ..... ..... .. .. .. .. ... . 

o bJii o ii .......... .. ................ ...... . . 

!). VBI o ii .......... .. .. ... ... .. ............ . 

o Dizziness 0 Diplopia o Dysarthria 0 Dysphagia 

o Tinnitus o Drop attack 
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o hhr1U 

o LFltl1:::1.j ... ......... ................. ............ ...... ............ ... ...... ........ ....... .... ........................ .. 

o hhFltl 

o LFltI L;jflt)tI~ ............................................ c.Jfl ......................................................... .. 

o hJ1i1 

o 1i11:::'4 ............................................ .. ... ............ ... ........ ..... .... .. ............ ..... ... ........... . .. 

o hiLFltI 

o LFltI 1:::'4 ... ......... ........... .. ................ .... .. ........... .... .. .. .... .... .. ................... ............... . .. 

o 'U..iLFltI 
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O .. 1"~ ~ " YiUllYiYlti ll.fl:; IiITUn'l'1'1mrWl'lti ... ....... .... ......................... ..... ...... ...................... .... . 

o Yiu\Jnnltlfl1YiU'nj", u.'(l:;1~fun'l'1fm~t1,;htl .. .. .... .................................. .. ............ .. 

'Wiitnnl'1 

L~1JthIilLfltl 

'Wiitl1n1'1 

L~1J1.h"'Lfltl 

L ~1J1.J'l "'l.J1 n~~ '" L 'Yh~":; 
~'U~l..nn'l'11~ 
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APPENDiX I 

INSTRUCTION FOR PARTICIPANTS 

Instruction for participants to perform active cervical range of motion in one starting position: six 

maneuvers 

ln~mbJnr.;1.J')Un1i)r.ru~'lUn1rl"'tl-.lf'l1m1L"~tl'u't"''l'!lfl-.lf'lflluvh~'l~U 1 vb ~tl vhJ-.l t",u~t)"'''~'l1-.lijtlH~ • w 

U1L'lcu't"'fi'1lfl-.l~dhtnJ-.l1ui)r.ru L~fl"hn"'n11Lf1~tlU't,..'l 1,xLii",~uL~Yi1~~'lU'lltl-.lf'ltl t~utlfi1.J1ul~~Lihtmn11 

"lu'!Icu.."'li1n1rl"'tl-.lf'l1n11Lf'l~tlul.,..'l ~'TlU"I~1~R1i'l LLf'l~1~f'lruYhn11Lf'l~tluh"'lluvh~utlti1-.l-if11 t"'Un11 

Lf1~U'tWl~U "I~1~Plruli1n11Lf'l~tlul""'lLLIJiL~vn~Mu'!Ifl-.lf'ltlLvh~u 'Wl~iin11Lf'l~tlul""'l'lltl-.ll.,..~ t",uchiin11 

Lf1~flu't"''l'lltl-.l1'''fiLn",~u n"~Ln'" LLN tX1U1~"'~1-.l1"'fiLLf~~ijtl'!ltl-.l ~'TlU~'l1-.l L tl1 H" 

" I'" I , '" ., "'.., 0" _ ,... 0 ...... I '" _.0::.1 ....... .... 

"1nUU~'l~Yl1n1Tl!tl).J LLf'l~~1fitJl'Yl1'Yl1-.l'Yl"l~'Yl1n11'lIil'Yl-.l 6 Yl1 Vj1tl).J~-.l'Ylf'l'l11~'l-.l ~-.lU 

• .. ... , "" of " 1-" " al • al • 1 ,,_ I ' ~ _ ! " .. k "mum Iil~U"~ L.,..n).Jf'ltlft-.l1Jl1).Jtl-.lYiU n).Jft'l u L"")J1nYlqIilL'Yl1Yl"l~'Yl1 l?luf'ltlUf'ltli'\U1U1 ~lJItl-.lLnN r l ).Jft-.lL~Yi1~ 

