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ร้อนและการใหข้อ้มูลป้อนกลบัของการท างานกลา้มเน้ือแกนกลางในผู ้
ท่ีมีอาการปวดหลงัส่วนล่าง 
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บทคัดย่อ 

 อาการปวดหลงัเป็นปัญหาสุขภาพท่ีพบอุบติัการณ์ไดสู้งในประชาชนทุกประเทศ ซ่ึงส่งผล
กระทบถึงการท างานและการด ารงชีวิตประจ าวนัค่อนขา้งมาก อุปกรณ์พยงุหลงัเป็นหน่ึงในอุปกรณ์ท่ี
ไดรั้บการแนะน าเพื่อช่วยในการจดัการอาการปวดหลงัส่วนล่าง อยา่งไรก็ตามการใชอุ้ปกรณ์พยุงหลงั
ยงัมีการใชง้านท่ีจ ากดั เน่ืองจากความกงัวลเก่ียวกบัภาวะแทรกซ้อนของกลา้มเน้ือล าตวัอ่อนแรงจาก
การใช้งานเป็นเวลานาน ดงันั้นจึงมีการออกแบบอุปกรณ์พยุงเอวใหม่โดยมีคุณสมบติัเพิ่มเติมในตวั
เช่นการบ าบดัดว้ยความร้อนและอุปกรณ์ให้ขอ้มูลป้อนกลบัเพื่อออกก าลงักลา้มเน้ือแกนกลาง ทั้งน้ี
จ าเป็นตอ้งมีการประเมินผลการรักษาของนวตักรรมอุปกรณ์พยุงหลงัท่ีมีการประคบร้อนและการให้
ขอ้มูลป้อนกลบัของการท างานกลา้มเน้ือแกนกลางล าตวัในการจดัการอาการปวดหลงัส่วนล่างก่อนจะ
น าไปใชจ้ริงส าหรับประชากรท่ีมีอาการปวดหลงั 

 การศึกษาแรกมีวตัถุประสงค์เพื่อศึกษาประสิทธิผลในการลดปวดและเพิ่มคุณภาพชีวิตของ
การใชอุ้ปกรณ์พยงุหลงั โดยท าการรวบรวมบทความท่ีเก่ียวขอ้งจากฐานขอ้มูลโดยใชค้  าส าคญั “back 
pain, lumbar support belt, lumbar belt, back belt” ซ่ึงระบุประสิทธิภาพของอุปกรณ์พยุงหลงัในการ
ลดอาการปวดและเพิ่มคุณภาพชีวิต พบการศึกษาทดลองแบบสุ่มและมีกลุ่มควบคุมท่ีคุณภาพดีจ านวน 

5 บทความ ซ่ึงการทบทวนอย่างเป็นระบบช้ีให้เห็นว่าการใช้อุปกรณ์พยุงหลงัร่วมกบัการดูแลรักษา
ตามปกติช่วยลดอาการปวดและคุณภาพชีวิตท่ีดีขึ้นในผูท่ี้มีอาการปวดหลงัส่วนล่าง โดยการใส่เคร่ือง
พยงุเอว 6 - 8 ชัว่โมงเป็นประจ าทุกวนัอยา่งนอ้ยหน่ึงเดือนจะใหผ้ลในเชิงบวก การศึกษาท่ีสองมี
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วตัถุประสงค์เพื่อพัฒนาและตรวจสอบความถูกต้องและความน่าเช่ือถือของอุปกรณ์ให้ข้อมูล
ป้อนกลบัของการท างานกลา้มเน้ือแกนกลางล าตวั โดยท าการศึกษาในอาสาสมคัรสุขภาพดีจ านวน 20 
คน อุปกรณ์ให้ขอ้มูลป้อนกลบัจะถูกติดท่ีด้านในของอุปกรณ์พยุงหลงั อาสาสมคัรท า Abdominal 
drawing-in maneuver เพื่อกระตุน้การท างานของกลา้มเน้ือ Transversus abdominis โดยใช้ pressure 
biofeedback unit (PBU) ในการก าหนดเป้าหมายท่ี 64, 66, 68 และ 70 mmHg ซ่ึงค่าจากอุปกรณ์ให้
ขอ้มูลป้อนกลบัจะถูกรวบรวมในเวลาเดียวกนักบัการเก็บภาพอลัตราซาวด์ของกลา้มเน้ือ Transversus 
abdominis ท าการทดลองซ ้ าอีกคร้ังโดยเวน้ช่วงระยะเวลา 24 ชัว่โมง การตรวจสอบความน่าเช่ือถือจะ
ใช้ค่าสัมประสิทธ์ิสหสัมพันธ์ภายในชั้น ค่าสัมประสิทธ์ิการแปรผนัและค่าความคลาดเคล่ือน
มาตรฐานของการวดั ความถูกตอ้งของอุปกรณ์ไดจ้ากการหาความสัมพนัธ์ระหวา่งค่าท่ีไดจ้ากอุปกรณ์
ให้ข้อมูลป้อนกลับ  และการท างานของกล้ามเน้ือ  Transversus abdominis ซ่ึงวิ เคราะห์โดยใช้
สัมประสิทธ์ิสหสัมพนัธ์ของเพียร์สัน ผลการทดลองพบวา่ความน่าเช่ือถือในการวดัซ ้าของอุปกรณ์ให้
ขอ้มูลป้อนกลบัอยู่ในระดบัดีเยี่ยม (ICC = 0.946, CV = 2.6%, SEMs = 0.54%) ค่าท่ีไดจ้ากอุปกรณ์ให้
ขอ้มูลป้อนกลบัมีความสัมพนัธ์ในระดบัปานกลางอยา่งมีนยัส าคญักบัการวดัการท างานของกลา้มเน้ือ
โดยใชอ้ลัตราซาวด ์(r = - 0.514, p <0.001) 

 การศึกษาท่ีสามมีวตัถุประสงคเ์พื่อศึกษาประสิทธิภาพของนวตักรรมอุปกรณ์พยงุหลงัท่ีมีการ
ประคบร้อนและการให้ขอ้มูลป้อนกลบัของการท างานกลา้มเน้ือแกนกลางล าตวัต่ออาการปวดหลงั
ส่วนล่าง การท างานของกลา้มเน้ือแกนกลางล าตวั ความสามารถในการท ากิจกรรม และคุณภาพชีวิต 
อาสาสมคัรท่ีมีอาการปวดหลงัส่วนล่างจ านวน 80 คน ถูกสุ่มแบ่งออกเป็น 4 กลุ่มๆละ 20 คน ดงัน้ี 1) 
อุปกรณ์พยุงหลงัทัว่ไป 2) นวตักรรมอุปกรณ์พยุงหลงัร่วมกบัการประคบร้อน 3) นวตักรรมอุปกรณ์
พยุงหลงัร่วมกบัการฝึกกลา้มเน้ือแกนกลางล าตวั 4) นวตักรรมอุปกรณ์พยุงหลงัร่วมกบัการประคบ
ร้อนและการฝึกกลา้มเน้ือแกนกลางล าตวั อาสาสมคัรทุกคนจะไดท้ดลองใชอุ้ปกรณ์เป็นเวลา 20 นาที 
และไดรั้บค าแนะน าในการใส่อุปกรณ์ดว้ยตนเองทุกวนัเป็นเวลา 8 สัปดาห์ ตวัแปรท่ีศึกษาหลกัไดแ้ก่ 
ความรุนแรงของอาการปวดหลงั อตัราการไหลเวียนโลหิต ระดับขีดกั้นความเจ็บปวดจากแรงกด 
ระดับขีดกั้นความเจ็บปวดจากความร้อนและความเย็น และความหนาของกลา้มเน้ือ Transversus 
abdominis ตวัแปรท่ีศึกษารองไดแ้ก่ ความสามารถในการควบคุมความมัน่คงของเชิงกราน ขนาดของ
กลา้มเน้ือ Multifidus ความสามารถในการท ากิจกรรม และคุณภาพชีวิต ตวัแปรทั้งหมดถูกประเมิน
ก่อนการรักษา หลงัใช้อุปกรณ์ 20 นาที หลงัได้รับการรักษา 4 สัปดาห์ หลงัส้ินสุดการรักษา และ
ติดตามผล 3 เดือน ผลการศึกษาไม่มีอาสาสมคัรหายไปในช่วงท่ีติดตามผลการรักษา ตวัแปรท่ีศึกษา
หลักและรองในทุกกลุ่มดีขึ้นทุกช่วงของการติดตามผล (p < 0.05) ยกเวน้ผลของขนาดกล้ามเน้ือ 
Transversus abdominis และ Multifidus และความสามารถในการควบคุมความมัน่คงของเชิงกรานท่ี
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พบได้ในกลุ่มท่ี 3 และ 4 เท่านั้ น ผลการศึกษาในภาพรวมเม่ือเปรียบเทียบกับกลุ่มท่ี 1 พบว่า
อาสาสมคัรกลุ่มท่ี 2 และ 4 มีการลดลงของความรุนแรงของอาการปวด ระดบัขีดกั้นความเจ็บปวดจาก
แรงกด ความร้อน และความเย็นมากกว่า  อาสาสมคัรกลุ่มท่ี 3 และ 4 (p < 0.05) อีกทั้งมีขนาดของ
กลา้มเน้ือแกนกลางล าตวัและความสามารถในการควบคุมความมัน่คงของเชิงกรานมากกวา่ (p < 0.05) 
ทั้งน้ียงัพบว่าอาสาสมคัรในกลุ่มท่ี 4 ความสามารถในการท ากิจกรรมและคุณภาพชีวิตท่ีดีกว่า (p < 
0.05) อีกดว้ย   

การศึกษาน้ีเสนอแนะวา่การใชอุ้ปกรณ์พยุงหลงัมีประสิทธิผลท่ีดีเม่ือใชร่้วมกบัการไดรั้บการ
ดูแลรักษาตามปกติในการจดัการอาการปวดหลงัส่วนล่างท่ีไม่เฉพาะเจาะจง โดยใส่ 6-8 ชัว่โมงเป็น
ระยะเวลาอยา่งนอ้ยหน่ึงเดือน นอกจากน้ีนวตักรรมอุปกรณ์พยงุหลงัท่ีพฒันาขึ้นยงัมีความถูกตอ้งและ
น่าเช่ือถือส าหรับการใช้งานทางคลินิกเพื่อบ่งช้ีการท างานของกลา้มเน้ือ transversus abdominis การ
คน้พบโดยรวมช้ีให้เห็นว่านวตักรรมอุปกรณ์พยุงหลงัท่ีมีการประคบร้อนและการให้ขอ้มูลป้อนกลบั
ของการท างานกลา้มเน้ือแกนกลางล าตวันั้นมีประสิทธิภาพมากกว่าอุปกรณ์พยุงหลงัแบบดั้งเดิม ซ่ึง
อาจพิจารณาใชเ้ป็นอุปกรณ์เสริมในการฟ้ืนฟูผูท่ี้มีอาการปวดหลงัส่วนล่างเร้ือรังแบบไม่เฉพาะเจาะจง 
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ABSTRACT 

Low back pain is a health problem with a high incidence in people of all countries. 

It affects work performance and activity in daily living. Lumbar supports are suggested 

as one of the assistive devices in the management of low back pain. However, there was 

limited use due to the concerns about the complication of trunk muscle weakness from 

prolonged usage. Therefore, it was decided to redesign lumbar support with additional 

built-in features such as superficial heat therapy and biofeedback to exercise the core 

muscles. The therapeutic effects of innovative lumbar support including hot pack and core 

stability activation in the management of low back pain are warranty to prove before 

launching to the larger population.  

The first study aimed to explore the effectiveness of pain modulation and quality 

of life of the lumbar support belt in patients with low back pain. The relevant articles 

using keywords “back pain, lumbar support belt, lumbar belt, back belt” were collected 

from the databases to identify the effectiveness of lumbar support for pain reduction and 

quality of life. Five of them were good quality randomized controlled trials. A systematic 

review showed that using lumbar support with receiving usual care reduced pain and 

improved quality of life in individuals with low back pain. The prescription of lumbar 

support, which showed positive results, was wearing lumbar support 6 – 8 hours daily for 

at least one month.
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The second study aimed to examine the validity and reliability of the feedback 

device for TrA muscle contraction. Twenty healthy participants were studied. The 

feedback sensor was applied at the front of the trunk attached to the lumbar support. 

Participants performed an abdominal drawing-in maneuver (ADIM) to activate TrA, and 

the values from the feedback sensor were collected at the same time. Ultrasound imaging 

of the TrA was also collected simultaneously. The feedback sensor collected values at the 

different clinical levels of the pressure biofeedback unit at 64, 66, 68, and 70 mmHg. The 

protocol was repeated with 24 hr. intervals. The intraclass correlation coefficient, 

coefficient of variation, and standard error of measurements were used to examine 

reliability. The validity of the values obtained from the relationship between the feedback 

sensor and TrA thickness was analyzed using Pearson’s correlation coefficients.  Results: 

Test-retest reliability of the feedback sensor was excellent (ICC = 0.946, CV = 2.6%, 

SEMs = 0.54%). The values of feedback sensor reported a significant moderate 

correlation with the gold standard ultrasound measurement (r = - 0.514, p < 0.001).  

 The third study aimed to investigate the effectiveness of innovative lumbar 

support comprising hot pack and core muscle activation feedback on pain, muscle 

function, quality of life, and disability. Eighty participants with chronic non-specific low 

back pain were randomly allocated into 4 groups, 20 participants for each group: 1) 

traditional lumbar support, 2) innovative lumbar support with a hot pack, 3) innovative 

lumbar support with core muscle exercise, and 4) innovative lumbar support with a hot 

pack and core muscle exercise. All participants were instructed to use lumbar support 

daily for 8 weeks. The primary outcomes were pain intensity, pressure pain threshold, 

thermal pain threshold, tissue blood flow, and transversus abdominis muscle thickness. 

The secondary outcomes were lumbopelvic stability control, the cross-section area of 

lumbar multifidus muscle, quality of life, and disability. Blinded outcome measures were 

taken at baseline, 4-week intervals, after treatment, and at 3-month follow-up. The results 

showed that there was no loss to follow-up. All groups improved in primary and 

secondary outcome measures at all periods of assessment (p < 0.05) except the size of 

core muscles and lumbopelvic stability control, which were improved in only groups 3 

and 4. Overall results when compared to group 1, participants in groups 2 and 4 had more 

significantly reduced in pain intensity, pressure pain threshold, and thermal pain threshold 

(p < 0.05), participants in groups 3 and 4 had greater core muscle size and core muscle 
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function (p < 0.05), and participants in group 4 had greater improved in quality life and 

disability (p < 0.05). 

 This study suggested that the lumbar support seems to be effective as additional 

intervention along with usual care in the management of non-specific low back pain and 

using 6 – 8 hours at least a month. The innovative device had potential reliability and 

validity for clinical usage to indicate transversus abdominis muscle activation. The 

overall finding highlights that innovative lumbar support comprising a hot pack and core 

muscle activation feedback is more effective than traditional lumbar support. It could be 

considered an additional device in rehabilitation in people who suffer chronic non-

specific low back pain. 
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STATEMENTS OF ORIGINALITY 

1) This study creates and develops a new rehabilitation device that combines the 

effective treatment methods in physical therapy including lumbar support, 

superficial heat therapy, and core muscle training for considering use as an 

additional treatment device that patients can use to manage their low back pain 

symptom by themselves. 

2) This study investigates the effectiveness of innovative lumbar support comprising 

hot pack and core muscle activation feedback in persons with chronic non-specific 

low back pain to improve pain modulation, core muscle function, quality of life, 

and disability-related low back pain. 
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CHAPTER 1 

Introduction 

Low back pain (LBP) is one of the most common musculoskeletal disorders in the 

general population. LBP can be caused of disability that affects working performances 

(1, 2). About 60 - 70% of the population suffered from LBP at least once in their lifetime 

(3). The prevalence of chronic low back pain is about 23%, with 11-12% of the population 

being disabled by low back pain (1). There are various treatments for LBP, such as 

medication, acupuncture, massage, and physical therapy. In previous clinical studies, 

superficial heat therapy (SHT), core stability exercise (CSE), and lumbar support (LS) 

were commonly used for physical therapy management of chronic LBP due to good 

efficacy and fewer complications. 

Furthermore, the systematic review (4) suggested that SHT was commonly used 

for LBP management, both by physical therapists and patients at home, because of its 

good efficacy and convenience. SHT also decreased pain intensity and improved quality 

of life (4, 5). CSE provides both short- and long-term benefits by improving spinal 

stability, resulting in pain relief and prevention of LBP episodes (6). Moreover, lumbar 

support is practical for LBP management as it improves the lumbar posture, provides 

support to the lumbar spine, and minimizes LBP incidence (7). Several studies and 

mechanisms of action in the literature support the benefits of these potential physical 

interventions (i.e., SHT, CSE, LS) for LBP management.  

SHT is commonly used in the management of LBP. The effects of SHT are 

associated with reducing muscle spasms, pain, anxiety, and disability (8). SHT increases 

blood flow, cellular metabolic rate, provides sedative effects and analgesia. A randomized 

controlled trial study (9) reported that SHT significantly benefited from the prevention 

and treatment of delayed onset muscle soreness condition for the low back region. SHT 

is more effective than oral acetaminophen or ibuprofen for short-term pain relief and 

improved physical functions, as evaluated by the Roland-Morris Disability Questionnaire 
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(RDQ) (4, 5). SHT is cost-effective when compared with oral analgesics in the 

management of LBP (10). However, previous studies' outcomes were often in the form 

of subjective information such as pain intensity by visual analog scale, the number of 

days with LBP, and disability questionnaire. There is limited evidence concerning clinical 

aspects, physiological changes, and various objective outcomes such as tissue blood flow, 

mechanical pain, and thermal pain to determine the pathological change and improvement 

of LBP condition.  

Core muscles, such as deep abdominal and back muscle contribute to trunk 

stability (11). LBP patients have reduced core muscle strength and core stability (12). The 

onset of contraction of deep abdominal muscles in chronic LBP is delayed while doing 

limb movements (11). CSE is an effective management to minimize the disability in 

chronic LBP (13) and reduce the recurrence of LBP (14). CSE provides adequate dynamic 

control of the lumbar spine that eliminates repetitive injury to spinal segments' structures 

and related structures (14, 15). CSE improves the strength and endurance of deep muscles 

such as transversus abdominis (TrA) and lumbar multifidus muscle (LM) (16). A 

systematic review (6) suggested that the CSE combined with manual therapy are more 

effective than treatment by general practitioner alone in both short term and long term 

outcomes on disability and pain. Most studies considered the effects of core stability 

training and core muscle changes in terms of subjective assessments using questionnaires. 

There is a need for studies that evaluate muscle thickness and function of core muscles 

(using meaningful clinical measures such as real-time ultrasound imaging and 

lumbopelvic muscle function) to evaluate the effectiveness of LBP treatment methods.  

Lumbar support is frequently used in LBP management to prevent the onset and 

recurrent back injuries (7, 17). LS affects the restriction of lumbar movement, decreases 

the load on the trunk, and increases intra-abdominal pressure (18). Also, LS is reported 

to reduce pain intensity and the number of days lost from work (17-19). A systematic 

review (7) showed that lumbar support improved functional ability more than superficial 

massage. However, some previous studies showed that using lumbar support for a longer 

period led to decreased abdominal and back muscle activity (20). Several studies (18, 21, 

22) documented the effects of LS through reduced pain intensity, improved quality of life, 

and enhanced work performance. Therefore in this study, it is important to consider 

assessing the therapeutic effects of LS in the LBP population.  
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The effectiveness of using lumbar support for the prevention and management of 

low back pain was demonstrated in previous systematic reviews (7, 23). However, there 

were no systematic reviews that gathered how to use lumbar support for management of 

low back pain effectively (for example, in terms of types of LS, cases of application, a 

period of wearing LS per day, frequency of wearing LS, duration of total intervention, 

and possible adverse effects). Therefore, this thesis performed a systematic review to 

explore the clinical application of lumbar support for the management of low back pain 

effectively.  

Innovations in health care service lift the professional practice to advanced levels. 

Innovative physical therapy care for LBP is always most welcomed for the benefit of 

patients and therapists. This brings about the idea of innovative development for the 

management of LBP. Although using a combination of lumbar support, superficial heat 

therapy, and core stability exercise seems to be the potential effective management of 

LBP, there are no biomedical innovations that combine these treatments' concepts. If 

available, the patients can obtain all three treatment methods simultaneously and be able 

to manage themselves while being at home or doing routine work. Combining treatment 

innovation was an additional tool for managing LBP and providing clinical benefits for 

LBP patients. Therefore, this thesis study developed innovative lumbar support that 

combined potential therapeutic methods (i.e., SHT and CSE) for low back pain people. 

Furthermore, this study also investigated the therapeutic effect of innovative lumbar 

support in individuals with low back pain. 
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CHAPTER 2 

Literature Review 

This review of literature provides an overview of research findings related to low 

back pain. The first and second sections are the review of characteristics and 

biomechanical changes of low back pain. The third section focuses on the outcome 

measures related to low back pain. The last section is a review of the potential components 

for the development of innovation for the management of LBP 

2.1. Characteristics of low back pain  

2.1.1 Definition  

Low back pain (LBP) (1, 24) is pain and discomfort between the 12th rib 

and inferior gluteal fold, with or without leg pain. Some cases are specific LBP, such as 

infection, trauma, structural deformity, tumor, fracture, spinal stenosis, and disc 

herniation. However, most of the cases are defined as non-specific LBP.  

Non-specific LBP is general back pain and not focusing on the specific 

pathology. There is no indication of the structure which causes the pain. Although there 

is no structural change in non-specific LBP, it can cause poor health status, activity 

limitation, and disability.  

2.1.2 The epidemiology of LBP  

The lifetime prevalence of LBP in the general population was estimated at 

60– 70%. One-year prevalence was about 15– 45%. The LBP prevalence increased and 

peaked between 35 to 55 years old (3). Approximately 20 - 44% of LBP patients can be 

found in the working population and usually have recurrent episodes within one year (24).
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2.1.3 The classification of LBP  

Low back pain can be divided into three episodes according to the duration 

of pain (24).  

• Acute LBP is sudden onset and lasting less than six weeks. 

Patients with acute LBP often reported high levels of pain, 

distress, and muscle guarding. Most cases will recover within six 

weeks (25), and 10 – 15% of patients can become chronic LBP.  

• Sub-acute LBP is lasting about 6 to 12 weeks. It is the 

continuation of the acute phase. Patients with sub-acute LBP 

should receive a rehabilitation program to prevent transition to 

chronic LBP.  

• Chronic LBP is lasting for more than 12 weeks. It can be constant 

or intermittent pain for more than one time in 12 months. Pain has 

occurred gradually and steadily. The characteristics of pain may 

be unclear, such as the duration of pain. Most are caused by 

degeneration, lack of exercise, obesity, and psychosomatic pain 

disorders. Moreover, psychosocial factors may also be involved 

in chronic LBP (1).  

2.1.4 Characteristics and symptoms of low back pain  

In clinical guidelines, diagnosis of low back pain is described in the form 

of diagnostic triage. Patients are classified as having non-specific LBP, specific LBP, and 

sciatica/radicular syndrome (24). The red flag is used as an indicator of possible 

pathology, including nerve root problems. Red flags include age < 20 or > 55 years, non-

mechanical pain, thoracic pain, history of carcinoma or HIV, feeling unwell, weight loss, 

widespread neurological symptoms, and structural spinal deformity. Indicators for nerve 

root problems are unilateral leg pain more than back pain, radiates to foot or toes, 

numbness and paresthesia, straight leg raising test induces more leg pain, and localized 

neurology. When red flags are not present, patients are considered to have non-specific 

low back pain (26). In general, most pain and related disability can resolve within a couple 

of weeks (25), and most patients with low back pain have stopped consulting the doctor 

within three months (27). However, patients with low back pain can be developed to 
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chronic low back pain if they have the risk factors for chronicity (e.g., obesity, high level 

of pain or disability, depressive mood, job dissatisfaction) (28).  

2.1.5 Contributing factors related to low back pain  

The factors that contribute to LBP are divided into two factors, internal 

factors and external factors.  

2.1.5.1 Internal factors related to low back pain  

1) Effects of age on low back pain  

Aging is more likely to result in more low back pain 

episodes. It was the result of the degeneration of body structures and the decreased 

flexibility with age. The aging process causes the collagen to break down, increasing 

tension of muscles and ligaments (29).  

2) Effects of gender on low back pain  

Females have more chance to occur LBP than males 

because there are less muscle mass and strength. Besides, sex hormones play an essential 

role in degenerative musculoskeletal diseases. A study demonstrated the higher 

prevalence in adolescent girls than boys due to psychological factors, female hormone 

fluctuation, and menstruation. LBP prevalence also increased in post-menopausal women 

than men due to relative estrogen deficiency (29).  

3) Effects of physical factors on low back pain  

Weight and height were physical factors that affected the 

chance to occur low back pain. Taller people had more potential risk for low back pain 

due to external loading (30). The meta-analysis demonstrated that overweight and obese 

people had a higher prevalence of low back pain than healthy people (31). Obese people 

often had abdominal muscle weakness, and the center of mass also shifted forward, 

resulting in more back muscle working to achieve balance (32).  
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2.1.5.2 External factors related to low back pain  

1) Effects of occupational factors on low back pain  

Low back pain is associated with working postures such as 

static work posture, prolonged trunk bending or twisting, and repetitive trunk movement 

(3). These postures can increase the risk of LBP because of unrecovered fatigue of 

muscles. In addition, heavy physical work such as lifting can affect the higher risk of LBP 

in workers because the spine must support more weight for a long time. It resulted in the 

degeneration of the lumbar spine and the imbalance working of muscles and ligaments, 

which lead to low back pain (3).  

2) Effects of smoking on low back pain  

The meta-analysis (33) demonstrated that smokers had a 

higher prevalence of LBP than non-smokers. The nicotine in cigarettes disrupted the 

disc's metabolism process, resulting in faster degeneration of the disc. Moreover, 

prolonged smoking reduced oxygen in the blood, which affected the tissue healing 

process. 

2.1.6 The management of low back pain  

The goals of LBP management are pain reduction, improvement of 

activity, and disability (3). The treatment of LBP can be divided into conservative 

treatment and surgery (34). Conservative treatments intended to reduce pain and prevent 

a recurrence, such as resting, are recommended for acute low back pain patients. In 

addition, medications, physical therapy, and alternative medicine are also used for 

treating low back pain. Surgery is an effective treatment in reducing pain for patients who 

have indications of surgery. Patients with low back pain treated by surgery are usually 

caused by nerve root compression or cord compression. The criteria used to consider 

surgery include severe leg pain that persists for more than four weeks or leg muscle 

weakness. However, surgery has little benefit for patients without surgery indications, 

and there may be a risk of complications after surgery.  

In physical therapy, there is various management of low back pain used in 

the clinical setting (e.g., manual therapy, exercise therapy, thermotherapy, orthotics, etc.). 

This thesis focused on chronic low back pain management. The systematic reviews (35, 
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36) demonstrated the positive effect of exercise therapy in reducing pain and functional 

improvement. Exercise is likely to decrease the risk of recurrent back pain due to 

returning to normal function (35). The evidence suggested that exercise therapy was more 

effective than back school or physician consultation alone for chronic low back pain due 

to restoring normal lumbosacral motion and strengthening trunk muscles (37). Another 

systematic review (13) reported that core stability exercise is superior to the other types 

of exercises (e.g., strengthening exercises, stretching exercises) in reducing pain and 

disability. Therefore, exercise therapy is likely to be an effective treatment for chronic 

low back pain due to the promotion of the related structures to function normally. In 

addition, superficial heat therapy is one of the traditional treatments that are commonly 

used. A randomized controlled trial study reported that superficial heat therapy was 

effective in pain relief and disability improvement (38). It was also found that superficial 

heat combined with exercise was more effective than only superficial heat or exercise 

(39). 

Moreover, lumbar support is a common additional device prescribed for 

the treatment and prevention of low back pain. A systematic review (5) showed that 

wearing lumbar support improved disability in patients with low back pain more than 

superficial massage. Lumbar support was also reported in reducing pain intensity and the 

number of days lost from work (17, 19).  

