
 

 

  

ผลของความเร็วในการเดนิตอ่การควบคมุการทรงตวั ความแปรปรวนของการเดินและ 
temporospatial ขณะเดนิในผู้ ท่ีมีอาการปวดหลงัเรือ้รังแบบไมเ่ฉพาะเจาะจง 

EFFECT OF WALKING SPEED ON POSTURAL SWAY, GAIT VARIABILITY AND 
TEMPOROSPATIAL GAIT IN PERSON WITH CHRONIC NON-SPECIFIC LOW BACK 

PAIN 
 

NANTACHON RUJICHI  

Graduate School  Srinakharinwirot University 
2019 

 

 

 



 

 

ผลของความเร็วในการเดินต่อการควบคมุการทรงตวั ความแปรปรวนของการเดินและ 
temporospatial ขณะเดินในผู้ ท่ีมีอาการปวดหลงัเรือ้รังแบบไม่เฉพาะเจาะจง 

 

นนัทชนม์ รุจิฉาย  

ปริญญานิพนธ์นีเ้ป็นสว่นหนึ่งของการศกึษาตามหลกัสตูร 
วิทยาศาสตรมหาบณัฑิต สาขาวิชากายภาพบ าบดั  
คณะสหเวชศาสตร์ มหาวิทยาลยัศรีนครินทรวิโรฒ 

ปีการศกึษา 2562 
ลิขสิทธ์ิของมหาวิทยาลยัศรีนครินทรวิโรฒ  

 

 



 

 

EFFECT OF WALKING SPEED ON POSTURAL SWAY, GAIT VARIABILITY AND 
TEMPOROSPATIAL GAIT IN PERSON WITH CHRONIC NON-SPECIFIC LOW 

BACK PAIN 
 

NANTACHON RUJICHI 
 

A Thesis Submitted in partial Fulfillment of Requirements 
for MASTER OF SCIENCE (Physical Therapy)  

Faculty of Health Science Srinakharinwirot University 
2019 

Copyright of Srinakharinwirot University 
 

 

 



 

 

THE THESIS TITLED 
  

EFFECT OF WALKING SPEED ON POSTURAL SWAY, GAIT VARIABILITY AND 
TEMPOROSPATIAL GAIT IN PERSON WITH CHRONIC NON-SPECIFIC LOW BACK PAIN 

  
BY 

NANTACHON RUJICHI 
  

HAS BEEN APPROVED BY THE GRADUATE SCHOOL IN PARTIAL FULFILLMENT OF THE 
REQUIREMENTS FOR THE MASTER OF SCIENCE IN PHYSICAL THERAPY 

AT SRINAKHARINWIROT UNIVERSITY 
  

  

   
(Assoc. Prof. Dr. Chatchai Ekpanyaskul, MD.) 

 

Dean of Graduate School 

  

   
 

  

  

ORAL DEFENSE COMMITTEE 
  

.............................................. Major-advisor 
(Asst. Prof.Chatchada Chinkulprasert) 

............................................ Chair 
(Assoc. Prof. Dr.Praneet Pensri) 

  

  

............................................ Committee 
(Asst. Prof.Chatchada Chinkulprasert) 

  

  

............................................ Committee 
(Nithinun Chaikeeree) 

 

 

 



  D 

ABSTRACT 
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Chronic lower back pain results in the alteration of proprioceptive sense and muscle 

control, which may disturb the automatic regulation postural control and gait stability. This is 
especially true in terms of fastest walking speed, which may aggravate poor postural control and gait 
instability This study aimed to investigate the effects of chronic lower back pain and walking speed 
on postural control, gait variability, and temporospatial gait. Twenty people with chronic and non-
specific low back pain (CNSLBP) and twenty people with non-low back pain (NLBP) walked at 
their preferred and fastest walking speed on a treadmill. The temporospatial gait parameters and 
center of pressure (COP) variables were recorded for three minutes at walking condition and 
three minutes of rest between walking conditions. The factor of gait variability was used to 
determine the coefficient of variation (CV) of the temporospatial gait. The results of the current study 
found that the anterior-posterior (AP) COP excursion and medial-lateral (ML) COP deviation in 
CNSLBP were significantly greater at both walking speeds (p<0.05). Only in the NLBP group, the AP 
COP excursion and ML COP deviation were lower in FWS than those of PWS. The factor of gait 
variability in the CNSLBP group were significantly greater than those NLBP during PWS (p<0.05). 
Gait variability decreased during FWS in both groups. Gait velocity was slower in CNSLBP than in 
the control group during PWS (p<0.05), while there was not a significant difference between groups 
at FWS. In conclusion; CNSLBP exhibited poor postural control in AP direction and no adaptation of 
postural control at FWS. CNSLBP increased gait variability during PWS. However, the fastest walking 
speed should be concerned when applied in person with CNSLBP due to maladaptation of postural 
control. 
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CHAPTER 1 INTRODUCTION 

Background 
The prevalence of low back pain in adults have been reported as 18.3% (a 

point prevalence) and 30.8% (one-month prevalence), evidence were assessed from 

165 studies in 54 countries. (1)  Yiengprugsawa and colleagues in 2017 found 30% 

prevalence of Thai people with chronic low back (CLBP).(2) Persons with CLBP reported 

less participation with family or communities, increasing an enormous burden, 

diminishing working capacity, physical activity limitation, (2, 3) postural instability 

,alteration of gait characteristic and gait control.(4-8)  

 Gait is a complex task that involves the control of whole body movement 

during dynamic stability on the motor task for coordination of numerous muscle activities 

and joint movement.(9) For gait control, movement during the steady-state is an 

autonomous process by cooperation of postural reflexes such as head eye coordination, 

appropriate alignment of body segments and optimal level of postural muscle tone.  

During walking, the body is a continuous state of imbalance; the center of mass (COM) 

translation ahead of a base of support to induce center of pressure (COP) shifting.(9, 10) 

Dynamic balance strategies to control ongoing walking must focus on the hip and spinal 

muscle strategies for controlling trunk and pelvic movement.(6, 9-13) Controlling balance 

during walking required sensory-motor system for adaptation of internal and external 

changes in various situations.(9, 14) The neuromuscular control would provide a proper 
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core muscles activation pattern and trunk muscle co-contraction for performing spinal 

equilibrium and stability, through an equalization of forces to provide proximal stability 

and extremity mobility.(3, 12, 15-17) Hence, core stability dysfunction can attribute to poor 

posture-gait control as well as alteration of gait ability. 

Impairment of postural control has been reported in person with CLBP.(3, 18) 

Nociceptive activation from injury of the spine caused change in neuromuscular control 

leading to insufficiency of neural system from reduction and inaccuracy of 

proprioceptive signal input of spine.(13, 19) Changes in cortical function and sensory 

feedback in individual with CLBP were related to delay feedforward mechanism and 

decreased core muscle activation, which as a result, leading to spinal instability due to 

disruption of the postural adjustment mechanism.(3, 13, 19, 20) Moreover, person with CLBP 

indicated a hip abductor muscle weakness that may disturb the body balance during 

walking due to insufficiency of lumbo-pelvic control.(21) The previous study reported that 

the people with CLBP impaired balance control during walking; more increase of COP 

excursion than healthy control during a preferred walking speed (PWS).(18) However, 

these results are uncertain to represent postural control during walking at steady state of 

various gait speed in person with CLBP. Due to, at the steady state of ongoing walking 

where neither accelerating nor decelerating of body must reach approximately at least 5 

steps.(9, 22) 
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Variability and temporospatial gait differ between person with CLBP and healthy 

control. Gait velocity, and stride frequency during PWS decreased in person with CLBP 

compared to individuals without LBP.(8, 23-26) Decreasing of walking speed; walking slowly 

and more carefully, might be compensated for more challenging motor control system.(5, 

8) For gait variability, the stride-to-stride fluctuation in person with CLBP was showed 

higher variability for trunk movement velocity during cognitive dual task. (27) but the stride 

length variability was less during comfortable walking speed.(28) In addition, Lamoth and 

colleague in 2008 reported lower variability of trunk-pelvic movement in patients with 

CLBP due to lack of flexible gait.(8) This consequence may be the compensation of trunk 

muscle activity for stability and gait control during distraction task.(5, 8) However, 

controlling gait in individual with CLBP not only leads to an adaptive mechanism of 

motor control from distraction task but also change walking speed as challenge situation 

may aggravate different neuromuscular compensation on gait consistency or walking 

performance.(8)  

Walking speed alters gait parameter and variability in person with CLBP.(8, 29) 

Walking in fast speed is commonly activity in a diary life where a fast walking speed 

(FWS) is related to increased more regular motor output.(30) Temporospatial gait in the 

person with CLBP have been reported as shorter stride length during fast walking 

speed.(31) Changing of trunk-pelvic movement variability were smaller in the transverse 

plane and more variable in the frontal plane cause by unclear counter-rotation between 
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pelvis and thorax when the speed is increased.(8) The lumbar erector spinae muscle is 

more activated in swing phase of fast walking speed in individuals with CLBP.(8) 

Alteration of gait speed is to move away from the attractor state causing gait instability 

that needed higher energy consumption.(8, 30, 32)  The result is neuromuscular adaptation 

mechanism to prevent a loss of stability during walking.(8, 32) Although, previous study 

suggested several of adaptation mechanism to preserve balance during loss of stability 

but the effect of neuromuscular adaptation on controlling a balance of virtual body such 

as gait consistency are unclear in this challenge situation of fast speed.(5, 8, 32)  

However, impairment of gait control during fast walking speed in patients with 

CLBP may aggravate recurrent injury of low back, lower extremity injury, disability, a risk 

of falling, walking ability limitation, a fear avoidance movement, and to decrease a 

quality of life in these populations. The effect of CLBP on a variability and temporospatial 

gait should be investigated for recommendation of assessment or management of 

person with CLBP.  

Therefore, the purposes of this study were to investigate the effect of CLBP on 

COP excursion, gait variability and temporospatial gait and the effect of PWS and FWS 

on COP excursion, gait variability and temporospatial gait in person with CLBP. 
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Research question 
Does the chronic low back pain affect to the COP variability, gait variability and 

temporospatial gait during preferred and fastest walking speed? 

Does the walking speed affect to the COP variability, gait variability and 

temporospatial gait between person with chronic non-specific low back pain (CNLBP) 

and NLBP? 

Objective of this study 
1. To compare a COP, gait variability, and temporospatial gait between person 

with CNSLBP and NLBP during preferred walking speed (PWS) and fastest walking 

speed (FWS). 

2. To compare a COP, gait variability, and temporospatial gait between PWS 

and FWS within person with CNSLBP and NLBP 

Hypotheses of the study 
. There was differences in COP, gait variability, and temporospatial gait during 

PWS and FWS between persons with CNSLBP and NLBP. 

2. There was differences in COP, gait variability, and temporospatial gait during 

between PWS and FWS in both CNSLBP and NLBP. 
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Advantages of study 
The challenging situation such as increasing a gait speed was usually applied 

for improvement of gait ability and physical activity in clinic. Thus, the clinician may use 

the information of gait variability, temporospatial gait parameters and postural control as 

well as COP excursion from this study for gait assessment or to advice the walking 

exercise in person with CNLBP. 

Keywords 

Chronic low back pain, Postural sway, Gait variability, Walking speed, Gait parameter 



 
 

 

CHAPTER 2 LITERATURE REVIEW 

The review of literature includes the following categories: 

1. Characteristic of CLBP 

2. Balance and the motor control impairment in persons with CLBP 

3. Alteration of gait characteristic in persons with CLBP 

4. Walking speed impact a gait performance 

5. Factor affect gait characteristic 

6. Assessment tool  

6.1 Temporospatial gait 

6.2 Gait variability assessment 

6.3 COP variability 

6.4 Low back pain disability 

6.5 Pain intensity 

6.6 Fear-Avoidance behavior 

6.7 Sahrmann lower abdominal core stability test 
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1. Characteristic and management of LBP 
1.1 Definition and diagnostic classification of LBP 

The lumbar spine consists of 5 vertebrae numbered L1-L5.  The LBP was 

defined to pain between L1 vertebrae and sacrum region.(33) The period of LBP can 

categorize into three phase.  Acute phase is a symptom presentation fewer than 6 

weeks. Subacute, and chronic phase are pain presentation between 6 weeks to 3 

months, and longer than 3 months and occurrence within less than 6 months, 

respectively.(34) 

Diagnosis of non-specific LBP is a pain at low back without signs of a 

serious underlying condition and unknown cause of pathoanatomical and occurring of 

pain symptom.(34, 35) Specific LBP define to the origin of pain from either problems as 

underlying condition that include a leaking aortic aneurysm, epidural abscess, vertebral 

compression fracture, ankylosing spondylitis, malignancy, radiculopathy, infection, 

spondyloarthropathy, cauda equina syndrome, radicular pain,  or numbness in same 

nerve root distribution, or spinal canal stenosis.(35, 36) Although, the imaging investigation 

indicate degenerative changes on lumbar spine, but a little pain symptoms can divided 

to non-specific group.(36)  

Conclusion, LBP diagnosis is commonly recommended to three type that 

are non-specific LBP, radicular syndrome involved with radiculopathy or spinal stenosis, 

and serious pathology related with another specific spinal cause. However, red flag and 
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physical examination are used for screening and classification.(37, 38) Therefore, the 

diagnosis and treatment plan in non-specific LBP should more considers for the 

association between the chief complaint and currently pathological examination than the 

radiological findings. 

