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ABSTRACT 

 
The purpose of this study was to study the effect of ergonomic intervention 

using WISE (Work Improvement in Small Enterprises) technique on physical 
symptoms and work performance in 15 Thai workers who routinely work more than 
50% of normal working time at the production department of a cardboard box factory.  

 
The proceedings of the WISE technique were the problem identification, the 

problem analysis for WMSD (Work-related musculoskeletal disorders) factors, the 
solution development, the solution implementation, and the solution evaluation. The 
ergonomic interventions were gathered from brainstorming among workers, 
administrative team, and orthopaedic and ergonomic physical therapists. The 
interventions were work and human improvements. The work improvements were 
setting a job rotation and providing an additional two 5-minute short breaks for 
workers to perform specific exercises. Education about basic knowledge to recognize 
ergonomic risk factors and the occurrence of WMSD as human improvement was 
provided before the brainstorming process. However, this study did not modify 
engineering aspects for work improvement. Lastly, the solution evaluation was 
conducted by using a self-administered questionnaire and physical examination every 
month for 2 months. 

 
The results showed ergonomic intervention significantly reduced symptom of 

WMSD since the pain was decreased after the intervention stage (p<0.05). The stages 
of WMSD were better in 11 workers, even though the workload remained the same. 

 
 The WISE technique could help reduce WMSD, even though a few solutions 
which were listed from the brainstorming process were adjusted. This technique could 
motivate participation and increase awareness of ergonomic improvements in the 
workers. Moreover, this study can be used as a case study for ergonomic improvement 
in other small enterprises. 
 
KEY WORDS: WISE TECHNIQUE/ WORK-RELATED MUSCULOSKELETAL  
                          DISORDERS/ ERGONOMIC INTERVENTION 
98 pp. 
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บทคัดยอ 
 การศึกษาคร้ังนี้มีจุดประสงคเพื่อศึกษาผลของการปรับปรุงทางการยศาสตรตออาการแสดง
ของโรคทางกายและสมรรถภาพการทํางานโดยใชเทคนคิ WISE ในคนงานไทยจํานวน 15 คน ท่ี
ทํางานประจําและทํางานมากกวา 50 % ของเวลาทํางานปกติในแผนกผลิตโรงงานกลองกระดาษ 

ข้ันตอนของเทคนิคWISE คือการสํารวจปญหา, การวเิคราะหหาปจจัยเส่ียงท่ีทําใหเกิดการ
บาดเจ็บทางระบบกระดูกและกลามเนื้อท่ีสัมพันธกับงาน, การพัฒนาวิธีการแกปญหา, การดําเนนิการ
ปรับปรุงทางการยศาสตร, และการประเมินผล ซ่ึงวิธีการปรับปรุงทางการยศาสตรไดมาจากการระดม
ความคิดในกลุมของคนงาน, กลุมผูบริหารจัดการ, และนักกายภาพบําบัดทางระบบกระดกูและการย
ศาสตร วิธีการปรับปรุงทางการยศาสตรเปนการปรับปรุงงานและคน ซ่ึงการปรับปรุงงานเปนการ
ปรับเปล่ียนหมุนเวยีนงานและการเพ่ิมชวงเวลาพักโดยใหพัก 5 นาที 2 ชวง เพื่อออกกําลังกาย และ
การปรับปรุงคน เปนการใหความรูและความเขาใจถึงสาเหตุของปญหาและการเกิดความผิดปกติทาง
ระบบกระดูกและกลามเนื้อท่ีสัมพันธกับงานโดยเกิดข้ึนกอนข้ันตอนการระดมความคิด อยางไรก็ตาม
การศึกษานีไ้มไดนําการปรับปรุงทางดานวศิวกรรมมาปรับหรือประยกุตใชซ่ึงเปนการปรับปรุงงาน 
จากนั้นประเมินผลทุกๆ1เดือน เปนเวลา2 เดือนโดยใชแบบสอบถามและการตรวจรางกาย 

ผลการศึกษาพบวาอาการเจ็บปวดทางระบบกระดกูและกลามเนื้อท่ีสัมพันธกับงานลดลง
หลังจากการปรับปรุง (p<0.05) และระยะของโรคดีข้ึน 11 คน แมวาความหนกัของงานยังคงเทาเดมิ 
 ดังนั้นเทคนิคWISE สามารถชวยลดความผิดปกติของระบบกระดูกและกลามเนื้อท่ีสัมพันธ
กับงาน แมวาวิธีการปรับปรุงทางการยศาสตรเปนเพียงบางสวนท่ีไดมาจากการระดมความคิด เทคนิค
นี้สามารถชวยสนับสนุนการมีสวนรวมและความสนใจใหเห็นถึงความสําคัญของการปรับปรุงทาง 
การยศาสตรของคนงาน และการศึกษานีส้ามารถใชเปนตัวอยางของการปรับปรุงทางการยศาสตรแก
โรงงานขนาดเล็กอ่ืนๆ 
98 หนา. 
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CHAPTER I 

INTRODUCTION 

 
        Nowadays, many countries have reported the increase in work-related 

musculoskeletal disorders (WMSD) in industry, and also in Thailand. From 1988 to 

2002, the number of workers who had injured and sickened by all causes from 

working had increased rapidly i.e. from 48,912 workers in 1988 to 190,979 workers in 

2002 (1). The interesting causes were lifting and manual material handling which 

increased from 6,600 workers in 1992 to 15,406 workers in 1997 and number of injury 

caused by working posture was increased from 1,907 workers in 1992 to 4,389 

workers in 1997 (2). Moreover, the growth of industry increased WMSD (3). From 

this reason, it indicated a trend of the increase of WMSD. 

 

        Several work-related risk factors such as sustained or awkward postures, high 

repetition rates, cold temperatures, vibration, contact pressure, insufficient recovery 

time, forceful exertions, and stress were reported responsible for the increased 

prevalence of WMSD (3-5).  

 

        WMSD could be prevented through the use of ergonomics (3). Ergonomics is a 

study of problems of workers and seeks to adapt works or working conditions to suit 

the individual worker, rather than making workers suit the works (3, 6). The 

implementation of a successful ergonomic program could benefit the employers and 

workers by reducing the number and severity of work-related injuries and illnesses, 

reducing worker turnover, increasing productivity, increasing product quality, and 

increasing worker morale (6).                                                                       

 

        Workplaces became the primary focus for the development of WMSD. 

Ergonomists would attempt to reduce repetition and force, avoid awkward postures, 

isolate vibration, adjust temperature to comfortable zone, and eliminate direct pressure
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to eliminate or reduce the risks. In addition, ergonomists generally focused on physical 

aspects of the workplace and did not to take explicit account of worker’s knowledge or 

attitudes (7). Acceptance of ergonomic improvement depended on attitudes and beliefs 

of workers. If the workers did not believe musculoskeletal disorders to be a genuine 

problem or that suggested changes were really necessary, the likelihood of 

implementation was reduced (7).  

 

        WISE (Work Improvement in Small Enterprises) technique was proved to correct 

these problems. The WISE technique was designed to provide effective and affordable 

voluntary technique for small enterprises. This technique aimed at improving working 

conditions and productivity to the benefit of the employers and workers (8, 9). The 

training course was a part of the framework of the WISE technique to improve 

working conditions, the work environment and also productivity. The training 

activities were based on a systematic approach designed to encourage and help 

enterprises to introduce concrete improvements in working conditions and 

productivity. In this approach, participants would learn basic principles of developing 

and carrying out practical, simple and low-cost improvements that had benefits for 

both workers and the enterprises (10). The WISE technique could motivate 

participation and believe in the importance of ergonomic improvement. As a result, the 

implementation of a successful ergonomics program would occur. 

 

        Cardboard box factory was one of small enterprises that needed a high priority 

for development and improvement of working conditions. Because the number of 

workers in the cardboard box factory who had musculoskeletal problems were 

increasing and symptoms of disease were more severe. A safety officer of this factory                       

consulted these problems which workers complained to the Occupational Safety and 

Health Thailand in order to solve. Therefore, the cardboard box factory was interesting 

to be determined in this current study because the characteristics of work consisted of 

several work-related risk factors. For example, most workers had to work with 

repetitive movement and sustained the same posture for the whole day, lift the 

products in awkward posture, and work with contact pressure at hand and wrist areas. 
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Consequently, the workers in this factory would increased the number and severity of 

work-related injuries. 