2.2 Biomechanical changes in patients with low back pain  

2.2.1 Low back pain and trunk muscle activation  

Alteration in the recruitment of trunk muscles has been reported in people 

with low back pain. A previous study (40) described this change in the context of the 

pain–spasm–pain model that pain results in increased muscle activity referred to spasm, 

which will cause pain. Treatment modalities based on this model involve relaxation and 

reduce guarding and spasm of involved muscles. For the pain adaptation model, pain 

results in reducing muscle activation when active muscles are agonists. Several studies 

(41, 42) showed that patients with CLBP had deficits in muscle strength and fatigue 

resistance. The highly fatigable back muscles may result in the development of LBP. In 

patients with CLBP, the ability of core muscle function was decreased. The study of TrA 

and LM muscle activity using electromyography (EMG) showed lower maximal 
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voluntary control during abdominal hollowing than healthy subjects (43). It related to the 

study using ultrasound imaging for evaluating core muscle function. The thickness of 

abdominal muscles and the size of LM muscle were smaller in patients with CLBP. They 

also had less muscle contraction (TrA and LM) during abdominal hollowing (44). 

Moreover, a previous study (12) reported that patients with CLBP had delayed onset 

muscle activation of TrA during lower limb movement. Therefore, it is important to 

consider the changes in deep trunk muscles in the choice of LBP management methods.  

2.2.2 Low back pain and lumbopelvic instability  

Lumbopelvic stability consists of three components: passive subsystem, 

active subsystem, and neural control subsystem. A previous study compared lumbopelvic 

stability between healthy subjects and patients with LBP. There was no correlation 

between the severity of the passive subsystem (e.g., facet joints, discs, ligaments) damage 

and the intensity of lumbar symptoms (45). It seems that active and neural control 

subsystems are more crucial for training and adaptation. The active subsystem can be 

divided into global (superficial paraspinal muscles) and local (core muscles) muscles. 

People with chronic low back pain (CLBP) were commonly demonstrated to decrease 

core muscle function, which is the key structure of the spinal stability components (43, 

44). Therefore, patients with CLBP had reduced the stability of the spine. Moreover, 

patients with chronic pain condition also had an impairment of motor control. Impaired 

motor control can lead to poor control of joint movement, repeated microtrauma, and 

pain. The muscle system's efficacy depends on its controller, the central nervous system 

(CNS). The CNS continually interprets the status of stability and movement, plan 

mechanisms to overcome predictable challenges, and rapidly initiates activity in response 

to unexpected challenges (46). Several studies (12, 47) showed the impairment of the 

neural control subsystem according to the motor control, such as patients with CLBP that 

had a slower response for unexpected limb movement and delayed activity of TrA during 

rapid limb movement. Lumbopelvic instability can lead to the excessive movement of the 

unstable spine, could stretch or compress the pain-sensitive structure and lead to more 

injuries (48). There were lumbopelvic stability evaluations used in clinical such as the 

active straight leg raising test (ASLR) (49) and the modified lumbopelvic stability test 

(50). The results showed in the same direction that patients with CLBP had more 
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inadequate motor control. Therefore, lumbopelvic stability is important in considering 

methods for treatment and prevention of LBP.  

2.3 The outcome measurements related to LBP  

2.3.1 Pain-related outcomes  

Pain reduction is one of the important goals for the management of low 

back pain. Thus, the parameters assessing pain severity are determined in the 

investigation of treatment effects.  

2.3.1.1 Pain intensity  

Pain intensity is a quantitative estimate of the severity of perceived 

pain. There are various tools to assess pain intensity in low back pain, such as a numerical 

rating scale (NRS) and visual analog scale (VAS). The numerical rating scale (NRS) is a 

discontinuous scale that is in numeric format. Pain intensity is rated on 11- point scale 

where 0 indicates no pain and 10 indicate worst pain (49). The visual analog scale is a 

continuous scale consisted of a horizontal line, 100 millimeters in length. It is anchored 

by “no pain” on the left hand and “pain as bad as possible” on the right hand. The 

systematic review of measures used to assess chronic musculoskeletal pain reported that 

the visual analog scale (VAS) was the most commonly used tool (51). Although the 

numerical scale may easy to use, it has an inherent lack of sensitivity due to the digital 

scales (51). The visual analog scale was reported more sensitivity to change in pain 

intensity (52). Thus, many recent studies (53-55) have been used a VAS as a parameter 

to assess pain intensity. A reported minimum clinically important difference (MCID) of 

VAS in the chronic low back pain population equaled to 18 - 19 mm. (56). However, pain 

intensity assessment, especially VAS, is the subjective examination that affects gender. 

A previous study reported that females had higher pain rates and experienced more severe 

pain than males (57). In addition, the rate of pain from chronic disease was higher in 

females than males (58). It might be suggested that female was more sensitive to pain 

perception than male. Factors that affect the differences in the pain assessment between 

genders are stimulus-specific factors (e.g., pressure, heat, electrical), sex-role expectation, 

psychological factors, and neural differences (58-60). Therefore, gender is an essential 

factor in pain assessment. A research model that considers the influence and gender 

difference of pain should be recognized in the research process.  
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2.3.1.2 Pressure pain threshold (PPT)  

The sensory perception of mechanical pain can be evaluated by a 

pressure pain threshold, a parameter for assessing the level of pain induced by pressure. 

A pressure pain is based on A-delta fibers' activation, a thin myelinated sheath (61). 

Pressure Pain Threshold is the minimal amount of pressure that produces pain (62). In 

people with abnormal sensory perception, there is a hypersensitivity to stimulus. Pain can 

be exacerbated even when there is little mechanical pressure. This hypersensitivity is a 

typical characteristic of primary hyperalgesia.  

Currently, a pressure algometer is commonly used for assessing 

pressure pain threshold (61). Jensen and colleagues (63) measured the PPT of the 

temporalis muscle in healthy subjects using a pressure algometer. There was a high 

correlation between the sides of temporalis muscles (p < 0.001) and between PPT values 

obtained with a 3-week interval (p < 0.001). They suggested that a pressure algometer 

was a reliable method to evaluate PPT, and it was easy and convenient to operate in the 

clinical setting. In most previous studies (64, 65), a probe with a 1 cm diameter was used 

because the probe's size was equivalent to the fingertip while providing pressure. The 

target area should be greater than 0.5 cm or 0.196 cm2 so that the force can be transmitted 

to the deep tissue. The amount of pressure passed to the tissue is at a minimum level, safe 

and can induce pain quickly (66). The pressure pain threshold was demonstrated excellent 

reliability (ICC = 0.99), and it was suitable for assessing the sensitivity to response (67). 

However, the measurement was more reliable if it was performed by only one assessor 

(68).  

In long-term musculoskeletal pain conditions, the evidence 

reported sensory perception alteration (62, 69-71). Pain perception change due to pressure 

stimuli was found in patients with LBP (62, 70, 71). Farasyn and colleagues (70) 

demonstrated that patients with subacute LBP had lower PPT than healthy controls 

(P<0.0001). The lowest PPT in patients with subacute LBP was lowest at the L3 and L5 

erector spinae levels. The studies by Imamura et al. (62) and Ozdolap et al. (71) also 

reported lower PPT in patients with chronic non-specific LBP than healthy subjects. 

There was a negative correlation between PPT and disability score. Ozdolap et al. (71) 

also found the lower PPT at an unaffected area in patients with CLBP, suggesting 
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widespread pain in CLBP. Pressure pain threshold is one of the potential parameters in 

investigating the effectiveness of treatment for LBP.  

Factors affecting the pressure pain threshold that were gender and 

age (72-75). Males exhibited a higher-pressure pain threshold than females. In other 

words, females had more sensitive than males. The decrease in pressure pain threshold 

indicated the sensitivity to pain (76). Age also affected the pressure pain threshold. Jensen 

and colleagues (77) demonstrated that pressure pain thresholds varied by age. As the age 

increased, the pressure pain threshold increased as well. In addition, external factors were 

affecting the pressure pain threshold. The size of the probe should be appropriate to the 

target area. A 1 cm diameter probe was mostly used due to the size close to the fingertip 

while providing pressure, and the pressure distribution was better than using a small probe 

(64). The angle of the probe is also important. It must be perpendicular to the target area 

for good pressure distribution (not to slide against the tissue). It also reduced the probe 

shift during providing the pressure that often occurred while providing high pressure (78). 

Another important factor is the rate of delivering pressure. Increasing at a slower rate, 

such as 40 kPa/s will make the subjects better aware of the pressure than increase with 

faster speed. This strategy can reduce the overestimation generated by the subject’s 

reaction time response mechanism. The pressure control is should also be constant (63).  

2.3.1.3 Thermal pain threshold (TPT)  

The level of response to sensory stimulation with thermal pain can 

be evaluated by the thermal pain threshold, which is based on the activation of A-delta 

fibers (thin myelinated sheath) and C fibers (unmyelinated sheath) (61). Thermal pain 

threshold has been used as an outcome measure of the therapeutic effect of treatment for 

musculoskeletal disorders. It is a reliable variable (ICC = 0.87) (79). Those with 

secondary hyperalgesia are more sensitive to stimuli and have higher pain intensity, 

especially mechanical pain but not thermal pain (80).  

TPT is divided into two types, including heat pain threshold and 

cold pain threshold (81). The heat pain threshold is the minimum temperature that 

produces pain from heat, as the cold pain threshold is the minimum temperature that 

produces pain from cold. Previous studies (82) demonstrated the increased sensitivity to 

cold and heat pain in people with persistent pain more than healthy controls. The 
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significant differences showed in the cold more than heat pain. Hubcher and colleagues 

(83) reported that patients with chronic pain demonstrated a lower cold pain threshold in 

the primary area of pain than healthy controls. This report may suggest that the central 

nervous system's abnormal response can occur in patients with persistent pain, and the 

cold pain threshold may be more sensitive than the heat pain threshold.  

Gender and age were important factors affecting the thermal pain 

threshold. Fillingim and colleagues (84) found a lower thermal pain threshold in females 

compared with males, both stimulation with the slow rate (0.5 Celsius per second) and 

with the fast rate (4.0 Celsius per second). Increasing temperature with a slow rate 

stimulated the C-fibers while increasing with a fast rate stimulated the A-delta fibers. 

Heat pain threshold produced a good response when stimulating with a slow rate. 

Edwards and colleagues (85) found a different response to thermal pain stimulation in 

older adults and younger. Thermal pain response related to age, severity, and impact of 

chronic pain. Older adults had higher pain perceived intensity when induced by high 

temperature (e.g., 49 and 51 degrees Celsius) than younger and middle age (86). This 

report could be explained that the elderly were more likely to experience a decrease in 

thermal pain threshold due to the reduction of ability to discriminate feeling about 

temperature, which may be caused by the defects of A-delta and C fibers (87). In addition, 

anxiety and depression were also the causes of pain severity increasing, especially in 

females who often experienced anxiety and depression more than males. The occurred 

pain could stimulate psychological problems (73). Harkins and colleagues (86) also found 

a relationship between the thermal response and the effect of psychological status in the 

middle age and elderly. Thermal pain threshold is the sensitive variable to temperature 

response, but many factors contribute to factors such as gender, age, and mental health 

that influence thermal pain perception. Thus, these factors should be controlled to reduce 

the variance of the measurement.  

The receptors in tissue are primarily stimulated by mechanical and 

thermal stimuli and delivered the nociceptive impulse through neurotransmitters. If there 

are increases in receptor response to noxious stimuli, it is called peripheral sensitization. 

Then, peripheral nerves delivered the sensory input to the central nervous system in the 

dorsal horn of the spinal cord. The modification of sensory input signals in the central 

nervous system leads to central sensitization, increasing the magnitude and duration of 
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response to the noxious stimuli. This is the cause of primary hyperalgesia. If it is spread 

to the uninjured tissue surrounding the injury site, it is secondary hyperalgesia. Therefore, 

pressure pain threshold and thermal pain threshold are essential variables for evaluating 

mechanical and thermal stimuli' response. Chronic pain conditions often result in an 

abnormal response in the central nervous system. It can lead to alterations of the central 

processing mechanism, promoting neural plasticity at the spinal cord, thereby affecting 

somatosensory performance. In patients with CLBP, there were changes in 

somatosensory sensation, especially pressure pain threshold, thermal pain threshold and 

tissue hyperalgesia. Persistent nociceptive impulses in CLBP are related to cortical and 

subcortical reorganization. The potential alteration in the somatosensory system may be 

due to alteration in the cerebral cortex and neurochemical changes. The management of 

CLBP might be associated with these changes (88). Thus, the pressure pain threshold and 

thermal pain threshold measurements were used to evaluate the effectiveness of the 

treatment for the patient with chronic low back pain in this study. 

2.3.1.4 Tissue blood flow  

Tissue blood flow (TBF) is the factor to indicates the quality of 

healthy tissue and its potential for the healing process. Increasing TBF to pathological 

areas may help facilitate the tissue healing process by supplying more oxygen, nutrients, 

and hormones to the affected area and removing waste products from the tissue (89). 

Various physical therapy treatments such as massage, hot packs, and physical exercise 

are considered to induce vasodilation and increase tissue blood flow (89-91). Therefore, 

tissue blood flow was widely used as outcome measures to evaluate the physiological 

effect of treatment (89, 92). In addition, tissue blood flow measurement was reported as 

a good reliable (ICC = 0.89) and suitable method (79). Okada and colleagues (92) 

demonstrated increased blood flow in masseter muscles after hot packs were applied for 

20 minutes. Furthermore, Paungmali and colleagues (89) reported that tissue blood flow 

immediately increased in the lumbosacral area after performing lumbopelvic core 

stability training.  

Therefore, tissue blood flow is one of the most important variables 

for indicating and evaluating the therapeutic effect of treatment for tissue response 



 

15 

through a laser doppler flow meter sensitive to the circulatory response. It is also easy 

and convenient to use for clinical assessment.  

2.3.2 Functional disability and quality of life  

The restoration of normal function is considered a key outcome of physical 

therapy for low back pain management. This thesis also assessed the functional disability 

and quality of life of individuals with chronic low back pain after interventions.  

2.3.2.1 Disability related to low back pain  

Chronic low back pain has been reported to be limited to the 

individual functional ability. It can cause long-term disability and absence from work 

(93). Self-report questionnaires that aim to evaluate functional limitation due to low back 

pain have been developed in various forms. The two most commonly used disability 

scales for people with low back pain are the Roland-Morris Disability Scale (RDQ) and 

the Oswestry Disability Index (ODI). The RDQ was developed in 1983 for use in primary 

care. It consists of 24 items with yes or no response, representing the execution of daily 

physical activities and functions that may be affected by low back pain (e.g., housework, 

sleeping, mobility, dressing, etc.). The RDQ total score is calculated by the sum of the 

“yes” answers or the checked items. The total score ranges from 0 (no disability) to 24 

(maximum disability) (94). The Oswestry Disability Index Questionnaire was developed 

by John O’Brien et al. in 1976 for assessing pain related to disability in people with low 

back pain. It consists of 10 questions with six response categories of the disturbance in 

activity daily living through low back pain. It covered 1 item on pain and nine items on 

daily living activities (personal care, lifting, walking, sitting, standing, sleeping, sex life, 

social life, and traveling). Each item is scored from 0 (first response option) to 5 (last 

response option), and the percentage is calculated for the total score. Interpretations of 

total scores are as follow: 0-20 indicates “minimal disability,” 21-40 indicates “moderate 

disability,” 41-60 indicates “severe disability,” 61-80 indicates “housebound,” and 81-

100 indicates “bedbound” (94). Sanjaroensuttikul and colleagues (95) translated the ODI 

Thai version in 2007, and it was initially evaluated the validity in patients with acute low 

back pain. The ODI Thai version has a good consistency for disability assessment in acute 

low back pain (The content validity of each item ranged from 0.6-1.0, and the Cronbach's 

alpha of all items was 0.8107). The ODI Thai version by Nimanussornkul (96) was also 
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reliable for assessing functional disability in chronic low back pain with radiculopathy. 

(The Cronbach’s alpha of all items was 0.891. The inter-item correlation coefficient for 

the ten items ranged from 0.177 to 0.699).  

Although, both instruments were validated questionnaires to 

evaluate functional disability in the low back pain population. The ODI was more 

sensitive to detect changes due to the level of limitation in each activity.  

2.3.2.2 Quality of life  

Health-related quality of life becomes widely used in clinical 

researches. A previous study reported people with chronic low back pain decreased in 

quality of life in dimensions of physical, psychological, and work categories (93). It is 

also essential to measure the perception of health to assess the benefit of interventions. 

The short form 36 health survey (SF-36) is the most widely used 

for measuring health status. The SF-36 is subdivided into physical component score and 

mental component score. It consists of eight health dimensions, including physical 

functioning, social functioning, role limitations due to physical problems, role limitation 

due to emotional problems, mental health, energy and vitality, pain, and general 

perception of health. It takes the patients about 5 – 10 minutes to complete. The SF-36 

was studied in the population with chronic low back pain, and its reliability and validity 

were well-established (97). In addition, Jirarattanaphochai and colleagues (98) translated 

SF-36 version 2.0 to the Thai version and evaluated the reliability in both acute and 

chronic low back pain patients. The study showed that the Thai version of SF-36 version 

2.0 is reliable for assessing the quality of life in low back pain patients (The Chronbach’s 

alpha coefficient of eight scales ranging was 0.72 - 0.94).  

Moreover, SF-36 was developed into an abbreviated version, 

called SF-12. The SF-12 contains a subset of 12 items taken from the 8-health dimension 

of SF-36. It was developed to lessen administration time. However, it was not widely 

used in researches as SF-36 (99).  
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2.3.3 Muscle function measurement related to LBP  

2.3.3.1 Real-time ultrasound imaging (RTUS)  

Ultrasound imaging is a radiological tool for pathological 

investigation. It is widely used in health professions due to its safety, cost-effectiveness, 

and readily accessible internal organ and musculoskeletal structure examination methods. 

Tissues that can be imaged by ultrasound imaging include muscles, tendons, joints, 

ligaments, and bursa (43).  

The gold standard measurements of muscle activity are 

electromyography (EMG) and real-time ultrasound imaging (RTUS) (43, 100). EMG is 

an invasive method that inserted a fine- wire electrode into the muscles, limiting adoption 

(43). Real-time ultrasound imaging is a non-invasive method of recording muscle activity 

in deep layers. It has been used to measure muscle size and thickness during static and 

dynamic contractions. Some muscles are restricted by the deeper layers of muscles such 

as TrA and LM, which are located close to the spine. Hodges and colleagues (101) 

compared ultrasonography for measuring muscle architectures with EMG activity. 

Subjects performed isometric contractions from 0 to 100% maximal voluntary contraction 

(MVC). There was a strong relationship between EMG activity of TrA and IO and 

changes in muscle thickness. Real-time ultrasound imaging was the reliable method for 

measuring lateral abdominal muscle thickness (TrA, IO, and EO) (ICC > 0.93), and it was 

also a high correlation with EMG activity of LM (r = 0.79, p < .001) (100).  

The association between low back pain and deep local core muscle 

function had been reported. Several studies (44, 47) used RTUS to evaluate the muscle 

function of TrA and LM in terms of muscle thickness, cross-sectional area, and 

contraction ratio. Ferreira and colleagues (47) assessed the change in TrA muscle 

recruitment in individuals with low back pain. They found that the LBP group had a 

smaller increase in TrA thickness during isometric leg tasks than controls. Similarly to 

the TrA result, there were significantly lesser CSA and a percentage of LM contraction 

thickness (44). It might represent the alteration of motor control in individuals with LBP. 

Moreover, previous study 108 demonstrated that RTUS showed improved TrA 

recruitment about 7.8% after motor control exercise training for eight weeks.  
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This thesis developed innovative lumbar support including core 

stability activation. Thus, real-time ultrasound imaging on the size of core muscles is an 

important parameter to indicate the activity of deep core muscles, which is a non-invasive 

technique and considered equivalent to using electromyography.  

2.3.3.2 Active straight leg raising test  

Active straight leg raising (ASLR) is a clinical test for measuring 

effective load transfer between the trunk and lower limbs. When the lumbopelvic region 

functions optimally, the leg should rise easily from the table, and the pelvic should not 

move. It requires proper activation of both local and global muscles, which stabilize the 

thorax, low back, and pelvic (102). ASLR was used to assess the neuromuscular control 

strategies of the lumbopelvic region in the LBP population (103, 104). Patients performed 

alternately lifting each leg from the table about 20 cm. and rated their perceived difficulty 

in performing the movement using a six-point scale (102). Liebenson and colleagues 

(104) demonstrated that ASLR has usefulness for evaluating lumbar spine stability and 

abdominal bracing ability. Abdominal bracing during ASLR reduced the center of 

pressure movement on the pressure mat in lumbar rotation. They suggested that ASLR 

was strongly associated with lumbar spine stability. In addition, Mens and colleagues 

(102) demonstrated that ASLR correlated with Quebec back pain disability (r = 0.7) and 

correlated with self-reported pain intensity (r = 0.53). It may be suggested that ASLR 

could be a parameter for the severity of the disease.  

Previous studies (105, 106) demonstrated that compression around 

the pelvis by manual compression or using lumbosacral support improved the ASLR test 

score. It might be described that compression augmented the stability in the passive 

subsystem, which affected the need for a neuromuscular system to contribute stability 

(106). In other words, compression around the pelvis could improve force closure or the 

active components of pelvic stability (105).  

This information could suggest that ASLR can be used as an 

outcome variable to detect the change and evaluate the therapeutic effects of improvement 

in lumbopelvic stability.  
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2.3.3.3 Lumbopelvic stability test  

Lumbopelvic stability test (LPST) is mainly used to assess the 

active subsystem because it can be evaluated easily and reflect the passive subsystem and 

control subsystem's interaction. Lumbopelvic stability test can be considered in several 

ways, including assessing the function of deep muscles using electromyography (107), 

evaluating the endurance of trunk muscles, and evaluating the ability to control the spine, 

pelvis, and lower body while increase difficulty in movement of legs.  

The lumbopelvic stability test (50) is used to evaluate lumbopelvic 

stability in this study. It assessed the ability to maintain the spine while increasing the 

load on lower limbs. It can be detected by the change of pressure biofeedback unit (PBU) 

under the lumbar spine. There were seven levels of lumbopelvic stability control, from 

easy to difficult. The difficulty of LPST was increased by the movement of legs in each 

level (Table 2.1). 

The lumbopelvic stability test was a good reliable method for 

evaluating lumbopelvic stability (k coefficiency: intra-tester = 0.61, inter-testers = 0.62). 

It was also represented good agreement in subjects with chronic non-specific low back 

pain (kappa = 83.1%) (79). A study by Hagins and colleagues (50) demonstrated that after 

four weeks of training of lumbopelvic stabilization exercise in asymptomatic subjects, 

there was a significant increase of lumbopelvic stability level (p = 0.01).  

Therefore, the lumbopelvic stability test is a reliable and suitable 

variable to indicate the effectiveness of treatment for lumbopelvic control. 
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Table 2.1 Levels of lumbopelvic stability test 

Levels of lumbopelvic stability test (50) 

 Level 1 – abdominal hollowing 

The subject is positioned supine with the hip and knee 

in 70° and 90° of flexion and feet flat on the floor. While 

the subject exhales, the subject brings their belly button 

to the spine. Try to maintain the contraction and normal 

breathing. 

 Level 2 – unilateral abduction 

The subject is positioned supine with the hip and knee 

in 70° and 90° of flexion and feet flat on the floor. The 

subject creates abdominal hollowing by contracting 

lower abdominal muscles. While maintaining the 

contraction and normal breathing, abduct the right leg to 

approximately 45 degrees to the floor. Keep breathing 

and return the leg to the starting position. 

 Level 3 – unilateral knee raise 

The subject is positioned supine with the hip and knee 

in 70° and 90° of flexion and feet flat on the floor. The 

subject creates abdominal hollowing by contracting 

lower abdominal muscles. While maintaining the 

contraction and normal breathing, raise the right leg to 

the chest until hip flexion approximately 90 degrees. 

Don’t move the head, neck, or shoulders, and don’t press 

down the left foot. Keep breathing and return to the 

starting position. 
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Table 2.1 Levels of lumbopelvic stability test (continued) 

Levels of lumbopelvic stability test (50) 

 Level 4 – bilateral knee raise 

The subject is positioned supine with the hip and knee 

in 70° and 90° of flexion and feet flat on the floor. The 

subject creates abdominal hollowing by contracting 

lower abdominal muscles. While maintaining the 

contraction and normal breathing, raise the right leg to 

the chest until hip flexion approximately 90 degrees. 

Hold the right knee in this position and then raise the left 

leg to the same position. Return the right leg to the 

starting position and then the left. 

 

 Level 5 – unilateral heel slide 

The subject is positioned supine with the hip and knee 

in 70° and 90° of flexion and feet flat on the floor. The 

subject creates abdominal hollowing by contracting 

lower abdominal muscles. While maintaining the 

contraction and normal breathing, raise the right leg to 

the chest until hip flexion approximately 90 degrees. 

Hold the right knee in this position and then raise the left 

leg to the same position. From this position, lower and 

straighten the right leg and slide the heel along the floor 

until the leg is straight. Then slide the heel back to the 

starting position with both hips flexed. 
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Table 2.1 Levels of lumbopelvic stability test (continued) 

Levels of lumbopelvic stability test (50) 

 Level 6 – bilateral heel slide 

     The subject is positioned supine with the hip and knee 

in 70° and 90° of flexion and feet flat on the floor. The 

subject creates abdominal hollowing by contracting 

lower abdominal muscles. While maintaining the 

contraction and normal breathing, raise the right leg to 

the chest until hip flexion approximately 90 degrees. 

Hold the right knee in this position and then raise the left 

leg to the same position. From this position, lower and 

straighten both legs and slide the heels along the floor 

until the legs are straight. Then slide the heels back to the 

starting position with both hips flexed. 

 Level 7 – bilateral heel hover 

     The subject is positioned supine with the hip and 

knee in 70° and 90° of flexion and feet flat on the floor. 

The subject creates abdominal hollowing by contracting 

lower abdominal muscles. While maintaining the 

contraction and normal breathing, raise the right leg to 

the chest until hip flexion approximately 90 degrees. 

Hold the right knee in this position and then raise the 

left leg to the same position. From this position, lower 

both feet toward the floor, and both heels are 

approximately 3 inches from the ground. Keep 

breathing, and do not let the feet touch the base. Then 

return the knees to the chest. 
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2.4 The potential components for the development of innovation for the 

management of LBP  

This thesis plans to develop an innovative physical therapy device for patients 

with chronic low back pain. Previous literature (4, 13, 21) suggested that lumbar support, 

superficial heat therapy, and core stability exercise benefit in treating low back pain. 

Combining these three components into one innovative device may be useful and 

convenient for people with chronic LBP as a part of their management choices.  

2.4.1 Lumbar support  

Lumbar support is a type of lumbosacral supportive device. In the past, 

spinal support was made of leather and metal. It is used for correcting the position in the 

unstable area, such as fractures and deformities. Besides, lumbar support has been used 

for the treatment of scoliosis. Nowadays, lumbar support is mainly made of various 

materials such as cotton and soft, flexible fabric, plastic, and Velcro strap, which may 

have rigid reinforcement (108). These materials provide more options for modification 

into different shapes and suit for specific treatment purposes.  

The effects of lumbar support had been reported as following (109): 

• Lumbar support increases intra-abdominal pressure (IAP). Intra-

abdominal pressure contributes to mechanical spine stability through 

co-activation of trunk flexor and extensor muscles. As the abdominal 

contract intra-abdominal pressure increases and converts the abdomen 

into a rigid cylinder, it dramatically increases the spinal stability.  

• Lumbar support affects spinal rigidity increasing by limiting the end 

range of movement. It helps to protect the spine from extreme 

movement. The excessive trunk motions seemed to be the cause of 

back injury(19). Thus, the prevention of excessive back movement 

may lead to a reduced risk of low back pain. The study of van Poppel 

and colleagues (17) reported that both elastic and rigid lumbar support 

affected reducing trunk movement in flexion, extension, and lateral 

bending with an overall effect size of 0.7.  

• Lumbar support helps to decrease the load on the trunk. Nachemson 

and colleagues (110) demonstrated that wearing lumbar support 
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significantly reduced load on the trunk in various situations, and 

lumbar spine compression was also reduced in tasks with trunk 

flexion.  

