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The aim of this study was to investigate the displacement of the thoracocervical spine occurred 
during the application of the thoracic PA mobilization.  Forty-one asymptomatic male subjects (20-30 
years) were recruited.  The spinal displacement of C3, C5, C7, T2, T4 and T6 was investigated during the 
application of a set of the central PA mobilization grade III to T6 by a motion capture system.  
Descriptive statistics were used to analyze the distance of the spinal displacement and Spearman rank 
correlation coefficient demonstrated negative correlation (rs=-1) between spinal displacement and spinal 
levels.  The results indicated the downward trend in spinal displacement when the distance far from T6 
spine increased.  It showed that the mobilization force could be transferred from local spine along the 
spinal column to remote area.  Therefore, these findings provide possible evidence to explain the 
mechanism of how thoracic spinal manipulative therapy affected neck pain reduction. 
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CHAPTER I 

 

INTRODUCTION 

 

1.1 Background and rationale 

It is well known that physical therapy plays an important role in the treatment of 

mechanical neck pain (MNP).[1]  Physical therapy interventions include exercise 

therapy, laser therapy, electrotherapy, ultrasonic therapy, traction and spinal 

manipulative therapy (SMT).[2]  SMT is one of the most common approaches used for 

treating MNP to reduce neck pain intensity as well as improve neck mobility. [3, 4]  

 

However, the use of vigorous SMT such as SMT directly applied to cervical spine or 

cervical manipulation may result in some adverse effects such as neck pain, headache, 

vertigo, dizziness, or sudden death in some patients.[3, 5-8]  Although it has been 

suggested a therapist to fully perform screening tests for vertebro-basilar artery 

insufficiency syndrome before applying SMT,[9, 10] it cannot either guarantee the 

patients’ safety or such adverse effects.[6]  Therefore, the SMT applied to the thoracic 
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spine has been recommended as an alternative approach for treating neck pain in order 

to avoid adverse effects.[11] 

 

A few studies noted that thoracic manipulative therapy was effective in relieving neck 

pain.[12-17]  These authors explained this effect using the neurophysiological mechanism 

proposed by Wright (1995).  Briefly, SMT would activate neuron in both spinal cord 

and midbrain resulting in activation of pain inhibitory pathways known as gate control 

theory (GCT)[18] and descending pain inhibitory system (DPIS),[19] respectively.  The 

area of pain reduction and the application area should have a relationship between each 

other known as dermatome, myotome or sclerotome.  However, there is no association 

of spinal nerve distribution between thoracic and cervical region.  Therefore, using this 

mechanism to explain the effect of the SMT applied to thoracic spine on relieving neck 

pain may not be appropriate. 

 

Nevertheless, a plausible explanation of SMT applied to thoracic spine in relieving 

neck pain would be due to the linkage of the anatomical structures between cervical 

and thoracic spine.  Due to the fact that the thoracic spine is linked to cervical spine via 
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facet joints and intervertebral joints, the application of force applied directly to the 

thoracic spine would indirectly distribute the translation force along the spinal column 

resulting in oscillatory movements to adjacent spines.  With this aspect, it would be 

possible that the application of the thoracic manipulative therapy would activate the 

pain inhibitory pathways previously mentioned resulting in the pain relieving effect to 

the cervical spine.  Therefore, this study aimed to investigate the displacement of 

adjacent spinal levels occurred during the application of the thoracic posteroanterior 

(PA) mobilization. 

 

1.2 Objectives 

The study aimed (i) to investigate the displacement of the thoracocervical spine 

occurred during the application of the thoracic PA mobilization, and (ii) to investigate 

the association between the spinal displacement and the spinal levels. 
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1.3 Specific objectives 

The specific objectives of this study were to quantify the displacement of C3, C5, C7, 

T2, T4 and T6 during the application a set of central PA mobilization grade III to T6. 

 

1.4 Hypotheses  

The displacement of the adjacent spines would occur during the application of PA 

mobilization to T6.  Moreover, there would be an association between decreased spinal 

displacement and increased distance from the spinal level being applied PA 

mobilization. 

 

1.5 Scope of the study 

This study was conducted to investigate the displacement of adjacent spines occurred 

during the thoracic PA mobilization. 
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1.6 Brief method 

The agreed volunteers were asked to give consent in writing after being informed the 

details of the study.  The volunteer was interviewed and assessed the mobility of 

cervical and thoracic spine by the first physical therapist (JS.).  The agreed volunteers 

who met the inclusion criteria were, hereby, called subjects.  Next, the subject was 

asked to lie prone with both arms by their sides on the custom made couch.  Then, the 

therapist (JS.) identified the subjects’ spinous processes of C3, C5, C7, T2, T4 and T6 in 

order to position markers on the skin over these spinous processes using adhesive tape.  

During the data collection, the subject was asked to hold his breath at the end of 

normal expiration while the second therapist (CA.) was performing a set of grade III 

central PA mobilization to T6.  The couch was used to quantify the force application 

while the video camera was used to record the movement of markers during the 

therapist performed thoracic mobilization.  Data obtained from the couch and video 

camera were recorded by computer for further analysis. 
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1.7 Advantage of the study 

The results of this study would provide useful information in order to better understand 

the mechanism of how SMT applied to the thoracic spine could relieve neck pain. 



 
 

 

CHAPTER II 

 

LITERATURE REVIEW 

 

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

effectiveness of SMT for neck pain, and factors influencing spinal stiffness. 

 

2.1 Neck pain 

Neck pain has been defined as pain or any symptoms occurred in the area from 

superior nuchal line to the spine of scapula, and drawn to superior border of clavicle 

and supra sternal notch in anterior aspect.[20]  The symptoms could also refer to either 

head and face area or the upper extremity.[21]  However, the definite diagnosis of neck 

pain is still inconclusive, therefore the neck pain has been classified in various 

methods such as the duration of symptom, area of symptom distribution, or etiology.  
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With regard to the duration of symptom, neck pain can be categorized as acute, sub-

acute and chronic, when the neck pain presents less than 30 days, between 30-90 days 

and more than 90 days, respectively.[22]  With regard to area of symptom distribution, it 

is categorized into three groups as central, bilateral and unilateral neck pain.  The 

central neck pain is the pain occurred over the cervical spinous process, bilateral neck 

pain is the pain occurred both sides of the cervical spine and the unilateral neck pain is 

the pain occurred one side of the spine (Figure 2.1).[23]  With regard to the etiology, it 

is categorized into two groups as non-mechanical neck pain (non-MNP) and 

mechanical neck pain (MNP).  The non-MNP results from specific conditions such as 

inflammation (e.g. ankylosing spondylitis, rheumatoid arthritis), infectious bone 

diseases (e.g. osteomyelitis, tuberculosis), metabolic diseases and malignancy. [21]  

Regarding the MNP, the exact pathology of MNP is not well understood but it is 

associated with any impairment in the structures of the cervical spine[24] and the pain 

commonly relates to postural basis such as poor posture, occupational or sport 

activities.[25]  Consequently, MNP is exacerbated by neck movement, sustained posture 

or by palpation of the cervical muscles.[26]  Based on the etiology, the majority of 

patients suffering from neck pain are diagnosed as MNP.[21, 25] 
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Figure 2.1  The possible symptom distribution.  A represents central neck pain, B 
represents bilateral neck pain and C represents unilateral neck pain symptom. 

 

Even though the number of neck pain patients seem to be smaller than that of low back 

pain patients, two-thirds of general population had an experience of neck pain at least 

once in their lifetime.[27]  A 1-month prevalence was reported to range from 15% to 

45% in adult population.  Approximately 12% to 71 % of adult experience neck pain 

within one year. Moreover, it has been reported that approximately 1.7% to 2.4% of 

neck pain patients had limited ability to work and social activities, respectively.[28]  In 

A B 

C 
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addition, the direct and indirect costs of neck pain treatment are also numerous.[29]  

Therefore, this important problem needs to be solved. 

 

2.2 Management of neck pain 

There are a number of treatments used for managing patients with MNP.  There can be 

classified into non-surgical and surgical treatments.  The surgical treatment aims to 

reduce the compression of spinal cord or nerve root for MNP patients who have 

progressive worsening of neck pain symptoms.[30]  The non-surgical treatment includes 

education and advice, medications, acupuncture, adjustment for ergonomic 

environment and physical therapy.[31]  It was evident that physical therapy was 

effective in the treatment of MNP.[1]  This includes exercise therapy, laser therapy, 

electrotherapy, thermal therapy, ultrasonic therapy, traction, massage, and SMT.  