1.2 Epidemiology of LBP 
People with LBP in the word is increasing. The researchers surveyed from 

165 studies from 54 countries, their reporting were the highest prevalence in female than 

male, aged 40–80 years.(1) A point prevalence and one-month prevalence were reported 

18.3% and 30.8%, respectively. In Thailand, the LBP prevalence were reported for 33% 

of point prevalence and 55.7% of an annual prevalence in rubber farmers,(39) 61.5% of 

annual prevalence in nurse,(40) and mostly 83.5% prevalence in rice farmer with aged 

20–59 years old(41). The pain related the poor posture in working position and lack of 

back muscle exercise.  Additional, the prevalence of CLBP was surveyed in 42,785 Thai 

people, majority aged 30 to 65 years. The result has shown 30% of CLBP prevalence 

and they reported limitation of activities and an enormous burdened from the suffering of 

back pain.(2)  

1.3 Risk factor of LBP 
Composition of a risk factors of low back pain are a psychosocial, 

occupational, and individual life style.(34, 36) Clinician must concern a risk factor for 

prevention a recurrent pain and provide appropriate the treatment in individual with LBP. 
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The risk factors could aggravated an occurrence and chronicity of low back pain, which 

was presented in the Table1.(34) 

Table 1: Risk factors relate occurrence and chronicity of low back pain. (34) 

Risk factors Occurrence Chronicity 

Individual Age, smoking, abdominal muscle 
weakness, back muscle, weakness of back 
and abdominal muscles, physical fitness 

Obesity, disability, low educational 
level and  high levels of pain 

Psychosocial Stress, anxiety, pain behavior, negative 
mood or emotions, cognitive functioning 
impairment 

Depressive and distress and mood 
 

Occupational Bending and twisting, whole body vibration, 
job dissatisfaction, handle for manual 
material, monotonous tasks, less work 
relationships, poor social support 

Job dissatisfaction, job requirement 
of lifting for three quarters of the day, 
unavailability of light duty on return 
to work 

 
1.4 Physical examination in low back pain 

The physical examination was commonly used to evaluate for low back pain 

patient. For clinician, identifications specific diagnoses related a physical examination, 

which included:  

1.4.1 The Straight leg raising test (SLR test)  

SLR test was used to exam the back and lower limb pain which related 

the nerve root disturbance due to lumbar disc herniation. The SLR test is the passive 

patient’s hip flexed with knee extended, until the patients felt pain, strong stretching or 
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tingling in the posterior area of the lower limbs.(42) This hip angle was recorded for the 

data analysis. A positive test was indicated between 30 and 70 degrees of hip flexed.(35) 

1.4.2  Neurologic examination  

Neurologic examination includes evaluation of knee strength and 

reflexes (L4 nerve root), strength of great toe and foot dorsiflexion st (L5 nerve root), 

plantar flexion and ankle reflexes (S1 nerve root). Numbness or prickling sensation 

related the dermatome of nerve innervation. The positive test represented the nerve root 

dysfunction.(35)’  

1.4.3 The Adams’s foreword bending test  

The Adams’s foreword bending test that evaluated the spinal scoliosis. A 

participant was asked to back forward flexion in standing position with relaxed both 

arms. The examiner observed the chest and trunk for asymmetry. The rib or spinal hump 

represents the trunk rotation as well as spinal scoliosis.(43) 
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1.4.4 Lumbar segmental instability  

Lumbar segmental instability was assessed by the instability catch sign 

test. The subject was asked to bend his or her body forward as much as possible and 

then return to the erect position. The positive test; the subject was not able to return to 

erect position because of sudden low back pain. The instability catch sign test has 

reported good specificity (0.86, 95% CI: 0.77 - 0.92) for examining patients with lumbar 

spinal instability as well as spondylolisthesis.(44) 

2. Balance and the motor control impairment in persons with CLBP 
2.1 Concept of balance and postural control 

Control of posture and balance system involve the ability to anticipate and 

move in ways, which will avoid instability of independence in activities.(9) Controlling 

posture and balance is ability to control the body’s position in space from the interaction 

of musculoskeletal and neural systems. The action are performed by the synergy 

between the behavior of the individual, the task of postural control, and the environment 

on the task of posture.(9) 

Body orientation and equilibrium in locomotion involve many destabilizing 

factors as external and internal perturbation for controlling postural.(45) The postural 

orientation define as ability to maintain vertical of orientation of body in the environment 

of functional task by using of the sensory reference as including; the gravity (the 

vestibular system), the support surface (somatosensory system), and the relationship to 
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environment (visual system).(9) The postural stability or equilibrium indicates the ability to 

maintain the position of the body or the center of mass (COM) within stability of limit or 

without changing the base of support. (9) Thus, the postural control is ability to maintain 

whole body in the functional position in static and dynamic movement, it is performed by 

optimal coordination between three sensory systems.  

An appropriation of the cooperation of musculoskeletal and neurological 

system are demanded to controlling the posture.(9, 46, 47) Musculoskeletal system 

comprise such as joint range of motion, stability and flexibility of spine, muscle 

properties, and the relationship of biomechanical linked to the body segment.(9, 13) 

Neurological system as the multiple interaction of neural component indicate to the 

cooperation of sensory process and sensory strategies are the organization of the 

complexity of signal inputs. The internal representations are the mapping of sensation to 

action. The higher-level process is the essential for adaptation and anticipatory aspects 

of postural control. The motor process is neuromuscular response synergies. (9, 13) 

Commonly of the postural control is performed by the interaction of a various system 

which is illustrated in the Figure 2. 
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Figure 1: Conceptual model of systems contributing of the postural control. (9)                    

2.2 Motor control performance 
Controlling of muscular activation are programmed in the central nervous 

system (CNS) and transmission by peripheral nerves. The corticospinal pathways 

transfer the signal of the motor command to activate voluntary movement.(9, 13) To 

complete tasks are performed by an activation of specific motor patterns; to produce a 

sequence to activate muscle onset, providing the amplitude of various muscle 

contraction during action, and generation the continuous changing of muscles 

recruitment pattern. (48) The motor control involved to control spinal movement, to 

generate a specific position of the task, contributing of breathing function, and 

maintaining whole body equilibrium. The importance of motor control must concern for 

the coordination between normal spine function and the effect of back pain. Trunk 

control must require for two biomechanics  that consist the region orientation and 

individual motion segment translations during performing regional orientation.(13, 49) The 
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sensory system (e.g. a somatosensory, visual, and vestibular system) provides the 

information necessary for muscular activities in automatically and subconsciously to 

maintain the body during action that are generated by feedback and feedforward 

mechanism.(13, 50, 51) The feedback control is a continual processing of afferent 

information send along CNS for providing response control on a moment-to-moment 

basis. On the other hand, the feedforward likely as anticipatory control is generated by 

the CNS for earlier muscle reaction before the movement.(13, 19, 52) The proprioceptive 

sensation (e.g. muscle spindle, Golgi tendon) are primary sensory input for maintaining 

balance.(17, 53, 54) Hence, insufficiency of proprioceptive sensation caused the poor 

postural control. 

2.3 Deficiency of balance and motor control in CLBP patients 
Lumbo-pelvic muscles are important for providing a spinal stability during 

movement in a range of environment. Spinal stability as a neutral zone on spine is 

produced by three subsystems: the passive subsystem (e.g. spine, ligament, and disc), 

the active subsystem (trunk muscle) and neural control (e.g. nerve root and central 

nervous system (CNS)). (47, 55) The feedback and feed-forward mechanisms adapted the 

spinal muscles stiffness for internal and external forces control during body 

movements.(13) 

Impairment of motor control in individuals with LBP was produced by an 

injury on a subsystems structural that led to a spinal instability.(12, 13, 56) Nociceptive 
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stimulation might involve a reducing of proprioceptive signals on spine, inaccuracy of 

proprioceptive input, fear avoidance pain or movement, and physical activities 

limitation.(3, 13, 49, 56, 57) The effect was a maladaptation of motor control in chronic muscular 

pain as well as a person with CLBP for prevent recurrent pain and injury by changing of 

muscle activity around the pain area. . Adaptation mechanism was performed by the 

CNS mechanism that induced the alteration of intention and inaccuracy of motor 

interpretation of demanding. These adaptation mechanism resulted in the decreased 

robustness of the motor planning.(13, 19, 51) A feedforward mechanism compensate in the 

deep abdominal muscle based on the speed of limb movement. The transversus 

abdominis muscles (TrA) activation delayed prior limbs movement. The onsets of TrA 

and internal oblique (IO)muscle delayed during  fast speed in person with low back pain 

compared to healthy control.(19) The TrA muscle is a primary stability muscle. Thus, 

deficiency of TrA function led to increase an activity of the superficial spinal muscle for 

spinal stabilization. This affect to less of spinal segmental movement and flexibility 

during walking in person with CLBP.(5, 8) 
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Figure 2: The mechanisms might probably indicate for pain to affect motor control(13) 

 

Patients with CLBP presented a reorganization of sensorimotor network and 

promoted a maladaptive function of the supplementary motor area,(58) that the alteration 

of the neural system may produce a dysfunction of motor circuits. An approximate 

responsiveness of the core spinal muscles activity pattern was required for muscle co-

contraction of trunk muscle that provided the spine equilibrium and mechanical 

stability.(47, 52) These consequences contributed to lumbo-pelvic stability during limbs 

mobility.(3, 12, 16, 53)  Additionally, a lack of spinal ligament due to the injury on passive 

structure or trunk muscle strain might produce a spinal instability in CLBP patients.(55)  
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The fear avoidance belief of pain in person with chronic low back pain may 

contribute to a reducing of spinal movement as well as a lack of spinal flexibility, an 

anxieties, and lead to keeping away from activities such as sport activity, working or 

specific activity of daily life.(12, 13, 57)  

3. Alteration of gait characteristic in persons with CLBP 
Alteration of gait performances have been reported in individual with CLBP.(23, 

59-62) The consequences are changing of kinematic, kinetic and balance control and trunk 

muscle activity during walking in CLBP patients. Impairment of motor control attributed 

to compensate on the temporospatial gait due to adaptation mechanism of trunk 

muscles activation. (18, 28, 29) 

3.1 Trunk-pelvic kinematic during walking  
The kinematic changed were the relative thorax-pelvic co-ordination, which 

altered during walking in person with CLBP.(8, 29, 63, 64) Low back pain attributed to poorly 

adjust the thorax-pelvic movement coordination and decreasing inter-segmental 

movement of spine.(5, 8, 29, 65) At the comfortable walking speed, the global residual 

pattern of trunk-pelvic in thoracic and lumbar rotations was lesser in participants with 

CLBP than controls.(8, 29) For all walking velocity, the trunk-pelvic residual pattern 

movement in person with LBP was shown to decrease in transverse plane rotations and 

to increase in frontal plane. The trunk-pelvic movement coordination in the sagittal plane 

was revealed more in-phase (two segments move in a similar fashion) and less 
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variability in the CLBP subjects.(5) Additional, changing of trunk-pelvic kinematic might 

linked to reducing the variable pelvis-thigh coordination over stance and swing phase.(5, 

23, 28) 

For increasing of the walking velocity, the transverse rotation of thorax-

pelvic coordination moved toward the anti-phase coordination (synchronous thoracic-

pelvis counter rotation) in healthy control group while the speed more than 3.8 km/h. In 

contrast, the several CLBP patients presented the in-phase coordination (synchronous 

thoracic-pelvic rotation in similarly direction) in fast velocity and all walking speed.(63) 

The variability of residual pattern in the person with CLBP altered during increasing 

speed more than 4.6 km/h. The CLBP presented less a transverse lumbar rotation and to 

increase the thoracic rotation toward the frontal plane. This adaptation mechanism might 

be compensated by to increase a rigid trunk rotation. (8)  

Thus, the person with CLBP reduced the counter-rotation of trunk-pelvic 

movement and increased the inter-segmental coupling strength that were an adaptation 

strategies as the protective mechanism from a rotation perturbation.(8, 63) The 

effectiveness were an attempt to limit range of trunk-pelvic rotation as well as to produce 

trunk stiffness in CLBP patients.(5, 8, 59) These compensation of movement caused by 

diminishing of a precision of trunk postural control. The adaptation strategies may be 

possibly produced for preventing the recurrence injury of spine and future injury of lower 
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limb in the activity.(29, 59, 61, 62) The consequences lead to less flexibility in person with 

CLBP.(8, 28)  

3.2 Trunk-pelvic muscle activities during walking  
The normal trunk muscle activation during walking in healthy, that is, the 

trunk muscle activity (e.g. TrA, OI, OE, RA, and MF) associated lower limb movement as 

well as the hip movement in various directions (e.g. flexion, extension and abduction). 

First trunk muscle activation as feedforward responsibility during hip flexion is the 

contraction of the TrA muscle. This  is likely as the contralateral weight shifting of the 

initiate gait.(66) Although the onset time the TrA, RA and OI appeared before gluteus 

maximus activity but the TrA activity go ahead the activation of other muscle such hip 

extensor and abductor during stance phase.  Hence, the contraction of deep spinal 

muscles was required to control trunk stability, segmental movement of spine as 

approximately of trunk motion, variation in the speed, and the accuracy of foot place 

during movement.(66)  

Trunk muscle activities in gait differ between the patients with CLBP and 

healthy control.(67)  Low back pain lead to impair the preplanning of trunk muscle control 

as a delay of TrA activity prior limb movement.(13, 20) The patients with CLBP increased 

trunk muscle activity (e.g. multifidus (MF), erector spinae (ES), external oblique (EO), 

and rectus abdominis (RA)).(68) During swing phase, the multifidus activity was greater in 

CLBP than healthy control subjects.(67, 69) The ES and RA muscle activities was increased 
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during all periods of stride in CLBP.(62) Especially the ES muscle activation, increasing of 

the amplitude and prolong activity increased have been reported in patients with 

CLBP.(31) At the preferred walking velocity in swing pahse, the average of lumbar ES 

activity was increased approximately 51% in the ipsilateral and 68% in the contralateral, 

the activity thoracic erector spinea was increased 48% in the ipsilateral.(8) This effects 

might be compensated to stabilize the spine.(8) The ES contraction is used to diminish 

the deviation of trunk motion, maintaining balance, and to produce guarding relative 

trunk movement in locomotion.(29, 62) Moreover, modification of hip and knee movement 

over walking are induce by change on the lower extremity muscles activity alteration due 

to compensation of trunk movement over walking in participants with CLBP.(5) In the 

swing phase, the gluteus muscle is activated at the earlier state and the hamstring is 

activated at the end of swing phase in healthy control, but the CLBP more exhibited the 

hamstrings activation for coupling stage.(23) 

For increasing walking speed in persons with CLBP, the velocity related the 

trunk muscles activity.(29, 68) The amplitude of lumbar ES during the ipsi-contralateral 

swing phase decreased when the velocity was increased up to 4.6 km/h. The lumbar ES 

activity was greater during swing phase in person with CLBP than control.(8) The 

variability of lumbar ES activity decreased in CLBP patients during increasing gait 

speed.(29) These changes in LES activity showed poor control of LES muscle activity due 

to low back pain. Thus, change in lumbar ES activity in CLBP might attempted to 
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stabilizer spine by to increase a stiffness in challenge situation or unexpected 

perturbation.(8, 29, 68)   

3.3 Kinetic change during walking  
The kinetic is the reaction force acting or exertion by the body. The 

participants with CLBP decreased the ground reaction force during preferred walking 

speed, particularly more decreased the early peak ground reaction force in the stance 

phase.(23) The plantar pressures distribution was unequal weight bearing in the mid-

stance phase in this population.(70) This results may be generated by slow movement for 

avoidance pain at stance phase, and prevention the future spine and lower extremity 

injury.(23) 

3.4 Gait variability and balance control during walking  
Balance in gait is controlling of dynamic stability as automatic mechanism 

ongoing walking. For walking situation, the body is performed a continuous imbalance 

situation, resulting from the center of mass (COM) does not stay within base of support 

(BOS).(9, 10) Initiation state, the acceleration of COM move ahead of the base of support, 

then the COP move into posteriorly and laterally toward the swing limb then shifts toward 

the stance limb and forward, this effects might be generated a strategies for setting the 

COM in motion by the momentum from loss of balance or destabilization.(9, 71) Terminal of 

gait must perform to return the COG within the base of support for a re-stabilization.(11) A 

minimally vertical displacement of COM could reduce the energy cost of walking.(9, 11) 

The COP trace during walking in normal adult, the COP moves posteriorly and laterally 
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toward the swing limb prior movement and then shifts to the stance limb and forward on 

pre-swing phase. Then toe-off the swing limbs appear with the COP shifting from lateral 

to toward movement over the stance foot.(9) 

Gait variability could indicate to inconsistency of the CNS for neuromuscular 

control during walking.(72) Balance and postural control during walking involved the 

regulation of the foot placement as control of the rhythmic walking mechanism.(73) 

Alteration in muscular control and a feedback of sensory systems might contributed to 

decrease automatic gait, this effect leaded to less of ability to regulate gait, reducing to 

maintain a steady walking pattern and increasing the COP moves over and beyond the 

base-of-support.(72) If the sensorimotor system impair in person with neuromuscular 

dysfunction or aging, a gait control might demand a cognitive supervision in order to 

properly integrate all of the sensory information and regulate dynamic balance.(74) This 

results associated the instability and risk of fall.(72, 74) Makki BE. 1997 has reported, the 

stride-to-stride variability in velocity could use to predict a falling and to classify the fall 

and non-faller in older adult by 71% accuracy, especially, the width significant for 

predict for measure postural sway.(75) Specially, challenge in gait by changing the 

velocity or executive task application interfered a control locomotion and the gait 

adaptation mechanism in neuromuscular disorder such as chronic ankle instability, 

CLBP and elderly.(76-78)  
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The stride-to-stride fluctuation in term of gait parameters was used to 

measure the gait variability in person with CLBP. Impairment of proprioceptive and pain 

interfered as a feedback, postural adjustment mechanism and motor control that could 

contributed to different of gait variability between people with CLBP and 

asymptomatic.(27, 77, 79) Dual task as application a cognitive task during walking interfered 

a stride-to-stride variability by increasing variability of stride length and stride time due 

to altered sensorimotor mechanisms as well as chronic pain.(27, 80) Causing of dual task in 

gait might diminish the automaticity mechanism during walking, that was attributed by 

cognitive attention task in person with CLBP.(27) Increasing of variability reflected a loss 

of automaticity during walking and reduced the ability to adapt to short term 

perturbations that probably induced instability and a more susceptible to falling.(28, 81) 

However, the fast walking speed is a challenge situation from inducing instability as well 

as the common activity of daily,(30, 73) but the gait variability as the stride to stride 

fluctuation in term of temporospatial gait is unclear in this population. 