• Lumbar support helps to prevent injury or re-injury of the lower back. 

The systematic review of intervention to prevent back pain in nurses 

(23) found a positive effect with less back injury of wearing lumbar 

support during patient transfers.  

Several studies reported the effectiveness of lumbar support in patients 

with LBP to decrease pain intensity, functional disability, and the number of days with 

low back pain (17-19). Calmels and colleagues (21) studied the effect of wearing lumbar 

support in 197 patients with subacute low back pain for three months. They found higher 

functional capacity scores and lower pain intensity and medication consumption in the 

lumbar support group than the control group. Chiou and colleagues (22) also 

demonstrated improved quality of life in patients with low back pain after wearing lumbar 

support for three months. Also, Saito and colleagues (18) reported that wearing lumbar 

support for three months could decrease the number of days with low back pain over time 

when following up every month. Moreover, lumbar supports seem to be cost-effective as 

an additional treatment to usual care. Patients who use lumbar support reported 

significantly lower direct health care costs than the control group (111).  

Although lumbar support's positive effects had been reported in several 

studies, there are some adverse effects unless appropriately used. Adverse effects reported 

were skin irritation, discomfort during sitting, and excessive sweating (109). Muscle 

wasting can also potentially occur after long-term use (7). Wearing lumbar support during 

waking hours for eight weeks showed decreased lateral abdominal muscle thickness and 

size of lumbar multifidus muscles, which are the essential components in the lumbopelvic 

stability system (112). Therefore, innovative lumbar support developed in this thesis 

added the core stability activation in innovative lumbar support to facilitate the core 

muscles.  

2.4.2 Superficial heat therapy  

Superficial heat therapy is a common therapeutic application in physical 

therapy for LBP management. It is also commonly used by patients at home. Superficial 
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heat therapy seems to be an effective treatment for pain relief, muscle relaxation, and 

improvement in functional disability in people with LBP (4, 113).  

Physiological effects of superficial heat therapy (114) 

1) Heat increases cellular metabolic rate. When the temperature 

rises 10 degrees Celsius, the cellular metabolism increases 2-3 times. It causes more 

oxygen and nutrients to deliver for tissue repairing.  

2) Heat increases blood flow and vasodilation. The increased 

temperature affects vasodilation through axon reflex, spinal reflex, histamine secretion, 

prostaglandin, and bradykinin.  

3) Heat decreases pain and muscle spasms. As a result of the 

vasodilation and increase blood flow, the waste product is expelled through the blood. 

Pain and muscle spasms are reduced. In addition, pain can also be reduced through the 

gate control theory. The heat causes the secretion of endorphin, which affects pain 

reduction.  

4. Heat increases connective tissue extensibility. Viscous and 

elastic properties of connective tissue are changed after received heat. The elongation of 

connective tissue is the most effective, while muscle temperature increases to therapeutic 

temperature (40 – 45 degrees Celsius). The increase of connective tissue extensibility also 

results in a decrease in joint stiffness.  

The effectiveness of superficial heat therapy in people with LBP was 

demonstrated in several studies. Lewis and his colleagues (8) showed that superficial heat 

therapy could reduce muscle spasms in CLBP patients. Pain intensity, anxiety, and 

functional disability also improved after applied a hot pack. Like the study of Mayer and 

colleagues (9), superficial heat therapy had benefits in preventing and treating delayed 

onset muscle soreness of the lower back muscles. It affected reducing pain intensity and 

disability after vigorous exercises. Also, Mayer et al. demonstrated that the combination 

of superficial heat therapy and exercise had greater effectiveness in pain relief and 

functional improvement than superficial heat therapy alone or exercise alone (39). 

Moreover, superficial heat therapy had more significant pain relief and lower cost than 
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paracetamol and ibuprofen (10). In Thailand, superficial heat was reported as the most 

common treatment prescribed for LBP patients by physical therapists (115).  

However, to access superficial heat therapy (i.e., hot pack hydrocollator), 

the patients usually need to go to the hospital or clinical service center. It may 

inconvenience, loss of traveling and waiting time, and more expensive health care. Thus, 

this thesis considers combining superficial heat therapy as a part of an innovative device. 

It may be convenient for patients with chronic low back pain to manage themselves at 

home and workplace.  

2.4.3 Core stability exercise  

The core muscles can be described as a muscular box with the abdominal 

muscles in the front, paraspinal muscles in the back, the diaphragm as the roof, and the 

pelvic floor as the bottom. The core muscle co-contraction causes greater stability of the 

spine. The core muscles provide the proximal stability for distal mobility, allowing proper 

contraction and efficient movement of the arms and legs (116).  

The spine stability system consists of a passive subsystem, an active 

subsystem, and a neural control subsystem. The passive subsystem includes the osseous 

and articular structures and the spinal ligaments, contributing to spinal movement and 

stability control. The active subsystem refers to the force-generating capacity of the 

muscles, which provides the stability of the spinal segments. The neural control 

subsystem must coordinate muscle activity in advance of predictable challenges to 

stability and coordinate responses to afferent feedback from unpredictable challenges. 

These three subsystems work together, and these subsystems can be compensated if some 

components are lacking (48).  

Core stability exercise is the restoration of the ability of the neuromuscular 

system to control and protect the spine from injury or re-injury. The core stability exercise 

concept is a co-contraction of the key local muscles such as the transversus abdominis 

and the lumbar multifidus by drawing in the abdominal wall. The co-contraction exercise 

activates the transversus abdominis is a low level and continuous contraction less than 

30-40% of maximum voluntary contraction (MVC), with no rapid and phasic contraction 

(117). It affects increasing intra-abdominal pressure (IAP) and stiffens the spine (117).  
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Strategies of core stability exercise can be divided into two main steps: 

(118)  

1) Muscle capacity of the trunk muscles is restored by activating 

the proper muscles such as the transversus abdominis, lumbar multifidus, and global 

nearby. This strategy is associated with the activation of the active subsystem to provide 

stability of the spine.  

2) Motor learning strategy is the restoration of coordination and 

control of trunk muscles to improve lumbar spine and pelvis control. Stability and control 

of the spine depend on the muscles and central nervous system (CNS), which is the 

coordination between the active subsystem and the neural control subsystem. When an 

internal or external force challenges stability, the CNS will plan and implement muscle 

activity strategies to control the spine.  

Patients with chronic low back pain are associated with reducing core 

muscle strength and function (12, 119). Several studies (119, 120) suggested core stability 

exercise as an effective treatment in minimizing pain and disability in patients with 

chronic low back pain. The electromyography of the rectus abdominis, internal oblique, 

and transversus abdominis of the 10-week specific exercise in non-specific low back pain 

patients showed a better recovery of core muscle function than the usual care (119). This 

study suggests that specific stabilizing exercises can help restore impaired muscle 

function. The 8-week stabilization exercise program in non-specific chronic low back 

pain patients improved the Oswestry Disability Questionaire Scores improved about 35%. 

It suggested that stabilization exercise could help pain management in patients with 

chronic low back pain (120). In addition, recent evidence (6, 121) from the systemic 

review and clinical guideline support that core stabilizing exercise is one of the effective 

treatments for chronic low back pain. In addition, core stability exercise provides 

adequate dynamic control of lumbar spine forces that eliminated repetitive injury to spinal 

segments' structures and related structures (14, 15). Core stability exercise also improved 

the strength and endurance of deep muscles such as transversus abdominis (TrA) and 

lumbar multifidus muscle (LM), which increase lumbopelvic stability (16). Moreover, s 
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systematic review suggested that the CSE combined with manual therapy is more 

effective in short- and long-term disability and pain (6).  

From the information above, core stability exercise is an effective 

treatment for low back pain management. It resulted in pain reduction, functional 

improvement, and restoration of core muscle function, which may prevent the adverse 

effect of long-period lumbar support use. Therefore, this thesis developed the biofeedback 

exercise unit for core stability activation during wearing lumbar support as part of 

innovation. 

2.5 Summary statement  

Based on Thailand's economic development policy or government economic 

development model “Thailand 4.0,” which aims to go into “Value-Based Economic,” the 

main idea is to shift the commodity production to innovation. It focuses on technology-

driven creativity, innovation, and services. This thesis developed an innovation related to 

health care in patients with chronic low back pain who often have a high cost in health 

care services to meet the government's economic policy. Innovative lumbar support in 

this thesis is a combination of three physical therapy treatments: lumbar support, 

superficial heat therapy, and core stability activation, which is expected to reduce pain, 

increase lumbopelvic stability, and improve function and injury prevention. The 

development of this innovation was done jointly with the domestic operators, affecting 

the reduction of imports from abroad. The hot pack component of innovative lumbar 

support was made from locally available wheat to create value for the local products and 

contribute income to the agricultural sector.  

Moreover, the investigation of the therapeutic effect of innovative lumbar support 

in patients with chronic low back pain would help apply it as an additional treatment 

option for the chronic low back pain population. 

2.6 Purposes of the study  

This thesis comprises three studies, including the systematic review of lumbar 

support application for management of low back pain, design and development of 

innovative lumbar support comprising hot pack and core stability activation, and the 
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therapeutic effect of innovative lumbar support comprising hot pack and core stability 

activation. Therefore, the main purposes of this thesis are:  

- To explore the effective application of the lumbar support for the management of LBP  

- To develop the prototype of innovative lumbar support including hot pack and core 

stability activation  

- To evaluate the therapeutic effects of innovative lumbar support on pain, core muscle 

function, and quality of life and disability in individuals with non-specific low back pain 
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CHAPTER 3 

Materials and methods 

3.1 Systematic review of using lumbar support for management of low back pain – 

Main Study I 

3.1.1 Introduction 

Lumbar supports are commonly used to manage low back pain and are 

also used in the workplace to prevent low-back pain injuries (122). Lumbar supports 

affect lumbar spinal movement restriction, increase spinal stabilization, decrease the 

mechanical load on the trunk, and increase the intra-abdominal pressure (110).  Lumbar 

supports are provided as a treatment for people suffering from LBP with the aim to 

decrease impairment and disability.  

Previous systematic reviews (7, 123) reported limited evidence that 

lumbar supports are more effective than no treatment and need more high-quality research 

on lumbar support effectiveness. However, there are more studies on the efficacy of 

lumbar support in the past ten years. The present study reviewed the up-to-date studies 

on the efficacy of lumbar support. Moreover, there was no information about the clinical 

application (dosage) of lumbar support usage in efficiently managing low back pain. 

Therefore, this review is interested in collecting the suitable clinical applications of 

lumbar support for LBP. The research question for this systematic review is “How to use 

lumbar support for management of low back pain effectively?”. 

3.1.2 Objective  

To explore the effectiveness and clinical applications of lumbar support 

in patients with low back pain. 
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3.1.3 Study design  

This study utilized a systematic review of a randomized trial and quasi-

experimental trials. 

3.1.4 Methods 

The study was exempt from consideration of ethical clearance from the 

Institutional Ethics Committee. 

The related articles were searched through the electronic databases, 

including Pubmed, ScienceDirect, and Scopus, from January 1995 to December 2017. 

The keywords were “lumbar supports, lumbar belts, back supports, back belts” and “back 

pain, lumbar pain, backache.” The search was carried out of the individual keywords and 

with a combination of Boolean Logics (AND). In addition, articles that were published 

in English only were considered for inclusion in the study.  

3.1.4.1 Criteria for considering studies   

Both randomized controlled trials and quasi-experimental trials 

were included in the review process.   

3.1.4.2 Participants and interventions  

The population of all studies was subjects with non-specific low 

back pain. The studies which included subjects with specific low back pain such as 

infection, cancer, scoliosis, or fracture were excluded. Any types of lumbar supports for 

the treatment of low back pain were also included. The special type of lumbar supports 

for severe scoliosis and after lumbar surgery was excluded.  

3.1.4.3 Outcome measures   

The studies that used the related outcome measures for 

determining the progression of low back pain symptoms were included such as pain 

intensity (Visual Analog Scale, Numerical Rating Scale), overall improvement 

(Numerical Rating Scale), quality of life (SF-36, SF-12), and back pain-specific 

functional status (Oswestry disability questionnaire, Roland-Morris disability score, 

Quebec disability score), etc.   
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3.1.4.4 Methodological quality checking   

Two independent assessors assessed the methodology quality. A 

consensus method with the agreement of a third independent assessor was used to resolve 

disagreements concerning the methodological quality assessment. The studies' 

methodological quality was assessed using the Physiotherapy Evidence Database 

(PEDro) scale, the criteria lists for quality assessment of randomized controlled trials. 

There are 10- checklist items to consider the quality of the study. The scale assesses 

randomization, allocation concealment, comparability at baseline, blinding of subjects, 

blinding of therapists, blinding of assessors, measurement of at least one key outcome 

obtained from more than 85% of the subjects initially allocated to groups, intention to 

treat analysis, between-group comparison tested statistically for at least one key outcome 

measure, and point measures and measures of variability provided for at least one key 

outcome measure. Each criterion was scored as either positive or negative according to 

the definitions of the requirements. Validity items were scored as positive when the 

available information regarding that item did not reveal any bias and negative when no 

information was provided regarding that item or the available information. 

The PEDro scores were considered to be excellent (9 - 10), good (6 - 8), fair (4 - 5), and 

poor (<4) (124).  

3.1.4.4 Data extract and analysis  

The data was extracted on the characteristics of the study 

population (pathology, stage of LBP), characteristics of studied intervention (i.e., types 

of lumbar support, the number of hours per day that the subjects were prescribed to wear 

the lumbar support, duration of the intervention period), adverse effects due to the 

interventions, and the final results for each outcome measures on the effectiveness of 

lumbar supports.   

The levels of evidence were analyzed using an updated method 

guideline for systematic reviews proposed by van Tulder and colleagues (125). The 

assessment method accounts for consistent findings among multiple high-quality studies 

as strong; consistent multiple low quality or one high-quality studies as moderate; one 

low-quality study as limited; and inconsistent findings among studies as conflicting.  
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Drawing conclusion was based on the high-quality articles to 

report the effectiveness and suggestion for clinical application. Moreover, the details of 

related studies were clarified in the tubular form.  

3.1.5 Results  

3.1.5.1 Study selection  

The electronic database search resulted in 297 articles; 88 articles 

were identified in Pubmed, 28 articles in Sciencedirect, and 181 articles in Scopus. After 

the exclusion of duplicated articles, 162 articles have screened the title and abstract. After 

screening the title and abstract, 11 potentially relevant articles were assessed for the 

eligibility criteria. Finally, eight articles were included in the review (Figure 3.1).   

 

  

Figure 3.1 The flow chart of the articles reviewed 

 

 

 



 

34 

3.1.5.2 Methodological quality  

The methodological quality of the selected studies was assessed 

using the Physiotherapy Evidence Databases (PEDro) scale. The two reviewers initially 

agreed on 77/88 (87.5%) items on the PEDro scales. All differences in PEDro scales were 

resolved after the discussion and consensus among the reviewers. The results of the 

quality scores were shown in Table 3.1. The quality scores ranged from 3/10 to 8/10. Five 

studies (21, 111, 126-128) demonstrated good quality, two studies (18, 129) were fair-

quality studies, and one study (130) was a poor quality study.   

Table 3.1 Methodological quality of studies on the effectiveness of lumbar supports 

PEDro 

items 

van 

Poppel 

et al., 

1998 

Oleske 

et al., 

2007 

Roelofs 

et al., 

2007 

Calmels 

et al., 

2007 

Roelofs 

et al., 

2010 

Sato 

et al., 

2012 

Morrisette 

et al., 

2014 

Saito 

et al., 

2014 

1 Y Y Y Y Y Y Y Y 

2 Y Y Y Y Y Y Y Y 

3 N Y N N Y N Y N 

4 Y Y Y Y Y N Y Y 

5 N N N N N N N N 

6 N N N N Y N N N 

7 N Y Y N N N N N 

8 Y Y N Y N N Y N 

9 N Y Y Y Y N Y N 

10 Y Y Y Y Y Y Y Y 

11 Y Y Y Y Y Y Y Y 

Total 5/10 8/10 6/10 6/10 7/10 3/10 7/10 4/10 

Note: Item 1 related to the external validity (as the Pedro criteria did not include the 

total score) 
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3.1.5.3 Study characteristics  

Study characteristics were summarized in Table 3.2. Of the eight 

studies, six (21, 111, 126-129) were randomized controlled studies, and two (18, 

130) were quasi-experimental studies.   

3.1.5.4 Effects of lumbar support  

3.1.5.4.1 Lumbar support versus control comparisons  

One good quality RCT (21) compared the effect of lumbar 

support with no intervention. The result showed a significant improvement in LBP and 

disability in a lumbar support group. There is limited evidence that lumbar supports are 

more effective than no intervention. Four studies (111, 126, 128, 130) compared the 

effect of lumbar support with the usual care. Three of them were good quality RCT (111, 

126, 128), and the other one was a poor quality quasi-experimental study 

(130). Roelofs et al. (111, 128) demonstrated lumbar support groups had a greater 

improvement in the severity of LBP disability than the usual care group. Lumbar support 

also significantly reduced the number of days with LBP over 12 months and directly 

related healthcare costs. There was no difference in sick leave and quality of 

life. Morrisette et al. (126) found that receiving usual care with inelastic lumbar support 

significantly improved disability and patient-specific activity compared with only usual 

care. There was no difference between elastic lumbar support and inelastic lumbar support 

or usual care. Sato et al. (130) also found that lumbar support can reduce LBP's severity 

more than pharmacological consumption. There was strong evidence that lumbar supports 

plus usual care was superior to only usual care. One good quality RCT (127) and one fair-

quality RCT (129) compared the effect of lumbar support with education. Oleske et 

al. (127) found that both lumbar support and education could decrease pain and disability 

and increase physical health after 12 months of intervention. Also, van Poppel et 

al. (129) reported the subgroup analysis of LBP subjects at baseline. Lumbar support can 

reduce the number of days with LBP per month compared with no lumbar support. 

However, both studies demonstrated no significant difference between the group in all 

outcomes. There is moderate evidence that lumbar supports plus education are not more 

effective than education.  
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3.1.5.4.2Comparison of the different types of lumbar supports  

One RCT (126) and one quasi-experimental 

study (18) compared the effects of the different types of lumbar support. Morrisette et 

al. (126) compared the effects of elastic and inelastic lumbar support. They found that 

using inelastic lumbar support for two weeks significantly improved functional ability 

while there was no improvement in an elastic lumbar support group. Saito et 

al. (18) studied the new type of lumbar support (wear-type support) and traditional lumbar 

support. The results showed both types of lumbar support significantly decreased pain 

severity and the number of days with LBP, but there was no significant difference 

between groups. There is limited evidence that which types of lumbar support are more 

effective than the others?  

3.1.5.4.3 Clinical application of lumbar support  

1) Population  

Two studies (18, 21) were performed in subacute 

LBP. Calmels et al. (21) found wearing lumbar support significantly improved functional 

status, pain level, and pharmacologic consumption. As a result of Saito and colleagues 

(18), this reported decreased pain intensity and the number of days with LBP after 

wearing lumbar support. There is limited evidence that lumbar supports are useful for 

subacute low back pain. One study (130) was chronic low back pain. This also showed 

wearing lumbar support can decrease the severity of LBP. There is limited evidence that 

lumbar supports are effective for chronic low back pain. Four studies (111, 126-128) were 

a mixed LBP duration; all of them demonstrated the positive effects of wearing the lumbar 

support. There is strong evidence that lumbar supports are useful for the population with 

various durations of LBP. In the other study (129), there was no information given about 

LBP duration.  
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Table 3.2 Characteristics of the studies 

Study  Participants  Interventions  Outcomes  Results  Note  

van Poppel   

et al. 1998  

Workers whose jobs included 

manual material handling.   

Exclusion criteria: subjects who 

had a permanent partial work 

disability  

172 subjects with previous LBP, 

49 subjects with LBP at 

baseline.  

  

N = 312  

Female, Male = N/A  

Age = 35.1 ± 7.8 yrs.  

 

  

1. Lumbar support + 

education   

2. Lumbar support  

*use LS during 

working hr.  

3. Education: lifting 

instruction  

4. Control  

  

*6 months  

LBP incidence, sick  

leave due to back  

pain  

  

No difference in LBP 

incidence and sick leave 

between groups after 6 

months.  

In subgroup, subjects 

with LBP at baseline, 

LS reduced no. of day 

with LBP/month 

(median; 1.2 vs 6.5 

days/month, p = .03)  

Compliance with 

wearing the lumbar 

support at least half of 

the time was 43%.  

No adverse event  

  

Oleske et al. 

2007  

Workers who had 

a nontraumatic work-related low 

back disorder (within 8 weeks).   

Exclusion criteria: subjects who 

had other work-related 

conditions  

  

N = 433  

Female = 20.1%, Male = 79.9%  

Age = 46.1 ± 7.6 yrs.  

1. Lumbar support + 

education  

*use LS during 

working hr.  

2. Education  

  

*12 months  

Pain intensity, disability 

level, physical health, 

mental health, 

recurrence, lost working 

time, medical 

care utilization  

Significant decreases in 

pain, disability 

neurogenic symptoms, 

and increase in physical 

health in both grp. Over 

12 mo.  

LS + education had 

a lower likelihood of 

WR-LBD recurrence  

No difference between 

grp. in all outcomes.  

  

  

Working hours = 47.6 ± 

13.7 hrs/wk (6-

7 hrs/day)  

Compliance to use LS: 

78% using after 1- 

month, 51% using LS 

as instructed at the 12-

month study visit  

No adverse event  

  

3
7
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Table 3.2 Characteristics of the studies (continued) 
 

Study Participants Interventions Outcomes Results Note 

Roelofs et al. 

2007  

Home care workers who had 

LBP symptoms at the time of 

inquiry had experienced ≥ 2 

episodes (≥ 2 consecutive days) 

of LBP in 12 mo.  

Exclusion criteria: specific LBP 

(RA, fracture), pregnancy, 

receiving medical treatment for 

high BP  

  

N = 360  

Female = 98%, Male = 2%  

Age = 41.7 ± 9.7 yrs.  

1. Lumbar support + 

usual care  

*use LS during 

working hr.  

2. Usual care  

  

*12 months  

No. of day with LBP, 

sick leave, severity of 

LBP, function  

Significant differences 

in no. of day with LBP, 

pain intensity, and 

function between grp.  

Working hours = 25.3 ± 

7.9 hrs/wk (5 hrs/day)  

Compliance: 78% wore 

LS for at least one-third 

of total no. of day with 

LBP, subj. wore LS 5.5 

day/mo.(90% of no of 

day with LBP)  

No adverse event  

  

Calmels et al. 

2009  

Patients with subacute LBP 20 – 

60 yr of age.  

Exclusion criteria: used LS 

during the last 6 mo., 

neurological sign, suffered from 

LBP 6 mo. Preceding inclusion, 

spinal surgery, pregnancy, 

unstable chronic cardiac/ 

respiratory complaint, LBP with 

inflammatory/ tumor/ infection.  

 

N = 197  

Female = 45.2%, male = 54.8%  

Age = 43 ± 10.7 yrs.   

1. Lumbar support  

*use LS during the 

whole day  

2. Control  

  

*3 months  

Function (EIFEL), pain 

intensity, overall cost of 

associated medical 

treatment  

LS grp had higher 

decrease in EIFEL (d0, 

d30 and d90), lower 

VAS at d30 and d90, 

decrease medication 

intake at d90  

Duration of wearing 

belt  

D30: 5 d/wk, 8 hr/day  

D60: 4 d/wk, 6 hr/day  

D90: 3 d/wk, 5 hr/day  

No adverse event  

  

3
8
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Table 3.2 Characteristics of the studies (continued) 
 

Study Participants Interventions Outcomes Results Note 

Roelofs et al. 

2010  

Home care workers who had 

LBP symptoms at the time of 

inquiry had experienced ≥ 2 

episodes (≥ 2 consecutive days) 

of LBP in 12 mo.  

Exclusion criteria: specific LBP 

(RA, fracture), pregnancy, 

receiving medical tx for high 

BP  

  

N = 360  

Female = 98%, Male = 2 %  

Age = 41.7 ± 9.7 yrs.  

 

  

1. Lumbar support + 

usual care  

*use LS during 

working hr.  

2. Usual care  

  

*12 months  

No. of day with LBP, 

sick leave, quality of 

life, direct and indirect 

costs  

LS grp. reported fewer 

days with LBP.  

No difference in sick 

leave and quality 

of life.  

Direct costs were lower 

in LS grp.   

Working hour = 

5 hr/day  

No adverse event  

  

Sato et al. 

2012  

Patients with CLBP (> 3 mo.)   

Exclusion criteria: infection, 

osteoporosis, metastasis of 

malignant tumor, LE symptoms, 

neurological deficit  

  

N = 50  

Female = 50%, Male = 50%  

Age = 30 – 78 yrs.  

 

  

1. Corset wearing 

grp.  

*use LS all day except 

bath and bedtime  

2. Control grp. – 

received 

NSAIDs  

  

*6 months  

Severity of LBP  

Muscle endurance  

Muscle fatigue  

Corset improved LBP 

and increased muscle 

endurance for a short 

period.  

No difference in muscle 

fatigue.  

No report of 

compliance and 

duration of wearing LS 

per day  

No adverse event  

  

3
9
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Table 3.2 Characteristics of the studies (continued) 
 

Study Participants Interventions Outcomes Results Note 

Morrisette   

et al. 2014  

Patients with acute, subacute, 

and chronic LBP aged > 18 yr  

Exclusion criteria: spinal 

surgery, neurological disease, 

systematic inflammatory disease, 

pregnancy, fracture, tumor, 

infection, LE pain  

  

N = 98  

Female = 61%, Male = 39%  

Age = 48.4 ± 15.3 yrs.  

  

1. Standard care – 

medication and 

physical 

therapy  

2. Standard care + 

elastic lumbar 

support  

3. Standard care + 

inelastic lumbar 

support  

  

*2 week  

Disability, patient-

specific activity, pain, 

fear-avoidance 

questionnaire  

Standard care + 

Inelastic LS showed 

greater improvement of 

ODI and specific 

activity than standard 

care only.   

No difference between 

1)&2) and 2)&3).  

Chronic LBP 64%  

Mean wearing time 

for eLSO = 4.8 hr/day, 

78% wear daily  

For iLSO = 5 hr/day, 

62% wear daily  

No adverse event  

Saito et al. 

2014  

Nurses with LBP (NRS ≥ 3) at 

least once a week for the past 3 

months  

Exclusion criteria: LE pain, 

spinal surgery, psychiatric 

disorders, mental disorders  

  

N = 144  

Female = 93.75%, Mail = 

6.25%  

Age = 39.5 ± 11 yrs.  

1. Wear-type lumbar 

support  

2. Traditional 

lumbar support  

*use LS all time except 

bath and bed at 

1st mo. after that 

wore when LBP 

occurred    

  

*3 months  

Quality of life, 

disability, severity of 

LBP, no. of day with 

LBP  

Significantly decrease 

of pain severity, no. of 

day with LBP in both 

grp. overtime, no 

difference between grp. 

overtime   

Duration of wearing 

LS  

1st mo: SW 9hr/day  

              LS  6 hr/day  

2nd mo: SW 7 hr/day  

               LS  5 hr/day  

3rd mo: SW 6 hr/day  

              LS  4 hr/day  

No adverse event  

  

 

 

4
0
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2) Prescriptions of wearing a lumbar support  

Out of all selected studies, the apparent protocol of 

wearing lumbar support was not given. Four studies (111, 127-129) prescribed 

participants to wear lumbar support during working hours. One study by van Poppel et 

al. (129) reported that subjects with LBP at baseline had reduced the number of days with 

LBP per month, while Oleske et al. (127) and Roelofs et al. (111, 128) demonstrated that 

using lumbar support during working hours can reduce pain intensity, direct costs of 

health care and increase functional ability. Three studies (18, 21, 130) prescribed 

participants to wear lumbar support for the whole day except bath and bedtime. Low back 

pain symptoms were improved in all studies. One study (126) did not give any 

information about wearing lumbar support. However, three studies (18, 21, 

126) demonstrated the average hours of wearing lumbar support from the participant’s 

records, which was about 6 – 8 hours daily. Calmels et al. (21) revealed that participants 

wore lumbar support 8, 6, and 5 hours per day at the 1st, 2nd, and 3rd month, respectively. 