 

        Therefore, it was interesting to study the impairments from cardboard box 

workers related to their work task and the results of ergonomic intervention from using 

the WISE technique. In addition, this study will be a case study for ergonomic 

improvement and prevention to solve the WMSD problems in these small enterprises. 
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Purpose of the Study  
        General Objective 

        The purpose of this study was to investigate the effect of ergonomic intervention 

(the WISE technique) on physical symptoms and work performance in cardboard box 

workers. 

 

        Specific Objectives 

        Specifically, this study was conducted to determine the following; 

1. To survey the self-reported WMSD by using a self-administered questionnaire and 

physical examination in cardboard box factory. 

2. To study the results of ergonomic intervention (WISE technique) on physical 

symptoms. 

3. To study the results of ergonomic intervention (WISE technique) on work 

performance. 

 

Parameters of the Study 
1. The reported area of WMSD complaint in nine parts of the body (i.e. neck, 

shoulder, elbow, wrist/hand, upper back, lower back, hip/thigh, knee, and 

ankle/foot) of cardboard box workers   

2. Physical symptoms as symptom characteristics of WMSD and irritability of 

WMSD symptoms (clinical symptom, behavior of symptom, frequency, stage of 

symptom, and severity of WMSD) 

3. Work performance (number of production rate and error rate, amount of workload, 

and amount of medical payment) 

 

Scope of the Study 
        This study was conducted at a cardboard box factory of L and S Shibacon 

(Thailand) Co, Ltd. The workers who worked in foam assembly, cardboard box 

assembly, cardboard pallet, and wooden pallet sections of production department 

participated in this study. 
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Hypotheses of the Study 
1. The severity of WMSD could be different between before and after applying 

ergonomic intervention.  

2. The amount of workload could be different between before and after applying 

ergonomic intervention. 

 

Advantages of the Study 
1. To reduce the severity of WMSD in cardboard box workers. 

2. To prevent the risk factors which were the causes of WMSD in cardboard box 

workers. 

3. To increase the working efficiency of workers, increase productivity, increase 

product quality, and reduce error rate. 

4. The study would provide the guideline for the proper method of ergonomic 

improvement to solve the WMSD problems in Thai industrial factory. 
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CHAPTER II 

LITERATURE REVIEW 

 

2.1 Work-Related Musculoskeletal Disorders (WMSD) 
        2.1.1 Definition of WMSD 

        WMSD is the name used by the Occupational Safety and Health Administration 

(OSHA) to describe a type of injury that results from chronic (or long term) overuse or 

misuse of soft tissues during work (3). In addition, WMSD include a wide range of 

inflammatory and degenerative conditions affecting the muscles, tendons, ligaments, 

joints, peripheral nerves, and supporting blood vessels. These include clinical 

syndromes such as tendon inflammations and related conditions (tenosynovitis, 

epicondylitis, bursitis), nerve compression disorders (carpal tunnel syndrome, 

sciatica), and osteoarthrosis, as well as less standardized conditions such as myalgia, 

low back pain and other regional pain syndromes not attributable to known pathology 

(4, 11-13). Body regions most commonly involved are the back, neck, shoulder, 

forearm, hand, and lower extremity (11).  

 

        The symptoms of WMSD are pain, swelling, tenderness, crepitus, pins and 

needles feeling, loss of sensation, ganglion, muscle weakness, muscle spasm, joint 

restrictions, and loss of movement (14-16). It may become affecting ability to function 

at work and at home. Symptoms can vary from person to person and may often 

involve more than one part of the body (15). Historically, symptoms develop over a 

period of time, without an inciting event, and thereby define these conditions as 

occupational illnesses and not injuries (5).  

 

        WMSD may be caused by any combination of the following conditions. Joint 

disease, gout, diabetes, pregnancy, or the use of oral contraceptives may increase the 

risk of WMSD. Outside activities such as athletics or hobbies can also aggravate 

WMSD (3). 
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        2.1.2 Terminology of WMSD 

        WMSD have various names depending upon the country of origin. In Australia 

and the London Hazards Centre, the term repetitive strain injury (RSI) refers to a soft 

tissue disorder caused by overloading of particular muscle groups from repetitive use 

or misuse of constrained postures. In Japan, the concept of occupational 

cervicobrachial disorder (OCD) has been adopt and is defined as functional and / or 

organic disturbance resulting from doing jobs in a fixed position with repetitive 

movement of the upper extremity.  

 

        The term cumulative trauma disorders (CTD) is common in North America and 

can be defined as the adverse health effects that arise from chronic exposure to 

microtrauma. Moreover, the phrase “WMSD” is used to include an occupational 

component and is currently favoured by the United Kingdom authorities. And the last 

term, occupational overuse syndrome (OOS) is the most common term in the United 

States of America and represents upper extremity disorders (3-5, 14, 15, 17). 

 

        2.1.3 Types of WMSD 

        WMSD often occur in the fingers, hands, wrists, elbows, arms, shoulders, back, 

and neck (18). There are many types of WMSD, including: 

 

Carpal Tunnel Syndrome - This is the inflammation of the nerves in the wrist, hand, 

and fingers. It is caused by repeated bending of the wrist, holding tools or material 

tightly, or constantly pressing the wrist against a hard object, thus compressing the 

nerve. Symptom of carpal tunnel syndrome is pain on the median nerve passing from 

the arm to the hand (3, 14, 19-22).  

 

Thoracic Outlet Syndrome - This is a disorder of compression of the nerves and blood 

vessels between the neck and shoulder. It is caused by overhead work or by carrying 

heavy items with the arms straight down (3, 19, 22).  
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Raynaud’s Syndrome - This is also known as hand-arm vibration syndrome or white 

finger disease. It is a disorder of the blood vessels, usually in the fingers or hands, 

often caused by the use of vibrating hand tools (3, 19, 20). 

 

Tendinitis - This is irritation or inflammation of a tendon or the sheath that surrounds a 

tendon. It is caused by repeated movement of a joint. Tendinitis problems include 

tenosynovitis, trigger finger at palm side of any finger other than the thumb, De 

Quervain’s disease, epicondylitis which includes tennis elbow and golfer’s elbow, and 

rotator cuff tendonitis (3, 14, 19-22). 

 

Ganglionic cyst - This is a cyst-like swelling at a joint or in a tendon sheath of dorsal 

hand or wrist. It is caused by a bump under skin (14, 19, 20). 

 

Bursitis - This is an inflammation of the bursa in either elbow, shoulder or knee (19-

22).  

 

Low Back Pain - Low back pain can results from repeated or incorrect lifting, pushing, 

pulling, twisting, bending, stooping, or reaching (3). 

  

        2.1.4 The Staging Symptoms of WMSD 

        Many patients with WMSD in early stage can be improved with simple, 

conventional, and nonoperative therapy. WMSD differ from simple muscle strain due 

to the fact that, simple muscle strain can disappear within one week or two weeks but 

symptoms of WMSD are persistent even after change of work or rest (23).  

 

        According to the study of Browne et al in 1984 (17), the proposed system of 

staging symptoms of RSI which represented WMSD were as follows: 

 

In stage 1:  This stage presents mild symptoms. These symptoms are pain, aching and 

tiredness of affected limb which occur during the work shift, but settle overnight and 

on days off work. There is no significance reduction of work performance or any 
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physical signs. The conditions can persist for weeks or months, and are reversible (14, 

17, 24, 25). 

 

In stage 2:  This stage presents intermediate symptoms. These symptoms are recurrent 

pain, aching and tiredness which increasingly occur earlier in the work shift and 

persist longer. Symptoms fail to settle over night, cause disturbance of sleep and are 

associated with a reduced capacity for repetitive work. Physical signs may be 

presented. The conditions usually persist for months (14, 17, 24, 25).  

 

In stage 3:  This stage presents severe symptoms. Pain, aching, fatigue and weakness 

persist at rest and pain occurs with non-repetitive movement. The symptoms cause 

disturbance of sleep. The person is unable to perform light duties and experiences 

difficulty with non occupation tasks. Physical signs are presented. The conditions may 

last for months or years (14, 17, 24, 25). 