Moreover, balance control during preferred walking speed in CLBP has 

been reported by the COP movement. The trajectory of COP was investigated by the 

plantar pressure distribution for foot scan. The trajectory COP displacement more 

increased in CLBP. They leaned into anterior direction and less forward movement on 

the affected leg. There might compensated for avoidance pain during walking.(18) 
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However, the COP excursion during the fast gait speed should be regard in person with 

CLBP. 

3.3 Temporospatial gait  
Temporospatial gait were illustrated as slower a gait velocity and higher 

stride time in CLBP patients than control.(8, 29, 63) In fast speed, the stride length was 

decreased in CLBP patients.(29) The previous study has been reported that the gait 

speed and step width were increased in older adults with CLBP. The correlation 

between the step width, double limb support time and timing of stair ascent/descent in 

older with CLBP..(82) Changing of gait speed was compensated to preserver the body’s 

balance during walking and they required to achieve the behavior goal.(8, 29, 32) This 

results related to change of lower extremity movement due to the alteration of trunk and 

hip extensor muscle activity and spinal instability.(5, 31, 83) Moreover, the walking velocity 

affected a fear avoidance movement in person with CLBP.(8) 
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4. Walking speed impact a gait performance 
Walking speed affected the variability of gait parameter and kinematic of trunk, 

hip and knee motions.(85) Preferred walking speed is always selected, this speed reflects 

a stable attractor state of the motor system and low energy consumption.(86) Changing of 

gait speed (increasing or decreasing walking speed) is to move away from the attractor 

state causing gait instability and  it is expected  to loss of stability.(28, 30, 87) An amount of 

stride to stride fluctuation was increased if the walking speed differed from the self-

selected walking speed.(85) The variability of stride time, hip abduction/adduction angle, 

knee varus/valgus angle, knee internal/external rotation, and all trunk motions were 

affected by walking speed.(85) 

Fast speed affects the gait variability and kinematic movement due to changing 

of motor control recruitment. Fast speed related with increasing more regular motor 

output that needed higher energy consumption as well as adaptation mechanism due to 

loss of stability.(86) Variability of stride, step length increased while increasing gait 

speed.(87) The intra-limb coordination (thigh–shank and pelvis–thigh) reduced in dynamic 

phase and variability of inter-segmental  movement during fast speed were diminished 

than preferred and slow walking speed due to alteration of motor control in fast speed, 

which could restrict a degrees of freedom of lower limb.(88) These changes may be 

adaptation mechanism of the CNS to adjust the control strategies, which leaded to 

maintain the stability, rhythmic, and smoothness during challenging situation.(88) During 
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fast speed has decreased a variability of trunk-pelvic in participants with CLBP.(8) This 

result might be generate from increasing of superficial trunk muscle activity.(29) 

Increasing of walking changed the % time of  COP progression; to decrease in mid-

stance and to increase in pre-swing and terminal phase.(89) Thus, changing the speed of 

locomotion may require additional force for damping the destabilizing effects.(87)  

5. Factors affect the gait characteristic 
Gender affected the gait parameter, kinematic and the COP during walking. 

The step length and stride length were greater in men than woman. During pre-swing 

the women had a knee extension limitation of the ipsilateral and also limits forward swing 

of the contralateral leg, that results might contributed to decrease a step length.(90) 

However, these different were dependent of height.(90) Men had a significantly larger 

deviation of COP progression angle than women.(89) The kinematic of hip, knee and 

ankle angle in sagittal plane difference between male and female. Women more take on 

the movement on the ankle angular but the men increased a hip angular movement.(90, 91) 

For female, the hip move more medially in frontal plane that might compensated for 

reducing hip abductor strength.(90)  

Age influence on variability and temporospatial gait. Gait speed (e.g. preferred 

and fast speed) and step length difference between 10 to 79 years age groups.(92) The 

step length, stride length, ankle range of motion, pelvic obliquity, and velocity were 

significant lower in elderly than the younger women.(93) Variability of stride time, step 
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length related to age. Older adults has been reported greater variability for trunk roll, 

stride time and step length at all speeds than young adult. Additional, the trunk motion 

affected by age, greater of variability of trunk movement at all speed has been reported 

in older adult.(94) However, increasing of variability during walking might involve by the 

other factor related aging such as nervous system dysfunction.(94) 

Sensorimotor dysfunction increased gait variability and altered temporospatial 

gait. Gait control depended on the inaccuracy of sensory system input (e.g. visual, 

vestibular, and somatosensation) and the motor output such as trunk or leg muscle 

activity.(9) Greater variability for temporal gait in aging associated a visual disturbance 

(eye closed), poor leg proprioception, slower reaction time, and weakness of 

quadriceps muscle.(95) Neuromuscular disorder affect gait control such as Parkinson’s 

disease could induce postural sway during walking(96) or deterioration of cognitive 

associated the gait variability.(97) 

Moreover, body weight, height, Body Mass Index, leg muscle strengthening 

and the range of motion (ROM) of lower limbs affected gait parameter and variability 

during walking. Body weight and height relate the step length in women.(98) Obese 

women (BMI between 30-40 kg/m2) have slower at preferred and fast walking speeds 

and shorter stride lengths.(99) These different associated less powerful lower limbs.(99) 

Leg length associated the gait velocity. Decreasing of leg strength and passive ROM 

could induced greater gait variability.(85) 
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6. Assessment tool  
6.1 Temporospatial gait  

Temporospatial gait parameters is described as the rhythmic or alteration 

movement of lower limbs during walking. The spatial parameters (distance parameters) 

include the step length, stride length, and step width. The temporal parameters (time 

parameters) include the speed, stride time, step time, swing phase, stance phase, 

single limb support, double limb support, and cadence.(29, 67, 81, 82, 84) Gait parameters are 

indicated as following:  

– support time (% of gait cycle) or percentile of the mid-stance phase of 

each leg is the contralateral toe-off phase and the transfer of the body’s center of gravity 

over the weight bearing foot 

– step width (cm) is the distance between left and right foot 

– step length (cm) is the distance between the heel contact of one side of 

the body and the heel contact of the contralateral side 

– step time (sec) is the phase within a gait cycle between the heel contact 

of one side of the body and the heel contact of the contralateral side  

– step length (cm) is the distance between the heel contact of one side of 

the body and the heel contact of the contralateral side 

– stride length (cm) is the distance of the consecutive heel strikes of the 

same foot; stride time (sec) is the time interval as the time between consecutive heel 

strikes of the same foot 
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– cadence is a step frequency (step/minute) 

A)       

 

B) 

 

 

Figure 3: Demonstration the temporospatial gait parameters: A) step length, step width, 
and stride length; B) Percentile of single support is calculate from mid stance phase and 

the double support is calculated from the sum of loading response and pre-swing. 

Normative gait parameters could categorize to five boundary of 

temporospatial  gait performance: a rhythm boundary was defined by cadence, step 

time, stride time, swing time, stance time, and single support time; a phase domain was 

defined by the distinct divisions of the gait cycle (GC) such as double support (% GC) 

or swing phase (%GC); a variability domain was defined by the coefficient of variation 
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(%CV) for each of the temporospatial gait; a pace boundary was defined by a walking 

velocity, step length and stride length; and a base of support boundary was defined by 

step width and the variability of step width (SD).(81) 

6.2 Gait variability assessment 
Gait variability is defined as changes in gait parameters from one stride to 

the next stride. Balance and gait control involved variability of gait parameter that 

contain a support time, step width and length, and stride time and length.(72, 75, 76, 100, 101) 

Measures of variability have been defined by the standard deviation (SD) and the 

coefficiency of variance (CV) of the stride-to-stride fluctuations of gait parameters or 

kinematic movement.(8, 72, 74, 102) The SD can indicate the variability. The magnitude of 

variability as well as an amount of variability can defined by the CV; controlling of the 

rhythmic stepping mechanism associated to a variability of temporal stride kinematic.(72) 

CV is calculated by the ratio of the SD to the mean of gait parameter as following;  

Coefficiency of variance (CV) = 
Standard deviation (SD)

Mean
 ×100 

6.3 COP measurement in gait 
Postural stability and balance control during stance and walking could be 

assessed by continuous movement of the COP and COM positions.(3, 18, 103) The COM is 

defined to the position of the body’s center of mass (COM) relative to the base of 

support.(103) The COP is the point of pressure of the body over the soles of feet and the 

point is concentrated on the one spot during standing.(3) In gait situation, the center of 
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pressure moves over and beyond the base-of-support continuous gait cycle.  Measuring 

of COP location is performed by calculation the ground reaction forces and the ground 

reaction moments throughout each stance limb on the force platform or measuring of 

plantar pressure distribution from heel-strike to toe-off of each leg.(3, 18, 85) The trajectory 

of COP has been measured for the average of amplitude and velocity of COP excursion 

and trace of COP could detect the movement in the anterior-posterior and medial-lateral 

direction.(3, 85) The SD of COP displacement as a variability of COP movement could 

distinguish the older adult between the faller and non-fall.(104) Hence, controlling of COP 

movement has been represented the ability of the central neuromuscular control system 

to dynamic stability of gait control and maintaining a steady walking pattern.  

The trajectory of COP during static stance or walking are integrated by the 

force signal of software of the FDM-T instrumented treadmill that represent the major 

spatiotemporal gait parameter in term of COP variability.(105-107) A symmetry in terms of 

weight shifting between legs included the deviation of a continuous trace of the COP 

movement during walking in sagittal and frontal plan, and lateral shifting. This could 

measure a gait variability in patients with neuromuscular disorder.(106)The software can 

generate a graphic pattern in term of a butterfly diagram that represents a continuous 

trace of the COP trajectory. A butterfly diagram can estimated a COP variability, which is 

derived from a SD of COP movement in anterior/posterior and lateral direction.(105, 106) 
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Figure 4: A butterfly diagram derived from the instrumented Zebris treadmill. Red dot is 
defined to the intersection point of the COP trajectory during walking. Dashed lines 

represent COP variability in AP and ML directions. (106) 
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6.4 Low back pain disability 
Oswestry Low Back Pain Disability Questionnaire (ODQ) 

Oswestry Low Back Pain Disability Questionnaire (ODQ) is a self-report 

instrument of specific symptom for function disability that relate a low back pain.(108, 109) 

The ODQ contain a 10-item questionnaire; the first section rates the intensity of pain and 

the others indicated the effect of pain intensity on the disability of the daily activities.(109, 

110) The score of each item described in range from 0-5 and the total score is 50. The 

sum of score is showed in a percentage of maximum score: 0% is no disability and 

100% is a maximum disability.(109) An ODQ showed high a reliability coefficient in person 

with low back pain as well as an intraclass correlation coefficient (ICC) over than  

0.80.(108) In participants with sub-acute and CLBP, the ODQ showed accuracy of 71%, 

sensitivity of 76% and a specificity of 63% for discrimination of a disability 

improvement.(110)  

Table 3: ODQ score and level of disability. (109) 

Range of score Level of disability 

0-20 minimal disability 
21-40 moderate disability 
41-60 severe disability 
61-80 crippled disability 
81-100 bed bound or symptom magnified 
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However, the item of sex life was a problem in eastern society. The 

modified ODQ was removed an item of sex life and to replace the item of employment 

and housework. The modified ODQ has sufficient reliability to recommend it as a 

standardized measure of activity limitation and the ICC value was 0.84. The minimal 

detectable change (MCD) was at least 10.5 points in patients with chronic 

musculoskeletal pain.(110) The minimally clinically important change (MCIC) showed at 

least 10 points for all type of low back pain.(111)  

The Thai version of modified ODQ was developed by Sakulsriprasert et 

al in 2006.(112) The test-retest reliability is assessed in patients with low back pain, age 

40.1±10.7 years. The ICC value 0.98 that was calculated from two occasion separate by 

a time interval of 20-30 minutes. 

The Roland-Morris Disability Questionnaire (RMDQ) 

The Roland-Morris Disability Questionnaire (RMDQ) is measured the 

physical disability and activity limitation due to low back pain. The items in the RMDQ 

consisted of the yes-no response format. The questionnaire score is the sum of the “yes” 

responses. The score range 0 (no disability) and 24 (maximum disability). The MCIC 

value showed at least 3.5 point in patient with acute and chronic low back pain.(111) 

Thai version of RMDQ was developed by Jirarattanaphochai et al in 

2005.(113) One hundred participants with different duration of symptoms and type of low 

back pain were recruited for this study. The mean age of the patients was 46.8 + 12.42 
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years (range, 21-75). Thai version of the RMDQ showed the reliability for measurement 

the function disability of low back pain in Thai patients. The Cronbach’s alpha coefficient 

value was 0.83 (range 0.71-0.93). 

6.5 Pain intensity 
Numeric rating scales (NRS) 

Numeric rating scales is used to assess a pain intensity in chronic 

musculoskeletal pain.(114) The patients are asked to indicate the numeric pain score, 

which represents their pain intensity. The NRS consist of range from 0 to 10 or 0 to 100; 

0 represents no pain and 10 or 100 represents a worst of pain imagination.(108, 110) The 

minimal clinically important difference (MCID) of NRS in the patients with chronic pain 

was 2.0 or a percent change score of 33.0%.(114) For patients with low back pain, The 

MCIC showed at least 3.5 and 2.5 points for patients with acute and chronic low back 

pain, respectively.(111)    

Visual analog scale (VAS) 

Visual analog scale (VAS) consists of a line, usually 100-mm long (e.g. 