This study found the improvement of LBP and disability since the 1st month of follow-

up. Morrisette et al. (126) showed the average time of wearing lumbar support, which 

was 4.8 and 5 hours daily for elastic lumbar support and inelastic lumbar support, 

respectively. Saito et al. (18) demonstrated that the average time of wearing lumbar 

support was 6, 5, 4 hours per day at the 1st, 2nd, and 3rd month, respectively. This study 

also found an improvement of LBP since the 1st month.   

3) Duration of the intervention period  

Three trials (111, 127, 128) studied the effects of 

using lumbar support in workers for 12 months. All of them found lumbar support reduced 

pain intensity, disability, and costs of health care. Also, the rate of LBP recurrence was 

lower in workers who wore lumbar support (127). Two trials (129, 130) studied the 

effects of using lumbar support for six months. van Poppel and colleagues (129) reported 

that LBP subjects at baseline who received lumbar support had fewer days with LBP per 

month. Sato and colleagues (130) also found an improvement of LBP after wearing 

lumbar support for six months. Two trials (18, 21) studied the effect of using lumbar 

support for three months. Both studies demonstrated the improvement of pain intensity 

and functional status since the 1st month of follow-up and continually improved at each 
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time point. Morrisette and colleagues (126) studied the effects of using lumbar support 

for two weeks. There was significantly improved disability in the inelastic lumbar support 

group but no change in the elastic lumbar support group.  

4) Adverse effects  

There was no adverse event reported in all of the 

identified studies.   

3.1.6 Discussion  

3.1.6.1 Selection bias  

Although there is a well-defined search strategy to identify the 

studies on lumbar support's effectiveness, some studies may be missed. The missing 

studies may be in other databases, unpublished sources (e.g., theses) inaccessible.  

3.1.6.2 Methodologic quality  

The methodologic quality was assessed by the two reviewers who 

were not blinded to authors and journals. Potential bias from the non-blinded assessment 

was expected to be low because the major reviewers were professionals in the field of 

low back pain and familiar with the literature. The other one is a layperson in the field of 

low back pain.  

The internal validity criteria were used to assess the methodologic 

quality of the eligible studies. It referred to the characteristics of the study, which may be 

related to bias. The methodologic quality of the included studies seemed to be high. Five 

of 8 studies that scored in the range 6/10 – 8/10 were good quality studies. Only 3 studies 

scored lower than 6/10, which was considered poor to fair quality. All 8 studies 

demonstrated the proper method of randomization. Among 6 randomized controlled trial 

studies, only 3 studies described a method of concealment. Blinding of subjects in the 

efficacy studies of lumbar support is very difficult. Blinding of assessors, which is an 

essential criterion, was reported in only 2 studies. However, most of the outcome 

measures in the eligible studies were subjective outcomes. Blinding of assessors may not 

be necessary.    
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3.1.6.3 Effectiveness of lumbar support  

Overall of this review, the evidence for the effectiveness of using 

lumbar support in the management of low back pain was conflicting, which is mostly in 

agreement with the previous review (7, 123). However, the comparisons of lumbar 

support with the other treatments showed strong evidence that lumbar supports plus usual 

care are more effective than only usual care in managing low back pain. This result was 

different from a previous review by van Duijvenbode and colleagues (123), which 

reported conflicting evidence that lumbar support is a useful additional treatment. This 

difference may be due to recent studies considering the effectiveness of lumbar support 

as an additional treatment. There is moderate evidence that lumbar supports plus 

education are not more effective than education, and limited evidence that lumbar 

supports are more effective than no intervention. This conflict results may be a potential 

effect of overestimation because of the bias from subjective outcomes. 

Further studies may be needed to evaluate the objective outcomes 

to confirm the effects of lumbar support. Considering the different types of lumbar 

support, there is limited evidence. There are a small number of studies that compared the 

different types of lumbar support.   

3.1.6.4 Clinical application of lumbar support  

The results of this review showed that there is strong evidence, 

which lumbar supports are effective for studies with a mixed duration of low back pain. 

It may be convenient for the recruitment of a large number of participants. A small 

number of studies in subacute (18, 21) and chronic low back pain are available 

(130). There is limited evidence for the effectiveness of using lumbar support in subacute 

low back pain. For chronic low back pain, there is limited evidence, which is only a poor-

quality study. There is no study regarding acute low back pain. Therefore, it may not be 

concluded that lumbar support is appropriate for a specific stage of low back pain.   

Three good-quality studies (111, 127, 128) reported wearing 

lumbar support during working hours. Working hours reported in these studies was an 

average of 5 – 7 hours per day. It may be assumed that wearing lumbar support 5 – 7 

hours daily affected pain and function improvement. In addition, it also reduced the rate 

of LBP recurrence. However, the compliance and duration of wearing lumbar support 
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should be recorded by the participants. Of all identified studies, three studies (18, 21, 

126) demonstrated the duration of using lumbar support per day from participant’s 

records. In 1st month, participants wore lumbar support on average 5-8 hours daily. After 

that, the duration of wearing lumbar support was decreased. When considering the results, 

the 1st-month follow-up showed the most significant improvement of pain and disability 

and then less change. This reduction of the duration of wearing lumbar support after the 

1-month intervention may be associated with improving symptoms.  

Most of the identified trials (111, 127-130) studied the effects of 

wearing lumbar support for a long time (6, 12 months) without the intersection 

assessment. It cannot be known the suitable duration of wearing lumbar support for 

management of low back pain. The previous study (112) demonstrated that core muscle 

function was reduced after wearing lumbar support for 8 weeks. Therefore, it may not be 

proper to wear lumbar support continuing for an extended period. However, one good and 

one fair-quality study demonstrated that pain and function could be improved at a 1- 

month follow-up.  

3.1.7 Conclusion  

This study's results may not point out that lumbar supports are superior in 

managing low back pain than the other treatments because there was inconclusive 

evidence. However, this review suggested that lumbar support seems to be effective as an 

additional intervention and usual care to manage low back pain.  
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3.2 Design and development of innovative lumbar support comprising 

hot pack and core stability activation – Main Study II 

3.2.1 Introduction 

From the literature review, using lumbar support, superficial heat therapy, 

and core stability exercise seem to be the potential effective management of LBP. Core 

stability exercise is one of the recommended treatments for chronic low back pain 

regarding a meta-analysis by Wang and colleagues which showed that core stability 

exercise is more effective than general exercise in reducing pain and improving physical 

function (13). Superficial heat therapy is typical traditional management for low back 

pain in the physical therapy clinic. The systematic review by French and colleagues (4) 

demonstrated the positive effect of superficial heat therapy on reducing pain and disability 

in the low back pain population. In addition, lumbar support is usually recommended for 

patients with low back pain due to decreased pain during physical activity and prevents 

further injury. There is a number of evidence that reported the potential positive effects 

of using lumbar support. Calmels and colleagues (21) demonstrated that using lumbar 

support for 90 days affected the improvement of pain and functional status and the 

reduction of medication consumption. Furthermore, lumbar supports seem to be a cost-

effectiveness additional management to usual care (7). 

Usually, the conventional treatments for low back pain must be done at 

the hospital or clinic area, and each treatment session takes a long time. It may result in 

both time and money spent on health services and travel. In a competitive society, finding 

a way to reduce cost and time is probably good. If patients have an effective additional 

management device in self-care, it could be a benefit. This is the source of the 

combination of these treatments and leads to the design and development of innovative 

lumbar support, including hot pack and core stability activation. Patients can take all three 

physical therapy treatments (i.e., LS, SHT, CSE) at the same time and be able to manage 

themselves while being at home or doing routine work. In addition, we often find that 

patients who wear lumbar support often used it for long periods and sometimes neglected 

self-care. Long periods of wearing lumbar support have been reported in the adverse 

effect of muscle weakness. This innovation is designed to be an assistance to activate the 

core muscles while wearing lumbar support. Innovative lumbar support consisted of a hot 
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pack and the visual biofeedback sensor to activate the core muscle. Moreover, there was 

a removable shoulder sling component to support the upper trunk and help in correcting 

posture.  

3.2.2 Objectives  

- To design and produce the prototype of innovative lumbar support, which include hot 

pack and core stability activation in itself  

- To determine the validity and reliability of innovative lumbar support for TrA muscle 

contraction by using real-time ultrasound imaging as a comparative tool  

3.2.3 Hypotheses  

Force production of core muscles is strongly correlated to the gold 

standard (real-time ultrasound).  

3.2.4 Study design  

Descriptive and correlation study designs were utilized in this study. 

3.2.5 Methods 

3.2.5.1 Development of the feedback sensor unit 

The innovative lumbar support was designed to combine three 

physical therapy treatments, including lumbar support, superficial heat therapy, and core 

muscle exercise. There was an inside pocket for a moist herbal hot pack unit (Figure 3.2).  

The feedback sensor unit was developed using a pressure sensor (Figure 3.3), which had 

a working principle similar to the pressure biofeedback unit (PBU). The sensor was 

attached to the inner side of the lumbar support.   The decrease in the value of pressure 

on the feedback sensor is interpreted as increased activation of TrA. Also, there was a 

removable shoulder sling to support the upper trunk and help in correcting posture.  
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Figure 3.2 The prototype of lumbar support: A) the back of lumbar support, B) the front 

of lumbar support. 

 

Figure 3.3 The prototype of feedback sensor 
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3.2.5.2 Setting and participants 

In a pilot study, the sample size of twenty healthy subjects aged 

between 20 – 55 years, both males and females were studied. Participants with a history 

of low back pain in the past three months, history of lumbar surgery, history of 

neuromuscular or joint disease, or neurological conditions affecting the trunk or 

pregnancy were excluded. 

The study was approved by the ethical committee of the Faculty of 

Associated Medical Sciences, Chiang Mai University (No. 342/2017). The participants 

provided written informed consent before the study began. 

3.2.5.3 Procedure 

Participants were screened according to the eligibility criteria. All 

eligible participants were instructed about performing an abdominal drawing-in 

maneuver (ADIM) using the pressure biofeedback unit (PBU) as feedback. Participants 

were positioned supine with knee flexion 70 degrees and feet flat on the floor. For 

familiarization of TrA activation, the pressure biofeedback unit was placed under the 

lumbar spine (L2 – S1). The pressure transducer was pumped to 40 mmHg. The 

participants were instructed to bring the belly button to the spine while exhale and 

maintain the pressure within 40 ± 4 mmHg.  

Then, participants received innovative lumbar support, which 

includes a core muscle activation feedback unit. Innovative lumbar support was designed 

to have space at the anterolateral area of the lumbar support for applying ultrasound probe 

to monitor the thickness of TrA, and there was the pressure sensor near the center of the 

monitoring space that measuring TrA muscle thickness. One pressure biofeedback unit 

was put between the lumbopelvic region (upper border at L2 level) and the lumbar 

supports; another pressure biofeedback unit was placed centrally between the umbilicus 

and the lumbar support. The lumbar support was worn firmly, and the pressure 

biofeedback unit at the front was pumped to 70 mmHg, and the PBU at the back was 

pumped to 40 mmHg. Core stability activation was performed in a functional standing 

position by doing an abdominal drawing-in maneuver (ADIM) on various levels, which 

triggers the visual/auditory feedback sensor in innovative lumbar support until the 

pressure of PBU at the umbilicus is reduced to 68, 66, 64 mmHg, respectively. The 



 

49 

pressure of PBU at the back remained 40 mmHg as maintain the spinal neutral position. 

When participants perform ADIM to the target pressure, the amount of force production 

from the visual feedback sensor was displayed simultaneously. During performing ADIM 

at each level, the feedback sensor's values and TrA muscle images were collected 

simultaneously. The decrease in the sensor values indicated amounts of TrA muscle 

activation. Participants were allowed to rest for 1 minute between trials. At each level of 

pressure, the image was collected three times. The average value was calculated. 

Participants were also scheduled to study the reliability of monitoring with 24 hours 

intervals between two sessions. 

3.2.5.4 Outcome measures  

Real-time ultrasound imaging was used to investigate the amount of 

TrA muscle contraction while performing various levels of ADIM against the force 

production from the feedback sensor attached to the lumbar support. The ultrasound 

scanner (Toshiba, Famio 8, SSA-530A) in B-mode with a 5-MHz curvilinear transducer 

was used to assess the TrA muscle thickness. Participants were positioned standing in an 

upright position. The ultrasonic gel was applied between the transducer and the skin. The 

transducer was placed in the transverse plane at a point 2.5 cm anteromedial to the 

midpoint between the lower rib and iliac crest on the mid-axillary line (43). The image 

was captured at the end of the exhalation. After that, muscle thickness was measured 

during TrA activation at each pressure level of PBU. The thickness of TrA was randomly 

measured on both sides. The images of TrA and measurements were obtained using NIH 

(Bedthesda, MD) Image J software (V 1.8). The mean thickness of the three measures on 

each side was calculated.  

3.2.5.5 Statistical analysis  

The test-retest reliability of force production was determined using 

intraclass correlation coefficients (ICCs). The coefficient of variation (CV) and standard 

error of measurements (SEMs) was also included in determining the variability of 

measurements. The measurements were determined to acceptable reliability if the ICC 

value was greater than 0.85, CV was less than 15%, and SEMs was less than 5% (131). 

The validity of the values obtained from the relationship between the FS and TrA 
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thickness was analyzed using Pearson’s correlation coefficients. The statistical analysis 

was performed using the SPSS statistical package. 

3.2.6 Results 

  Table 3.3 showed the intraclass correlation coefficients (ICC), coefficient 

of variation (CV), and standard error of measurements (SEMs) for all measures. The 

feedback sensor and the measurement of TrA thickness were considered to be acceptable 

reliability (i.e., ICC > 0.9, CV < 10%, SEMs < 5%). 

Table 3.3 The test-retest reliability results of the feedback sensor device and the real-

time ultrasound imaging of TrA thickness. 

Measurements ICC %CV SEMs 

Feedback sensor 0.946 2.6 2.47 (0.54%) 

TrA thickness 0.931 8.05 0.104 (2.09%) 

ICC: Intraclass correlation coefficients; CV: Coefficient of variation; SEMs: Standard error of 

measurements 

The validity of the feedback sensor for the activation of TrA muscle was 

presented in Table 3.4. There was a significant correlation (moderate to strong positive) 

between PBU and feedback sensor (r = 0.657, p < 0.001). The value of the feedback 

sensor at each level of PBU was shown in figure 3.4. There was strong negative 

correlation between PBU and TrA thickness (r = - 0.793, p < 0.001). The thickness of 

TrA at each level of PBU was shown in figure 3.5. There was a significant correlation 

(moderate to strong negative) between feedback sensor and TrA thickness (r = - 0.514, p 

< 0.001). The correlation between the feedback sensor and TrA thickness also showed in 

figure 3.6. 

Table 3.4. Correlation between the feedback sensor device and the thickness of 

transversus abdominis muscle 

Measurements Pearson’s correlation coefficient 

(r) 

P values 

PBU vs Feedback sensor device 0.657 < 0.001 

PBU vs TrA thickness - 0.793 < 0.001 

Feedback sensor device vs TrA 

thickness 

- 0.514 < 0.001 
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Figure 3.4 Relationship between levels of pressure biofeedback unit (PBU) and 

feedback sensor device 

 

 

Figure 3.5 Relationship between levels of pressure biofeedback unit (PBU) and the 

thickness of transversus abdominis muscle 
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Figure 3.6 Relationship between the feedback sensor device and the thickness of 

transversus abdominis muscle 

3.2.7 Discussion 

The purposes of this study were to evaluate the reliability and validity of 

the feedback device for activation of TrA muscle compared with the RTUS and report the 

test-retest reliability of the device. We found excellent reliability of the feedback sensor 

and TrA thickness measurement using RTUS in a standing position (ICC = 0.946 and 

0.931, respectively). It suggested that the feedback sensor and the measurement method 

of TrA thickness in this study were reliable methods. Previous studies (43, 132) also 

found very high reliability in the ultrasound measurement of TrA muscle (ICC > 0.9) in 

the supine position. In the upright position, there was also a high intraclass correlation for 

TrA thickness consistency with the result of standing position in this current study (ICC 

> 0.9) (133). 

A significant (moderate to strong) relationship was found between the 

feedback sensor and the thickness of TrA. It could be considered utilizing the feedback 

sensor of this study to give the TrA activation information during performing ADIM in 

an upright functional position. The negative relationship between the feedback sensor and 

the TrA thickness was as expected. The feedback sensor was put between the lumbar 

support and abdominal muscles. When performing ADIM, the pressure values from the 

feedback sensor and the PBU, which are located between the lumbar support and the 
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abdominal muscles, were decreased. At the same time, TrA was activated by doing 

ADIM, which was presented in increased muscle thickness. This was supported by the 

study of McMeekan et al. (43), which showed an excellent correlation between the 

activity and thickness of TrA. Also, Lee and colleagues (134) reported that ADIM training 

with feedback method (i.e., ultrasound imaging and PBU) for 15 minutes resulted in 

significantly thicker TrA muscle than manual contact. They suggested that using the 

feedback method may be more effective than manual contact only in improving the TrA 

muscle function.  Therefore, this current study's feedback device may be useful as an 

indicator of TrA activation for LBP patients, especially for self-training at home or the 

workplace, because it is easy to use and affordable. 

3.2.8 Conclusion 

This study demonstrated that the feedback device developed in this study 

is considered a reliable and valid tool for providing TrA activation information during 

ADIM. It could be clinically useful for simultaneous feedback on TrA muscle activation 

and encouraging patients with LBP to precisely perform core stability activation. 
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3.3 The therapeutic effects of innovative lumbar support comprising 

hot pack and core stability activation – Main Study III 

3.3.1 Introduction 

Innovative lumbar support tested in this study for the treatment of low 

back pain is a new device that is designed and developed combining the features of the 

traditional lumbar support (TLS) with the new features of core muscle activation feedback 

along with superficial heat therapy. Lumbar support (LS) is commonly recommended to 

patients with low back pain due to its effects on decreasing pain during physical activity 

and preventing further injury (7, 17). Lumbar support (LS) increases lumbopelvic 

stability, intra-abdominal pressure, and reduces the impact of load on the trunk (18). 

Using lumbar support is effective for LBP management as it improves the lumbar posture, 

provides support to the lumbar spine, and minimizes LBP incidence (7). Previous studies 

(18, 21, 22) documented that the LS reduced pain intensity, improved quality of life, and 

enhanced work performance. However, there were some challenges in applying the 

traditional lumbar support to clinical practice to manage CNLBP. The current scientific 

evidence questions the effectiveness of TLS and raises concerns about the use of lumbar 

support (123). It has been reported that prolonged use of TLS caused trunk muscle 

weakness and reduced core muscle function (112, 135, 136). Core stability exercise is 

one of the recommended treatments for low back pain as it reduces pain and improves 

physical function better than general exercises (13). Core stability exercise (CSE) 

provides both short- and long-term benefits by improving spinal stability, which results 

in pain relief and prevents LBP episodes (6). The CSE also enhances the strength and 

endurance of deep trunk muscles such as transversus abdominis (TrA) and lumbar 

multifidus muscle (LM) (16). In addition, superficial heat therapy is a commonly 

recommended treatment for LBP, both by physical therapists and by patients at home 

because of its therapeutic efficacy and convenience of application. Superficial heat 

therapy reduces muscle spasms, pain, anxiety and improves disability (4, 8). Therefore 

with the inclusion of these additional features of core muscles feedback and superficial 

heat therapy, the effects of the innovative lumbar support against the traditional lumbar 

support were needed to investigate among patients with non-specific low back pain before 

launching to the larger population. The immediate effects on innovative lumbar support 
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were investigated to understand its potential mechanism of action. Moreover, the long-

term effects were investigated to prove its clinical therapeutic effects. 

3.3.2 Objectives  

- To investigate the immediate effects and long- term benefits of using innovative lumbar 

support comprising hot pack and core stability activation on pain modulation, muscle 

function, quality of life, and disability in subjects with non-specific low back pain  

- To compare the therapeutic effect of innovative lumbar support comprising hot pack 

and core stability activation with traditional lumbar support on pain, muscle function, 

quality of life, and disability variables in subjects with non-specific low back pain  

3.3.3 Hypotheses  

- The outcomes of pain, muscle function, quality of life, and disability would be improved 

after using innovative lumbar support comprising hot pack and core stability activation  

- An innovative lumbar support comprising hot pack and core stability activation would 

be superior to traditional lumbar support in improving outcomes of pain intensity, 

pressure pain threshold, thermal pain threshold, muscle function, lumbopelvic stability, 

health-related quality of life, and disability. 

3.3.4 Study design 

The trial utilizes a single-blinded randomized controlled design, which 

conforms to the CONSORT recommendations (137).  

3.3.5 Methods 

3.3.5.1 Sample size calculation 

The sample size calculation was based on the following 

assumption: (a) a power analysis of 0.8, (b) a significant alpha level of 0.05, (c) estimated 

effect size of 0.54, (d) ANOVA repeated measures within-between interaction models. A 

minimal sample size of 64 participants was required. In addition, to account for dropouts 

(20 %), a sample size of 80 subjects was required in the study. 
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3.3.5.2 Setting and participants 

Eighty participants with non – specific low back pain, aged 

between 20 – 55 years, both male and female, were recruited into the study from 

advertising in local hospitals, universities, and communities. A research assistant 

screened participants via telephone interview. They were eligible for the study if they met 

the study criteria. The inclusion and exclusion criteria were as following. 

   3.3.5.2.1 Inclusion criteria 

- Presence of mild to moderate low back pain (visual analog 

scale of 3/10 – 7/10) in the area between 12th rib to gluteal 

fold for more than 3 months  

- Body mass index (BMI) more than 18.5 kg/m2 but less than 

30 kg/m2  

- Communicating in Thai fluently  

- Willing to participate 

3.3.5.2.2 Exclusion criteria 

- Referred pain or numbness in lower limbs  

- An impaired sensation at the body and lower limbs  

- History of past surgery of spine or lower extremities  

- History of injury from an accident in the previous 3 months  

- Structural deformities of the spine  

- Pregnancy  

- Specific spinal disorders or nerve root compression  

- Inflammation or infection at spine and back  

- Severe medical conditions such as cardiovascular disease, 

renal failure, hypertension, diabetes  

- Received manual therapy in the previous 3 months  

3.3.5.2.3 Withdrawal criteria 

- Getting accident or injury during the study period 

The study was approved by the ethical committee of the Faculty of 

Associated Medical Sciences, Chiang Mai University (No. 342/2017). Participants 
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provided informed consent before the study began. The study protocol had been registered 

in a clinical trial registry database on clinicaltrials.in.th with a trial registration number 

(TCTR20190905002) 

3.3.5.3 Randomization and allocation concealment 

Participants were randomly allocated to one of four intervention 

groups (1:1:1:1 ratio): 1) traditional lumbar support, 2) innovative lumbar support 

including hot pack, 3) innovative lumbar support including core stability activation, or 4) 

innovative lumbar support including hot pack and core stability activation to evaluate the 

effects of the innovative lumbar support combining hot pack and/or core muscle training 

compared with controls. Randomization was stratified by severity of back pain (i.e., pain 

intensity). Random sequence was generated by an internet randomized scheme generator 

(https://www.sealedenvelope.com/simple-randomiser/v1/lists) in blocks of eight. 

Randomization and allocation were undertaken by an independent staff who is a part of 

the research team. 

3.3.5.5 Interventions  

1) Traditional lumbar support (TLS)  

Participants received traditional lumbar support, which fit 

each participant’s body size. They were instructed to wear lumbar support around the 

lumbopelvic region (the upper edge of lumbar support is just below the 12th ribs) firmly. 

At the first visit, participants wore traditional lumbar support firmly and completed 4 

rounds of standing for 4 minutes and rest by sitting for 1 minute (for a total time of 20 

minutes). The standing and sitting positions are represented the functional activities and 

common gestures of working in daily life. After that, participants were instructed to wear 

lumbar support during the daytime at least 7 hours per day. 

2) Innovative lumbar support including hot pack (LS + HP)  

Participants received innovative lumbar support, which fit 

each participant’s body size. They were instructed to wear lumbar support around the 

lumbopelvic region (the upper edge of lumbar support is just below the 12th ribs). At the 

first visit, participants wore innovative lumbar support with a hot pack and position as 

described in group 1). After that, participants were instructed to wear lumbar support 
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during the daytime at least 7 hours per day. In addition, participants also received 

superficial heat from a hot pack component of innovative lumbar support for 20 minutes 

twice a day (in the morning and evening). Their compliance was also recorded in a log-

book.  

 Note: The hot pack used in this study was a wheat herbal hot pack (Pretty patent 

no. 6909; Department of Intellectual Property, Ministry of Commerce, Thailand). The 

main ingredients include: Zea Mays Linn., Zingiber Cassumunar Roxb, Citrus Hystrix, 

Cymbopogon Citratus, Curcuma Longa L. Hot pack component can be prepared by 

heating in a microwave for 3  minutes and put into the inner sleeve at the back of the 

innovative lumbar support. 

3) Innovative lumbar support including core stability 

activation (LS + CSE)  

Participants received innovative lumbar support, which fit 

each participant’s body size. They were instructed to wear lumbar support around the 

lumbopelvic region (the upper edge of lumbar support is just below the 12th ribs). At the 

first visit, participants were asked to wear innovative lumbar support firmly. They 

performed core stability activation by doing an abdominal drawing-in maneuver (ADIM), 

which triggers the target of a visual feedback sensor on innovative lumbar support. 

Participants were prescribed to do ADIM in a standing position and hold for 10 seconds 

per contraction, 20 times per set for 4 sets. Overall, this took approximately 20 minutes. 

After that, participants were instructed to wear lumbar support during the daytime at least 

7 hours per day and activate core stability muscles as per previous protocol twice a day 

(in the morning and evening). Their compliance was recorded in a log-book. 

4) Innovative lumbar support including hot pack and core 

stability activation (LS + HP + CSE)  

Participants received innovative lumbar support, which fit 

each participant’s body size. They were instructed to wear lumbar support around the 

lumbopelvic region (the upper edge of lumbar support is just below the 12th ribs). At the 

first visit, participants wore lumbar support, receive a hot pack, and activate core stability 

muscles as the protocol in groups 2) and 3). The experimental condition took overall about 
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20 minutes. After that, participants were instructed to wear lumbar support during the 

daytime at least 7 hours per day. Participants were asked to activate core stability and 

receive superficial heat as previous protocol twice a day. Their compliance was also 

recorded in a log-book.  

3.3.5.6 Outcome measures  

Outcome measures were divided into 3 paradigms, including pain-

related outcomes, muscle function, and quality of life and disability. Pain-related 

outcomes consist of visual analog scale (VAS), pressure pain threshold (PPT), thermal 

pain threshold (TPT), and tissue blood flow. Outcomes related to muscle function consist 

of lumbopelvic stability test (LPST), real-time ultrasound imaging of TrA muscle 

thickness and cross-sectional area of LM muscle, and modified active straight leg raising 

test (ASLR). Outcomes related to the quality of life and disability consists of the short 

form 36 health survey (SF-36) and the Oswestry disability questionnaire (ODI). The 

primary outcomes are pain intensity and pressure pain threshold. Secondary outcome 

measures are tissue blood flow, thermal pain threshold, lumbopelvic stability test, 

modified active straight leg raising test, ultrasound imaging of TrA muscle thickness and 

CSA of LM muscle, quality of life, and disability.  

3.3.5.6.1 Pain-related outcomes  

1) Pain intensity  

A visual analog scale (VAS) was used to assess 

pain intensity. It is a continuous scale consisted of a horizontal line, 100 millimeters in 

length. It is anchored by “no pain” on the left hand and “pain as bad as possible” on the 

right hand. Participants were asked to mark the line corresponding to their average pain 

intensity in the past week.  

 Note: Pain intensity at baseline of the immediate effect study was rated for pain 

intensity on the day of the 1st visit to reflect for the current stage of their pain intensity 

before receiving the treatment conditions.  

2) Pressure pain threshold (PPT)  

Pressure pain threshold (PPT) was assessed using a 

pressure algometer (Somedic Production, Algometer type II, Sweden). The algometer 
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consists of a 1-cm2 circular stimulation probe connected to a pressure transducer. The 

device was calibrated in the laboratory with a 100- kPa weight before administration with 

participants. The pressure was applied perpendicularly to the skin at a constant speed of 

40 kPa/s. The participants were instructed to press the button when they feel the sensation 

changing from pressure to pain. The pressure pain threshold was randomly measured over 

the standard fixed point (facet joints) of L4 – L5 on both sides. The pressure pain 

threshold was assessed 3 times with 30-sec resting between trials, and the mean of the 3 

trials was used for analysis (79).  