Although there is still inconclusive in which approach of physical therapy is superior 

than others.[31]  Nevertheless, the physical therapy modalities noted to be effective in 

pain reduction in short duration whereas stretching and strengthening exercise 

combined with SMT noted to be effective in long term.[2]  However, a current 

Cochrane review noted that the use of SMT either alone or combined with exercise 
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therapy was effective for neck pain reduction and improvement in neck mobility. [3]  In 

addition, the treatment cost of SMT would be lower than other treatments. [29]  

Therefore, SMT might be one of the most common approaches that has been 

recommended in the treatment of neck pain.[32] 

 

2.3 Spinal manipulative therapy (SMT) 

SMT is a kind of passive treatment techniques using either a set of passive oscillatory 

movements or a single passive movement known as mobilization and manipulation, 

respectively.[23]  Mobilization is applied as a set of passive oscillatory movements 

either large or small movement with low velocity performed with in the joint range of 

motion being treated while manipulation is applied as a small passive movement with 

high velocity applied toward the end of just beyond the range of motion of the joint 

being treated.[23]  Generally, spinal manipulation has been often used by a chiropractor 

while spinal mobilization has been used by a physical therapist.[23] Comparing the 

maneuver between these two techniques, mobilization has been claimed to be more 

gentle approach than manipulation.[23]  Additionally, it has been suggested to use 
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mobilization as the first line management and to use manipulation in the latter session 

as a progression of treatment.[23] 

 

Mobilization can be performed as four grades of a set of oscillatory movements; grade 

I: a small amplitude movement near the starting position of range, grade II: a large 

amplitude movement at free resistance, grade III: a large amplitude movement at about 

50% of resistance and grade IV: a small amplitude applied at about 50% of 

resistance.[23]  The frequency of the oscillatory movement was ranged from 0.5-2.0 

Hertz (Hz).  It has been recommended that the low and high frequency were used for 

relieving pain and improving mobility, respectively.[23]  

 

2.3.1 Cervical spinal manipulative therapy for MNP 

There are a number of studies investigating the effectiveness of cervical manipulative 

therapy in the treating of MNP.  It has been noted that cervical manipulation was 

effective in pain reduction, reducing disability, and improving cervical range of motion 

(CROM).[26, 33-35]  With regard to the effect of cervical mobilization, most studies used 

two techniques as central and unilateral PA techniques for management of MNP.[36-40]  
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Regarding the central PA technique that was used to treat central or bilateral MNP 

patients, it was found that the patients whom received the cervical mobilization 

reported improvement on global perceived effect, and significant reduction in pain[40] 

and disability.[37]  Regarding the unilateral PA technique that was used to treat 

unilateral MNP patients, it has been shown that the application of this technique to the 

side of neck pain resulting in immediate decreasing in pain and disability[38], and 

approximately 73% of patients reported their GPE as improved after one month follow 

up.[36]  Additionally, it has been suggested that the use of unilateral PA and 

contralateral cervical rotation in unilateral MNP patients yielded similar effect of 

treatment of MNP.[39] 

 

With regard to effect of mobility, the changing in ROM is inconclusive due to 

conflicting evidence.  This might be because the majority of the studies did not 

specifically recruited homogenous subjects with regard to their duration of neck pain.  

Even though, the effect of SMT on CROM is inconclusive, SMT is still recommended 

for treating MNP in order to improve neck mobility.[23] 
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Additionally, the application of SMT directly to cervical spine may result in some 

adverse effects such as local pain, headache, vertigo or dizziness etc.[3, 5-8] This may be 

caused from either an injury of the surrounding soft tissues or the vertebral artery.  If 

the injury is severe, this may cause sudden death to the patient being treated. [3, 5-8]  In 

clinical practice, it has been therefore suggested a therapist to fully assess any signs or 

symptoms for vertebro-basilar artery insufficiency syndrome before the application of 

the vigorous SMT to the cervical spine.[9, 10]  However, such procedure could not 

completely warrant whether these adverse effects would not be taken place. [6]  

Therefore, SMT applied to the thoracic spine would be an alternative approach for 

treating neck pain in order to avoid these effects.[11] 

 

 2.3.2 Thoracic spinal manipulative therapy for MNP 

The effectiveness of thoracic MT on relieving neck pain was noted. [12, 14-17, 41]  On the 

other hand, the effectiveness of thoracic MT on ROM is still unclear.  With regard to 

the pain reduction effect, these authors explained this effect by using 

neurophysiological mechanisms.  Nevertheless, using this evidence to explain this 

effect may not be appropriate.  This is because the area of pain reduction and the 

application area should share nerve distribution known as dermatome, myotome and 
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sclerotome.  However, the thoracic and cervical spines are linked together with facet 

joints and intervertebral joints.  Therefore, the application of force directly to thoracic 

spine would indirectly distribute translation force along the spinal column to cervical 

spine.  This would activate of pain inhibitory pathways resulting in neck pain 

reduction.  However, there has no evidence noting on this matter. 

 

2.4 Effect of spinal manipulative therapy 

 2.4.1 Neurophysiological mechanisms 

It has been proposed that SMT would activate neuron in both the spinal cord and 

midbrain resulting in pain reduction known as GCT[18] (Figure 2.2) and DPIS[19] 

(Figure 2.3), respectively.  This would occur in conjunction to the spinal nerve 

distribution known as dermatome, myotome and sclerotome.[23]  With regard to GCT, 

this is well known that the noxious sensation is ascended via A and C fibers (small 

fibers) to the interneuron in the spinal cord, and then the impulses are sent to the brain.  

This pathway is called opened gate.  The SMT would stimulate non-noxious 

mechanical neuron via A and A fibers (large fibers).  Due to size of the nerve fibers, 

the non-noxious mechanical impulse would be conducted faster than that of the 
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noxious impulse.  Therefore, this would result in an activation of interneuron in 

substantia gelatinosa (SG) resulting in an overwhelming of impulses from the noxious 

neuron.  Consequenlty, the output of SG ascending to the brain is reduced so the pain 

intensity is decreased resulting in closed gate.[18]  

 

Figure 2.2 Gate control theory (modified from Melzack and Wall, 1965).  SMT stimulates 
non-noxious mechanical neurons via large fiber (L fiber).  The impulse of L 
fiber is conducted to substantia gelatinosa (SG) faster than pain fiber (Small 
fiber) (S fiber).  This result would activate the neuron in SG resulting an 
overwhelming of the impulse from the S fiber (Closed gate).  Consequently, the 
output of transmission cell (T cell) ascending to the brain is reduced so the pain 
intensity is decreased. 

 

With regard to DPIS, the pain modulation pathways has been described that the 

impulse from SMT stimulation is sent via lateral pathway of the spinal cord ascending 

fiber 

fiber 
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to periaqueductal gray (PAG) in midbrain.[42]  The PAG originated two projecting 

pathways as dorsal periaqueductal gray (dPAG) and ventral periaqueductal gray 

(vPAG).  These pathways descended into spinal cord via dorsolateral funiculus in 

order to inhibit pain.[42]  In general, SMT would activate neuron in the dPAG resulting 

in an inhibitory pathway to the vPAG.  When the neuron in the dPAG is stimulated, 

this would cause an immediate pain reduction effect (within 15 seconds).  Also, this 

would induce an activation of the neuron in the vPAG resulting in a latent or delayed 

recuperation (20-45 minutes).[19, 43-45]
 

 

 

 

 

 

 

 

 

Figure 2.3 Descending pain inhibitory systems (modified from Wright, 1995).  dPAG = 
dorsolateral periaqueductal gray, vPAG = ventrolateral periaqueductal gray.  
Firstly, SMT activates the dPAG system  resulting in an inhibitory pathway to 
the vPAG. When the neuron in the dPAG is stimulated, this would cause an 
immediate pain reduction effect. Also, this would induce an activation of the 
neuron in the vPAG resulting in a latent or delayed recuperation. 

dPAG 

vPAG 
- + 

Analgesia (non-opioid) 
Sympathoexcitation 
Movement 
 

Analgesia (opioid) 
Sympathoinhibition 
Immobility 
 

Delayed 
recuperation 

Immediate 
effect SMT activate via 
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 2.4.2 Biomechanical mechanisms  

In the present, the effect of SMT in improving on mobility is still unclear.  This effect 

would be explained by the biomechanical effect.  The following section is going to 

explain on the mechanical change of spine during SMT. 

 

 It has been suggested that SMT would cause tissue elongation around the treated area 

resulting in an improving on ROM.[23]  Only one study investigating cadeveric 

specimens provided a clearer explanation on whether SMT would produce the 

elongation effect.[46]  It has been noted that the force applied ranged  between 224 and 

1,136 Newton (N) resulting in tissue elongation.[46]  On the other hand, a number of 

studies reported on the force used during SMT noted that the applied force to human 

live subjects was ranged between 21.8 and 360 N.[47-49]  It is noticed that the force 

noted from the former study[46] is relatively greater than that of the latter studies.[47-49]  

Therefore, the change in mobility after the application of SMT is not well explained by 

this evidence.  Caution is needed to exercise because this may be due to the differences 

of tissue properties investigated in these studies. 
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Several devices have been developed in order to investigate any change in spinal 

properties.[50-53]  These include the Spinal Physiotherapy Simulator (SPS),[50] Spinal 

Mobilizer,[51] Spinal Posteroanterior Mobilizer (SPAM),[53] and Stiffness Assessment 

Machine (SAM).[52, 54]  All of these devices were used to quantify force applied and 

displacement of the joint being investigated.  Briefly, the devices are consisted of force 

applicator (indenter) mounted with linear potentiometer and load cell.  The load cell is 

responsible for quantifying the amount of force delivered from the indenter.  The linear 

potentiometer is responsible for quantifying the movement of indenter or the 

displacement of spinous process.  Data obtained from both the load cell and 

potentiometer are sent to a computer.  The computer has a special program that can set 

number of oscillation, amount of force applied and frequency.  Additionally, data 

obtained from the devices are displayed as force-displacement curve and the slope of 

this curve represents the spinal stiffness.  These devices are very useful for researching 

in order to provide evidence with regard to the change in mechanical properties.  

