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Table 2.1 Summary of the effectiveness of the cervical manipulation and mobilization in randomized controlled trials studies for managing 
neck pain 

Study 

Immediate studies 

Cassidy et al (1992) 

Pikula (1999) 

Martinez-Segura et 

al (2006) 

patients 

Acute, sub-acute, and 
chronic neck pain 

Unilateral symptom 

Acute neck pain 

Unilateral symptom 

Suh-acute and chronic neck 
pain 

Unilateral symptom 

Treatment 

(Group I) Mobilization (n = 48) 

(Group2) Manipulation (n = 52) 

Groupl) Manipulation (n = 12) I 

(Group2) Manipulation (n = 12) 

(Group3) Detuned ultrasound (n = 

12) 

(Groupl) Mobilization (n = 37) 

Group2) Manipulat ion (11 = 34) 

Technique 

Muscle energy technique 

HVLA thrust 

HVLA thrust on the side 

of neck pain 

HVLA thrust opposite the 

side of neck pain 

No specific technique 

Sustained mobili zat ion in 
manipulated position 

HVLA thrust 

Additional Rx Results 

Muscle energy and HVLA thrust technique 

demonstrated immediate pain reduction and 

improvement of cervical ROM . 

HVLA thrust on the side of neck pain was 

more effective than HVLA thrust opposite the 

side of neck pain and detuned ultrasound on 

pain reduction and cervical ROM . Detuned 

ultrasound had - immedi ate pain reduction hut 

no improvement of cervical ROM 

Sustained mohilization and HVLA thrust 

demonstrated immediate pain reduction and 

improvement of cervical ROM. 
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Table 2.1 Summary of the effectiveness of the cervical manipulation and mobilization in randomized controlled trials studies for managing 
neck pain (continued) 

Study 

Long-term studies 

Brodin 

( 1985) 

David et al 

( 1998) 

Hutwitz et al (2002) 

patients 

Chronic neck pain 

No reported the distribution 
of symptom 

Chronic neck pai n. 
No rep0l1ed the distribution 
of symptom. 

Acute, sub-acute, and 
chronic neck pain . 
No reported the distribution 
of symptom. 

Treatment 

(Groupl) Mobilization (n = 23), 3 
Rx/week over 3 weeks 
+ daily aspirin + neck school 

(Group2) Daily aspirin (n = 23), over 

3 weeks 

Technique 

Maitland mobilization, 
No data of specific 
technique 

No specific technique 

(Group3) Daily aspirin + neck school No specific technique 
+ mock therapy (n = 17),9 Rx over 3 
weeks 

(Group I) Mobilization (n = 35), 6 

Rx over 6 weeks 

(Group2) Acupuncture (n = 35), 6 Rx 
over 6 weeks 
(Group I) Mobilization with/with out 

heat and EMS (n = 165), I Rx over 6 

week 

(Group2) Manipulation with/without 

heat and EMS (n = 171), I Rx over 6 

week 

Maitland mobili zat ion, 
mixed technique 

No specific technique 

Chiropractic mohili zation, 
No data of specific 
technique 

Chiropractic mani pulation . 
No data of specific 
technique 

Additional Rx 

Massage 
Electric 
stimulation 
Relaxing traction 

Stretching, 
strengthening, and 
tlexihilityexercise 

Results 

Mohilization demonstrated significant pain 
reduction and increased summation of 
cervical ROM at 3 weeks. The effects were 
greater than aspirin. 

Mobilization was as effective as acupuncture 
in pain and cervical ROM improvement. 
Pain reduction and improvement of cervical 
ROM were significant at 6 weeks. 

Both manipulati on and mohilization 

demonstrated significant improvement in pai n 

and disahility. Manipulation was as eflective 

as mohili zation. Pain reduction was 

significant at 2 weeks. NDI showed 

significant reduction at 6 weeks. 
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Table 2.1 Summary of the effectiveness of the cervical manipulation and mobilization in randomized controlled trials studies for managing 
neck pain (continued) 

Study 

Hoving et al (2002) 

patients Treatment 

Acute, sub-acute, and (Group I) Mobilization (n = 60), I 

chronic neck pain . Rx/week over 6 weeks 
No reported the distribution 
of symptom 

(Group2) Physical therapy (exercise) 

(n = 59), 2 Rx/week over 6 weeks 

Technique 

Maitland mobilization , 
No data of specific 
technique 

No specific technique 

(Group3) General practitioner care (n No specific technique 

= 64), every 2 weeks 

Additional Rx 

Massage 
Coordination 
technique 

Results 

Mobilization is better than physical therapy or 
continued care by a general practitioner on 
most outcome measures. At 7 weeks, pain 
was significant reduction, cervical ROM and 
NDI was significant improvement, GPE 
showed 68.3 percent of patients recovered. 

EMS = Electrical muscle stimulation, GPE = Global perceived effect, HVLA = High velocity low amplitude, NOI = Neck disability index, ROM 
= Range of motion, Rx = Treatment 
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Most studies used the changes of pain intensity, cervical ROM, disability, and GPE as 

the outcomes to represent the effectiveness of the treatment. The pain intensity is a 

quantitative of severity or magnitude of perceived pain of the patients. The cervical 

ROM shows the extent of neck movement limitation. The disability represents how 

much of restriction or lack of ability (resulting from the neck pain) to perform an 

activity in manner of everyday activities. The GPE reflects the overall perception of 

the patients' symptom. 

In general , it was demonstrated that the application of a single cervical manipulation 

and mobilization to the side of neck pain resulted in immediate reduction of neck pain 

and improvement in cervical ROM (Cassidy et aI., 1992, Martinez-Segura et aI. , 2006, 

Pikula, 1999). However, the greater changes were found in the group that received 

cervical manipulation than those who received cervical mobilization (Cassidy et aI., 

1992, Martinez-Segura et aI. , 2006). Comparisons of the effectiveness among the 

cervical manipulation techniques, it was found that applying cervical manipulation to 

the side of neck pain demonstrated greater pain reduction and improvement in 

cervical ROM than applying to the opposite side (Pikula, 1999). The comparison 

between application of the cervical mobilization to the same side and to the opposite 

side of neck pain has never been reported. 

With regard to the immediate improvement in cervical ROM, the direction that 

showed the greatest improvement varied with studies. One study reported the 

direction in flexion followed by ipsilateral rotation and contralateral flexion (Cassidy 

et aI. , 1992). Another study reported the direction in ipsilateral rotation followed by 

ipsilateral flexion and contralateral flexion (Pikula, 1999). Within each study, 

however, the differences in magnitude of cervical ROM in each direction were small 

(0.1 - 3.2 degrees). It seems that the application of a single cervical manipulation and 

mobilization only to the side of neck pain caused an increase in cervical ROM in 

more than one direction. This may imply that the effectiveness of cervical 

manipulation and mobilization on the cervical ROM is non-specific and not 

dependent on the application side. 

For the longer term effect, approximately 68 percent of the patients whom received 

the cervical mobilization once a week repeatedly over 6 weeks reported their GPE as 
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improved when being measured at the i h week (Hoving et aI., 2002). Two weeks 

after a single treatment of cervical mobilization, it was demonstrated that the NOI 

values was also reduced and the clinically significant reduction was found at 6 weeks 

by which there was continuous reduction afterwards (Hurwitz et aI., 2002). These 

greater pain reduction and improvement in cervical ROM were demonstrated in 

comparison to those who received medical treatment (Brodin, 1983), acupuncture 

(David et aI., 1998), conventional physical therapy, and general practitioner care 

(Hoving et aI., 2002). To our knowledge, the study on the application of the cervical 

mobilization to the side of neck pain has never been investigated in the long term. 

Although the effectiveness of the cervical mobilization has been investigated before, 

the results of these studies still have some clinical limitations as the following 

reasons. Most studies collected data from the heterogeneous group of patients. 

Besides that, the specific mobilization technique used was not clearly stated. The 

patients was also received some additional treatments during the treatment course. 

These additional treatments may provide some confounding effects on these results 

and lead to the unclear conclusion of the therapeutic effect of individual cervical 

mobilization technique. As a result, the study designed for the investigating the long­

term effectiveness of individual cervical mobilization technique for treating the 

homogeneous group of patients needs to be conducted. 

Although it seems that cervical manipulation is more effective than cervical 

mobilization in regard to pain, the cervical mobilization is considered to be relatively 

safer with less incidence of adverse effects (Vernon and Humphreys, 2007, Hurwitz et 

aI., 2002, Gross, 2005). The adverse effects associated with cervical manipulation 

that have been reported are headache, local pain, transient dizziness, and loss of 

balance (Oi Fabio, 1999). As a result, the cervical mobilization is suggested to be 

applied first before progressing to the use of the cervical manipulation. The cervical 

mobilization procedure that has been conducted and learned worldwide is the one that 

was described by Maitland (Haldeman et aI., 2005). Therefore, this study will focus 

on Maitland's mobilization. 
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2.4 Maitland's mobilization 

Maitland ' s mobilization can be perfonned either as a passive oscillatory movement or 

a sustained stretching (Maitland et aI. , 2005). For the passive oscillatory movement, 

the oscillation can be perfonned either slowly (one in 2 second) or quickly (three per 

second) as a smooth or a staccato movement (Maitland et aI. , 2005). The movement 

of a joint that imitates the one that the patients can perfonn actively is known as the 

passive physiological movement. The movement that must be perfonned by other 

person is called the passive accessory movement. 

To plan for an appropriate treatment, Maitland advocated that several parameters 

needed to be considered and this becomes the foundation of the Maitland ' s concept. 

Pain, resistance, and muscle spasm in response to active and passive movements are 

taken into account. Together with the severity and irritability of the disorder as well 

as any pathological contraindications are related to the presenting signs and symptoms 

of the patients (Maitland et aI. , 2005). The cervical spine level and the movement that 

reproduce the patients ' symptom are noted for being the level and the movement to be 

mobilized. 

The behaviors of all parameters mentioned above throughout the cervical joint ROM 

can be depicted in a movement diagram (Maitland et aI., 2005) (Figure 2.2). Line AB 

represents the ROM through which the joint is moved, B is the end of nonnal range 

for that movement in a so-called "nonnal" individual , L is the limit of range available 

in movement being tested, and line AC represents the intensities of severity, 

irritability, dizziness, paraesthesia, or "nature" (i.e. the kind of pathology, tissue, 

integrity, quality, or characteristics of the symptoms) (Magarey, 1985). Pain, joint 

resistance, and muscle spasm are the most common factors represented on the 

diagram as "P", "R", and "S", respectively. To represent the beginning of each factor, 

" ]" is added behind each symbol. To represent the factor which causes the limitation 

of the movement, "2" is added. To represent the factors that reach their maximum 

intensity within the available range, " , " is added . 
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Movement diagram (modified from Maitland et aI., 2005). (1) Basic 

outline of a movement diagram; A = beginning of the range, B = end of 

normal range, AC = the intensities of severity, irritability, nature, BD = 

a line to complete the movement diagram. (2) Example of all factors 

that can be presented during the movement test; R I = the onset of 

resistance, PI = the onset of pain, S I = the onset of muscle spasm, R2 

= the maximum resistance which causes the limitation of the 

movement, P' = the maximum pain within L, S' = the maximum 

intensity of muscle spasm within L, and L = limit of range available in 

movement being tested. 

The movement diagram enables the therapists to analyze the "feel" of the joint 

movement so that the selection of passive treatment technique becomes more logical 

and the technique chosen will have more chance of success. The grade of movement, 
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the direction or the technique of mobilization, the frequency of mobilization, and the 

duration of mobilization are then justified. 

2.4.1 Grade of movement 

Maitland defined grade of movement based on amplitude and joint ROM (Maitland et 

aI., 2005). Traditionally, four grades of treatment were proposed (Figure 2.3). Grade 

I is a small-amplitude movement performed near the starting range. Grade II is a 

large-amplitude movement that occupies the range that is free from any resistance. 

Grade III is also a large-amplitude movement but it occurs with some resistance. 

Grade IV is also a movement into resistance but it is carried out as a small amplitude 

movement. In general, the resistance perceived while performing grades III and IV is 

suggested to be approximately 50 percent of the normal resistance (Magarey, 1985) 

(Figure 2.4A). Currently, the grade of movement can be further refined to become a 

stronger or gentler movement in order to accommodate for various clinical problems 

(Figure 2.4B). An addition of plus (+) or minus (-) sign to the traditional grade is 

then applied to designate the refinement. The + and - signs represent the technique 

that perform with an increase or decrease of 25 percent of the resistance, respectively. 

In general, it is suggested that grades I, II, and III are suitable for treating pain 

dominant problem and grade IV is suitable for treating stiffness dominant problem. 

I III 

: 
II IV 

Figure 2.3 Grades of movement of a normal joint under a hard end-feel. A = 

starting of the range, B = end of the range (modified from Maitland et 

aI., 2005; page 175) 



c 
(A) 

75% 

50% 

25% 

A 

(B) 
c 

75% 

50% 

25% 

A 

--- - - -- - - -- -- --+----+--w 

Rl 

(Grade III and Grade IV) 

I 

I ---------------------,----
I 

ill- I 

Rl 

15 

R2 D 

B 

R2 D 

B 

(Depicting techniques taken into resistance in grade III and grade IV) 

Figure 2.4 Grades of movement of a normal joint under a soft end-feel (A) 

Traditional grades of movement, (B) Refinement of grade of movement 

modified by Magarey (1985): A = Starting of the range, B = end of 

normal range, AC = the intensities of severity, irritability, nature, BD = a 

line to complete the movement diagram. R 1 = Beginning of the 

resistance from stiffness or muscle spasm, and R2 = the maximum 

resistance which causes the limitation of the movement (modified from 

Magarey, 1985) 

2.4.2 Direction or technique of mobilization 

The four primary directions or techniques in which the mobilization can be performed 

on the vertebrae are the postero-anterior pressure on the spinous process or central 
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P A, the postero-anterior pressure on the zygapophyseal joint or unilateral P A, the 

transverse pressure on the lateral surface of the spinous process, and the antero­

posterior pressure on the transverse process. The technique which is the most 

frequently used are the central PA and the unilateral PA mobilization techniques 

(Snodgrass et aI., 2006). The therapists carry out the central P A technique by 

standing at the patients' head and place the thumb pads on spinous process of the 

cervical spine to apply pressure rhythmically in the P A direction (Figure 2.5A). To 

perform the unilateral P A technique, the therapists place their thumb pads over a 

zygapophyseal joint to apply pressure rhythmically in the PA direction (Figure 2.5B). 