‘no pain’ to ‘pain as bad as it could be’). The end of label is defined the extremes of 

pain. Patients are asked to mark along the line, which best represents their pain 

intensity. The pain intensity is indicated by the distance from the no-pain end to the mark 

point. The MCID value showed at least 35 and 20 millimeter for patient with acute and 

chronic low back pain.(111)  
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6.6 Fear-Avoidance behavior 
A Fear-Avoidance Beliefs Questionnaire (FABQ) was used to assess the 

fear and avoidance behavior on the patients’ belief, which was affected from their low 

back pain. The FABQ contain two factors: fear-avoidance beliefs about work and fear-

avoidance beliefs about physical activity with internal consistency of 0.88 and 0.77, 

respectively.(115)  The FABQ consist 16 items: 7 items on fear avoidance beliefs about 

work and 4 items on fear avoidance beliefs about physical activity. Scoring is a 7-point 

Likert scale of each item responses ranging from 0 (completely disagree) to 6 

(completely agree). The total score is ranges from 0 to 42 and 0 to 24 for the total score 

of the FABQ work and physical activities scale, respectively. Higher scores indicate 

higher fear.(42, 115)  Reliability of FABQ Thai version was investigated by Pensri et al in 

2006.(116) Twenty participants with low back pain were included for test-retest reliability 

and the question separated by 24 hour interval was showed the high reliability,, ICC 

value of 0.85-0.96.
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6.7 Sahrmann lower abdominal core stability test 
The Sahrmann lower abdominal core stability test is a clinical assessment of 

isometric contraction of core stability muscle as a local abdominal muscle that provide 

the control of loading and supporting on the spine.(16, 117, 118) All positions start supine in 

the hook lying position and to maintain spine in a neutral position. The participants were 

instructed for abdominal contraction as well as maintaining abdominal control during leg 

movement. Previous study has reported the moderate reliability for Sahrmann core 

stability test in baseball athletes, the ICC value was 0.649 (95%CI 0.257 to 0.832).(117) 

The standard error of the measurement (SEM) value was 0.302, which would be 

described as low. (117) 

The starting position is the supine with crook lying and progression to 

difficulty level by loading of leg movement with maintaining the natural spinal curve. The 

pressure biofeedback unit (PBU) was placed under lumbar spine. The PBU was inflated 

pressure 40 mmHg and maintaining the lumbopelvic position in each level with a 

change of not more than 5 mm Hg.(119) The participants was instructed for normal 

breathing during testing. If participant could complete each level they were allowed to 

move on to the next until unable to complete the test. The test comprised 5 levels and 

the difficulty increasing go ahead next level is illustrated; 
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Table 4: Demonstrated the five levels of the Sahrmann core stability test.(16) 

The Sahrmann core stability test 

Level 1 Beginning in supine, in crook-lying position while abdominal hollowing* 

Slow raise one leg to 100˚ of hip flexed with point the tight toward the ceiling 

Opposite leg brought up to same position 

Lower the one leg turn to the table and the opposite leg to the starting position 

Level 2 Lift one leg up until your hip is bent to 100 ˚and your thigh is pointing toward ceiling 
Lift alternate foot off the table and slide foot down with heel contact the table until 
straighten leg completely 
Slide foot back to the starting position, so both feet are on table 
Repeat starting with your opposite leg 

Level 3 Perform the same movements as outlined in Level 2 except the following: 
Hold your foot off table while straightening leg out 
Set your leg down on table 
Bring your leg back to starting position by holding foot off the table 
Repeat with the opposite leg 

Level 4 Bend your hips and knees and slide heels along the table 
Lift both feet off table when 100˚hips flexed 
Reverse the movement to return to the starting position 

Level 5 Bend your hips and knees by lifting both feet off the table, bringing your knees to chest 
Hold your hips at 100˚and straighten your knees, lower legs to the table  
Returning to starting position 

Beginning in supine crook-lying position while abdominal hollowing in each level* 

  



 
 

 

CHAPTER 3 METHODOLOGY 

Research Design 
A research design is the cross-sectional study  

Participants 
Forty-participants were divided to two groups; 1) participants with chronic non-

specific low back pain (CNSLBP) and 2) non-low back pain (NLBP). Age was between 

20 to 59 years. They could walk without the assistive devices or assistance. Participants 

from the CNSLBP and NLBP groups were matched on sex, age range (5 year age 

group)(120), and BMI range(121). The inclusion criteria for CNSLBP was a pain at low back 

at least 3 months. Their pain level based on Numeric Rating Scale (NRS) was at least 4, 

averaged in the last 7 days.(5, 79) The disability was identified by Thai version modified 

Oswestry Low Back Pain Disability Questionnaire (Thai ODQ) range over than 20%.(85) 

The NLBP group had no experience LBP within the past six months.(82) On the day of 

examination, the participants were required to avoid from the extream physical activity. 

They could followed the commanding of tester. 

The exclusion criteria was a pregnancy, to present pain radiation in the lower 

leg, history of fractures or operative treatment related a spine or lower extremity, lower 

limb length discrepancy over than 1 centimeter (as measured by the distance from the 

anterior superior iliac spine to the ipsilateral medial malleolus of each leg, in a supine 

position),(122) to limited ankle and knee range of motion (ROM) in the sagittal plane, knee 
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deformity (bow leg), neurological disorder, lower extremity injury within the past 6 

months,(78) structural scoliosis, severe kyphosis,(18) uncontrolled the cardiovascular/ 

pulmonary disorder such as dizziness or dyspnea, receiving the drugs that involved 

balance, signs or symptoms of vestibular disorders such as vertigo, nystagmus in the 

day of assessment, diabetes mellitus with sensory neuropathy , a neck pain as defined 

by NRS score approximately at least 4,(123) neuromuscular disorder, visual problem that 

cannot be corrected with glasses. If, the specific low back pain is suspected by red flag 

instruction they were excluded.(34, 35, 124)  Participant were discontinued from this study if 

they reported increasing pain intensity more than 2 scores or occurring abnormal 

symptom during testing and disagreed to participate.  

This study was approved by the ethic committee of the faculty of physical 

therapy, Srinakarinwirot University, Ongkharak, Nakhon-Nayok, Pathum Thani Medical 

and Sanitary Human Ethic Committee, Nakhon-Nayok Medical and Sanitary Human 

Ethic Committee, Thailand. All participants received the information sheet that 

comprised the objectives, procedures, benefit and harm from this study. Then, they 

were required to sign in the inform consent before participating in this study. 

Setting  
This study was performed at settings that include a physical therapy clinic in 

Nakhon-Nayok campus of Srinakarinwirot University, Bueng Sanan of Tambon Health 

Promoting Hospital, Thunyaburi Hospital and Khlong Luang in Pathumthani, Thailand. 
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Sample size  
The sample size was calculated by program GPower 3.1.9.2 based on the 

previous study. The mean and SD of COP excursion, alpha and beta error was used to 

calculate the sample size The mean ± SD of COP excursion during walking in CLBP 

patients and control group were 0.70 ± 0.53 and 0.41 ± 0.29, respectively.(18) Alpha 

error probability (α) and power analysis (1-β) were set at 0.05 and 0.8, respectively. 

Total sample size from calculation was 72 participants. Thus, the minimum sample size 

was required 36 participants per group. 

 

 

Figure 5: Sample size calculation by the GPower version 3.1.9.2 
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Study procedures 
All participants were required to wear the comfortable clothing and sock. 

Participants were reported their information that considered for demographics and 

history of pathology same as the appendix A and B. For person with CNLBP, the low 

back pain related disability (appendix C) and fear avoidance belief were measured by 

the Thai ODQ and the Fear-Avoidance Belief Questionnaire (Appendix D), respectively. 

The NRS of pain level was assessed before walking test of each trial.   

Clinical assessment was to measure the lower abdominal core stability,(16) hip 

muscle strength and hip muscle tightness. Thomas test was used to assess the hip 

flexor length as the appendix E. If the hip and knee remained and flatted on the table, 

the result was negative. The test was positive if the hip and the knee lifted off the 

examination table. The Ober test was used to assess the tensor fascia latea (TFL) 

tightness same as the appendix E. The thigh of testing limb in side lying position was 

defined a neutral position as 0˚ of hip abduction Hip abduction was measured by the 

digital protractor at the lateral epicondyle of femur the result was positive. The test was 

negative when the hip put on the table as hip adduction as a neutral position. (125, 126) The 

Sahrmann Core Stability test was used to measure the lower abdominal core stability by 

leg movement with maintaining the neutral spine, which is detected by the pressure 

biofeedback (±5 mmHq) same as the appendix F.(118, 119) The Trendelenburg test was 

used to indicate the hip muscle performance during single leg stance. The participants 
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were required to single leg stand for 30 seconds. The negative test, if the pelvis on the 

non-stance can be elevated as high as hip abduction on the stance side and they can 

maintained this posture for 30 seconds with the vertebra prominens centred over the hip 

and foot. The positive test was defined as the dropping of the pelvis on non-stance or 

the pelvis is maximally elevated on the non-stance side above the stance side and the 

pelvis could not be maintained in that position for 30 seconds.(127, 128) The five times sit to 

stand test was used to assess the lower limbs performance. Intra-rater reliability was 

assessed for each measurement which was presented in the appendix H. Before 

walking test, the researcher explained the safety procedure to the participants. The vital 

sign was measured in all participants. Back and leg stretching were applied to the 

subjects. Then, the participants practiced to familiarize with treadmill walking for 3 

minutes. The experiment was performed on Zebris FDM-TDS-3i Treadmill (Zebris 

Medical GmbH, Germany) containing the treadmill with an electronic mat of 7168 

miniature force sensors and 108.4 x 47.4 cm of each sensor area. The running surface is 

150 x 50 cm. The treadmill velocity can be applied between 0.2 and 22 km/h, at interval 

of 0.1 km/h. The sensors at a sampling rate of 120 Hz was used to record a force 

exertion of feet during walking. 

Participants were blinded to select treadmill speed during testing. They walked 

naturally in the middle of the treadmill, no holding or touching the handrail. The PWS and 

FWS were determined before collecting data of each walking condition. For PWS 
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condition, the participants walked by their self-selected as a comfortable speed. The 

velocity was increased by 0.1 km/h until the participants report their first comfortable 

speed and walk in this speed for 1 minute to familiarization. The treadmill velocity was 

increased until the participants reported an exceeding their comfortable speed. Then, 

the velocity was decreased by 0.1 km/h until participants confirm their preferred a 

comfortable walking speed. For FWS condition; the participants were required to walk as 

fast as possible without running and the speed was started at nearly their preferred-

speed. When, the participants first report their fastest walking speed and walk 

continuously for 1 minute to familiarization. The velocity was increased until they report 

their running speed. Then, the velocity was decreased by 0.1 km/h until they confirm that 

their fastest speed.(26, 78) Their first and confirmed velocity were reported of each trial that 

were not different exceed 0.4 km/h.(87) The velocity were recorded for each walking 

condition. The determination of individual gait velocity was measured the intra-rater 

reliability that was shown in the appendix I. Participants were required to perform 3 

minutes of each walking condition and 3 minutes rest interval.(28) The sequences of data 

collecting was randomized.  

 

 

 

 



  51 

 

 

Figure 6: The diagram demonstrates the study procedure. 
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Data collection 
The participants were instructed to walk on the treadmill for 3 minutes of each 

walking condition (e.g. PWS and FWS)(26, 129) at least 3 minutes of resting between trials. 

All steps within time period were calculated to a temporalspatial gait and COP by the 

treadmill software Zebris. Gait variability were calculated from stride to stride fluctuation 

of a temporospatial gait that considered to walking velocity, the step length, step width, 

stride time, % single support and double support time and stride length.(45, 73, 130, 131) The 

COP movement in anterior-posterior and medial-lateral direction derived from the 

butterfly diagram.(132, 133)  

Data analysis 
Temporospatial gait parameters  

The temporospatial gait parameters were analyzed over 3 minutes of each 

walking condition. The temporospatial gait parameters was as following:   

1) Gait speed (km/h) was defined as an average gait speed during the 

analysis measuring interval.  

2) Step width (cm) was defined as the distance between right and left foot. 

3) Stride length (cm) was defined as the distance between successive heel 

contacts of the same foot. 

4) Step length (cm) was defined as the distance between the heel contact 

of one side of the body and the heel contact of the contralateral side. 
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5) Stride time (s) was defined as the time between the first contacts of two 

consecutive footfalls of the same foot, step length. 

6) Step time (s) was defined as the phase within the gait cycle between the 

heel contact of one side of the body and the heel contact of the contralateral side. 

7) Single support time (%) was defined as the percentile of the contralateral 

toe-off phase and the transfer of the body’s center of gravity over the weight-bearing 

foot. 

8) Double support time (%) was defined as a sum of the loading response 

phase and the pre-swing phase 

 

 

Figure 7: Demonstration the temporospatial gait parameters: A) step length, step width, 
and stride length; B) Percentile of single support time was calculated from mid stance 
phase and the double support time was calculated from the sum of loading response 

and pre-swing. 
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Gait variability 
The gait variability was indicated to the constant of gait control and balance, 

which involved the fluctuation of step length, step width, stride time and length, and % 

gait cycle of single support time.(45, 73, 130, 131) The coefficient of variance (CV) of each 

variable represented an amount of gait variability. It was the ratio of the standard 

deviation to the mean of each variable as follows.(45, 73, 132)  

Coefficient of variance (CV) =
Standard deviation (SD)

Mean
 ×100 

COP  
The trajectory of the COP was calculated from the typical of butterfly 

diagram of the force application points when the weight transfer in the double-standing 

phase. The COP  variability were automatically derived from the butterfly diagram that 

presented a continuous trace of COP trajectory during walking (Figure 8) as 

following.(105, 106)  

1) Lateral symmetry (mm): defined as left/right shift of the intersection point; 

zero position’ is equivalent to perfect symmetry. 

 2) Lateral variability (mm): defined as the standard deviation (SD) of the 

intersection point in the lateral direction. Similar to the ant/post variability parameter; 

‘zero’ is equivalent to constant strides in terms of width between the legs (Figure 8A). 
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3) Anterior/posterior position (cm): defined as the shift forwards or 

backwards of the COP intersection point, taking all the steps into consideration. The 

initial or zero position is the rearmost place where the heel contacts the ground 

4) Anterior/posterior variability (mm): defined as the standard deviation of 

the intersection point in the anterior/posterior direction (Figure 8B).         

 

 

 

Figure 8: The COP variability was demonstrated from the deviation of inter-segmental of 
COP trajectory movement as the black dot excursion: A) lateral variability as deviation 
into medial-lateral direction; B) Anterior/posterior variability as deviation into anterior or 

posterior direction 
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Statistical analysis 
The normal distribution of the demographic data (e.g. age, weight, height, BMI), 

pain intensity, disability in low back pain, gait variables (e.g. gait variability, 

temporospatial gait, and COP variables) were tested by a Kolmogorov-Smirnov test. The 

independent t-test was used to compare the demographic data and clinical assessment 

between the CLBP and NLBP group.  

Independent t-test was used to compare the difference of the COP variables, 

gait variability and temporospatial between groups. Paired t-test was used to evaluate 

analyze the COP variables, gait variability and temporospatial gait for within group 

(between speeds). The level of significance was set at 0.05. 



 
 

 

CHAPTER 4 RESULTS 

Demographic and clinical characteristics  
The characteristics of participants were presented in the Table 5. Regarding to 

age, height, weight, body mass index and gender, the data distribution were not 

significantly different between CNSLBP and NLBP group. The levels of the numeric 

rating scale and self-reported disability of the person with CNSLBP were in moderate. 