However, almost all of these devices except the SAM are not portable due to the size.  

Therefore, it would not be possible to conduct research in clinic. 
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The use of these devices provided important evidence including joint stiffness and 

spinal displacement.  It has been noted that the application of 150 N to L 3, L4 and L5 

produced local displacement to be 10, 11 and 13 mm, respectively. [51]  Also the 

displacement of the adjacent lumbar spine noted to be between 8 and 13 mm [51, 55]  

Moreover, there are a few studies investigating the effect of force applied to the 

cervical spine on the adjacent vertebrae.  It has been noted that the application of PA 

force would produce extension and flexion moment of the adjacent vertebrae. [56]  

Consequently, this would produce moments to the entire adjacent spine. [56]  However, 

there has no evidence on such displacement of the adjacent vertebrae occurred during 

the application of thoracic SMT. 

 

2.5 Factors influencing spinal stiffness  

There are a number of factors affecting the spinal stiffness including estrogen level 

noted in women,[57, 58] muscle activity such as paraspinal muscle[59] and content in either 

pleural or abdominal cavities during respiratory cycle,[60] and surface of couch.[61]  It 

has been suggested that the increasing in estrogen level during the ovulation phase is 

related to the decreasing in a joint stiffness.  Few studies noted that the stiffness of the 

knee joint is reduced during the ovulation phase.[57, 58]  It is noticed that the knee joint 
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which is the largest synovial joints is affected by the estrogen, other joints such as 

intervertebral joints would also be affected.  However, there is no study investigating 

the effect of the estrogen on a spinal stiffness. 

 

With regard to the paraspinal activity, it has been noted that the increasing in the 

activity of the paraspinal muscle results in the increasing in spinal stiffness.[59]  

Additionally, the change in the content in either the pleural and abdominal cavities 

would affect the spinal stiffness.[60]   Lastly, a surface of couch would also affect the 

spinal stiffness.  It has been noted that a padded couch would be able to absorb the 

applied force resulting in the decreasing of stiffness.[61]  To conclude, a variation of 

such factors would result in the change in spinal stiffness.  Therefore, a study 

investigating on the spinal stiffness needs to be controlled such factors.  

 

2.6 Summary  

Neck pain is a common musculoskeletal complaint that contributes to disability 

worldwide.  SMT is frequently recommended for treating MNP patients.  Even though 

there are a number of studies supporting the use of SMT for treating neck pain, some 
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patients reported adverse effects after the application direct to the cervical spine.  

Therefore, SMT applied to the thoracic spine is suggested as an alternative approach in 

order to avoid these adverse effects.  However, there is still unclear how this 

alternative approach relieves neck pain. 

 



 

 

CHAPTER III 

 

METHODOLOGY 

 

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

procedure, and data analysis. 

 

3.1 Study design 

A descriptive design was conducted to determine the displacement of the 

thoracocervical region during the application of central PA mobilization to the thoracic 

spine.  Ethic approval was revealed by the Ethical Review Committee for Research 

Involving Human Subjecting and/or Use of Animal in Research, Health Science Group 

of Faculties, Colleges and Institutes, Chulalongkorn University, Thailand (Appendix 

A).
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3.2 Participants 

This section describes all participants including two physical therapists and subjects. 

 

 3.2.1 Physical therapists 

Two physical therapists participated in this study.  The first therapist (JS), who 

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

Science, involved in this study.  The first therapist was responsible for screening 

suitable subjects, identifying all investigated spinous processes including C3, C5, C7, 

T2, T4, and T6, and collecting data obtained from both the custom made couch and the 

motion capture system during SMT.  The reliability and agreement of identifying the 

spinous processes were investigated and the kappa statistics (K) equaled 1.00 

(Appendix B).  The second therapist (CA), who had clinical experiences in the use of 

SMT more than 20 years, was asked to participate.  The second therapist was 

responsible to apply PA mobilization grade III to T6.  The detail of mobilization 

technique has been explained elsewhere.[23] 
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3.2.2 Subjects 

The first intention was to recruit a number of forty subjects for this study.  The results 

of the first ten subjects were drawn to calculate the estimating population mean.  If the 

estimating population mean did not fall in the same range of the first intention, the 

number of subject would be adjusted with respect to these results.  Healthy males were 

asked if they wished to participate in this study.  Prior to enter this study, all potential 

subjects were asked to give consent in writing.  Then these subjects were screened by 

the second therapist mentioned previously.  The subjects were included if they had  (1) 

aged between 20 and 30 years, (2) had no neck or upper back pain that required 

treatment within the preceding three months.  The potential subjects were excluded if 

they had (1) any contraindications to the application of thoracic spinal mobilization 

recommended by Maitland et al[23] such as sign of spinal cord involvement, infection, 

inflammation, fracture, and malignancy of cervical/thoracic spine, and (2) history of 

cervical/thoracic spine trauma or surgery in the last three months. 
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3.3 Materials 

This section describes the materials in this study including a custom made couch, a 

motion capture system, a pillow, a towel and blanket, and markers. 

 

 3.3.1 A custom made couch 

A custom made couch was used to quantify the applied force during the thoracic 

mobilization (Figure 3.1: A).  Briefly, the couch was modified from a standard 

treatment couch with removable top (Manumed Optimal 1-section electric H/L type 

323, Model no. 5100103, Enraf Nonius Medical Equipment CO., LTD., Netherlands) 

by mounted seven load cells (Tension S Cell (TSC), Mettler Toledo, Thailand); four, 

two and one load cells are responsible to quantify the manual force in the vert ical, 

medial-lateral and caudad-cephalad directions, respectively. All load cells are mounted 

to the couch frame as shown in the Figure 3.2.  
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Figure 3.1 The instrumentation of the study.  A, B, C and D represent a custom made 
couch, a motion capture system, a display box and a computer, respectively. 

 
 

 

Figure 3.2  Top view illustrates position of seven load cells mounted to the couch frame.  
Four load cells (L/C1-L/C4) are positioned to detect vertical force, two load cells 
(L/C5-L/C6) are positioned to detect medial-lateral force and one load cell 
(L/C7) is positioned to detect caudad-cephalad force and A represents the 
position of a custom made amplifier. 

D C 

B 
A 
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All signals from these load cells are sent to a custom made amplifier (Figure 3.3: A) 

and then the amplifier signals are sent to a display box (Figure 3.1: C).  The display 

box also has a zero button function in order to set the force applied to the couch 

surface as zero.  The signals from the display box were sent to the computer (Figure 

3.1: D).  The force- time data are displayed via the monitor in real time.  Additionally, 

force-time data were saved by Contemplas Tempo Motion Analysis Program® (GmbH 

Albert-Eintein-Strae 6 87437 D-Kempten; Germany) for further analysis. 

 

Figure 3.3  Lateral view of the couch frame.  A presents a custom made amplifier and B1, 
and B2 present the superior and inferior of the couch frame, respectively. 

 

The reliability and the criterion-related validity of the couch in reading the force 

applied to the couch surface have been shown to be excellent with both the intraclass 

correlation coefficients (ICCs(2,1)) with Pearson’s correlation to be 1.00.  Additionally, 

A 
B1 

B2 
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absolute percentage error of the force reading has been reported to be less than 

1.2%.[62]  These values are well within the range obtained with the previous studies.[63, 

64] 

 

 3.3.2 A motion capture system 

A motion capture system with one high speed camera (Basler scA640, Basler AG An 

der Strusbek 60-62 D-22926 Ahrensburg, germany) (Figure 3.1: B) is connected to the 

computer via a USB line in order to collect any occurred movement from a reference 

point.  The sampling frequency of the high speed camera is set at 71 Hz.  The motion 

capture system has shown high accuracy, the percentage error is found to be 0%.[62]    

Markers will be positioned on the tip of the spinous process in order to measure the 

occurred movement or spinal displacement.  The displacement-time data obtained from 

the motion capture system and the force-time data from the load cells are able to 

synchronize and kept for further analysis.  
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3.3.3 A pillow 

A pillow with the dimension of 60x20 centimeters was placed under the subject’s 

ankles while the subject was in prone lying position. The pillow would provide the 

subject’s comfort and decrease back muscle tone during the data collection.   

 

3.3.4 A towel and a blanket 

A towel was used in this study in order to reduce any discomfort around the subject’s 

face.  The towel was placed to cover the margin of the face hole.  A blanket was placed 

to cover the lower back of the subjects for their comfort. 