Figure 2.5 Application of the (A) central PA and (B) unilateral P A cervical 

mobilization techniques. 

For the selection of mobilization technique, Maitland proposed the guidelines based 

on whether the patients' symptoms are distributed unilaterally or centrally or 

bilaterally (Maitland et aI., 2005). The guideline suggests that the patients with 

central or bilateral symptom should be first treated with the central P A technique 

while the patients with unilateral symptom should be treated with IUP A or rotation 

technique (Figure 2.6). 
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Cervical Region 

Central/Bilateral symptom Unilateral symptom 

I I 
Central P A technique Unilateral P A technique = Rotation 

I I 
Unilateral P A technique (2 sides) Traction 

I 
Longitudinal movement Transverse technique 

I 
Traction 

Rotation 

Figure 2.6 Sequence of selection technique (from Maitland et aI. , 2005; page 

184). 

2.4.3 Frequency of mobilization 

Maitland et aI. (2005) recommended applying mobilization at a rate ranging from 0.5 

to 2 Hz. This range is similar to 0.54 to 1.75 Hz reported while performing cervical 

mobilization in asymptomatic subjects (Snodgrass et aI., 2007). In general, the low 

frequency is suggested when the treatment aim is for relieving pain. The high 

frequency is suggested for improving joint mobility. 

2.4.4 Duration of mobilization 

It is suggested that the duration of the 1 SI treatment seSSlOn should be less than 

subsequent treatments as the 1 sl stretching of a joint appears to cause more reaction 

than subsequent stretches (Maitland et aI., 2005). Depending on the response to the 

previous treatment, the duration of treatment at subsequent sessions can be 

determined. Although optimal treatment duration can vary with different joint 

conditions, each joint should be mobilized for 30 seconds to one minute duration for a 

total of three or four sets (Maitland et aI., 2005, Petty and Moore, 2004). However, 

these numbers are given as a guideline only and they can be adjusted under therapists ' 

consideration. 
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2.4.5 Contraindications to mobilization 

The possibility of serious damage resulted from mobilization, particularly cervical 

mobilization, may occur if the patients' condition is not suitable for the treatment. So, 

the contraindications to mobilization must be kept in mind to prevent from any 

serious effect. The contraindications to mobilization are malignancy (primary or 

secondary), inflammatory conditions (e.g. osteomyelitis), spinal cord compression, 

cuada equine compression, recent fractures, and osteoporosis (Maitland et aI. , 2005). 

2.5 Biomechanical and neurophysiological mechanisms of mobilization 

Many studies investigated the mechanisms of cervical mobilization in reducing pain 

intensity and increasing cervical ROM in patients with neck pain. From previous 

evidence, two mechanisms have been proposed. They are the biomechanical and 

neurophysiological mechanisms. 

2.5.1 Biomechanical mechanisms 

Biomechanical mechanism is often used In explaining the effect of mobilization 

technique on ROM, rather than on pain. However, a number of studies have to be 

investigated before a clear understanding of this mechanism on ROM can be obtained. 

The recent study reported that applying the central PA force at one of the cervical 

spinous process could increase cervical lordosis (Lee et aI., 2005). This shows that 

the force applied at one spinous process produces movements not only at the target 

vertebra but also of the entire cervical spine. During mobilization, anterior translation 

of the target vertebra resulted in extension and flexion movements of the upper and 

lower segments, respectively (Figure 2.7). 
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ANTERIOR POSTERIOR 

, Extension 

B 
8 ~~~~ Pressure 

Anterior translation 

8 
~ Flexion 

Figure 2.7 The movement of the target vertebra, the upper, and the lower segments 

during cervical P A mobilization. 

However, the increase of cervical lordosis after removing the pressure has not been 

reported. If the increased cervical lordosis is still observed, it may imply that this 

mobilization technique can alter the extensibility of the connective tissue around the 

joint. To produce the permanently elongation of the connective tissue, the forces 

applied to the joint must be able to provide sufficient magnitude to produce micro­

trauma (Threlkeld, 1992). The recommended guideline observed in cadaver ranged 

from 244 to 1136 newtons (Threlkeld, 1992). But the forces used, during cervical 

mobilization in asymptomatic subjects were reported to be in the range of 42.2 to 81.1 

newtons (Snodgrass et aI., 2006). This magnitude is much lower than the 

recommended guideline. So, this may be unable to produce a permanently change in 

connective tissue extensibility. However, these findings should be interpreted with 

care because the characteristics of connective tissue properties in cadaver and in 

asymptomatic subjects may be different. As a result, an alteration of the connective 

tissue extensibility after mobilization is still inconclusive. The use of the 

biomechanical mechanism in explaining the effect of cervical mobilization technique 

on cervical ROM is also unclear. 
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2.5.2 Neurophysiological mechanisms 

Neurophysiological mechanism is often used in explaining the effect of mobilization 

technique on pain (Melzack and Wall , 1965, Wright, 1995), rather than on ROM. For 

more understanding about the therapeutic effect of joint mobilization inducing 

hypoalgesia, Figure 2.8 summarizes the overlapped mechanism of the three control 

levels; peripheral, spinal and supraspinal levels. 

i Blood circulation 
i Threshold of local 

receptor 
i Muscle relaxation 

t 
Secondary 
pathway 

t 
Mobilization 

\ 
Primary 
pathway 

PERIPHERAL 
LEVEL 

C fiber 
(Sma])) 

-----. A-~ tiber 
(Large) 

SPINAL 
LEVEL 

SUPRASPINAL 
LEVEL 

r-----------'- Brain 

1 

Figure 2.8 Summary of the neurophysiological mechanisms of mobilization. SG = 

the substantia gelatinosa, T = transmission cell, + and - represent the 

activation and inhibition of the impulse, respectively. 

With regard to the peripheral level, the oscillatory movements of joint mobilization 

can produce pain reduction via several mechanisms. At the application site, the 

oscillatory movements may cause an increase in blood circulation around its vicinity 

and this may promote clearance of toxic substances such as substance P and histamine 

from the painful site (Maigne and Vautravers, 2003). An increase in the threshold 

limit of the receptors at the application site has also been proposed as one mechanism. 

Besides nociceptor, pain can be generated when the other types of receptors are 
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stimulated beyond their threshold limits. These receptors are mechanoreceptor, 

thermoreceptor, and chemoreceptor. It has been demonstrated that the repeated 

stimulation of these receptors would lead to an adaptation of the receptors and 

increase their threshold (Katavich, 1998). However, this phenomenon does not occur 

in nociceptor. Because of defensive mechanism of human body, repetitive 

stimulation of nociceptor will make the nociceptor to be hypersensitive. Moreover, it 

has been proposed that the oscillatory movement at the end range resulted in 

reduction in muscle spasm (Zusman, 1986). This stimulates the golgi tendon organ 

and induces muscle relaxation. 

In regard to the spinal level, the gate control theory was proposed (Melzack and Wall, 

1965). The gate is located in the spinal cord. The small fiber is responsible for 

carrying the afferent impulse from nociceptor to the brain ( open gate). The large fiber 

transmits the afferent impulse from mechanoreceptor and proprioceptor resulting in 

the inhibition of interneuron in the substantia gelatinosa (SG). This will block the 

pain signal that goes to the transmission cell (T) which will be sent to the brain 

(Figure 2.9). Subsequently, pain perception is reduced (close gate). The spinal 

mobilization reduces pain via the stimulation of the large fiber. 

Brain 

C fiber 

(Small ; S) -----1-.--------1-, + 

~O~ 
A-~ fiber 
(Large; L) 

1+ j+ 

Figure 2.9 Gate control theory (modified from Melzack and Wall, 1965): SG = the 

substantia gelatinosa, T = transmission cell, + and - represent the 

activation and inhibition of the impulse, respectively. 

In regard to the supraspinal level , the descending pain inhibitory system (DPIS) also 

causes the reduction in pain perception (Wright, 1995). There are two different 



22 

projection systems from periaqueductal gray (P AG) in midbrain to the spinal cord. 

One is the projection from dorsolateral periaqueductal gray (dP AG) and another one 

is ventrolateral periaqueductal gray (vP AG). Mobilization will stimulate these two 

DPIS pathways resulting in an immediate hypoalgesic effect (occurred within 15 

seconds) and latent hypoalgesic effect (20 - 45 minutes later) (Figure 2.10). 

Dorsolateral 

/ PAG --+ Analgesia (non-opioid) --+ Immediate defense 

Sympathoexcitation 

/ 

Movement 

Mobilization 

~ + 
Ventrolateral--+ Analgesia (opioid) ----+ Delayed recuperation 

PAG Sympathoinhibition 

Immobility 

Figure 2.10 Hypoalgesic effect after mobilization therapy (modified from Wright, 

1995): P AG = periaqueductal gray, + and - represent the activation and 

inhibition of the impulse, respectively. 

2.6 Summary 

Neck pain is one of the most prevalent health problems in population. Among the 

several kinds of mobilization used for treatment of this condition, the mobilization 

proposed and described by Maitland has been conducted and learned worldwide. 

Maitland suggested a guideline for selection of mobilization technique for neck pain 

depending on the distribution of area of symptoms. The IUP A cervical mobilization 

technique is recommended for treating patients with unilateral neck pain. However, 

no research evidence supports this recommendation. Although there are some studies 

that provide information on the immediate and long-term effects of Maitland ' s 

mobilization technique, an investigation on the IUP A cervical mobilization technique 

has never been conducted. Moreover, the long-term effect over a treatment period of 

this technique still inconclusive. 



CHAPTER III 

METHODOLOGY 

3.1 Introduction 

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

procedures, and statistical analyses. 

3.2 Study design 

Prospective, repeated measures study design was used to investigate the effectiveness 

of the IUP A cervical mobilization technique for treating unilateral neck pain. The 

protocol was approved by the Ethical Review Committee for Research Involving 

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

Faculties, Colleges and Institutes, Chulalongkom University, Thailand (Appendix A). 

3.3 Participants 

3.3.1 Patients 

Patients who had unilateral MNP were recruited from patients at the Health Sciences 

Service Center, Chulalongkom University. The neck symptoms could be perceived as 

pain, ache, or discomfort over the posterolateral aspect of the cervical spine in the 

area between the superior nuchal line and the 1 S\ thoracic vertebra that was provoked 

by maintained neck posture or by neck movement (Mersky and Bogduk, 1994). An 

extension of the symptoms down the upper extremity of the same side of neck pain 

was also possible. The patients were eligible for the study if they aged more than 20 

years. They had to have unilateral neck pain both at rest and on worst movement 

greater than 20 out of 100 millimeters (mm) on visual analogue scale (V AS) to allow 

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

Their neck pain had to persist for more than 2 weeks to control for any confounding 

factors from the possible spontaneous recovery of neck pain within this period. They 

had not received manual treatment for neck pain in the past month to prevent 
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confounding effect from previous treatment. Patients were excluded if they had the 

following features: (1) any contraindications to cervical mobilization, for instance, 

malignancy, inflammatory or infectious disease affecting the spine, fracture in the 

cervical spine, positive neurological sign that indicated the problems of the central 

nervous system (Maitland et aI. , 2005), (2) history of cervical spine surgery, and (3) 

communication problem. 

3.3.2 Therapist and assessor 

One physical therapist with 2-year clinical experience in using manual technique and 

one assessor involved in this study. The therapist was responsible for performing the 

physical examinations and defining the appropriate treatment details such as grade of 

IUPA cervical mobilization technique and spinal level(s). The assessor, who did not 

involve in the assessment and treatment, was responsible for taking and recording the 

outcome measures including cervical ROM, pain intensity, NDI, and GPE. 

3.4 Materials 

3.4.1 Visual analogue scale (VAS) 

VAS was used to measure pain intensity (Appendix B). The scale consists of a line 

that is 100 mm long rating from "no pain" to "worst possible pain" (Figure 3.1). This 

measure was found to be suitable and sensitive for detecting improvement in pain 

intensity (Ostelo and de Vet, 2005). The patients were asked to report their pain at 

rest and pain on worst movement by placing a vertical mark on the line. The distance 

from the "no pain" end to the mark made by the patients was recorded as pain 

intensity score. The change score of 20 out of 100 mm is considered clinically 

relevant (Ostelo and de Vet, 2005). 

No pain Worst possible pain 

Figure 3.1 Visual analogue scale (V AS) 
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3.4.2 Cervical range of motion instrument (CROM) 

CROM (Perfonnance Attainment Associates, St Paul, MN) was used for measuring 

cervical ROM in this study. This instrument is similar to eyeglasses and consists of 3 

inclinometers (Figure 3.2). These 3 inclinometers are attached to a frame and each 

inclinometer is responsible for measuring the cervical ROM in the sagittal (flexion 

and extension), the frontal (lateral flexion), and the horizontal (rotation) planes. The 

inclinometers in the sagittal and the frontal planes use a gravity-dependent needle 

while the one in the horizontal plane uses a magnetic needle with a magnetic yoke 

worn on the neck to indicate ROM . 

Figure 3.2 The cervical range of motion instrument: (A) inclinometer in the 

horizontal plane, (B) inclinometer in the frontal plane, (C) inclinometer 

in the sagittal plane, and (D) a magnetic yoke 

The validity of CROM instrument when tested against the radiographic method was 

reported to be high (Tousignant et aI., 2000, Tousignant et aI., 2002) with the 

Pearson's r correlations of 0.97, 0.98, 0.82, and 0.84 for flexion, extension, left lateral 

flexion, and right lateral flexion, respectively. The CROM also showed high validity 

in the measurements of left and right rotations when being tested against an 

optoelectronic system with the Pearson' s r correlations of 0.94 and 0.89, respectively 

(Tousignant et aI. , 2006). In addition, the reliability of CROM for all movements was 

reported to be high with the intraclass correlation coefficient (ICC) values of 0.84 -

0.95 for intra-observer reliability and 0.73 - 0.92 for inter-observer reliability (Youdas 

et aI. , 1991). In this study, the result of intra-observer reliability study was excellent 
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(ICC (2 ,1) = 0.85 - 0.98) and the minimal detectable change (MDC) was less than 10 

degrees (Appendix C). 