ft'lU'!Itl'lfltl "'~-.l~-.lvnrmn1ilt)'WLf'l~tluIJI1).Jft-.l)J1 )'h~"fN "I::l~m'f'ltl~utJl1).Jtl-.lLVjI?l1U L-.lu~u1ul~).J1n~~1il 
Lm~ .. ::li1't~ UfltltJf'ltl~U1tJ1'WtXtl-.lLn1-.l L-.lm~l'I1~MU'lItl-.l"'tl .,..ihtln hiLLtiUUl1).J).J1 rh~f'lI:.J 1~L~U-.lf'ltlhJ 
Yl1~lhu;1t11w.~)J1n~~I?lLvh~"~li11~ LtitJ~"tlftU1U1'W~tl-.lLn1~ L~tJ-.lL~Yi1~~'lu'lI'fl-.lf'l'fll""fl1J'l1'WLtitJ~[Jl1).J).J1 

• .J..J,,, ... ~_I.l' 1'<'1.l' al .al .~.l'''' ~_!".... .J. mnft L,..L'flU-.lf'l'fl Lu'Yl1'l~11U'lI'l1 .,.. LIn)J1n'Yl~Ci'lLYl1Yl"~1 Lin L'flU-.lf'l'fl~U1U1 ~[;I'fl-.lLnN L'fltJ-.lL~Yi1~~'lU'lI'fl-.lf'lfl 

't",fl;1t1'WLtiU~Ul1).J).J1 rh~Ul 1~~Uf'l'fllu'Yl1~A'1m1ul~)J1n~~I?lLvh~"~li11~ ~Uf'I'flftU1tJ1hj~fl'Hn1'l 1fu 

L~l'I1~ri'lU'lltl'l"'tl 1.,..ri1J'l1~~YiUn It)'W~UIJI1).J)J1 7h~n l~~Uf'lf) 1U'Yl1-.l ~1U1J'l11w.~).J1n~~I?lLvi1~"I~li11~ ~u 

"f)ftU1t11'W~'fl-.lLn1-.l ~UL~Yi1::~'lU1J'fl-.lf'ltl 't.,..ri;1tm~l'Iunl1W~um).J).J1" 

1. Cervical flexion 

u1f)qdhh).J-.l1ui)-rU'fl1J"luvi1~-.l~U~n1'mU1'tt)LLfl'l ~~tJl~~1i-.l~-.l~ " Flf)U1n).Jf'I'fl.jf11L~).J~ tl?lu'W1~ii 
n11Lt'1~tlul""'l1U~'lU'lItl-.ll""flhJvI1-.l"'1uml1· 

2. Cervical extension 

ujflqL;'1h).J-.l1ui)r.rtJf)~1uvi1~'l~U~n1'mU1't~LLfl') ~-ru1~r'hi-.l~-.l~ "rif)U1L-.ltJf'ltl.jf11L~)JY1 tl?ltJ'Wl~ii 
m1Lfl~flU 'tW) 1 U~'lu'1ltl-.ll.,.. fllu'Yl1~ ~1U""tW· 
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3. Cervical left lateral flexion 

L~t:l~L;hhlJ~1i.!;S4'ut:lfJli.!Yh~~~i.!~ii1l-li.!~HLL~'l 04'ul~1'11i~~~n "f'it:lU1L~ml')t:lhJYl1~;;1i.!;huih1 
L~lJ~ L~uhn,nl-lfl'il'l1Un~i.!" 

4. Cervical right lateral flexion 

L~t:l~L;hhlJ~1i.!;S{ut:lfJli.!Yh~~~i.!~n1l-li.!~HLL~'l 0{ul~1'11i~~~n "fit:lU1L~U~flt:l1UYl1~~1i.!'il'l1i!11 
.. .,j 'i' ~ _ :'I "" ,... .l' 

LlJllJYl L~U U.J Ll-l Ll-lfl'll1UUn'ili.!" 