Table 5 The demographic characteristics (mean ± SD) 

Variables CNSLBP NLBP p-value 

Gender (male/female)  6/14 6/14 - 

Age (years) 42.10±11.61 40.75±10.76 0.71 

Weight (kg)  68.38±13.56 61.48±11.74 0.15 

Height (cm)  161.85±8.80 159.00±8.61 0.31 

BMI (kg/m2) 25.60±3.67 24.24±3.71 0.25 

Pain duration (months) 10.33±6.88 - - 

Numeric Rating Score (0-10) 5.55±1.28 - - 

ODQ (0-100) 24.50±12.53 - - 

FABQ  
Physical (0-24) 
Work (0-42) 

 

19.75±7.77 

24.45±14.36 

 

- 

- 

 

- 

CNSLBP; Chronic non-specific low back pain, NLBP; non-low back pain, ODQ; Oswestry Low Back 

Pain Disability Questionnaire, FABQ; Fear Avoidance Beliefs Questionnaire 

The person with a core stability weakness (grade 0) was greater in CNSLBP 

than those NLBP group. The proportion of positive Trendelenburg test on the left leg was 

greater trend in CNSLBP group than those in NLBP group. The percentages of the TFL 
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and iliopsoas tightness were shown slightly higher in CNSLBP group as compared to 

those NLBP group. The duration of FTSTS test was significantly greater in CNSLBP 

group than those in NLBP group (p<0.001). The clinical assessment in CNSLBP and 

NLBP group were shown in the Table 6. 

Table 6 Clinical assessment in CNSLBP and NLBP group. 

Clinical assessment CNSLBP NLBP p-value 

FTSTS (sec)* 10.28±3.90 6.71±1.27 <0.001 

Core stability strength (number of persons) 
Grade 0 
Grade 1 
Grade 2 
Grade 3 
Grade 4 
Grade 5 

 
17 
2 
0 
1 
0 
0 

 
10 
5 
2 
2 
1 
0 

 

 % Positive of Lt. Trendelenburg test 60 15  

% Positive of Rt. Trendelenburg test 35 20  

Lt. iliopsoas muscle tightness (%) 50 20  

Rt. iliopsoas muscle tightness (%) 50 25  

Lt. TFL muscle tightness (%) 50 20  

Rt. TFL muscle tightness (%) 55 40  

Lt.; left side, Rt.; right side, FTSTS; five time sit to stand test, TFL; tensor fascia latae. *; a significant 

at p<0.05. 
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Center of pressure (COP) excursion and deviation 
The results found that there were significant differences in COP variables 

between CNSLBP and control group. The COP excursion in AP direction and COP 

deviation in ML direction revealed significantly higher in CNSLBP than NLBP group at 

both walking speed conditions (p<0.05). At PWS, the AP COP excursion and ML COP 

deviation during PWS and FWS were significantly difference between CNSLBP group 

and control group. No significantly difference in the ML COP excursion and AP COP 

deviation were shown between CNSLBP and NLBP group. Comparison of COP variables 

between CNSLBP and control group were presented in Figure10.      
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Figure 9 Comparison of COP variables during preferred walking speed (PWS) and 
fastest walking speed (FWS) between chronic non-specific low back pain (CNSLBP) and 
non-LBP (NLBP) group: A) COP excursion in anterior-posterior (AP) direction ;   B) COP 

excursion in medial-lateral (ML) direction; C) COP deviation in AP direction; D) COP 
deviation in ML direction 

 

* * 

* 

* 
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As compared the COP variables between walking speeds in each group, only 

healthy control groups was found that the AP COP excursion and ML COP deviation 

significantly decreased during FWS than PWS. The AP COP excursion were 133.40±8.62 

mm in FWS and 136.95±9.07 mm in PWS, p<0.01. The ML COP deviation were 

3.01±0.92 in FWS and 3.86±1.20 mm in PWS, p=0.04. In CNSLBP, there were no 

significant differences in all COP variables between walking speed conditions.  The COP 

variables were presented in the Figure 11 
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Figure 10 Comparison of COP variables between preferred walking speed (PWS) and 
fastest walking speed (FWS) in chronic non-specific low back pain (CNSLBP) and non-

LBP (NLBP) group: A) COP excursion in anterior-posterior (AP) direction ;  B) COP 
excursion in medial-lateral (ML) direction; C) COP deviation in AP direction; D) COP 

deviation in ML direction 

* 

* 
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Gait variability 
Gait variability was calculated from the efficiency of variance of temporospatial 

gait parameters (step length, stride length, step width, stride time, and percentage of 

single support time) during 3 minutes at each walking speed condition. During preferred 

walking speed, a variability of step length, stride length, stride time, and single support 

time significantly increased in CNSLBP groups as compared to those in control group, 

except the step width variability was found no significant difference between groups. 

However, at fastest walking speed, all variables of gait variability were no significantly 

differences between groups as shown in the Table 7.  

Gait variability was compared between preferred and fastest walking speed in 

each group. The results were shown that the variability of step length, stride length, 

stride time were significantly lower during fastest walking speed than preferred walking 

speed in both groups as shown in the Table 8. 



  64 

Table 7 Comparison of gait variability (mean ± SD) between the CNSLBP and NLBP 
group during preferred and fastest walking speed conditions. 

Walking speed Gait parameter Gait variability (%) p-
value CNSLBP NLBP 

Preferred speed Step length  3.58±1.02 2.96±0.64 0.03* 

Stride length  2.51±0.73 2.10±0.47 0.04* 

Stride time  2.24±0.60 1.78±0.44 0.008* 

Step width  28.09±20.71 21.40±9.43 0.20 

Single support time 3.46±1.05 2.79±0.72 0.02* 

Fastest speed Step length  2.81±1.05 2.39±0.57 0.12 

Stride length  2.09±0.91 1.70±0.53 0.11 

Stride time  1.83±0.69 1.49±0.51 0.09 

Step width  26.13±12.92 22.20±7.83 0.25 

Single support time  2.63±0.60 2.30±0.44 0.05 

CNSLBP; Chronic non-specific low back pain, NLBP; non-low back pain; *; a significant at p<0.05. 
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Table 8 Comparison of gait variability (mean ± SD) between the CNSLBP and NLBP 
group during preferred and fastest walking speed conditions. 

Group Gait parameter Gait variability (%) p-
value Preferred speed Fastest speed 

CNSLBP Lt. step length  3.58±1.02 2.81±1.05 0.001* 

Stride length  2.51±0.73 2.09±0.91 0.03* 

Stride time  2.24±0.60 1.83±0.69 0.02* 

Step width  28.09±20.71 26.13±12.92 0.50 

Single support time  3.46±1.05  2.63±0.60 0.0001* 

NLBP Lt. step length  2.96±0.64 2.39±0.57 0.0001* 

Stride length  2.10±0.47 1.70±0.53 0.001* 

Stride time  1.78±0.44 1.49±0.51 0.01* 

Step width  28.09±20.71 26.13±12.92 0.39 

Single support time  2.79±0.72 2.30±0.44 0.001* 

CNSLBP; Chronic non-specific low back pain, NLBP; non-low back pain; *; a significant at p<0.05. 
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The temporospatial gait parameter 
The gait velocity at preferred walking speed was significantly decreased in 

person with CNSLBP when compared to those NLBP group. However, the gait velocity 

at fastest walking speed was no significant difference between groups. The stride time 

and percentage of double support time were significantly increased in person with 

CNSLBP as compared to those NLBP group at both walking speeds. The cadence was 

significantly decreased in person with CNSLBP (p<0.05) at both walking speed 

conditions. Step time at preferred speed was significant higher in CNSLBP group than 

those in NLBP group. Only step width that there was significantly no difference between 

groups at both walking speeds. These results are presented in Table 9.  
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Table 9 Comparison of temporospatial gait (mean ± SD) between groups at both speed.  

Walking speed Gait parameter CNSLBP NLBP p-value 

Preferred speed Gait velocity (km/h) 2.95±0.39 3.33±0.48 0.009* 

Step length (cm) 50.34±5.53 51.42±5.72 0.55 

Stride length (cm) 100.02±11.29 103.33±11.47 0.36 

Step width (cm) 9.31±4.25 9.14±3.12 0.88 

Step time (sec) 0.62±0.07 0.57±0.05 0.009* 

Stride time (sec) 1.23±0.14 1.13±0.09 0.008* 

Single support (%) 34.57±1.85 35.47±1.97 0.14 

Double support (%) 30.65±3.17 28.51±3.17 0.04* 

Cadence (steps/min) 98.64±11.40 107.21±8.57 0.01* 

Fastest speed 

 
 
 
 
 
 
 
 

Gait velocity (km/h) 4.07±0.59 4.30±0.60 0.22 

Step length (cm) 61.10±6.61 60.40±5.89 0.73 

Stride length (cm) 122.08±13.56 121.63±11.54 0.91 

Step width (cm) 9.66±3.43 8.65±2.54 0.30 

Step time (sec) 0.55±0.05 0.53±0.10 0.49 

Stride time (sec) 1.09±0.10 1.00±0.07 0.002* 

Single support (%) 36.66±1.36 37.75±1.18 0.05 

Double support (%) 26.94±2.73 24.81±2.74 0.008* 

Cadence (steps/min) 111.59±8.73 120.21±7.89 0.002* 

CNSLBP; Chronic non-specific low back pain, NLBP; non-low back pain; *; a significant at p<0.05. 
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A comparison of the temporospatial gait parameter was demonstrated between 

a walking speed conditions in each group as summarized in Table 10. Gait speed, step 

length, stride length, single support time, and cadence were significant lower at 

preferred walking speed than fastest walking speed in both CNSLBP and NLBP group. 

The step time, stride time, and double support time were significantly decreased during 

fastest walking speed. No significant difference between walking speed conditions were 

found in step width.  
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Table 10 Comparison of temporospatial gait (mean ± SD) between speeds.  

CNSLBP; Chronic non-specific low back pain, NLBP; non-low back pain; *; a significant at p<0.05. 

Walking speed Gait parameter Preferred speed Fastest speed p-value 

CNSLBP Gait velocity (km/h) 3.33±0.48 4.30±0.60 0.0001* 

Step length (cm) 51.42±5.72 60.40±5.89 0.0001* 

Stride length (mm) 103.33±11.47 121.63±11.54 0.0001* 

Step width (mm) 9.14±3.12 8.65±2.54 0.08 

Step time (s) 0.57±0.05 0.53±0.10 0.002* 

Stride time (s) 1.13±0.09 1.00±0.07 0.0001* 

Single support (%) 35.47±1.97 37.75±1.18 0.0001* 

Double support (%) 28.51±3.17 24.81±2.74 0.0001* 

Cadence (step/min) 107.21±8.57 120.21±7.89 0.0001* 

NLBP Gait velocity (km/h) 3.33±0.48 4.30±0.60 0.0001* 

Step length (cm) 51.42±5.72 60.40±5.89 0.0001* 

Stride length (mm) 103.33±11.47 121.63±11.54 0.0001* 

Step width (mm) 9.14±3.12 8.65±2.54 0.08 

Step time (s) 0.57±0.05 0.53±0.10 0.002* 

Stride time (s) 1.13±0.09 1.00±0.07 0.0001* 

Single support (%) 35.47±1.97 37.75±1.18 0.0001* 

Double support (%) 28.51±3.17 24.81±2.74 0.0001* 

Cadence (step/min) 107.21±8.57 120.21±7.89 0.0001* 



 
 

 

CHAPTER 5 DISCUSSION 

The objective of this study aimed to investigate the effect of chronic low back 

pain and gait speed on postural sway, gait variability and temporospatial gait. The data 

were analyzed from the prolonged walking of steady state over three minutes at 

preferred and fastest speed. The postural sway was represented by the COP, which 

was derived from the butterfly diagram during walking. The current study found that the 

chronic low back pain symptom associated the impairment of postural control during 

walking. The gait speed indicated abnormal adaptive mechanism of postural control in 

CNSLBP group. 

We hypothesized that there was difference in COP variables during PWS and 

FWS between person with CNLBP and NLBP. Our results related to the hypothesis that 

the AP COP excursion in CNSLBP group was greater than the NLBP group at preferred 

and fastest walking conditions. This result explained that person with CNSLBP increased 

postural sway as a shifting into the forward movement in both walking conditions which 

represented an insufficiency of postural control in person with CNSLBP.  

The postural control is performed by three sensory systems (e.g. a 

somatosensory, visual, and vestibular system) which the somatosensory system mainly 

produce a good posture.(9) The proprioceptive sensation is a part of the somatosensory 

system that the proprioceptive sensation is a primary sensory input for balance control 

as well as a sense of position and movement.(17, 53, 54)  The proprioceptive sensation 
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consists of a Golgi tendon and muscle spindle on the tendon, ligament, and skeletal 

muscle fibers. Injury on low back may disrupt the proprioceptive feedback as well as 

feed-forward on low back structure. This alteration contributed to inaccurate 

interpretation of higher center which lead to a disruption of balance control strategies 

and trunk-pelvic instability.(13, 49, 60, 134)  

The participants in current study were excluded if they presented any problems 

of visual or vestibular system. Therefore, the difference of postural control between 

CNSLBP and NLBP group was possibly affected by the impairment of proprioceptive 

sensory on lumbar spinal muscles or ligament. However, the current study did not 

directly measure a proprioceptive sensory. Therefore, the effect of proprioceptive 

sensory impairment on postural control during walking should be clarified in person with 

CNSLBP. 

The previous study reported that an alteration of proprioceptive sensory and 

spinal instability might contribute to the increasing of superficial trunk muscle activity. 

These results associated less variables of trunk-pelvic coordination in sagittal plane 

during walking in persons with low back pain.(5, 60) However, the maintained trunk-pelvic 

stability was the important for controlling the center of mass and the virtual balance.  The 

efficiency of spinal stability and inter-segmental movement was performed by the core 

stability muscles.(13, 49) These muscles would contract for an optimal spinal inter-

segmental movement before limbs movement lead to a trunk-pelvic stability during leg 
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movement.(19, 20, 66)  The regular core muscle activation might induce the gait stability.(19, 20, 

49, 66)  

The current study also measured the clinical assessment at baseline which 

consisted of the performance of core muscles. Our results found that mostly CNSLBP 

group presented greater the core muscles grade 0 to 1 than non-low back pain group. 

Less core stability muscle performances in persons with CNSLBP may induce the 

insufficiency of lumbo-pelvic control during walking. The previous study reported that 

the persons with low back pain presented the delay of transversus abdominis muscle 

activity prior to limb movement.(13, 20) Decreasing the duration of deep fiber multifidus 

muscle activity was shown during fast walking speed.(19, 20, 135) Thus, the core muscle 

dysfunction in these CNSLBP may affect the postural control during preferred and 

fastest walking.  

From literature reviews, in the challenging situation as the fastest walking speed 

was a continuous quickly COP shifting and a center of mass move ahead a base of 

support which demanded a high motor control and more regular motor output for 

producing of muscular co-contraction and to generate an optimal trunk and pelvic 

stability during limb movement.(86, 136)  Consequently, an adaptive mechanism would be 

generated for the regular coordination of intra-limb movement (e.g. pelvis–thigh and 

thigh–shank) and effort to restrict a degrees of freedom of lower limb during increased 

speed.(88) The person with low back pain exhibited a co-contraction around the trunk 
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and ankle joint which was performed by the stiffness strategy during fast speed. (134)   

Increasing walking speed induced the rigidity of trunk-pelvic rotation,(29) that may induce 

the higher sway in AP direction to maintain the gait stability in persons with low back 

pain.  

The current study was the first study that compared the COP variables between 

preferred and fastest speed in each CNSLBP and control group. Generally, an adaptive 

mechanism of postural control was performed by reducing of postural sway for gait 

stability improvement during fast speed. The current study found that the COP excursion 

in non-low back pain group was decreased in FWS compared to those in PWS. While the 

COP excursion was no difference between PWS and FWS in CNSLBP. These results 

could explain that CNSLBP exhibited no adaptive postural control during fastest walking 

speed.  