3.4.3 Neck disability index (NDI) 

Thai Neck Disability Index (Thai NDI) (Appendix D), which was cross-culturally 

adapted by Luckumnuepom (2007), was used for measuring the neck-related 

disability of the patients. It comprises of 10 items that are related to activities of daily 

life. The first question is about their pain intensity occurring at that moment and the 

other questions are related to washing, dressing, lifting, reading, headaches, 

concentration, driving, sleeping, work, and recreation. Each item is scored from 0 to 

5 in which the higher score indicates the greater disability (the total score varied from 

zero to 50). After the patient answered the questionnaire, the NDI scores were 

transformed to percentage. This questionnaire was reported to be a valid and reliable 

instrument for measuring neck disability in Thai patients with MNP (Luckumnuepom, 

2007). Test-retest reliability was excellent (ICC(2, I) = 0.90). The standard error of 

measurement was equal to 2.67 percent and the MDC was 7.40 percent. 

3.4.4 Global perceived effect (GPE) 

The overall perception of the patients' symptom was assessed by a 7-point rating 

scale (Appendix E) . This scale asks about the perceived change after the treatment 

which can range from 1 to 7: 1 = completely recovered, 2 = much improved, 3 = 

slightly improved, 4 = no change, 5 = slightly worsened, 6 = much worsened, and 7 = 

worse than ever. It was found that the changes of OPE scores of at least two points on 

the scale would represent the clinically detectable change (Ostelo and de Vet, 2005). 

3.4.5 The couch 

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

comfortably (Oymna Uniply, Pasweg 6a, Bilzen) was used in this study (Figure 3.3). 

This allowed the therapist to perform the IUP A cervical mobilization technique with 

appropriate body mechanics. 
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Figure 3.3 The couch 

3.4.6 Wooden chair 

The wooden chair that had the vertical backrest supporting from thorax to sacrum was 

used. The height from the floor to the seat was 45 centimeters and from the seat to 

the top of backrest was also 45 centimeters. The seat dimension was 40 x 45 

centimeters. The patients were asked to sit with their back against the backrest. This 

was to prevent any compensatory movements from the thorax to the cervical 

movements. 

3.4.7 The pillow 

The pillow with the dimension of 50 x 40 centimeters was put on the patients' laps. 

This was to facilitate the relaxation of the patients' shoulders during the measurement 

of the cervical ROM. 

3.4.8 The mirror 

In this study, the 150 x 30 centimeters mirror was placed in front of the patients for 

providing self-feedback for the patients to recognize the neutral head position at the 

beginning of each movement. 

3.5 Procedure 

All patients received the participant information sheet (Appendix F), explaining all 

information of this research such as background and rationale, expected benefit, 

objectives, and methodology. The patients who agreed to participate were required to 
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sign the informed consent (Appendix G) before taking part in this study. Initially, 

they had to fill out a screening questionnaire (Appendix H) asking about demographic 

data and the characteristic of their symptoms. Next, the therapist performed 

subjective and objective examinations. The patients were examined in prone position 

with their forehead resting on their overlapped palms. The patients for whom the 

cervical mobilization was indicated (found abnormal mobility of the intervertebral 

movement during passive accessory movement examination), the treatment details 

such as spinal level and grade of mobilization were selected and recorded (Appendix 

C). This selection of techniques was at the therapist's discretion and based on the 

initial and subsequent examinations as commonly used by the Maitland's approach 

(Maitland et aI., 2005). The patients' pain, muscle spasm, and resistance being 

produced during the objective examination were taken into account. In brief, the 

cervical level(s) that was deemed to be mobilized was the one that resulted in the 

reproduction of the patients' symptoms while being examined for its intervertebral 

mobility. After the therapist left the treatment unit, an assessor began to measure 

cervical ROM and pain intensity. For the 1 sl visit, the NDI was also completed by the 

patients as baseline data. 

The assessor gave uniform instructions (Appendix I) to the patients in order to set 

starting position and to perform all 6 cervical movements which consisted of flexion, 

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

The starting position was to sit erect in front of the mirror, lean back against the chair, 

rest arm on the pillow that placed above their laps, position hips and knees at 90 

degrees, and place feet on the floor (Figure 3.4A). Then, the patients worn the 

CROM and positioned their cervical spine in neutral position. The neutral position 

was defined as the anatomical position of head (vertically upright without rotation) 

(McNair et aI., 2007). An imaginary line from the comer of the eye to the ear was 

parallel to the floor and the angles between each shoulder and the cervical spine were 

symmetry (Figure 3.4B). 



Figure 3.4 
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(A) Starting position for measuring the cervical ROM and (B) the 

CROM position 

With assistance from the assessor, all 3 inclinometers of the CROM had to indicate 0 

degree. The patients were required to perform each movement as far as possible 

(Figure 3.5) and the assessor used both hands to fix the patients' shoulders for 

preventing any compensatory movements (Figure 3.6). The cervical movements were 

performed in order, i.e., flexion, extension, left lateral flexion , right lateral flexion, 

left rotation, and right rotation. With this sequence, no systematic error was exhibited 

(Appendix C). The patients were asked to perform each movement twice. The 1 sl 

repetition was warm-up and the 2nd repetition was collected and recorded in the data 

collection sheet (Appendix J). 
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Figure 3.5 The cervical movements in six directions: (A) flexion, (B) extension, 

(C) left lateral flexion, (D) right lateral flexion , (E) left rotation, and 

(F) right rotation 



Figure 3.6 
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This picture demonstrate how to prevent the compensatory movements 

during cervical ROM measurement 

After obtaining data from all movements, the assessor measured the patients ' pam 

intensity, i.e. pain at rest and pain on worst movement. When the measurements were 

completed, the therapist re-entered the treatment area and performed the IUP A 

cervical mobilization technique (Figure 3.7). The detailed feature of the mobilization 

technique that had already been established during the examinations was followed. 

The treatment was standardized by which the therapist performed 3 sets with 

approximately 1 minute over the zygapophysial joint of each treated cervical spine 

level (Petty and Moore, 2004). However, the number of sets could slightly be 

adjusted for each patients based on their symptoms. 

Figure 3.7 This picture demonstrates the application of the IUP A cervical 

mobilization technique 
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After the therapist left the treatment unit, the assessor returned to collect the post­

treatment data by instructing the patients to perform cervical movements in the same 

manner as those for the pretreatment data. The whole intervention period took 

approximately 45 minutes. Patients were instructed to return twice a week for 4 

weeks. An appointment card was given for reminding the date of the next visit. 

Throughout the 4-week treatment course, the patients were asked to refrain from other 

treatments which could affect their symptom to prevent any confounding effects on 

the results. But the patients were allowed to continue general exercise that they had 

received prior entering into this trial. The measurements of pain intensity and cervical 

ROM took place every visit both pretreatment and post-treatment while the NDI was 

measured only at baseline and pretreatment of the 8th visits. The GPE was measured 

at pretreatment of the 5th and the 8th visits. 

The treatment might be discontinued before completing all 8 visits if the patients 

developed a serious adverse effect and the therapist considered that mobilization 

technique was no longer an appropriate treatment. However, the patients would be 

considered to have recovered if they rated pain intensity of pretreatment measurement 

less than 10 out of 100 mm on V AS for more than seven consecutive days. These 

patients would stop receiving any treatment but they were asked to continue all 

planned measurements until the 8th visit. 

3.6 Statistical analyses 

Data were analyzed with the Statistical Package for the Social Sciences (SPSS) 

version 11.5 for Windows. Descriptive statistics were used to summarize all outcome 

measures taken at each visit. The significant difference level of all outcomes was set 

at 0.05. Normal distribution of the quantitative data was assessed by means of the 

Kolmogorov-Smirnov test. 

To investigate the effect of the IUP A cervical mobilization technique on pain and 

ROM after each visit in comparison with baseline, one-way repeated measures 

analysis of variance (AN OVA) was used. If any significant differences were found, 

post-hoc analysis was carried out using Tukey's honestly significant difference test to 
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detect significant differences between the data taken from the 2nd to the 8th visits and 

the baseline. 

To investigate the effect of the lUP A cervical mobilization technique on the NDl 

values after the 4-week treatment course, the paired I-test was used. The NDl values 

taken from the baseline and the 8th visits were compared. 

To investigate the effect of the lUP A cervical mobilization technique on GPE, the 

patients were classified into three categories. The patients who identified themselves 

as completely recovered and much improved categories were classified as " improved" 

group. Those who identified themselves as slightly improved, no change, and slightly 

worsened categories were classified as "unchanged" group. Those who identified 

themselves as much worsened and worse than ever were classified as "worsened" 

group. The percentages of patients in the "improved", "unchanged", and "worsened" 

groups were calculated. 



CHAPTER IV 

RESULTS 

4.1 Introduction 

The results of this experiment are presented sequentially. The patients ' demographic 

data and sample size calculation were demonstrated. The effects of the IUP A cervical 

mobilization technique were presented in order of the tested hypotheses. 

4.2 The patients' demographic data 

Recruitment of patients who suffered from unilateral MNP was conducted over a 5-

month period from September 2007 - January 2008. Forty-two unilateral MNP 

patients volunteered to participate in this study. Twenty-two patients were excluded 

because they had pain less than 20 mm of 100 mm on V AS. Twenty patients met the 

study protocol. Two patients dropped out from the study after the 2nd visit and three 

patients dropped out from the study after the 3rd visit due to time constraint. A total of 

15 patients completed 8th visits (Figure 4.1). No patients reported any adverse effect. 

The demographic data of 15 patients are presented in Table 4.1. 

42 unilateral MNP 
volunteered for the study 

22 excluded according to 
the exclusion criteria 

I 20 invited for the trial I 
2 drop out of the second visit 
(personal reasons) 
3 drop out of the third visit 
(personal reasons) 

115 follow up at 8 visits I 

Figure 4.1 Flow chart describes the participation of patients through the trial 
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Table 4.1 Means and standard deviations of the demographic data of the patients 
at baseline (n = 15). 

mechanical neck pain patients (n= 15) 

Gender 

Male 

Female 14 

Age (years) 41.07 (10.51) 

Duration of symptoms (days) 365 - 1460 

Pain VA S (0-100 millimeters) 

At rest 41.20 (16.21) 

On worst movement 56.53 (15 .36) 

Cervical ROM (degrees) 

Flexion 49.93 (10.44) 

Extension 54.27 (1 2.37) 

Ipsilateral flexion 37.07 (9.62) 

Contralateral flexion 38.40 (8 .29) 

Ipsilateral rotation 61.1 3 (8 .63) 

Contralateral rotation 62 .00 (9 .75) 

On worst movement 44 .60 (10.36) 

Neck Disability Index (percent) 29.30 (12 .20) 

Number of leve/treated 

1 level 3 

2 levels 5 

3 levels 7 

4.3 Sample size calculation 

Retrospective sample size calculation was carried out to warrant for the clinical study 

pertaining to risks of enrolling either an inadequate number of subjects or more 

subjects than the minimum necessary to reject the null hypothesis (Lerman, 1996). 

The estimation of the sample size requires four statistical elements: the significance 

criterion (a), sample variance (cr2
) , magnitude of the minimum clinically significant 

difference between the level of treatment means (8), and power (1-~) (Portney and 

Watkins, 2000). The significance criterion is usually set at 0.05 (p<0.05) by which 

the null hypothesis is falsely rejected. For ~ of 0.2 , the power is 0.8, which is the 

minimum power required to accept the null hypothesis. The formula for sample size 

calculation (Kamolrattanakul et aI. , 2002) is shown in Figure 4.2. 



n = 

2 2 (ZU/2 + Zp) (J 
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Figure 4.2 Fonnula for power and sample size calculation. (n = sample size need 

in the trial, z = area under nonnal curve, (J2 = sample variances, 8 = 

magnitude of the minimum clinically significant difference between 

means of the treatment result in each visit, a = level of significance, ~ 

probability of failing to reject a false null hypothesis) 

(Kamolrattanakul et aI. , 2002). 

The magnitudes of the mlfllmum clinically significant difference of each variable 

were set at 20 mm for pain intensity (Ostelo and de Vet, 2005) and 10 degrees for 

active cervical ROM (Appendix C). For the number of 15 subjects tested, the power 

of greater than 80 percent was achieved for all comparisons (Table 4.2). This 

suggested that the result of this study could be accepted with sufficient confidence. 

Table 4.2 Summary of the sample size needed to achieve the 80 percent statistical 
power to test for significant difference in observed pain intensity and 
cervical ROM in this study (number of subjects tested = 15) 

Outcome measure (J2 n 

Pain intensity 

At rest 20.0 20.8 8.5 

On worst movement 20.0 18.2 6.5 

Cervical ROM 

Flexion 10.0 11.3 10.0 

Extension 10.0 10.7 9.0 

Ipsilateral flexion 10.0 5.7 2.5 
Contralateral flexion 10.0 5.3 2.2 

Ipsilateral rotation 10.0 10.1 8.0 

Contralateral rotation 10.0 10.2 8.2 

On worst movement 10.0 20.8 4.8 

8 = magnitude of the minimum clinically significant difference between means of the 
treatment results in each visit, (J2 = maximum difference of each sample variances, n = 
the number of patients required in this study 
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4.4 Pain intensity and cervical ROM 

Raw data of pain intensity and cervical ROM of 15 patients are presented in Appendix 

K. Baseline and post-treatment data of pain intensity and cervical ROM of each visit 

are shown in Table 4.3. Both pain at rest and on worst movement decreased 

continuously until the 8th visit. Pain at rest was reduced from 41.2 to 2.2 millimeters 

and pain on worst movement was reduced from 56.5 to 5.0 millimeters (Figure 4.3). 

Table 4.3 Means (standard deviations) of pain intensity and cervical range of motion 
(ROM) of baseline data and post-treatment data of each visit (n = 15). 