 

3.3.5 Markers 

A total of five beads with the diameter of 7 millimeters were used to be markers.  All 

markers were marked at the center using permanent pen in order to use as reference 

point for tracing the displacement of C3, C5, C7, T2 and T4.  Prior to collecting the data 

collection, the first therapist positioned these markers on the subject’s skin over these 

spinous processes using adhesive tape.  In order to trace the displacement of T6 that is 
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the level being applied PA mobilization, the pisiform bone of second therapist was 

used to be reference point. 

 

3.4 Procedures 

The study was conducted at the laboratory room number 304, Health Sciences Service 

Unit, Faculty of Allied Health Sciences, Chulalongkorn University.  A volunteer was 

asked if he wished to participate in this study.  The details of this study (Appendix C) 

were then fully explained.  After the volunteer agreed to participate in the study, the 

volunteer was asked to give consent in writing (Appendix D). The agreeing volunteer 

was then fully examined by the first therapist including both questionnaire and active 

range of motion of cervical spine (Appendix E).  The volunteer was then excluded if 

he had any exclusion criteria.  The volunteer, who met all inclusion criteria, was now 

called the subject.  Then the subject was asked to lie prone with both arms by him 

sides on the custom made couch (Figure 3.4).  A towel was used to cover the margin of 

the face hole and a pillow was placed under the subject’s ankles for his comfort. 
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Figure 3.4  The position of subject 

 

The first therapist identified the subject’s spinous process of C3, C5, C7, T2, T4 and T6, 

the markers were then positioned on the tip of the identified spinous processes.  The 

subject was asked to keep normal inspiration and expiration.  Prior to collecting force 

and spinal displacement data, the subject was asked to hold the breath at the end of 

normal expiration while the second therapist was applying a set of the central PA 

mobilization grade III to T6 about 30 seconds.  The force and spinal displacement data 

obtained from custom made couch and the motion capture systems were recorded, 

respectively (Appendix F).  The data of thoracic mobilization force was exported to 
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Microsoft Office Excel for analyzing.  The movement of markers recording by video 

tape was then traced manually by the first therapist using tracking function of the 

program.  The intra tester reliability using the intraclass correlation coefficients 

(ICCs(3,1)) and standard error of measurement (SEM) in tracing the movement of 

markers were noted to be 0.99 and 0.082 millimeters (mm), respectively (Appendix 

G).  

 

3.5 Statistical analyses 

Descriptive statistics were used to analyze the subjects’ demographic data, the distance 

of the C3, C5, C7, T2, T4 and T6 displacement, the mobilization force and frequency.  

Figure 3.5 represents the graphs of the force-time data (the above sine curve) and the 

displacement-time data (the below sine curve).  The data from the 3rd-5th cycles of both 

graphs were then calculated the mean and standard deviation (SD), and minimum and 

maximum. 
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Figure 3.5 Force and displacement graph.  The above sine curve represents force-time 
data, and below sine curve represents displacement-time data. 

 

The estimating the population mean was used in order to calculate the sample size.  

The formula for sample size calculation was shown in Equation 3.1.  The preliminary 

data from the first 10 subjects were kept for calculating the sample size.  The e value 

was set at less than 50% of sample variance () at 95% confidence interval. 

  



35 
 

 

n  =  (Z/2)
22 

                        e2 

Equation 3.1 Formula for sample size calculation. The n represents sample size needed in 
the trial, z represents area under normal curve,  represents level of 
significance,  represents sample variance, and e represents allowable error or 
margin of error. 

 

Additionally, the Spearman rank correlation coefficient was used to find out whether 

the amount of spinal displacement was related to marked spinal levels. All statistical 

analyses were performed using the SPSS statistical software®, version 17.0 (SPSS Inc, 

Chicago, IL, USA) with a significant level was set at less than 0.05. 

 

 

 

 



 
 

 

 CHAPTER IV 

 

RESULTS 

 

This chapter presents the results of the study including the sample size calculation, 

subjects’ demographic data, the displacement of adjacent (thoracocervical) spines, the 

association between the displacement of thoracocervical spine and the adjacent spinal 

levels, force and frequency of thoracic mobilization.  

 

4.1 Sample size calculation 

Table 4.1 showed the result of sample size estimating in the first 10 subjects. The 

standard deviations (sample variance) of each spinal displacement were used to 

calculate the sample size needed for each segment of spine.  The margin of error in this 

study was set at 40% of sample variance at 95% confidence interval.  Based on this 
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data, this study needed to recruit 24 subjects to investigate the adjacent spinal 

displacement. 

 

Table 4.1 Summary of the sample size (N=10) 

Level of investigated spine  e2 n 
C3 0.77 0.12 24 
C5 1.13 0.18 24 
C7 1.38 0.22 24 
T2 1.16 0.19 24 
T4 1.45 0.23 24 
T6 2.43 0.39 24 

 = sample variance, e = allowable error or margin of error, and n = the number of subjects 

required in this study. 

 

4.2 The subjects’ demographic data  

Forty-four volunteers wished to participate in this study.  Three potential subjects were 

excluded because they had neck pain during performing active ROM tests.  A total of 

forty-one volunteers who met the inclusion criteria, hereby called subjects were 
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recruited in this study (Figure 4.1).  Details of all subjects were shown in Appendix H 

and Table 4.2 represents subjects’ demographic data. 

 

 

 

 

 

Figure 4.1 Flow chart describes the participation of subjects through the trial 

 

Table 4.2 Subjects’ demographic data (N=41) 

Variables Mean (SD) Min-Max 

Age (year) 22.1 (1.2) 20-27 

Weight (kg) 65.6 (9.9) 48-88 

Height (cm) 172.4 (4.0) 165-180 
Body mass index 

(BMI) (kg/m2) 22.1 (3.2) 16.4-29.4 
 

44 volunteers wished to 

participate 

3 were excluded due to their 

neck pain 

41 volunteers included in 

this study 
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4.3 The displacement of adjacent (thoracocervical) spines and the association 

between the spinal displacement and spinal levels 

Raw data of the displacement of thoracocervical spine during the therapist performed 

thoracic mobilization directly to T6 for 41 subjects are presented in Appendix H.  The 

summary of data of the thoracocervical spinal displacements is shown in Table 4.3.  

The mean displacement was lowest at C3 (3.0 ± 0.8 mm) and greatest at T6 (5.4 ± 1.2 

mm).  Spearman rank correlation coefficient was calculated with the correlation 

coefficient noted to be excellent (rs=-1, p<0.01) (Table 4.4).  Figure 4.2 represents the 

pattern of spinal displacement by plotting the displacement mean to the spinal levels.  

 

Table 4.3  The summary of the data for spinal displacement  

Variables C3 C5 C7 T2 T4 T6 

Mean (SD) (mm) 3.0 (0.8) 3.4 (0.9) 3.8 (0.9) 4.1 (1.0) 4.7 (1.0) 5.4 (1.2) 
Min-Max (mm) 1.8-4.8 1.7-6.0 1.9-5.6 0.5-6.0 2.3-6.7 2.5-7.8 
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Table 4.4 Spearman rank correlation coefficient between the amount of 
displacement of adjacent spine and level of spinous processes  

        All subjects 

    
rs p 

Displacement and level of spinous process -1 0.00* 
            

rs , p and * represent Spearman rank correlation coefficient, p-value, and statistically significant 

difference (p<0.01), respectively. 

 

 

Figure 4.2 The pattern of spinal displacement.  The trend towards decreased spinal 
displacements when the distance far from T6 spinous process increased. 
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4.4 Force and frequency of thoracic mobilization 

Raw data of mean force amplitude and oscillatory frequency during the therapist 

performed central PA thoracic mobilization with grade III in vertical direction which 

obtained from 41 subjects are presented in Appendix H.  The mean force was 

approximately 111 N and the oscillatory frequency was approximately 0.76 Hz that the 

summary data are presented in Table 4.5.  

Table 4.5  The summary data of thoracic mobilization force and oscillatory 

frequency  

Variables Mean (SD) Min-Max 

Force applied (N) 111.3 (13.3)  84.9-156.9 
Frequency (Hz) 0.8 (0.2)  0.48 - 1.09  

 

 



 

 

CHAPTER V 

 

DISCUSSION 

 

This is the first study investigating thoracocervical spinal displacement occurred 

during the thoracic PA mobilization and providing the association between the amount 

of thoracocervical spinal displacement and level of spine.  The results showed that 

there were the displacement of thoracocervical spine occurred during the application of 

thoracic PA mobilization.  Moreover, the amount of displacement was significantly 

related to the level of spine (p<0.01).  These findings would be plausible evidence to 

explain the mechanism of how thoracic SMT affected neck pain reduction. 
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5.1 The power analysis calculation 

Retrospective power of analysis was carried out to warrant for the adequate number of 

subjects in this study using the formula described previously.  The results were shown 

in Table 5.1.  It is noted that the power of analysis of all levels to detect the 

displacement reached more than 99%.  This would imply that the results obtained from 

this study could be accepted with confidence to generalize in general population. 