 

2.2 Factors Affecting WMSD  
        Several epidemiologic researchers provided strong evidence of an association 

between WMSD and certain work-related physical factors when there were high levels 

of exposure and especially in combination with exposure to more than one physical 

factor (26). Many factors which affected WMSD were defined as job characteristics or 

exposures that increased probability of the occurrence of WMSD (27). Several studies 

found the association between risk factors and prevalence of WMSD (20, 28-36). 

These risk factors were the following:   

 

        2.2.1 Individual Factors 

        Individual factors include the individual’s age, gender, anthropometry, 

unaccustomed activities, and socioeconomic status. Individual factors are commonly 

cited as one of the reasons why not every person who does a job will develop WMSD 

(6, 7, 37). Individual factors may also influence the degree of risk from specific 

exposures. There was evidence that some individual risk factors influenced the 

occurrence of WMSD (e.g., elevated body mass index (BMI) and carpal tunnel 

syndrome or a history of past back pain and current episodes of low-back pain) (26). 
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        Age - Previous researchers indicated that the prevalence of WMSD increases as 

people enter their working years. By the age of 35, most people have had their first 

episode of back pain. During working years, age groups with the highest rates of 

compensable back pain and strains are the 20–24 age group for men, and 30–34 age 

group for women. In addition to decreases in musculoskeletal function due to the 

development of age-related degenerative disorders, loss of tissue strength with age 

may increase the probability or severity of soft tissue damage from a given insult (26, 

38). 

 

        Gender - Some studies found a higher prevalence of some WMSD in women. The 

fact that more women are employed in hand-intensive jobs and industries may account 

for the greater number of reported WMSD among women. Some studies had reported 

that workplace risk factors accounted for increased prevalence of WMSD among 

women more than personal factors (26, 38). 

 

        Anthropometry - It is the gathering and interpretation of data on the shapes and 

sizes of humans and can include height, weight, and other dimensional measurements. 

These data then were analysed statistically for variance from the average. 

Anthropometry is used as a basis for designing tools, equipment, workplaces, and 

accommodating living spaces to the people who occupy them (6). 

 

        Weight, height, body mass index (BMI), and obesity have been identified as 

potential risk factors for certain musculoskeletal disorders, especially carpal tunnel 

syndrome and lumbar disc herniation. The relationship of carpal tunnel syndrome and 

BMI has been suggested to relate to increased fatty tissue within the carpal canal or to 

increased hydrostatic pressure throughout the carpal canal in obese persons compared 

with slender persons (26, 38). Moreover, height has also been reported to be associated 

with low back disorder, in which awkward position was frequently found in tall 

workers (38).  

 

        Unaccustomed activities - They are defined as changes from the usual activity 

level such as change of work characteristic and change of daily life activity  (6). 
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        Socioeconomic status - Lower socioeconomic status workers were reported to 

have low back pain more frequently than upper socioeconomic status workers (38).  

         

        2.2.2 Physical Ergonomic Factors 

        Ergonomic risk factors are job or task that result in a biomechanical stress on 

workers such as force, repetition, posture, vibration, temperature, contact stress and 

duration (6, 18, 24, 38-40).  

 

        Force - It is defined as the capacity to do work or to cause physical change. Force 

is an index of the effort exerting to get, hold, or use a work object or to support the 

weight of the body (6). Some study found that the force applied to tools or materials 

during repeated or sustained gripping is a predictor of the risk for tendinitis and carpal 

tunnel syndrome (38). 

 

        Repetition - It is defined as the act or process of repeating or performing the same 

acts or motions over and over again. Repetition refers to the temporal aspect of work. 

Health care providers tend to think of repetitiveness in terms of joint motions whereas 

ergonomists look at the task cycle or standard task completion time. Some 

investigators have characterized repetition in terms of the number of exertions per unit 

time or frequency. An exertion is defined as the contraction of a muscle to produce 

force or movement. Other investigators had characterized repetition as the number of 

parts produced per unit time or cycle time. A cycle is defined as a sequence of 

exertions and can be obtained from production records and interviews with workers 

and supervisors. Repetition is an index of the frequency of movement or exertions, the 

speed of the motion, and the recovery time (6). Workers who performed repetitive and 

forceful activities had higher rate of hand/wrist disorders than workers who performed 

either repetitive or forceful activities (38). 

 

        Posture - It is defined as a position or attitude of the body or of a body part. Some 

positions have more effect than others or result in compression or stretching of tissues 

in or around the joints (6). Posture positions are important because awkward postures 

lead to fatigue (6, 41). Moreover, immobilization and static work lead to reduced 
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blood circulation, which prevents the proper supply of nutrients to the muscles, and a 

painful accumulation of waste products, which leads to rapid fatigue and pain (18). 

Massaccesi et al in 2003 studied the working posture of professional truck drivers 

found that posture with non-adjustable seat associated with a major risk for back pain 

(42). 

 

        Vibration - It is defined as the act of vibrating. Vibrating results from contact 

with something that shakes or jerks and is a vector quantity with periodicity and 

properties of frequency, displacement, velocity, and acceleration (6). Punnett et al in 

2004 described that whole-body vibration is a physical stressor affecting the back and 

upper extremity. Moreover, the risk was especially pronounced when a job included 

exposure to a combination of two or more of risk factors (11). 

 

        Temperature - It is defined as the degree of hotness or coldness of a body or 

environment. Favorable working temperatures are from 68 to 78 °F with 20 % to 60 % 

humidity (6). Cold temperature caused a decrease in strength and coordination and can 

also induce pain. Moreover, the prolonged contact with cold surfaces can impair 

dexterity and induce numbness. Cold is a problem when it is presented with vibration 

exposure (43, 44). 

 

        Contact stress - It is defined as force divided by the area of contact or as a 

pressure. In some cases, contact stress can be calculated from force and area 

measurements. Contact stress is the force per unit area acting between the body and an 

external object (6). Contact stress commonly affects soft tissues on the fingers, palms, 

forearms, thighs, shins and feet. This contact may create pressure over a small area of 

the body that can inhibit blood flow, tendon and muscle movement, and nerve function 

(44). Prolong or high load localized mechanical stress over tendons or nerves from 

tools or from resting the hard objects were found to be associated with tendinitis and 

nerve entrapment, such as cubital tunnel compression syndrome (45). 

 

        Duration - It is defined as the number of hours during perform task in one work 

shift. Total hour per day that a task is repeated or sustained has been reported to be a 
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factor in predicting hand problems (38). It was found in some studies that the risk of 

upper extremity injuries may reduced by decreasing the number of hours per day spent 

performing repetitive work (46). 

 

        Waersted in 1991 (47) studied the effect of a considerable reduction in daily 

working hours as a means to reduced the risk effect of repetitive working in sewing 

machine operators. By comparing the occurrence of WMSD between part-time (20-

32.5 hours per a week, median 24 hours) and full-time (35-42 hours per a week, 

median 40 hours) operators. The result showed that the part-time sewing machine 

operators (5 hours working a day) may postponed the occurrence of WMSD by 

approximately 6 months. However, such working hour as 5 or 8 hours daily working 

still need further study to investigate the effect, such as pattern of muscle activities or 

muscle loads (46). 

 

        2.2.3 Psychosocial Factors 

        Psychosocial factors in the workplace are increasingly indicated as being 

involved in the etiology of WMSD (6, 48). Psychological and social factors affecting 

the development or prolongation of symptoms have been alluded to. It has been 

claimed that some of the psychological effects of repetitive work on individuals could 

be absenteeism, decreased job satisfaction, increased errors, signs of deteriorating 

mental health, such as anxiety, frustration, aggressiveness, irritability, tendency to 

depression and psychosomatic complaints, as well as pain in the neck, shoulders and 

arms (49). 

 

        The term “psychosocial” is commonly used in occupational health as an all-

inclusive term to describe a variety of factors within and outside the workplace. Some 

of the psychosocial factors within the workplace that have been associated with 

WMSD include job dissatisfaction, intensified workload, monotonous work, limited 

job control, role ambiguity, and limited social support from supervisors and co-

workers (4). In addition, Buckle in 1997 described that perception of work 

characteristics, such as low decision latitude and lack of social support appeared to 

show increased associations with a number of upper limb disorders (37).  
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        Workplace risk factors - These are included any part of the production process 

(the manufacturing of a product). The production process usually includes input (raw 

materials), production (methods, materials, machines, environment, physical stressors, 

and the output (the finished product) (6). 