Post Post Post Post Post Post Post Post 
Outcome measures Baseline I 2 3 4 5 6 7 8 

Pain intensity (millimeters) 
41.2 31.8 25.2 17.2 7.9 5.4 7.8 2.4 2.2 

At rest (16.2) (17.6) ( 16.9) ( 17.6) (11.3) (8.3) (10.8) (5.1 ) (4.9) 

On worst 56.5 44.1 35.2 29.1 23.0 12.2 12.6 6.3 5.0 
movement (15.4) (17.4) (20.4) (17.6) (19.4) (12 .1) ( 13.2) (9.7) (7.9) 

Cen;ical ROM (degrees) 
49.9 51.4 51.1 51.7 50.1 52.0 51.6 51.9 50.0 

Flexion (10.4) (6.3) (6 .2) (5 .2) (5 .8) (6.6) (6.7) (7.5) (6.6) 

54.3 56.5 53 .0 58.5 55.7 56.6 56.8 56.9 57.3 
Extension (12.4) ( 12.4) (8.9) (8.6) (7.9) (9.5) (8.7) (8.8) (7.7) 

Ipsilateral 37.1 38.6 37.6 38.1 37.4 37.2 37.1 37.1 36.9 
flexion (9.6) (7 .3) (8.2) (8.4) (6.9) (6.8) (7.5) (7.6) (6.6) 

Contralateral 38.4 40.1 40.7 40.7 40.4 40.0 39.1 39.4 39.6 
flexion (8 .3) (6.6) (9.4) (9.7) (7 .7) (5.2) (7.9) (8.4) (7.9) 

Ipsilateral 61.1 63.7 62.2 64.1 64.5 64.0 64.3 64.7 65.3 
rotation (8.6) (7.3) (7.6) (6.4) (5.2) (6.4) (5.5) (5.2) (5.1) 

Contralateral 62 .0 64.8 64.4 65 .5 65.1 67.5 65 .1 64.1 66.5 
rotation (9.8) (6.4) (7.5) (7.3) (5.8) (6.1 ) (6.5) (5.7) (6.4) 

On worst 44.6 46.8 47.7 48.4 47 .8 47.5 47.3 47.7 48 .1 
movement (lOA) (9.6) (9.9) (10.2) (9.5) ( 12.1) (11.6) (11.2) (11.2) 

Post X = the post-treatment values of visit X 
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Figure 4.3 Means of pain at rest and pain on worst movement at baseline and post­
treatment for each appointment, Post-a = post-treatment data recorded at 
a appointment (n = 15) 

Ko1mogorov-Smimov test (Appendix L) showed the normal distribution of the 

quantitative data of this study. One-way repeated measures ANOVA found 

statistically significant differences in pain at rest and pain on worst movement (p < 

0.001) (Table 4.4). No statistically significant differences in active cervical ROM in 

all directions were found (p > 0.05). 
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Table 4.4 Results of one-way repeated measures ANOY A testing for the 
difference between the data taken from the 2nd to the 8th visits and 
baseline. 

F18.11 21 p-value 

Pain intensity (millimeters) 

At rest 24.431 < 0.001 * 

On worst movement 39.381 < 0.001 * 

Cervical ROM (degrees) 

Flexion 0.58 1 0.791 

Extension 1.454 0.224 

Ipsilateral flexion 0.493 0.859 

Contralateral flexion 1.015 0.413 

Ipsilateral rotation 1.765 0.174 

Contralateral rotation 2.038 0.123 

On worst movement 1.274 0.296 

* p < 0.05 

To determine which visit was significantly different from the baseline, post hoc tests 

were performed and the results are shown in Table 4.5. The results from the Tukey's 

honestly significant difference tests demonstrated the significant reduction from 

baseline in pain at rest after the 3rd visits onwards (p < 0.005) and the significant 

reduction in pain on worst movement after the 2nd visit onwards (p < 0.005) 

Table 4.5 Pairwise mean differences of pain at rest and pain on worst movement 
between the data taken from the 2nd to the 8th visits and baseline. 
(n = 15). 

B-Post B-Post B-Post B-Post B-Post B-Post B-Post B-Post 
Outcome measures 1 2 3 4 5 6 7 8 

Pain intensity (m illimeters) 

At rest 9.40 16.00 24.00* 33.27* 35.80* 33.40* 38.80* 39.00* 
On worst 

movement 12.40 21.33* 27.47* 33.53* 44.33* 43.93* 50.20* 51.53* 

B-Post X = the difference scores of baseline scores and the post-treatment scores of visit X 
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4.5 Neck Disability Index 

Raw data of the percentage of the NDI values which obtained from 15 patients are 

shown in Appendix J. A mean decrease of 16.3 percent was found (from 29.3 percent 

at baseline to 13 percent at the 8th visit). Paired I-test demonstrated significant 

difference in the NDI scores between baseline and the 8th visit (p < 0.001). 

4.6 Global Perceived Effect 

The results of GPE measurement are shown in Table 4.6 and the raw data are shown 

in Appendix J. GPE scores recorded from pretreatment of the 5th visit showed that 

there were 66.7 percent of patients reported their GPE as improved, 33.3 percent 

reported their GPE as unchanged, and no patients reported their GPE as worsened. At 

the 8th visit, 73 .3 percent reported their GPE as improved. 

Table 4.6 The number of patients who rated their global perceived effect in each of 
the 7-point scale categories obtained from pretreatment of the 5th and the 
8th visits (n = 15). 

Global perceived effect Pretreatment Group Pretreatment Group 
of the 51h visit of the 8th visit 

1 = completely recovered 10 improved 6 11 improved 

2 = much imEroved 9 5 

3 = slightly improved 5 5 unchanged 4 4 unchanged 

4 = no change 0 0 

5 = slightly worse 0 o worsened 0 o worsened 

7 = worse than ever 0 0 



CHAPTER V 

DISSCUSSION 

5.1 Introduction 

This current study demonstrated the effect of the IUP A cervical mobilization 

technique in treatment of patients presenting with unilateral neck pain over four 

weeks. The results showed that the IUP A cervical mobilization technique could 

reduce pain intensity both at rest and on worst movement, improve NDI, and GPE 

while it had no effect on active cervical ROM in all directions. These findings 

partially support the effectiveness of the IUP A mobilization technique in this group of 

patients. 

5.2 Effect of IUPA mobilization technique on pain 

The similar pattern of pain reduction was shown for both pain at rest and pain on 

worst movement (Figure 4.3). Throughout the 4-week treatment course, both pain 

parameters reduced at similar magnitude of approximately 90 percent from baseline. 

The reduction was relatively greater in the early phase until the 4th visit at which the 

reduction became smaller. This finding might be related to the floor effect of the 

treatment technique. After the 4th visit, both pain parameters were lower than 10 mm 

on the V AS so the further reduction of pain was then limited. From the previous 

studies, it was demonstrated that at six weeks after receiving the cervical mobilization 

could reduce mean of pain on average and most severe pain (Hoving et aI., 2002, 

Hurwitz et aI., 2002). The reduction was more than 20 mm on VAS. Due to the 

differences in the kind of pain parameter from this current study, comparison between 

studies is difficult. The pattern of the continued decrease of both pain intensities 

since the 151 visit also suggests the cumulative effect of the IUP A cervical 

mobilization technique. 

Immediately after the 151 visit, the mean reduction in pain at rest was 9.4 mm and this 

magnitude was similar to the reduction of 10.5 mm found immediately after the 
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muscle energy technique in the similar group of patients (Cassidy et aI. , 1992). 

However, the magnitude of reduction was much smaller after the mobilization by 

sustaining of the patients' neck in the cervical manipulated position (4 mm) 

(Martinez-Segura et aI. , 2006). 

The reason for the discrepancy among studies might relate to the differences in the 

extent of the treated structures. The IUP A cervical mobilization and muscle energy 

technique effected a greater numbers of cervical spine levels than the sustaining of the 

patients ' neck in the cervical manipulated position. In this study, all cervical spine 

levels that were deemed to be responsible for the patients' symptom were mobilized 

with the IUP A cervical mobilization. Subsequently, more than one zygapophyseal 

joint were treated. For the muscle energy technique, the hypertonic muscles 

responsible for restricting the cervical movement and producing pain were dealt with. 

As these hypertonic muscles usually traverse more than one level of the cervical 

spine, more than one intervertebral joint underneath the muscles would be moved and 

treated. In contrast, the sustaining of the patients' neck in the cervical manipulated 

position was applied directly at only one cervical spine level. The relatively lower 

therapeutic effects of this latter technique than the former two techniques would 

therefore be expected. However, the treatment dose and experimental setting differ 

among studies. It may be difficult to make a direct comparison. With regard to pain 

on worst movement, no published studies could be compared. 

After 4 weeks, it is interesting that the pain on worst movement showed a faster 

positive outcome than the pain at rest (Table 4.5). The statistically and clinically 

differences in pain on worst movement were firstly observed after the 2nd visit while 

they were noted after the 3rd visit for pain at rest. These results suggest that it would 

take at least 3 visits for IUPA cervical mobilization technique to demonstrate its 

effectiveness on pain reduction. 

If both pain intensities were considered together, the findings of thi s study might 

suggest that the IUPA cervical mobilization technique could not cure the patients 

within 4 weeks treatment course. No patients rated both of their pain intensities of 

pre-treatment measurement less than 10 out of 100 mm on V AS for more than seven 

consecutive days, within the 4-week treatment course (Figure 4.3). In respect of pain 
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at rest alone, however, the patients were deemed to have recovered smce they 

received the 4th treatment. The mean magnitude of pain at rest started to fall below 10 

mm after the 4th visit and it tended to continue falling thereafter. In respect of pain on 

worst movement alone, it would take at least i h visits for the patients to be considered 

as recovered. If the treatinent course would have been extended to 4.5 weeks, the 

pain intensity less than 10 out of 100 mm on V AS for more than seven consecutive 

days might be observed. The pain intensity obtained from the 9th visit would help 

verifying this hypothesis. 

5.3 Effect oflUPA mobilization technique on cervical ROM 

No statistically significant changes in cervical ROM from baseline were found after 

the patients received the IUPA cervical mobilization technique (both immediately and 

after each visit) . The changes were found to fluctuate within the range of 4 degrees 

which were considered not being clinical significance (not greater than 10 degrees). 

These results were consistent with previous studies in unilateral neck pain patients 

which reported the maximal improvement of less than 5 degrees (Cassidy et al., 1992, 

Martinez-Segura et al. , 2006). 

The minimal increase in active cervical ROM might be related to the amount of the 

mobilization forces being applied by the physical therapist. As it was reported that 

the force required for lengthening of the connective tissue is much higher than the 

force applied during mobilization (see Section 2.5.1 for details). Besides that, all 

patients in this current study were in chronic stage. The extensibility of their 

connective tissue might have decreased or changed. In addition, all patients recruited 

in this study showed minimal restriction in cervical ROM in comparison with normal 

(Table 5.1). As a result, any obvious improvement in cervical ROM in this study is 

unlikely. 

It was surprising to find similar changes in cervical ROM in all directions. The 

differences in magnitude of cervical ROM between each direction were 0.3 - 1.0 

degrees. It is expected that the effect of the IUP A mobilization technique on cervical 

ROM should be asymmetrical. A greater effect on one side than the other should be 
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noted either in the cervical rotation or lateral flexion. This may be implied that the 

IUPA cervical mobilization produces non-specific effect on cervical ROM. 

Table 5.1 Comparison of the cervical ROM of patients in this study with the 

normative data investigated by Y oudas et a1. (1992) 

Cervical ROM Age (years) 

(degrees) 20 - 29 30 - 39 40 - 49 50 -59 

Flexion 48 - 64 51 - 59 47 - 56 43 - 47 
(42 - 68) (30 - 68) (28 - 72) (30 - 70) 

Extension 52 -76 58 - 65 46 - 60 30 - 68 
(65-111) (52 - 102) (45 - 102) (30 - 98) 

Lateral flexion 36 - 54 37 - 51 24 - 44 27 - 38 

(30 - 56) (30 - 62) (20 - 65) (20 - 50) 

Rotation 62 -78 62 - 72 50 - 73 55 - 64 

(62 - 85) (52 - 84) (42 - 80) (35 - 80) 

Normative data of cervical ROM from Youdas et al. are shown in italic 

5.4 Effect oflUPA mobilization technique on NDI 

At the end of 4-week treatment with the IUP A cervical mobilization technique, a 

significant improvement from baseline in level of disability was found . The 16.3 

percent decrease of NDI scores which more than 7.4 percent of MDC 

(Luckumnuepom, 2007) demonstrates that this change is clinically relevant. This 

suggests that the IUP A mobilization is a suitable treatment for patients with unilateral 

neck pain. 

Comparing the result with other studies, the reduction of the NDI scores in the current 

study was similar to the 15.6 percent reduction obtained at 6 weeks of the study using 

Maitland mobilization combined with other techniques (Hoving et aI., 2002). 

However, it may be difficult to conclude that the effects of these two techniques are 

equal because there are many factors that could influence on the results. For example, 

the number of visits of the previous study was less than that employed in the current 

study (once a week and twice a week, respectively). With more than one technique 

used in the previous study, this may result in the comparable effect to only one 

technique used in the current study. 
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Comparison with the single Chiropractic mobilization technique (Hurwitz et aI. , 

2002), it seems that the reduction of the NDI scores in the current study were greater 

than 11 percent reduction of previous study (Hurwitz et aI. , 2002). However, there 

are many factors that may contribute to the different effects between these studies 

such as the differences in symptom distribution of the patients, the follow-up period, 

the number of visits, and the additional treatment. Therefore, the comparison of these 

two techniques may still be inconclusive. 

5.5 Effect of IUPA mobilization technique on GPE 

Most patients had improved from neck pain when being measured at the 5th and the 

8th visits. This suggests that the IUP A mobilization technique is effective in treating 

patients with unilateral neck pain. However, the small percentage difference between 

the 5th visit (66.7 percent) and the 8th visit (73.3 percent) suggests a slightly change in 

the patients' symptoms towards the end of the 4-week treatment. This finding might 

be related to the ceiling effect of the treatment technique. After the 5th visit, the 

majority of the patients reported their pain at rest and on worst movement lower than 

6 mrn and 13 mm out of 100 mm, respectively. Further improvement is therefore 

limited. 