 

Table 5.1 Summary of the power analyses in the study (N=41) 

Level   e2 Z Power of analyses 

C3 0.27 0.04 2.46 99.31% 

C5 0.26 0.04 2.51 99.40% 

C7 0.34 0.05 2.46 99.31% 

T2 0.38 0.06 2.54 99.45% 

T4 0.52 0.08 2.51 99.40% 

T6 0.96 0.15 2.53 99.43% 
 = sample variance, e = allowable error or margin of error, and Z = area under normal curve 
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5.2 The displacement of thoracocervical spine, and the association between the 

amount of displacement and the spinal levels. 

The study noted that the application of T6 PA mobilization produced the anterior 

displacement occurring not only at T6 but also occurred up to the upper cervical spine 

(C3).  These findings are consistent with the results noted in former studies.[51, 55]  The 

application of the PA force would produce displacement of one vertebra to adjacent 

vertebrae.[65-67]  This would result in an extension and flexion inertia moment of the 

upper and lower vertebrae to the application point, respectively.[55]  Due to the 

anatomical structure, the vertebrae are linked together via facet and intervertebral 

joints, the application of PA oscillatory force applied to T6 would distribute the 

translation force along the spinal column resulting in the posterior and anterior 

translation to the entire thoracocervical vertebrae.  This would be confirmed by the 

amount of displacement of the investigated spines noted in this study.   

 

Even though the amount of thoraococervical displacement noted in the current study 

(<5 mm) is trivial, compared to the lumbar spinal displacement obtained by direct 

method from the former studies (8-13 mm).[51, 55]  The author acknowledges that the 
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noted displacement included the thickness of the soft tissue compression, however the 

investigating of the adjacent spinal displacement during the application of PA 

mobilization in real time would be difficult.  However, it is indefensible that this small 

amount of displacement would stimulate the oscillatory movements to the entire 

cervical spine resulting in a set of PA oscillatory movements entirely the 

thoracocervical spine.  As a result, this would activate GCT [18] and DPIS[19] at the 

cervical region resulting in reduction of neck pain.  These findings provide a possible 

mechanism of the effectiveness of thoracic manipulative therapy on neck pain 

reduction noted in the former studies.[12, 14-17, 41]   

 

Additionally, the amount of the displacement of the thoracocervical spine depended on 

the investigated spinal level.  The current study noting on the negative Spearman rank 

correlation coefficient (-1.00) which would imply a trend towards a decrease in the 

spinal displacement when the investigated spinal level is moved further away.  Similar 

findings would have been noted if the spinal displacement had been investigated 

towards the lumbar spine.  A plausible explanation with regard to the negative 

correlation coefficient noted in the current study is as follows.  This may result from 
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the viscoelastic properties of human tissues.[46]  The force applied would be absorbed 

by the adjacent tissues including the surrounded soft tissues, muscles and vertebrae.  

Consequently, the gradually decreased in the spinal displacement towards the upper 

cervical spine was noted.   

 

In conclusion, the current study provides normative data with regards to the spinal 

displacement occurred to the adjacent spines during the application of the thoracic PA 

mobilization.  The application of the thoracic mobilization produced PA movement 

translation towards the C3.  Unfortunately, the atlanto-occipital joint, the C1 and the C2 

did not investigate.  If they are investigated, a trend toward the decreasing in spinal 

displacement might be noted.  This would induce both the GCT and DPIS at the 

cervical region resulting in neck pain reduction. 

 

5.3 Force and frequency of thoracic mobilization 

This is the first study to establish the amount of force applied during the application of 

the grade III thoracic PA mobilization.  It is noted that the recruited therapist who had 

clinical experienced with the use of manipulative physiotherapy more than 20 years 
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applied the mean average of 110 N to the recruited subjects.  Moreover, the average 

frequency was about 0.8 Hz which was well in the range with the former study[49] as 

well as the empirical.[23]  This would provide important evidence with regard to the 

frequency and the amount of force used during the grade III thoracic mobilization. 

 

5.4 Limitation of this study 

There is a limitation as follows.  The use of this method to quantify the displacement in 

real time is an indirect method.  The noted displacement included the thickness of the 

soft tissue compression overlying the vertebra.  However, the direct method such as X-

ray and MRI would not be appropriate.  Because using of such methods is required a 

therapist to statically apply SMT during the data collection. [55, 56]  In addition, any risks 

of ionizing radiation exposure may occur. 

 

5.5 The suggestion for further study 

A study investigating on the effect of age and gender on spinal displacement is needed 

to generalize these results to general population.  Additionally, there is a need to 
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conduct a study in symptomatic subjects in order to better understand the mechanism 

of how thoracic SMT relieves neck pain. 

 



 
 

 

CHAPTER IV 

 

CONCLUSION 

 

The aims of this study were to investigate the thoracocervical spinal displacement and 

the association between spinal displacement and spinal levels during the application of 

a set of central PA mobilization grade III to T6.  The results showed a trend towards the 

decreasing in spinal displacement when the investigated spine levels were away from 

the application spine.  This may imply that the thoracic mobilization would produce a 

oscillatory movements towards the upper cervical spine.  This would activate the pain 

inhibitory mechanism to the entire thoracocervical spine resulting in pain relief in neck 

pain patients.  This finding provided a plausible explanation of how thoracic PA 

mobilization relieves neck pain. 

.   
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APPENDIX B  

 

AGREEMENT TO IDENTIFY THORACOCERVICAL SPINE 

 

B I Introduction 

Palpation skill is important for a novice physical therapist to identify structures 

underneath the skin such as tendon, ligament, neural tissue, landmark of a joint and a 

spinal level.  Such landmarks would also help a therapist to precisely diagnose and 

directly treat an injured structure responsible for the patient’s symptoms.  This pilot 

study was conduct in order to ensure whether a recruited therapist (JS) would be able 

to identify investigated thoracocervical spines corresponding to an experienced 

therapist (CA). 

 

B II Procedure 

Two physical therapists were asked to participate in this study. The first therapist (JS) 

was a postgraduate student who enrolled in Master degree of Physical Therapy 

Program, Faculty of Allied Health Science while the other was an experienced 
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manipulative physical therapist who held a Master of Physiotherapy (Manipulative 

Physiotherapy) and a Doctor of Philosophy Degree and had clinical experience more 

than 20 years in the use of manipulative physical therapy.  

 

Fifteen subjects were recruited.  Initially, all subjects were asked to lie prone on the 

custom made couch.  Next, they were assessed twice by these two therapists.  The first 

therapist (JS) was asked to palpate and note the spinous processes of C3, C5, C7, T2, T4 

and T6 with a pen over the skin of these spinous processes.  The second therapist (CA) 

was then asked to note the marked landmark of the C3, C5, C7, T2, T4 and T6 in order to 

find out whether these marked spinous processes were accurate.  After completion of 

the assessment, the data were recorded for further analysis (Appendix I).  

 

B III Statistical analyses 

The kappa statistics (K) were used to present the inter rater agreement. The K values 

represented the level of agreement, if the score was less than 0.40 as poor to fair 

agreement, 0.40-.060 as moderate agreement, 0.61-0.80 as substantial levels of 

agreement, and more than 0.81 as perfect agreement.[1]  
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 B IV Results 

The K scores for 15 subjects equaled 1.00 and all data are shown in Table B.1.  
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Table B I Marked spinous processes of the expert and therapist 

Subjects Marked spinous processes  

  C3 C5 C7 T2 T4 T6   

  Expert Therapist Expert Therapist Expert Therapist Expert Therapist Expert Therapist Expert Therapist 

1 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

2 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

3 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

4 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

5 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

6 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

7 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

8 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

9 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

10 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

11 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

12 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

13 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

14 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

15 C3 C3 C5 C5 C7 C7 T2 T2 T4 T4 T6 T6 

K scores 1 1 1 1 1 1 

K represents kappa statistics. 
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B V Discussion 

Based on these results, there was perfectly agreed between the indentified results 

obtained from both therapists.  This could be interpreted that the therapist (JS) would 

be capable to identify the spinal levels similar to the experienced therapist with k 

values being 1.00. 

 

B VI Conclusion 

The recruited physical therapist was capable to identify the investigated spines. 
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APPENDIX C 

 

PARTICIPANT INFORMATION SHEET 

(ข้อมูลส ำหรับประชำกรตัวอย่ำงหรือผู้มสีว่นร่วมในกำรวิจัย) 
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APPENDIX D 

 

INFORMED CONSENT FORM 

(ใบยินยอมของประชำกรตัวอย่ำงหรือผู้มสี่วนร่วมในกำรวิจัย) 
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APPENDIX E 

 

SCREENING QUESTIONNAIRE  

(แบบคดักรองผู้เข้ำร่วมงำนวิจัย) 

 

ส่วนที่ 1 ข้อมูลส่วนตัวของผู้เข้ำร่วมกำรวิจัย 

ค ำชี้แจง กรณุาเติมค าตอบลงในช่องว่างหรือใส่เครื่องหมาย ลงในช่องว่างเพียงค าตอบเดียว  

1.  อายุ …………….. ปี     

2. น้ าหนัก …………..กิโลกรัม  ส่วนสูง ……………… เซนติเมตร 

3.  โรคประจ าตัว 

 (      ) ไม่มี 

 (      ) โรคข้ออักเสบรูมาตอยด ์

 (      ) โรคติดเชื้อที่กระดกูสันหลัง 

 (      ) โรคกระดูกสันหลังยดึติดแข็ง 

 (      ) กลุ่มอาการของไขสันหลังถูกกดทับ 

 (      ) กระดกูหักใหม่ๆ 

 (      ) ภาวะหลอดเลือดที่เล้ียงสมองส่วนหลังไม่เพียงพอ 
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 (      ) มะเร็ง 

 (      ) อ่ืนๆ ระบุ …………………………………………….. 