        

        Work requirements - These are included production or work standards, work 

processes, workplace layout, tools, equipment, and materials. Individual factors 

include the worker’s abilities, skills, size, and fitness. Environmental factors include 

vibration and ambient air temperatures. Work requirements may include the quantity 

and quality of work to be performed in a given period (6). 

 

        2.2.4 Evidence for Relationship between Physical Work and WMSD  

        Bernard in 1997 (26) showed epidemiologic studies which could be contributed 

to the evidence of causality in the relationship between workplace risk factors and 

WMSD. The framework for evaluating evidence for causality included strength of 

association, consistency, temporality, exposure-response relationship, and coherence 

of evidence. 

 

        Using this framework, the evidence for a relationship between workplace factors 

and the development of WMSD from epidemiologic studies was classified into one of 

the following categories: 

 

        Strong evidence of work-relatedness (+++). A causal relationship was shown to 

be very likely between intense or long-duration exposure to the specific risk factor(s) 

and WMSD when the epidemiologic criteria of causality were used. A positive 

relationship had been observed between exposure to the specific risk factor and 

WMSD in studies in which chance, bias, and confounding factors could be ruled out 

with reasonable confidence in at least several studies. 

 

        Evidence of work-relatedness (++). Some convincing epidemiologic evidence 

showed a causal relationship when the epidemiologic criteria of causality for intense 

or long-duration exposure to the specific risk factor(s) and WMSD were used. A 
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positive relationship had been observed between exposure to the specific risk factor 

and WMSD in studies in which chance, bias, and confounding factors were not the 

likely explanation. 

 

        Insufficient evidence of work-relatedness (+/0). The available studies were of 

insufficient number, quality, consistency, or statistical power to permit a conclusion 

regarding the presence or absence of a causal association. Some studies suggested a 

relationship to specific risk factors, but chance, bias, or confounding may be explained 

the association. 

 

        Evidence of no effect of work factors (-). Adequate studies consistently showed 

that the specific workplace risk factor(s) was not related to development of WMSD. 

 

        The classification of results in this review by body part and specific risk factor 

was summarized in Table 2.1. 

 

Table 2.1 Evidence for relationship between physical work factors and WMSD (26). 
Body part 

          Risk factor 

Strong 

evidence 

Evidence 

 

Insufficient 

evidence 

Evidence 

of no effect 

Neck and Neck/shoulder 

          Repetition 

          Force 

          Posture 

          Vibration 

 

 

 

* 

 

* 

* 

 

 

 

 

* 

 

Shoulder 

          Posture 

          Force 

          Repetition 

          Vibration 

  

* 

 

* 

 

 

* 

 

* 

 

Elbow 

          Repetition 

          Force 

          Posture 

          Combination 

 

 

 

 

* 

 

 

* 

 

* 

 

* 
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Body part (Cont.) 

          Risk factor 

Strong 

evidence 

Evidence 

 

Insufficient 

evidence 

Evidence 

of no effect 

Hand/wrist 

Carpal tunnel syndrome 

          Repetition 

          Force 

          Posture 

          Vibration 

          Combination 

Tendinitis 

          Repetition 

          Force 

          Posture 

          Combination 

 

 

 

 

 

 

* 

 

 

 

 

* 

 

 

* 

* 

 

* 

 

 

* 

* 

* 

 

 

 

 

* 

 

Back 

          Lifting/forceful movement 

          Awkward posture 

          Heavy physical work 

          Whole body vibration 

          Static work posture 

 

* 

 

 

* 

 

 

* 

* 

 

 

 

 

 

* 

 

 

        A substantial body of credible epidemiologic research provided strong evidence 

of an association between WMSD and certain work-related physical factors when 

there were high levels of exposure and especially in combination with exposure to 

more than one physical factor (e.g., repetitive lifting of heavy objects in extreme or 

awkward postures) (26). 

 

2.3 Ergonomics in Industrial Factory to Manage WMSD 
        Some research studies aimed at redesigning work in order to reduce symptoms of 

WMSD and reported on a redesign that a manufacturing company carried out, moving 

from specialized assembly tasks to work groups with enlarged and enriched tasks. The 

reasons that the company undertook the redesign were to improve production 

efficiency and workers' work conditions with respect to symptoms of WMSD and sick 

leave.  
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        Christmansson et al in 1999 evaluated the redesign on the basis of analyses of 

task and production system design, psycho-social work climate, and the prevalence of 

WMSD in the upper extremities among a group of assembly workers before and after 

the redesign. They found that the redesign of the assembly department was not to be 

successful. The results of this case study showed that the work group studied did not 

meet the goals of improved production. Moreover, the redesign reduced neither the 

prevalence nor the risk for WMSD; on the contrary, the situation was worsened. The 

redesign resulted in: decreased worker efficiency, increased WMSD, less possibility to 

re-arrange material and equipment in the workplace, a lack of competence and skill 

among the workers, a lower satisfaction with work and fellow workers and a situation 

in which some of the assembly workers reported that they did not care about their 

work postures, their work technique or the production outcomes (50). 

 

        Although reengineering of work stations and tools is the hallmark of ergonomics 

programs intended to control WMSD, comprehensive approaches also include 

education and training to teach workers appropriate work practices, muscle control, 

and work station adjustment; and administrative controls such as rotation of work 

tasks or alterations in work rest breaks (25, 51-53).  

  

        Faucett et al in 2002 evaluated two training interventions as supplements to an 

ongoing corporate program designed to improve the fit of workers’ work stations and 

provide them with basic ergonomics training. The first intervention, Muscle Learning 

Therapy (MLT), used electromyographic (EMG) feedback and operant conditioning to 

decrease muscle tension during complex work tasks. The second intervention used 

adult learning and cognitive behavioral techniques in small group discussion to 

advance the worker’s capabilities for symptom and stress management and problem-

solving. The result found that symptom outcomes demonstrated significant differences 

at 6 weeks, increasing in severity for the control group and declining modestly for the 

educational group, with little change for the MLT group (16). 

 

        In addition, Whysall et al suggested that the consultants advise on WMSD. It is 

frequently the case that consultants will indicate that changes are required, such as 
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modifications to equipment, workplace layout, and/or working practices (i.e. changes 

in an organization’s mode of operation or behaviour). Acceptance of such advice 

depends on attitudes and beliefs surrounding WMSD held by the client and their 

workers. If the client does not believe WMSD to be a genuine problem or that 

suggested changes are really necessary, the likelihood of implementation is reduced. It 

is likely that knowledge, attitudes and beliefs are important. Moreover, it effected to 

the changed process of WMSD (7). 

 

2.4 Management of WMSD 
        Armstrong et al in 1993 (54) described possible pathways that involved in 

development of WMSD. This model (see Fig. 2.1) is useful for describing the 

cumulative nature of disorders whereby worker activity produces internal forces acting 

upon body tissue (termed a dose). The dose causes a response by the body such as 

increased circulation, local muscle fatigue and other various responses of a 

physiological and biomechanical nature. The response may increase or decrease the 

ability to cope with further responses. If there is insufficient time to allow regeneration 

of body tissue capacity then a series of responses may further reduce the available 

capacity. This cumulative cycle may continue until some type of structural tissue 

deformation occurs (e.g. pain, swelling, limited movement.) 
         Exposure 

(Work Requirements) 

 

 

 

 

 

 

 

       

 

Figure 2.1 A conceptual model of neck and upper extremity WMSD that describes the  

pathways involved in the pathogenesis of these disorders (54).  

Capacity 

Response 1 
     
        Response 2 
                        
                                  … 
        Response n 

Dose 

EXTERNAL 

      INTERNAL 
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        The effective steps to eliminate the risk factors of WMSD should include as 

follows: The first step should identify the significant risk that caused WMSD in 

workplace. The employer should encourage their workers to report symptoms and 

establish a medical management system to detect early sign and look for whether there 

are specific task or any risk factors associated to WMSD. The second step, employer 

and employee should join together to assess the risk factors for possible effective step. 