After 4-week treatment, the percentage of patients who had improved from neck pain 

in the current study was similar to that reported by previous study (68 percent) 

(Hoving et aI., 2002). However, this finding must be interpreted with care. There are 

several factors as discussed earlier in Section 5.4 as well as patients ' expectation and 

motivation that may have an influence on this result. 

5.6 Overall effect of IUPA mobilization technique for treating patients with 

unilateral neck pain 

In general, the IUP A mobilization technique produces positive effects on all outcome 

measures except the cervical ROM. The technique tends to have a greater therapeutic 

impact on the subjective outcome measures in comparison with the objective outcome 

measure. Pain, NDI, and GPE showed consistent positive response after treatment. 

This suggests the close relationship among these outcome measures. These findings 
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support the widely known concept that pain is a crucial parameter that influences on 

patients ' affection and functional activities. It might be possible that the perception of 

pain reduction would induce the patients to be satisfied with the treatment and allow 

them to participate more on their daily activities. 

Although there are two mechanisms used to explain the effectiveness of mobilization, 

these current results are inconsistent with previous literature. The reduction in pain 

but no change in cervical ROM might suggest the dominance of the 

neurophysiological mechanism over the biomechanical mechanism of the IUP A 

mobilization technique. The slightly change in overall cervical ROM implies an even 

smaller or no change in the connective tissue extensibility of each cervical segment. 

The only mechanism that can explain the effectiveness of the IUP A technique would 

be the neurophysiological mechanism. 

5.7 Limitations of this study 

The results of this study should be considered with some limitations. First, the 

patients participated in this study were in the chronic stage. These results may not be 

applied to the patients with acute or sub-acute condition. Second, the effectiveness of 

the IUP A technique would be clearer if it was compared with a control to be confident 

that these therapeutic outcomes are not due to natural recovery. Third, the patients 

recruited in this study had moderate pain intensity. The different finding may be 

found in patients who have high level of pain intensity. Fourth, this group of patients 

had small limitation on cervical ROM. If the patients had obvious limitation, it may 

provide different results . Finally, the measurement of pain on worst movement was 

not referred to baseline of cervical ROM on the worst direction. Moreover, the 

direction of the worst movement was inconsistent throughout the treatment course. 

So, it is difficult to track the change in pain on worst movement. For further study, 

the pain on worst movement should be assessed by referring to the same reference 

point. 
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5.8 The suggestion for further study 

These results partially support Maitland ' s recommendation that the patients with 

unilateral neck pain should be treated with IUP A technique. The recommendation 

that the patients with bilateral neck pain should be treated with bilateral technique has 

not been proven. The results of this study suggest that the IUP A technique is 

effective in reducing pain intensity of unilateral neck pain patients. If applying 

unilateral PA mobilization to the side of neck pain is effective in reducing pain 

intensity, application of this mobilization to both side of the neck may provide the 

good therapeutic effects in bilateral neck pain. This suspicion may be the new 

hypothesis for further study. 



CHAPTER VI 

CONCLUSION 

This study has implication for the treatment of the unilateral neck pain. The results 

indicate that the IUP A cervical mobilization technique is effective in reducing pain 

(both at rest and on worst movement), reducing disability, and improving GPE. But 

the IUP A cervical mobilization technique is not effective in improving cervical ROM. 

These results partially support Maitland ' s recommendation for the use of the IUPA 

cervical mobilization in treatment of patients with unilateral symptom. 
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APPEND]X C 

PILOT STUDY 

C ] Introduction 

Of all the instruments used for measunng cervical ROM, CROM is one of the 

advantageous devices which are used by the researchers. Its validity and reliability 

have been established as presented in Section 3.4.2. Nevertheless, the investigation 

on intra-observer reliability in measuring cervical ROM using the CRaM in a specific 

population is recommended. This study, therefore, aimed to examine this intra­

observer reliability in patients with unilateral neck pain. 

C II Objective 

To examIne the intra-observer reliability In measunng cervical ROM USIng the 

CROM in patients with unilateral neck pain 

C II] Hypothesis 

The cervical ROM could be measured reliably with CROM in patients with unilateral 

neck pain. 

C ]V Study design 

A test-retest research design was used to examine the intra-observer reliability in 

measuring cervical ROM using the CROM in patients with unilateral neck pain. The 

protocol was approved by the Ethical Review Committee for Research Involving 

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

Faculties, Colleges and Institutes, Chulalongkom University, Thailand (Appendix A). 
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C V Participants 

A separate group of 15 unilateral neck pain patients from those who were recruited in 

the main study participated in this study. The inclusion and the exclusion criteria 

were the same as those described in Section 3.3.1. All patients signed informed 

consent before taking part in this study (Appendix G). 

C VI Materials and methods 

The materials described in Section 3.4 were used for this study. The same assessor 

who performed the cervical ROM measurement in this study was tested. The 

measurements of cervical ROM occurred in two sessions with 5-min break between 

the sessions. In brief, all patients were instructed to performed cervical movements in 

six directions in order from flexion , extension, left lateral flexion , right lateral flexion, 

left rotation, to right rotation. Each movement was performed repeatedly three 

repetitions. The 1 SI repetition was warm-up without collecting data and the other two 

were collected for further analysis. The measurement procedure using the CROM was 

described in Section 3.5. Between the sessions, the assessor removed the CROM 

from the patients ' head and allowed the patients to move around the assessment unit. 

The cervical ROM data taken from both sessions were recorded on separate sheets 

(Appendix M). 

C VII Data analysis 

SPSS software package for Windows was used to analyze all data. For all 

comparisons, the p - value less than 0.05 was considered significant. To evaluate for 

the intra-observer reliability in measuring cervical ROM using the CROM, the 

cervical ROM data taken from each cervical movement was examined separately. 

Two pairs of the cervical ROM data were tested. One was between the data taken 

from the 2nd repetition of each session and the other was between the data taken from 

the 3rd repetition. Initially, the paired I-test was used to assess whether there was any 

systemic difference in the cervical ROM data obtained from both sessions - i.e. 

within each pair comparison. Two reliability coefficients were calculated: the intra­

class correlation coefficients (ICC) and MDC. 
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The ICC(2.J) was used to test for the level of agreement between the cervical ROM 

data obtained from both sessions. The ICC values were interpreted as follows: the 

values less than 0.25 indicated no reliability, 0.25 - 0.50 indicated fair reliability, 0.51 

- 0.75 indicated good reliability, and more than 0.75 indicated high reliability 

(Portney and Watkins, 2000). Between the two pairs, the pair that produced a 

relatively higher ICC value in most cervical movements was selected for further 

analysis. This pair of data was then recorded in the main study. 

The MDC were used for contemplating on the amount of error that associated with 

repeated measurements. They show the error in the unit of the measurements. In this 

study, these reliability coefficients were calculated separately for each cervical 

movement. The MDC was calculated using the formula: 1.96xSEM x"\J2. In this 

formula 1.96 is the standard normal score associated with a two-tailed 95 percent 

confidence interval and the ,)2 is included to reflect the fact that the measurement 

error is from the first and the second measurements (Beckerman et aI., 2001). SEM 

was calculated as SDdiW,)2, where SDdifT was the variance of the difference scores 

(Hopkins, 2000). 

C VIII Results 

Fifteen unilateral neck pain patients (11 female, 4 male), aged between 19 to 71 years, 

completed the study. Their mean age was 39.73 years with a standard deviation of 

15.54 years. Mean values for cervical ROM in all directions are given in Table C 1. 

Raw data of this pilot study are presented in Appendix N. 
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Table C I Means (standard deviations) of the cervical range of motion in each 
direction (n = 15) 

Motion Means (SD) 

Al A2 BI B2 

Flexion 52 .13 (4.50) 52.33 (4.56) 52.73 (5 .69) 52.13 (6.00) 

Extension 60.80 (11.59) 60.87 (11.35) 6l.07 (10.55) 6l.00 (10.43) 

Left lateral flexion 40.67 (6.62) 40.20 (6.56) 40.67 (6.60) 40.13 (6.82) 

Right lateral flexion 40.80 (7.02) 40.67 (7.27) 4l.60 (6.12) 4l.53 (5 .91) 

Left rotation 68 .67 (5 .03) 67.60 (5 .23) 68.13 (5 .16) 68 .20 (4.92) 

Right rotation 65.53 (6.51) 64.87 (6.71) 66.07 (5 .71) 65.47 (6.04) 

Al = the data of the 2nd repetition from the 1 sl session, A2 = the data of the 3rd 

repetition from the 1 SI session, B 1 = the data of the 2nd repetition from the 2nd session, 
B2= the data of the 3 rd repetition from the 2nd session 

Comparisons of the cervical ROM data of the same repetition but taken from different 

sessions, paired (-tests demonstrated no systemic differences (p > 0.05) (Table C II). 

The ICC(2,1) values calculated from the 2nd repetition data ranged from 0.85 - 0.98 

while the values calculated from the 3rd repetition data ranged from 0.85 - 0.97. As, 

both repetitions demonstrated almost the same range, the ICC(2,1) values obtained 

from the 2nd repetition data were chosen for further calculation of the SEM and MDC 

values. In this study the SEM and MDC values calculated from the 2nd repetition 

were in the range from 1.25 to 2.66 degrees and from 3.46 to 7.37 degrees, 

respectively (Table C III). 
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Table C II The intraclass correlation coefficient (ICC) values and p-value of 

cervical range of motion of the 2nd and the 3rd repetitions data obtained from both 

sessions (n = 15). 

Data from the 2nd Data from the 3rd 

repetition repetition 
Motion (AI and BI) (A2 and B2) 

ICC(2. 1l p-value ICC(2. 1l p-value 

Flexion 0.86 0.80 0.91 0.32 

Extension 0.98 0.84 0.97 0.70 

Left lateral flexion 0.85 0.95 0.85 1.00 

Right lateral flexion 0.86 0.37 0.89 0.35 

Left rotation 0.94 0.21 0 .85 0.48 

Right rotation 0 .86 0.52 0.88 0.52 

ICC = intra-class correlation coefficient, Al = the data of the 2nd repetition from the 
1 SI session, A2 = the data of the 3 rd repetition from the 1 sl session, B I = the data of the 
2nd repetition from the 2nd session, B2= the data of the 3rd repetition from the 2nd 

seSSIon 

Table C III Standard error of measurement (SEM) and minimal detectable change 
(MDC) (n = 15). 

Motion 

Flexion 

Extension 

Left lateral flexion 

Right lateral flexion 

Left rotation 

Right rotation 

C IX Discussion 

Data from the 2nd repetition 
(AI and BI) 

SEM (degrees) MDC (degrees) 

2.09 5.79 

1.77 4.91 

2.66 7.37 

2.59 7.18 

1.25 3.46 

2.49 6.90 

This study demonstrated the intra-observer reliability in measunng cervical ROM 

using the CROM in patients with unilateral neck pain to be high. The ICC values in 

all directions were over 0.85 . These results are consistent with previous studies that 

reported high intra-observer reliability in patients with cervical dysfunction with the 

ICC values ranged from 0.84 - 0.95 (Youdas et aI. , 199 I) and 0.76 - 0.98 degrees 
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(Rheault et aI., 1992). As a result, the method that uses CRaM for measuring the 

cervical ROM is highly reliable. 

The ICC values calculated from the 2nd and the 3rd repetitions were almost the same 

so the patients could be a-sked to perform each cervical movement only two instead of 

three repetitions. Any adverse effects from too many repetitive movements could 

then be minimized. The testing duration could also be reduced. 

In this study, the MDC values were less than 8 degrees in all six directions. This 

suggests that the changes in patients ' cervical ROM more than 8 degrees would be 

from an intervention. In our knowledge, the clinically detectable change has not been 

reported. As a result, this study used 10 degrees as a minimum value for justifying 

the clinical effect oflUPA mobilization on the changes of cervical ROM . 

Furthermore, this study found no significant differences among the cervical ROM 

values collected from both sessions. This suggests that the order of the cervical 

movement testing has no effects on the reliability of the measurement. Consequently, 

there is no need to random the order of cervical movements during measurement. 

C X Conclusion 

The CRaM was the reliable instrument for measuring the cervical ROM in the 

patients with unilateral neck pain. The intra-observer reliability of the cervical ROM 

measurement in this study was high. The data of cervical ROM collected from the 2nd 

repetition could be used for analysis. In this study, the changes in cervical ROM over 

10 degrees would be considered as clinical change. 
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D oQ'WffllJl';jtlVn'U~~'\1'un M iflviiJiJ~lm';j111fll~lJ~'W 

D oQ'WffllJl';itlVn'U~.:,jmrn I${ u~"~rhlMmm';j111fll~lJ~'W 

" u 
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D ~io ~.l .I i"" .. > "1"" ~'W---.11ffllJl';j tlvn'U~.:,j'l1'Wn'U'W ''In'Yi'W fll'W~.:,j"lnlJ~lm';j111fl U~oQ'WffllJl';j tlvn'U~.:,jir'W!fl tl1lJ'W 

~Vl'WfllU'I1'11~~ffllJl';jtlVnMff~ flln 1'l1'W U'W i~~ 
" 

D oQ'W iiJffllJl';jtlVn'U~.:,j'l1ir n~'W "lnlf'W i${l't1 ~.:,j"ln~lm';j111fl U~oQ'WffllJl';jtlVn'U~~~iJJ1'l1irmU1 

~.:,j111'Wnm.:,j I${ t1'llJ'W~Ql'WfllU'I1'11.:,j~ffllJl';jtlVn i${ff~ flln 
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o lltJTI'llJl'JflVf)'\H).:J~!'IJ1,) 'M 

o lltJ iliTI'llJl'J flVn'l11 eJiieJ'lJeJ.:J 'Mu'W 

, OJ .. 

