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CHAPTER I 
 

INTRODUCTION 
 

1.1 Background and rationale 
 
Mobilization is one of the most common approaches for treating patients with 
mechanical neck pain (MNP). This approach is defined as the use of a single 
movement or a set of passive oscillatory movement which can be performed as 
both passive physiological movement (i.e. flexion, extension, lateral flexion and 
rotation) and passive accessory movement (i.e. anteroposterior or AP, 
posteroanterior or PA and transverse movement). There are a number of 
differences in the use of these two movements, for example, the availability of the 
range of movement of the joint being moved, the articulation movement occurred 
in the treated joint and the effect on the soft tissue around the treated area. The 
sequence of the use of the passive movement selection is based on patient6s clinical 
presentations or symptom distribution. With regard to the symptom distribution, 
patients with MNP can be categorized into 2 groups; unilateral MNP (UMNP) and 
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bilateral MNP (BMNP) (Ahn et al., 2007). It has been recommended to use the 
central PA technique for treating BMNP while it has been recommended to use 
either the ipsilateral posteroanterior (IPA) technique or the contralateral cervical 
rotation technique for treating UMNP (Maitland et al., 2005). Additionally, there 
are only few studies supporting the effectiveness of the central PA 
(Kanlayanaphotporn et al., 2010; Siriprapaporn et al., 2007) and the IPA technique 
(Kanlayanaphotporn et al., 2009; Sakuna et al., 2007) while there is no study 
investigating the effectiveness of the contralateral cervical rotation technique. The 
differences of the application of these two techniques may effect the different of 
treatment outcome mentioned previously. With regard to the articulation 
movement, the contralateral cervical rotation technique would produce movements 
(primarily in both PA and medial directions) more than that of the IPA technique 
(primarily in PA direction) during the application. Also the rotation technique 
would stretch both contractile tissue (ie. deep cervical muscles) and non-contractile 
tissues (ie. ligament and neural tissue on the ipsilateral side of UMNP) more than 
the IPA technique. It is questioned that the contralateral cervical rotation technique 
might be more effective than that of the IPA technique in reliving neck pain and 
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improving active cervical range of motion (ROM). Therefore, this study aimed to 
compare the effectiveness of the contralateral cervical rotation technique to the 
IPA technique in the treatment of UMNP. 
 
1.2 Objectives 
 
The objective of this study was to compare the effectiveness of the contralateral 
cervical rotation technique to the IPA technique in the treatment of UMNP.  
 
1.3 Specific objectives  
 
The contralateral cervical rotation technique was superior to the IPA technique in 
reliving neck pain and improving active cervical ROM in the treatment of UMNP 
patients. 
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1.4 Hypothesis 
 
There would be statistically significant differences in the change in neck pain 
intensity and active cervical ROM between the subjects who receive the 
contralateral cervical rotation technique and the IPA technique. 
 
1.5 Scope of the study 
 
This study investigated the effectiveness of two mobilization techniques in the 
treatment of UMNP using a randomized controlled trial with a blinded assessor.  
Sixty-six patients age more than 20 years who met the inclusion criteria were 
recruited.   
 
1.6 Brief method 
 
The agreed patients gave written consent. The patients who met the inclusion 
criteria were recruited, hereby called subjects. The therapist then fully assessed the 
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subjects both subjective and objective examinations, and established the treatment 
dosage. Then, the assessor was asked to note pre-intervention data including pain 
intensity and active cervical ROM. The subjects were then randomly allocated into 
3 groups; the rotation, IPA, and control groups using sealed envelops with assigned 
group. The sealed envelops were prepared prior to the trial using a computer 
generating a random number. The subjects in control group received a detuned 
shortwave diathermy (SWD) for 10 minutes in supine position. The subjects in the 
rotation group received 2 sets of 1-minute repetition of the contralateral cervical 
rotation mobilization technique while the subjects in the IPA group received 2 sets 
of 1-minute repetition of the IPA mobilization technique. Both mobilization 
techniques were applied to the identified spinal level obtained from the physical 
assessment procedure. After the subjects received the intervention for 5 minutes, 
the assessor was then called to note post-intervention data in the same manner as 
establishing pre-intervention data. Also the subjects were asked to rate their 
satisfaction of the intervention on the global perceived effect scale (GPE). 
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1.7 Advantage of the study 
  
The results from this study were an advantage in clinical research and the selection 
of technique in using cervical mobilization for treating UMNP. 



          

CHAPTER II 
 

LITERATURE REVIEW 
 
2.1 Introduction 
 
Neck pain is a common condition that was reported to be the high prevalence. The 
neck pain patients commonly suffer from pain and stiffness that affect the daily 
living. Physical therapy is one of the most frequently non-surgical treatments for 
such patients which aim to reduce neck pain and restore the cervical joint 
movement. This chapter describes the neck pain, management of neck pain, the 
effectiveness and the use of the spinal manipulative therapy (SMT) for neck pain.   
 
2.2 Neck pain 
  
Neck pain is one of the common symptoms reported in general populations. 
Approximately 50% in adult experienced neck pain once during their lifetime 
(Fejer et al., 2006). About 23% of neck pain patients reported an incidence of one 
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year recurrence (Cote et al., 2004). Due to a large number of patients with neck 
pain, the cost of treatment for such patients reported to be numerous (Korthals-de 
Bos et al., 2003).  
 
Neck pain can be defined as any symptoms occurring in the area between the 
occiput and the third thoracic vertebra (Fejer et al., 2005). This symptom can also 
accompany with any symptoms noted in the upper extremity or head and face area 
(Ahn et al., 2007; Ferrari et al., 2003). However, the definite diagnosis of neck 
pain is still inconclusive, therefore the classification of neck pain is commonly 
based on either the duration or the cause of the symptoms. Regarding the duration 
of the symptoms, neck pain can be divided into 3 groups: acute, subacute and 
chronic neck pain (Fejer et al., 2005). The acute, subacute and chronic neck pain 
refer to the onset of symptoms less than 30 days, between 30 and 90 days and more 
than 90 days, respectively (Fejer et al., 2005). Regarding the cause of the 
symptoms, the patient can be divided into 2 groups: non-MNP and MNP (Ferrari & 
Russell, 2003). The non-MNP refers to neck pain causing by known causes such as 
tumors, spinal infection, spinal fracture, metabolic bone diseases, etc. while the 
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MNP refers to neck pain causing by mechanical basis such as poor posture, sport 
injury and occupational activities (Binder, 2007; Ferrari & Russell, 2003). Based 
on the cause of the symptoms, the majority of patients with neck pain are classified 
as MNP (Binder, 2007; Ferrari & Russell, 2003).  
 
Additionally, it has been hypothesized that the MNP would result from any 
dysfunction of various anatomical structures such as ligaments, muscles, 
intervertebral joints, facet joints, intervertebral discs, or neural tissues (Bogduk & 
Aprill, 1993). Therefore, the symptom is normally aggravated with neck 
movements or sustained neck posture. Also, the symptom commonly distributes to 
the upper extremity and/or head and face area. With regards to the distribution of 
the symptoms, the MNP can be categorized into 2 sub-groups; unilateral MNP 
(UMNP) and bilateral MNP (BMNP) (Ahn et al., 2007). The UMNP refers to any 
symptoms occurring on one side of the neck, and the symptom can accompany 
with any symptoms in the ipsilateral side of the upper extremity while the BMNP 
refers to any symptoms noted in both the center and bilateral of the neck, and the 
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symptoms can accompany with any symptoms in both upper extremities (Figure 
2.1). 

A.       B.  
 
Figure 2.1  The distribution of symptoms of mechanical neck pain.  
                    A and B represent the symptoms in UMNP and BMNP, respectively.  

 
2.3 Management of neck pain 
 
There are several treatments aiming to reduce neck pain and restore the cervical 
ROM. These include surgical treatment and non-surgical treatment. The surgical 
treatment is recommended for MNP patients who have positive signs of 
neurological deficit, cervical nerve root compression, or progressive worsening of 
the signs and symptoms of neck pain (Nikolaidis et al., 2010). Even though the 
surgical treatment is importantly recommended for these conditions, it has been 
reported complications such as the injury of neural structures, carotid artery or 
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vocal cord and infection (Denaro et al.,2010; Nikolaidis et al., 2010). In these 
consideration of such complications, the non-surgical treatment, is therefore, firstly 
recommended for treating MNP. 
 
The non-surgical treatments include pharmacological treatment, acupuncture, 
massage, chiropractic and physical therapy (Jensen & Harms-Ringdahl, 2007). The 
use of pharmacological treatment is widely prescribed to treat MNP as medicine 
given by oral known as non-steroidal anti-inflammatory drugs (NSAIDs). The use 
of this medication appears to be effective in reducing neck pain in both acute and 
chronic conditions (Peloso et al., 2009). However, there are a number of patients 
experiencing side effects especially the gastrointestinal problems after the use of 
NSAIDs (Bateman & Kennedy, 1995; Moore et al., 1998; Peloso et al., 2009). 
Additionally, the symptoms from the side effects have been reported to be worse 
than the main symptoms (Bateman & Kennedy, 1995). This would be a possible 
reason that such patients would choose other approaches to treat their symptoms in 
order to avoid these side effects.  
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Physical therapy would be another approach that plays an important role in the 
treatment of MNP. This approach includes thermotherapy, electrotherapy, exercise 
therapy, mechanical cervical traction, massage and spinal manipulative therapy 
(SMT). Even though there are a number of physical therapy interventions offering 
for MNP, the effectiveness of thermotherapy, electrotherapy, traction is still 
inconclusive. Also, it has been noted that exercise therapy (Binder, 2008) and SMT 
(Binder, 2008; Gross et al., 2010) were more effective than other physical therapy 
interventions in the treatment of MNP.  
 
2.4 Spinal manipulative therapy for neck pain  
 
It has been noted that SMT is more effective on reliving neck pain than the 
conventional physical therapy and general practitioner for treating MNP (Binder, 
2008; Bronfort et al., 2004). Additionally, it has been reported that SMT was 
superior to general practitioner and conventional physical therapy in improving 
functional activities for chronic MNP whereas there was inconclusive for acute 
MNP (Binder, 2008; Bronfort et al., 2004). However, it has been suggested that 
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SMT would be able to both relieve pain and improve mobility of a treated joint in 
the treatment of MNP (Maitland et al., 2005).  
 
SMT includes both spinal manipulation and spinal mobilization. Briefly, spinal 
manipulation is a single small passive movement applied with high velocity at the 
end or just beyond the end of range of the treated joint. Spinal mobilization is a set 
of passive oscillatory movements either large or small movement applied within an 
available ROM of the treated joint. SMT can be performed by a chiropractor and a 
physical therapist. The majority of the uses of spinal manipulation are performed 
by a chiropractor while the majority of the uses of spinal mobilization are 
performed by a physical therapist.  
 
There were a number studies investigating the effectiveness of the use of spinal 
manipulation (Cassidy et al., 1992; Giles & Muller, 1999; Howe et al., 1983; 
Hurwitz et al., 2002; Martinez-Segura et al., 2006; Muller & Giles, 2005; Pikula, 
1999; Wood et al., 2001) and spinal mobilization (Kanlayanaphotporn et al., 2009; 
2010; Sakuna et al., 2007; Siriprapaporn et al., 2007) for treating MNP. It was 
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reported that the spinal manipulation was effective on pain reduction both short 
term (Cassidy et al., 1992; Giles & Muller, 1999; Howe et al., 1983; Martinez-
Segura et al., 2006; Pikula, 1999) and long term (Howe et al., 1983; Hurwitz et al., 
2002; Muller & Giles, 2005; Wood et al., 2001). Also it was noted that spinal 
manipulation was effective in short term (Howe et al., 1983; Martinez-Segura et 
al., 2006; Pikula, 1999) and long term improvement of the cervical ROM (Howe et 
al., 1983). On the other hand, it was noted that spinal mobilization was effective on 
pain reduction both short term (Kanlayanaphotporn et al., 2009; 2010; Sakuna et 
al., 2007; Siriprapaporn et al., 2007) and long term pain (Sakuna et al., 2007; 
Siriprapaporn et al., 2007). Additionally it was noted that spinal mobilization was 
effective in short term improvement of the cervical ROM (Kanlayanaphotporn et 
al., 2009).  
 