3) Thermal pain threshold (TPT)  

Thermal pain threshold (TPT) was assessed by 

using a Thermal Sensory Analyzer (Medoc Ltd., Neuro Sensory Analyzer Model TSA-

II, Israel) for cold pain threshold (CPT) and heat pain threshold (HPT). A 5-cm2 thermode 

was applied directly to the skin over the L4-5 interspinous space. The initial temperature 

was set at 32 ̊ C with the rate change of 1 degree Celsius/ second for heat pain and 2 

degrees Celsius/ second for cold pain. The cut-off temperature was set at 0 ̊ C for cold 

pain threshold and 4 ̊ C for heat pain threshold for preventing tissue damage. The 

participants were instructed to press the button when they feel the sensation change from 

heat or cold to pain. The thermal pain threshold was assessed 3 times, and the mean of 

the 3 trials was used for analysis (82).  

4) Tissue blood flow  

The tissue blood flow was monitored using a laser 

Doppler blood flow meter (Moor instruments DRT4, UK) in units of flux/min. The 

participants lie in a prone position with arms by the side. The electrode was applied over 

the individual's standard fixed point on the tenderest point over the L4-5 area and recorded 

every minute for 5 minutes (79). The mean value was used for analysis.  

3.3.5.6.2 Muscle function  

1) Lumbopelvic stability test (LPST)  

Lumbopelvic stability was assessed by using the 

lumbopelvic stability test according to the methods described by Hagins and colleagues 

(50), which consists of 7 levels of lumbopelvic stability control. The participants laid in 
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a supine position with knee flexion 70 degrees. The pressure biofeedback unit was used 

to monitor the stability of the lumbopelvic position by placing it under the lumbar spine 

(L2 – S1). The pressure transducer was pumped to 40 mmHg. The participants were asked 

to maintain trunk stability at each level. Participants were considered to pass each level 

if they can maintain the pressure within 40 ± 4 mmHg. 

2) Real-time Ultrasound Imaging  

Real-time ultrasound imaging was used to assess 

muscle function of core muscles (TrA and LM). For transversus abdominis muscle, the 

ultrasound scanner in B-mode with 5 MHz with curvilinear transducer was used to assess 

the muscle thickness. Participants were positioned in crooked lying with a pillow under 

their head and knees (30 degrees of hip flexion). The ultrasonic gel was applied between 

the transducer and the skin. The transducer was placed in a transverse plane at a point 2.5 

cm. anteromedial to the midpoint between the lower rib and iliac crest on the midaxillary 

line (47). The images were collected at the end of the exhalation. The thickness of TrA 

was randomly measured on both sides. The mean thickness of the three measurements 

was calculated.  

For lumbar multifidus muscle, the cross-sectional 

area (CSA) was measured using a 5 MHz curvilinear transducer in B-mode. Participants 

were positioned prone lying with a pillow under the abdomen. Investigator palpated the 

spinous process of L5 and marked on the skin. The ultrasonic gel was applied, and the 

transducer was placed longitudinally along the lumbar spine's midline to confirm the 

location of the L5 spinous process. The transducer was rotated transversely and placed in 

the middle of the L5 spinous process (138). The image was taken at the end of the 

exhalation. The CSA measurement was made by tracing the inner border of the LM 

muscle. CSA of LM was also randomly measured on both sides. The average CSA of 

three measurements was recorded.  

3) Modified active straight leg raising test (ASLR)  

A modified active straight leg raising test was used 

to evaluate the outcome of spinal stability while wearing lumbar support. The 

standardized procedure of the modified active straight leg raising test followed through 

the protocol of Mens and colleagues (102). Participants lied in a supine position with a 
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straight leg. They were asked to raise their legs with knee straight alternately. Participants 

raised their legs until the heels are 20 cm. above the table and hold them for approximately 

10 seconds. The bar was placed at the mark of 20 cm. above the ankle joint to prevent 

participants from raising their legs over 20 cm. A standardized instruction such as “try to 

raise your legs, 20 cm. above the bench without bending the knees, one after the other” 

was used during the tests. The participants performed three repetitions of the test 

(performance of the test on both the left and the right side constitutes one repetition). The 

whole procedure was done with and without lumbar support at the first visit. The outcome 

of ASLR test was scored by each participant on 6-point Likert scale; 0 = not difficult at 

all, 1 = minimally difficult, 2 = somewhat difficult, 3 = fairly difficult, 4 = very difficult, 

5 = unable to do.  

3.3.5.6.3 Quality of life and disability  

1) Quality of life  

Quality of life was assessed using the short form 36 

health survey questionnaires (SF-36 Thai version) (98). The SF-36 consists of 36 items 

of 8 health dimensions: physical functioning, social functioning, role limitations due to 

physical problems, role limitation due to emotional problems, mental health, energy and 

vitality, pain, and general perception of health. The scores were coded, summed, and 

transformed to a scale from 0 to 100. The higher scores show better health status.  

2) Disability induced by low back pain  

Disability was assessed using the Oswestry 

Disability Index (ODI), the specific questionnaire for low back pain. The participants 

rated their physical disability in activity daily living that are deficit by back pain such as 

self-care, walking, lifting, and sleeping, and so on. The ODI consists of 10 questions with 

6 response categories of level of activity disturbance due to low back pain. Each item can 

be scored 0 to 5, the higher value representing the greater disability. The total score was 

expressed as a percentage. The Oswestry Disability Questionnaire (1.0) Thai version (95) 

was used in this study.  
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3.3.5.7 Procedure  

Participants were screened according to the eligibility criteria. The 

eligible participants provided written informed consent and complete the general 

questionnaire. Participants were asked to complete the general screening form, VAS, SF-

36, and Oswestry disability questionnaires. Then, participants were measured tissue blood 

flow, CPT, HPT, PPT, ultrasound imaging, ASLR, and LPST, respectively. The 

measurements were performed by an assessor who is blinded to the participant’s 

treatments.  

Then, participants were stratified by the severity levels of LBP and 

randomly allocated into the traditional lumbar support (TLS), innovative lumbar support 

with hot pack (LS + HP), innovative lumbar support with core stability activation (LS + 

CSE), or innovative lumbar support with hot pack and core stability activation (LS + HP 

+ CSE) group. Participants in each group were instructed about the application of each 

condition for 8 weeks. The LBP features (intensity, frequency, and duration), compliance 

with the study protocol, and any possible adverse effect of using lumbar support and 

medication intake were recorded in a logbook by each participant.  

Intra-rater reliability was established prior to the enrollment of 

participants and data collection, with an acceptable value of agreement greater than 80% 

(i.e., LPST, ASLR) , and also intraclass correlation coefficients (ICCs) ranged from 0.87 

– 0.99 for all measures (i.e., PPT, CPT, HPT, TBF, thickness of TrA, CSA of LM). All 

of the outcome measures were assessed by blinded assessors immediately after receiving 

intervention for 20 minutes, 4- weeks, and 8- weeks of intervention, and follow up at 3 

months after the end of the intervention (except SF-36 and ODI were be assessed at the 

end of 20 minutes of intervention). Participants were asked to complete the general, VAS, 

SF-36, and Oswestry disability questionnaires and measured tissue blood flow, CPT, 

HPT, PPT, ultrasound imaging, ASLR, and LPST, respectively.  

3.3.5.8 Statistical analysis  

Descriptive statistics were used to present demographic data. The 

collected data were analyzed for normal distribution using the Shapiro Wilk test. If the 

data is normal distribution, a mix-model two-way repeated-measures analysis of variance 

(ANOVA) was used to consider the interaction effects and main effects of the 

experimental conditions and time.  The least significant difference (LSD) test was used 
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for post-hoc analysis. A level of significance was set at p < 0.05. Data were analyzed 

using a statistical software package (SPSS). 

Estimates of effect size were calculated using partial eta squared 

(η2
p). An effect size of 0.01 is regarded as small, 0.06 as medium, and 0.14 as large (139). 

3.3.6 Results 

A total of 80 patients with chronic non-specific low back pain (CNSLBP) 

were recruited for the study, and none were lost to follow-up. The flow diagram of 

participant recruitment was presented in Figure 3.7. The pre-intervention characteristics 

of the participant are provided in Table 3.5. There were no significant differences between 

the study groups in baseline characteristics (p > 0.05). 

Participants in all groups completed 8 weeks of intervention. From the 

logbook, the participants in the TLS group used lumbar support for an average of 48.1 ± 

3.5 days, in the ILS + HP group for an average of 49.4 ± 2.3 days, in the ILS + CSE group 

for an average of 49.9 ± 2.8 days, in the ILS+HP+CSE group for an average of 49.4 ± 3.1 

days. In the TLS group, the number of daily hours on using lumbar support was 7.2 ± 2.4 

hours at week 4 and 5.9 ± 2.2 hours at week 8. In the ILS+HP group, the number of daily 

hours using lumbar support was 7.4 ± 1.7 hours at week 4 and 6.2 ± 1.3 hours at week 8. 

In ILS+ CSE, the number of daily hours using lumbar support was 6.8 ± 1.6 hours at week 

4 and 5.7 ± 1.8 hours at week 8. Finally in the ILS+HP+CSE group, the number of daily 

hours using lumbar support was 7.4 ± 1.9 hours at week 4 and 6.1 ± 2.3 hours at week 8. 

Two participants (10%) in the TLS group and one participant (5%) in the ILS+ CSE group 

took paracetamol to relieve low back pain. No significant adverse events with treatment 

were reported in any group. 
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Figure 3.7 Flow diagram of the trial 

 

Table 3.5 Demographic data are shown as mean ± standard deviation (SD). 

Variables/ Group TLS 

 (n = 20) 

ILS+HP 

(n = 20) 

ILS+CSE 

 (n = 20) 

ILS+HP+CSE (n 

= 20) 
p-

value 

Gender (M/F) 8/12 10/10 6/14 9/11 0.614 

Age (years) 40.5 ± 9.99 41.45 ± 9.93 40.45 ± 7.8 43.05 ± 8.82 0.789 

BMI (kg/m2) 23.46 ± 3.96 23.96 ± 2.86 22.55 ± 3.33 24.24 ± 2.75 0.384 

Onset of LBP (months) 24.75 ± 22.87 28.05 ± 28.69 42.1 ± 42.9 40.0 ± 38.42 0.29 

Pain intensity (mm.) 49.55 ± 9.64 53.1 ± 9.89 53.9 ± 13.23 49.75 ± 12.94 0.521 

ODI score (%) 22.43 ± 12.04 18.94 ± 10.73 19.01 ± 11.42 19.18 ± 10.4 0.711 
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3.3.6.1 Immediate effect 

There was no significant difference in the baseline of any variables 

among the study groups (p > 0.05). Table 3.6 presented the two-way repeated measure 

ANOVA results on the interaction effect between groups and time in all variables (p < 

0.05). The participants in TLS group showed the significant interaction in pain intensity 

(p < 0.01), and PPT (p < 0.01) compared to baseline. The participants in ILS+HP group 

showed the significant interaction in pain intensity (p < 0.001), TBF (p < 0.001), PPT (p 

< 0.001), CPT (p < 0.001), and HPT (p < 0.001), however no interaction was found in 

TrA thickness (p > 0.05), and lumbopelvic stability (p > 0.05). The results presented that 

the participants in ILS+ CSE group showed the significant interaction in pain intensity (p 

< 0.001), TBF (p < 0.05), PPT (p < 0.001), CPT (p < 0.05), TrA thickness (p < 0.001), 

CSA of LM (p < 0.001), and lumbopelvic stability (p < 0.001). The participants in 

ILS+HP+CSE group showed the significant interaction in all variables (all p < 0.001). 

Post-hoc analysis showed that the ILS+HP+CSE was superior to TLS in all outcomes (p 

< 0.05). Also, The ILS+HP+CSE was superior to ILS+HP in some variable such as HPT 

(p < 0.05), TrA thickness (p < 0.05), CSA of LM (p < 0.05), and lumbopelvic stability (p 

< 0.05), as well as superior to ILS+CSE in all outcomes (p < 0.05) except TrA thickness 

and CSA of LM (p > 0.05). For ASLR, there was no significant interaction effect between 

groups (p > 0.05) but a significant main effect was observed between conditions (with 

and without LS) on the difficulty of leg lifting (p < 0.001). 
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Table 3.6 Data of all variables for the immediate effects and mean difference values are 

shown as mean (SD) 

Outcomes  Groups Interaction 

effect 

TLS 

(n=20) 

ILS+HP 

(n=20) 

ILS+CSE 

(n=20) 

ILS+HP+CSE 

(n=20) 

p-value ηp
2 

VAS  Pre 30.65 36.25 34 33 0.001 0.2 
(mm)  (22.74) (18.37) (22.49) (18.49)   

 Post 20.9 *** 17.4 *** 23.35 *** 15.65 ***   
  (18.36) (13.39) (16.57) (12.93)   
 Mean Diff -9.75 b,d -18.85 a,c -11 b,d -17.4 a,c   
 (95% CI) (-13.37, -6.13) (-22.56, -12.14) (-14.98, -7.02) (-21.07, -13.73)   
 Percentage 

Change (%) 

-43.47 

(32.76) 

-57.36 

(22.24) 

-36.56 

(20.84) 

-61.72 

(26.34) 
  

TBF  Pre 10.13 9.94 10.07 10.41 < 0.001 0.71 
(flux/  (3.54) (2.88) (2.3) (3.33)   

min) Post 12.17 41.05 *** 14.00 * 43.44 ***   
  (3.92) (15.95) (9.54) (13.83)   
 Mean Diff 2.03 b,d 31.12 a,c 3.93 b,d 33.04 a,c   
 (95% CI) (0.52, 0.72) (23.66, 38.58) (-0.79, 8.64) (26.11, 39.96)   
 Percentage 

Change (%) 

24.24 

(34.7) 

341.99 

(208.3) 

47.07 

(118.34) 

368.08 

(234.71) 
  

PPT Pre 416.09 452.75 445.62 457.35 <0.001 0.48 
(kPa)  (136.92) (183.74) (179.35) (195.92)   
 Post 441.78 ** 562.73 *** 500.97 *** 569.79 ***   
  (132.44) (207.32) (185.33) (199.41)   
 Mean Diff 25.69 b,c,d 109.98 a,c 55.35 a,b,d 112.44 a,c   
 (95% CI) (8.25, 43.13) (92.54, 127.42) (37.91, 72.79) (95, 129.88)   
 Percentage 

Change (%) 

9.51 

(18.17) 

26.73 

(11.78) 

14.13 

(15.41) 

28.92 

(13.57) 
  

CPT Pre 2.4 3.15 1.97 2.97 < 0.001 0.24 
(°C)  (3.03) (2.6) (2.46) (3.1)   

 Post 2.12 1.0 *** 1.19 * 0.7 ***   
  (2.78) (1.42) (2.06) (1.4)   
 Mean Diff -0.28 b,d -2.16 a,c -0.78 b,d -2.27 a,c   
 (95% CI) (-0.43, 0.98) (-2.87, -1.45) (-1.49, -0.08) (-2.98, -1.56)   
 Percentage 

Change (%) 

-13.57 

(30.09) 

-66.08 

(36.03) 

-36.19 

(41.8) 

-62.19 

(38.35) 
  

HPT Pre 43.49 43.91 45.16 44.35 <0.001 0.59 
(°C)  (3.46) (2.8) (2.83) (3.43)   

 Post 43.72 47.76 *** 45.02 47.06 ***   
  (3.36) (2.03) (3.02) (2.51)   
 Mean Diff 0.23 b,d 3.85 a,c,d -0.14 b,d 2.71 a,b,c   
 (95% CI) (-0.4, 0.87) (3.21, 4.48) (-0.78, 0.49) (2.08, 3.35)   
 Percentage 

Change (%) 

0.57 

(2.21) 

8.96 

(4.34) 

-0.34 

(2.87) 

6.34 

(3.72) 
  

TrA  Pre 2.6 2.59 2.43 2.54 <0.001 0.76 
thickness  (0.71) (0.48) (0.44) (0.47)   

(mm) Post 2.62 2.6 3.05 *** 3.23 ***   
  (0.75) (0.44) (0.55) (0.58)   
 Mean Diff  0.02 c,d 0.003 c,d 0.63 a,b 0.69 a,b   
 (95% CI) (-0.6, 0.11) (-0.08, 0.09) (0.54, 0.71) (0.61, 0.77)   
 Percentage 

Change (%) 

0.81 

(5.76) 

0.64 

(7.01) 

25.58 

(7.26) 

27.58 

(9.97) 
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Table 3.6 Data of all variables for the immediate effects and mean difference values are 

shown as mean (SD) (continued) 

Outcomes Groups Interaction 

effect 

 
 TLS 

(n=20) 

ILS+HP 

(n=20) 

ILS+CSE 

(n=20) 

ILS+HP+CSE 

(n=20) 

p-value 
ηp

2 

CSA of  Pre 451.75 456.08 447.79 445.04 <0.001 0.607 

LM   (53.09) (45.36) (48.68) (56.72)   
(mm2) Post 452.77 453.09 472.23*** 471.08***   
  (53.79) (49.12) (45.02) (57.55)   
 Mean Diff 1.02 c,d -2.99 c,d 24.43 a,b 26.04 a,b   
 (95% CI) (-3.16, 5.2) (-6.08, 0.09) (18.89, 29.99) (19.23, 32.84)   
 Percentage 0.23 -0.73 5.63 5.96   
 Change (%) (2.0) (1.46) (2.97) (3.61)   
LPS Pre 1.95 2.15 2.05 1.75 <0.001 0.4 
(level)  (0.39) (0.37) (0.39) (0.44)   

 Post 1.95 2.15 2.45 *** 2.4 ***   
  (0.39) (0.37) (0.51) (0.5)   
 Mean Diff  0 c,d 0 c,d 0.4 a,b,d 0.65 a,b,c   
 (95% CI) (0, 0) (0, 0) (0.16, 0.64) (0.42, 0.88)   
 Percentage 

Change (%) 

0 0 22.5 

(30.24) 

45.0 

(39.4) 
  

ASLR Without LS 1.23 1.48 1.28 1.1 0.414 0.037 

(0-5)  (0.8) (0.92) (0.97) (0.98)   

 With LS 0.53 0.55 0.58 0.43   
  (0.66) (0.6) (0.75) (0.54)   
 Mean Diff -0.7 -0.93 -0.68 -0.75   
 (95% CI) (-0.97, -0.43) (-1.2, -0.67) (-0.89, -0.51) (-0.95, -0.4)   
 Percentage -60.42 -65.17 -60.18 -50.75   
 Change (%) (42.82) (32.61) (36.95) (39.88)   

No significant differences in the baseline data among 4 conditions (p > 0.05) 

Significant differences between pre-post (*p < 0.05, **p < 0.01, ***p < 0.001) 
a Significant difference between control (p < 0.05) 
b Significant differences between LS+HP (p < 0.05) 
c Significant differences between LS+CSE (p < 0.05) 
 d Significant differences between LS+HP+CSE (p < 0.05) 
ηp

2 = Partial eta-squared 
 

3.3.6.2 Long term effects 

   There was no significant difference in the baseline of any variables 

among the study groups (p > 0.05). Table 3.7 presented the two-way repeated measures 

ANOVA results on the interaction effect between groups and time in pain intensity (p < 

0.05), PPT (p < 0.001), CPT (p < 0.001), lumbopelvic stability (p < 0.001), ASLR (p < 

0.001), and quality of life (p < 0.05).  
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3.3.6.2.1 Pain-related variables 

    All groups showed a significant reduction in pain intensity 

at all times compared to baseline (p < 0.001). For 3-month follow-up assessment, the 

ILS+HP+CSE group presented significant greater reduced pain intensity when compared 

to the TLS (p = 0.034) and ILS+HP (p = 0.04) groups. There was no significant difference 

in change of TBF both within and between-group comparisons (p > 0.05). All groups 

showed a significant increase in PPT at all time point when compared to baseline (p < 

0.01) except the TLS group at 3-month follow-up (p = 0.054). The ILS+HP+CSE group 

also presented a significantly greater pressure pain threshold after the 8-week intervention 

(p = 0.049) and 3-month follow-up assessment (p = 0.021) compared to the TLS group. 

For the thermal pain threshold, the result of CPT and HPT were similar. All groups 

showed a significant reduction in CPT and HPT in all groups at any point of time (p < 

0.001), except the TLS group (p > 0.05). Post-hoc analysis showed that the ILS+HP, ILS 

+CSE, and ILS+HP+CSE group demonstrated a higher cold pain threshold after the 8-

week intervention and 3-month follow-up assessment when compared to the TLS group 

(p < 0.05).   

   3.3.6.2.2 Core muscle function 

    For the real-time ultrasound imaging, changes in the 

thickness of TrA and the cross-sectional area of LM muscle were found in the ILS+CSE 

and ILS+HP+CSE group. The thickness of TrA was significantly thicker at all points of 

time in the ILS +CSE and ILS+HP+CSE group compared to baseline (p < 0.001). The 

thickness of TrA in the ILS+CSE and ILS+HP+CSE group also more significant than the 

TLS and ILS+HP group (p < 0.05). Also, the CSA of LM was significantly greater at all 

periods in the ILS +CSE and ILS+HP+CSE group than baseline (p < 0.001 and p < 0.01, 

respectively). There was no significant difference between groups at all periods (p > 

0.05).  

    For clinical assessment, the improvement of lumbopelvic 

stability control was found in the ILS+CSE and ILS+HP+CSE groups. The ILS+CSE and 

ILS+HP+CSE group demonstrated the improvement of lumbopelvic stability level at any 

time point when compared to baseline (p < 0.001). The lumbopelvic stability level in 

ILS+CSE and ILS+HP+CSE group was also significantly greater than the TLS and 
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ILS+HP group (p < 0.05). Similarly, The ILS+CSE and ILS+HP+CSE group presented a 

significant improvement of ASLR score at all time point when compared to baseline (p < 

0.05), and the improvement was more significant than the TLS and ILS+HP groups (p < 

0.05). 

   3.3.6.2.3 Quality of life and Disability 

    All groups showed a significant improvement in the quality 

of life (SF-36) scores at all time point when compared to baseline (p < 0.01). After 8-

week intervention, the ILS+HP+CSE group presented the significant greater SF-36 score 

when compared to the TLS (p = 0.027) and ILS+CSE (p = 0.041) groups. At 3-month 

follow-up assessment, the ILS+HP and ILS+HP+CSE groups showed the significant 

greater SF-36 score than the TLS group (p = 0.026 and p = 0.013, respectively). 

    The Oswestry Disability Index (ODI) score was 

significantly improved in all groups at all time point when compared to baseline (p < 

0.01). At a 4-week interval assessment, the ODI score in the ILS+HP group was 

significantly lower than the TLS group (p = 0.031). After 8-week intervention, the 

ILS+HP+CSE group demonstrated the significant lower ODI score than the TLS and 

ILS+CSE groups (p = 0.035, p = 0.043, respectively). At a 3-month follow-up assessment, 

the ILS+HP+CSE group also presented a significantly lower ODI score than the TLS 

group (p = 0.025). 

   3.3.6.2.4 Additional analysis compared the 4-week interval 

assessment and the end of intervention assessment 

    Comparisons between the 4-week interval assessment and 

after the completion of 8-week intervention, the results showed that the ILS+HP+CSE 

group had the significant improvement in pain intensity (p < 0.01), PPT (p < 0.01), CPT 

(p < 0.01), HPT (p < 0.05), core muscle function (p < 0.001), ODI scores (p < 0.01), and 

disability (p < 0.01) after the 8-week intervention when compared with the 4-week 

interval assessment. Similarly, the ILS+CSE group showed a significant improvement in 

all variables as the ILS+HP+CSE group, except HPT, quality of life, and ODI scores. The 

ILS+HP group showed lower pain intensity (p < 0.01) and higher PPT (p < 0.01) after 8-

week intervention when compared with the 4-week interval assessment. The TLS group 



 

71 

demonstrated the greater improvement in pain intensity (p < 0.01), PPT (p < 0.05), quality 

of life (p < 0.01) and ODI scores (p < 0.01) at the end of intervention when compared 

with the 4-week interval assessment.   
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Table 3.7 Data of all variables of the long-term effects are shown as mean (SD) 

Outcomes  Groups Interaction effect 

TLS 

(n=20) 

ILS+HP 

(n=20) 

ILS+ CSE 

(n=20) 

ILS+HP+CSE 

(n=20) 

p-value ηp
2 

VAS  Baseline 49.55 53.1 53.9 49.75 0.03 0.08 

(mm)  (9.64) (9.89) (13.23) (12.94)   

 Week 4 23.15*** 26.05*** 22.95*** 22.6***   

  (16.52) (9.7) (13.2) (12.8)   

 Week 8 14.95*** 16.5*** 15.0*** 13.4***   

  (11.34) (12.48) (11.67) (13.56)   

 3-month  15.5***, d 15.2***,d 9.25*** 6.95***, a,b   

 follow-up (15.05) (15.15) (9.14) (9.26)   

TBF  Baseline 10.13 9.94 10.07 10.41 0.112 0.08 

(flux/min)  (3.54) (2.88) (2.3) (3.33)   

 Week 4 10.62 10.22 10.27 10.89   

  (3.16) (2.61) (2.02) (2.86)   

 Week 8 10.12 10.23 10.52 11.22   

  (3.12) (2.9) (2.03) (3.0)   

 3-month  10.5 10.34 10.58 10.75   

 follow-up (3.26) (2.43) (2.01) (2.64)   

PPT Baseline 416.09 452.75 445.62 457.35 <0.001 0.14 

(kPa)  (136.92) (183.74) (179.35) (195.92)   

 Week 4 446.38** 548.48*** 499.14*** 524.62***   

  (137.98) (180.68) (183.82) (184.06)   
 Week 8 465.53***,d 571.16*** 523.45*** 575.24***,a   
  (139.18) (180.57) (186.8) (181.5)   
 3-month 446.47d 542.18*** 512.91*** 568.66***,a   
 follow-up (136.19) (174.05) (181.9) (160.24)   
CPT Baseline 2.4 3.15 1.97 2.97 < 0.001 0.16 
(°C)  (3.03) (2.6) (2.46) (3.1)   

 Week 4 2.08 1.39*** 1.16** 1.62***   
  (2.47) (1.6) (1.96) (1.84)   
 Week 8 2.18b,c,d 1.0***,a 0.72***,a 0.9***,a   
 

 
(2.42) (1.18) (1.51) (1.47)   

 3-month  2.16 b,c,d 1.09***,a 0.92**,a 0.82***,a   
 follow-up (2.33) (1.38) (1.24) (1.34)   
HPT Baseline 43.49 43.91 45.16 44.35 0.149 0.06 
(°C)  (3.46) (2.8) (2.83) (3.43)   

 Week 4 44.79 45.85** 46.13 46.28**   

  (3.38) (2.49) (2.84) (2.85)   

 Week 8 44.32 a,b,c 46.68 ***,a 46.41 *,a 47.18 ***,a   

 
 

(3.08) (3.06) (2.82) (2.47)   

 3-month 44.23 a,b,c 46.31 ***,a 46.84 *,a 46.6 **,a   

 follow-up (3.53) (3.2) (3.14) (2.92)   

TrA  Baseline 2.6 2.59 2.43 2.54 < 0.001 0.76 

thickness  (0.71) (0.48) (0.44) (0.47)   

(mm) Week 4 2.55 d 2.55 d 2.98*** 3.1***,a,b   
  (0.7) (0.45) (0.48) (0.49)   
 Week 8  2.53 c,d 2.53 c,d 3.3***,a,b 3.46***,a,b   
 

 
(0.7) (0.44) (0.51) (0.49)   

 3-month 2.5 c,d 2.48 c,d 3.28***,a,b 3.44***,a,b   
 follow-up (0.74) (0.44) (0.53) (0.55)   
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Table 3.7 Data of all variables of the long-term effects are shown as mean (SD) 

(continued) 

Outcomes Groups Interaction effect 

 
TLS 

(n=20) 

ILS+HP 

(n=20) 

ILS+ CSE 

(n=20) 

ILS+HP+CSE 

(n=20) 

p-value 
ηp

2 

CSA of  Baseline 451.75 456.08 447.79 445.04 < 0.001 0.68 

LM  (53.09) (45.36) (48.68) (56.72)   

(mm2) Week 4 450.60 452.62 478.46*** 477.69***   
  (53.63) (49.35) (46.56) (58.04)   
 Week 8 447.7 c,d 451.67 c,d 498.77***, a,b 497.62*** ,a,b   
  (54.71) (49.91) (51.34) (60.07)   
 3-month 446.82 c,d 448.78 c,d 492.91***, a,b 491.54***, a,b   
 follow-up (53.23) (50.03) (50.56) (65.6)   
LPS Baseline 1.95 2.15 2.05 1.75 <0.001 0.52 

(1-7)  (0.39) (0.37) (0.39) (0.44)   

 Week 4 2.0 c,d 2.15 c,d 2.75***,a,b 2.8***,a,b   
  (0.46) (0.37) (0.55) (0.52)   
 Week 8  1.9 c,d 2.05 c,d 3.35***,a,b 3.35***,a,b   
 

 
(0.31) (0.22) (0.49) (0.49)   

 3-month 1.89 c,d 2.05 c,d 2.84***,a,b 2.79***,a,b   
 follow-up (0.31) (0.22) (0.59) (0.52)   
ASLR Baseline 1.23 1.48 1.28 1.1 <0.001 0.18 

(0-5)  (0.8) (0.92) (0.97) (0.98)   
 Week 4 1.33 d 1.28 d 1.0*,d 0.5***,a   
  (0.88) (0.77) (0.79) (0.51)   
 Week 8 1.4 c,d 1.25 c,d 0.38***,a,b 0.28***,a,b   
  (0.77) (0.62) (0.53) (0.38)   
 3-month 1.35 c,d 1.3 c,d 0.48***,a,b 0.43***,a,b   
 follow-up (0.78) (0.59) (0.5) (0.44)   
Disability Baseline 22.43 18.94 19.01 19.18 0.489 0.04 

(ODI,  (12.04) (10.73) (11.42) (10.4)   

0-100) Week 4 13.84***,b 8.29***,a 11.97** 11.44***   
  (9.12) (4.94) (9.18) (7.99)   
 Week 8 9.68***d 7.19*** 10.67**,d 5.97***,a,c   
  (9.26) (4.77) (7.37) (5.28)   
 3-month 10.93***,d 6.87*** 7.17*** 4.73***,a   
 follow-up (12.05) (8.08) (7.73) (5.0)   
Quality  Baseline 66.23 62.12 63.07 65.53 0.031 0.09 

of life  (15.57) (11.52) (11.14) (8.93)   
(SF- 36, Week 4 71.22** 74.59*** 73.36*** 76.44***   
0-100)  (12.99) (11.42) (8.88) (10.7)   
 Week 8 75.56***,d 79.97*** 76.13***,d 82.75***,a,c   
  (13.96) (9.83) (7.48) (7.76)   
 3-month 73.75**,b,d 80.91***,a 76.11*** 81.81***,a   
 follow-up (13.64) (8.75) (8.11) (8.42)   

No significant differences in the baseline data among 4 conditions (p > 0.05) 
Significant differences between pre-post (*p < 0.05, **p < 0.01, ***p < 0.001) 
a Significant differences between control (p < 0.05) 
b Significant differences between LS+HP (p < 0.05) 
c Significant differences between LS+CSE (p < 0.05) 
 d Significant differences between LS+HP+CSE (p < 0.05) 

ηp
2 = Partial eta-squared 
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3.3.7 Discussion 

 This randomized controlled trial provides evidence of the effectiveness of 

the innovative lumbar support comprising hot pack and core muscle activation feedback 

in individuals with chronic non-specific low back pain. Overall, the results demonstrated 

that the 8-week use of the innovative lumbar support comprising hot pack and core muscle 

activation feedback (ILS+HP+CSE) was superior to the traditional lumbar support in 

improving pain symptoms, lumbopelvic stability, quality of life, and disability-related 

low back pain. The benefits of the innovative lumbar support comprising hot pack and 

core muscle activation feedback (ILS+HP+CSE) were observed at 4-week interval 

assessment, after 8-week interventional assessment, and maintained at 3 months.  