The third step is assessment of choice to reduce such risk exposure by re-arranging 

work process, using alternate tool, reducing time to high risk through job rotation, 

frequent break to optimum time tolerance, or provide necessary protective equipment 

etc. 

 

        The development and implementation of ergonomic program reduce the number 

and severity of WMSD. In addition to lower costs resulting from fewer WMSD, 

benefits include decreased absenteeism, reduced workers’ compensation premiums, 

increased productivity, and higher product quality. Ergonomics management  is 

offered in several ways as follows (6).  

 

        2.4.1 A Three-Tier Hierarchy of Controls  

        A three-tier hierarchy of controls was widely accepted as an intervention strategy 

for controlling ergonomic hazards : engineering controls, administrative controls, and 

personal protective equipment (6). 

 

        Engineering controls - The preferred approach to prevent and control WMSD is 

to design the job to take into account the capabilities and limitations of the workforce. 

Engineering controls eliminate or reduce the physical stresses identified in the 

checklists, which can be accomplished through automation, mechanical-assist devices, 

power-tool devices, height-adjustable bins, changing workstation layout, redesigning 

tools (particularly the position of hand grips), and changing the way materials, parts, 

and products are transported. Engineering controls frequently take a significant 

amount of time and money to develop and implement. Until these changes can be 

made, administrative controls are useful interventions. 
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        Administrative controls - Administrative controls are management-dictated work 

practices and policies to reduce or prevent ergonomic risk factors. Examples of 

administrative controls include reducing shift length or curtailing overtime, job 

rotation in which workers rotate through several jobs with different physical demands, 

scheduling more rest breaks, enlarging the job task, adjusting the work pace to give 

workers more control over the work process, training workers in the proper work 

technique, and recognizing ergonomic risk factors. 

 

        Personal equipment - One of the most controversial areas for preventing WMSD 

is whether the use of personal equipment worn or used by the workers (such as wrist 

splints, back belts, or vibration attenuation gloves) is effective. 

 

        In addition, Albers et al in 2005 suggested that a hierarchy of controls was 

generally accepted that favoured the use of engineering controls to prevent WMSD, 

which addressed the presence or intensity of a physical risk factor. Examples of 

engineering controls recommended during the stakeholder meeting included the 

redesign of tools and building materials and the use of mechanical material handling 

equipment, powered lifts, and concrete embedded fastening systems. Most industry 

representatives appeared to recognize that these were the most effective means to 

eliminate or reduce exposures to WMSD risk factors (55). 

 

        2.4.2 Training and Education  

        Identifying and controlling WMSD requires some levels of knowledge of 

ergonomics and skills in remedying biomechanical hazards. Recognizing and filling 

different training needs is an important step in building an effective program. The 

different types of training that a facility might offer include the following. 

 

        Ergonomics awareness training for workers is offered to use, so they can 

recognize general risk factors, learn the procedures for reporting WMSD or symptoms, 

and become familiar with the process the facility is using to identify and control 

problem jobs. Targeted training for specific groups of workers is done because of the 

jobs they hold, the risks they face, or their roles in the program (6, 51, 56). 
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2.5 The WISE (Work Improvement in Small Enterprises) Technique 
        The WISE technique had processes as the guiding principles of the ergonomics 

process which consisted of five specific but overlapping steps (4, 8-10, 16, 50, 54, 57). 

They were problem identification, problem analysis, solution development, solution 

implementation, and solution evaluation. Moreover, the brainstorm was planned in the 

solution development stage to provide the ergonomic improvement. The interventions 

were occurred from the agreement and the budget of improvement of employer. 

 

        The International Labour Organisation (ILO) developed a systematic approach to 

the improvement of working conditions and productivity by using simple, effective 

and affordable technique which provides direct benefits to owners and workers in 

small and medium-sized manufacturing enterprises in developing countries. The 

resulting program is a new training method called “WISE” (Work Improvement in 

Small Enterprises) that it also referred to as “Higher Productivity and a Better Place to 

Work” (8, 9). 

 

        WISE was designed because small enterprises are a sector of high priority, both 

for development and for improvement of working conditions. A new approach is 

necessary because traditional inspection-based methods for protecting workers are 

often inadequate, e.g. because of the large numbers of enterprises and their wide 

geographical dispersal. The approach attempts to take into account the specific 

characteristics of small enterprises (9). 

 

        The technical content of WISE would depend on the specific problems and 

opportunities existing in the participant enterprises. However, a number of problems 

and opportunities were very common, and it could safely be assumed that they should 

be covered (9). 

        WISE experiences in Asian countries demonstrated that participatory training 

courses and advisory labour systems could play vital roles in mobilizing managers and 

workers to take self-help actions that improved working conditions and productivity. 
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Thailand also strived to establish innovative practical systems for promoting 

occupational safety and health at work (10). 

        In Kenya, small-scale enterprises accounted for over 80 % of the industrial sector. 

They were a high priority for development and a key factor in creating employment in 

both rural and urban areas. This technique was aimed at improving working conditions 

and productivity to the benefit of the employers and their workers. The methodology 

had been applied in Kenya with excellent results.  

        Moreover, workers are sometimes suspicious of employers, so there is needed to 

train and introduce them to this methodology since it touches directly on the human 

factors which mean the attitude and the will to change. The methodology has helped 

employers to improve the level of safety and the quantity and quality of their 

production, and has greatly assisted in the effective use of materials and equipment. 

This had the further effect of improving worker motivation, thus making enterprises 

more competitive, as they also improved their ability to meet production deadlines (8).  

2.6 Measurement 

        Several outcome measured techniques which could be used to record the severity 

of symptoms could be listed as follows: 

        2.6.1 Direct Measured Techniques   

        Visual analog scale (VAS) was used to record the severity of several symptoms 

by marking an anchored 100mm visual analog scale for three symptoms associated 

with WMSD such as pain, stiffness and numbness. The visual analog scale was 

anchored on the left by no pain and on the right by the worst pain (16). 

        Electromyography (EMG) has been used as a tool to evaluate workload on 

different individuals is biofeedback (58). The method of using biofeedback equipment 

to collect EMG data was first developed and introduced by two occupational 

physiotherapists in their attempt to determine whether armrests on chairs could relieve 

strain on the neck and shoulder (59). EMG recording is provided to measure of muscle 
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contraction and muscular load during performed specific task activities (16). Hansson 

et al in 2000 (60) used electromyography to detect physical workload that was 

muscular load of the trapezius and infraspinatus muscles during working in female 

office workers. 

 

        Rapid upper limb assessment (RULA) is a tool which allows to evaluate the loads 

sustained by the musculoskeletal system due to work posture, muscle use and force 

exerted and to calculate the exposure to risk factors associated with work-related upper 

limb disorders (42). Shuval et al in 2005 (61) used RULA to assess ergonomic risk 

factors through direct observation of workers’ postures at their workstations.  

 

        RULA is a validated tool that assesses biomechanical and postural loading on the 

upper limb. The RULA scoring system generates an action list indicating the level of 

intervention required to reduce the risks of injury. For instance, a final score of 1 or 2 

indicates an acceptable human–computer interface, while a score of 7 represents a 

completely unacceptable interface, emphasizing the need to make immediate 

modifications (61). 

 

        Ovako Working posture Analyzing System (OWAS) is a method that is often 

used to determine the posture load. OWAS is based on direct observation and can be 

very time consuming. Bruijn et al in 1998 (62) used OWAS to evaluate different 

working posture of nurses and determine the reliability of OWAS observation. 

 

        Movement Analysis is a specific technique such as VIRA developed in Sweden, 

use video recordings and templates on the video screen to define and quantify 

movements (especially of the neck and upper limbs) of workers engaged in fine 

manipulative task. Information on postures and movements from the video is keyed 

directly into a computer and analysis is carried out by a specially designed computer 

program (49). 

 

        2.6.2 Indirect Measured Techniques had several methods such as clinical 

symptom, symptom behavior, frequency of symptom, number of production rate, 
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number of error rate, amount of workload, and amount of medical payment. In this 

current study, the indirect measurement was selected to evaluate the ergonomic 

intervention consequence. 