Moreover, our study found no significant difference of the COP excursion in ML 

direction between CNSLBP group and control group during both walking conditions. 

Interestingly, only the COP deviation in ML direction was greater in CNSLBP than control 

group at both walking conditions, which COP deviation represented the variability of 

center of pressure trajectory in person with CNSLBP.(106) These results could explain that 

persons with CNSLBP were less prolong persistence or inconsistency of gait control 

while only non-low back pain group showed the ML COP deviation during FWS lower 

than those during PWS.  
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A higher of ML COP deviation during FWS in CNSLBP group represented a less 

of rhythm, and smoothness postural control that may associate with reducing of hip 

abductor performance during mid-stance phase. The current study found that the 

percentage of persons with positive Trendelenburg test in CNSLBP was higher than 

these in control group.  This result represented an impairment of hip muscle 

performance in CNSLBP group which resulted in the poor hip-pelvic control and led to 

the contralateral pelvic drop during standing on one leg.(128) 

For the secondary outcome, we hypothesized that there was difference in the 

temporospatial gait between persons with CNLBP and NLBP during PWS and FWS. The 

current study found significantly the differences in gait velocity between CNSLBP and 

control group during PWS but did not show the differences in gait velocity during FWS.  

Agree with the previous studies.(8, 23, 31, 82) PWS in the persons with CNSLBP was slower 

than PWS in NLBP. Consequently, persons with CNSLBP need to be more precise in the 

gait control. Their comfortable walking speed was adapted to a slower walking due to a 

pain symptom, avoidance of pain, and deficiency of their movement control.(8, 137) 

Reducing of preferred walking speed in persons with chronic low back pain may be 

used to deal with the postural instability and to prevent a risk of recurrent injury on low 

back and falling.(8)  

On the contrary, our study showed that the gait velocity at FWS was not 

significant difference between CNSLBP and NLBP group which the persons with 
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CNSLBP did not apparently exacerbate the pain symptom during FWS. The current 

study found fear-avoidance belief about physical activity was higher in CNSLBP group 

that may restrict to gait velocity during PWS. A score of fear avoidance belief about 

physical activity was moderate to high that may activate to reduce a range and velocity 

of spinal movement as lack of spinal flexibility. (12, 13, 57) However, the fear avoidance pain 

may not affect on the gait velocity during FWS. Due to during FWS, the participants with 

CNSLBP may only focus walking as fast as their ability and possibly distract from a fear 

of avoidance pain. Thus, an automatic maladaptive mechanism of muscular control may 

be generated excessively to increase trunk muscle activity which resulted in the stability 

of trunk-pelvic prior to leg movement.(31)  

Our result contrasted with Hick et al 2017, they reported a decreasing of gait 

velocity and increasing of step width during fastest walking speed in older chronic low 

back pain. Their participants were the elderly population who may have the 

degeneration of neural system led to the disturbance of the walking by slow walking with 

wide step width(82) Whereas the current study found that the gait velocity and step width 

were not significant difference between CNSLBP and those NLBP group. However, the 

participants in this study were younger than the participants in previous study (i.e., aged 

less than 60 years old). The neural degeneration may not affect on our participants.  

Our study found that the stride time and double support time increased in 

persons with CNSLBP group at both walking speed conditions. The persons with 
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CNSLBP may require more timing to generate the trunk and leg muscle activity because 

of the musculoskeletal disorder and severity of pain symptom. Increasing of step or 

stride period may contribute to an optimal leg movement and improvement of gait 

ability. Moreover, increasing of the double support time in CNSLBP participants may be 

their attempt to stay longer on both legs for increasing gait stability.  

For the third outcome, we hypothesized that there were differences in gait 

variability during PWS and FWS between persons with CNLBP and NLBP. The current 

study found the differences in gait variability only PWS condition. Walking in slower 

speed disturbed a muscular control of gait.(138) Persons with CNSLBP increased the 

variability of stride time, and single support time. Increasing of stride time variability 

represented the inconsistency of gait timing mechanism and the pattern generator of 

gait.(72, 139) Moreover, the increasing of gait variability was indicated the poor motor 

control.(72, 140) The proprioceptive sensory impairment in persons with CNSLBP may 

generate improperly the signal input and output for supraspinal control, which may 

result in the poor control of trunk muscle activity and trunk-pelvic movement 

coordination.(29, 31) The alteration of trunk-pelvic movement influenced on the lower limb 

movement coordination which may effect on the variability of stride time. In addition, the 

poor hip muscle and lower limb performances in CNSLBP may disturb the period of 

single support phase in each gait cycle due to the inconsistency of time spent in each 

stride which may effect on the variability of stride time and single support time.  
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The current study found that increasing of step length variability and stride 

length variability during PWS in person with CNSLBP. This changing may associate with 

hip and leg muscle length. From our study, the clinical assessment at baseline showed 

that the number of persons with hip flexor tightness and TFL tightness were higher in 

CNSLBP than those in control group. This hip flexor tightness in CNSLBP may disturb 

the hip extension in the terminal stance phase of gait cycle which may increase the step 

length and stride length variability. Possibly, walking with slow velocity needed to have 

the higher muscle control performance due to long period during weight bearing on one 

leg. Thus, persons with CNSLBP walked at PWS slower than control group, which may 

contribute to increasing the gait variability. 

Walking speed had an effect on the gait variability in both groups. Variability of 

step length, stride length, and stride time was decreased while gait speed was 

increased. Increasing walking speed is the disturbance of cognitive function which 

seem an attention to demand task so the gait adaptation need to have an accuracy of 

motor performance. Thus the stride-to-stride fluctuation would be the regulation of motor 

control lead to reducing of trunk movement and less variability of stride time.(28, 72, 78)  The 

fastest walking speed aggravated increasing in the muscle activities of the lumbar 

erector spinae, biceps femoris, and medial gastrocnemius as well as changing of 

lumbar motion.(141) Consequently, the compensation mechanism may activate a 
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consistency of lower limbs movement lead to diminished gait variability at fastest speed 

in both groups.  

However, our results found that the chronic low back pain and walking speed 

had no effect on step width variability. There is the consistency distance left and right 

foot weight bearing. Interestingly, chronic low back pain impacted on the ML COP 

deviation during both walking speed conditions, which these results represented to 

increase an inconsistency in term of weight shifting between legs in frontal plane.  

The current study found that slow walking velocity during PWS in persons with 

CNSLBP may be aggravated from the fear avoidance pain. Increasing of a variability of 

step length and stride length during PWS in CNSLBP group may result from hip flexor 

muscle tightness and reducing of hip muscle and lower limb muscle performance. 

We found a postural sway in persons with CNSLBP during PWS and FWS. 

Generally, there was the adaptation of neuromuscular control to reduce postural sway 

during fast speed. However, persons with CNSLBP did not present a postural adaptive 

mechanism during fastest speed that indicated the impairment of adaptive mechanism 

for posture control strategies in CNSLBP. Thus, the application of the fast walking 

exercise in persons with CNSLBP should be concerned due to CNSLBP exhibited in the 

poor postural control. Consequently, CNSLBP may increase an activity of lumbar erector 

spinae and a spinal stiffness for controlling posture that may lead to more compression 
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or tension on spine which may cause the recurrent pain or injury on low back structure 

and increase risk of falling while unexpected perturbation.(8, 31, 47)  

There were several limitations in the current study. The first limitation was 

increased postural sway during fastest walking speed could not be generalized in 

CNSLBP with mild pain intensity. The second limitation was walking on treadmill situation 

which may be different from walking on treadmill. In addition, this study did not measure 

a kinematic of trunk-pelvic movement which may associate with a whole balance control. 

Further studies should evaluate the effect of walking over ground at PWS and FWS on 

the postural control and gait variability in persons with CNSLBP. Moreover, the 

relationship between trunk-pelvic, hip muscle performance and postural control during 

fastest walking speed should be clarified.  
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Conclusion 
Person with CNSLBP exhibited postural sway in anterior direction during PWS 

and FWS due to poor postural control. The COP excursion and deviation were not 

difference between PWS and FWS that indicated no postural control adaptation during 

FWS in CNSLBP group. For gait variability, the variability of stride time, step time, step 

length, and single support time increased in CNSLBP compared to those control due to 

gait instability in slower walking speed. Slow walking velocity at preferred speed in 

person with CNSLBP may associate the fear avoidance belief pain. The temporospatial 

(stride time and double support time) at both PWS and FWS were greater in person with  

CNSLBP than those control group. Thus, the application of fastest walking 

speed in persons with CNSLBP should be aware in a poor postural control. 
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เลขท่ี…............

..... 
APPENDIX A: แบบสอบถามคัดกรองข้อมูลท่ัวไป 
คณะกายภาพบ าบัด  มหาวิทยาลัยศรีนครินทรวิโรฒ 

เร่ือง  การเปรียบเทียบการแกว่งของร่างกายในขณะเดินหว่างผู้ที่มีอาการปวดหลงัเรือ้รังกบัผู้ที่ไม่มีอาการ

ปวดหลงั 

วัตถุประสงค์ 1.เพื่อเปรียบเทียบความสามารถในการควบคมุการทรงตวั ความแปรปรวนของการเดินและ 

temporospatial ระหวา่งผู้ที่มีอาการปวดหลงัเรือ้รังและผู้ที่ไมม่ีอาการปวดหลงัขณะเดินด้วยความเร็วปกติ   

 2.เพื่อเปรียบเทียบความสามารถในการควบคมุการทรงตวั ความแปรปรวนของการเดินและ 

temporospatial ระหวา่งผู้ที่มีอาการปวดหลงัเรือ้รังและผู้ที่ไมม่ีอาการปวดหลงัขณะเดินด้วยความเร็วสงูสดุ 

ข้อมลูจะน ามาใช้ในการคดักรองอาสาสมคัรเข้าร่วมโครงการวิจยัและน ามาวิเคราะห์เพื่อใช้เป็นแนวทางในการ

ให้การรักษาทางกายภาพบ าบดัในผู้ที่มีอาการปวดหลงัสว่นลา่ง ผู้วิจยัจงึใคร่ขอความร่วมมือจากทา่นในเสยีสละ

เวลาเพื่อตอบแบบสอบถามตามความเป็นจริงและขอรับรองวา่ข้อมลูทัง้หมดจะถกูเก็บไว้เป็นความลบั 

ค าอธิบาย : โปรดท าเคร่ืองหมาย √ ในช่อง � ที่ตรงกับข้อมูลของคุณมากที่สดุและกรณีที่เป็นค าถามเปิด

กรุณากรอกข้อมลูตามจริงในช่องวา่ง...................ที่ก าหนดให้  

1. ข้อมลูสว่นตวั 

ช่ือ……………………………………………นามสกุล……………….………………………………………… 

อาย…ุ……………ปี 

เพศ   

� ชาย      � หญิง 

การศกึษาสงูสดุ   

� ไมไ่ด้ศกึษา  � เทียบเทา่ประถมศกึษา  

� เทียบเทา่มธัยมศกึษา   �เทียบเทา่อนปุริญ 

� เทียบเทา่ปริญญาตรี    � เทียบเทา่ปริญญาโทหรือสงูกวา่ 

อาชีพ    

� ไมไ่ด้ประกอบอาชีพ  � ข้าราชการ/รัฐวิสาหกิจ 

� รับจ้าง/ลกูจ้าง  � ท าสวน/ท าไร่ 

� แมบ้่าน   � ค้าขาย 

� นกัศกึษา   � อื่นๆ โปรดระบ…ุ………………………………….. 

สว่นสงู …………….เซนติเมตร, น า้หนกั....................กิโลกรัม 

ที่อยูท่ี่ติดตอ่ได้............................................................................................................. 
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................................................................................................................................... 

เบอร์โทรศพัท์ที่ติดตอ่ได้.................................................................................................. 

2. ข้อมลูสขุภาพ 

2.1 ขณะนีค้ณุมีอาการปวดบริเวณหลงัสว่นลา่งหรือเชิงกราน ใช่หรือไม่ (ถ้าตอบวา่ “ไมใ่ช่” ไมต้่องตอบข้อ 2.1-

2.5) 

� ไมใ่ช่  �ใช่  

2.2 ทา่นมีอาการปวดหลงัสว่นลา่งในช่วงเวลานานกวา่ 12 สปัดาห์ ใช่หรือไม ่

� ไมใ่ช่  �ใช่โปรดระบรุะยะเวลาการปวด………………สปัดาห์ 

2.3 ความถ่ีของอาการปวดหลงัสว่นลา่งมีลกัษณะเป็นอยา่งไร 

� ปวดทกุวนั      � มากกวา่ 3 วนัตอ่สปัดาห์  

� น้อยกวา่ 3 วนัตอ่สปัดาห์ 

2.4 วิธีการใดที่คณุมกัจะใช้อยเูป็นประจ าเพื่อลดอาการปวดหลงั  

� พกัหรือหลกีเลีย่งทา่ทางที่ท าให้ปวด 

� รับประทานยาลดปวดหรือลดอกัเสบกล้ามเนือ้ หรือทายาบริเวณที่ปวด 

� อื่นๆ โปรดระบ…ุ………………………………………………………….. 

2.5 กรุณาระบุระดบัความรุนแรงของอาการปวดหลงัส่วนลา่งแบ่งระดบัความปวดตัง้แต่ 0-10 โดย 0 หมายถึง 

ไมม่ีอาการปวดเลยและ 10 หมายถึง ปวดรุนแรงที่สดุ (กรุณา       ตวัเลขที่เป็นค าตอบ) 

0 1 2  3  4  5  6  7  8  9  10 

    ไมป่วดเลย                      ปวดปานกลาง                                          ปวดรุนแรงที่สดุ          

2.6 ขณะนีค้ณุก าลงัอยูใ่นช่วงตัง้ครรภ์ (เฉพาะเพศหญิง)   

� ไมใ่ช่  �ใช่ 

2.7 คณุมีโรคประจ าตวั หรือความผิดปกติของร่างกายมาแตก่ าเนิด ที่ได้รับการวินิจฉยัจากแพทย์ 

หรือไม ่

� ไมม่ี  

� มีโรคเก่ียวกบัระบบทางเดินหายใจ เช่น หอบหืด  

� มีโรคเก่ียวกบัระบบทางหวัใจและหลอดเลอืดเช่น เส้นเลอืดหวัใจตีบ กล้ามเนือ้หวัใจ 

ตาย หลอดเลอืดในช่องท้องโป่งพอง 

� มีโรคเก่ียวกบัระบบประสาท เช่น มีอาการชา แขนขาออ่นแรงหรือกล้ามเนือ้ฝ่อลบี 

� กระดกูพรุน หรือเก๊าท์ 
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� มีโรคเก่ียวกบัภมูิคุ้มกนัเช่น โรครูมาตอยด์ โรคเอสแอลอี 

� มีโรคเบาหวานเรือ้รัง 

� มีความผิดปกติของร่างกายมาแตก่ าเนิด 

� อื่นๆ โปรดระบ…ุ……………………………………………………………… 

2.8 คณุมีประวตัิเก่ียวกบัโรคมะเร็ง หรือเนือ้งอก หรือไม ่

� ไมม่ี   � มี โปรดระบ ุเดือน.................../ปี......................... 