Even though, it seems to be a few studies on the effectiveness of the use of the 
spinal mobilization, it has been recommended to firstly choose the cervical 
mobilization before cervical manipulation (Maitland et al., 2005). This is because 
there would be possible incidence of adverse effects such as headache and 
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dizziness occurred after the application of cervical manipulation. This has been 
confirmed by a greater number of episodes of such effects after the application of 
the cervical manipulation than that of the cervical mobilization (Hurwitz et al., 
2002). The cervical mobilization, therefore, seems to be a safer approach in the 
treatment of MNP. 
 
2.5 Mechanisms of spinal manipulative therapy  
 
There are several studies proposing the mechanisms of SMT (Threlkeld, 1992; 
Wright, 1995). These include neurophysiological (Brown, 2005; Melzack & Wall, 
1965; Wright, 1995) and biomechanical mechanisms (Threlkeld, 1992). This part 
gives the details in these mechanisms. 
 

2.5.1 The neurophysiological mechanisms  
 

It has been hypothesized that SMT would activate several neural tissues via both 
spinal level (Melzack & Wall, 1965) and supraspinal level (Brown, 2005; Wright, 
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1995). Regarding the spinal level, this is well known as Lgate control theory6 
(Figure 2.2). The nociceptive afferent input or pain sensation is sent via Aδ and C 
fibers (small fibers) to the interneuron in the spinal cord before ascending this 
impulse to the brain. When the SMT is applied, this would stimulate 
mechanoreceptors and proprioreceptors via Aα and Aβ fibers (large fibers) to the 
interneuron in the spinal cord before ascending this impulse to the brain. Due to the 
different in the size between the nerve fiber, the impulse from the 
mechanoreceptors and proprioreceptors is faster than that of the nociceptive 
receptor. Additionally, the impulse from the mechanoreceptors and 
proprioreceptors would result in an inhibition of the interneuron resulting in the 
blockage of the nociceptive afferent input at interneuron in spinal cord, hereby 

called Mclose gateN (Melzack & Wall, 1965). When the gate is closed, this would 
result in the pain relief effect.   
 
Regarding the supraspinal level, SMT would activate projection neurons in the 
periaqueductal gray (PAG) in midbrain resulting in an activation of the descending 
pain inhibitory system (DPIS). When the DPIS is activated, the interneuron in 
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spinal cord which is inhibited by the impulse from the mechanoreceptors and 
proprioreceptors in the spinal level is also suppressed. Consequently, this would 
result in the pain relief effect (Brown, 2005; Wright, 1995). Figure 2.2 shows the 
summary of the neurophysiological mechanisms of SMT. The activation on the 
neuron in the PAG would be able to divide in to two parts; dorsolateral PAG 
(dPAG) and ventrolateral PGA (vPAG) (Figure 2.3). The dPAG is stimulated, this 
would produce the sympathoexcitation resulting in an immediate pain relief 
occurred about 1 minute after the application of SMT. On the other hand, when the 
vPAG is stimulated, this would produce sympathoinhibition resulting in a latent 
pain relief occurred between 20 to 45 minutes after the application of SMT.  
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Figure 2.2 Summary of the neurophysiological mechanisms of SMT  
                  (modified from Brown, 2005; Melzack & Wall, 1965).  

      I and P represent inhibitory interneuron and projection neuron, respectively. 
      + and D represent activation of the impulse and inhibition of the impulse, respectively. 
      - - -  represents the nociceptive input.  DD represents the modulation pathways. 

                    .5 separates the spinal level and supraspinal level.  

 
Figure 2.3 The descending pain inhibitory system (modified from Wright, 1995) 
                   The dPAG and vPAG represent dorsolateral and ventrolateral periaqueductal gray,  
                   respectively. The + and D signs represent activation of the impulse and inhibition of  
                   the impulse, respectively. 
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2.5.2 The biomechanical mechanisms 
 

With regard to the biomechanical mechanism, the improving in the mobility of the 
treated joint would be the result from an increase in the synovial fluid and 
clearance of the toxic substance via blood flow increment (Maigne & Vautravers, 
2003). Additionally, it has been hypothesized that SMT would cause tissue 
elongation resulting in restoring the movement of the treated joint (Maitland et al., 
2005). However, there is a study reporting on the amount of force applied to 
cadaveric specimens noting that the amount of force ranging from 224 to 1,136 N 
caused permanent tissue elongation (Threlkeld, 1992). On the other hand, it has 
been noted that the force applied to a asymptomatic subject during cervical 
mobilization ranged from 21.8 to 61 N (Snodgrass et al., 2007). In consideration of 
the amount of force applied between these two studies, it is noticed that the force 
applied to a human subject is relatively a lot lesser than that applied to cadaveric 
specimens (Threlkeld, 1992). Therefore, it is unlikely that cervical mobilization 
would result in the tissue elongation. However, these results should be interpreted 
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with care because there are a number of differences between the human subject and 
the cadaveric specimens. 
 
2.6 Treatment dosage  
 
There are three parameters that are needed to be considered for the use of SMT. 
These parameters include grade of movement, frequency and the number of 
repetitions. The grade of movement represents how far the passive movement goes 
with respect to the treated joint resistance. In practice, a movement diagram 
commonly used to portray behavior of joint resistance, pain and muscle spasm 
occurred during passive manual assessment (Maitland et al 2005). Figure 2.4 
shows a normal movement diagram.  
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 Figure 2.4 The movement diagram (Modified from Maitland et al., 2005)  
The horizontal line AB represents the starting range of movement (A) 
to the limit of normal passive range (B). The vertical line AC and BD  
represent the intensity of each variable. Line R represents the resistance 
in the passive joint movement. R1 represents the first point of feeling resistance while R2 represents the maximum resistance at the end of normal joint movement. 

 
 2.6.1 Grade of movement 
 
The grade of movement can divided in to 5 grades; Grade I represents a small-
amplitude oscillatory movement near the beginning of the range, Grade II 
represents a large-amplitude oscillatory movement that is free from resistance, 
Grade III and IV represent a large-amplitude oscillatory movement and a small-
amplitude oscillatory movement at 50% of joint resistance, respectively, Grade V 
represents a single small passive movement applied with high velocity at the end or 
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just beyond the end of range of the treated joint (Maitland et al., 2005). The grades 
of movement can be varied with an increase (+) or decrease (-) of 25 percentage of 
the joint resistance. The therapist selects the different grades of mobilization 
depending on the aim of treatment. The expert has recommended to use Grade I, II 
and III to relieve pain dominance factor while to use Grade IV and V to relieve 
stiffness dominance factor (Maitland et al., 2005). Figure 2.5 shows five grades of 
movement with respect to the resistance in the movement diagram 
 

 Figure 2.5 Grade of movement with respect to the resistance in the movement    
                   diagram (modified from Maitland et al., 2005, page 176).  

        L represents the limit of a joint movement. The different sizes of the   
        arrow line represent the size of the amplitude of a passive oscillatory    
        movement.               
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2.6.2 Oscillatory frequency of mobilization 
 
In generally, mobilization has been recommended to apply with the oscillatory 
frequency ranged from 0.5-2.0 Hz in the treatment of musculoskeletal disorders 
(Maitland et al, 2005). Also, mobilization can be applied in different frequencies 
depends on a patient6s problem. It has been recommended to use a low oscillatory 
frequency and a high frequency of the mobilization to treat a patient6s pain 
problem or pain as a predominant factor and to treat a patient6s resistance problem 
or resistance as a predominant factor, respectively (Maitland et al., 2005). A study 
investigating the frequency of the cervical mobilization to asymptomatic subjects 
noted that the oscillatory frequency ranged to be 0.54 P 1.74 Hz which is well in 
the range of the recommendation (Snodgrass et al., 2007).  
 

2.6.3 The number of repetitions of mobilization  
 

The judgment on how many repetitions is given to the patients depends on the 
response of the patient6s symptoms. It has been suggested that a physical therapist 
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should apply mobilization for 3 to 4 repetitions of a set of 30-second (a maximum 
of 2 minutes) to get an optimum treatment effect (Maitland et al., 2005). If the 
treatment is continued, this would cause either an increased in soreness of the 
treated area or worsening of the symptoms (Maitland et al., 2005). This would be 
the case of why a number of studies investigating effectiveness of spinal 
mobilization using 2 sets of 1-minute repetition (Chiradejnant et al., 2002; 2003; 
Kanlayanaphotporn et al., 2009; 2010; Kongsawatvarakul & Chiradejnant, 2007). 
 
2.7 The use of mobilization technique in the treatment of mechanical neck 
pain 
 
The mobilization technique can be performed as passive physiological movement 
(i.e. flexion, extension, lateral flexion and rotation) and passive accessory 
movement (i.e. AP, PA and transverse movement). The use of cervical 
mobilization for treating MNP has been followed the recommendation of manual 
therapy experts (Maitland et al., 2005). Regarding the distribution of symptoms, it 
has been suggested that a therapist would firstly use the central PA technique to 
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treat a patient who has bilateral symptoms while a therapist would firstly use either 
the contralateral cervical rotation technique or IPA technique to treat a patient who 
has unilateral symptoms (Figure 2.6).  
 

 

Figure 2.6 The Sequence of technique selection for treating MNP patients  
                   (modified from Maitland et al., 2005) 
 
There are a few studies investigating the effectiveness of the use of specific 
cervical mobilization in the treatment of MNP (Kanlayanaphotporn et al., 2009; 
2010; Sakuna et al., 2007; Siriprapaporn et al., 2007). These findings partially 
support this recommendation. For example, the use of the central PA in the 
treatment of BMNP noted to be effective in pain reduction (Kanlayanaphotporn et 
al., 2010; Siriprapaporn et al., 2007). On the other hand, the use of IPA technique 
in the treatment of UMNP noted to be effective in pain reduction 

Technique selection for MNP patients 
Bilateral symptoms Unilateral symptoms 

contralateral cervical rotation or IPA  central PA 
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(Kanlayanaphotporn et al., 2009; Sakuna et al., 2007) and an improving only ROM 
on worst movement (Kanlayanaphotporn et al., 2009). Regarding the use of the 
cervical mobilization in the treatment of UMNP, it has been recommended to 
firstly choose either the IPA or the contralateral cervical rotation technique for 
treating UMNP patients. The effectiveness of IPA mobilization has been 
documented whereas there is no study investigating the effectiveness of the use of 
the contralateral cervical rotation technique in UMNP patients. It is possible that 
different findings might be noted for the use of the contralateral cervical rotation 
technique because the movements occurred as well as the effect on surrounded 
tissues during the application of the cervical rotation and the IPA are differences.  

 
2.7.1 Arthrokinematic movements during the rotation and the IPA 

technique 
 

During the application of the mobilization to a vertebrae, this would induce the 
intervertebral movement occurred with regard to the direction of the force applied. 
The contralateral cervical rotation technique is applied while a patient is in supine 
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lying (Maitland et al., 2005). Prior to the application of this technique, the therapist 
has to localize the force by wiring up the position of the target cervical spine. After 
the starting position is set, the therapist has to apply the pressure via his thrusting 
knuckle to produce a set of oscillatory rotation movements. Regarding to the IPA 
technique, a therapist applies a set of PA oscillatory movements to superior 
articular facet of a targeted cervical spine while a patient is in prone position 
(Maitland et al., 2005). Figure 2.7 shows the maneuvers of the application of these 
two techniques which are explained in details elsewhere (Maitland et al., 2005).  
 

 A.      B.        
Figure 2.7 The maneuvers of the application of contralateral cervical rotation   
                   technique (A) and IPA techniques (B) to right facet joint according to  
                   Maitland (2005. page 283, 277, respectively) 
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In consideration of arthrokinematic movements occurred between these two 
techniques, it is noted that the application of the rotation technique would produce 
primarily both PA translation of the superior articulation on the inferior articulation 
as well as medial gliding of the superior articulation on the inferior articulation 
while the application of the IPA technique would primarily produce only the PA 
translation of the superior articulation on the inferior articulation (Bogduk & 
Mercer, 2000). Figure 2.8 shows the movement occurred during the cervical 
rotation technique and the IPA technique. Based on the arthrokinematic 
movements occurred during these two techniques, the cervical rotation technique 
would produce articulation movements more than that of the IPA technique. 
Aditionally, the contralateral cervical rotation technique would stretch a number of 
structures on the ipsilateral side of the cervical spine (ipsilateral side of UMPN) 
including both contractile tissues and non-contractile tissues (i.e. ligament, joint 
capsule and neural tissue) more than that of the IPA technique. Consequently, the 
tone of the muscle and the neural tension on the ipsilateral side of the UMNP 
would be reduced resulting in pain relief effect and improving in cervical ROM. 
Therefore, it is questioned that the cervical rotation technique would be more 
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effective than that of the IPA technique in reliving neck pain and improving active 
cervical ROM in the treatment of UMNP patients.  
 