 

        Measurement of workload   

        In the quantification of load at work, indirect measures such as production rates, 

the amount of force required or the number of movements made, are now commonly 

used. However, the direct quantification of physical load, particularly muscle load, on 

individuals at work has proved most difficult (49). 
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CHAPTER III 

MATERIALS AND METHODS 

 

3.1 Study Design 
        This study intended to improve work performance and reduce work-related 

musculoskeletal signs and symptoms of workers who routinely worked in a cardboard 

box factory. A fieldwork (such as observation, interview, and video record) and 

physical examination were conducted before intervention commenced. The Work 

Improvement in Small Enterprises (WISE) technique was provided to gather the 

proper interventions. The pre and post quasi experimental design was chosen to 

evaluate interventions and WISE technique. 

 

3.2 Study Population 
        Subjects who participated in this study were workers in a production department 

at L and S Shibacon (Thailand) Co, Ltd. A production department was divided into 

four sections, which were foam assembly, cardboard box assembly, cardboard pallet, 

and wooden pallet. Workers participated in this study according to the following 

criteria. 

 

Inclusion criteria 

- Workers who work at foam assembly, cardboard box assembly, cardboard 

pallet, and wooden pallet sections in  production department of L and S 

Shibacon (Thailand) Co, Ltd. 

- Having experience of work in a production department for more than 3 

months. 

 

Exclusion criteria 

- Workers who are employed less than 50% of normal working time. 

(< 4 hr/day or < 20 hr/wk) 
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- A pregnant worker. 

 

Withdrawal criteria 

- Workers who switch the section in a production department or switch to 

other department during the study. 

- Being pregnant. 

- Having an accidence, any musculoskeletal disorders or neurological 

disorders which may influence work performance and symptoms of the 

disorders. 

- Unwilling to continue the study. 

 

        Prior to study participation, subjects were asked to sign an informed consent 

(Appendix B and Appendix C). The procedure of this study was approved by the 

Committee on Human Rights Related to Human Experimentation, Mahidol University 

(Appendix A). 

 

3.3 Observation Survey 
        The fieldwork was conducted prior initiate study during February 2006 in order 

to understand the nature of overall production process in a cardboard box factory. 

Moreover, this knowledge was essential for questionnaire development. 

 

3.3.1 Characteristics of Each Work Section 

The production department was divided into four sections, which differed in work  

task and working processes. 

 

3.3.1.1  Foam Assembly Section 

  There are seven workers in this section who assemble foam pieces in 

cardboard and glue them by using glue gun. The last step, they tie them by using rope 

and pack all finished component for transport. The forms of cardboard and foam are 

varied depending on types of products. All workers in this section work in standing 

posture for all working time. (Figure 3.1) 
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Figure 3.1 Foam assembly section 

 

3.3.1.2 Cardboard Box Assembly Section 

Most workers work in this section. Eight workers assemble cardboard 

pieces, fold cardboard, and attach them by using glue gun and gummed paper. The 

workers have to sign their own signature of on some finished products. The last step, 

they tie and pack products with rope. The forms of cardboard box are varied 

depending on types of products. In addition, they work in standing posture that 

resemble the foam assembly workers. (Figure 3.2) 

 

 
Figure 3.2 Cardboard box assembly section 
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3.3.1.3 Cardboard Pallet Section 

There are four workers who assemble cardboard pieces and fold 

cardboard for pallet’s legs. The next step, they assemble cardboard pieces for the 

cardboard pallet. Moreover, they use paint brush with glue and glue gun for attaching 

each piece. Then in last step, they use iron plate to press cardboard to make the glue 

dry and enshape the pallet. All workers have to stand for all working time. The forms 

of pallet are varied depending on types of products. (Figure 3.3) 

 

 
Figure 3.3 Cardboard pallet section 

 

3.3.1.4 Wooden Pallet Section 

There are two workers in this section. They lift wood pieces from the 

woodstack and comprise by using a hammer gun to nail up. Then they lift wooden 

pallet to place on the floor. The forms of pallet are varied depending on types of 

products. Working posture of workers is a standing posture for all working time and 

stoop posture during lifting wood pieces are presented. (Figure 3.4) 
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Figure 3.4 Wooden pallet section 

 

3.4  Materials 
3.4.1 Self-Administered Questionnaire Development Strategy 

        The development of questionnaire had many strategies in order to provide proper 

questionnaire for surveying WMSD, work performance and work characteristic 

(Appendix D). It had strategies as follows: 

 

First step : This questionnaire was modified from Kurustien’s questionnaire in 

2000 (63) which modified from existing questionnaire based on the standardized 

Nordic questionnaires of Kuorinka and colleagues in 1987 (64) in order to survey 

WMSD. 

 

Second step  : The pilot testing of questionnaire was found that some words were not 

clear and difficult to understand. It was edited by two orthopaedic and ergonomic 

physical therapists who graduated doctorate degree in physical therapy and ergonomic 

fields and lecture in the Faculty of Physical Therapy and Applied Movement Science 

at Mahidol University. 

 

Third step : The revision of questionnaire which was tested in cardboard box 

factory was found that some questions were not necessary. Therefore, some questions 
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were deleted. The reasons of deletion were approved by two orthopaedic and 

ergonomic physical therapists. 

 

Fourth step : Rechecking of the questionnaire. It was found that the questionnaire 

was not completed in some parts, such as workplace environment data and physical 

activities data. This information was asked in order to seek problems in this factory. 

 

Fifth step : The revision of questionnaire was approved from two orthopaedic and 

ergonomic physical therapists. This questionnaire was tested by distributing the 

questionnaire to six workers for self-completion while being observed by the 

researcher to ensure they fully understood. 

 

Sixth step : The complete questionnaire was used to survey WMSD problems of 

cardboard box workers in this study. 

 

        A questionnaire was used in this step that achieved from the self-administered 

questionnaire development strategy. This questionnaire consisted of six sections as 

follow: 

 

Section 1 

        This section is the demographic data that consists of ten questions and asks about 

individual characteristics including date of birth, age, gender, marital state, level of 

education, weight and height, dexterity, health status, pregnancy, and accident or 

injury during the last 12 months and 7 days. 

 

Section 2 

        This section is the working characteristics data that includes duration of 

employment in this factory, duration of current work, former work, work task 

characteristic, duration of working per a day, duration of break, variation of work, and 

overtime working. 
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Section 3 

        This section is the characteristics of working posture data that includes dexterous 

hand during working, duration of each posture, and repetitive parts of body. 

 

Section 4 

        This section is the workplace environment data that includes work satisfaction 

about level of light, noise, temperature, and ventilation. 

 

Section 5 

        This section is the physical activities data that includes child care, elderly care, 

exercise, distance from house to factory, and smoking. 

 

Section 6 

        This section is the WMSD data that is designed to identify areas of pain or 

discomfort from the body diagram and relates to nine body parts (i.e. neck, shoulder, 

elbow, wrist/hand, upper back, lower back, hip/thigh, knee, and ankle/foot) during the 

previous year to current time. 

 

3.4.2 Physical Examination  

        The physical examination form (Appendix D) was developed as follows: 

 

First step : The physical examination form was modified from Kurustien’s 

evaluation form in 2000 (63) and the standardized Nordic questionnaires of Kuorinka 

and colleagues in 1987 (64). 

 

Second step : This form was tested with two patients who had WMSD problems at 

The Physical Therapy clinic in Faculty of Physical Therapy and Applied Movement 

Science at Mahidol University by the researcher. 

 

Third step : Some parts of physical examination form was edited that were not 

necessary for the cardboard box workers by two orthopaedic and ergonomic physical 
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therapists and researcher. In addition, a body chart was added in this form that was 

clearly to fill the specific area of symptoms. 

 

Fourth step : The revision of physical examination form was approved from two 

orthopaedic and ergonomic physical therapists. The complete form was used to 

physical examine subjects in this study. 

 

        Physical examination was used to confirm WMSD from worker’s report. The 

physical examination was performed by the researcher who obtains orthopaedic 

clinical practicing with an orthopaedic physical therapist for two years. 

 

        The results of physical examination which includes symptomatic interview, 

observation, palpation, active and passive movement, nerve tension, and special test 

were recorded in examinational form. 