5. Cervical left rotation 

L~t:l ~dhi'llJ~1i.!;S{ut'JfJli.!Yh~~~i.!~n1l-li.!~ 11 U~'l rf14'u 1~ R1i~~~~ .. fit'Ju1~i.!l-lU11uYl1~;;1i.!i!1Ui!11 
L~lJ~ L~u1lJl~i:in11L,.,~tli.!1"''l'IJtl~1l-lflIJl1lJlJ1 '' 

6. Cervical right rotation 

L~t'J ~ L ;r1h~N1i.!;S{utlf,ili.!Yh~~~i.!~n1l-li.!~ H U~'l rf14'u 1~1'11i~ ~~~ " fitlU1~i.!",U11UYl1~;;1i.!'IJ'l1i!11 
.. .,j'i' ~ :'I..... ~ ~ ~, 

LIJl).JYl L~U LlJ L"').Jn1n"'fltli.!L"''l'IJt'J~ Ll-lflVl1lJlJ1" 



Baseline 

hi ilfl1 n11 

L~lJ1.hilL~tJ 

hiilfl1n17 

L~lJ1.hIilL~U 

APPENDIX J 

DATA COLLECTION SHEET FOR MAIN STUDY 

L~t11.h~) . .nn~~r;lLYh~'l:; 

~\J(;1l.nn111~ 
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Motion ROM (degrees) *for worst movement 

Flexion 

Extension 

Left lateral flexion 

Right lateral flexion 

Left rotation 

Right rotation 



Post-treatment (5 minutes later) 

Treatment technique 

o Central PA o Thoracic rotary PA 

Treatment dose 

CeNical level . ... .. .... .. . . Grade ............ .. Set ............... . 

r.:-rU~')1lJL~UU')~ (th3~-lLLCJWJm'U Baseline form) 

~ ".1 1 ~ • r.:f;lUf'),)1lJL"lUu,)~ lJ'tIru::'U ...... ...... ... .. ...... .. .............. .. 

• 1:;~U f'),)1lJ L~UU'J ~ L~fl~1n11Lf'l~tl'U 'l,..'lf')tll'U~f'lYl1~~ritl H\n~ f')'J1lJL ~uu,)~lJ1n~~ ~ 

., tol - -r.:IIUfl1n17 tJ1'llJ'Iltl-l"lruJl1Ul.HNn111mn .... ........................... ............ .... ... . 

Motion ROM (degrees) *for worst movement 

Flexion 

Extension 

Left lateral flexion 

Right lateral flexion 

Left rotation 

Right rotation 

73 



74 

APPENDIX K 

DATA OF MAIN STUDY 

Table K I Demographic data of patients (n=60) 

Participants Sex Age (year) Height (meter) Weight (kilogram) 
Neck Disability IndeX# 

(percentage) 