 The traditional lumbar support presents some significant challenges in its 

application to clinical practice to manage CNLBP. The current scientific evidence 

questions the effectiveness of TLS and raises concerns about the use of lumbar support 

(123). It has been reported that prolonged use of TLS caused trunk muscle weakness and 

reduced core muscle function (112, 135, 136). Although many different lumbar support 

brands are available, all are designed to provide passive support to the lumbar region. 

Therefore, it was decided to redesign the lumbar support device with additional features 

built into it, such as superficial heat therapy and biofeedback to exercise the core muscles. 

Therefore, two additional study groups, ILS+HP and ILS+CSE, were added as an 

additional comparison group in this trial to study and evaluate the effects of superficial 

heat therapy and biofeedback mechanism in the lumbar support. Finally, the 

ILS+HP+CSE group was added and studied as the experimental intervention group to 

evaluate the combined effects of adding superficial heat therapy and biofeedback 

mechanism in the lumbar support. Before the current trial, the design and function of the 

innovative lumbar support were tested and proven to be reliable and accurate (140). 

Therefore, this thesis study examined the design properties of innovative lumbar support 

comprising hot pack and core muscle activation feedback and advocated the inclusion of 

new features in the device, such as superficial heat therapy and biofeedback to engage the 

core muscles activation provided desirable benefit to CNLBP patients. 

This study's results were divided into 2 parts, including the immediate effect and 

long-term effect of the innovative lumbar support comprising hot pack and core muscle 

activation feedback. The immediate effect was needed to help define the potential pain 
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responses (both in subjective and objective outcomes) and changes in core muscles after 

the use of innovative lumbar support. It provided evidence of physiological changes and 

pathological changes for the improvement of LBP condition. The long-term effect was 

also needed to prove the clinical effects of innovative lumbar support. 

 3.3.7.1 Immediate effects 

  The study results supported the hypothesis that the innovative 

lumbar support with a hot pack and core muscle activation feedback compared to TLS 

had superior therapeutic effects in all primary and secondary outcomes among CNLBP 

patients.  

The findings suggested that wearing the innovative lumbar support 

comprising hot pack and core muscle activation feedback (ILS+HP+CSE) for 20 minutes 

induced immediate physiological changes, noticeable by an increase in TBF in the lumbar 

region. Increasing TBF is suggested to promote the healing processes by delivering more 

oxygen and nutrients to the injured area and eliminating waste products and irritant 

substances (114). Therefore, the magnitude of changes in TBF reported in studies might 

have positive effects on CNLBP patients. The increase in TBF was found to be higher in 

the ILS+HP+CSE group, and the effect was clinically significant with a larger effect size 

(partial eta-squared (ηp
2) - 0.7) in comparison with the other three groups. Generally, a 

quantitative sensory test (QST) is used to assess hypersensitivity and hyperalgesia 

associated with long-term pain conditions such as CNLBP (141). Therefore, QST (PPT, 

HPT, and CPT) is used as a standard outcome measure together with the pain intensity to 

assess the effects on pain modulation (51, 141). Besides the increase in TBF, this study 

found that the ILS+HP+CSE group had immediate effects on pain modulation. The results 

showed that the percentage increase in PPT was higher in the ILS+HP+CSE group 

(28.92%) than the TLS group (9.51%). Since PPT was suggested to predict CNLBP (142), 

the clinically meaningful change in PPT among participants in the ILS+HP+CSE group 

could be considered a useful finding in this study. In addition to increased mechanical 

pain tolerance, CPT and HPT showed significant positive changes in the ILS+HP+CSE 

group, with CPT decreased by approximately 62.2% and HPT increased by 6%. In 

addition, pain intensity was a clinically meaningful decrease (61.7%) in the 

ILS+HP+CSE group compared to the other three groups. Superficial heat therapy results 
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in decreased pain, reduced muscle stiffness, and increased flexibility in LBP patients 

(113). The innovative lumbar support is designed to provide superficial heat therapy to 

the back muscles, which could explain the overall superior effect of pain modulation 

found in the ILS+HP+CSE group compared to the TLS group. 

Deep trunk muscles, such as TrA and LM, provide stability to the 

lumbopelvic region. TrA and LM were reported to be impaired in people with LBP (6). 

Therefore, TrA muscle thickness, CSA of LM, and LPS were evaluated to measure core 

muscle activity changes. Compared to the TLS group, participants in the ILS+HP+CSE 

group showed a higher increase in TrA thickness and LPS level, with 27.5% and 45% 

percent changes, respectively. The innovative lumbar support had a feature of 

biofeedback mechanism to support and assist participants in exercising the deeper trunk 

muscles. Prior to the current study, the reliability and accuracy of biofeedback 

mechanisms in lumbar support for core muscle activation were established (140). The 

observed changes in LSP level and TrA thickness might be related to the fact that 

participants in the ILS+HP+CSE group used biofeedback devices and exercised their core 

muscles while they put on the innovative lumbar support. It is also possible that an 

increase in TrA muscle activity and LPS might be related to the pain-modulating effects 

reported in study participants.  

Moreover, lumbar support had been utilized as the effect of an 

external stabilizer for the lumbopelvic region. Previous studies have suggested that the 

amount of positive ASLR test results might be higher for patients who had pain in the 

lumbopelvic region (143), and it was proven that patients with LBP were more likely to 

perceive difficulty when performing ASLR test due to pain in the lower back area (144). 

ASLR was used to prove the immediate effect of lumbar support in improving 

lumbopelvic stability. The results showed that participants in all groups felt much easier 

to lift their leg during the ASLR test by approximately 60% when lumbar support was 

applied. This result might help to verify the stabilizing role of lumbar support in the 

lumbopelvic region. A lower score in the ASLR test during used lumbar support showed 

less effort to lift the leg. This indicated that the load transfer strategy from the trunk to 

the pelvis was more optimized. 
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3.3.7.2 Long term effects 

  The study results supported the hypothesis that the innovative 

lumbar support with a hot pack and core muscle activation feedback compared to TLS 

had superior therapeutic effects in pain, core muscle function, quality of life, and 

disability-related low back pain among CNLBP patients. 

  Overall, the results demonstrated that using traditional lumbar 

support and innovative lumbar support significantly improved low back pain, mechanical 

pain tolerance, health-related quality of life, and disability-related low back pain after 4-

week, 8-week intervention, and 3-month follow-up. All groups had similar significant 

effects in relieving low back pain after using lumbar support for 4, 8 weeks, and 3-month 

follow-up. The improvement in pain intensity was met the minimal clinically important 

difference (MCID) at all periods (145). However, ILS+HP+CSE was superior to the TLS 

in maintaining pain reduction at a 3-month follow-up. This finding was consistent with 

the previous studies on the effectiveness of LS in pain relief, which demonstrated that 

wearing LS with usual care could release pain since the 4th week of intervention and 

gradually decreased (18, 126). Besides the pain intensity, which is a subjective pain 

outcome, objective pain outcomes including PPT, CPT, and HPT were also evaluated the 

effects on pain modulation. In chronic pain conditions, the continuous firing of 

nociceptive impulses resulted in the hypersensitivity of neurons of the dorsal horns, leads 

to temporal summation of the symptoms (146). In CLBP, the dorsal neurons may be 

sensitized by nociceptive impulses originating from the lumbopelvic region due to poor 

motor control and instability. It is possible that the constant source of pain due to 

peripheral sensitization led to a decrease in pain tolerance and increase pain intensity (62).  

The results of this study showed that all groups had increased PPT after using lumbar 

support for 4, 8 weeks, and 3-month follow-up, except the maintained effect of TLS was 

not found at 3-month follow-up. The increase in PPT might result from the stabilizing 

effect of LS on a lumbopelvic region, which could reduce nociceptive impulses. It 

corresponded to the decrease in pain intensity. 

In addition, ILS+HP+CSE demonstrated the superior effect to the TLS after 8 

weeks and 3-month follow-up. It could be the additional effect of the superficial heat and 

core muscle exercise (147). For the thermal pain threshold, significant changes in CPT 

and HPT were detected in only innovative lumbar support (ILS+HP, ILS +CSE, 
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ILS+HP+CSE) groups at all periods. These changes suggested the additional effect of 

superficial heat and core muscle exercise in pain modulation. It was consistent with a 

previous study that reported a significant improvement in HPT after performing core 

stability training (147). However, there is no evidence regarding the effect of lumbar 

support on the QST. There are no data from previous literature available to compare the 

effects of lumbar support on PPT, CPT, and HPT.  

  For core muscle function, the results demonstrated that the ILS+ 

CSE and ILS+HP+CSE groups were significant effects in improving TrA thickness, CSA 

of LM, and lumbopelvic stability control (LPS, ASLR) after 4-, 8-week, and 3-month 

follow-up. This result was consistent with the purpose of developing the innovative 

lumbar support that desired to improve lumbopelvic stability in CLBP patients. Previous 

studies demonstrated that patients with chronic low back pain are associated with 

reducing core muscle strength and function (12, 119). In addition, there were concerns 

about prolonged use of lumbar support on trunk muscle weakness and decreased core 

muscle function (112, 135, 136). Therefore, the innovative lumbar support in this study 

was designed to have the biofeedback mechanism for improving core muscle function 

and prevent the adverse effect. In this study, core muscle exercise was performed by doing 

ADIM under the biofeedback mechanism. The basis behind this treatment concept is that 

the stability of the lumbar spine is controlled by deep muscles such as the multifidus and 

transversus abdominis, which are anatomically connected to the lumbar spine (148). The 

result showed that the thickness of TrA muscle in the ILS+ CSE group and ILS+HP+CSE 

group was significantly increased by 17 – 24% at 4 weeks and by 31 – 37% at 8 weeks of 

intervention. The TrA thickness changes were also clinically meaningful, as it was greater 

than the SEMs in the main study II. An increase in TrA thickness was also maintained at 

a 3-month follow-up. It was consistent with the previous study, which reported an 

increase of 7.8% in TrA recruitment after 8-week motor control training (149). However, 

this difference might result from the different exercise prescriptions (i.e., exercise 

method, frequency) and different methods of outcome measure. Besides the TrA 

thickness, this study found the increase in CSA of LM muscle in the ILS +CSE and 

ILS+HP+CSE group at 4 and 8 weeks with approximately by 6 – 10% and also 

maintained at 3-month follow-up. Accordingly, this study demonstrated the improvement 

in the clinical test of lumbopelvic stability control (i.e., LPST, ASLR). Participants who 



 

79 

received core muscle exercise showed a higher level of lumbopelvic stability. This 

suggested that participants had a greater ability to maintain spinal stability during the load 

on lower limbs (50). As well as the ASLR test, participants felt much easier to lift their 

legs. The ASLR test is considered a tool to evaluate the effective load transfer from trunk 

to legs (102). Various studies pointed out that the difficulty of performing the ASLR test 

indicates an interrupted load transfer function across the lumbopelvic region (143, 150). 

The ASLR score improvement might indicate optimal lumbopelvic stability during load 

transfer due to optimal neuromuscular control.  

  Moreover, the improvement in patient’s quality of life and 

disability-related low back pain was observed in all intervention groups after 4-, 8-week 

intervention and maintained at 3-month follow-up. Lumbar support, superficial heat 

therapy, and core muscle exercise are extensively demonstrated in improving quality of 

life and disability-related low back pain in patients with LBP (18, 22, 39, 120, 127). The 

results of this study confirm the findings of these previous studies. All groups reported 

that the disability-related score was significantly improved at all periods of assessment 

compared to baseline. The improvement in the ILS+HP+CSE group was superior to the 

TLS group after the 8-week intervention (68.9% vs 56.8%) and 3-month follow-up 

(75.3% vs 51.3%). In addition, the changed ODI score was higher than the MCID (20 

points) after 8 weeks (145). It suggested that the improvement of disability score was 

clinically meaningful. This might be associated with a decrease in pain intensity, 

increased pain tolerance, and improved lumbopelvic stability in the patients.  Also, the 

quality of life in all intervention groups was significantly improved after 4-, 8-week 

intervention, and 3-month follow-up compared to baseline. The improvement in the 

quality of life in the ILS+HP+CSE group was superior to the TLS group after the 8-week 

intervention (26.3% vs 14.1%) and 3-month follow-up (24.8% vs 11.3%).  

  In addition to the effects of lumbar support and core muscle 

exercise, the ILS+HP+CSE provided superficial heat therapy by herbal hot pack 

component. The ingredients of herbs might have aromatic properties, providing a 

relaxation effect and emotionally pain relief. Aromatherapy is widely used to enhance 

physical and psychological well-being due to olfactory stimulation. A previous study 

revealed that aromatherapy could immediately reduce pain, as well as physiological 

changes in brain activity (151). The meta-analysis suggested that aromatherapy had a 
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combination effect with conventional treatments in successful pain relief (152). 

Therefore, patients might also benefit from the effect of aromatherapy in addition to the 

effect of superficial heat. 

  The results of this study confirm the effectiveness of the innovative 

lumbar support comprising hot pack and core muscle activation in relieving low back 

pain symptom, improving health-related quality of life, reducing disability-related low 

back pain, and improving core muscle function in patients with chronic non-specific low 

back pain. Overall results revealed the usefulness of ILS+HP+CSE in dramatically 

improving all outcome measures since the 4th week of intervention. The improvement 

gradually continued until the 8th week and was maintained at a 3-month follow-up. The 

trend of improved symptoms might be related to the duration of wearing lumbar support, 

which averaged approximately 7 hours per day for the first 4 weeks and remained about 

6-7 hours per day for the last 4 weeks.  Decrease duration of wearing lumbar support 

could be due to an improvement in LBP symptoms for the patients.  

However, there are some limitations to this study. Participants in 

this study were chronic non-specific low back pain patients with mild to moderate pain 

severity and minimal to moderate disability. This result was limited to generalize to the 

other stage and type of LBP as well as severe LBP symptom. Blinding of the 

physiotherapist and participants were not possible. In the immediate effect part, the 

ILS+HP+CSE provided superficial heat therapy to the back region for about 20 minutes, 

which might have caused changes in the skin and muscles' tissue temperature. As the 

post-study measurements were conducted immediately after the heat therapy application, 

the skin temperature change could be a potential confounder to the thermal pain threshold 

measurements. However, having the TLS group as a control group and observing the 

changes in the thermal threshold among the TLS group helped to interpret the thermal 

threshold findings in the study. Several factors such as sleep quality and patterns, 

psychosocial factors, pain medications, underlying medical history, caffeine intake, 

gender, age, and body composition may influence sensory perception and outcomes of 

sensory testing.  While a few factors such as BMI, pain medication, underlying medical 

conditions were monitored and controlled in the trial, other factors were not controlled, 

which could be potential confounders. Furthermore, the innovative lumbar support effects 

on the biomechanical changes were not investigated in this study. Future investigations 
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would benefit to explain the possible mechanisms of the effects of innovative lumbar 

support. 

3.3.8 Conclusion 

  The innovative lumbar support comprising hot pack and core 

muscle activation feedback showed potential beneficial effects on pain modulation and 

core muscle function among patients with CNLBP compared to traditional lumbar 

support. Furthermore, a clinical trial evaluating the long-term clinical effects of the 

innovative lumbar support comprising hot pack and core muscle activation feedback also 

provided the overall benefits in low back pain management, the morphology of core 

muscles, lumbopelvic stability control, quality of life, and disability-related low back pain 

for people with CNLBP. The improvements were maintained at a 3-month follow-up.  
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CHAPTER 4 

Discussion 

 This thesis aimed to develop innovative lumbar support comprising hot pack and 

core muscle activation feedback and provide evidence towards its effectiveness in 

managing patients with chronic non-specific low back pain. The first study in this thesis 

demonstrated that lumbar support seemed to be beneficial when used in conjunction with 

the conventional treatment for managing low back pain. The benefits were observed when 

wearing lumbar support 6 - 8 hours daily at least a month. The first study also provided a 

guideline for the prescription of using lumbar support in the study of the effectiveness of 

the developed innovative lumbar support in this thesis. The second study showed that the 

developed sensor device in the innovative lumbar support for providing feedback on core 

muscle activation was reliable and accurate enough to be used in clinical practice. The 

second study also helps to confirm that the developed device can be used to provide 

feedback for core muscle exercise. The third study demonstrated potential physiological 

effects of innovative lumbar support comprising hot pack and core muscle activation 

feedback on pain modulation and core muscle function that were observed after a session 

of 20-minute use. The observed physiological changes were also superior to traditional 

lumbar support in improving low back pain, mechanical and thermal pain tolerance, core 

muscle morphology and function, quality of life, and disability-related low back pain. 

The third study results suggested the effectiveness of innovative lumbar support in 

managing low back pain in persons with chronic non-specific low back pain. The findings 

of this thesis highlight the potential benefits of innovative lumbar support comprising hot 

pack and core muscle activation feedback, which was developed. Despite the fact that 

lumbar support has been widely prescribed to persons who suffer low back pain and is 

also used to prevent lower back injuries in the workplace (7, 122). Various studies had 

reported the mechanism of action of lumbar support, such as the restriction of lumbar 

spinal movement, increased 



 

83 

stabilization of the spine, decreased the mechanical load on the trunk, increased intra-

abdominal pressure, as well as maintain correct posture (17, 110, 153). In addition, 

several clinical studies revealed that lumbar support was significantly effective in 

relieving low back pain, improving quality of life and functional capacity, decreasing the 

frequency of low back pain symptoms as well as reducing direct costs of healthcare (21, 

22, 111, 126-128). Also, patients with low back pain reported more confidence to perform 

physical activities because they felt safer and more stable when wearing lumbar support 

(135, 154). Although, Cochrane systematic review mentioned that lumbar support alone 

might not be more effective than no intervention in preventing or treating CLBP (123). 

Possibly, the lumbar support might be more effective when incorporating exercises and 

usual care of CLBP management as presented in the first study. Besides, prolonged use 

of lumbar support is reported to cause trunk muscle weakness and decreased trunk muscle 

activity (112, 135). According to these challenges, there was an idea to redesign lumbar 

support, which might be more effective than traditional lumbar support. 

Innovative lumbar support in this thesis was developed with built-in additional 

features such as superficial heat therapy and biofeedback to exercise the core muscles, 

which has been reported as the effective intervention for LBP management (8, 10, 39, 

119, 120). Innovative lumbar support was redesigned with shoulder straps to improve 

upper trunk posture, superficial moist heat component to back muscles for pain relief and 

improving blood circulation, and the feedback sensor device for activating core muscles. 

The feedback sensor's reliability and validity were investigated in the second study, which 

presented excellent test-retest reliability and moderate correlation with gold standard 

ultrasound measurement. This helped support that the feedback sensor could be used in 

clinical practice. However, before the innovative lumbar support can be widely used, it 

needs to be investigated its effectiveness in managing back pain compared with the 

traditional one. The findings in the third study provide evidence to support its potential 

application. The third study demonstrated that the 20-minute use of the innovative lumbar 

support comprising hot pack and core muscle exercise could induce physiological 

changes as detected by an increase of tissue blood flow in the lower back region. In 

contrast, this change was not seen in traditional lumbar support. This result suggested that 

wearing innovative lumbar support with a hot pack and/or core muscle exercise could 

improve the circulatory at the affected area. Superficial heat therapy has been known to 
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improve blood circulation, which helps to deliver oxygen and nutrient for the healing 

process as well as eliminate the waste product from the pathological area (114). Also, 

heat can induce endorphin secretion, which affects pain reduction. Moreover, exercise 

can also improve blood circulation, as observed in participants who received core muscle 

exercise. This result is consistent with the previous study, which demonstrated that a 

single lumbopelvic stability training session could increase tissue blood flow at the 

lumbar region by approximately 54% (89). Exercise training has been reported to increase 

the capillary network, decrease lactic acid production in the muscle and blood to promote 

skeletal muscle oxygenation (155). These might be caused by greater pain relief in 

innovative lumbar support. The third study results showed the immediate effect of core 

muscle exercise with feedback sensors in improving core muscle function and ability to 

control lumbopelvic stability. This result suggested that participants were able to recruit 

muscle tone, as observed in increased muscle size. An increase in core muscle size has 

also been reported in the previous study after lumbopelvic stability training (149).  

Furthermore, the third study also demonstrated the effectiveness of using 

innovative lumbar support at home or workplace for 8 weeks. The results indicated that 

all groups had a similar effect in pain relief during the intervention period, but participants 

in the innovative lumbar support with a hot pack and core muscle exercise reported a 

lower pain intensity than the traditional lumbar support at 3-month follow-up. This 

suggested that the additional features might provide a superior and longer-lasting effect 

in pain modulation. This notion was supported by an increase in mechanical and thermal 

pain tolerance, which could be observed in the innovative lumbar support with hot pack 

and/or core muscle exercise. Hypersensitivity, especially to mechanical stimuli observed 

in chronic pain conditions, suggested pathophysiological alterations in the central nervous 

system (79). In chronic low back pain, the dorsal neuron might be sensitized by 

nociceptive impulses from the lumbopelvic region due to poor motor control and 

instability. Probably, the source of constant pain from the lumbopelvic region due to 

peripheral sensitization drives to central sensitization. This phenomenon may lead to 

decrease pain tolerance and increase pain perception. In addition, impaired motor control 

of the lumbopelvic region may lead to hypermobility, recurrent microtrauma, and 

subsequent nociceptive impulses. Innovative lumbar support could provide lumbopelvic 

stability and served motor control improvement, and then it was possible to control 
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peripheral nociceptive drive (48). This was supported by decreased pain intensity and 

decreased mechanical and thermal pain tolerance in the innovative lumbar support 

groups. As expected, the improvement in core muscle function and lumbopelvic stability 

control was observed in participants who performed core muscle exercise. However, the 

decrease in core muscle function after applying lumbar support for 8 weeks was not seen 

in this study. It was inconsistent with the previous study (112), which reported 8-week 

using lumbar support could induce impairment in core muscle function. It might possibly 

be due to the differences in characteristics of the participants, prescription, and type of 

lumbar support. Finally, the participants in all groups reported an improvement in health-

related quality of life and disability-related low back pain at all periods of assessment. A 

more significant improvement was observed in participants who received innovative 

lumbar support compared to traditional lumbar support. 

Overall, the findings in this thesis suggested that lumbar support is an effective 

tool as a supplement to conservative treatment. LS may be suggested as an additional 

management tool for patients with low back pain. The findings also demonstrated that the 

innovative lumbar support comprising hot pack and core muscle activation feedback 

effectively reduced pain perception, pain tolerance, core muscle function, quality of life, 

and disability in persons with chronic non-specific low back pain. It may be considered 

as an additional therapeutic device for patients who have limitations to travel to the 

medical care unit for managing their low back pain symptoms by themselves at home or 

workplace (e.g., home-office based). 

Nevertheless, this thesis has some limitations, as previously mentioned in the 

discussion sections of study I, II, and III. Such limitations may hinder the generalizability 

of the studies. Therefore, the study findings should be interpreted with caution. 

Particularly in clinical practice, clinicians have to consider how the findings can be 

applied to individual patients. The suggestions given by this thesis must be tailored to the 

individual context. 
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CHAPTER 5 

Conclusion 

 This thesis focused on the development of a new therapeutic device for low back 

pain management. Lumbar support is one of the common devices that has been prescribed 

to patients with low back pain. Although, the effectiveness and clinical application of 

lumbar support are questioned in current scientific evidence.  

Therefore, the first part of this study investigated the effectiveness of using lumbar 

support in the management of low back pain. The study indicates that lumbar support 

seemed to be effective in low back pain management when incorporated with the usual 

care. The effectiveness of lumbar support was observed when wearing lumbar support for 

6 – 8 hours at least one month. This finding was further used as the prescription in the 

study of the effectiveness of innovative lumbar support. 

 The second part of this study investigated the reliability and validity of the 

feedback sensor device in detecting core muscle activation. The study indicates that the 

innovative device had acceptable reliability and accuracy for indicating transversus 

abdominis muscle activation. This finding suggested the potential benefit in clinical use. 