 

3.4.3 Video Recording  

        Video recording was used to record the characteristics of work task, working 

process, the difference of each task, workplace environment, posture during working, 

etc. These data was used to analyse in the next step. 

 

3.5 Procedure 
        The proceeding of this study consisted of six steps  

Step 1  Survey problems 

Step 2 Analyze risk factors and causes 

Step 3 Provide basic knowledge in ergonomics, WMSD and exercise 

Step 4 Brainstorm between workers and leaders of production department, safety 

officers, managers, chief executive officer, two orthopaedic and ergonomic 

physical therapists and researcher to create the methods for solve the problems 

Step 5  Implement the intervention 

Step 6  Evaluate and summarize the results  

 

        Each step had the detail as follows: 
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        3.5.1 Step 1: Problem surveying 

        Survey the problem by using a self-administered questionnaire, video recording, 

and physical examination. 

 

        3.5.2 Step 2: Risk factors and causes analyzation 

        This step analysed to find risk factors and causes of problem by compiling data 

from a self-administered questionnaire, video recording, and physical examination. 

The results from this step were used to identify what was needed to delivery to the 

workers. 

 

        3.5.3 Step 3: Basic knowledge providing 

        WISE technique was used to solve the problems. This step is purposed to provide 

basic knowledge for workers. The workers were taught for ten hours by three 

instructors who are two orthopaedic and ergonomic physical therapists and the 

researcher. The information of teaching composes of body structure, WMSD, signs 

and symptoms, risk factors, ergonomics, management, and prevention which had 

detail as follows: 

 

        Each day lasted for one hour. 

Day 1 : Body structure and WMSD in peripheral region of body. 

Day 2 : WMSD in core region of body.  

Day 3 : Ergonomic knowledge that are anthropometry, work station, hand tools, and   

  workplace environment. 

Day 4 : Ergonomic knowledge that are cognitive and work organization.  

Day 5 : Awkward postures and proper material handling. 

Day 6 : Knowledge of exercise. 

Day 7 : Ergonomic improvement. 

Day 8 : Summarize whole knowledge and examples of ergonomic management and     

  prevention. 

Day 9  : Test of applied knowledge in own work. 

Day 10: Test of applied knowledge in own work. 
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3.5.4 Step 4: Brainstorming 

        When the cardboard box workers had basic knowledge. The next step was 

brainstorming from workers and leaders of production department, safety officers, 

managers, chief executive officer, two orthopaedic and ergonomic physical therapists 

and researcher. Moreover, the researcher set time for two weeks in order to allow 

workers if they had more idea for their solutions. The workers could write their idea 

on paper and put into the box with anonymous to ensure that they were protected for 

their job security. The researcher listed whole method which used to solve the 

problems. 

 

        3.5.5 Step 5: Implementation  

        Before this step, basic knowledge of worker was used to prevent and manage risk 

factors; therefore, some problems could be solved by themselves. In this step, the 

methods were selected to solve the problems. Then the researcher arranged the 

methods from the most importance to the least and began to apply the improvement.  

 

        The methods were listed as follows: 

• Job rotation 

• Additional rest breaks 

• Specific exercise 

 

        First and second methods were work improvements which meant job rotation and 

scheduling more rest breaks. Job rotation was provided to equally distributed workload 

to the workers by the head of the production department. Two sets of additional rest 

breaks were provided for exercise that was not normal rest breaks because this process 

was added in scheduling rest breaks of the factory. It was set at 9.30-9.35 am and 2.30-

2.35 pm in order to exercise. Third method was specific exercise as human 

improvement which covered in WMSD of workers. The specific exercise was 

classified in 5 groups which consisted of upper extremity and trunk exercise, neck and 

shoulder exercise, nerve mobilization exercise, trunk exercise, and lower extremity 

exercise. Moreover, trunk exercise group was added for the wooden pallet workers 
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who worked in awkward posture of back during lifting. The detail of exercise was 

shown in Figure 3.5. 

 
Exercise 

 
1. Upper extremity and Trunk exercise 

 

                       
 

            
 

2. Neck and Shoulder exercise 
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3. Nerve mobilization exercise 
 

             
 

4. Trunk exercise 
 

          
 

5. Lower extremity exercise 
 

                
 

     
 
Figure 3.5 The set of exercise provided for the workers in a cardboard box factory. 
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        3.5.6 Step 6: Evaluation 

        A self-administered questionnaire and physical examination were performed 2 

times. First time evaluation was at after workers received interventions for 1 month. 

The second time was at after workers received interventions for 2 months. Then data 

were summarized and analyzed. 
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Figure 3.6 Procedure of this study. 

Workers in production department 

Subjects who follow criteria sign an inform consent 

Data analysis 

Survey problems 

Analyse risk factors and causes 

Brainstorm to create the methods 

Provide basic knowledge 

Implement the intervention 

Evaluate and summarize the results 
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3.6 Data Analysis 
        The data were analyzed according to the following methods. The level of 

significance was set up at p-value less than 0.05. 

3.6.1 Descriptive statistics was used to determine mean, standard deviation, 

frequency and percentage of demographic characteristics and physical 

symptoms data. 

3.6.2 Severity of WMSD 

• Friedman test was used to determine the difference of 3 groups (Before 

applying intervention, After applying intervention (follow up1), and After 

applying intervention (follow up 2)) and 

Wilcoxon Signed Ranks test was used to determine the difference 

between groups. 

3.6.3 Amount of workload 

• The Kolmogorov-Smirnov Goodness of Fit test was used to analyse the 

distribution of data and the Dependent T-test was used to determine the 

difference between 2 groups. 
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CHAPTER IV 

RESULTS 

 

Part I   Survey Data 
        The results of this part were analyzed from self-administered questionnaire by 21 

workers. Before workers had received intervention, 6 workers were excluded. Because 

they had withdrawal criteria that was switching the section in a production department 

or switching to other departments during the study and being pregnant. Therefore, 15 

workers remained to participate in this study. All questionnaires were considered valid 

for this analysis after they were checked for completeness and did not fall in any 

exclusion criteria (no workers were employed less than 50% of normal working time 

(4 hr/day or < 20 hr/wk)). 

 

4.1 Demographic Characteristics     
        The results of demographic characteristics of cardboard box workers in 

production department were shown in Table 4.1. 

 

Table 4.1 Demographic characteristics 
Before intervention (n=21) 

 
After intervention (n=15)  

Demographic 

characteristics Female(n=19) Male(n=2) Female(n=14) Male(n=1) 

 
Age (years) 
          Mean 
          SD 
          Min-Max 
 

 
 

29.74 
  6.86 
19-45 

 
 

33.00 
  8.48 
27-39 

 
 

29.71 
  7.81 
19-45 

 
 

39.00 
- 
- 

 
Weight (kg.) 
          Mean 
          SD 
          Min-Max 

 
 

57.31 
10.50 
45-75 

 
 

       53.50 
  2.12 
52-55 

 
 

56.57 
10.39 
45-75 

 
 

52.00 
- 
- 



Fac. of Grad. Studies, Mahidol Univ.                                   M.Sc.(Physical Therapy) / 41 
 

Before intervention (n=21) 
 

After intervention (n=15)  
Demographic 

characteristics (Cont.) Female(n=19) Male(n=2) Female(n=14) Male(n=1) 

 
Height (m.) 
          Mean 
          SD 
          Min-Max 
 

 
 

1.57 
0.05 

1.50-1.67 

 
 

1.59 
0.01 

1.58-1.60 

 
 

1.57 
0.05 

1.50-1.65 

 
 

1.60 
- 
- 

 
BMI (kg/m2) * 
          Mean 
          SD 
          Min-Max 
 

 
 

23.23 
  4.31 

16.53-30.02 

 
 

21.17 
  1.21 

20.31-22.03 

 
 

22.95 
  4.38 

16.53-30.02 

 
 

20.31 
- 
- 

 
Handedness (number) 
          Right 
          Left 
 

 
 

16 (76.19%) 
  3 (14.28%) 

 
 

1 (4.76%) 
1 (4.76%) 

 
 

13 (86.67 %) 
    1 (6.67%) 

 
 

1 (6.67%) 
- 

 
Education level (number) 
          Pratom 4-6 
          Mathayom 3 
          Mathayom 6 
 