  
Figure 2.8  Movement occurred during the contralateral cervical rotation technique       
                   (A) and the IPA technique (B) applied to right facet joint   
                   (modified from Takasaki et al.,  2009) 

 
2.8 Summary 
 
The selection of the use of cervical mobilization technique for MNP has followed 
the recommendation of manual therapy experts regarding to the distribution of 
symptoms. It has been suggested that a therapist would firstly use either the 
contralateral cervical rotation technique or IPA technique to treat a patient who has 
unilateral symptoms. Based on the articulation movement occurred during these 
two techniques, the contralateral cervical rotation technique would produce 

+ A. B. 
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articulation movements more than that of the IPA technique. Also the contralateral 
cervical rotation technique would affect a number of structures more than that of 
the IPA technique. Therefore, it is questioned that the contralateral cervical 
rotation technique might be more effective than that of the IPA technique in 
reliving neck pain and improving active cervical ROM in the treatment of UMNP 
patients.  
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CHAPTER III 
 

METHODOLOGY 
 
3.1 Introduction 
 
This chapter describes the study design, characteristics of all participants, 
materials, outcome measures, procedure, data processing and data analysis. 
 
3.2 Study design 
 
Multiple comparisons of the effectiveness of the use of the contralateral rotation 
technique, the IPA technique and a placebo treatment in the treatment of UMNP 
patients were investigated using a randomized controlled trial with a blinded 
assessor. The random group allocations used a computer generating number with a 
random function of Microsoft Excel 2003. An assessor who was blinded to the 
intervention responded to take pre-and post-intervention data. The outcome 
measures including pain intensity both at rest and on most painful movement, 6 
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active cervical ROM and ROM on most painful movement, and GPE. All verbal 
instructions and standardized position were conducted in the same manner using a 
script. This study was approved 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).  
 
3.3 Participants 

 
This section describes the participants in this study including subjects, a physical 
therapist and an assessor. 
 

3.3.1 Subjects 
 
UMNP patients attending the Health Sciences Service Center, Faculty of Allied 
Health Sciences, Chulalongkorn University were asked if they wished to 
participate. To be eligible, the patients needed to have these conditions: (1) their 
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age over 20 years old, (2) neck pain intensity at rest more than 20-mm on a visual 
analogue scale (VAS), (3) did not take any medications including non-steroid anti-
inflammation drugs, muscle relaxant and pain relief on the treatment day (4) never 
received the cervical mobilization or SWD treatment. The patients were asked to 
fill out a questionnaire including the demographic data, the duration of symptoms, 
the area of pain and screening questions for any contraindications for the use of 
mobilization (Maitland et al., 2005). The potential patients were excluded if they 
have any of these conditions: (1) the contraindications of mobilization such as 
spine infection and recent spinal fracture, (2) positive neurological problems, (3) 
positive vertebrobasilar insufficient syndrome sign, (4) history of cervical spine 
surgery (Maitland et al., 2005). The patients who met the inclusion criteria were 
recruited, hereby called subjects.  
 

3.3.2 Physical therapist 
 
A physical therapist (Buamanee T.) who has been a graduate student in 
Musculoskeletal Physical Therapy Program, Faculty of Allied Health Sciences, 
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Chulalongkorn University involved in this study hereby called therapist. The 
therapist was responsible to assess the subject, establish the treatment dosage 
(grade of mobilization and spinal level treated) and treat all subjects. Additionally, 
the therapist had to train the manual assessment of the cervical spinal in order to 
identify a spinal treated level and the application of the cervical rotation and IPA 
techniques from a manual therapy expert who had had both clinical experience and 
a Master Degree in Manipulative Physiotherapy. The training aimed to validate the 
assessment procedure (Appendix B) and the application of manipulative therapy 
techniques. The application of these two techniques has been explained elsewhere 
(Maitland et al., 2005). 

 
3.3.3 Assessor 
 

An assessor (Kaewket M.) who has been a graduate student in Musculoskeletal 
Physical Therapy Program, Faculty of Allied Health Sciences, Chulalongkorn 
University was asked to involve in this study. The assessor who was blinded to the 
intervention was responsible to note all outcome measures before and 5-minute 
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after intervention (Kanlayanaphotporn et al., 2009; Martinez-Segura et al., 2006). 
The intra-tester reliability of the assessor was also determined (Appendix C). 

 
3.4 Materials 
 
This section describes the materials in this study including cervical range of 
motion device (CROM), a wooden chair, a pillow, a mirror, foam, a couch and 
SWD. 
 

3.4.1 Cervical range of motion device  
 

The CROM (Performance Attainment Associates, Roseville, Minnesota, The 
United States of America) consisted of a magnetic neck brace and 3 inclinometers 
mounted to the frame (Figure 3.1). The inclinometer in sagittal plane responded to 
measure the flexion and extension of the active cervical ROM. The inclinometer in 
frontal plane responded to measure the lateral flexion of the active cervical ROM. 
The inclinometer in horizontal plane responded to measure the rotation of the 
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active cervical ROM. The inclinometers in both sagittal and frontal planes worked 
with a gravity-dependent while the horizontal plane worked with a magnetic needle 
associated with magnetic neck brace to measure active cervical ROM.  
 

 
Figure 3.1   The cervical range of motion device (CROM). The A, B and C 

represent the inclinometer in sagittal plane, frontal plane and 
horizontal plane, respectively. The D represents the magnetic neck 
brace. 

 
The CROM was shown to be valid for measuring of all cervical movements 
against the radiograph and the optoelectronic system with the Pearson6s r 
correlation ranging from 0.82 to 0.98 (Tousignant et al., 2000; 2002; 2006). The 
inter- and intra-tester reliability was reported to be high with intraclass correlation 
coefficients (ICCs) ranging from 0.73 to 0.86 (Youdas et al., 1991) and 0.84 to 
0.98 (Kanlayanaphotporn et al., 2009; Sakuna et al., 2007; Youdas et al., 1991), 
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respectively. The intra-tester reliability and the standard errors of measurements 
(SEM) of the recruited assessor were investigated prior to the data collection 
(Appendix C). It was noted that the assessor was reliable to measure active cervical 
ROM with the ICCs values ranging from 0.85 to 0.98 which was consistent to that 
of the previous studies (Kanlayanaphotporn et al., 2009; Sakuna et al., 2007; 
Youdas et al., 1991). Additionally, the SEMs of the recruited assessor using the 
CROM were less than 3 degrees 
 

3.4.2 Wooden chair  
 

A wooden chair was used during cervical ROM measurement. 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 (cm). This wooden chair has the backrest for 
supporting the back to prevent the compensatory from thoracic while subjects 
move the neck. The subjects were asked to sit with the buttocks closed the back of 
chair. 
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3.4.3 Pillow 
 
A pillow was used during cervical ROM measurement. The pillow dimension was 
40x50 cm. The pillow was laid on the subject6s lap for supporting the forearm to 
relax their shoulder while the subject was sitting on the wooden chair. 
 

3.4.4 Mirror  
 
A mirror was used during cervical ROM measurement. The mirror dimension was 
100x150 cm. While the subjects sit on the wooden chair, this mirror was put in 
front of the subjects. This method is the self-feed back for the subject to recognize 
the neutral head position before initiating head movement. 
 

3.4.5 Foam    
 
The foam was used during cervical ROM measurement. The foam dimension was 
30x40x10 cm. While the subjects were sitting on the wooden chair, the foam was 



 

 

39 

 

laid underneath their feet to support the hip and knee at 90 degrees. The foam was 
not necessary if the subject6s feet could lay flat on the floor. 
 

3.4.6 Couch  
 
A high-adjustable couch (Gymna Uniphy, Belgium) was used in this study. The 
couch was able to adjust the hight in order to allow the therapist to use their body 
mechanic during the assessment and treatment procedures. Additionally, the couch 
had the face hole allowing the subject to breathe comfortably in prone position. 
 

3.4.7 Short wave Diathermy  
 
The SWD (ENRAF-NONIUS: model CURAPULS 970, 240V/50-60Hz) with 2 
rubber pads was used in this study. The detuned SWD technique was used for all 
subjects in the control group.  
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3.5 Outcome measures 
 
This section describes the outcome measures in this study including pain intensity, 
active cervical ROM and GPE. 
 

3.5.1 Pain intensity 
 
A visual analogue scale (VAS) was used to record the pain intensity both at rest 
and on most painful movement (Figure 3.2). The reliability and validity of the 
VAS has been reported to be high in order to measure the pain intensity (Ostelo & 
de Vet, 2005). This scale was shown to all subjects as a 100-millimeter (mm) line, 
the left end and right ended is labeled Mno painN and Mpain as bad as it could beN, 
respectively. All subjects were asked to mark both before and 5-minute after the 
intervention on the same VAS to represent their pain intensity. A metal ruler was 
used to measure the distance from no pain to the marker to quantify the pain 
intensity. Also, the clinical important change for pain on VAS has been noted to be 
more than 14 mm (Kelly, 2001). 
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              No pain             Pain as bad as it could be 
Figure 3.2 The visual analogue scale (VAS) (Ostelo & de Vet, 2005) 
 

3.5.2 Active cervical range of motion 
 
Active cervical ROMs were investigated including flexion, extension, lateral 
flexion and rotation to both sides using the CROM. In order to measure active 
cervical ROM, the subject was instructed to practice all cervical movements prior 
to the measurement in a standard sitting position (Figure 3.3). The position 
included the buttocks closed against the back of chair, elbow flexion about 90 
degrees with a pillow support, hips and knees positioned about 90 degrees and both 
feet flat on the floor. If the feet were higher from the floor, the foam was laid 
underneath their feet. After the position was set, the frame of the CROM was then 
positioned to the subject6s head using a Velcro strap and the magnetic neck brace 
was positioned on the subject6s shoulder. The subject received the consistent 
verbal instruction (Appendix D) and was asked to stay the neutral head position 
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while the assessor read the inclinometer on 0 degree. Then, the subject was asked 
to perform maximal active cervical movement in each direction twice and the 
measurement was recorded on the second trial.  
 

 Figure 3.3 A standard sitting position in lateral view 
 

3.5.3 Global Perceived Effect  
 

GPE reflected the subject6s satisfaction. The subjects were asked to score their 
symptom changes at 5-minute after the treatment. GPE will be noted using a 
numerical 7-point scale. The scale ranges from 1 to 7 where 1 represents 
completely recovered, 4 represents no change and 7 represents worse than ever 
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(Table 3.1). The clinical important change should define in term of any changes at 
least 2 on the 7-point scale (Ostelo & de Vet, 2005) 

   Table 3.1 The global perceived effect (GPE) scale (Ostelo & de Vet, 2005) 
 

3.5.4 Neck disability index (NDI)  
 

Thai NDI is a questionnaire (Appendix E) which was used to assess the neck pain 
related to the patient6s disability (Luckumnueporn, 2007). The reliability and 
validity of NDI has been reported to be high in order to measure the neck disability 
in Thai MNP patients (Luckumnueporn, 2007).  It consists of 10 items. Each item 
is about the level of activities which was disturbed by neck pain. The score of each 
item rated form 0 to 5 so the total score of this questionnaire varied from 0 to 50. 
When the subject finished the NDI questionnaire, the total NDI score would be 
calculated to percentage.     

 

          Score            Definition   1         completely recovered    2         much improved   3         slightly improved    4         no change   5         slightly worsened   6         much worsened    7         worse than ever 
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3.6 Procedure 
 
The procedure of this study was conducted at the laboratory room number 3201, 
Health Sciences Service Center, Faculty of Allied Health Sciences, Chulalongkorn 
University. The UMNP patients were asked if they wish to participate in this study. 
The details of the study (Appendix F) were then fully explained to the patients. The 
agreed patients gave written consent (Appendix G) and filled out a questionnaire 
(Appendix H) including the demographic data, the duration of symptoms, the area 
of pain and NDI. The recruited patients hereby called subjects. The therapist then 
fully assessed the subject both subjective and objective examinations, and 
determined the treatment dosage including spinal level treated and grade of 
treatment. Then, the assessor was asked to establish pre-intervention data 
(Appendix I) including pain intensity and active cervical ROM.  
 