 

ส่วนที่ 2 ข้อมลูเกี่ยวกบัอำกำรปวดคอของผู้เข้ำร่วมกำรวิจัย 

ค ำชี้แจง กรณุาเติมค าตอบลงในช่องว่างหรือใส่เครื่องหมาย ลงในช่องว่างเพียงค าตอบเดียว  

1.  อาการปวดคอหรือบริเวณบ่าทั้งสองข้างท่ีต้องได้รับการรักษาในชว่ง 3 เดือนที่ผ่านมา 

(      ) ไม่มี      

(      )  มี  

2.  ประวัตกิารบาดเจ็บบริเวณกระดกูส่วนหลังส่วนคอและอก 

(      ) ไม่มี      

(      )  มี ระบุ ………………………………………… 

3.  ประวัตการผ่าตัดบริเวณกระดูกส่วนหลังส่วนคอและอก 

(      ) ไม่มี      

(      )  มี ระบุ ………………………………………… 
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ส่วนที่ 3 ผลกำรตรวจกำรเคลือ่นไหวของคอ 

ค ำชี้แจง กรณุาเติมค าตอบลงในช่องว่างหรือใส่เครื่องหมาย ลงในช่องว่างเพียงค าตอบเดียว  

 

1.  Active movement tests for cervical spine   

(      )  Negative (ผู้เข้าร่วมการศกึษาไม่มีอาการเจ็บปวดบรเิวณคอขณะท าการตรวจการ

เคล่ือนไหว)           

(      )  Positive   (ผู้เข้าร่วมการศกึษามีอาการเจ็บปวดบริเวณคอขณะท าการตรวจการ

เคล่ือนไหว) 

************************************* 



78 
 

 

APPENDIX F 

 

DATA COLLECTION SHEET FOR MAIN STUDY 

Table F I Thoracocervical spinal displacement (mm) in individual subject 

C3 3rd 4th 5th C5 3rd 4th 5th C7 3rd 4th 5th T2 3rd 4th 5th T4 3rd 4th 5th T6 3rd 4th 5th 

Max    Max    Max    Max    Max    Max    

Min    Min    Min    Min    Min    Min    

Max

-

Min 

   Max

-

Min 

   Max

-

Min 

   Max

-

Min 

   Max

-

Min 

   Max

-

Min 

   

Mea

n 

 Mea

n 

 Mea

n 

 Mea

n 

 Mea

n 

 Mea

n 

 

SDs  SDs  SDs  SDs  SDs  SDs  

*Max presents the highest of the 3rd to 5th cycle of displacement-time curve  

*Min presents the lowest of the 3rd to 5th cycle of displacement-time curve 
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Table F II Thoracic mobilization force (N) in individual subject 

ID Cycle3 Cycle4 Cycle5 

Max    

Min    

Max- Min    

Mean    

SDs    

*Max presents the highest displacement-time curve  

*Min presents the lowest displacement-time curve 

 

Table F III The oscillatory frequency (Hz) in individual subject 

ID Frequency 
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APPENDIX G 

 

RELIABILITY OF SPINAL DISPLACEMENT 

MEASUREMENT  

G I Introduction 

The main outcome of this study is the spinal displacement occurred during the 

application of thoracic spinal mobilization.  The Contemplas Tempo Motion Analysis 

Program® is a special program in analyzing the spinal displacement data obtained from 

the motion capture system.  The criterion-related validity in measuring the distance of 

the motion capture system has been reported to be high with ICCs(2,1) being 1.00 and 

the percentage error of measurement has been reported to be 0%.[62]  In order to 

provide the reliable data, it is a clear need to investigate the test-retest reliability of the 

therapist (JS) who was recruited as the first therapist in the main study.  Therefore, this 

pilot study aimed to examine the intra tester reliability in tracing the movement of 

markers and to establish SEM in measuring the spinal displacement using the motion 

capture system. 
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G II Study design 

A test-retest research design was used to evaluate the intra tester reliability in tracing 

the markers. 

 

G III Procedure 

Data obtained from the first five subjects who were recruited in the main study were 

used to investigate the intra-tester reliability of the first therapist.  The therapist was 

asked to trace on all markers twice on each subject.  Then, the spinal displacements 

obtained from each spinal level were then kept to analyze. 

 

G IV Statistical analysis 

To determine the reliability between the occasion, the ICCs(3,1) was obtained 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.[1]  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 
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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 following Formula. 

Formula SEM = SDs x 1-r 

SEM, SDs, and r represent the Standard Error of Measurement, the Standard Deviations, and the 

reliability coefficient, respectively.[2] 

 

G V Result 

Five healthy male subjects were recruited in this pilot study.  The demographic data of 

the subjects is presented in Table G I.  The ICCs(3,1) values are summarized in Table G 

II.  The intra tester reliability showed excellent reliability with high ICCs (3,1) values 

(mean 0.99).  The SEM ranged from 0.04-0.14 is also showed in Table G II.  Raw data 

of this pilot study are presented in Appendix J. 
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Table G I  Demographic data of subjects (N=5) 

Variables Mean (SDs) Min-Max 

Age (year) 22.2 (0.8) 21-23 

Weight (kg) 72.6 (9.6) 60-82 

Height (cm) 173.8 (5.2) 170-180 

BMI (kg/m2) 24.0 (2.9) 20.8-28.4 

 

Table G II The intraclass correlation coefficients (ICCs(3,1)) for intra tester 

reliability of spinal displacement (N=5) 

Level ICCs(3,1) 95% CI SEM 

      (mm) 

C3 0.99 0.98-1.00 0.04 
C5 0.99 0.95-0.99 0.06 
C7 0.99 0.97-1.00 0.06 
T2 0.99 0.95-0.99 0.09 
T4 0.99 0.99-1.00 0.1 
T6 0.99 0.98-1.00 0.14 

ICCs, CI, and SEM represent the intraclass correlation coefficient, confidence interval 

and standard error of measurement, respectively. 
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G VI Discussion 

This study investigated the intra tester reliability of the therapist (JS) in tracing the 

movement of markers that demonstrating the spinal displacement.  The excellent ICCs 

indicate that the therapist was reliable in measuring the spinal displacement using the 

tracking function of program. 

 

G VII Conclusion 

The first therapist was reliable in measuring the spinal displacement using the tracking 

function of the program. 
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APPENDIX H 

DATA OF MAIN STUDY 

 

Table H I  Demographic data of subjects (N=41) 

Subjects Age (year) Weight (kg) Height (cm) BMI (kg/m2) 
1 22 50 170 17.30 
2 22 67 180 20.68 
3 22 69 168 24.44 
4 22 59 173 19.71 
5 22 70 175 22.86 
6 22 57 168 20.20 
7 21 65 170 22.49 
8 22 65 178 20.52 
9 22 88 173 29.40 

10 24 62 178 19.57 
11 22 65 170 22.49 
12 23 79 179 24.66 
13 23 60 170 20.76 
14 22 82 170 28.37 
15 21 77 180 23.77 
16 20 61 170 21.10 
17 22 66 170 22.84 
18 21 57.5 170 19.90 
19 22 63 171 21.54 
20 21 48 171 16.42 
21 22 58 169 20.31 
22 26 75 170 25.95 
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     Subjects Age (year) Weight (kg) Height (cm) BMI (kg/m2) 
23 23 55 167 19.72 
24 25 57 165 20.94 
25 20 59 170 20.41 
26 21 62 172 20.95 
27 22 65 170 22.49 
28 21 60 166 21.77 
29 21 58 173 19.37 
30 22 67 170 23.18 
31 21 55 170 19.03 
32 21 58 175 18.93 
33 24 61 170 21.10 
34 23 64 178 20.20 
35 27 70 178 22.09 
36 26 64 168 22.68 
37 25 66 175 21.55 
38 23 63 173 21.05 
39 21 56 170 19.38 
40 22 59 169 20.66 
41 23 61 174 20.15 
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Table H II  The displacement of thoracocervical spine (mm) (N=41) 

Subjects Displacement of C3 Displacement of C5 Displacement of C7 Displacement of T2 Displacement of T4 Displacement of T6 

  Mean (SD) Min - Max  Mean (SD) Min - Max Mean (SD) Min - Max Mean (SD) Min - Max Mean (SD) Min - Max Mean (SD) Min - Max 

1 2.38 (0.15) 2.22 - 2.52   2.78 (0.2) 2.56 - 2.95 3.1 (0.28) 2.93 - 3.42  3.5 (0.24) 3.36 - 3.77  3.79 (0.06) 3.74 - 3.85  4.06 (0.3) 3.71 - 4.24  