 The third part of this study investigated the effectiveness of innovative lumbar 

support comprising hot pack and core muscle activation feedback on pain modulation, 

core muscle function, quality of life, and disability. The study indicates that innovative 

lumbar support is more effective than traditional lumbar support in improving pain, core 

muscle function, quality of life, and disability in persons with chronic non-specific low 

back pain. It could be considered as an additional therapeutic device for patients to 

manage their low back pain symptoms by themselves. 

 In summary, this thesis provides a new therapeutic device for low back pain 

management. Innovative lumbar support developed in this study has effectiveness in 
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pain modulation, core muscle function improvement, quality of life, and disability in 

patients with chronic non-specific low back pain. 



 

88 

REFERENCES 

1. Balagué F, Mannion AF, Pellisé F, Cedraschi C. Non-specific low back 

pain. The Lancet. 2012;379(9814):482-91. 

2. Waddell G, Burton AK. Concepts of rehabilitation for the management of 

low back pain. Best Practice & Research Clinical Rheumatology. 

2005;19(4):655-70. 

3. Kaplan W, Wirtz V, Mantel A, Béatrice P. Priority medicines for Europe 

and the world update 2013 report. Methodology. 2013;2(7):99-102. 

4. French SD, Cameron M, Walker BF, Reggars JW, Esterman AJ. 

Superficial heat or cold for low back pain. Cochrane Database of 

Systematic Reviews. 2006(1). 

5. Chou R, Huffman LH. Nonpharmacologic therapies for acute and chronic 

low back pain: a review of the evidence for an American Pain 

Society/American College of Physicians clinical practice guideline. 

Annals of Internal Medicine. 2007;147(7):492-504. 

6. Rackwitz B, de Bie R, Limm H, von Garnier K, Ewert T, Stucki G. 

Segmental stabilizing exercises and low back pain. What is the evidence? 

A systematic review of randomized controlled trials. Clinical 

Rehabilitation. 2006;20(7):553-67. 

7. Jellema P, van Tulder MW, van Poppel MN, Nachemson AL, Bouter LM. 

Lumbar supports for prevention and treatment of low back pain: a 

systematic review within the framework of the Cochrane Back Review 

Group. Spine. 2001;26(4):377-86. 

8. Lewis SE, Holmes PS, Woby SR, Hindle J, Fowler NE. Short-term effect 

of superficial heat treatment on paraspinal muscle activity, stature 

recovery, and psychological factors in patients with chronic low back pain. 

Archives of Physical Medicine and Rehabilitation. 2012;93(2):367-72.



 

89 

9. Mayer JM, Mooney V, Matheson LN, Erasala GN, Verna JL, Udermann 

BE, et al. Continuous low-level heat wrap therapy for the prevention and 

early phase treatment of delayed-onset muscle soreness of the low back: a 

randomized controlled trial. Archives of Physical Medicine and 

Rehabilitation. 2006;87(10):1310-7. 

10. Lloyd A, Scott DA, Akehurst RL, Lurie Luke E, Jessen G. Cost 

Effectiveness of Low Level Heat Wrap Therapy for Low Back Pain. Value 

in Health. 2004;7(4):413-22. 

11. Vasseljen O, Unsgaard-Tøndel M, Westad C, Mork PJ. Effect of core 

stability exercises on feed-forward activation of deep abdominal muscles 

in chronic low back pain: a randomized controlled trial. Spine. 

2012;37(13):1101-8. 

12. Hodges PW, Richardson CA. Inefficient muscular stabilization of the 

lumbar spine associated with low back pain: a motor control evaluation of 

transversus abdominis. Spine. 1996;21(22):2640-50. 

13. Wang X-Q, Zheng J-J, Yu Z-W, Bi X, Lou S-J, Liu J, et al. A meta-analysis 

of core stability exercise versus general exercise for chronic low back pain. 

PloS one. 2012;7(12):e52082. 

14. Hides JA, Jull GA, Richardson CA. Long-term effects of specific 

stabilizing exercises for first-episode low back pain. Spine. 

2001;26(11):e243-e8. 

15. Rasmussen-Barr E, Nilsson-Wikmar L, Arvidsson I. Stabilizing training 

compared with manual treatment in sub-acute and chronic low-back pain. 

Manual Therapy. 2003;8(4):233-41. 

16. Hebert JJ, Koppenhaver SL, Magel JS, Fritz JM. The relationship of 

transversus abdominis and lumbar multifidus activation and prognostic 

factors for clinical success with a stabilization exercise program: a cross-

sectional study. Archives of Physical Medicine and Rehabilitation. 

2010;91(1):78-85. 

17. Van Poppel MN, de Looze MP, Koes BW, Smid T, Bouter LM. 

Mechanisms of action of lumbar supports: a systematic review. Spine. 

2000;25(16):2103-13. 



 

90 

18. Saito H, Sekiguchi M, Yamada H, Kubota T, Shigihara T, Iwasaki T, et al. 

Comparison of postural changes and muscle fatigue between two types of 

lumbar support: a prospective longitudinal study. Fukushima Journal of 

Medical Science. 2014. 

19. Barron BA, Feuerstein M. Industrial back belts and low back pain: 

mechanisms and outcomes. Journal of Occupational Rehabilitation. 

1994;4(3):125-39. 

20. Kurustien N, Mekhora K, Jalayondeja W, Nanthavanij S. Trunk stabilizer 

muscle activity during manual lifting with and without back belt use in 

experienced workers. Journal of the Medical Association of Thailand. 

2014;97:S75. 

21. Calmels P, Queneau P, Hamonet C, Le Pen C, Maurel F, Lerouvreur C, et 

al. Effectiveness of a lumbar belt in subacute low back pain: an open, 

multicentric, and randomized clinical study. Spine. 2009;34(3):215-20. 

22. Chiou W-K, Chen W-J, Lin Y-H, Wong M-K. The functional evaluation 

of a back belt rehabilitation for low-back pain patients. International 

Journal of Industrial Ergonomics. 2000;26(6):615-23. 

23. Dawson AP, McLennan SN, Schiller SD, Jull GA, Hodges PW, Stewart S. 

Interventions to prevent back pain and back injury in nurses: a systematic 

review. Occupational and Environmental Medicine. 2007;64(10):642-50. 

24. Krismer M, Van Tulder M. Low back pain (non-specific). Best Practice & 

Research Clinical Rheumatology. 2007;21(1):77-91. 

25. Pengel LH, Herbert RD, Maher CG, Refshauge KM. Acute low back pain: 

systematic review of its prognosis. BMJ. 2003;327(7410):323. 

26. Koes B, Van Tulder M, Thomas S. Diagnosis and treatment of low back 

pain. BMJ. 2006;332(7555):1430-4. 

27. Croft PR, Macfarlane GJ, Papageorgiou AC, Thomas E, Silman AJ. 

Outcome of low back pain in general practice: a prospective study. BMJ. 

1998;316(7141):1356. 

28. O’Sullivan P. Diagnosis and classification of chronic low back pain 

disorders: maladaptive movement and motor control impairments as 

underlying mechanism. Manual Therapy. 2005;10(4):242-55. 



 

91 

29. Wáng YXJ, Wáng J-Q, Káplár Z. Increased low back pain prevalence in 

females than in males after menopause age: evidences based on synthetic 

literature review. Quantitative Imaging in Medicine and Surgery. 

2016;6(2):199. 

30. Heuch I, Heuch I, Hagen K, Zwart J-A. Association between body height 

and chronic low back pain: a follow-up in the Nord-Trøndelag Health 

Study. BMJ Open. 2015;5(6). 

31. Shiri R, Karppinen J, Leino-Arjas P, Solovieva S, Viikari-Juntura E. The 

association between obesity and low back pain: a meta-analysis. American 

Journal of Epidemiology. 2010;171(2):135-54. 

32. Mayer JM, Nuzzo JL, Chen R, Quillen WS, Verna JL, Miro R, et al. The 

impact of obesity on back and core muscular endurance in firefighters. 

Journal of Obesity. 2012;2012. 

33. Shiri R, Karppinen J, Leino-Arjas P, Solovieva S, Viikari-Juntura E. The 

association between smoking and low back pain: a meta-analysis. The 

American Journal of Medicine. 2010;123(1):87. e7-. e35. 

34. Nordin M, Balague F, Cedraschi C. Nonspecific lower-back pain: surgical 

versus nonsurgical treatment. Clinical Orthopaedics and Related Research. 

2006;443:156-67. 

35. Chou R, Deyo R, Friedly J, Skelly A, Hashimoto R, Weimer M, et al. 

Noninvasive treatments for low back pain. Rockville: Agency for 

Healthcare Research and Quality (US). 2016. 

36. Dagenais S, Tricco AC, Haldeman S. Synthesis of recommendations for 

the assessment and management of low back pain from recent clinical 

practice guidelines. The Spine Journal. 2010;10(6):514-29. 

37. Shen FH, Samartzis D, Andersson GB. Nonsurgical management of acute 

and chronic low back pain. JAAOS-Journal of the American Academy of 

Orthopaedic Surgeons. 2006;14(8):477-87. 

38. Tao XG, Bernacki EJ. A randomized clinical trial of continuous low-level 

heat therapy for acute muscular low back pain in the workplace. Journal of 

Occupational and Environmental Medicine. 2005;47(12):1298-306. 



 

92 

39. Mayer JM, Ralph L, Look M, Erasala GN, Verna JL, Matheson LN, et al. 

Treating acute low back pain with continuous low-level heat wrap therapy 

and/or exercise: a randomized controlled trial. The Spine Journal. 

2005;5(4):395-403. 

40. van Dieën JH, Selen LP, Cholewicki J. Trunk muscle activation in low-

back pain patients, an analysis of the literature. Journal of 

Electromyography and Kinesiology. 2003;13(4):333-51. 

41. Critchley DJ, Coutts FJ. Abdominal muscle function in chronic low back 

pain patients: measurement with real-time ultrasound scanning. 

Physiotherapy. 2002;88(6):322-32. 

42. Mannion A, Käser L, Weber E, Rhyner A, Dvorak J, Müntener M. 

Influence of age and duration of symptoms on fibre type distribution and 

size of the back muscles in chronic low back pain patients. European Spine 

Journal. 2000;9(4):273-81. 

43. McMeeken JM, Beith ID, Newham DJ, Milligan P, Critchley DJ. The 

relationship between EMG and change in thickness of transversus 

abdominis. Clinical Biomechanics. 2004;19(4):337-42. 

44. Wallwork TL, Stanton WR, Freke M, Hides JA. The effect of chronic low 

back pain on size and contraction of the lumbar multifidus muscle. Manual 

Therapy. 2009;14(5):496-500. 

45. Boden S, Davis D, Dina T, Patronas N, Wiesel S. Abnormal magnetic-

resonance scans of the lumbar spine in asymptomatic subjects. A 

prospective investigation.  The Journal of Bone and Joint Surgery. 1990; 

72(3):403-8.  

46. Hodges PW, Moseley GL. Pain and motor control of the lumbopelvic 

region: effect and possible mechanisms. Journal of Electromyography and 

Kinesiology. 2003;13(4):361-70. 

47. Ferreira PH, Ferreira ML, Hodges PW. Changes in recruitment of the 

abdominal muscles in people with low back pain: ultrasound measurement 

of muscle activity. Spine. 2004;29(22):2560-6. 



 

93 

48. Panjabi MM. The stabilizing system of the spine. Part I. Function, 

dysfunction, adaptation, and enhancement. Journal of Spinal Disorders. 

1992;5:383-9. 

49. Maughan EF, Lewis JS. Outcome measures in chronic low back pain. 

European Spine Journal. 2010;19(9):1484-94. 

50. Hagins M, Adler K, Cash M, Daugherty J, Mitrani G. Effects of Practice 

on the Ability to Perform Lumbar Stabilization Exercises. Journal of 

Orthopaedic & Sports Physical Therapy. 1999;29(9):546-55. 

51. Litcher-Kelly L, Martino SA, Broderick JE, Stone AA. A systematic 

review of measures used to assess chronic musculoskeletal pain in clinical 

and randomized controlled clinical trials. The Journal of Pain. 

2007;8(12):906-13. 

52. Von Korff M, Jensen MP, Karoly P. Assessing global pain severity by self-

report. Economics of Neuroscience. 2002;4(2):34-9. 

53. Kettenmann B, Wille C, Lurie-Luke E, Walter D, Kobal G. Impact of 

continuous low level heatwrap therapy in acute low back pain patients: 

subjective and objective measurements. The Clinical Journal of Pain. 

2007;23(8):663-8. 

54. Torstensen TA, Ljunggren AE, Meen HD, Odland E, Mowinckel P, af 

Geijerstam S. Efficiency and costs of medical exercise therapy, 

conventional physiotherapy, and self-exercise in patients with chronic low 

back pain: A pragmatic, randomized, single-blinded, controlled trial with 

1-year follow-up. Spine. 1998;23(23):2616-24. 

55. Aure OF, Nilsen JH, Vasseljen O. Manual therapy and exercise therapy in 

patients with chronic low back pain: a randomized, controlled trial with 1-

year follow-up. Spine. 2003;28(6):525-31. 

56. Hägg O, Fritzell P, Nordwall A. The clinical importance of changes in 

outcome scores after treatment for chronic low back pain. European Spine 

Journal. 2003;12(1):12-20. 

57. Unruh AM. Gender variations in clinical pain experience. Pain. 1996;65(2-

3):123-67. 



 

94 

58. Berkley KJ. Sex differences in pain. Behavioral and Brain Sciences. 

1997;20(3):371-80. 

59. Averill PM, Novy DM, Nelson DV, Berry LA. Correlates of depression in 

chronic pain patients: a comprehensive examination. Pain. 1996;65(1):93-

100. 

60. Giannakopoulos NN, Keller L, Rammelsberg P, Kronmüller K-T, 

Schmitter M. Anxiety and depression in patients with chronic 

temporomandibular pain and in controls. Journal of Dentistry. 

2010;38(5):369-76. 

61. Eliav E, Gracely RH. Measuring and assessing pain. Orofacial pain and 

headache Mosby Elsevier: Edinburgh. 2008:45-56. 

62. Imamura M, Chen J, Matsubayashi SR, Targino RA, Alfieri FM, Bueno 

DK, et al. Changes in pressure pain threshold in patients with chronic 

nonspecific low back pain. Spine. 2013;38(24):2098-107. 

63. Jensen K, Andersen HØ, Olesen J, Lindblom U. Pressure-pain threshold 

in human temporal region. Evaluation of a new pressure algometer. Pain. 

1986;25(3):313-23. 

64. Prushansky T, Dvir Z, Defrin-Assa R. Reproducibility indices applied to 

cervical pressure pain threshold measurements in healthy subjects. The 

Clinical Journal of Pain. 2004;20(5):341-7. 

65. Reeves JL, Jaeger B, Graff-Radford SB. Reliability of the pressure 

algometer as a measure of myofascial trigger point sensitivity. Pain. 

1986;24(3):313-21. 

66. Fischer AA. Pressure algometry over normal muscles. Standard values, 

validity and reproducibility of pressure threshold. Pain. 1987;30(1):115-

26. 

67. Pöntinen PJ. Reliability, validity, reproducibility of algometry in diagnosis 

of active and latent tender spots and trigger points. Journal of 

Musculoskeletal Pain. 1998;6(1):61-71. 

68. Nussbaum EL, Downes L. Reliability of clinical pressure-pain algometric 

measurements obtained on consecutive days. Physical Therapy. 

1998;78(2):160-9. 



 

95 

69. Blumenstiel K, Gerhardt A, Rolke R, Bieber C, Tesarz J, Friederich H-C, 

et al. Quantitative sensory testing profiles in chronic back pain are distinct 

from those in fibromyalgia. The Clinical Journal of Pain. 2011;27(8):682-

90. 

70. Farasyn A, Meeusen R. The influence of non-specific low back pain on 

pressure pain thresholds and disability. European Journal of Pain. 

2005;9(4):375-81. 

71. Özdolap Ş, Sarikaya S, Köktürk F. Evaluation of Pain Pressure Threshold 

and Widespread Pain in Chronic Low Back Pain. Turkish Journal of 

Physical Medicine & Rehabilitation/Turkiye Fiziksel Tip ve 

Rehabilitasyon Dergisi. 2014;60(1). 

72. Chesterton LS, Barlas P, Foster NE, Baxter GD, Wright CC. Gender 

differences in pressure pain threshold in healthy humans. Pain. 

2003;101(3):259-66. 

73. Giles BE, Walker JS. Sex differences in pain and analgesia. Pain Reviews. 

2000;7(3):181. 

74. Garcia E, Godoy-Izquierdo D, Godoy JF, Perez M, Lopez-Chicheri I. 

Gender differences in pressure pain threshold in a repeated measures 

assessment. Psychology, Health and Medicine. 2007;12(5):567-79. 

75. Neziri AY, Scaramozzino P, Andersen OK, Dickenson AH, Arendt-

Nielsen L, Curatolo M. Reference values of mechanical and thermal pain 

tests in a pain-free population. European Journal of Pain. 2011;15(4):376-

83. 

76. Rollman GB, Lautenbacher S. Sex differences in musculoskeletal pain. 

The Clinical Journal of Pain. 2001;17(1):20-4. 

77. Jensen R, Rasmussen BK, Pedersen B, Lous I, Olesen J. Cephalic muscle 

tenderness and pressure pain threshold in a general population. Pain. 

1992;48(2):197-203. 

78. Chesterton LS, Sim J, Wright CC, Foster NE. Interrater reliability of 

algometry in measuring pressure pain thresholds in healthy humans, using 

multiple raters. The Clinical Journal of Pain. 2007;23(9):760-6. 



 

96 

79. Paungmali A, Sitilertpisan P, Taneyhill K, Pirunsan U, Uthaikhup S. 

Intrarater reliability of pain intensity, tissue blood flow, thermal pain 

threshold, pressure pain threshold and lumbo-pelvic stability tests in 

subjects with low back pain. Asian Journal of Sports Medicine. 

2012;3(1):8. 

80. Edwards RR, Sarlani E, Wesselmann U, Fillingim RB. Quantitative 

assessment of experimental pain perception: multiple domains of clinical 

relevance. Pain. 2005;114(3):315-9. 

81. Defrin R, Ohry A, Blumen N, Urca G. Sensory determinants of thermal 

pain. Brain. 2002;125(3):501-10. 

82. Malmström E-M, Stjerna J, Högestätt ED, Westergren H. Quantitative 

sensory testing of temperature thresholds: Possible biomarkers for 

persistent pain? Journal of Rehabilitation Medicine. 2016;48(1):43-7. 

83. Hübscher M, Moloney N, Rebbeck T, Traeger A, Refshauge KM. 

Contributions of mood, pain catastrophizing, and cold hyperalgesia in 

acute and chronic low back pain: a comparison with pain-free controls. 

The Clinical Journal of Pain. 2014;30(10):886-93. 

84. Fillingim RB, Maddux V, Shackelford JA. Sex differences in heat pain 

thresholds as a function of assessment method and rate of rise. 

Somatosensory & Motor Research. 1999;16(1):57-62. 

85. Edwards RR, Fillingim RB, Ness TJ. Age-related differences in 

endogenous pain modulation: a comparison of diffuse noxious inhibitory 

controls in healthy older and younger adults. Pain. 2003;101(1-2):155-65. 

86. Harkins SW, Price DD, Martelli M. Effects of age on pain perception: 

thermonociception. Journal of Gerontology. 1986;41(1):58-63. 

87. Chakour M, Gibson S, Bradbeer M, Helme R. The effect of age on Aδ-and 

C-fibre thermal pain perception. Pain. 1996;64(1):143-52. 

88. Meints SM, Mawla I, Napadow V, Kong J, Gerber J, Chan S-T, et al. The 

relationship between catastrophizing and altered pain sensitivity in 

patients with chronic low back pain. Pain. 2019;160(4):833-43. 

89. Paungmali A, Henry LJ, Sitilertpisan P, Pirunsan U, Uthaikhup S. 

Improvements in tissue blood flow and lumbopelvic stability after 



 

97 

lumbopelvic core stabilization training in patients with chronic non-

specific low back pain. Journal of Physical Therapy Science. 

2016;28(2):635-40. 

90. Zegarra-Parodi R, Park PYS, Heath DM, Makin IRS, Degenhardt BF, 

Roustit M. Assessment of skin blood flow following spinal manual 

therapy: a systematic review. Manual Therapy. 2015;20(2):228-49. 

91. Baker RJ, Bell GW. The effect of therapeutic modalities on blood flow in 

the human calf. Journal of Orthopaedic & Sports Physical Therapy. 

1991;13(1):23-7. 

92. Okada K, Yamaguchi T, Minowa K, Inoue N. The influence of hot pack 

therapy on the blood flow in masseter muscles. Journal of Oral 

Rehabilitation. 2005;32(7):480-6. 

93. Stefane T, Santos AMd, Marinovic A, Hortense P. Chronic low back pain: 

pain intensity, disability and quality of life. Acta Paulista de Enfermagem. 

2013;26(1):14-20. 

94. Smeets R, Köke A, Lin CW, Ferreira M, Demoulin C. Measures of 

function in low back pain/disorders: Low back pain rating scale (LBPRS), 

oswestry disability index (ODI), progressive isoinertial lifting evaluation 

(PILE), quebec back pain disability scale (QBPDS), and Roland Morris 

Disability Questionnaire (RDQ). Arthritis Care & Research. 

2011;63(S11):S158-S73. 

95. Sanjaroensuttikul N. The Oswestry low back pain disability questionnaire 

(version 1.0) Thai version. Journal Medical Association of Thailand. 

2007;90(7):1417. 

96. Nimanussornkul T. Reliability of oswestry disability index (version 1.0) 

Thai version for chronic low back pain with radiculopathy. 

Buddhachinaraj Medicine Journal. 2008;25:337-46. 

97. Taylor SJ, Taylor AE, Foy MA, Fogg AJ. Responsiveness of common 

outcome measures for patients with low back pain. Spine. 

1999;24(17):1805. 

98. Jirarattanaphochai K, Jung S, Sumananont C, Saengnipanthkul S. 

Reliability of the medical outcomes study short-form survey version 2.0 



 

98 

(Thai version) for the evaluation of low back pain patients. Journal 

Medical Association of Thailand. 2005;88(10):1355. 

99. Resnik L, Dobrzykowski E. Guide to outcomes measurement for patients 

with low Back rain syndromes. Journal of Orthopaedic & Sports Physical 

Therapy. 2003;33(6):307-18. 

100. Kiesel KB, Uhl TL, Underwood FB, Rodd DW, Nitz AJ. Measurement of 

lumbar multifidus muscle contraction with rehabilitative ultrasound 

imaging. Manual Therapy. 2007;12(2):161-6. 

101. Hodges P, Pengel L, Herbert R, Gandevia S. Measurement of muscle 

contraction with ultrasound imaging. Muscle & Nerve: Official Journal of 

the American Association of Electrodiagnostic Medicine. 2003;27(6):682-

92. 

102. Mens JM, Vleeming A, Snijders CJ, Koes BW, Stam HJ. Reliability and 

validity of the active straight leg raise test in posterior pelvic pain since 

pregnancy. Spine. 2001;26(10):1167-71. 

103. Roussel NA, Nijs J, Truijen S, Smeuninx L, Stassijns G. Low back pain: 

clinimetric properties of the Trendelenburg test, active straight leg raise 

test, and breathing pattern during active straight leg raising. Journal of 

Manipulative and Physiological Therapeutics. 2007;30(4):270-8. 

104. Liebenson C, Karpowicz AM, Brown SH, Howarth SJ, McGill SM. The 

active straight leg raise test and lumbar spine stability. Physical Medicine 

and Rehabilitation. 2009;1(6):530-5. 

105. Mens JM, Damen L, Snijders CJ, Stam HJ. The mechanical effect of a 

pelvic belt in patients with pregnancy-related pelvic pain. Clinical 

Biomechanics. 2006;21(2):122-7. 

106. Beales DJ, O'Sullivan PB, Briffa NK. The effects of manual pelvic 

compression on trunk motor control during an active straight leg raise in 

chronic pelvic girdle pain subjects. Manual Therapy. 2010;15(2):190-9. 

107. Bjerkefors A, Ekblom MM, Josefsson K, Thorstensson A. Deep and 

superficial abdominal muscle activation during trunk stabilization 

exercises with and without instruction to hollow. Manual Therapy. 

2010;15(5):502-7. 



 

99 

108. Schroeder S, Rössler H, Ziehe P, Higuchi F. Bracing and supporting of the 

lumbar spine. Prosthetics and Orthotics International. 1982;6(3):139-46. 

109. Ammendolia C, Kerr MS, Bombardier C. Back belt use for prevention of 

occupational low back pain: a systematic review. Journal of Manipulative 

and Physiological Therapeutics. 2005;28(2):128-34. 

110. Nachemson A, Schultz A, Andersson G. Mechanical effectiveness studies 

of lumbar spine orthoses. Scandinavian Journal of Rehabilitation Medicine 

Supplement. 1983;9:139. 

111. Roelofs PD, Bierma-Zeinstra SM, van Poppel MN, van Mechelen W, Koes 

BW, van Tulder MW. Cost-effectiveness of lumbar supports for home care 

workers with recurrent low back pain: an economic evaluation alongside a 

randomized-controlled trial. Spine. 2010;35(26):E1619-E26. 

112. Rostami M, Noormohammadpour P, Sadeghian AH, Mansournia MA, 

Kordi R. The effect of lumbar support on the ultrasound measurements of 

trunk muscles: a single-blinded randomized controlled trial. Physical 

Medicine and RehabilitationPM. 2014;6(4):302-8. 

113. Nadler SF, Steiner DJ, Petty SR, Erasala GN, Hengehold DA, Weingand 

KW. Overnight use of continuous low-level heatwrap therapy for relief of 

low back pain. Archives of Physical Medicine and Rehabilitation. 

2003;84(3):335-42. 

114. Lehmann JF, Warren CG, Scham SM. Therapeutic heat and cold. Clinical 

Orthopaedics and Related Research. 1974;99:207-45. 

115. Pensri P, Foster NE, Srisuk S, Baxter GD, McDonough SM. Physiotherapy 

management of low back pain in Thailand: a study of practice. 

Physiotherapy Research International. 2005;10(4):201-12. 

116. Akuthota V, Ferreiro A, Moore T, Fredericson M. Core stability exercise 

principles. Current Sports Medicine Reports. 2008;7(1):39-44. 

117. Hodges PW. Is there a role for transversus abdominis in lumbo-pelvic 

stability? Manual Therapy. 1999;4(2):74-86. 

118. Hodges PW. Core stability exercise in chronic low back pain. Orthopedic 

Clinics. 2003;34(2):245-54. 



 

100 

119. O'Sullivan PB, Phyty GDM, Twomey LT, Allison GT. Evaluation of 

specific stabilizing exercise in the treatment of chronic low back pain with 

radiologic diagnosis of spondylolysis or spondylolisthesis. Spine. 

1997;22(24):2959-67. 

120. Hicks GE, Fritz JM, Delitto A, McGill SM. Preliminary development of a 

clinical prediction rule for determining which patients with low back pain 

will respond to a stabilization exercise program. Archives of Physical 

Medicine and Rehabilitation. 2005;86(9):1753-62. 

121. Demoulin C, Distree V, Tomasella M, Crielaard J-M, Vanderthommen M, 

editors. Lumbar functional instability: a critical appraisal of the literature. 

Annales de readaptation et de medecine physique. 2007;50(8):677-684. 

122. Van Tulder M, Jellema P, Van Poppel M, Nachemson A, Bouter L. 

Lumbar supports for prevention and treatment of low back pain (Cochrane 

Review). The Cochrane Library. 2001(3). 

123. van Duijvenbode I, Jellema P, van Poppel M, van Tulder M. Lumbar 

supports for prevention and treatment of low back pain. The Cochrane 

Database of Systematic Reviews. 2008(2):CD001823. 

124. Foley NC, Teasell RW, Bhogal SK, Speechley MR. Stroke rehabilitation 

evidence-based review: methodology. Topics in Stroke Rehabilitation. 

2003;10(1):1-7. 

125. Van Tulder M, Furlan A, Bombardier C, Bouter L, Group EBotCCBR. 

Updated method guidelines for systematic reviews in the cochrane 

collaboration back review group. Spine. 2003;28(12):1290-9. 

126. Morrisette DC, Cholewicki J, Patenge WF, Logan S, Seif G, McGowan S. 

A randomized clinical trial comparing extensible and inextensible 

lumbosacral orthoses and standard care alone in the management of lower 

back pain. Spine. 2014;39(21):1733. 