F 54 1.68 60 40.0 

2 M 45 1.64 65 10.0 

3 F 60 1.67 75 20.0 

4 F 23 1.62 52 40.0 

5 F 42 1.59 55 36.0 

6 M 54 1.65 65 40.0 

7 F 39 1.67 62 14.0 

8 F 28 1.59 63 28.0 

9 M 52 1.68 42 20.0 

10 F 41 1.57 67 35.6 

11 F 53 1.56 58 8.9 

12 F 52 1.56 61 31 .1* 

13 M 26 1.72 80 26.7* 

14 F 58 1.55 78 17.8 

15 F 45 1.50 56 44.4' 

16 F 27 1.68 49 24.0 

17 M 34 1.81 91 36.0 

18 M 49 1.68 82 28.0 

19 F 43 1.64 60 28.0 

20 F 45 1.60 65 24.0 

21 F 47 1.56 58 20.0 

22 F 45 1.58 65 30.0 

23 M 52 1.68 70 24.0 

24 M 38 1.72 67 28.0 

25 M 30 1.64 63 30.0 

26 M 60 1.72 72 28.0 

27 M 59 1.65 75 20.0 
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28 M 45 1.64 65 10.0 

29 M 42 1.72 80 30.0 

30 M 69 1.65 55 6.0 

31 F 41 1.55 49 42.2* 

32 M 37 1.50 48 12.0 

33 F 54 1.68 60 40.0 

34 F 23 1.62 52 40.0 

35 M 54 1.65 65 40.0 

36 F 28 1.68 56 38.0 

37 F 41 1.57 67 35.6 

38 F 52 1.56 61 31.1* 

39 F 30 1.68 65 18.0 

40 F 45 1.50 56 44.4* 

41 M 59 1.65 75 20.0 

42 F 26 1.52 49 20.0 

43 M 34 1.81 91 36.0 

44 M 49 1.68 82 28.0 

45 F 56 1.58 54 35.6* 

46 F 47 1.60 56 34.0 

47 F 43 1.52 58 34.0 

48 M 35 1.63 58 12.0 

49 M 45 1.65 60 28.0 

50 F 52 1.56 90 30.0 

51 M 30 1.73 67 26.0 

52 M 30 1.64 60 35.6* 

53 F 42 1.62 63 28.0 

54 M 30 1.80 83 16.0 

55 F 26 1.50 47 20.0 

56 M 50 1.64 63 28.0 

57 M 42 1.60 65 30.0 

58 M 34 1.62 61 28.0 

59 M 69 1.58 60 22.0 

60 M 55 1.70 70 20.0 

# The possible total of NOI scale is ranged from 0 to SO. The percentage of the NOI is calculated by the multiply the raw data 

with 2. There were a number of subjects who could not answer 'item S' as they do not drive as marked with' . The possible total 

of the NOI scale for these subjects are then ranged from 0 to 45. The percentage of the NOI is then calculated by multiplying the 

raw data with 100 and dividing by 45. 



Table K " Baseline and post-treatment data for mobilization group (n=30) 

participants 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Pain intensity (millimeters) 

At rest 

pre post 

62 

76 

17 

25 

57 

21 

23 

72 

19 

67 

21 

38 

77 

28 

15 

56 

14 

13 

57 

19 

24 

64 

12 

55 

15 

26 

74 

20 

On most 

painful 

movement 

pre 

70 

87 

33 

54 

61 

29 

60 

83 

52 

85 

25 

72 

83 

42 

post 

81 

80 

27 

28 

61 

25 

73 

73 

46 

80 

15 

79 

79 

29 

Flexion 

pre 

48 

28 

36 

50 

40 

40 

48 

40 

64 

50 

46 

36 

26 

30 

post 

42 

24 

32 

48 

20 

38 

58 

48 

54 

54 

50 

36 

26 

32 

Extension 

Pre post 

72 

60 

66 

90 

78 

44 

72 

68 

74 

38 

56 

58 

26 

70 

70 

68 

68 

92 

80 

40 

68 

62 

80 

38 

60 

56 

34 

76 

·pre and post represent baseline and post-treatment data, respectively. 

Active ceNical range of motion (degrees) 

Lt. Lateral 

flexion 

pre post 

46 

34 

42 

48 

34 

18 

42 

34 

44 

32 

32 

34 

34 

36 

48 

40 

44 

50 

32 

20 

40 

34 

40 

40 

38 

36 

28 

34 

Rt. Lateral 

Flextion 

pre 

36 

40 

34 

46 

38 

20 

30 

42 

38 

38 

34 

22 

26 

32 

post 

38 

42 

40 

48 

36 

22 

30 

32 

40 

36 

36 

28 

30 

34 

Lt. Rotation 

pre post 

64 

62 

56 

70 

72 

40 

72 

66 

82 

62 

62 

54 

40 

50 

74 

62 

68 

66 

72 

44 

74 

60 

78 

66 

62 

60 

42 

60 

Rt. Rotation 

pre 

64 

60 

62 

70 

84 

40 

84 

70 

80 

72 

60 

52 

50 

58 

post 

56 

64 

68 

72 

84 

40 

84 

58 

74 

66 

64 

54 

54 

64 

On most 

painful 

movement 

pre 

48 

28 

62 

66 

34 

38 

48 

68 

80 

38 

56 

54 ' 

26 

58 

post 

42 

24 

68 

70 

32 

40 

58 

62 

74 

38 

60 

60 

34 

64 

GPE 

2 

3 

5 

2 

4 

3 

3 

2 

3 

3 

2 

4 

3 

2 

-."j 
CJ) 

76



participants 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Pain intensity (millimeters) 