The subjects were then randomly allocated into 3 groups; the rotation, IPA, and 
control groups by sealed envelops with assigned group. The sealed envelops were 
prepared prior to the trial using a computer generating a random number by a 
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Microsoft Excel program. The subjects in control group received a detuned SWD 
technique for 10 minutes in supine position. The subjects were asked to lie on the 
back comfortably with the shoulders on the 2 rubber pads. The subjects in the 
rotation group received 2 sets of 1-minute repetition of the contralateral rotation 
mobilization technique while the subjects in the IPA group received 2 sets of 1-
minute repetition of the IPA mobilization technique. Both mobilization techniques 
were applied to the identified spinal level obtained from the physical assessment 
procedure. After the subjects received the intervention for 5 minutes, the assessor 
was then called to obtain post-intervention data (Appendix I) in the same manner 
as establishing pre-intervention data, and GPE (Appendix J). Flow of subjects 
through the trial was shown in Figure 3.4.  
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 Figure 3.4 Flow of subjects through the trial 
 
3.7 Data analysis 
 
Mean and standard deviations (SDs) of the demographic data were calculated. 
Mean of change scores of each variable were calculated by subtracting the pre-
intervention from post-intervention scores. The variable included pain at rest, pain 
on most painful movement, 7 cervical ROM including flexion, extension, 
ipsilateral flexion, contralateral flexion, ipsilateral rotation, contralateral rotation 
and ROM on most painful movement. Paired t-test was used to analyze within 
group effect and One-way ANOVA (multiple comparisons) was used to analyze 
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the different effects among 3 groups. All data were analyzed using the SPSS 
program version 17.0 for Windows with a significant level set at 0.05.  
 
The clinical important change for pain on VAS was set to be more than 14 mm 

(Kelly, 2001), and the minimal detectable change (MDC) for active cervical ROM 
from the intra-tester reliability of the recruited assessor was set to be more than 6 
degrees (Appendix C). The GPE was classified into 3 groups; (1-2) improved, (3-
5) unchanged and (6-7) worsened. The percentages of subjects in each classified 
group were calculated and compared between groups.  



          

CHAPTER IV 
 

RESULTS 
 

4.1 Introduction 
 
The result of this study is shown in this chapter. The demographic data of subjects 
and the data of all outcome measures are presented as follows. 
 
4.2 Demographic data of subjects 
 
Eighty five of UMNP patients wished to participate in this study. Nineteen of the 
patients (6 males and 13 females) were excluded because their pains at rest were 
less than 20-mm on VAS. A total of sixty-six of UMNP subjects (8 males and 58 
females) who met the inclusion criteria were recruited. Figure 4.1 shows the flow 
chart of the recruited subjects. The demographic data of subjects were indicated in 
Appendix K. The mean and SDs of the demographic data and pre-intervention data 
of all subjects are presented in Table 4.1. All variables were investigated using 
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One-way ANOVA: Multiple comparisons in order to ensure whether the subjects 
in each group were not different prior to the intervention. It was noted that there 
was no statistically significant difference of all variables among groups with p 
values > 0.05. The majority of subjects had their neck pain more than 90 days as 
characterized as chronic (P25-75= 365-1825 days). Only 5 subjects had their neck 
pain between 30 and 90 days as characterized as subacute stage (2 in the 
contralateral cervical rotation group, 2 in the IPA group and 1 in the placebo 
group).    
 

 

Figure 4.1 Flow chart of the recruited subjects through the trial
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Table 4.1 The demographic data of the recruited subjects in each group (N=66) 
Mean (SDs) of each group (n=22) Variables Rotation IPA Control 

Sex (male/female)  Symptomatic side (left/right) Age (years) Height (m) Body weight (kg) Duration of neck pain (days) Neck disability index (%) 
Neck pain intensity (mm) At rest On most painful movement 
Active cervical ROM (degrees) Flexion Extension Ipsilateral lateral flexion Contralateral lateral flexion Ipsilateral rotation Contralateral rotation On most painful movement 

2/20 
8/14 

44.7 (12.0) 
1.6 (0.1) 
58.5 (13) 

1665.0 (1744.7) 
29.5 (11.9) 

 
44.0 (16.0) 
61.1 (18.6) 

 
46.3 (10.9) 
59.0 (10.1) 
35.6 (5.6) 
35.6 (6.3) 
59.5 (7.9) 
59.8 (9.1) 
48.3 (15.4) 

3/19 
10/12 

42.3 (12.6) 
1.6 (0.1) 
58.2 (8.0) 

1256.6 (1389.9) 
25.2 (12.7) 

 
47.3 (17.1) 
63.1 (20.9) 

 
44.6 (9.9) 
55.6 (13.8) 
34.6 (6.6) 
34.7 (7.4) 
56.3 (9.4) 
56.3 (10.4) 
45.6 (14.2) 

3/19 
9/13 

43.0 (12.5) 
1.6 (0.1) 

61.1 (11.2) 
1520.7 (1373.6) 

24.3 (10.9) 
 

45.2 (15.5) 
55.2 (18.0) 

 
43.6 (10.7) 
56.6 (10.1) 
35.6 (6.6) 
33.7 (6.6) 
58.4 (9.6) 
58.7 (10.7) 
43.0 (11.8) 

 
4.3 Pain intensity, active cervical ROM and GPE 
 
The majority of the subjects in both rotation and IPA groups received the grade of 
mobilization as grade 4 (Table 4.2). The pre- and post-intervention data, mean 
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(SDs) of the change score of each variable and Paired t-test result are shown in 
Table 4.3. With regards to the pain intensity, statistically significant differences of 
neck pain intensity both at rest and on most painful movement within rotation and 
IPA groups are noted with the p<0.001. With regards to the active cervical ROM, 
statistically significant differences of all active cervical ROM within rotation and 
IPA groups are noted with the p<0.05 except for the cervical flexion in the IPA 
group. It is noted that there is no statistically significant difference of all variables 
in control group.  
 
Multiple comparisons using the One-way ANOVA were conducted to compare 
between group effects (Table 4.4). There was no statistically significant difference 
between the rotation and the IPA group. Statistically significant differences in pain 
at rest and pain on most painful movement are noted when the rotation and IPA 
groups were compared to the control group (p<0.001). Statistically significant 
differences in cervical extension, contralateral rotation and ROM on most painful 
movement are noted when compared both the rotation and IPA groups to the 
control group. Additionally, statistically significant difference in ipsilateral and 
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contralateral lateral flexion; and ipsilateral rotation are noted when compared the 
rotation group to the control group (p<0.05). The raw data of subjects were 
indicated in Appendix K. 
 
Additionally, the number of subjects who rated each score on the GPE scale is 
presented in Table 4.5. The GPE was classified into 3 groups; (1-2) improved, (3-
5) unchanged and (6-7) worsened. Approximately 30 percents of the subjects in 
both rotation and IPA groups rated their scale as improved while all of the subjects 
in control groups rated their scale as unchanged. 
 
Table 4.2 The number of subjects in each grade of movement in rotation and IPA 
groups 

Number of subjects Grade of movement Rotation  IPA  
1 
2 
3 
4 

- 
1 
4 
17 

- 
1 
3 
18 
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Table 4.3 Pre- and post-intervention data, mean (SDs) of the change score and Paired t-test result of all variables of each group   
Rotation IPA Control 

Mean (SDs) Mean (SDs) Mean (SDs)      Variables 
Pre Post Change p Pre Post Change p Pre Post Change p 

       Neck pain intensity (mm)  
   At rest 

        On most painful movement 
 

      Active cervical ROM  ( º) 
      Flexion 
      Extension 
      Ipsilateral lateral flexion 

       Contralateral lateral  flexion 
       Ipsilateral rotation 
       Contralateral rotation 
       On most painful movement 

 
44.0 (16.0) 
61.1 (18.6) 

 
 

46.3 (10.9) 
59.0 (10.1) 
35.6 (5.6) 
35.6 (5.8) 
59.5 (7.9) 
59.8 (9.1) 
48.3 (15.4) 

 
29.2 (17.3) 
44.8 (22.7) 

 
 

49.2 (9.4) 
62.1 (9.9) 
37.5 (6.1) 
38.7 (5.8) 
62.5 (7.0) 
65.2 (9.0) 
52.6 (15.1) 

 
14.8 (9.0) 
16.3 (12.5) 

 
 

2.9 (6.0) 
3.9 (5.3) 
1.8 (4.0) 
3.0 (4.0) 
3.0 (4.9) 
5.6 (4.0) 
3.9 (5.8) 

 
0.000* 
0.000* 

 
 

0.033* 
0.038* 
0.047* 
0.001* 
0.009* 
0.000* 
0.003* 

 
47.3 (17.1) 
63.1 (20.9) 

 
 

44.6 (9.9) 
55.6 (13.8) 
34.6 (6.6) 
34.7 (7.4) 
56.3 (9.4) 
56.3 (10.4) 
45.6 (14.2) 

 
34.5(19.1) 
47.1 (28.6) 

 
 

44.9 (9.1) 
60.7 (12.7) 
37.3 (6.2) 
37.9 (7.5) 
59.5 (9.2) 
60.6 (11.4) 
49.5 (15.2) 

 
12.9 (12.6) 
16.0 (15.1) 

 
 

0.36 (5.5) 
5.2 (6.8) 
2.7 (5.5) 
3.3 (3.3) 
3.2 (5.6) 
4.3 (4.3) 
3.8 (5.6) 

 
0.000* 
0.000* 

 
 

0.758 
0.002* 
0.029* 
0.000* 
0.015* 
0.000* 
0.004* 

 
45.2(15.5) 
55.2(18.0) 

 
 

43.6 (10.7) 
56.6 (10.1) 
35.6 (6.6) 
33.7 (6.6) 
58.4 (9.6) 
58.7 (10.7) 
43.0 (11.8) 

 
45.1 (16.3) 
55.2 (20.8) 

 
 

42.8 (11.0) 
55.0 (11.1) 
34.7 (4.8) 
34.1 (5.7) 
57.3 (9.3) 
59.1 (10.9) 
42.9 (12.0) 

 
-0.1 (8.3) 
0.0 (7.0) 

 
 

-0.7 (5.8) 
-1.6 (5.4) 
-0.5 (3.3) 
0.4 (3.7) 
-0.6 (4.8) 
0.4 (3.2) 
-0.3 (5.2) 

 
0.940 
1.000 

 
 

0.561 
0.195 
0.219 
0.648 
0.296 
0.605 
0.936 

Pre, post and change represent pre-intervention data, post-intervention data and change score, respectively. 
º, p and * represent degrees, p-value and statistically significant difference (p<0.05), respectively.  
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Table 4.4 The p-values of the multiple comparisons 
Variables I versus II I versus III II versus III 

Neck pain intensity (mm) 
At rest 
On most painful movement 

Active cervical ROM (degrees) 
Flexion 
Extension 
Ipsilateral lateral flexion 
Contralateral lateral flexion 
Ipsilateral rotation 
Contralateral rotation 
On most painful movement 

 
0.800 
0.996 

 
0.312 
0.755 
0.770 
0.985 
0.992 
0.526 
0.998 

 
0.000* 
0.000* 

 
0.098 

  0.009* 
0.204 
0.052 
0.055 

  0.000* 
  0.038* 

 
0.000* 
0.000* 

 
        0.804 

0.001* 
0.048* 
0.035* 
0.042* 
0.004* 
0.043* 

   I, II and III represent rotation group, IPA group and control group, respectively.  
   * represents the statistically significant difference (p<0.05). 
 
Table 4.5 The number of subjects who rated each score on the GPE scales after 
intervention 

Rotation  IPA  Control  GPE Number of subjects % Number of subjects % Number of subjects   % 
1 = completely recovered  
2 = much improved 

- 
6 27.3 - 

7 31.8 - 
-  0 

 3 = slightly improved  
4 = no change 
5 = slightly worsened 

13 
3 
- 

72.2 
13 
2 
- 

68.2 
7 
13 
2 

  100 
 6 = much worsened  
 7 = worse than ever 

- 
- 0 - 

- 0 - 
-  0 



          

CHAPTER V 
 

DISCUSSION 
 

5.1 Introduction 
 

The purpose of this study was to compare the effectiveness of the contralateral 
cervical rotation technique to the IPA technique in reliving pain and improving 
cervical ROM in the treatment of UMNP patients. The subjects were randomly 
allocated into three groups. The subjects in rotation group and IPA group received 
2 sets of 1-minute repetition contralateral cervical rotation and IPA technique, 
respectively. The subjects in control group received a placebo treatment for 10 
minutes using a detuned SWD technique. One-way ANOVA with multiple 
comparisons was used to investigate the effectiveness of these three interventions. 
A total of 10 variables were investigated. These included pain at rest, pain on most 
painful movement, 7 cervical ROM including flexion, extension, ipsilateral 
flexion, contralateral flexion, ipsilateral rotation, contralateral rotation and ROM 
on most painful movement, and GPE. The results suggest that the rotation 
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technique and the IPA were superior to the placebo treatment whereas the rotation 
technique was not superior to the IPA technique. Also, the within group 
comparison shows that rotation and the IPA techniques were effective in reliving 
neck pain (p=0.000), and improving active cervical ROM almost all directions 
(p<0.05). 