4. fHHll'U'I1lN tHl 

o lltJTI'llJl'JfltiltJ 'MlJ1m'Yh~~eJ.:Jf)1'J hwiliiieJlf)1nh"fleJ 

o lltJ TI'llJl'J fltiltJ i~lJ1nl'yh~~eJ.:Jf)1'J ufiiieJlf)1'.iU1"fleJl~n.weJv 

o lltJTI'llJl'J fltiltJ i.~lJ1m'Yh~~eJ.:Jf)1'J ufiiieJlf)1'J U1"fleJUltJ mm 

o lltJ iliTI'llJl'J fltiltJ i~lJ1nl'vh~~eJ.:Jf)1'J !i1eJ.:J111niieJlf)1'JU1"fleJUltJnft1.:J 

o lltJ iliTI'llJl'JfltiltJ MlJ1nl'vh~~eJ.:Jf)1'J !i1eJ.:J111niieJlf)1'JU1"fleJ~ 

o lltJ iliTI'llJl'JfltiltJ 'MH'W 

5. U1V1fhll::: 

o lltJ iliiieJlf)1'J U1"i'l'.ill ::: 1,,'") 

o lltJiieJ1f)1'JU1"ft'Jll ::: !~n.weJv ufiili1leJv 

o lltJiieJlf)1'JU1"i'hll ::: ultJmm ufiili1leJV 

o lltJiieJlnnu1"fhll ::: ultJmm 1leJv'] 

o lltJiieJlnnu1"fhll :::~ 1leJv'] 

o lltJiieJ1f)1'JU1"fhll :::1f1eJ'lJfHleJ"l1nl 

6. f)1'.iihnnll 'I1~{)mlll'\lVl~eJ''Uf)1'.illvn'U 

o lltJiiTI'lJlil!~lJ~fl1lJ~~~Nf)1'J 1"viliih'\Jln 

o lltJiiTI'lJln!~lJ~~llJ~~~Nf)1'J 1"viimllJi'l1'\Jlm~n.weJv 

o lltJiimllJ~l'\JlnultJnft1.:J !~eJlltJ~eJ.:Jf)1'JiiTI'lJ1n 

o lltJiifl11lJ~1'\JlnlJln !~t)~tJ~t).:Jf)1'JiiTI'lJln 

o ~tJiimllJ~1'\Jlnt)[h.:J~.:JV1" !~t)lltJ~t).:Jf)1'JiiTI'lJln 

7. fll'.illHl'U 't'I~{)fll'.iU'.i:::n{)1Jt)l1i'Y'l 

o lltJTI'llJl'JfI-nl.:JltJ i.~lJ1nl'yh~~t).:Jf)1'J 

o lltJTI'llJl'JfI-nl.:JltJU'J:::~li~fl1lJun~ ufiiliTI'llJl'JfI-nl!~lJ'M 

o ~tJTI'llJl'JfI-nl.:JltJ'lh :::~11~l'lItJri1tJlJln ufiiliTI'llJl'J fI-nl!~lJ i~~n 

o lltJ ilirrllJl'JfI-nl.:JltJU'J ::: ~lfl1lJun~'M 

o lltJU'Ylm ::: iliTI'llJl'JfI-nl.:JltJ 1,,'") i~ 

o ~tJ 1liTI'llJl'JfI-nl.:JltJ 1,,'") i~!Ov 
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8. f1l'l,Jmo (VitlUIil'Ytl::~-rl,JmotlUt1~hn.h::;h) 

o ~lHnlJTH)'Ilmfl i$lhwhiiitllfll';i'l.hflrHI 

o ~'UffllJl';i\l'llm\l i$l'Ul'Ul'Yi1~fi''el'lfll';i U~ii'ellfl1';i'I.J1f1f1m~mr'elV 

o ~'UffllJl';i\l'llm\l MU1'U1Yi1~fi''el'lfll';i U~ii'ellfm'I.J1f1f1'el'I.J1'Umm 

o ~'U iliffllJl';i\l'llm \I M'Ul'U1Yi1~fi''el'lnTl 1~ eJ'l1l1fliieJlfll';i'I.J1f1f1eJ'l.J1'Ufl(l1'l 

o ~'Ulii'el1J1l :: 'Ilm\l iliM 1~eJ'l1l1fliieJlfll';i'I.J1f1f1eJ~'U11H 

o ~'UiliffllJl';i\l'llmfli$lHw 

o ~'U iliiiihyl'l1 hlfll';i'UeJ'U'I'I"u 

o fl1';i'UeJ'U'I'I"U'lJeJ'l~'U\Jmuf11'U 1l1fl'ellfll';i'I.J1f1f1'el1~f1lreJV ('UeJ'Uili'l'l"u ,.r'elVfl 'h 1 i11m) 

o fl1';i'U'el'U'I'I"U'IJ'el'l~'U\JmUf11'U 1l1fl'ellfll';i'I.J1f1f1'el ililJlfl ('U'el'Uili'l'l"u 1-2 i11lJ'l) 

o fl1';i'UeJ'U'I'I"'lJ'IJ'el'l~'UflmUf11'U 1l1fleJlfll'J'l.J1f1f1eJ 'l.Jl'Ufl(l1'l ('UeJ'Uili'l'l"'lJ 2-3 i11lJ'l) 
'" 

o ~'UffllJl';i \l111nllm ';ilJVllJ11'l M 1f1v iliii'ellfl1';i'I.J1f1f1eJ 

o ~'UffllJl';i \l111nllm';ilJVllJ11'l M hwiieJlfl1';i'I.J1f1f1m~fl,.r'elV 

o ~ 'U ffllJl';i \l111nllm ';i lJVllJ11'l Mlfl'U ri1'UlJlml~ili~'l'l'llJfI 1~'el '.I 11 lflii'ellfll';i 'l.J1f1f1'el 

o ~ 'U ffllJl';i \l111n 11m ';i lJVllJ11'l i${1~ fl,.r 'el v 1~'el'l1l1flii'ellfll';i'I.J1f1f1'el 

o ~'Ulii'el1J1l :: iliffllJl';i f1111nllm';ilJVllJ11'l1Wl i${ 1~'el'l1l1flii'ellfl1';i 'l.J1f'1f1'el 

o ~'U iliffllJl';i\l111nllm';ilJVllJ11'l1f1'l i$lmv 
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APPENDIX E 

GLOBAL PERCEIVE EFFECT 

(Global perceived effect; Modified from Ostelo and de Vet, 2005) 

eJlf)1':i lfltl':illJ~~'W'il'Wl'I1t1!rJ'WtJn~ (Completely recovered) 

2 1 .. .1 
eJlf)1':i fltl':illJfl'U'WlJln (much improved) 

3 1 .. .1 d ., 

eJlf)1':i fltl':illJfl'U'WH'ln'WeJtI (slightly improved) 

4 

5 1 
. d., 

eJlf)1':i fltl':illJlWMlnn'WeJtI (slightly worsened) 

6 eJlf)1':i lfltl':illJwjMlJln (much worsened) 

7 
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APPENDIXF 

PARTICIPANT INFORMATION SHEET 

(fllllle1'':In\lll) The effect of the 4-week duration of the unilateral postero-anterior 

cervical mobilization in the treatment of unilateral neck pain 

.oS ~GI ~ 
2. 'b'm.jl~HJ lHH't'11 lHl'Yl'b'l TI'nUIl " . 

E-mail: nukibka@hotmail.com 

'" '" ~T\.j'l'l'Ul 
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APPENDIX G 

INFORMED CONSENT FORM 

" "1~ ~Q.I ~ Q.I Q.I cI ~ 
~l'YH'il1 fl'Yl';i1'lJ'il1fl~1'ilU 'IH) HI'f. fl'j. nHW flC'W1f.lfYi'il'Um , 'U1·:.nY11 lHl'Yl'lf1 1:YfJW1, 

'U1U '1..h:;~\PlJur ff~'l..h:;.fll'Yi'j 

fitJy .fllf11'1f1fllU.fll'Yi'lhufl f1w:;1:Ym1'1f1'f11:Y~{ ~w1Cl.:JmurlJ1111'YlU1"U 
.. 1 301 ~ jI Q.I ~ d.e!l Q.I ... I d' Q.I &.c:\oQ.l! .& d 

'lI.:J flCl.:J'U llJfl1'U'YllU~ tJ.:J'I1'U.:J 1:YtJ'UtH1~qu'j:;1:Y.:Jf1 ClflllW:; IlCl:;U'U l'Yll.:Jfll'j I'fflll 11 'il U 'j llJ'Yl.:J'Yl'j l'lJ().:JHClfl 

HCl,j'l.:Jlfiu.:J UCl:;f1l1lJl~U.:J~tJ1'illnfl~'U ,j'1'Yi1~1 Mifltl1lJ 'I'11m1:JJ1,j'1 hl~Uln'lJflnftflll1~.:Jflcind ItJ'U~ 

• ,j'1'Yi1 ~lu'U~h,j'lillJfll'j ftflll11~Uf1f.:Jif 1flU1:Yil'm 1 'il 

.. 9 d1 "1 l ' 0 ~" " IlJtJ Iflfl fl flU lJ'il11'lJ'U~tJ.:JU'il.:JI'I1'lHCl 

• .ul'YH ~1 1M'lJ'Yl';i 1'lJ'il1flH'I'11fll'j 1~ Ul1 'I11fl.ul'YH ~1 1 ~r 'lJm1lJi:jfltJfl~1L~ tJ.:J 'il1flfll'j ftflll1'YlflCltJ.:J 
" " "1i1Q.1 jI jlVo ~Q.lQ.I ~ d~"::::'ijljl9j1 

~1'Yi1'il1'il:; fl'j'lJm1lJfJlJmtJ.:j~llJfl~'I1:JJlU IlCl:;'il:;U'il.:J~'Yl1fll'jl'ilU'Yl'U l'UmW'YllJ flU'il.:J I'll 

Yo .c:t. Q.I "Q.I d..:!i .::::t. A I .c:!iod.c:\o J i jI ..:!j I jI iI 0 " jI Y 
~'Yllfll'jl'ilU'Yl';i1'lJ 1'U'Yl'U'Ylmf1l1lJHflufl~'Yllflfl~'U fl 'il:;()tJl1~1'Yi1'il1'YllI'l1flnfJlJmtJ.:Jm1lJ 

" "" 9 ~ ,-~ d" .,; ~" "dt ~ ::'I 1" • ~1'Yi1'il11~11'ilUCl:;~'j:;'I1'Ufll1 Hl'ilU'il:;lfl'lJ~tJlJClI1l'Yi1:;IflUlfl'lJ~1'Yi1'il1IU'Uf1l1lJCl'lJ UCl:;'il:;luflIHU fl 
" " 

m'Yi 1:; 1'U ~tJ~ltJ'UHCl1:Y~ll fll'j l~U ('11~ tJ.u1'Yi1 ~ltJ'4 ty 1~ 1M 0~U!ilflIHU.utJlJClI~Uln'lJ~l.u1'Yi1 ~lfitJ 
I I dd 91 dy..::.,QI d 

'11 'U 1 U.:J 1'U ~ 1.:J '1 'I'll fl Ul~ tJ.:J ~ llJ'Yl~l 'il UI'I1'U 1:YlJ f11'j) 

• .u1'YiI~lU'UV'Ul1 .u1'YiI~llitJ1~ 20 TI'lJ~\Pur 'I1~tJ:JJlflfll1 

Cl.:J'U1lJtJ'j :;'lf1m~ltJ[h.:J 

'11 ~ tJHliril'U i llJ 1'U fll'j 1~ U 
" 

Cl.:J'U1lJ'YiU1'U 

~ v'o VQ. ' 

IUO';i IYI';ii'l'YfYm1'11';iU~Vl~tJ .. ....... ....... ........ .. .... .... .................... .... ... ............ .... .. ........... ... . 
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APPENDIX H 

SCREENING QUESTIONNAIRE 

'" 1. 'lie) ('U1U, 'Ul.:J, 'UWffl1) .. . . . .. .. . ... ... ...... . .. .. . 'UllHYfJn ...... .. .... .. . .. .. . ...... . ... .. .. .. . . . . 

• 
2. ~lQ ......... .. ... tJ l.h",,rn ... .... .......... i1lnni'lJ ri1'U"\l.:J ............... 19I'U~llJm 

3. m;Yi ...... .......... ......... ....................... . 

.....1 ~I .. 
4 . ':i~U~nnl'YllJ~1f1l':ilJ1~ ............. lJ ......... ...... I~~'U ..... . ............ 1'U 

o l~ij o ij .... ....... ... .. ..... .. .. ... . 

o l~ij o ij ....... . .. ................ .. . 

o 1~ij D jj .... .. ..... ......... ........ . 

o l~ij o ij ........ .. .... ..... .. .... ... . 

o l~ij o ij .................. .. ....... . 

o l~ij o ij .... .. .. .................... . 

'If. Cervical instability o l~ij o ij ......... ........... ........ . 

91 . Rheumatoid arthritis o l~ij o ij ....................... .... . 

OJ. Ankylosing spondylitis o 1~ij o ij ........ .................... . 

~ . Migraine o l~ij o ii ............ ..... .. ........ . . 

o l~ij D ij .... .... ....... ... ....... .. . . 

n VB) o l~ij o ij ................. .. ..... .. . 

o Dizziness o Diplopia o Dysarthria o Dysphagia 

o Drop attack o Tinnitus 
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o ililflU 

o IflV 'J~'I.J .... ...... ... ......... .............. .... .................................. .... .... .. ......... .... ... ... ........ .... ..... ..... .... .. . 

o 1lili'lu 

o Ii'lU dhr!j''Ufi .... ....... ........................ ~H1 ............ .. .... .... .................................... .. ......... . 

o iliH 

I 1" - 'If'J~'lJ .......... .. ................................. .... .. .. ... ... .. .... .. ....................................... ............. ..... ....... . 

o ilili'lv 

o Ii'lV'J~'lJ ..... ......... ... ........ .............. .. ... ................ .... ............ .......................... ... .... ........ ..... ..... ... . 

o iliij 

.... "" 1 "" _I .., "'~ , ~ ~ ~ I '" ~ o lJ f1VlJtlllll'Julf1i'ltlfl':i·n.!~f1~tlfl'UIU'U11('l1'U l'U .......... ... u ............. lfltl'U ..... .. ....... 1'U ....... .. 

~ 1 01" _I ~ .1 11. fl'ilfl'j'JlJ fI'Yll '\1tlllll'Julf1i'ltll'YilJ'IJ'U 
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.. i 91 0 III !V o 'Vi'IJll'Vi'Y1Vt1Cl~ ~'Y11m'j'jfl1l1~,)V ... .. . ..... ......... ..... ......... ..... .... ......... ...... ... ....... .... ...... .. ......... . 