127. Oleske DM, Lavender SA, Andersson GB, Kwasny MM. Are back 

supports plus education more effective than education alone in promoting 

recovery from low back pain?: Results from a randomized clinical trial. 

Spine. 2007;32(19):2050-7. 



 

101 

128. Roelofs PD, Bierma-Zeinstra SM, van Poppel MN, Jellema P, Willemsen 

SP, van Tulder MW, et al. Lumbar supports to prevent recurrent low back 

pain among home care workers: a randomized trial. Annals of Internal 

Medicine. 2007;147(10):685-92. 

129. van Poppel MN, Koes BW, van der Ploeg T, Smid T, Bouter LM. Lumbar 

supports and education for the prevention of low back pain in industry: a 

randomized controlled trial. JAMA. 1998;279(22):1789-94. 

130. Sato N, Sekiguchi M, Kikuchi S, Shishido H, Sato K, Konno S. Effects of 

long-term corset wearing on chronic low back pain. Fukushima Journal of 

Medical Science. 2012;58(1):60-5. 

131. Atkinson G, Nevill AM. Statistical methods for assessing measurement 

error (reliability) in variables relevant to sports medicine. Sports Medicine. 

1998;26(4):217-38. 

132. Teyhen DS, Miltenberger CE, Deiters HM, Del Toro YM, Pulliam JN, 

Childs JD, et al. The use of ultrasound imaging of the abdominal drawing-

in maneuver in subjects with low back pain. Journal of Orthopaedic & 

Sports Physical Therapy. 2005;35(6):346-55. 

133. Miura T, Yamanaka M, Ukishiro K, Tohyama H, Saito H, Samukawa M, 

et al. Individuals with chronic low back pain do not modulate the level of 

transversus abdominis muscle contraction across different postures. 

Manual Therapy. 2014;19(6):534-40. 

134. Lee S, Han S, Lee D. Comparison of abdominal muscle thickness 

according to feedback method used during abdominal hollowing exercise. 

Journal of Physical Therapy Science. 2016;28(9):2519-21. 

135. Cholewicki J, McGill KC, Shah KR, Lee AS. The effects of a three-week 

use of lumbosacral orthoses on trunk muscle activity and on the muscular 

response to trunk perturbations. BMC Musculoskeletal Disorders. 

2010;11(1):1-10. 

136. Fayolle-Minon I, Calmels P. Effect of wearing a lumbar orthosis on trunk 

muscles: study of the muscle strength after 21 days of use on healthy 

subjects. Joint Bone Spine. 2008;75(1):58-63. 



 

102 

137. Schulz KF, Altman DG, Moher D, Group C. CONSORT 2010 statement: 

updated guidelines for reporting parallel group randomised trials. Trials. 

2010;11(1):32. 

138. Hides JA, Cooper DH, Stokes MJ. Diagnostic ultrasound imaging for 

measurement of the lumbar multifidus muscle in normal young adults. 

Physiotherapy Theory and Practice. 1992;8(1):19-26. 

139. Cohen J. Statistical power analysis for the behavioural sciences: London: 

Academic Press; 1977. 

140. Dissanguan D, Sitilertpisan P, Kiatwattanacharoen S, Joseph LH, 

Puangmali P, Paungmali A. Reliability and Validity of the Feedback 

Sensor for Activating the Transversus Abdominis Muscle. The Open 

Biomedical Engineering Journal. 2019;13(1). 

141. Walk D, Sehgal N, Moeller-Bertram T, Edwards RR, Wasan A, Wallace 

M, et al. Quantitative sensory testing and mapping: a review of 

nonautomated quantitative methods for examination of the patient with 

neuropathic pain. The Clinical Journal of Pain. 2009;25(7):632-40. 

142. Neziri AY, Curatolo M, Limacher A, Nüesch E, Radanov B, Andersen 

OK, et al. Ranking of parameters of pain hypersensitivity according to 

their discriminative ability in chronic low back pain. PAIN®. 

2012;153(10):2083-91. 

143. de Groot M, Pool-Goudzwaard A, Spoor C, Snijders C. The active straight 

leg raising test (ASLR) in pregnant women: differences in muscle activity 

and force between patients and healthy subjects. Manual Therapy. 

2008;13(1):68-74. 

144. Mens JM, Huis YH, Pool-Goudzwaard A. The Active Straight Leg Raise 

test in lumbopelvic pain during pregnancy. Manual therapy. 

2012;17(4):364-8. 

145. Ostelo RW, de Vet HC. Clinically important outcomes in low back pain. 

Best Practice & Research Clinical Rheumatology. 2005;19(4):593-607. 

146. McCabe C, Haigh R, Halligan P, Blake D. Simulating sensory–motor 

incongruence in healthy volunteers: implications for a cortical model of 

pain. Rheumatology. 2005;44(4):509-16. 



 

103 

147. Paungmali A, Joseph LH, Sitilertpisan P, Pirunsan U, Uthaikhup S. 

Lumbopelvic core stabilization exercise and pain modulation among 

individuals with chronic nonspecific low back pain. Pain Practice. 

2017;17(8):1008-14. 

148. Urquhart DM, Barker PJ, Hodges PW, Story IH, Briggs CA. Regional 

morphology of the transversus abdominis and obliquus internus and 

externus abdominis muscles. Clinical Biomechanics. 2005;20(3):233-41. 

149. Leonard J, Paungmali A, Sitilertpisan P, Pirunsan U, Uthaikhup S. 

Changes in Transversus Abdominis Muscle Thickness after Lumbo-Pelvic 

Core Stabilization Training among Chronic Low Back Pain Individuals. 

La Clinica Terapeutica. 2015;166(5):e312-6. 

150. O’Sullivan PB, Beales DJ, Beetham JA, Cripps J, Graf F, Lin IB, et al. 

Altered motor control strategies in subjects with sacroiliac joint pain 

during the active straight-leg-raise test. Spine. 2002;27(1):E1-E8. 

151 Boehm K, Bussing A, Ostermann T. Aromatherapy as an adjuvant 

treatment in cancer care–a descriptive systematic review. African Journal 

of Traditional, Complementary and Alternative Medicines. 2012;9(4):503-

18. 

152  Lakhan S, Sheafer H, Tepper D. The Effectiveness of Aromatherapy in 

Reducing Pain: A Systematic Review and Meta-Analysis. Pain Research 

and Treatment. 2016;2016:1-13. 

153. Cholewicki J, Juluru K, Radebold A, Panjabi MM, McGill SM. Lumbar 

spine stability can be augmented with an abdominal belt and/or increased 

intra-abdominal pressure. European Spine Journal. 1999;8(5):388-95. 

154. McNair PJ, Heine PJ. Trunk proprioception: enhancement through lumbar 

bracing. Archives of Physical Medicine and Rehabilitation. 

1999;80(1):96-9. 

155. Uchiyama K, Miaki H, Terada S, Hoso M. Effect of muscle strength 

training and muscle endurance training on muscle deoxygenation level and 

endurance performance. Journal of Physical Therapy Science. 

2011;23(2):349-55. 



 

104 

APPENDIX A 

General questionnaire (Study III) 

แบบสอบถามท่ัวไป 

ID number: …………… 

1. ข้อมูลท่ัวไป 

อาย ุ...........................ปี  เพศ    ☐   ชาย   ☐   หญิง 

น ้าหนกั.......................กิโลกรัม  ส่วนสูง............................เซนติเมตร 

อาชีพ .............................................................................. 

___________________________________________________________________________ 

2. ข้อมูลด้านสุขภาพ 
1. ท่านมีโรคประจ าตวัหรือไม่ 

☐ ไม่มี 

☐ มี โปรดระบุ............................................................................................. 
2. ในระยะเวลา 1 สัปดาห์ท่ีผา่นมา ท่านรับประทานยาหรือไม่ 

☐ ไม่ไดรั้บประทาน 

☐ รับประทาน จ านวน..........................ชนิด  
โปรดระบุช่ือยา................................................................................................... 
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3. ท่านเคยไดรั้บการผา่ตดับริเวณกระดูกสันหลงัหรือบริเวณขาทั้ง 2 ขา้งหรือไม่ 

☐    เคย  ☐   ไม่เคย 

4. ท่านเคยไดรั้บบาดเจ็บหรืออุบติัเหตุบริเวณกระดูกสันหลงัและขาทั้ง 2 ขา้ง ในช่วง 3 เดือน
ก่อนมาทดสอบหรือไม่ 

☐    เคย  ☐   ไม่เคย 
5. ท่านก าลงัอยูร่ะหวา่งตั้งครรภห์รือไม่ 

☐    ใช่  ☐   ไม่ใช่ 

_____________________________________________________________________________ 

3. ค าถามเกีย่วกบัอาการปวดหลัง 
1. ในระยะเวลา 1 เดือนท่ีผา่นมา ท่านมีอาการปวดหลงัหรือไม่ 

☐    ปวด  ☐   ไม่ปวด 

2. ท่านมีอาการปวดหรือชาร้าวลงขาทั้ง 2 ขา้งหรือไม่ 

☐    ใช่  ☐   ไม่ใช่ 
3. กรุณาระบุบริเวณท่ีท่านมีอาการปวดลงในภาพดา้นล่าง 

 
 
 

4. อาการปวดของท่านมีลกัษณะ 

☐    มีอาการเป็นๆ หายๆ ☐  มีอาการปวดติดต่อกนั 
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5. ท่านเร่ิมมีอาการปวดหลงัตั้งแต่เม่ือใด ................................................  
(ระยะเวลาท่ีปวด..........วนั/เดือน/ปี) 

6. ในระยะเวลา 7 วันท่ีผ่านมา ท่านมีอาการปวดหลงัเฉล่ียอยูใ่นระดบัใด  
(โปรดท าเคร่ืองหมายลงบนเส้นตรง) 

ไม่มีอาการปวดเลย                          ปวดมากท่ีสุด 
 
 

7. ในระยะเวลา 24 ช่ัวโมงท่ีผ่านมา ท่านมีอาการปวดหลงัเฉล่ียอยูใ่นระดบัใด  
(โปรดท าเคร่ืองหมายลงบนเส้นตรง) 

ไม่มีอาการปวดเลย                          ปวดมากท่ีสุด



 

107 

APPENDIX B 

Thai version of short form 36 (SF-36) 

แบบสอบถาม SF – 36 V2 ส าหรับประเมินสุขภาพในผู้ป่วยปวดหลงั 

ค าแนะน าการตอบแบบสอบถาม 
กรุณาตอบแบบสอบถามใหค้รบทุกขอ้ ค าถามบางขอ้อาจมีความคลา้ยคลึงกนัแต่มีความแตกต่างกนั 
โปรดใชเ้วลาประมาณ 10 นาทีอ่านและตอบค าถามแต่ละขอ้ใหถู้กตอ้งตามความเป็นจริงโดยขีด
เคร่ืองหมายถูก () ในช่อง ท่ีท่านเห็นวา่ตรงกบัลกัษณะของท่านมากท่ีสุด 
 
1. ในภาพรวม ท่านคิดวา่สุขภาพของท่าน 

ดีเยีย่ม   ดีมาก   ดี             ปานกลาง  เลว 

  ☐    ☐  ☐  ☐  ☐ 
 

2. เม่ือเปรียบเทียบกบั 1 ปีก่อน ท่านคิดวา่สุขภาพของท่านปัจจุบนัเป็นอยา่งไร? 
ปัจจุบนัดีกวา่  ปัจจุบนัดีกวา่  เท่า ๆ กบั  ปัจจุบนัเลวกวา่         ปัจจุบนัเลวกวา่ 
  ปีท่ีแล้วมาก     เลก็น้อย    ปีท่ีแล้ว  ปีท่ีแล้วเลก็น้อย             ปีท่ีแล้วมาก 

        ☐                      ☐      ☐          ☐                    ☐ 
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3.ท่านคิดวา่สุขภาพของท่านในปัจจุบนัมีผลใหท้่านท ากิจกรรมต่าง ๆ ต่อไปน้ีลดลงหรือไม่เพียงใด? 

กจิกรรม ลดลงมาก 
ลดลง
เลก็น้อย 

ไม่ลดลง
เลย 

3.1 กจิกรรมท่ีออกแรงมาก เช่นว่ิง ยกของหนกั 
เล่นกีฬาท่ีตอ้งใชแ้รงมาก 

   

3.2 กจิกรรมท่ีออกแรงปานกลาง เช่นเล่ือนโต๊ะ  
กวาดถูบา้น เล่นกีฬาเบา 

   

3.3 ยกถือของเวลาไปซ้ือของในหา้งสรรพสินคา้     

3.4 ขึ้นบนัไดหลายชั้น (จากชั้น 1 ไปชั้น 3หรือ
มากกวา่) 

   

3.5 ขึ้นบนัได 1 ชั้น (จากชั้น 1 ไปชั้น 2)     

3.6 กม้ลงเก็บของ คุกเข่า งอตวั    

3.7 เดินเป็นระยะทางมากกว่า 1 กโิลเมตร    

3.8 เดินเป็นระยะทางหลายร้อยเมตร      

3.9 เดินประมาณ 100 เมตร      

3.10 อาบน ้าหรือแต่งตวั    
 

 

4. ในช่วง 4 สัปดาห์ท่ีผา่นมา ท่านมีปัญหาการท างานหรือท ากิจวตัรประจ าวนัซ่ึงเป็นผลเน่ืองมาจาก
สุขภาพร่างกายของท่านหรือไม่? 

ปัญหาการท างานหรือกจิวัตรประจ าวัน ตลอดเวลา 
ส่วน
ใหญ่ 

บางเวลา 
ส่วน
น้อย 

ไม่ใช่ 

4.1 ตอ้งลดเวลาในการท างานหรือท า
กิจวตัร 

     

4.2 ท างานหรือท ากิจวตัรไดน้อ้ยกวา่ท่ี
ตอ้งการ 

     

4.3 ท างานหรือท ากิจวตัรบางอยา่งไม่ได ้      
4.4 ท างานหรือท ากิจวตัรไดล้ าบาก
กวา่เดิม 
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5. ในช่วง 4 สัปดาห์ท่ีผา่นมา ท่านประสบปัญหาในการท างานหรือท ากิจวตัรประจ าวนัซ่ึงเป็นผลสืบ
เน่ืองมาจากปัญหาทางอารมณ์หรือจิตใจ (เช่นรู้สึกซึมเศร้าหรือวิตกกงัวล) หรือไม่? 

ปัญหาการท างานหรือกจิวัตรประจ าวัน ตลอดเวลา 
ส่วน
ใหญ่ 

บางเวลา 
ส่วน
น้อย 

ไม่ใช่ 

5.1 ตอ้งลดเวลาในการท างานหรือท า
กิจวตัร 

     

5.2 ท าไดน้อ้ยกวา่ท่ีตอ้งการ        
5.3 ไม่สามารถท าไดอ้ยา่งระมดัระวงั
เหมือนปกติ 

     

      
6. ในช่วง 4 สัปดาห์ท่ีผา่นมา ปัญหาสุขภาพหรืออารมณ์ความรู้สึกของท่านมีผลรบกวนต่อการมี
กิจกรรมทางสังคมของท่านกบัครอบครัว เพื่อน เพื่อนบา้น หรือกลุ่มมากนอ้ยเพียงใด? 
ไม่รบกวนเลย  รบกวนเลก็น้อย       รบกวนปานกลาง     รบกวนค่อนข้างมาก     รบกวนมาก 

        ☐                        ☐                ☐                        ☐  ☐  
 

7. ท่านมีอาการปวดมากนอ้ยเพียงใด ในช่วง 4 สัปดาห์ท่ีผ่านมา? 
ไม่ปวดเลย          ปวดน้อยมาก  ปวดน้อย      ปวดปานกลาง       ปวดรุนแรง      ปวดรุนแรงมาก 

      ☐          ☐                    ☐     ☐                  ☐                  ☐ 
 
8. ในช่วง 4 สัปดาห์ท่ีผ่านมา อาการปวดรบกวนการท างาน (ทั้งท่ีท างานและท่ีบา้น) มากนอ้ยเพียงใด? 
ไม่รบกวนเลย     รบกวนเลก็น้อย     รบกวนปานกลาง     รบกวนค่อนข้างมาก      รบกวนมาก 

        ☐                        ☐  ☐         ☐              ☐ 
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9. ค าถามต่อไปน้ีเก่ียวขอ้งกบัอารมณ์ความรู้สึกท่ีเกิดขึ้นกบัท่านในช่วง 4 สัปดาห์ท่ีผ่านมา กรุณาให้
ค  าตอบท่ีตรงกบัความรู้สึกของท่านมากท่ีสุดในแต่ละค าถามเกิดขึ้นบ่อยเพียงใดในช่วง 4 สัปดาห์ท่ี
ผ่านมา? 

ความรู้สึก ตลอดเวลา ส่วนใหญ่ บางเวลา 
ส่วน
น้อย 

ไม่ใช่ 

9.1 รู้สึกกระปร้ีกระเปร่ามาก      
9.2 รู้สึกหงุดหงิดกงัวลมาก      
9.3 ซึมเศร้าไม่ร่าเริง      
9.4 รู้สึกสงบ      
9.5 รู้สึกเตม็ไปดว้ยพลงั      
9.6 รู้สึกหมดก าลงัใจ ซึมเศร้า      
9.7 รู้สึกอ่อนเพลีย ไม่มีก าลงั      
9.8 รู้สึกมีความสุขดี      
9.9 รู้สึกเบ่ือหน่าย      

 
10. ในช่วง 4 สัปดาห์ท่ีผ่านมา ปัญหาสุขภาพหรืออารมณ์ความรู้สึกของท่านมีผลรบกวนต่อเวลาการมี
กิจกรรมทางสังคมของท่าน (เช่นไปเยีย่มญาติหรือเพื่อน) มากนอ้ยเพียงใด? 

ตลอดเวลา  ส่วนใหญ่  บางเวลา  ส่วนน้อย  ไม่มีเลย 

      ☐         ☐       ☐       ☐        ☐ 
11. ขอ้ความต่อไปน้ีท่ีตรงกบัสุขภาพของท่านหรือไม่? 

 
ถูกต้อง
ท่ีสุด 

ส่วนใหญ่
ถูกต้อง 

ไม่ทราบ 
ส่วน
ใหญ่ไม่
ถูกต้อง 

ไม่
ถูกต้อง 

11.1 ไม่สบายหรือเจ็บป่วยง่ายกวา่
คนทัว่ไป 

     

11.2 มีสุขภาพดีเท่ากบัคนอ่ืนๆ      
11.3 คิดวา่สุขภาพจะเลวลง      
11.4 มีสุขภาพดีเยีย่ม      
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APPENDIX C 

Thai version of Oswestry Disability Index (ODI) 

แบบสอบถามแบบสอบถามออสเวสทรี (รุ่นท่ี 1.0) ฉบับภาษาไทยในผู้ป่วยปวดหลัง 
 
ค าชี้แจง แบบสอบถามน้ีจดัท าขึ้นเพื่อแพทยไ์ดรั้บทราบขอ้มูลเก่ียวกบัอาการปวดหลงัของท่านท่ีมีผล
ในการด าเนินชีวิตประจ าวนั กรุณาตอบแบบสอบถามทุกขอ้โดยท าเคร่ืองหมายถูก (✓) ลงใน О 
เพียงช่องเดียวท่ีสามารถอธิบายอาการไดใ้กลเ้คียงกบัอาการของท่านมากท่ีสุด 
1. ความรุนแรงของอาการปวด 

О อาการปวดของฉนัพอทนไดโ้ดยไม่ตอ้งใชย้า 
О อาการปวดของฉนัแยม่าก แต่ฉนัก็จดัการไดโ้ดยไม่ตอ้งใชย้า 
О ยาแกป้วดช่วยลดอาการปวดไดท้ั้งหมด 
О ยาแกป้วดช่วยลดอาการปวดไดบ้างส่วน ( ประมาณคร่ึงหน่ึง) 
О ยาแกป้วดช่วยลดอาการปวดไดเ้ลก็นอ้ย 
О ยาแกป้วดไม่ช่วยลดอาการปวดและฉนัไม่ไดใ้ชย้าแกป้วดนั้น 

2. การดูแลตัวเองในชีวิตประจ าวัน (อาบน ้า, แต่งตัว เป็นต้น) 
О ฉนัสามารถอาบน ้า, แต่งตวั ไดเ้หมือนปกติโดยไม่ท าใหอ้าการปวดมากขึ้น 
О ฉนัสามารถอาบน ้า, แต่งตวั ไดเ้หมือนปกติแต่ท าใหมี้อาการปวดเกิดขึ้น 
О ฉนัสามารถอาบน ้า, แต่งตวั ไดแ้ต่ตอ้งเป็นไปอยา่งชา้ ๆ และระมดัระวงั เพราะ ท าให้

มีอาการปวด 
О ฉนัสามารถอาบน ้า, แต่งตวั ไดแ้ต่ตอ้งมีผูช่้วยเหลือบา้งบางส่วน 
О ฉนัสามารถอาบน ้า, แต่งตวั ไดแ้ต่ตอ้งมีผูช่้วยเหลือเกือบทั้งหมด 
О ฉนัไม่สามารถอาบน ้า, แต่งตวั ไดเ้อง และตอ้งอยูแ่ต่บนเตียง
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3. การยกของ 
О ฉนัสามารถยกของหนกัไดโ้ดยไม่มีอาการปวดมากขึ้น 
О ฉนัสามารถยกของหนกัไดแ้ต่ท าใหเ้กิดอาการปวดมากขึ้น 
О ฉนัไม่สามารถยกของหนกัจากพื้นได ้แต่ถา้ของหนกัอยูสู่งระดบัโต๊ะ ฉนัจะสามารถ

ยกของหนกันั้นได ้
О ฉนัไม่สามารถยกของหนกัจากพื้นได ้แต่ถา้ของหนกัอยูสู่งระดบัโต๊ะ ฉนัจะสามารถ

ยกของไดแ้ต่น ้าหนกัของตอ้งไม่มากนกั 
О ฉนัสามารถยกไดแ้ต่ของน ้าหนกัเบา ๆ 
О ฉนัไม่สามารถยกของไดเ้ลย 

4. การเดิน 
О ฉนัสามารถเดินไดร้ะยะทางเหมือนปกติโดยไม่มีอาการปวด 
О อาการปวดท าใหฉ้นัสามารถเดินไดร้ะยะทางไม่เกิน 1.6 กิโลเมตร( ประมาณ 5 ป้าย

รถเมล)์ 
О อาการปวดท าใหฉ้นัสามารถเดินไดร้ะยะทางไม่เกิน 800 เมตร ( ประมาณ 2 ป้าย

รถเมล)์ 
О อาการปวดท าใหฉ้นัสามารถเดินไดร้ะยะทางไม่เกิน 400 เมตร ( ประมาณ 1 ป้าย

รถเมล)์ 
О ฉนัสามารถเดินไดแ้ต่ตอ้งใชเ้คร่ืองช่วยเดิน เช่น ไมเ้ทา้ , ไมค้  ้าพยงุ 
О ฉนัตอ้งอยูแ่ต่บนเตียง แต่ตอ้งคลานเวลาจะไปหอ้งน ้า 

5. การนั่ง 
О ฉนัสามารถนัง่ไดน้านเหมือนปกติโดยไม่มีอาการปวด 
О ฉนัสามารถนัง่ไดน้านเหมือนปกติโดยไม่มีอาการปวดเฉพาะเกา้อ้ีท่ีฉนันัง่เป็นประจ า 

และสบายเท่านั้น 
О อาการปวดท าใหฉ้นัสามารถนัง่ไดไ้ม่เกิน 1 ชัว่โมง 
О อาการปวดท าใหฉ้นัสามารถนัง่ไดไ้ม่เกิน 30 นาที 
О อาการปวดท าใหฉ้นัสามารถนัง่ไดไ้ม่เกิน 10 นาที 
О อาการปวดท าใหฉ้นัไม่สามารถนัง่ไดเ้ลย 
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6. การยืน 
О  ฉนัสามารถยนืไดน้านเหมือนปกติ โดยไม่มีอาการปวดมากขึ้น 
О ฉนัสามารถยนืไดน้านเหมือนปกติแต่จะท าใหฉ้นัปวดมากขึ้น 
О อาการปวดท าใหฉ้นัสามารถยนืไดไ้ม่เกิน 1 ชัว่โมง 
О อาการปวดท าใหฉ้นัสามารถยนืไดไ้ม่เกิน 30 นาที 
О อาการปวดท าใหฉ้นัสามารถยนืไดไ้ม่เกิน 10 นาที 
О อาการปวดท าใหฉ้นัไม่สามารถยนืไดเ้ลย 

7. การนอน 
О ฉนัสามารถหลบัไดเ้หมือนปกติ โดยไม่มีอาการปวด 
О ฉนัสามารถหลบัไดเ้หมือนปกติแต่ตอ้งใชย้า 
О ถึงแมจ้ะใชย้าแลว้ก็ตามฉนัสามารถหลบัไดน้อ้ยกวา่ 6 ชัว่โมง 
О ถึงแมจ้ะใชย้าแลว้ก็ตามฉนัสามารถหลบัไดน้อ้ยกวา่ 4 ชัว่โมง 
О ถึงแมจ้ะใชย้าแลว้ก็ตามฉนัสามารถหลบัไดน้อ้ยกวา่ 2 ชัว่โมง 
О อาการปวดท าใหฉ้นัไม่สามารถหลบัไดเ้ลย 

8. การมีเพศสัมพนัธ์ 
О ฉนัสามารถมีเพศสัมพนัธ์ไดเ้หมือนปกติโดยไม่มีอาการปวดมากขึ้น 
О ฉนัสามารถมีเพศสัมพนัธ์ไดเ้หมือนปกติแต่จะท าใหฉ้ันปวดมากขึ้น 
О ฉนัสามารถมีเพศสัมพนัธ์ไดเ้กือบเหมือนปกติ แต่มีอาการปวดมาก 
О ฉนัมีเพศสัมพนัธ์ไดน้อ้ยมากเพราะอาการปวด 
О ฉนัปวดมากจนแทบจะไม่สามารถมีเพศสัมพนัธ์ได ้
О ฉนัปวดมากจนไม่สามารถมีเพศสัมพนัธ์ไดเ้ลย 

9. การเข้าสังคม เช่น การไปตลาด ดูหนัง ไปห้างสรรพสินค้า 
О ฉนัสามารถเขา้สังคมไดเ้หมือนปกติโดยไม่มีอาการปวดมากขึ้น 
О ฉนัสามารถเขา้สังคมไดเ้หมือนปกติโดยมีอาการปวดมากขึ้น 
О อาการปวดไม่ไดมี้ผลต่อการเขา้สังคมของฉนัมากนกัยกเวน้มีกิจกรรมท่ีตอ้ง

เคล่ือนไหวมาก เช่น การ เตน้ร า เล่นกีฬา 
О อาการปวดท าใหฉ้นัไม่สามารถเขา้สังคมนอกบา้นไดบ้่อย ๆ 
О อาการปวดท าใหฉ้นัไม่สามารถเขา้สังคมนอกบา้นไดแ้ต่สามารถเขา้สังคมท่ีจดัใน

บา้นได ้
О อาการปวดท าใหฉ้นัไม่สามารถเขา้สังคมไดเ้ลย 
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10. การเดินทาง 
О ฉนัสามารถเดินทางไปท่ีต่าง ๆ ไดโ้ดยไม่มีอาการปวดมากขึ้น 
О ฉนัสามารถเดินทางไปท่ีต่าง ๆ ไดแ้ต่มีอาการปวดมากขึ้น 
О อาการปวดของฉนัแยม่าก แต่ฉนัก็สามารถจดัการได ้และเดินทางไดม้ากกวา่ 1 

ชัว่โมง 
О อาการปวดท าใหฉ้นัสามารถเดินทางไปท่ีต่าง ๆ ไดน้อ้ยกวา่ 1 ชัว่โมง 
О อาการปวดท าใหฉ้นัสามารถเดินทางไปท่ีใกล ้ๆ ไดท่ี้ใชเ้วลานอ้ยกวา่ 30 นาที 
О ฉนัไม่สามารถเดินทางไปท่ีต่าง ๆ ได ้ยกเวน้ไปพบแพทย ์หรือ ไปโรงพยาบาล 
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