 
5.2 Effectiveness of the cervical rotation technique and the IPA technique on 
neck pain intensity 
 
Comparing the effectiveness of the cervical rotation technique to that of the IPA 
technique, there was no statistically significant difference on the change score of 
pain intensity between these two techniques. This would imply that the 
effectiveness of the cervical rotation technique was not superior to that of the IPA 
technique on pain relief. However, the within group analysis after the use of these 
two techniques revealed a significant difference on pain relief (p<0.001) with the 
mean change of 14.8 and 12.9 mm on the VAS for the rotation and IPA groups, 
respectively. It would be possible that both techniques are effective in pain relief; 
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therefore the statistical analysis would not detect the significant difference in the 
decrease in pain intensity between groups.  
 
Comparing the mean change of pain intensity at rest between the rotation group to 
that of the IPA group, it was noted that the pain relief effect after the application of 
the rotation technique was greater than that of the IPA technique (Table 4.3). This 
is also consistent when compared to the previous studies (Kanlayanaphotporn et 
al., 2009; Sakuna et al., 2007). This may imply that the rotation technique is 
superior to the IPA technique in relieving pain intensity at rest. There are a number 
of explanations accounting for this finding.  First, grip type, comparing the size of 
the contact areas between the thumb grip used during the IPA mobilization and the 
thrusting knuckle grip used during the rotation mobilization, it can be seen that the 
contact area of the thumb grip is relatively smaller than that of the knuckle grip. A 
small contact area would produce more pain or soreness around the treated area 
after the treatment (Snodgrass et al., 2006). Consequently, the patient who was 
treated with the IPA mobilization may rate their pain intensity at rest after the 
treatment more than the patient who was treated with the rotation mobilization.    
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Second, the available range of movement during the rotation mobilization is 
commonly larger than that of the PA mobilization. This would therefore allow the 
therapist to apply the rotation oscillatory movements in a greater range which is 
more controllable than that of the PA technique. This is matched to the 
recommendation to apply a set of passive movement in a larger range in order to 
relief pain (Maitland et al., 2005). Therefore, the more hypoalgesic effect at rest 
after the application of rotation mobilization than that of the IPA mobilization 
would be explained by this evidence.  
 
Last, the rotation mobilization would have an effect on ipsilateral side of the 
UMNP such as muscles, ligament and neural tissues resulting in a decrease in the 
pain intensity. Unfortunately, this study was designed to collect all data which 
were mainly concerned in clinical practice. Therefore, interpreting these results 
with this regards is limited. In order to understand this mechanism, additional data 
of cervical muscle activity using electromyographic study or nerve conduction 
velocity are required.  
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However, the decrease in pain intensity after the use of both techniques is 
consistent to previous studies (Kanlayanaphotporn et al., 2009; Sakuna et al., 
2007). In consideration to the effectiveness of the IPA mobilization, the current 
study noted the greater immediate pain reduction at rest (12.8 mm.) than that of the 
previous studies (ranged 8.1- 10.8 mm.). This would be because of the different 
design between the current study to the previous studies (Sakuna et al., 2007, 
Kanlayanaphotporn et al., 2009). The previous studies allowed the therapist to 
applied the IPA mobilization more than 1 levels whereas the current study allowed 
the therapist to apply the IPA mobilization to only 1 level. The former study did 
not state the exact number of the spinal levels treated in their study (Sakuna et al., 
2007) while the later study allowed the therapist to apply the IPA technique to 2-4 
spinal levels in each subject (Kanlayanaphotporn et al., 2009). It would be possible 
that applying the mobilization more than 1 level would cause the soft tissue 
soreness around the treated area. This soreness would mark the effectiveness of the 
IPA on pain intensity noted in the previous studies. Consequently, the recruited 
subjects might rate their pain intensity after the treatment higher than it should be.  
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5.3 Effectiveness of the contralateral cervical rotation technique and the IPA 
technique in improving active cervical ROM 

 
Comparing the effectiveness of the cervical rotation technique to that of the IPA 
technique, there was no statistically significant difference on active cervical ROM 
between these two techniques. This would imply that the effectiveness of the 
cervical rotation technique is not superior to that of the IPA technique on 
improving in cervical ROM.  
 
However, the within group analysis after the use of these two techniques revealed a 
significant difference on improving in almost all directions of cervical ROMs 
(p<0.05). In consideration to the change in the cervical ROM of each direction, it 
can be seen that the change scores of all ROM are less than the MDC of the use of 
the CROM device obtained from the intra-tester reliability of the recruited assessor 
(6 degrees). This would imply that the use of these two techniques is not effective 
on the improving in the active cervical ROM for UMNP. Generalization of these 
results should be made with care because the majority of recruited subjects were 
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chronic (more than 3 years) and had stiffness problem as a predominant factor, 
therefore, only single visit for treatment could not affect on cervical ROM. The 
different findings may be noted in either other groups of UMNP (i.e. shorter 
duration of neck pain or UMNP who has pain as a predominant factor) or after a 
course of treatment. 
 
Even though the mean change of the active cervical ROM noted in the current 
study was less than MDC, most of the changes of the ROM are greater than the 
SEM (less than 3 degree) of the use of the CROM device obtained from the intra-
tester reliability of the recruited assessor. It is noticeable that the means change of 
the contralateral rotation (5.6 degrees) and cervical extension (5.2 degrees) are the 
greatest improvement for the subjects who received contralateral rotation and IPA 
mobilization, respectively. This would be explained by the arthrokinematic 
movements occurred during the application of these techniques. When the rotation 
technique is applied, this would make the superior articulation primarily glided in 
PA and the medial directions on the inferior articulation (Bogduk & Mercer, 2000). 
Consequently, this would promote the rotation movement of the cervical spine. 
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Similarly to when the PA technique is applied, this would make the superior 
articulation primarily glided on the inferior articulation in the PA direction 
(Bogduk & Mercer, 2000). Consequently, this would promote the extension 
movement of the cervical spine.  
 
5.4 Effectiveness of the contralateral cervical rotation technique and the IPA 
technique on GPE 

 
After the application of these two techniques, the subjects rated the GPE to 
represent the satisfaction of the intervention. None of subjects got worse after the 
application both interventions. Approximately 30 percents of the subjects who 
received these two treatment techniques rated their scale as improved whereas all 
of the subjects in control groups rated their scale as unchanged. These findings are 
consistent with the previous study (Kanlayanaphotporn et al., 2009).  
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5.5 Limitations of this study 
  
The results of this study should be interpreted with care because of some 
limitations. First, this study compared the immediate effect of the contralateral 
cervical rotation technique to the IPA technique in reliving neck pain and 
improving cervical ROM in the treatment of UMNP patients, different findings 
might be noted if there is a study investigating on a long term effect. Second, most 
of the recruited subjects are chronic, different findings may be noted in other 
groups of UMNP or after a course of treatment. Third, there are a number of 
outcome measures such as electromyography and nerve conduction velocity of the 
cervical muscles needed in order to explain the different in the mechanism of these 
two techniques. 
 
5.6 Suggesting for further study 

 
Repeating a study to compare the effectiveness of the contralateral cervical rotation 
to that of the IPA mobilization is needed. It would be interesting if the long term 
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effect of the application of the rotation technique is investigated. Then, a study 
comparing the long term effect of the rotation to that of the IPA mobilization is 
needed to conduct.  
 



          

CHAPTER VI 
 

CONCLUSION 
 
Based on the result of this study, it suggested important clinical remarks in the 
application of the recommended mobilization techniques in the treatment of 
UMNP. First, the application of the rotation technique would be an alternative 
approach for a therapist to treat UMNP. Second, the results also suggested a 
therapist to deliver the mobilization technique to only 1 spinal level in order to not 
only get the most pain relief effect but also avoid adverse effects such as soreness 
of the treated area. Third, the cervical rotation should be selected if the IPA 
technique could not apply directly to the affected joint. Last, a therapist should 
firstly choose the contralateral cervical rotation technique to treat UMNP patients 
who mostly limit contralateral cervical rotation while a therapist should firstly 
choose the IPA technique to treat UMNP patients who mostly limit extension 
movement.  
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APPENDIX B 
 

AGREEMENT OF MANUAL ASSESSMENT  
OF THE CERVICAL SPINE 

 
B I Introduction 
 
A physical therapist has to precisely assess both subjective examination and 
objective examination in order to design the most appropriate manipulative therapy 
for a patient with musculoskeletal disorder. Manual assessing using passive 
intervertebral movement is a very important procedure because the manual 
assessment results always give the therapist clue to select an appropriate target 
spinal level treated. Therefore, this pilot study aimed to investigate the agreement 
on the judgment made on selecting the spinal level treated between the recruited 
therapist and a manipulative therapy expert.              
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B II Procedure  
 
The recruited physical therapist who enrolled in a graduate program in 
Musculoskeletal Physical Therapy Program, Faculty of Allied Health Sciences, 
Chulalongkorn University was fully informed and practiced in assessing a spinal 
segmental mobility by a manual therapy expert.  The manipulative therapy expert 
who held a Master of Physiotherapy (Manipulative Physiotherapy) and a Doctor of 
Philosophy Degree, and had had clinical experience more than 20 years instructed 
the recruited therapist to assess five UMNP to find the cervical spinal level treated 
as a training session. To be selected as the cervical spinal level treated, the expert 
instructed the therapist to identify the most stiffness or painful cervical spinal level 
of the UMNP using passive accessory intervertebral movement. During the 
assessment, the expert allowed the therapist to assess each cervical spine using 2-3 
the passive movement and the assessment would be able to repeat more than 2 
times. Both therapists assessed five UMNP together. If the recruited therapist did 
not agree with the assessment result obtained by the expert, the expert would 
discuss the result with the therapist.  
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After the training session, ten patients with UMNP were recruited as subjects to 
investigate the agreement on the judgment of the cervical spinal level treated 
between the therapist and the expert. All subjects were assessed twice in prone 
position by these two therapists with 5 minutes break after the first assessment. 
The order of assessing was randomized using a computer generating the order. 
Then the first therapist assessed the spinal mobility using the passive accessory 
intervertebral movement test through the cervical spine both on the spinous 
processes and the facet joints. After completion of the assessment, the therapist 
recorded the spinal level treated, pre-dominant factor and grade of movement 
(Appendix L). Both therapists were blinded to each otherNs results and the results 
were kept for further analysis. 

 
B III Data analysis 
 
The kappa statistic (K) showed the agreement of three variables. K was calculated 
from formula 1. K score was interpreted as follows: the values less than 0.40 
indicated poor to fair agreement, 0.40 J 0.60 indicated moderate agreement, 0.61 J 
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0.80 indicated substantial levels of agreement, and more than 0.81 indicated 
excellent agreement.  
   

∑f0 - ∑fc Formula 1 K  =    N  - ∑fc     
K represents kappa statistic, ∑f0 represents the sum of the frequencies of observed 
agreements, ∑fc represents the sum of the frequencies of agreement expected by 
chance, and N represents the number of pairs of scores that were obtained (Portney 
& Warkins, 2000).  
 
B IV Results 
 
Ten UMNP subjects (1 male and 9 female) were recruited in this study. The 
agreement of three variables varied from 0.8 J 1.0. The collecting data were shown 
in Table B.1. 
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Table B.1 The collecting data of two examiners 
Spinal level treated  Pre-dominant factor Grade of movement Subjects Expert Therapist  Expert Therapist  Expert Therapist  

1 Rt. C3 Rt. C3 R R IV IV 
2 Rt. C2 Rt. C3 R R IV IV 
3 Lt. C2 Lt. C2 R R IV IV 
4 Lt. C2 Lt. C2 R R IV IV 
5 Rt. C2 Rt. C2 R R IV IV 
6 Lt. C4 Lt. C4 R R IV IV 
7 Rt. C2 Rt. C2 R R IV IV 
8 Rt. C3 Rt. C3 R R IV IV 
9 Rt. C2 Rt. C2 R R IV IV 
10 Lt. C2 Lt. C2 R R IV IV 

K scores 0.8 1.0 1.0 
Lt., Rt., R and K represent left facet joint, right facet joint, resistance and kappa statistic, 
respectively. 
 