O 
~ 0 ~ ijlo QJ jI 

'Vi'IJ\.JflmV.fll'Vi'lJl'IJ~ lH'1~ ~'Y11fll'S'jfl1l1~')V ..... .. ........... ........... ............. ............ .................. . 
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APPENDIX I 

INSTRUCTION FOR PARTICIPANTS 

Instruction for cervical range of motion measurement 

1 0" 0 0 i. I" ~ i· 1 " " , " ~ i· 1 " " , "1" d O d • 1" ~ 1. 1 
lJ~~.:)Vf)mlJ 'Y11~~ lJi'1~11'Ui'1~ lJfl1'U'1flV 1111'Ui'1~ lJfl1'U'1flV 11 fllJlf)'Y1~flI'Y11'Y11J:;'Y11 fl 11'U lJmvn:; 
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APPENDIXJ 

DATA COLLECTION SHEET FOR MAIN STUDY 

Before treatment 

iliihnn1'j 

1~1J'lb~ICHJ 

iliiitlln1'j 

I ~ 1J'1.b~ I CHJ 

I ~U'lb~lJlf)~llfll'yh~lI:; 

~'Um..llf)l'j i,;' 

I ~Utll~lJ1f)~llfll'yh~ 

lI :; ~'Ufl'Uln1'j i,;' 

76 



77 

Motion ROM (degrees) * for worst movement 

Flexion 

Extension 

Left lateral flexion 

Right lateral flexion 

Left rotation 

Right rotation 
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After treatment (5 minutes later) 

o Stiffuess 0 Pain 

o Left unilateral PA 0 Right unilateral P A 

Cervical level ............ . ..... Grade ..... . ...... ... Set. .... . . ...... . 

Cervical level . ... .... .. .. . ... .. Grade ............... Set. ............ . 

Cervical level....... . .......... Grade.............. . Set.. ........ ... . 

):;fiUfl11lJl~lJ'lhf1 (eh~fl.:jllH'U.flii1'U Before treatment form) .. 
• QJ d d 

) :;f1Ufl11lJl 'ilU-U1f1 1 'U '\JW:;'U ........ .. ... .. .. . 

• ) :;fiUfl11lJl ~U-U1f11rlel'tilfm lfl~6'U '1'1111'16 1'UYlffVll.:j~ fi6 1 Mlnf1f111lJl ~U-U1f1lJlf1 .. 
'Yl'C!f1 .... ............. . 

Motion ROM (degrees) * for worst movement 

Flexion 

Extension 

Left lateral flexion 

Right lateral flexion 

Left rotation 

Right rotation 
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APPENDIX K 

DATA OF MAIN STUDY 

Table K I Demographic data of patients (n= 15) 

Age Weight Height 

Participants Sex (l:ear~ ~kilogram~ ~centimeter~ 

1 female 51 50 148 
2 female 26 46 160 
3 female 41 43 154 
4 female 49 61 158 
5 female 37 75 163 
6 female 24 57 154 
7 female 40 50 151 
8 female 35 62 163 
9 female 54 49 150 
10 female 46 57 156 
11 male 56 72 165 
12 female 25 54 165 
13 female 45 51 160 
14 female 36 58 158 
15 female 51 62 160 
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Table K II Pain at rest (millimeters) (n=15) 

Appointment 1 Appointment 2 Appointment 3 Appointment 4 
Participants Pre Post Pre Post Pre Post Pre Post 

1 27 27 22 22 19 19 19 16 
2 53 69 54 49 63 36 0 0 
3 70 47 39 18 12 4 32 15 
4 31 28 20 20 0 0 0 0 
5 29 19 8 7 0 0 0 0 
6 23 14 16 3 3 7 4 
7 57 24 51 37 0 17 14 0 
8 39 17 14 17 13 10 6 23 
9 44 44 33 26 36 36 38 38 
10 70 56 67 55 70 59 0 0 
11 24 15 0 0 0 0 0 0 
12 46 39 15 15 32 31 5 6 
13 20 20 38 36 14 11 3 2 
14 48 48 28 24 24 28 17 15 
15 37 10 77 49 0 0 19 0 

Pre = Pre-treatment, Post = Post-treatment 

Appointment 5 Appointment 6 

Pre Post Pre Post 
14 13 17 19 
0 0 29 23 
6 9 5 3 
4 1 0 0 
0 0 0 0 

0 0 0 
11 0 0 3 
12 7 4 5 
28 28 30 30 
0 0 0 0 
0 0 1 0 
5 5 5 4 

5 4 
21 17 29 26 
0 0 0 0 

Appointment 7 

Pre Post 
0 4 
0 0 
9 2 
0 0 
0 0 
0 0 
6 1 
6 3 
20 20 
20 0 
0 0 
2 2 
6 4 
0 0 
0 0 

Appointment 8 

Pre Post 
1 
0 12 
3 1 
0 0 
0 0 
0 0 
0 0 
2 
17 16 
11 0 
0 0 
2 2 
1 0 
0 0 
0 0 

00 
o 
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Table K III Pain on worst movement (millimeters) (n=lS) 

Appointment 1 Appointment 2 Appointment 3 Appointment 4 Appointment 5 Appointment 6 Appointment 7 Appointment 8 

Participants Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 

1 36 34 28 28 26 25 25 21 19 18 17 18 16 12 9 7 
2 60 59 68 52 64 41 37 25 18 11 40 30 5 0 12 18 
3 70 30 62 16 16 14 46 29 21 22 13 II 10 5 5 4 
4 40 40 33 30 8 8 4 3 4 3 1 1 1 1 0 0 
5 61 36 15 13 13 12 9 3 3 0 2 0 0 0 0 
6 46 33 65 18 57 48 53 26 35 9 25 17 46 24 32 13 
7 53 20 49 39 31 22 19 6 13 4 6 2 4 1 3 0 
8 82 66 39 41 44 44 21 42 34 20 9 10 10 5 5 2 
9 70 70 66 61 52 51 67 67 46 46 55 43 37 33 27 26 
10 71 51 67 61 72 55 59 49 40 18 37 13 27 4 18 0 
11 31 12 14 6 3 0 0 5 2 1 0 1 0 0 0 
12 52 45 19 21 36 35 11 13 9 10 11 9 2 2 4 4 
13 45 45 44 36 II 10 4 3 3 3 4 3 11 6 1 1 
14 54 51 32 28 30 26 33 24 26 17 33 31 7 2 0 0 
15 77 70 91 78 44 44 55 34 0 0 0 0 0 0 0 0 

Pre = Pre-treatment, Post = Post-treatment 

00 
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Table K IV Cervical flexion ROM (n=15) 

Appointment 1 Appointment 2 Appointment 3 Appointment 4 
Participants Pre Post Pre Post Pre Post Pre Post 

1 43 45 52 52 54 51 57 49 
2 64 66 58 54 69 58 63 63 
3 56 54 55 55 51 52 50 51 
4 53 53 48 47 51 44 44 44 
5 51 50 64 61 63 57 58 52 
6 48 55 55 58 51 48 51 51 
7 51 49 42 56 56 53 50 48 
8 59 51 56 47 54 56 56 53 
9 46 43 45 53 52 51 59 50 
10 47 45 40 40 44 44 47 43 
11 45 45 45 42 47 50 44 47 
12 64 62 60 58 55 62 56 62 
13 50 49 50 50 51 54 49 45 
14 52 54 59 50 53 46 47 46 
15 20 50 37 44 47 49 44 47 

Pre = Pre-treatment, Post = Post-treatment 

Appointment 5 Appointment 6 

Pre Post Pre Post 
65 55 52 46 
64 55 58 59 
53 55 53 49 
55 44 47 47 
64 57 62 55 
48 47 49 52 
42 43 40 48 
56 58 58 58 
60 64 58 60 
44 43 44 39 
46 44 44 44 
54 60 54 64 
51 51 50 48 
49 51 51 53 
53 53 54 52 

Appointment 7 
Pre Post 
44 44 
62 58 
49 53 
50 45 
56 67 
51 50 
55 47 
64 64 
53 58 
44 44 
45 44 
56 58 
51 49 
45 49 
54 48 

Appointment 8 

Pre 
37 
59 
53 
47 
63 
51 
54 
56 
54 
42 
44 
59 
52 
40 
54 

Post 
39 
57 
49 
44 
63 
44 
52 
55 
56 
44 
45 
57 
47 
46 
52 

00 
N 
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Table K V Cervical extension ROM (n= 15) 

Appointment 1 Appointment 2 Appointment 3 Appointment 4 Appointment 5 Appointment 6 Appointment 7 Appointment 8 
Partici~ants Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 

1 68 62 58 52 58 56 54 57 55 49 52 52 55 54 64 58 
2 76 92 58 60 68 68 71 70 55 80 70 73 80 84 72 77 

3 46 52 49 50 46 46 50 48 55 47 43 51 48 51 50 53 
4 58 53 44 49 49 55 57 56 44 51 56 56 50 50 50 50 
5 58 55 55 65 60 62 60 52 57 50 49 50 53 51 57 55 
6 57 59 59 55 61 58 51 53 47 60 60 58 53 60 56 54 
7 60 67 70 67 72 74 63 60 43 65 58 58 60 62 66 63 
8 65 58 62 60 62 62 60 55 58 62 56 68 55 60 55 59 
9 31 33 36 35 49 49 46 46 64 47 38 40 42 50 42 46 
10 57 58 66 62 67 69 70 62 43 68 62 61 59 59 60 54 
11 46 50 45 46 46 58 46 50 44 49 50 56 52 57 54 55 
12 52 54 54 56 59 65 62 58 60 57 64 63 72 58 64 64 
13 52 54 46 50 52 58 62 68 51 62 62 64 57 58 63 60 
14 58 54 54 46 50 54 62 60 51 50 58 58 60 54 64 63 
15 30 46 40 42 43 43 38 41 53 52 48 44 48 46 46 48 

Pre == Pre-treatment, Post == Post-treatment 
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Table K VI Cervical ipsilateral flexion ROM (n=15) 

Appointment 1 Appointment 2 Appointment 3 Appointment 4 Appointment 5 Appointment 6 Appointment 7 Appointment 8 
Participants Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 

1 38 43 37 33 41 36 34 38 36 34 28 31 32 36 34 34 
2 48 46 37 45 42 42 45 39 42 44 41 44 47 44 45 42 
3 24 32 29 30 22 23 27 31 24 27 23 26 28 29 30 30 
4 37 32 26 34 33 33 33 30 33 35 32 30 33 32 32 31 
5 43 42 43 46 46 46 44 38 42 43 42 38 43 47 42 42 
6 43 44 44 40 42 40 47 43 46 43 44 48 42 46 52 44 
7 44 52 45 47 50 53 47 45 40 40 39 46 44 42 45 46 
8 51 44 47 52 54 47 48 46 44 48 48 48 48 50 42 42 
9 27 29 26 26 33 31 33 32 30 31 27 32 30 32 29 31 
10 38 36 36 40 40 38 41 37 34 35 32 37 38 36 37 41 
II 28 28 28 26 27 30 26 30 26 32 36 33 28 25 29 27 
12 37 42 40 40 38 38 40 40 38 34 38 34 39 35 34 36 
13 32 38 36 38 33 42 37 37 36 36 37 36 32 32 33 35 
14 48 42 43 41 44 46 44 50 49 48 43 46 42 42 43 45 
15 18 29 20 26 25 26 25 25 26 28 32 28 28 28 30 28 

Pre = Pre-treatment, Post = Post-treatment 
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Table K VII Cervical contralateral flexion ROM (n=15) 

Appointment 1 Appointment 2 Appointment 3 
Participants Pre Post Pre Post Pre Post 

1 36 37 32 33 35 31 
2 54 52 52 55 52 56 
3 24 32 34 33 30 32 
4 42 40 34 39 32 36 
5 49 49 50 51 50 51 
6 46 44 44 50 41 43 
7 44 45 47 50 44 53 
8 45 45 41 46 55 54 
9 31 34 36 30 33 33 
10 36 39 43 48 40 39 
11 28 30 27 26 28 26 
12 36 40 38 40 42 42 
13 38 44 48 44 37 43 
14 37 40 37 39 38 44 
15 30 30 27 26 28 28 

Pre = Pre-treatment, Post = Post-treatment 

Appointment 4 Appointment 5 Appointment 6 

Pre Post Pre Post Pre Post 

36 38 37 34 32 32 
49 53 54 52 55 50 
32 34 33 38 32 30 
33 34 35 37 37 40 
45 50 43 45 44 46 
43 49 43 42 45 44 
40 41 40 42 38 45 
39 49 50 46 54 54 
34 36 32 36 31 30 
39 39 34 34 34 36 
28 28 32 36 24 27 
38 42 36 39 36 40 
42 45 44 44 36 40 
38 40 39 40 38 40 
26 28 36 35 35 32 

Appointment 7 
Pre Post 
34 32 
56 57 
32 35 
39 34 
48 46 
46 46 
46 45 
46 50 
30 35 
35 37 
24 24 
40 36 
37 42 
40 40 
30 32 

Appointment 8 

Pre 
37 
56 
33 
34 
46 
44 
44 
45 
32 
36 
23 
34 
42 
40 
36 

Post 
31 
56 
33 
39 
47 
46 
46 
46 
35 
40 
26 
34 
41 
42 
32 

00 
VI 
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Table K VIII Cervical ipsilateral rotation ROM (n=15) 

Appointment 1 Appointment 2 Appointment 3 Appointment 4 
Particieants Pre Post Pre Post Pre Post Pre Post 

I 64 62 62 64 61 62 62 62 
2 76 72 68 73 70 64 78 68 
3 64 64 65 60 65 65 65 68 
4 56 60 56 58 66 63 62 66 
5 66 68 70 68 66 66 64 65 
6 67 60 60 59 63 58 61 63 
7 50 72 75 76 77 80 74 75 
8 62 64 66 66 67 69 64 68 
9 55 52 56 58 61 64 60 60 
10 56 60 56 57 56 55 57 54 
II 57 58 53 54 54 58 63 60 
12 64 74 70 64 62 70 65 70 
13 66 72 70 68 66 66 62 64 
14 72 68 54 62 61 66 63 66 
15 42 50 48 46 45 55 49 58 