2.9 ในช่วง 1 เดือนที่ผา่นมา คณุน า้หนกัมีการลดลงอยา่งผิดปกติหรือไม่ 

� ไมม่ี   � มี 

2.10 คณุมีอาการเวียนศรีษะคล้ายบ้านหมนุอยูอ่ยูเ่ป็นประจ า หรือไม่ 

� ไมม่ี   � มี 

2.11 คณุมียาที่รับประทาน อยูเ่ป็นประจ า หรือไม ่

� ไมม่ี   � มี โปรดระบ.ุ......................... 

2.12 ปัจจบุนัคณุดื่มเคร่ืองแอลกอฮอล์ หรือไม ่

� ไมด่ื่ม  � ดื่มทกุวนั        

� ดื่มเป็นบางวนั โปรดระบ…ุวนั/สปัดาห์ 

2.13 คณุเคยมีกระดกูสนัหลงัหรือกระดกูขาหกั หรือไม่ 

� ไมม่ี   � มี  

2.14 คณุเคยผา่ตดัที่กระดกูสนัหลงัหรือขา หรือไม่ 

� ไมม่ี   � มี  

2.15 ในช่วง 2 สปัดาห์ที่ผา่นมาคณุมีอาการเจ็บบริเวณข้อเขา่ หรือข้อเท้าหรือไม่ 

� ไมม่ี   � มี 

3. ข้อมลูเก่ียวกบักิจกรรมที่ท าเป็นประจ า 

3.1 ในแตล่ะวนัทา่นมกัจะอยูใ่นทา่ทางใดมากที่สดุ? 

�ยืน   �เดิน   

�นัง่   �นอน   �อื่นๆ โปรดระบ…ุ……….. 

 

 

3.2 ทา่นมกัจะมีอาการปวดหลงัเป็นประจ าเมื่ออยูท่า่ทางใด?  

�ยืน   �เดิน   
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�นัง่   �นอน   �อื่นๆ โปรดระบ…ุ……… 

3.3 ทา่นมกัจะต้องยกของหนกัเป็นประจ าในแตล่ะวนั หรือไม่ 

�ไมใ่ช่   �ใช่ 

3.4 ในแตล่ะวนัทา่นมกัจะต้องท างานในทา่ทางที่มีการก้มหรือแอน่หลงับอ่ยๆ หรือไม่ 

�ไมใ่ช่   �ใช่ 

3.5 ทา่นมกัจะต้องอยูใ่นทา่ใดทา่หนึง่เป็นระยะเวลานานเกินกวา่ 1 ชัว่โมง หรือไม ่

�ไมใ่ช่   �ใช่ 

3.6 ทา่นเลน่กีฬาหรืออกก าลงักาย หรือไม่? 

�ไมเ่ลน่  �เลน่ 

ถ้าเลน่ 

- กีฬาหรือการออกก าลงักายที่ทา่นเลน่บอ่ยที่สดุ คือ………………… 

- เวลาในการเลน่ละครัง้ประมาณ……………………………………… 

- ทา่นเลน่ก่ีครัง้ตอ่สปัดาห์…………………………………………….. 
3.7 ทา่นเคยออกก าลงักายกล้ามเนือ้หลงัหรือกล้ามเนือ้ท้อง หรือไม่ 

�ไมเ่คย  �เคย 

ถ้าเคย 

ทา่นออกก าลงักายดงักลา่วรวมประมาณสปัดาห์ละก่ีครัง้………ครัง้ 

ในช่วง 5 สปัดาห์ที่ผา่นมาทา่นออกก าลงักายดงักลา่ว หรือไม ่

�ไมใ่ช่   �ใช่ 
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APPENDIX B: แบบบันทกึการตรวจร่างกายเพื่อคัดกรองอาสาสมัคร 
1. ช่ือ-สกลุ…………………………………………………..……………………… อาย…ุ……… เพศ………… 

น า้หนกั…………….. กิโลกรัม สว่นสงู……………………เซนติเมตร  BMI…………….kg/m2   

2. บริเวณที่มีอาการปวด (ด้านท่ีปวด Lt / middle / Rt.) 

  
3. Pain intensity……………………………………………………………………….. 

4. Thai ODQ………………………………………………….. 

5. FABQ (physical/ work)…………………………………… 
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6. ตารางการตรวจประเมิน 

การตรวจประเมิน ผลการตรวจประเมิน 

Positive Negative 

1. ความแตกตา่งของความยาวขาทัง้ 2 ข้าง (>1cm.)   

2. ข้อเขา่ผิดรูป   

3. การจ ากดัการเคลือ่นไหวของข้อเท้า ข้อเขา่ ชว่ง inner-range ในแนว 

sagittal plane 

  

6. Structural scoliosis/ hyperkyphosis   

7. Radicular pain/refer pain    

8.การกดทบัเส้นประสาทแสดงอาการ 2 จาก 3อยา่งคือ weakness/reflex 

changes/sensation loss โดยสมัพนัธ์กบัเส้นประสาทท่ีท าการประเมิน 

  

 

7. แบบประเมินเพื่อคดักรองอาการปวดหลงัแบบ specific low back pain 

ข้อบง่ชี ้(Red flag) ลกัษณะที่พบ (√, ×) 

1. การบาดเจ็บ มีประวตัิการบาดเจ็บจากอุบตัิเหตุการใช้ยานพาหนะ, การตก

จากที่สงู หรือยกของหนกั 

 

2. อาย ุ อาย ุ≥ 50 ปี  

3. เก่ียวกบัโรคมะเร็ง มีประวตัิโรคหรือมีอาการป่วยเป็นโรคมะเร็งในปัจจบุนั  

4. มีไข้ หนาวสัน่ 

หรือเหง่ือออกตอน

กลางคืน 

มีไข้สงูกวา่ 38˚ C, รู้สกึหนาวเย็น, 

ตื่นในเวลากลางคืน และมีเหง่ือออกมากผิดปกติ, 

อณุภมูิร่างกายเปลยีนแปลงในเวลากลางคืน 

 

5. น า้หนกัลด น า้หนกัลดมากกวา่ 4.5 กก. ภายในเวลา 3 เดือน  

โดยไมท่ราบสาเหต ุและไมส่มัพนัธ์กบัการเปลีย่แปลงกิจกรรม

หรือการควบคมุอาหาร 

 

6. การรบกวน

เส้นประสาท 

มีอาการชาหรือปวดร้าวไปบริเวณขา เท้า ฝีเย็บ หรือรอบทวา

หนกั, 
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ข้อบง่ชี ้(Red flag) ลกัษณะที่พบ (√, ×) 

มีอาการชา ปวดร้าวไปบริเวณขาหรือเท้าในขณะไอ จาม, 

กล้ามเนือ้ขาออ่นแรงหรือมีการฝ่อลบี 

7. การวินจิฉยัจากแพทย์ หมอนรองกระดกูทบัเส้นประสาท, 

กระดกูสนัหลงัแตกและเคลือ่นทบัเส้นประสาท, 

โรคโพรงระดกูสนัหลงัตีบแคบ, 

โรคข้อสนัหลงัอกัเสบและยดึตดิ 

 

8. ประวตัิการติดเชือ้ ที่ผา่นมาไมน่านมีประวตัิการติดเชือ้แบคทีเรีย  

เช่นการติดเชือ้ในทางเดินปัสสาวะ 

 

9. การได้รับสารกดภมู ิ ได้รับสารกดภมูิจากการปลกูถา่ยอวยัวะ, 

การใช้สเตยีรอยด์นานๆ 

 

10. เก่ียวกบัอาการปวด อาการปวดไมล่ดลงเมื่อหยดุพกัหรือปรับเปลีย่นทา่ทาง, 

อาการปวดท าให้ตื่นช่วงกลางคืน, อาการปวดไมส่มัพนัธ์กบั

ทา่ทางการเคลือ่นไหว 

 

11. กระเพาะปัสสาวะ

ท างานผิดปกต ิ

ปัสสาวะล าบากหรือมีปัสสาวะค้างในกระเพาะปัสสาวะบ่อย, 

กลัน้ปัสสาวะไมไ่ด้, ปัสสาวะมีเลือดปน 

 

 
 

 

  

ผลการตรวจร่างกาย: � ผา่น � ไมผ่า่น 
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APPENDIX C: Modified Oswestry Disability Index questionnaire (Thai version) 
แบบประเมินผลกระทบของอาการปวดหลังท่ีมีต่อการใช้ชีวิตประจ าวัน  

ค าชีแ้จง  แบบสอบถามนีจ้ัดท าเพื่อให้ผู้ รักษาของท่านเข้าใจผลกระทบของอาการปวดหลงัของท่านที่มีต่อ

ชีวิตประจ าวนั  กรุณาตอบค าถามทุกข้อโดยการขีด � ในช่อง � หน้าข้อความเพียงข้อเดียวที่จะบอกสภาพ

ของคณุในวนันีไ้ด้ดีที่สดุ   

1. ระดบัความเจ็บปวด  

�   สามารถทนปวดได้โดยไมต้่องใช้ยาแก้ปวด  

�   มีอาการปวดมากแตจ่ดัการได้โดยไมต้่องใช้ยาแก้ปวด  

�   ยาแก้ปวดท าให้หายปวดโดยสิน้เชิง  

�   ยาแก้ปวดท าให้หายปวดได้ในระดบัปานกลาง   

�   ยาแก้ปวดท าให้หายปวดได้เลก็น้อย   

�   ยาแก้ปวดไมม่ีผลตอ่อาการปวด   

2. การดแูลตวัเอง (อาทิเช่น การท าความสะอาด, การแตง่ตวั)   

�   ดแูลตวัเองได้ตามปกติโดยไมท่ าให้อาการปวดเพิ่มขึน้  

�   ดแูลตวัเองได้ตามปกติ แตม่นัท าให้อาการปวดเพิ่มขึน้  

�   ปฏิบตัิได้ช้าๆ โดยมีอาการปวด และต้องระมดัระวงั  

�   ต้องการความช่วยเหลอื แตก็่สามารถจดัการธุระสว่นตวัสว่นใหญ่ได้ 

�   ต้องการความช่วยเหลอืทกุวนั ส าหรับธุระสว่นตวัเกือบทกุเร่ือง 

�   แตง่ตวัไมไ่ด้เลย อาบน า้ด้วยความล าบาก และอยูแ่ตท่ี่เตียงนอน 

3. การยกของ 

�   ยกของหนกัได้โดยที่อาการปวดไมเ่พิ่มขึน้ 

�   ยกของหนกัได้ แตม่นัท าให้อาการปวดเพิ่มขึน้ 

�   อาการปวดเป็นอุปสรรคในการยกของหนกัขึน้จากพืน้ แต่ก็ยกได้ ถ้าของที่มีน า้หนกัมากถูกจัด

วางให้สะดวกในการยก (เช่นของตัง้บนโต๊ะ) 

�   อาการปวดเป็นอปุสรรคในการยกของหนกัแต่ก็ยกได้ ถ้าของที่มีน า้หนกัไม่มากนกัถกูจดัวางให้

สะดวกในการยก 

�   ยกได้แตข่องที่เบามาก 

�   ไมส่ามารถยกหรือถืออะไรได้เลย 

4. การเดิน 
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�   อาการปวดไมเ่ป็นอปุสรรคในการเดินไกลๆ 

�   อาการปวดท าให้เดินได้ไมเ่กิน 1 กิโลเมตร 

�   อาการปวดท าให้เดินได้ไมเ่กิน 500 เมตร 

�   อาการปวดท าให้เดินได้ไมเ่กิน 250 เมตร 

�   เดินได้โดยใช้ไม้ค า้ยนัหรือไม้เท้าเทา่นัน้ 

�   อยูท่ี่เตียงเกือบตลอดเวลาและต้องคลานไปเข้าห้องน า้ 

5. การนัง่ 

�   นัง่บนเก้าอีแ้บบไหนก็ได้ นานเทา่ที่ต้องการ 

�   นัง่บนเก้าอีแ้บบที่ชอบเทา่นัน้ นานเทา่ที่ต้องการ 

�   อาการปวดท าให้นัง่ได้นานไมเ่กิน 1 ชัว่โมง 

�   อาการปวดท าให้นัง่ได้นานไมเ่กิน คร่ึงชัว่โมง 

�   อาการปวดท าให้นัง่ได้นานไมเ่กิน 10 นาที 

�   อาการปวดท าให้นัง่ไมไ่ด้เลย 

6. การยืน 

�   ยืนได้นานเทา่ที่ต้องการโดยที่อาการปวดไมเ่พิ่มขึน้ 

�   ยืนได้นานเทา่ที่ต้องการ แตม่นัท าให้อาการปวดเพิ่มขึน้ 

�   อาการปวดท าให้ยืนได้นานไมเ่กิน 1 ชัว่โมง 

�   อาการปวดท าให้ยืนได้นานไมเ่กิน คร่ึงชัว่โมง 

�   อาการปวดท าให้ยืนได้นานไมเ่กิน 10 นาที 

�   อาการปวดท าให้ยืนไมไ่ด้เลย 

7. การนอน 

�   อาการปวดไมเ่ป็นอปุสรรคตอ่การนอนเต็มอิ่ม 

�   นอนได้เต็มอิ่ม แตต้่องทานยาแก้ปวด 

�   แม้วา่ได้ทานยา ก็นอนได้น้อยกวา่ 6 ชัว่โมง 

�   แม้วา่ได้ทานยา ก็นอนได้น้อยกวา่ 4 ชัว่โมง 

�   แม้วา่ได้ทานยา ก็นอนได้น้อยกวา่ 2 ชัว่โมง 

�   อาการปวดท าให้นอนไมห่ลบัเลย 

8. การเข้าสงัคม 

�   การใช้ชีวิตในสงัคมเป็นปกติ และไมท่ าให้อาการปวดเพิ่มขึน้ 
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�   การใช้ชีวิตในสงัคมเป็นปกติ แตม่นัเพิ่มระดบัความเจ็บปวด 

�   อาการปวดเป็นอปุสรรคในการท ากิจกรรมที่ต้องออกแรงมาก (เช่น กีฬา, การเต้นร า) 

�   อาการปวดเป็นอปุสรรคในการออกไปข้างนอกบอ่ยๆ 

�   อาการปวดจ ากดัการใช้ชีวิตในสงัคม ให้อยูแ่ตใ่นบ้าน 

�   แทบไมม่ีการเข้าสงัคม เนื่องจากอาการปวด 

9. การเดินทาง 

�   เดินทางไปได้ทกุแหง่โดยอาการปวดไมเ่พิ่มขึน้ 

�   เดินทางไปได้ทกุแหง่ แตม่นัท าให้อาการปวดเพิ่มขึน้ 

�   อาการปวดจ ากดัการเดินทางที่เกิน 2 ชัว่โมง 

�   อาการปวดจ ากดัการเดินทางที่เกิน 1 ชัว่โมง 

�   อาการปวดจ ากดัการเดินทาง โดยเดินทางได้ในระยะสัน้ท่ีไมเ่กินคร่ึงชัว่โมง 

�   อาการปวดเป็นอปุสรรคตอ่การเดินทางทัง้หมด ยกเว้นการไปพบแพทย์ / นกักายภาพบ าบดั หรือ

ไปโรงพยาบาล 

10. การท างาน / งานบ้าน 

�   งานบ้าน / กิจกรรมทางการงาน ไมท่ าให้เกิดอาการปวด 

�   งานบ้าน / กิจกรรมทางการงาน เพิ่มอาการปวด แตส่ามารถท างานท่ีต้องการท าทัง้หมดได้ 