B V Discussion 
 
The agreement on the judgment made on the spinal level treated, pre-dominant 
factor and the grade of movement between the expert and the recruited therapist 
are in excellent agreement. The recruited therapist who was trained by the 
manipulative physical therapy expert would be able to identify the treated spinal 
level, patientNs problem using the passive accessory intervertebral movement test.  
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B VI Conclusion 
 
Base on these results, the recruited therapist is capable to assess and identify the 
treatment dosage for the use of manipulative therapy in the treatment of MNP.  
 
B VII References 
 
Portney, L., & Watkins, M. (2000). Foundations of clinical research: applications 

to practice. In 2(Ed.). New Jersey: Trentice-Hall. 
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APPENDIX C 
 

INTRA-TESTER RELIABILITY OF THE CERVICAL RANGE OF 
MOTION MEASUREMENT USING CERVICAL RANGE OF 

MOTION INSTRUMENT IN MECHANICAL NECK PAIN 
 

C I Introduction 
  
Cervical range of motion (ROM) is one of the outcome measures representing the 
effectiveness of the treatment intervention. There are a number of methods that 
could measure the cervical ROM including visual estimation, universal goniometer 
and cervical range of motion instrument (CROM). The CROM is one of devices 
that is claimed to be an appropriate in measuring the cervical ROM. There are a 
number of studies investigating the validity of the CROM in measuring cervical 
ROM. It has been showed that the CROM was valid against radiography in 
measuring the cervical ROM with the PearsonNs r correlation ranging from 0.82 to 
0.98 (Tousignant et al., 2000; 2002; 2006). Additionally the inter- and intra-tester 
reliability of the CROM in measuring cervical ROM was investigated. It has been 
stated that the correlation coefficient was 0.73 to 0.86 (Youdas et al., 1991) and 
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0.84 to 0.98 (Kanlayanaphotporn et al., 2009; Kongsawatvarakul & Chiradejnant 
2007; Sakuna et al., 2007; Siriprapaporn et al., 2007; Youdas et al., 1991) for inter- 
and intra-tester reliability, respectively. Even though there are a number of studies 
reporting on the reliability values, it has been recommended to investigate the test-
retest reliability of a recruited assessor for each study. This was to ensure if the 
pre- and post-intervention data were different, these would be the results from the 
intervention. Therefore, this pilot study aimed to investigate the intra-tester 
reliability of the recruited assessor in measuring the cervical ROM using the 
CROM in the mechanical neck pain (MNP) patients. 
 
C II Procedure 
 
A test-retest design was used to investigate the intra-tester reliability of the 
recruited assessor who was a graduate student in Musculoskeletal Physical 
Therapy Program, Faculty of Allied Health Sciences, Chulalongkorn University. 
The assessor was asked to train the use of CROM in a standardized protocol which 
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was identical to the protocol in the main study. Ten UMNP patients were recruited 
as subjects.  
 
In order to measure active cervical ROM, the subject was set in a standard sitting 
position. The position included the buttocks closed against the back of chair, elbow 
flexion about 90 degrees with a pillow support, hips and knees positioned about 90 
degrees and both feet flat on the floor. If the feet were higher from the floor, the 
foam was laid underneath their feet. After the position was set, the frame of the 
CROM was then positioned to the subjectNs head using a Velcro strap and the 
magnetic neck brace was positioned on the subjectNs shoulder. The subject 
received the consistent verbal instruction (Appendix D). The subject was asked to 
stay the neutral head position while the assessor read the inclinometer on 0 degree. 
Then, the subject was asked to perform maximal active cervical movement in each 
direction twice. The ROM measurements were recorded on the second trial. Six 
variables including cervical ROM on flexion, extension, lateral flexion to both 
sides and rotation to both sides were recorded. After the completing the first 
session, the subject was allowed to rest for 5 minutes and the CROM was removed 
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from the subjectNs head. The first session data were immediately kept away from 
the assessor. The CROM was then positioned to the subjectNs head and the data of 
the second session was obtained by the same procedure as the first session. ROM 
data from both sessions were kept (Appendix M) for further investigation. 
 
C III Data analysis 
 
Intraclass correlation coefficients (ICCs1,2) were calculated to shown the reliability 
of the assessor in using the CROM. The ICC value was interpreted as follows: the 
value between 0 J 0.25 indicated no relationship, 0.25 J 0.50 indicated fair, 0.50 J 
0.75 indicated moderate to good, and more than 0.75 indicated good to excellent 
(Portney & Warkins, 2000).  Paired t-test was used to analyze the data between 
first and second session with a significant level set at 0.05. Both ICCs and Paired t-
tests were analyzed using the SPSS program version 17.0 for Windows. 
Additionally, the standard error of measurement (SEM) and the minimal detectable 
change (MDC) were calculated using the formula 1 and formula 2, respectively. 
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Formula 1  SEM = SD x √1-r 
SEM, SD and r represent the standard error of measurement, standard deviation 
and reliability coefficient, respectively (Portney & Warkins, 2000). 
 

Formula 2  MDC95% = 1.96 x SEM x √2 
MDC represents the minimal detectable change, 1.96 is the standard normal score 
associated with a two-tailed 95% confidence interval, and the √2 is included to 
reflect the fact that there is measurement error associated with both the first and 
second repeated measures when calculating testJretest reliability (Piva et al., 
2006). 
 
C IV Results 
 
Ten UMNP (2 males and 8 females) were recruited in this study. Table C.1 showed 
the ICCs values, SEM and MDC obtained from the recruited assessor. The ICCs 
values ranged from 0.85J0.98 of the recruited assessor in the use of the CROM to 
measure cervical ROM was noted. There was no statistical significant difference 
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between the data obtained from the first and second session. The SEM and MDC 
ranged from 1.39J2.12 and 3.85J5.88 degrees, respectively. The raw data were 
shown in APPENDIX N. 
 

Table C.1 The intraclass correlation coefficients (ICCs) of the assessor 
Variables ICCs 95% CI SEM 

(degree) 
MDC 

(degree) p 

  Flexion Extension Ipsilateral lateral flexion Contralateral lateral flexion Ipsilateral rotation Contralateral rotation 

0.98 
0.95 
0.94 
0.85 
0.94 
0.91 

0.92 / 1.00 
0.83 / 0.99 
0.76 / 0.98 
0.51 / 0.96 
0.79 / 0.99 
0.68 / 0.98 

1.68 
2.01 
1.39 
2.09 
2.12 
1.50 

4.66 
5.57 
3.85 
5.79 
5.88 
4.16 

0.64 
0.77 
0.41 
0.82 
0.81 
0.86 

ICCs, CI, SEM and MDC represent intraclass correlation coefficients, confidence interval, standard 
error of measurement and minimal detectable change, respectively 
 
C V Discussion 
 
The ICC values from this study are consistent with that of the previous studies 
(Kanlayanaphotporn et al., 2009; Kongsawatvarakul & Chiradejnant 2007; Sakuna 
et al., 2007; Siriprapaporn et al., 2007; Youdas et al., 1991). The SEM and MDC 
values are well in the range as noted in the previous studies (Kanlayanaphotporn et 
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al., 2009; Kongsawatvarakul & Chiradejnant 2007; Sakuna et al., 2007; 
Siriprapaporn et al., 2007). Base on these results, it can imply that the recruited 
assessor was reliable in measuring cervical ROM using the CROM. Additionally, 
the change in the cervical ROM more than 6 degrees after the treatment would 
represent the effectiveness of the treatment intervention. 
 
C VI Conclusion 
 
The assessor was reliable to measure active cervical ROM using CROM and the 
change in cervical ROM more than 6 degrees after the treatment would represent 
the effectiveness of the treatment intervention 
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APPENDIX D 
 

INSTRUCTION FOR SUBJECTS 
 

Instruction for all subjects to perform six active cervical range of motion in 
standard sitting position  
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3. Cervical left lateral flexion 
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APPENDIX E 
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�   �
����������'��*�
��� �����
2���� �������        (���������� 3-5  .���"��) 
�   �
����������'��*�
��� �����
2���� �������          (���������� 5-7 .���"��) 
 

10.  ����

� 	���	� 
�   '��(���
*�%���

�����������  "������+���
2���� 
�   '��(���
*�%���

�����������  "���+���
2����	�0���� 
�   '��(���
*�%���

�����������	24�(�����,������� ����         	��������+���
2���� 
�   '��(���
*�%���

�����������	�0����  	��������+���
2���� 
�   '��	��������(���
*�%���

����������/���  	��������+���
2���� 
�   '�����(���
*�%���

����������/���	�� 
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APPENDIX F 
 

PARTICIPANT INFORMATION SHEET (�������	
�������
�������
���������������������
�����) 
 

�$.�0�
��	
����  2
�(��)�������
	����.�	������
����&�
���(������	$���
�3����
2���� �$.�-������ "��� ���.�����(�
���
�: �
. ���3<:  ��
	�.����:  "�����(��<��-�
+ ����#+ #*	��.�1������	� =����.���=�$�%���� �#�(�	�.��(�
: �->���
#:����������� 0
%�)2�.�	�	� -       0
%�)2���$.���. 086 759 9877    E-mail tanutree@yahoo.com 
 �
� � -����#���
���(��	
���� 3��	� 
 ����	24���&�������2?��2���� �%���� 66 �� �+����
��	.�5���	���
����
�����	
�����
����&�
���(������	$���
�3����
2���� 
 ���*3�
�#��2 
 	$����&3�	������
����&�
���(������������+�����2
�(��)�=�$���
�

	�����
2����������2?���
����� 
 #*	��.��	�����	
����  �����2@������
�������(�
:(-�=�$ �#�(�	�.��(�
: �->���
#:����������� 154 *��$
�
�� 1 	��2�-���� 
-�	�$A 10330 
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���
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����& 	24�	��� 10 ���+ ������������ 
6. 	����	(
0�(� ��
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	���
�����"�
��
������+ 	24��2��������(���
�� ,��������������
��������,�����
	���
����
����� �����+(��)�J�+���2@�	()�
	���
����
��(���
**��*���������"�
��
��������
� ��+ ����-	��� "������������
��"�3 �
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	2K�	�����������������
���
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���%��������������
��"��L
�	�+��,��L�����+�	+�������	����� � ���������������*�	0����	24��������	'$���#��������� ���%�����,��
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#��
��)

� ,����	2K�	��	'$����
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APPENDIX G 
INFORMED CONSENT FORM ((� �� ��!���
��	�
���� �	�"
$�-����#���
���(��	
���� ) 

 �$.�0�
��	
����  2
�(��)�������
	����.�	������
����&�
���(������	$���
�3����
2���� �	
%5�&	 �����	������
����&�
���(������ 2 	����� ��� (1) ������)+�
��-��+
3� (rotation) �2���������
����������
2��������2?�� ,�� (2) �
��,
����������
���(������(����� (facet 
joint) �����2?���+��+���
2��������	�+���+��+�
������+���
2���
�	�#�������	�+����
������� ���	���������������
�

	�����
2�����������+����� 
 ��!�.�
��	�
���� �	�"
$�-����#���
���(��	
����  ............................................. ���$	������
���
������������ .��� ���(��<��-�
+ ����#+ ��(��2
�55�"� =����.���=�$�%���� "���+ ��. �
. ���3<:  ��
	�.����: 	24�����
�:�+�2
&3� �+����� =����.���=�$�%���� �#�(�	�.��(�
: �->���
#:����������� 1&�������������������������(���+  *&����*-2
�(��: ��3#� ,��,������&3������ 	
���� 2
�(��)�������
	����.�	������
����&�
���(������	$���
�3����
2���� 
���� ��
��*&����+ ������	�+�� ,������	(+����+����	���& � ���$	������1�*�� �%�����	�����	+������
�&3���������+  	24��+�	
+��
���,��� 
• ���$	�������+	���
����
�&3�������
� ��+ "��(���
�� 	$���	24�2
�"�.�:����
�&3�,���+(��)��+���2@�	()�
	���
����
����������������
 "������%�	24�����,���	��-�� 1&��������+����/������$	��� 
• ���$	������
���

��
��������������� ������������$	�����*�	0�
�3�	24�������� 
• ���$	������������ ���$	����+���- 20 2M�
���
#: �
������� 
• ���$	�������+	���
����
�&3��+  =�����	��������+����
��-���,������������ 

 ��������	�
��������                              �����������                ��������. �����������������
������                              (                         )                    ������� / �����  ���������������
                              �����������                ��������.                             ( ����� ��� ��� !��"� )                    ������� / �����   �����#���                               �����������                ��������.                              (                                         )                                         ������� / �����
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APPENDIX H 
 

SCREENING QUESTIONNAIRE  
( ��!"�������#��
�����
�����) 

 
1. .��� (���, ���, ���(��) 444444444. ���(-� 444444444444.4 
2. ���- .............. 2M   � %���� ................. �"�
��   (���(�� ................ 	1���	��
 
3. ��.+$ ..................................................... 
4. 
���	����+�	���+���
2���� ����   ............. 2M ............... 	���� ................... ��� 
5. �-#�+(=�������2�+ �
����� . �� ��

=:    � ����+  �  �+ 444444444 �. �+���                 � ����+  �  �+ 444444444 �. 
���$
-�    � ����+  �  �+ 444444444 �. �-����	��-�
�	�#��   � ����+  �  �+ 444444444 �. 
������
�	�#��   � ����+  �  �+ 444444444 '. 2
������
�������
�	�#��  � ����+  �  �+ 444444444 .. 
��������������    � ����+  �  �+ 444444444 1. �����	(� (Rheumatoid arthritis) � ����+  �  �+ 444444444 O. ��	
�    � ����+  �  �+ 444444444 5. �+2
�����	�� ���   � ����+  �  �+ 444444444 L. VBI    � ����+  �  �+ 444444444 

 � Dizziness   � Diplopia  � Dysarthria  
 � Dysphagia    � Drop attack                 �Tinnitus   

6. �-#	�����
���
�����'�����-���
����
,$��:����"
����
����� 
�  ���	�� 

 �  	�� 
��- ........................................................................................................... 
7. �-#	�����
���
*���
��(+ �
���
�
�� MRI �
�� CT scan �
����� 
�  ���	�� 
�  	�� 	��������+� ................................ ��................................................................ 



 

 

105 

 

8. �-#%����
��2
���� �
���.������
����� 
�  ����.� 
�  �.� 
��- ............................................................................................................... 

9. =���� 6 	�����+  �-#	���+���
2�����+������
�

�3� ,����������-�����
����� 
�  ���	�� 

 �  	�� 
��- ........................................................................................................... 
10. ���#��+  �-#�+���
2�����
����� 
�  ����+ 

 �  �+ "���+���
2�����
� ��+ ��������	24�	������...........2M..............	����........ ��� 
11. ��

����+��%�������
2����	$����& � .................................................................................................................................................... 
12. ��

����+��%�������
2�������� ................................................................................................................................................. 
13. �-#����%��

�3�������
���� 
�  �������%��

�3� 

 �  $�,$��: ,�����
���

�3�����......................................................................  
  �  $�����=�$�%���� ,�����
���

�3�����..................................................... 

14. �-#������ ���
2�����+ �+(�	��-�����
 ........................................................................................................................................ 
15. 
-#��%�	�
�������� I ����	(���������� 	$���,(��
��������	�0�2������-# . 
��������	�0�2�����#��+   

            ����+���
2��         �+���
2�����+�(-�	����+����+��� �. 
��������	�0�2��	�����%��
	��������������������+�2�����+�(-� 
            ����+���
2��         �+���
2�����+�(-�	����+����+��� 



 

 

106 

 

APPENDIX I 
 

DATA COLLECTION SHEET  
 !������	
�
��
�	��	 �����	

��&	 (Pre-intervention data) 1.   
-#�
��-�
�	�# ,����3#����
���#��+ ��,��=��� 

 
 
 
 
 
 
 2. 
-#��%�	�
�������� I ����	(���������� 	$���,(��
��������	�0�2������-# 
• 
��������	�0�2�����#��+   

 
 ����+���
2��         �+���
2�����+�(-�	����+����+��� 

• 
��������	�0�2��	�����%��
	��������������������+������	������	�0�2�����+�(-� 
 
           ����+���
2��         �+���
2�����+�(-�	����+����+��� 3. .����
	������������������

�3�  

Motion ROM (degrees) * For worst movement 
Flexion   
Extension   
Ipsilateral lateral flexion   
Contralateral lateral flexion   
Ipsilateral rotation   
Contralateral rotation   
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!������	
�
��
�	��	 "����	

��&	 (Post-intervention data: 5 minutes later) 
 
Treatment technique 
 � Contralateral cervical rotation       � Ipsilateral PA  � Detuned SWD 
Treatment dosage 
 Cervical level 44444         Grade 444.                 Set 444        
  
1. 
-#�
��-�
�	�# ,����3#����
���#��+ ��,��=��� 

 
 
 
 
 
 
 2. 
��������	�0�2�� (�������,��=����� Pre-intervention form) 

• 
��������	�0�2�����#��+ 444................. 
• 
��������	�0�2��	�����%��
	�����������444................. 

 
3. 
�������
"��
������-#=�������

�3�444................. 
 
4. .����
	�������������������

�3�  

Motion ROM (degrees) * For worst movement 
Flexion   
Extension   
Ipsilateral lateral flexion   
Contralateral lateral flexion   
Ipsilateral rotation   
Contralateral rotation   
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APPENDIX J 
 

GLOBAL PERCEIVED EFFECT 
 
�	
����	�	
0� 
��9	 "����	

��&	 (modified from Ostelo & de Vet, 2005) 
-#�	������	���+�
��-
�������
"��
������-#=�������

�3� 
 

1   ���
"��
���+�& ������	24�2�� (completely recovered) 
2   ���
"��
���+�& ��� (much improved) 
3   ���
"��
���+�& �	�0���� (slightly improved) 
4   ���
"��
�����	2�+���,2�� (no change) 
5   ���
"��
��,����	�0���� (slightly worsened) 
6   ���
"��
��,������ (much worsened) 
7   ���
"��
��,�������+�(-�������+����	��	24������ (worse than ever) 
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APPENDIX K 
 

RAW DATA OF MAIN STUDY 
 

Table K.1 The demographic data of subjects (N=66) 
Subjects Groupα Sex Age 

(years) 
Height 
(m.) 

Weight 
(kg.) 

Durationβ
(days) 

NDI 
 (%) 

Symptomatic 
side Problemδ Gradeπ 

1 Rot. F 24 1.64 52.0 180  31.1 Rt. C2 P III 
2 I F 28 1.60 50.0 60 13.3 Lt. C2 R - 
3 C F 69 1.58 63.0 180  2.2 Rt. C3 P III 
4 I F 60 1.58 62.0 1,095  32.0 Rt. C2 R IV 
5 C F 24 1.53 60.0 365 26.7 Lt. C3 P - 
6 I F 51 1.50 74.0 1,095  32.0 Rt. C3 R IV 
7 C F 50 1.60 67.0 1,095  26.7 Lt. C2 R - 
8 I F 42 1.60 47.5 1,825  20.0 Rt. C3 R IV 
9 Rot. F 42 1.60 47.5 44  53.3 Lt. C2  R IV 
10 Rot. F 45 1.50 54.0 1,095  26.7 Lt. C3 R IV 
11 I F 58 1.55 50.0 730  14.0 Rt. C3 P III 
12 C F 27 1.70 62.0 365  42.0 Rt. C3 R - 
13 Rot. F 54 1.50 65.0 3,650  40.0 Lt. C3 P III 
14 C F 20 1.64 49.0 1,460  36.0 Lt. C4 R - 
15 I F 44 1.54 58.0 3,650  24.4 Lt. C4 R IV 
16 Rot. M 32 1.65 72.0 2,190  24.0 Rt. C3 R IV 
17 C F 57 1.67 74.5 5,475  11.1 Lt. C6 R - 
18 I F 47 1.60 54.0 730  40.0 Rt. C4 P II 
19 I F 31 1.65 55.0 1,095  15.6 Lt. C6 R IV 
20 C M 43 1.69 79.0 3,650 44.0 Lt. C2 R - 
21 I M 57 1.67 74.5 5,475 8.9 Lt. C2 R IV 
22 Rot. F 22 1.60 55.0 2,190 40.0 Rt. C3 R IV 

αRot., I and C groups represent rotation, IPA and control groups, respectively. βDuration represents duration of neck pain.  
δP and R problem represent pre-dominant factor as pain and resistance, respectively. πGrade represents grade of mobilization. 
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Subjects Group
α Sex Age 

(years) 
Height 
(m.) 

Weight 
(kg.) 

  Durationβ 
(days) 

NDI 
(%) 

Symptomati
c side Problemδ Gradeπ 

23 C F 31 1.65 55.0 1,095 15.6 Lt. C3 R - 
24 Rot. F 38 1.60 55.0 1,460 40.0 Lt. C4 R IV 
25 Rot. F 57 1.49 57.0 365 22.2 Rt. C4 P III 
26 I M 27 1.70 62.0 365  42.0 Rt. C2 R IV 
27 C F 38 1.69 74.0 3,650 22.0 Lt. C4 R - 
28 Rot. F 40 1.55 70.0 1,095  37.8 Rt. C3 R IV 
29 I F 24 1.53 60.0 365  26.7 Lt. C2 R IV 
30 C F 47 1.60 54.0 730  40.0 Rt. C5 P - 
31 C F 53 1.73 81.0 1,825 24.0 Lt. C3 P - 
32 I F 41 1.57 48.0 730  30.0 Lt. C4 R IV 
33 Rot. F 55 1.50 50.0 1,825 22.0 Lt. C4 R IV 
34 C F 44 1.54 58.0 3,650  24.4 Lt. C4 P - 
35 I F 27 1.53 48.0 1,095  11.1 Lt. C3 R IV 
36 Rot. F 26 1.60 65.0 730  40.0 Rt. C6 R IV 
37 Rot. F 49 1.51 43.0 180  8.9 Rt. C4 P II 
38 I F 49 1.56 56.0 365  40.0 Lt. C4 P II 
39 C F 46 1.60 54.0 1,460 22.0 Rt. C2 R - 
40 Rot. F 45 1.57 64.0 2,920  37.8 Lt. C4 R IV 
41 I F 49 1.75 56.0 3,650  28.9 Lt. C2 R IV 
42 C F 58 1.50 50.0 730  16.0 Rt. C4 R - 
43 Rot. F 37 1.45 46.0 365  31.1 Rt. C4  R IV 
44 C F 29 1.56 44.0 730 26.7 Lt. C2 R - 
45 C F 42 1.60 47.5 1,825  20.0 Rt. C3 P - 
46 Rot. F 67 1.60 55.0 90  6.7 Rt. C3 R IV 
47 I F 20 1.50 54.0 1,095  20.0 Rt. C3 R IV 
48 I F 49 1.50 52.0 60  12.0 Rt. C3 R IV 
49 I F 45 1.57 64.0 365  44.4 Rt. C4 R IV 
50 Rot. F 47 1.55 55.0 3,650  28.9 Rt. C2 R IV 

αRot., I and C groups represent rotation, IPA and control groups, respectively. βDuration represents duration of neck pain.  
δP and R problem represent pre-dominant factor as pain and resistance, respectively. πGrade represents grade of mobilization. 
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Subjects     Groupα Sex Age 
(years) 

Height 
(m.) 

Weight 
(kg.) 