Pre = Pre-treatment, Post = Post-treatment 

Appointment 5 Appointment 6 

Pre Post Pre Post 
61 63 60 59 
73 68 73 70 
68 68 64 64 
64 64 64 68 
66 65 68 67 
60 58 58 66 
70 73 68 74 
68 70 68 68 
60 57 56 58 
52 52 55 56 
62 62 60 61 
64 72 68 70 
67 68 65 64 
72 66 68 64 
54 54 62 55 

Appointment 7 

Pre Post 
61 62 
72 72 

70 67 
67 65 
63 64 
66 67 
70 76 
68 68 
58 61 
56 60 
58 57 
67 66 
59 66 
64 64 
60 56 

Appointment 8 
Pre 
64 
74 
68 
66 
68 
60 
76 
66 
59 
57 
57 
68 
66 
67 
59 

Post 
64 
73 
67 
70 
68 
64 
72 
63 
63 
57 
58 
72 
66 
64 
59 

00 
0\ 
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Table K IX Cervical contralateral rotation ROM (n= 15) 

Appointment 1 Appointment 2 Appointment 3 Appointment 4 Appointment 5 Appointment 6 Appointment 7 Appointment 8 

Partici~ants Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 
I 57 59 66 63 68 67 59 62 62 65 59 63 57 60 68 65 
2 74 70 64 69 59 59 66 64 64 66 61 63 62 60 63 64 
3 62 64 67 67 66 65 66 64 65 68 63 64 62 62 62 64 
4 73 72 66 72 63 63 76 70 71 68 72 70 62 60 60 68 
5 66 65 64 62 62 63 65 61 65 66 67 67 66 67 66 70 
6 62 69 69 65 63 66 66 67 66 66 66 66 66 68 65 70 
7 53 72 67 76 72 76 70 71 73 76 68 75 64 76 68 76 
8 63 62 68 67 70 72 69 66 65 64 68 64 60 60 69 70 
9 60 70 66 66 67 65 66 69 67 68 65 60 63 66 66 68 
10 61 61 62 60 63 61 63 64 58 62 59 60 64 62 62 63 
II 58 60 60 56 55 55 54 56 60 64 54 61 60 63 56 57 
12 78 73 70 74 70 73 72 73 70 76 70 76 73 72 74 70 
13 52 56 48 55 62 63 60 62 57 58 58 52 58 54 54 54 
14 71 67 67 66 70 80 70 74 70 82 73 74 68 70 78 78 
15 40 52 40 48 58 54 50 54 66 64 64 62 63 62 61 61 

Pre = Pre-treatment, Post = Post-treatment 
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Table K X Cervical ROM on worst movement (n=15) 

Appointment 1 Appointment 2 Appointment 3 
Participants Pre Post Pre Post Pre Post 

I 36 37 32 33 35 31 
2 54 52 58 60 52 56 
3 62 64 67 67 66 65 
4 42 40 34 39 32 36 
5 66 65 64 62 62 63 
6 42 46 44 50 41 43 
7 44 45 47 50 44 53 
8 45 45 41 46 55 54 
9 31 33 36 35 49 49 
10 36 39 43 48 40 39 
II 57 58 53 54 54 58 
12 37 42 40 40 38 38 
13 38 44 48 44 37 43 
14 39 40 37 39 38 44 
15 40 52 40 48 58 54 

Pre = Pre-treatment, Post = Post-treatment 

Appointment 4 Appointment 5 

Pre Post Pre Post 
36 38 37 34 
49 53 54 52 
66 64 65 68 
33 34 35 37 
65 61 65 66 
43 49 43 42 
40 41 40 42 
39 49 50 46 
46 46 47 47 
39 39 34 34 
63 60 62 62 
40 40 38 34 
42 45 44 44 
38 40 39 40 
50 58 66 64 

Appointment 6 Appointment 7 

Pre Post Pre Post 
32 32 34 32 
55 50 56 57 
63 64 62 62 
37 40 39 34 
67 67 66 67 
45 44 46 46 
38 45 46 45 
54 54 46 50 
38 40 42 50 
34 36 35 37 
60 61 58 57 
38 34 39 35 
36 40 37 42 
40 40 40 40 
64 62 63 62 

Appointment 8 

Pre 
37 
56 
62 
34 
66 
44 
44 
45 
42 
35 
57 
34 
42 
40 
61 

Post 
31 
56 
64 
39 
70 
46 
46 
46 
46 
40 
58 
36 
41 
42 
61 

00 
00 
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Table K XI Neck Disability Index (percentage) (n=15) 

Partjcj~ants NDII NDI II 
1 48 .9 20.0 
2 31.1 15.6 
3 52 .0 10.0 
4 15.6 8.9 
5 14.0 8.0 
6 17.8 6.7 
7 28 .9 6.7 
8 30.0 10.0 
9 31.1 28 .9 
10 36.0 32.0 
11 28.0 6.0 
12 20.0 17.8 
13 13.3 8.9 
14 28 .0 4.0 
15 44.4 11.1 

Table KXII Global Perceived Effect (n=15) 

Partjci~ants GPEI GPE II 
1 3 3 
2 2 2 
3 2 2 
4 3 2 
5 3 
6 2 2 
7 2 
8 2 1 
9 2 3 
10 3 3 
11 2 2 
12 3 3 
13 2 2 
14 2 1 
15 
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APPENDIX L 

KOLMOGOROV - SMIRNOV TEST OF MAIN STUDY 

Table L I Pain at rest 

Kolmogorov-Smirnov test 

Statistic df Sig. 

Baseline 0.135 IS 0.200 

Postl 0.185 15 0.176 

Post2 0.148 IS 0.200 

Post3 0.184 15 0.185 

Post4 0.242 IS 0.019* 

PostS 0.302 15 0.001* 

Post6 0.336 IS 0.000* 

Post7 0.319 IS 0.000* 

Post8 0.397 IS 0.000* 

* p < 0.05 

Table L II Pain on worst movement 

Kolmogorov-Smirnov test 

Statistic df Sig. 

Baseline 0.143 IS 0.200 

Postl 0.095 IS 0.200 

Post2 0.134 IS 0.200 

Post3 0.148 IS 0.200 

Post4 0.143 IS 0.200 

PostS 0.156 IS 0.200 

Post6 0.169 IS 0.200 

Post7 0.314 IS 0.000* 

Post8 0.284 15 0.002* 

* p < 0.05 
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Table L III Flexion 

Kolmogorov-Smirnov test 

Statistic df Sig. 

Baseline 0.187 15 0.168 

Postl 0.152 15 0.200 

Post2 0.128 15 0.200 

Post3 0.085 15 0.200 

Post4 0 .157 15 0.200 

PostS 0.153 15 0.200 

Post6 0.117 15 0.200 

Post7 0.199 15 0.115 

Post8 0.141 15 0.200 

* p < 0.05 

Table L IV Extension 

Kolmogorov-Smirnov test 

Statistic df Sig. 

Baseline 0.187 15 0.164 

Postl 0.219 15 0.050 

Post2 0.117 15 0.200 

Post3 0.122 15 0.200 

Post4 0.093 15 0.200 

PostS 0.220 15 0 .050 

Post6 0.130 15 0.200 

Post7 0.231 15 0.031* 

Post8 0.149 15 0.200 

* p < 0.05 

Table LV Ipsilateral flexion 

Kolmogorov-Smirnov test 

Statistic df Sig. 

Baseline 0.164 15 0.200 

Postl 0.214 15 0.064 

Post2 0.148 15 0.200 

Post3 0.097 15 0.200 

Post4 0.144 IS 0.200 

PostS 0.170 15 0.200 

Post6 0.153 IS 0.200 

Post7 0.155 15 0.200 

Post8 0.199 15 0.112 

* p < 0.05 
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Table L IV Contralateral flexion 

Kolmogorov-Smirnov test 

Statistic df Sig. 

Baseline 0.119 15 0.200 

Post1 0.123 15 0.200 

Post2 0.125 15 0.200 

Post3 0.121 15 0.200 

Post4 0.133 15 0.200 

PostS 0.122 15 0.200 

Post6 0.148 15 0.200 

Post7 0.146 15 0.200 

Post8 0.125 15 0.200 

* p < 0.05 

Table L VII Ipsilateral rotation 

Ko1mogorov-Smirnov test 

Statistic df Sig. 

Baseline 0.163 15 0.200 

Post1 0.137 15 0.200 

Post2 0.113 15 0.200 

Post3 0.181 15 0.200 

Post4 0.117 15 0.200 

PostS 0.135 15 0.200 

Post6 0.147 15 0.200 

Post7 0.133 15 0.200 

Post8 0.137 15 0.200 

* P < 0.05 

Table LVIII Contralateral rotation 

Kolmogorov-Smirnov test 

Statistic df Sig. 

Baseline 0.126 15 0.200 

Post1 0.145 15 0.200 

Post2 1.320 15 0.200 

Post3 0.150 15 0.200 

Post4 0.111 15 0.200 

PostS 0.270 15 0.004* 

Post6 0.170 15 0.200 

Post7 0.180 15 0.200 

Post8 0.162 15 0.200 

* p < 0.05 
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Table L IX Worst movement 

Kolmogorov-Smirnov test 

Statistic df Sig. 

Baseline 0.218 15 0.054 

Postl 0.200 15 0.109 

Post2 0.141 15 0.200 

Post3 0.141 15 0.200 

Post4 0.163 15 0.200 

Post5 0.182 15 0.194 

Post6 0.201 15 0.106 

Post7 0.128 15 0.200 

Post8 0.242 15 0.018* 

* p < 0.05 
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APPENDIXM 

DATA COLLECTION SHEET 

FOR INTRA-OBSERVER RELIABILITY STUDY 

Cervical Range of Motion Instrument 

ID ... .. .... Date ....... . ... / ...... . ... . / 2007 
.,; 
'Iff) ('U 1V, 'Ul.:J , 'Ul.:Jf(11) .... .. .. .. .. .......... ... .. .... ..... ... ..... .... .. 'UllJfffln .... .. .... ... ........ .... ... .... .. ... ....... .... . . 

w 

f)lQ ...... ........ tJ ul'ln! n ....... .... ... ... n1nni'lJ ri1Wj.:J ..... ............ 19l'U~llJm 

Motion 
ROM (degrees) ROM (degrees) 
First repetition Second repetition 

Flexion 

Extension 

Left lateral flexion 

Right lateral flexion 

Left rotation 

Right rotation 



95 

APPENDIXN 

DATA OF PILOT STUDY 

Table N I Demographic data of participants (n= 15) 

Age Weight Height 

Participants Sex (~ear~ ~kilogram~ (meter) 

1 female 56 58 157 
2 male 26 63 170 
3 female 42 60 156 
4 female 26 49 162 
5 male 22 54 164 
6 female 60 62 160 
7 female 46 59 163 
8 female 19 77 156 
9 male 42 66 167 
10 male 19 72 170 
II female 42 61 154 
12 female 71 63 162 
13 female 46 46 159 
14 female 33 48 154 
15 female 46 58 164 

Table NIl Cervical flexion ROM (n= 15) 

Range of motion (degree) 

First Session Second Session 

Participants 1 2 1 2 

53 53 48 51 
2 56 55 58 56 
3 50 49 48 50 
4 50 51 49 50 
5 49 48 45 49 
6 50 49 50 48 
7 47 49 46 47 
8 54 55 60 60 
9 46 46 50 50 
10 60 58 61 61 
11 57 56 56 56 
12 45 45 42 42 
13 60 62 62 64 
14 54 52 52 52 
15 54 54 55 55 
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Table N III Cervical extension ROM (n=15) 

Range of motion (degree) 

First Session Second Session 

Participants 1 2 2 

I 72 72 71 71 
2 71 71 70 70 
3 49 47 50 49 
4 70 70 70 71 
5 77 78 72 72 
6 67 67 68 68 
7 64 65 68 68 
8 38 38 36 36 
9 56 56 55 55 
10 62 62 63 64 
11 60 60 60 61 
12 46 46 50 50 
13 44 44 48 48 
14 70 70 68 68 
15 67 66 66 65 

Table N IV Cervical left lateral flexion ROM (n=15) 

Range of motion (degree) 

First Session Second Session 

Participants 1 2 1 2 

I 34 36 29 31 
2 46 46 36 37 
3 36 33 37 38 
4 48 48 47 47 
5 49 49 47 48 
6 37 39 38 40 
7 43 47 44 46 
8 38 38 38 38 
9 36 36 36 36 
10 46 46 48 48 
11 36 36 40 40 
12 28 28 28 28 
J3 32 34 35 35 
14 44 44 50 50 
15 50 50 49 48 
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Table N V Cervical right lateral flexion ROM (n= lS) 

Range of motion (degree) 

First Session Second Session 

Participants 2 ] 2 

1 28 28 37 36 
2 39 39 40 42 
3 36 34 38 36 
4 46 46 44 44 
5 40 42 40 40 
6 45 45 38 40 
7 46 46 46 47 
8 40 40 38 38 
9 35 35 35 35 
10 49 48 49 50 
11 44 44 46 46 
12 36 38 36 37 
13 28 30 34 32 
14 42 41 46 46 
15 56 56 56 55 

Table N VI Cervical left rotation ROM (n= lS) 

Range of motion (degree) 

First Session Second Session 

Participants ] 2 2 

1 69 71 66 64 
2 72 74 72 73 

3 68 70 66 66 
4 66 66 67 68 
5 71 73 71 69 
6 64 63 64 65 
7 80 80 81 81 
8 65 65 64 62 
9 70 70 70 70 
10 58 61 62 62 
11 66 68 68 68 
12 58 60 60 60 
13 70 71 72 72 
14 68 68 70 72 
15 69 70 70 70 
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Table N VII Cervical right rotation ROM (n=15) 

Range of motion (degree) 

First Session Second Session 
Participants 1 2 1 2 

1 63 63 64 64 
2 64 66 68 68 
3 68 68 68 68 
4 70 70 66 67 
5 72 72 66 68 
6 67 69 64 66 
7 74 74 77 76 
8 54 54 52 52 
9 64 64 63 62 
10 64 64 63 64 
11 73 74 74 74 
12 52 53 58 60 
13 54 56 60 62 
14 64 66 67 68 
15 70 70 72 72 
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