2 3.99 (0.22) 2.74 - 4.12   4.11 (0.22) 3.86 - 4.26  4.42 (0.25) 4.14 - 4.6  4.25 (0.4) 3.83 - 4.63  5.08 (0.31) 4.73 - 5.29  5.45 (0.6) 4.76 - 5.86 

3 3.38 (0.36) 2.97 - 3.65  4.68 (0.4) 4.28 - 5.07  4.58 (0.13) 4.5 - 4.73  4.71 (0.18) 4.57 - 4.91 4.95 (0.42) 4.58 - 5.40  6.88 (0.53) 6.48 - 7.48  

4 3.49 (1.03) 2.78 - 4.68  4.3 (1.44) 3.31 - 5.95  4.66 (1.65) 3.35 - 6.51 4.92 (1.74) 3.7 - 6.91 5.11 (1.6) 3.88 - 6.92  7.09 (2.53) 5.57 - 10.0 

5 3.17 (0.72) 2.34 - 3.59 3.28 (0.73) 2.51 - 3.97  3.14 (0.77) 2.3 - 3.82 3.17 (0.79) 2.29 - 3.82 2.91 (0.96) 1.83 - 3.66  3.29 (1.08) 2.08 - 4.13  

6 3.91 (1.07) 3 - 5.09  4.41 (1.57) 2.99 - 6.09  5.26 (1.25) 4.09 - 6.57 5.63 (1.2) 4.61 - 7.02  5.74 (1.21) 4.61 - 7.02 5.65 (1.44) 4.7 - 7.31  

7 3.82 (0.26) 3.58 - 4.1  4.38 (0.14) 4.27 - 4.54  5.06 (0.26) 4.78 - 5.29  5.28 (0.31) 5.09 - 5.65  5.17 (0.49) 4.65 - 5.62  5.86 (0.55) 5.24 - 6.30  

8 1.89 (0.09) 1.88 - 1.99 2.32 (0.1) 2.22 - 2.41 2.77 (0.41) 2.32 - 3.14  3.19 (0.42) 2.71 - 3.54 3.35 (0.5) 2.77 - 3.65 3.79 (0.87) 2.82 - 4.49  

9 1.77 (0.23) 1.64 - 2.04  1.66 (0.41) 1.41 - 2.14  1.85 (0.37) 1.5 - 2.25 2.47 (0.4) 2.01 - 2.72  2.33 (0.48) 1.88 - 2.84  2.46 (0.82) 1.74 - 3.35  

10 4.15 (0.27) 3.89 - 4.44  4.49 (0.13) 4.37 - 4.63 5.03 (0.35) 4.71 - 5.41 5.15 (0.57) 4.77 - 5.81 5.58 (0.02) 5.5 - 5.6 5.97 (0.09) 5.87 - 6.06  

11 2.85 (0.26) 2.59 - 3.1 3.17 (0.29) 2.95 - 3.51  3.47 (0.29) 3.28 - 3.81  3.54 (0.33) 3.26 - 3.91  4.03 (0.35) 3.7 - 4.4  4.37 (0.5) 3.88 - 4.88  

12 2.87 (0.73) 2.28 - 3.69  3.38 (0.8) 2.72 - 4.28 3.95 (0.95) 3.21 - 5.03 4.4 (1.24) 5.75 - 3.22 5.34 (1.83) 7.4 - 3.89 6.31 (2.1) 4.6 - 8.66  

13 3.33 (0.62) 2.62 - 3.76  3.61 (0.76) 2.74 - 4.06  3.47 (0.65) 2.72 - 3.88  3.83 (0.76) 4.27 -2.95 4.53 (0.77) 5.05 - 3.65 4.85 (0.89) 3.82 - 5.44  
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Subjects Displacement of C3 Displacement of C5 Displacement of C7 Displacement of T2 Displacement of T4 Displacement of T6 

  Mean (SD) Min - Max  Mean (SD) Min - Max Mean (SD) Min - Max Mean (SD) Min - Max Mean (SD) Min - Max Mean (SD) Min - Max 

14 2.49 (0.41) 2.2 - 3.97  3.01 (0.55) 2.56 - 3.63  3.3 (0.51) 2.85 - 3.86  3.49 (0.8) 2.82 - 4.39 3.64 (0.67) 2.98 - 4.33  3.7 (0.42) 3.33 - 4.17  

15 3.15 (0.08) 3.1  - 3.25  3.47 (0.21) 3.26 - 3.67  3.66 (0.32) 3.32 - 3.96 3.71 (0.41) 3.23 - 4.01  4.56 (0.42) 4.09 - 4.9  6.15 (0.53) 5.54 - 6.52  

16 2.24 (0.23) 1.98 - 2.43 2.31 (0.21) 2.07 - 2.47  2.79 (0.05) 2.73 - 2.82  2.82 (0.36) 2.43 - 3.15  3.48 (0.28) 3.16 - 3.72 4.54 (0.44) 4.08 - 4.95  

17 3.52 (0.61) 2.82 - 3.97  3.23 (0.48) 2.99  - 3.85  3.48 (0.59) 2.92 - 4.11  4.22 (0.75) 3.61 - 5.06  4.75 (0.66) 4.19 - 5.49 4.71 (0.79) 4.21 - 5.62  

18 1.87 (0.37) 1.44 - 2.1  2.43 (0.55) 2.1  - 3.07  2.67 (0.53) 2.32 - 3.28  3.8 (0.92) 2.95 - 4.78  3.89 (1.12) 2.89 - 5.1  5.54 (0.9) 4.94 - 6.59 

19 2.99 (0.58) 2.63 - 3.67  3.13 (0.34) 2.84  - 3.51  3.8 (0.26) 3.59 - 4.09  4.62 (0.4) 4.17 - 4.97  4.78 (0.47) 4.24 - 5.06  5.27 (0.46) 4.74 - 5.56  

20 2.82 (0.44) 2.39 - 3.27 3.16 (0.67) 2.48  - 3.81  3.35 (0.32) 3.03 - 3.66  4.55 (0.49) 4.07 - 5.06  4.82 (0.58) 4.16 - 5.23  4.88 (1.11) 3.62 - 5.72 

21 3.24 (1.31) 2.24 - 4.72  3.64 (1.3) 2.73  - 5.12 3.88 (0.93) 3.09 - 4.91 4.73 (0.79) 4.23 - 5.64 5.43 (0.59) 4.88 - 6.06  5.64 (0.51) 5.22 - 6.2  

22 2.21 (0.54) 1.73 - 2.79  2.7 (0.5) 2.25  - 3.23  2.88 (0.66) 2.3 - 3.6  3.35 (0.45) 2.94 - 3.84  4.2 (0.81) 3.27 - 4.67  4.76 (0.16) 4.6 - 4.91 

23 2.62 (0.51) 2.07 - 3.07  2.76 (0.29) 2.44  - 3.01  2.93 (0.59) 2.25 - 3.31  4.24 (0.34) 3.91 - 4.58  5.52 (0.95) 4.73 - 6.57  7.64 (0.43) 7.34 - 8.14 

24 4.46 (0.48) 4.11 - 5.02  5.93 (0.51) 5.63  - 6.53  5.45 (0.55) 5.0 - 6.07  5.79 (0.68) 5.28 - 6.57  5.79 (0.32) 5.53 - 6.15  6.35 (0.49) 5.8 - 6.74  

25 3.11 (0.56) 2.47 - 3.52  3.77 (0.63) 4.23 - 5.05   4.78 (0.72) 3.97 - 5.36 5.4 (1.06) 4.18 - 6.14  5.83 (1.18) 4.49 - 6.72  6.12 (1.22) 4.8 - 6.83  

26 3.57 (0.64) 2.83 - 4  4.69 (1.12) 3.41 - 5.47 5.17 (0.9) 4.13 - 5.79 5.79 (0.89) 4.76 - 6.37  6.7 (1.4) 5.04 - 7.57  6.99 (1.62) 5.13 - 8  
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Subjects Displacement of C3 Displacement of C5 Displacement of C7 Displacement of T2 Displacement of T4 Displacement of T6 

  Mean (SD) Min - Max Mean (SD) Min - Max Mean (SD) Min - Max Mean (SD) Min - Max Mean (SD) Min - Max Mean (SD) Min - Max 

27 4.75 (0.77) 3.94 - 5.46  4.75 (0.57) 4.11 - 5.23  5.02 (0.84) 4.1 - 5.74 4.9 (0.71) 4.12 - 5.5  5.45 (1.04) 4.28 - 6.28  5.55 (1.66) 4.38 - 7.45  

28 3.3 (0.36) 2.89 - 3.56  3.7 (0.09) 3.6 - 3.77  4.03 (0.02) 4.01 - 4.04  4.3 (0.24) 4.14 - 4.58  4.83 (0.85) 3.88 - 5.52  6.98 (1.31) 6.1 - 8.49  