At rest 

pre post 

78 

25 

41 

32 

32 

71 

29 

41 

64 

23 

57 

61 

43 

60 

52 

55 

91 

19 

34 

22 

10 

o 
14 

41 

46 

23 

42 

15 

38 

58 

42 

37 

On most 

painful 

movement 

pre 

69 

32 

53 

57 

26 

60 

81 

74 

45 

31 

64 

72 

43 

63 

59 

67 

post 

72 

21 

31 

28 

10 

o 
29 

71 

30 

31 

59 

40 

29 

56 

45 

53 

Flexion 

pre 

32 

36 

22 

32 

48 

40 

30 

50 

44 

32 

26 

20 

36 

42 

50 

38 

post 

40 

30 

26 

38 

49 

42 

36 

42 

38 

32 

38 

30 

34 

42 

50 

39 

Extension 

Pre post 

70 

88 

46 

60 

82 

72 

66 

66 

48 

52 

60 

62 

50 

72 

50 

70 

74 

78 

52 

64 

85 

70 

72 

60 

50 

52 

60 

60 

46 

81 

44 

69 

·pre and post represent baseline and post-treatment data, respectively. 

Active cervical range of motion (degrees) 

Lt. Lateral 

flexion 

pre post 

36 

50 

30 

42 

48 

32 

36 

42 

32 

22 

22 

38 

28 

50 

30 

35 

38 

42 

28 

44 

51 

36 

48 

30 

24 

28 

36 

40 

28 

40 

28 

40 

Rt. Lateral 

Flextion 

pre 

36 

40 

28 

36 

40 

42 

36 

38 

28 

22 

34 

30 

28 

51 

32 

28 

post 

38 

48 

26 

38 

42 

36 

40 

38 

28 

24 

36 

32 

28 

51 

26 

29 

Lt. Rotation 

pre post 

70 

60 

58 

62 

66 

62 

72 

60 

54 

60 

74 

62 

60 

74 

66 

58 

72 

70 

54 

68 

62 

62 

72 

62 

56 

56 

70 

72 

60 

71 

62 

60 

Rt. Rotation 

pre 

70 

72 

68 

62 

88 

74 

72 

70 

66 

50 

78 

74 

64 

63 

72 

73 

post 

70 

76 

74 

64 

78 

76 

76 

70 

74 

50 

80 

76 

60 

69 

78 

73 

On most 

painful 

movement 

pre 

32 

36 

30 

32 

48 

42 

66 

70 

48 

22 

24 

20 

36 

50 

50 

38 

post 

40 

30 

28 

38 

49 

36 

72 

70 

50 

22 

36 

30 

34 

40 

44 

39 

GPE 

5 

3 

3 

3 

2 

2 

2 

4 

3 

3 

3 

3 

2 

2 

2 

2 

---J 
---J 

77



Table K III Baseline and post-treatment data for manipulation group (n=30) 

participants 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Pain intensity (millimeters) 

At rest 

pre 

69 

29 

49 

57 

35 

62 

95 

69 

36 

61 

52 

58 

31 

22 

post 

51 

o 
6 

41 

14 

53 

61 

32 

5 

58 

46 

47 

24 

6 

On worst 

movement 

pre 

77 

60 

67 

54 

43 

54 

92 

66 

51 

63 

48 

54 

53 

23 

post 

56 

o 
25 

44 

41 

48 

49 

66 

20 

62 

43 

49 

30 

5 

Flexion 

pre post 

52 

44 

50 

50 

42 

18 

36 

30 

42 

30 

34 

34 

42 

40 

48 

46 

50 

46 

40 

20 

36 

40 

50 

32 

40 

32 

36 

46 

Extension 

Pre post 

62 

74 

76 

88 

32 

50 

33 

52 

72 

58 

42 

68 

64 

64 

60 

76 

74 

92 

38 

64 

38 

49 

80 

66 

50 

70 

60 

64 

*pre and post represent baseline and post-treatment data , respectively. 