�   ท างานบ้าน / ภาระงานส่วนใหญ่ได้  แต่อาการปวดเป็นอุปสรรคต่อการท ากิจกรรมที่มี

ความเครียดทางกายเพิ่มขึน้ (เช่น การยกของ, การดดูฝุ่ น) 

�   อาการปวดเป็นอปุสรรคในการท าสิง่ใดๆ ยกเว้นภาระงานท่ีเบา 

�   อาการปวดเป็นอปุสรรค แม้แตภ่าระงานท่ีเบา 

�   อาการปวดเป็นอปุสรรคในการท างานใดๆหรืองานบ้านประจ า 

 
 
     
 
 

  

รวมคะแนน = ………………… คะแนน 

คิดเป็นร้อยละ ……………………… เปอร์เซ็นต์ 
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ไมแ่นใ่จ 

APPENDIX D: A Fear-Avoidance Beliefs Questionnaire (Thai version)  
แบบสอบถามพฤตกิรรมที่เก่ียวข้องกับอาการปวดหลัง  

ค าชีแ้จง  แบบสอบถามนีม้ีทัง้หมด 16 ข้อความ   เมื่อท่านอ่านแต่ละข้อความแล้วขอให้ท่านเลือกวงกลม

ล้อมรอบตวัเลขในข้อความนัน้ที่สามารถระบวุ่ากิจกรรรมต่างๆได้ส่งผลกระทบหรืออาจส่งผลกระทบต่ออาการ

ปวดหลงัของทา่นมากน้อยเพียงใด โดยให้ทา่เลอืกตวัเลขที่ตรงกบัความรู้สกึของทา่นในขณะนีม้ากที่สดุ 

ตอนที่1 ค าถาม: ท่านคิดว่าการเคลื่อนไหวร่างกายในกิจวตัรประจ าวนั เช่น เดิน ก้มตวั ยกของ ฯลฯ มีผลต่อ

อาการปวดหลงัของท่านอยา่งไร (ให้ตอบว่าเห็นด้วยมากน้อยเพียงใดตอ่ข้อความในข้อ 1-5) โดย 0 หมายถึง ไม่

เห็นด้วยอยา่งยิ่ง                  6 หมายถึง เห็นด้วยอยา่งยิ่ง 

  

 

1. อาการปวดของฉนัเกิดจากการเคลือ่นไหวร่างกาย 0 1 2 3 4 5 6 

2.เมื่อฉนัเคลือ่นไหวร่างกายอาการปวดของฉนัเพิ่มมากขึน้ 0 1 2 3 4 5 6 

3.การเคลื่อนไหวร่างกายน่าจะเป็นสาเหตุที่ท าให้หลังของฉัน

บาดเจ็บ 

0 1 2 3 4 5 6 

4.ฉนัไมค่วรเคลือ่นไหวร่างกายในทา่ที่จะท าให้ฉนัปวดมากขึน้ 0 1 2 3 4 5 6 

5.ฉนัไมส่ามารถเคลื่อนไหวร่างกายในบางท่าเพราะท าให้มีอาการ

ปวดมากขึน้ 

0 1 2 3 4 5 6 

 

 

 

 

 

 

 

 

 

 

เห็นด้วย 
อยา่งยิ่ง 

ไมเ่ห็นด้วย 
อยา่งยิ่ง 
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ไมแ่นใ่จ 

ตอนที่ 2 ค าถาม: ท่านคิดว่างานของท่านมีผลต่ออาการปวดหลงัของท่านหรือไม่ (ให้ตอบว่าเห็นด้วยมากน้อย

เพียงใดตอ่ข้อความในข้อ 6-16)  

 

 

 

 

 

 

 

 

 

6. อาการปวดของฉนัมีสาเหตมุาจากงานท่ีท า หรืออบุตัิเหตทุี่

เกิดขึน้ในขณะท างาน 

0 1 2 3 4 5 6 

7. ฉนัมีอาการปวดมากขึน้เมื่อท างาน 0 1 2 3 4 5 6 

8. ฉนัได้เรียกร้องเงินชดเชยจากการท่ีฉนัมีอาการปวด 0 1 2 3 4 5 6 

9. งานท่ีท าอยูห่นกัเกินไปส าหรับฉนั 0 1 2 3 4 5 6 

10. งานท่ีท าอยูท่ าให้อาการปวดของฉนัแยล่ง 0 1 2 3 4 5 6 

11. งานของฉนัอาจท าให้หลงัของฉนับาดเจ็บมากขึน้ 0 1 2 3 4 5 6 

12. ฉนัไมค่วรท างานตามปกติหากยงัมีอาการปวดอยา่งนีอ้ยู่ 0 1 2 3 4 5 6 

13. ฉนัไมส่ามารถท างานตามปกติได้เพราะอาการปวดทีม่ีอยู ่ 0 1 2 3 4 5 6 

14. ฉนัไมส่ามารถท างานตามปกติได้จนกวา่อาการปวดทีเ่ป็นอยู่

จะได้รับการรักษา 

0 1 2 3 4 5 6 

15. ฉนัคิดวา่ฉนัคงไมส่ามารถกลบัไปท างานตามปกติได้ 

ภายใน 3 เดือน 

0 1 2 3 4 5 6 

16. ฉนัคิดวา่ฉนัไมส่ามารถกลบัไปท างานได้อีก 0 1 2 3 4 5 6 

ไมเ่ห็นด้วย 
อยา่งยิ่ง 

เห็นด้วย 
อยา่งยิ่ง 

คะแนน Physical activity……………………… 

คะแนน Work …………………………………. 
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APPENDIX E: Hip muscle length test 
1. Thomas test 

Thomas test was use as assessment tool for evaluation an hip flexor muscle flexibility and 

hip joint ROM. The procedure is following: 

1.1 The participant was positioned supine on the examination table, and the examiner 

passively at least 90˚ of one hip flexed. 

1.2 The participants would be instructed to taking the knee up to the chest in order to 

neutral posture of the lumbar spine and pelvis. 

1.3 During testing, the examiner would fix the pelvic on the ASIS for pelvic stabilization, 

whereas, the participant was be instructed to hold the hip flexed against the chest. 

1.4 Positive score defined as the opposite hip flex, and the knee lift  off the examination 

table, negative score define as the opposite hip and knee maintain stationary and positioned flat 

against the examination table.   

 

                                                              

Figure. Presentation of hip flexor length test 
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2. Ober’s test 

The Ober test was used to measure the tightness of the iliotibial (IT) band that attached 

between the band of the gluteus maximus and tensor fascia lata muscles to the linea aspera and 

lateral epicondylar line of the femur via the lateral intermuscular septum. The procedure is following: 

 2.1 Participant was required to side lying position without backward or forward 

leaning of trunk to pelvic. 

2.2 The examiner flexes the knee straight and abducts and extends the hip so that the 

hip is in line with the trunk, which is defined by the inclinometer at the lateral malleolus. 

2.3 At this point, the examiner allows the force of gravity to cause the extremity to 

adduct as far as possible. 

2.4 The tightness levels are described by the position of the lower extremity relative to 

the horizontal body plane as following in the table;  

2.5 Positive score define as the limb abducted beyond horizontal and negative score if 

the limb adducted past horizontal. 

 

                             

Figure. Presentation of the TFL and IT band length testing by the Ober test. 
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APPENDIX F: The Sahrmann core stability test 
1. A beginning position in supine crook-lying position as 70˚ hip flexed with placed a 

pressure biofeedback unit beneath the back at the level umbilicus or from L1-S1.  

2. The participants is required to breathe in and out, then hold the abdominal hollowing 

action throughout and beginning the test movement on the end of exhalation.  

3. Draw in the lower abdomen with stable neutral spinal and pelvic position while to 

maintain the target pressure at 40 mmHg.  

4. The difficult level will be progressed only if the participant able to sustain a deviation of 

not more than 5 mmHg on the previous level.  

5. The test contain five level as showing in the table: 

The Sahrmann core stability test 

Level 1 Beginning in supine, in crook-lying position while abdominal hollowing* 

Slow raise one leg to 90˚ of hip flexed with point the tight toward the ceiling 

Opposite leg brought up to same position 

Lower the one leg turn to the table and the opposite leg to the starting position 

Level 2 Lift one leg up until your hip is bent to 90 ˚and your thigh is pointing toward ceiling 

Lift alternate foot off the table and slide foot down with heel contact the table 

Until straighten leg completely 

Slide your foot back to the starting position and lower nonmoving leg to table, so both 

feet are on table 

Repeat starting with your opposite leg 

Level 3 Perform the same movements as outlined in Level 2 except the following: 

Hold your foot off table (12 cm above ground) while straightening leg out 

Set your leg down on table 

Bring your leg back to starting position by holding foot off the table 

Repeat with the opposite leg 

L

evel 4 

Bend your hips and knees and slide heels along the table 

Lift both feet off table when 90˚hips flexed 

Reverse the movement to return to the starting position 
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The Sahrmann core stability test 

L

evel 5 

Bend your hips and knees by lifting both feet off the table, bringing your knees to chest 

Hold your hips at 90˚and straighten your knees 

Lower your legs to the table  

Returning to starting position 

* Subsequence level begin in this hip flexed position 
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APPENDIX G: Clinical assessment and gait analysis 
ช่ือ……………….………………………………………………………….  อาย…ุ………………….

เพศ…………………… น า้หนกั…………….….….. กิโลกรัม สว่นสงู…………………………………เซนตเิมตร   

ความยาวขา(Lt./Rt.)…………………..เซนตเิมตร BMI…………….……..kg/m2  

ที่อยู.่...........................................................................................................................................................

โทร. ..……………………………………………………… ID Line……………Email…………………………. 

วนัท่ีเก็บข้อมลู………………………….เวลา………………… 

1.ตารางบนัทกึข้อมลูการตรวจประเมิน (Clinical assessment) 

Assessment Result 

Pain scale (NRS)  

Modified Oswestry Disability Index  

Fear Avoidance Belief Questionnaire (physical activity/work)  

The Sahrmann core stability test  

Thomas test (positive/negative)  

Ober test (positive/negative)  

 
2. ตารางบนัทกึข้อมลูการตรวจประเมินการเดิน COP variability 

 COP PWS FWS 

AP position (cm)   

AP variability (mm)   

ML position (mm)   

ML variability (mm)   
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3. ตารางบนัทกึข้อมลูการตรวจประเมินการเดิน Temporospatial gait 

Temporospatial PWS (Mean ± SD) FWS (Mean ± SD) 

Gait speed (km/h)   

Step width (cm)   

Stride length (cm)   

Stride time (s)   

Step length Lt. leg (cm)   

Step length Rt. leg (cm)   

Step time Lt. leg (s)   

Step time Rt. leg (s)   

Single support (%)   

Double support (%)   

 
4. ตารางบนัทกึข้อมลูการตรวจประเมินการเดิน Gait variability 

Gait variability PWS FWS 

Step length   

Stride length   

Stride time    

Step width    

Single support (%)   
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APPENDIX H: Intra-rater reliability of clinical assessment 
1. Core stability test 

 The core muscle strength was determined the intra-rater reliability. The ICC 3, 1 was 1.00 

(95%CI: 1.000-1.000; p <0.001). The data collection was shown in Table 1H. 

Table 1H. The core muscle strength in the first and second test 

Subjects 1st Test (grade) 2nd Test (grade) 

1 2 2 

2 2 2 

3 3 3 

4 0 0 

5 3 3 

6 0 0 

7 0 0 

8 0 0 

9 0 0 

10 4 4 

0-5: a grade of core stability muscle 
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2. Trendelenburg test 

 The Trendelenburg test was determined the intra-rater reliability. The ICC 3, 1 was 1.00 

(95%CI: 1.000-1.000; p <0.001). The data collection was shown in Table 2H. 

Table 2H. The Trendelenburg test in the first and second test  

Subjects 1st Test  2nd Test  

1 0 0 

2 0 0 

3 1 1 

4 0 0 

5 0 0 

6 0 0 

7 1 1 

8 1 1 

9 0 0 

10 0 0 

0: a negative test; 1: a positive test 
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3. Five-Time-Sit-To-Stand test 

The Five-Time-Sit-To-Stand test was determined the intra-rater reliability. The ICC 3, 1 was 

0.99 (95%CI: 0.976-0.999; p <0.001). The data collection was shown in Table 3H. 

Table 3H. The Five-Time-Sit-To-Stand test in the first and second test 

Subjects 1st Test  (sec) 2nd Test  (sec) 

1 7.54 7.12 

2 6.07 5.89 

3 6.59 6.37 

4 6.73 6.51 

5 5.88 5.68 

6 7.31 7.06 

7 6.68 6.53 

8 10.65 10.91 

9 9.62 9.57 

10 8.45 8.19 
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4. Hip flexor muscle length test (Thomas’s test) 

The Iliopsoas muscle tightness test was determined the intra-rater reliability. The ICC 3, 1 was 

0.76 (95%CI: 0.284-0.934; p =0.004). The data collection was shown in Table 4H. 

Table 4H. The Iliopsoas muscle tightness test in the first and second test 

Subjects 1st Test  2nd Test  

1 1 1 

2 0 1 

3 0 0 

4 0 0 

5 0 0 

6 0 0 

7 0 0 

8 0 0 

9 0 0 

10 1 1 

0: a negative test; 1: a positive test 
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5. The tensor fascia latae length test (Ober’s test) 

The Iliopsoas muscle tightness test was determined the intra-rater reliability. The ICC 3, 1 was 

0.82 (95%CI: 0.421-0.951; p =0.001). The data collection was shown in Table 5H. 

Table 5H. The Iliopsoas muscle tightness test in the first and second test 

Subjects 1st Test  2nd Test  

1 1 1 

2 0 0 

3 1 1 

4 1 1 

5 1 0 

6 0 0 

7 0 0 

8 1 1 

9 0 0 

10 1 1 

0: a negative test; 1: a positive test 

 

 

 

 

 

 

 

 



  118 

APPENDIX I: Intra-rater reliability of gait velocity determination  
1. Determination of preferred walking speed 

The processing determination of individual gait velocity at preferred walking speed condition 

was measured the intra-rater reliability. The ICC 3, 1 was 0.88 (95%CI: 0.578-0.968; p <0.001).  

The data collection was shown in Table 1I. 

Table 1I. The determination of preferred walking speed in the first and second walking test 

Subjects 1st Walking test (km/hr.) 2nd Walking test (km/hr.) 

1 2.4 2.6 

2 2.6 3.0 

3 4.0 4.2 

4 3.4 3.7 

5 2.2 2.3 

6 1.9 2.4 

7 2.9 2.2 

8 3.4 3.5 

9 3.4 3.5 

10 3.1 3.5 
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2. Determination of fastest walking speed 

The processing determination of individual gait velocity at fastest walking speed condition 

was measured the intra-rater reliability. The ICC 3, 1 was 0.94 (95%CI: 0.764-0.984; p <0.001).  

The data collection was shown in Table 2I. 

Table 2I. The determination of fastest walking speed in the first and second walking test 

Subjects 1st Walking test (km/hr.) 2nd Walking test (km/hr.) 

1 4.0 4.2 

2 4.0 3.9 

3 5.5 5.5 

4 5.1 4.7 

5 4.3 4.2 

6 3.8 3.8 

7 5.0 5.0 

8 4.7 4.6 

9 5.3 5.0 

10 4.1 4.4 
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