29 3.19 (0.84) 2.31 - 3.98  3.3 (0.85) 2.4 - 4.06  3.75 (1.05) 2.7 - 4.8  4.03 (0.93) 3.31 - 5.09  4.47 (0.98) 3.73 - 5.58  5.72 (0.71) 5.31 - 6.54 

30 2.64 (0.4) 2.27 - 3.08  2.67 (0.42) 2.4 - 3.15 2.83 (0.61) 2.3 - 3.52  3.04 (0.19) 2.85 - 3.22  3.17 (0.51) 2.71 - 3.72  3.59 (0.49) 43.08 - .07  

31 2.09 (0.45) 1.65 - 2.54 2.28 (1.09) 1.59 - 3.55  2.82 (0.99) 2 - 3.95 2.92 (0.23) 2.75 - 3.17  3.16 (0.8) 2.33 - 3.63  5.4 (1.47) 3.72 - 6.46  

32 2.41 (0.22) 2.24 - 2.66  2.9 (0.3) 2.62 - 3.23  3.91 (0.28) 3.6 - 4.09  4.05 (0.75) 3.35 - 4.85 5.67 (0.89) 5.06 - 6.69 6.05 (0.6) 5.5 - 6.7  

33 3.37 (1.04) 2.21 - 4.24  3.52 (0.99) 2.43 - 4.38  3.74 (1.2) 2.45 - 4.83 3.93 (0.36) 3.72 - 4.35  4.48 (0.58) 4.06 - 5.15  5.93 (1.27) 4.5 - 6.93 

34 3.09 (0.39) 2.66 - 3.43  3.51 (0.39) 3.11 - 3.88  3.95 (0.65) 3.82 - 4.52  4.54 (1.06) 3.38 - 5.45  5.19 (1.17) 4.74 - 5.87  6.64 (3.12) 3.66 - 10.03  

35 3.05 (0.17) 2.94 - 3.24  3.79 (0.07) 3.7 - 3.86  3.96 (0.25) 3.76 - 4.24  0.52 (0.13) 5.12 - 5.35  5.35 (0.27) 5.18 - 5.66  5.65 (0.29) 5.53 - 5.86  

36 2.24 (0.36) 1.84 - 2.52  2.49 (0.22) 2.25 - 2.64 2.51 (0.71) 1.72 - 3.08 2.74 (0.46) 2.23 - 3.14  3.16 (0.3) 2.81 - 3.36  3.28 (0.59) 2.73 - 3.92 

37 2.3 (0.4) 1.92 - 2.73  2.6 (0.26) 2.33 - 2.84  2.91 (0.16) 2.73 - 3.04  3.39 (0.17) 3.25 - 3.58  4.08 (0.28) 3.87 - 4.4  4.19 (0.67) 3.6 - 4.91  

38 4.85 (0.66) 4.21 - 5.52  5.24 (0.73) 4.53 - 5.99  5.56 (0.65) 5.17 - 6.32  5.9 (1.06) 5.8 - 6.91 6.07 (1.14) 5.37 - 7.39  7.82 (3.14) 5.5 - 11.39 

39 2.74 (0.18) 2.56 - 2.92  3.57 (0.24) 3.38 - 3.84 4.69 (0.1) 4.57 - 4.79  5.69 (0.44) 5.27 - 6.15 5.81 (0.85) 5.04 - 6.73 6.45 (0.38) 6.18 - 6.89  

40 2.94 (2.17) 1.16 - 5.36  3.12 (0.19) 2.93 - 3.31 3.66 (1.38) 2.8 - 5.26  4.51 (1.33) 3.65 - 6.05  5.2 (1.47) 4.14 - 6.88  6.3 (2.71) 4.7 - 9.44 

41 2.16 (0.12) 2.02 - 2.27  2.36 (0.08) 2.27 - 2.43  2.47 (0.18) 2.3 - 2.6  2.89 (0.2) 2.69 - 3.1  3.31 (0.16) 3.12 - 3.44  4.69 (0.2) 4.47 - 4.88  
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Table H III  The mean, SD and range of thoracic mobilization force (N) (N=41) 

 

Subjects Mean (SD) Min - Max   Subjects Mean (SD) Min - Max   

1 99.73 (9.7) 96.4 - 196.13  22 123.76 (8.55) 121.57 - 245.33  
2 156.9 (8.03) 45.7 - 202.6 23 108.96 (9.05) 107.3 - 216.27 
3 115.4 (5.93) 89.06 - 204.47  24 118.6 (5.05) 124.63 - 243.23  
4 118.77 (4.71) 91.3 - 210.06 25 118.23 (9.66) 137.7 - 255.93  
5 105.06 (5.9) 107.4 - 212.47  26 128.2 (3.15) 113.1 - 241.3  
6 107.5 (1.28) 88.16 - 193.66  27 120.63 (5.12) 127.23 - 247.87  
7 84.86 (1.7) 124.33 - 209.2  28 111 (2.36) 127.03 - 234.03 
8 113.7 (7.55) 115.16 - 228.86  29 112.73 (4.16) 133.57 - 246.3  
9 115.13 (3.67) 120.1 - 235.23  30 95.17 (4.38) 94.4 - 189.57 
10 96.5 (5.34) 127.36 - 223.86  31 93.07 (8.66) 132.03 - 225.1 
11 108.9 (5.63) 132.13 - 241.03  32 87.03 (9.38) 136.57 - 223.6  
12 95.5 (3.54) 114.36 - 209.76  33 100.37 (8.45) 115.67 - 216.03  
13 112.8 (1.08) 124.83 - 237.63  34 114.5 (11.75) 94.63 - 209.13 
14 113.6 (3.9) 103.9 - 217.5  35 103.46 (5.9) 88.23 - 191.7 
15 122.03 (1.75)  152.5 - 274.53  36 110.83 (2.42) 107.43 - 218.27  
16 117.53 (6.31) 89.76 - 207.3  37 106.27 (14.18) 113.26 - 219.53  
17 118.93 (10.05) 126.6 - 245.53 38 131.63 (7.92) 95.5 - 227.13  
18 111.4 (10.53) 159.03 - 270.43  39 116.83 (1.79) 110.5 - 227.33 
19 107.63 (19.16) 120.76 - 228.4  40 126.5 (5.58) 118.13 - 244.63  
20 94.9 (1.31) 145.7 - 240.6  41 97.3 (3.2) 92.37 - 189.67  
21 121.23 (5.29) 116 - 237.23          

 

 



92 

 
 

90 

  

Table H IV  The oscillatory frequency (Hz) (N=41) 

Subjects Frequency   Subjects Frequency 

1 0.84 
 

22 0.71 
2 0.9 

 
23 0.68 

3 0.85 
 

24 0.8 
4 0.96 

 
25 0.63 

5 0.91 
 

26 0.63 
6 0.9 

 
27 0.86 

7 0.99 
 

28 0.68 
8 0.87 

 
29 0.65 

9 0.83 
 

30 0.6 
10 0.94 

 
31 0.58 

11 1.09 
 

32 0.71 
12 0.85 

 
33 0.62 

13 0.97 
 

34 0.66 
14 0.82 

 
35 0.52 

15 0.81 
 

36 0.7 
16 0.88 

 
37 0.57 

17 0.81 
 

38 0.71 
18 0.69 

 
39 0.49 

19 0.65 
 

40 0.48 
20 0.89 

 
41 0.59 

21 0.84       
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APPENDIX I 

 

DATA COLLECTION SHEET OF AGREEMENT TO 

IDENTIFY THORACOCERVICAL SPINE 

 

ID…………………..  Date…………………….. 

ชื่อ (นาย, นาง, นางสาว)……………………นามสกุล…………………………… 

ระบุต าแหน่งของกระดกูสันหลังในส่วนที่ผู้รกัษาสามารถคล าได้ 

 

ID Therapist Expert 

x   
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APPENDIX J 

 

DATA OF PILOT STUDY 

 

Table J I  Demographic data of subjects (N=5) 

Subjects 
Age 

(year) 
Weight 

(kg) 
Height 
(cm) 

BMI 
(kg/m2) 

1 22 65 170 22.49 
2 23 79 179 24.66 
3 23 60 170 20.76 
4 22 82 170 28.37 
5 21 77 180 23.77 
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Table J II First and second repetitions of tracing the movement of markers 

          Spinal displaement           

Subjects 

C3 C5 C7 T2 T4 T6 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

1 3.09 3.09 3.51 3.43 3.95 3.91 4.53 4.53 5.19 5.17 6.63 6.6 
2 3.04 3 3.79 3.82 3.95 3.9 5.2 5.02 5.35 5.36 5.65 5.84 
3 3.36 3.33 3.52 3.56 3.73 3.62 3.93 3.96 4.48 4.56 5.93 5.92 
4 2.24 2.26 2.49 2.38 2.51 2.53 2.73 2.88 3.16 3.1 3.28 3.27 
5 2.64 2.66 2.67 2.69 2.82 2.85 3.04 3.05 3.17 3.2 3.59 3.58 

*1st= First repetition, 2nd= Second repetition  
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APPENDIX K 

 

LETTER OF ACCEPTANCE FOR PUBLICATION 
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