Active cervical range of motion (degrees) 

Lt. Lateral 

flexion 

pre post 

48 

36 

48 

48 

23 

48 

32 

28 

38 

34 

30 

40 

40 

44 

50 

40 

46 

48 

21 

38 

34 

28 

40 

28 

30 

38 

39 

48 

Rt. Lateral 

Flextion 

pre 

38 

26 

38 

40 

24 

30 

28 

26 

38 

32 

30 

36 

34 

34 

post 

36 

30 

38 

48 

26 

36 

38 

23 

42 

28 

30 

40 

32 

36 

Lt. Rotation 

pre post 

68 

60 

68 

68 

49 

58 

57 

54 

70 

68 

62 

58 

55 

68 

66 

60 

62 

66 

50 

62 

62 

50 

70 

62 

62 

58 

50 

78 

Rt. Rotation 

pre 

64 

60 

70 

68 

41 

64 

57 

62 

62 

72 

60 

50 

63 

68 

post 

64 

68 

76 

70 

43 

76 

59 

63 

66 

64 

64 

50 

66 

74 

On most 

painful 

movement 

pre 

64 

60 

38 

40 

23 

58 

33 

62 

72 

72 

34 

34 

34 

40 

post 

64 

60 

38 

48 

21 

62 

313 

63 

80 

64 

40 

32 

32 

46 

GPE 

3 

2 

2 

2 

3 

4 

3 

4 

2 

3 

3 

2 

3 

2 

--..j 
co 

78



participants 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Pain intensity (millimeters) 

At rest 

pre 

38 

35 

47 

51 

30 

20 

42 

63 

64 

72 

69 

60 

86 

49 

20 

46 

post 

3 

16 

41 

47 

26 

15 

42 

62 

48 

63 

58 

53 

74 

3 

7 

29 

On worst 

movement 

pre 

54 

51 

50 

59 

66 

20 

66 

76 

82 

70 

76 

72 

57 

48 

40 

55 

post 

25 

34 

50 

53 

51 

16 

66 

75 

32 

63 

76 

65 

46 

2 

27 

47 

Flexion 

pre 

28 

30 

30 

44 

41 

34 

43 

32 

40 

60 

58 

46 

38 

44 

34 

56 

post 

28 

30 

30 

48 

41 

36 

30 

30 

40 

62 

56 

50 

45 

44 

36 

58 

Extension 

Pre post 

70 

68 

58 

77 

72 

64 

64 

66 

62 

60 

76 

42 

65 

60 

70 

58 

60 

68 

56 

73 

69 

70 

68 

74 

58 

58 

76 

52 

64 

60 

64 

58 

Active cervical range of motion (degrees) 

Lt. Lateral 

flexion 

pre post 

36 

36 

36 

33 

46 

32 

40 

48 

40 

62 

56 

30 

34 

42 

34 

38 

32 

38 

36 

35 

44 

34 

40 

48 

36 

60 

48 

32 

37 

46 

32 

34 

Rt. Lateral 

Flextion 

pre 

30 

32 

40 

26 

43 

36 

34 

50 

28 

49 

42 

26 

30 

36 

22 

38 

post 

32 

38 

40 

28 

47 

38 

34 

50 

32 

50 

40 

28 

33 

38 

22 

38 

Lt. Rotation 

pre post 

56 

76 

62 

69 

68 

58 

73 

80 

60 

70 

70 

64 

64 

64 

60 

68 

56 

76 

66 

67 

51 

60 

72 

80 

66 

73 

70 

66 

57 

70 

62 

67 

Rt. Rotation 

pre 

64 

76 

70 

64 

72 

74 

80 

76 

76 

76 

74 

72 

74 

64 

46 

64 

post 

66 

76 

70 

69 

72 

76 

80 

70 

70 

74 

72 

74 

69 

68 

50 

68 

On most 

painful 

movement 

pre 

30 

68 

40 

33 

41 

32 

64 

50 

40 

60 

76 

42 

38 

42 

70 

56 

post 

32 

68 

40 

35 

41 

34 

68 

50 

40 

62 

76 

52 

45 

46 

74 

58 

GPE 

2 

2 

3 

3 

3 

4 

4 

3 

2 

3 

4 

3 

3 

3 

2 

~ 
<0 
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APPENDIX L 

DATA COLLECTION SHEET 

FOR PILOT STUDY: INTRA-TESTER RELIABILITY STUDY 

Cervical range of motion device 

10 ... ........ .. ........ Date .. .... . .... .. .1 .. ......... .... .12007 

J 
'lit) (tnu, tn~, UI-l2'lI'l) ..... ............. .... .... ....... ...... ........ UI).J2'l~~ .... ......... ........... ........ ................ ........... . 