  Durationβ 
(days) 

NDI 
(%) 

Symptomatic 
side      Problemδ  Gradeπ 

51 C F 50 1.65 48.0 1,095 20.0 Lt. C4 R - 
52 I F 39 1.53 63.0 30  24.0 Rt. C4 R IV 
53 Rot. F 51 1.63 62.8 365  17.8 Rt. C3 R IV 
54 C F 51 1.50 74.0 1,095  32.0 Rt. C2 R - 
55 C M 55 1.78 70.0 1,095 20.0 Lt. C3 R - 
56 I F 37 1.66 53.0 365  24.4 Rt. C3 R IV 
57 C F 69 1.58 63.0 180  6.7 Rt. C4 R - 
58 I M 24 1.78 71.0 2,190  56.0 Lt. C4 P III 
59 Rot. F 50 1.58 55.0 7,300  46.0 Lt. C4 R IV 
60 Rot. F 38 1.72 105.0 365  13.3 Lt. C2 R IV 
61 I F 50 1.60 63.5 1,825  37.8 Lt. C2 R IV 
62 C M 44 1.65 60.0 730 16.0 Rt. C3 P - 
63 C F 40 1.50 70.0 1,095  37.8 Rt. C2 R - 
64 Rot. F 59 1.53 51.0 1,825  22.0 Rt. C2 R IV 
65 Rot. F 46 1.50 46.0 3,650  26.7 Rt. C2 P III 
66 I F 51 1.55 53.0 365  18.0 Rt. C2 R IV 

αRot., I and C groups represent rotation, IPA and control groups, respectively. βDuration represents duration of neck pain.  
δP and R problem represent pre-dominant factor as pain and resistance, respectively. πGrade represents grade of mobilization. 
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Table K.2 Pre- and post intervention data of subjects (N=66) 
Pain intensity (mm.) Active cervical ROM (degrees) 
At rest 

On most 
painful 
movement 

Flexion Extension 
Ipsilateral 
lateral 
flexion 

Contralateral 
lateral 
flexion 

Ipsilateral 
rotation 

Contralateral 
rotation 

On most 
painful 
movement 

Subjects 
pre post pre post pre post pre post pre post pre post pre post pre post pre post 

GPE 

1 56 30 80 66 46 54 60 70 42 42 44 44 62 60 64 62 60 70 2 
2 46 40 55 51 54 56 56 58 40 38 40 38 68 68 68 64 54 56 4 
3 22 11 25 12 42 42 44 44 24 24 20 26 34 42 34 42 34 42 2 
4 29 20 37 24 42 48 56 60 38 38 34 40 52 56 58 60 52 56 2 
5 72 72 63 63 42 36 60 48 40 36 38 38 64 62 62 62 62 62 3 
6 43 12 42 9 40 40 64 70 44 42 32 36 58 72 48 58 32 36 2 
7 56 42 68 59 38 42 68 60 28 26 32 30 64 66 66 64 28 26 3 
8 31 28 39 32 54 54 84 84 34 40 42 40 60 60 40 40 42 40 2 
9 65 43 73 65 46 50 56 64 40 40 40 38 60 64 66 72 56 64 3 
10 46 38 52 30 56 52 58 60 30 34 32 38 50 56 66 72 32 38 2 
11 64 59 72 70 50 42 58 60 42 38 36 32 68 66 56 58 36 32 3 
12 20 17 33 33 32 28 52 52 42 42 32 32 52 52 56 56 56 56 4 
13 48 10 65 13 52 60 48 50 32 34 28 32 64 68 54 62 28 32 2 

pre and post represent pre- intervention and post- intervention data, respectively. 
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Pain intensity (mm.) Active cervical ROM (degrees) 
At rest 

On most 
painful 
movement 

Flexion Extension 
Ipsilateral 
lateral 
flexion 

Contralateral 
lateral 
flexion 

Ipsilateral 
rotation 

Contralateral 
rotation 

On most 
painful 
movement 

Subjects 
pre post pre post pre post pre post pre post pre post pre post pre post pre post 

GPE 

14 41 41 44 40 46 44 46 50 26 28 26 28 42 44 50 52 46 50 4 
15 62 53 68 68 38 34 56 54 34 34 36 36 46 44 56 56 56 54 3 
16 30 26 61 61 40 40 56 52 34 32 28 28 56 56 46 46 28 28 4 
17 26 26 49 49 36 32 46 50 36 36 34 32 60 54 52 52 46 50 4 
18 74 74 100 100 44 38 26 32 32 32 24 28 54 52 52 52 26 32 4 
19 70 55 100 76 68 68 70 68 40 44 44 46 68 68 74 78 44 46 3 
20 58 58 64 64 38 40 50 48 46 40 36 36 58 54 74 76 50 48 4 
21 20 11 33 21 32 32 52 60 42 40 32 36 52 52 56 60 56 60 3 
22 51 38 76 54 78 80 64 60 38 46 42 46 60 62 62 62 42 46 3 
23 80 80 100 100 44 34 42 26 32 30 24 24 54 44 52 46 42 26 4 
24 44 37 51 47 36 42 56 70 40 40 40 38 66 64 58 62 56 70 3 
25 25 12 24 18 50 44 58 66 40 40 38 38 62 70 56 64 58 66 4 
26 72 56 63 46 42 42 60 66 40 42 38 46 64 70 62 64 64 70 3 
27 28 42 28 40 60 60 50 50 34 34 34 34 64 64 68 68 64 64 5 

pre and post represent pre- intervention and post- intervention data, respectively. 
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Pain intensity (mm.) Active cervical ROM (degrees) 
At rest 

On most 
painful 
movement 

Flexion Extension 
Ipsilateral 
lateral 
flexion 

Contralateral 
lateral 
flexion 

Ipsilateral 
rotation 

Contralateral 
rotation 

On most 
painful 
movement 

Subjects 
pre post pre post pre post pre post pre post pre post pre post pre post pre post 

GPE 

28 52 44 68 61 28 40 56 60 30 40 28 40 66 60 56 66 28 40 3 
29 54 41 66 60 30 42 50 56 38 38 36 36 50 66 66 72 36 36 3 
30 62 62 68 68 38 46 56 54 34 36 36 38 46 46 56 56 56 54 4 
31 44 37 45 44 32 30 60 56 40 38 40 42 64 62 60 60 60 60 4 
32 37 34 73 69 36 36 66 68 40 42 52 56 64 62 80 90 80 90 3 
33 36 22 74 51 34 50 66 74 42 42 40 44 66 70 70 80 66 74 3 
34 64 64 72 72 50 44 58 56 42 38 36 32 68 58 56 56 36 32 4 
35 20 11 35 8 44 46 42 48 32 32 30 32 52 54 56 66 56 66 2 
36 86 79 90 86 36 46 28 38 32 36 28 38 48 64 32 44 28 38 4 
37 34 23 66 57 42 46 68 64 46 44 50 50 68 64 68 68 46 44 3 
38 39 26 67 48 38 50 50 66 34 42 40 46 60 68 70 72 50 66 3 
39 40 70 76 100 68 68 70 70 46 40 44 42 66 68 68 74 44 42 5 
40 55 50 83 83 40 42 70 68 34 36 36 38 64 70 66 76 70 68 3 

pre and post represent pre- intervention and post- intervention data, respectively. 
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Pain intensity (mm.) Active cervical ROM (degrees) 
At rest 

On most 
painful 
movement 

Flexion Extension 
Ipsilateral 
lateral 
flexion 

Contralateral 
lateral 
flexion 

Ipsilateral 
rotation 

Contralateral 
rotation 

On most 
painful 
movement 

Subjects 
pre post pre post pre post pre post pre post pre post pre post pre post pre post 

GPE 

41 46 29 38 9 36 36 50 74 34 52 32 40 62 60 60 66 32 40 2 
42 31 31 39 36 54 50 84 80 34 36 42 34 60 58 40 40 42 34 3 
43 32 17 50 36 40 40 72 58 36 38 40 42 58 64 64 70 72 58 3 
44 44 41 40 38 60 60 68 74 30 32 38 38 68 68 78 80 30 32 3 
45 43 39 42 40 40 36 64 60 44 36 32 34 58 68 48 50 32 34 4 
46 44 32 67 44 56 60 54 62 40 52 38 44 70 72 66 78 56 60 3 
47 41 36 70 61 56 48 70 64 30 36 40 48 68 64 52 58 40 48 3 
48 52 43 79 63 50 50 72 82 40 40 40 42 64 70 62 66 40 42 3 
49 64 58 74 74 56 60 46 56 28 28 28 28 50 52 50 52 46 56 4 
50 37 21 37 24 64 58 58 60 34 38 36 38 64 64 72 72 36 38 3 
51 34 29 50 50 50 46 60 64 40 38 40 38 72 70 70 68 40 38 3 
52 52 34 64 26 46 44 58 68 30 38 38 40 66 70 52 66 46 44 3 
53 62 47 85 67 40 42 54 58 30 28 36 34 58 60 58 60 36 34 3 
54 22 22 25 12 42 46 44 46 24 26 20 24 34 38 34 40 34 38 3 

pre and post represent pre- intervention and post- intervention data, respectively. 
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Pain intensity (mm.) Active cervical ROM (degrees) 
At rest 

On most 
painful 
movement 

Flexion Extension 
Ipsilateral 
lateral 
flexion 

Contralateral 
lateral 
flexion 

Ipsilateral 
rotation 

Contralateral 
rotation 

On most 
painful 
movement 

Subjects 
pre post pre post pre post pre post pre post pre post pre post pre post pre post 

GPE 

55 51 51 69 69 42 40 58 52 32 30 34 36 56 50 54 48 34 36 4 
56 66 5 66 4 52 58 74 68 32 30 34 38 48 60 50 54 74 68 2 
57 32 32 50 50 34 24 46 46 26 28 20 22 50 50 58 64 26 28 4 
58 37 26 70 62 26 34 36 42 16 30 24 32 40 46 48 54 36 42 3 
59 60 25 78 43 52 50 78 80 36 34 30 30 60 66 64 70 78 80 3 
60 24 0 31 0 48 50 54 52 28 28 28 32 40 40 50 60 48 50 2 
61 28 17 51 32 50 44 52 58 34 38 28 30 50 50 60 58 28 30 2 
62 54 49 66 66 30 40 50 50 38 40 36 38 50 56 66 68 36 38 3 
63 52 52 68 70 28 40 56 60 30 36 28 40 66 60 56 56 28 40 4 
64 22 11 46 31 48 40 58 58 22 26 28 32 46 56 54 58 46 56 3 
65 30 17 50 24 44 48 70 82 40 36 40 48 68 68 66 70 40 48 2 
66 47 39 92 85 50 48 42 48 40 38 38 40 60 60 52 50 50 48 3 

pre and post represent pre- intervention and post- intervention data, respectively. 
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APPENDIX L 
 

DATA COLLECTION SHEET  
FOR AGREEMENT OF MANUAL ASSESSMENT STUDY 

 
ID�������..  Date��������.. ���� (��	, ��
, ��
���)�������������������������� ���������
���	 x � �������
��
���������� ��!���!
�������"����
�!#����!�$�����"���� 

  Lt.                            Rt. 
C1  
C2  
C3  
C4  
C5  
C6  
C7  

  
 
Movement diagram 

    
Grade of mobilization .......................... 



 

 

118 

 

APPENDIX M 
 

DATA COLLECTION SHEET 
FOR INTRA-TESTER RELIABILITY STUDY 

 
ID�������..  Date��������.. ���� (��	, ��
, ��
���)�������������������������� ��	�..............&' �(����!�.............�)*���!�      ����� 
...........................�+��)���� 

 
Motion ROM (degrees) 

First repetition 
ROM (degrees) 

Second repetition 
Flexion   
Extension   
Ipsilateral lateral flexion   
Contralateral lateral flexion   
Ipsilateral rotation   
Contralateral rotation   
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APPENDIX N 
 

RAW DATA OF INTRA-TESTER RELIABILITY STUDY 
 

Table N.1 The active cervical range of motion measurement (N=10) 
Active cervical ROM (degree) 

Flexion Extension Ipsilateral 
lateral flexion 

Contralateral 
lateral flexion 

Ipsilateral 
rotation 

Contralateral 
rotation Subjects 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 
1 28 30 54 50 34 42 32 30 62 60 60 64 
2 40 40 78 78 40 38 42 46 50 52 56 54 
3 68 66 68 66 46 40 36 42 62 60 58 60 
4 48 48 72 70 48 34 46 44 70 68 56 60 
5 32 26 56 56 40 34 40 40 46 46 70 70 
6 52 48 56 52 40 32 42 40 56 58 62 60 
7 52 48 56 60 36 46 42 42 40 40 56 58 
8 42 40 74 74 30 40 32 34 54 52 66 68 
9 56 52 56 60 42 40 32 36 58 60 66 66 
10 34 32 58 56 30 40 32 30 50 42 56 58 

1st and 2nd represent first measurement and second measurement, respectively. 
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APPENDIX O 
 

PUBLICATION 
 

Some part of the results of this study has been scheduled to publish in Thai 
Journal of Physical Therapy as:  

Buamanee, T., Chiradejnant, A., Gaogasigam, C. (2010). The immediate 
effect of the contralateral cervical rotation mobilization in unilateral mechanical 
neck pain: a pilot study. Thai Journal of Physical Therapy 1(32): 28-36. 
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