., 
:"I • ~ -'i' ~ ,J. -

tllQ .... .... ..................... u UI"..un ..... .... ......... ........ ... n l~m).J ;1'lUt1-l .......... ...... ..... . ........ L"llUVlUJVl1 

Motion ROM (degrees) ROM (degrees) 

First repetition Second repetition 

Flexion 

Extension 

Left lateral flexion 

Right lateral flexion 

Left rotation 

Right rotation 
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APPENDIX M 

DATA OF PILOT STUDY 

Table E I Demographic data of participants (n = 20) 

Participants Sex Age Weight Height 

(year) (kilogram) (meter) 

M 50 60.0 1.70 

2 F 29 44 .0 1.53 

3 F 38 58.0 1.60 

4 F 41 42.8 1.54 

5 F 29 70 .0 1.63 

6 F 24 52.0 1.50 

7 F 47 46.2 1.50 

8 F 23 52.0 1.65 

9 F 32 55.0 1.55 

10 F 26 46.0 1.54 

11 F 46 63.0 1.54 

12 F 53 60.0 1.60 

13 M 52 42.0 1.65 

14 M 60 60.0 170 

15 M 54 65.0 165 

16 F 41 67.0 167 

17 M 45 60.0 170 

18 M 47 56.0 173 

19 F 41 55.0 159 

20 M 37 75.0 177 



TABLE II First and Second repetition of active ceNical range of motion 

Participants 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Flexion 

1st 

58 

46 

72 

47 

43 

35 

44 

36 

52 

34 

33 

30 

38 

56 

52 

41 

50 

38 

43 

43 

2nd 

57 

40 

70 

41 

37 

34 

41 

33 

49 

45 

39 

42 

31 

45 

48 

42 

50 

38 

45 

45 

Extension 

1st 

82 

77 

62 

82 

72 

76 

72 

72 

62 

71 

66 

38 

70 

65 

54 

74 

57 

70 

72 

72 

2nd 

86 

82 

62 

80 

78 

72 

74 

68 

68 

68 

62 

32 

70 

64 

50 

74 

56 

70 

72 

72 

Active ceNical range of motion 

Left lateral 

flexion 

1st 

40 

42 

34 

35 

41 

35 

52 

39 

32 

50 

38 

26 

46 

50 

46 

45 

32 

35 

37 

37 

2nd 

36 

37 

40 

37 

41 

37 

50 

36 

38 

45 

32 

23 

40 

49 

41 

39 

37 

35 

35 

35 

Right laterai 

flexion 

1st 

40 

33 

36 

30 

39 

47 

50 

44 

34 

40 

36 

24 

35 

43 

37 

37 

33 

28 

34 

34 

2nd 

42 

31 

35 

32 

38 

42 

46 

38 

40 

35 

32 

24 

37 

39 

36 

37 

34 

28 

34 

34 

*lst = First repetition. 2nd = Second repetition 

Left rotation 

1st 

64 

72 

55 

44 

61 

62 

77 

58 

70 

72 

50 

48 

66 

79 

67 

68 

71 

48 

66 

66 

2nd 

64 

72 

54 

47 

58 

60 

70 

56 

68 

65 

52 

49 

67 

79 

68 

65 

68 

52 

68 

68 

82 

Right rotation 

1 st 

70 

78 

81 

58 

75 

64 

70 

63 

64 

61 

68 

39 

64 

69 

72 

64 

52 

72 

74 

74 

2nd 

69 

76 

82 

59 

69 

69 

74 

63 

64 

69 

66 

41 

69 

64 

70 

59 

50 

73 

72 

72 



APPENDIX N 

LETTER OF ACCEPTANCE FOR PUBLICATION 
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