 
 

10 (47.62%) 
  7 (33.33%) 
2 (9.52%) 

 
 

1 (4.76%) 
- 

1 (4.76%) 

 
 

   6 (40%) 
   6 (40%) 
   2 (13.33%) 

 
 

- 
- 

1 (6.67%) 

 
Marital status (number) 
          Single 
          Marriage 
 

 
 

  3 (14.28%) 
16 (76.19%) 

 
 

2 (9.52%) 
- 

 
  

  2 (13.33%) 
   12 (80%) 

 
 

1 (6.67%) 
- 

 
Duration of working for a 
current job (months) 
          Mean 
          SD 
          Min-Max 
 

 
 
 

42.16 
32.21 
3-120 

 
 
 

       30.00 
25.45 
12-48 

 
 
 

     42.64 
     28.32 
      3-84 

 
 
 

48 
- 
- 

 
* BMI = body mass index = weight/height2 
 

4.2 WMSD in Cardboard Box Workers 
        The data from self-administered questionnaire showed that all workers had 

WMSD at least 1 area during the last 12 months. Before applying the intervention, 

most workers had 1 area of WMSD (40%) and after applying the intervention, most 

workers had 3 areas of WMSD (26.67%) (Table 4.2). The frequently reported area of 

WMSD problems was found in the wrist/hand (66.67% before applying the 

intervention and 80% after applying the intervention). There were shown in Table 4.3 

and Figure 4.1. 
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Table 4.2 Number of WMSD areas during the last 12 months 

 

 
No. of areas 

 

 
Before 

intervention 
(n=21) 

 
Before  

intervention * 
(n=15) 

 
   No symptom 
   1 area 
   2 areas 
   3 areas 
   4 areas 
   5 areas 

 
- 

       8 (38.09 %) 
       5 (23.81%) 
       4 (19.05%) 
       1 (4.76%) 
       3 (14.28%) 

 
- 

       6 (40%) 
       3 (20%) 
       3 (20%) 

 1 (6.67%) 
   2 (13.33%) 

 

* After exclude subjects who had withdrawal criteria. 

 

Table 4.3 WMSD in nine parts of the body during the last 12 months 

 

 
Area of WMSD

 
 

 
Before  

intervention  
(n=21) 

 
Before  

intervention *  
(n=15) 

 
   Neck 
   Shoulder 
   Elbow 
   Wrist/hand 
   Upper back 
   Lower back 
   Hip/thigh 
   Knee 
   Ankle/foot 
 

            
     4 (19.05%) 
     9 (42.86%) 
     5 (23.81%) 
   12 (57.14%) 
     1 (4.76%) 
     4 (19.05%) 
     4 (19.05%) 
     7 (33.33%) 
     3 (14.28%) 

 
2 (13.33%) 
7 (46.67%) 
4 (26.67%) 

  10 (66.67%) 
    1 (6.67%) 

 2 (13.33%) 
    3 (20%) 

 4 (26.67%) 
 2 (13.33%) 

 

* After exclude subjects who had withdrawal criteria. 
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* After exclude subjects who had withdrawal criteria. 

 Figure 4.1 WMSD in nine parts of the body during the last 12 months  
 

4.3 Ergonomic Risk Factors in Cardboard Box Workers 
        Ergonomic risk factors was observed and analysed by agreement of two 

orthopaedic and ergonomic physical therapists and researcher. Detail was shown in 

Table 4.4. 

 

Table 4.4 Possible ergonomic risk factors finding 

Ergonomic risk factors Detail 

Force 

 

Repetition 

 

Posture 

Manual material handling 

 

Contact stress 

 

 

 

- Strike and fold cardboard with high force. 

- Hammer with high force. 

- Repetitive movement of upper extremity to 

assemble, fold, and enshape products. 

- Work with sustained or awkward posture  

- Poor posture during lifting object such as wood 

pieces, wooden pallet, and cardboard pallet. 

- Contact stress from hand tool and equipment 

such as glue gun, handle of gummed paper, 

paint brush, and hammer gun. 
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Ergonomic risk factors Detail 

Work station 

 

Environment 

 

Duration 

- Table height was not fit for each worker. 

- Space of each work task was too narrow. 

- Poor ventilation and temperature in workplace. 

- Light source level was too low. 

- Working duration was too long that it caused 

fatigue and WMSD. 

 

Part II   Physical Examination Data 
        After the questionnaires had been completed and returned to the researcher, 

workers who answered having WMSD problems were asked to have the physical 

examination. Then, physical examination was performed to evaluate those symptoms. 

The results of physical examination were classified to 6 groups that were muscular, 

tendon, nerve, bone/joint/ligament, mix and no disorder group. The detail was shown 

in table 4.5. In addition, the impairment findings of WMSD at the time of data 

collection in cardboard box workers were displayed in table 4.6. 

 

Table 4.5  Physical examination findings of WMSD at the time of data collection in  

cardboard box workers 

 
Physical examination finding 

 

 
Before 

intervention 
(n=21) 

 
Before  

intervention*
(n=15) 

 
After 

intervention(1) 
(n=15) 

 

 
After 

intervention(2)

(n=15) 
 

 
Muscular disorders 
Tendon disorders 
Nerve disorders 
Bone/joint/ligament disorders 
Mix disorders 
No disorder 
 

 
  7 (33.33%) 
  3 (14.28%) 
  3 (14.28%) 
  2 (9.52%) 
  6 (28.57%) 
  0 

 
 4 (26.67%) 
 3 (20%) 
 1 (6.67%) 
 1 (6.67%) 
 6 (40%) 
 0 

 
  1 (6.67%) 
  1 (6.67%) 
  2 (13.33%) 
  0 
  1 (6.67%) 
10 (66.67%) 

 
  3 (20%) 
  0 
  0 
  0 
  1 (6.67%) 
11 (73.33%) 

 
* After exclude subjects who had withdrawal criteria. 
(1) First follow up result, being measured after applying intervention for 1 month. 
(2) Second follow up result, being measured after applying intervention for 2 months. 
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4.4 Symptom Characteristics of WMSD in Cardboard Box Workers 
        The WMSD that occurred in cardboard box workers were pain, numbness and 

weakness. There were only 3 clinical symptoms which workers complained. These 

symptoms often appeared during working. In addition, the most frequency of 

symptoms was everyday. Moreover, the WMSD were classified regarding to the stage 

of symptom in 3 groups for mild, moderate, and severe symptom. It was found that 

workers have symptoms in the first stage and the second stage. The detail of symptom 

characteristics was displayed in Table 4.7. 

 

Table 4.7 Symptom characteristics of WMSD at the time of data collection 

 

 
Symptom 

characteristics 
 

 
Before 

intervention 
(n=21) 

 
Before  

intervention*
(n=15) 

 
After 

intervention(1) 
(n=15) 

 
After 

intervention(2)

(n=15) 
 

 
Clinical symptom 
   Pain 
   Numbness 
   Weakness 
   Others 
 

 
 

  20 (95.24%) 
6 (28.57%) 

- 
- 

 
 
  15 (100%) 
   4 (26.67%) 

- 
- 

 
 

4 (26.67%) 
4 (26.67%) 

     1 (6.67%) 
- 

 
 

4 (26.67%) 
     1 (6.67%) 

- 
- 

 
Behavior of symptom 
   All the time 
   In the morning 
   During working 
   After working 
   At night 
 

 
 
- 
- 

   21 (100%) 
- 
- 

 
 
- 
- 

15 (100%) 
- 
- 

 
 
- 
- 

4 (26.67%) 
- 

     1 (6.67%) 

 
 
- 
- 

4 (26.67%) 
- 
- 

 
Frequency of symptom 
   Everyday 
   >1 time/ 1 week 
   >1 time/ 1 month 
   >1 time/ 3 month 
   >1 time/ 1 year 
 

 
 

11 (52.38%) 
 7 (33.33%) 

- 
1 (4.76%) 
2 (9.52%) 

 
 

  7 (46.67%) 
     6 (40%) 

- 
1 (6.67%) 
1 (6.67%) 

 
 

 2 (13.33%) 
     3 (20%) 

- 
- 
- 

 
 

4 (26.67%) 
- 
- 
- 
- 

 
Stage of symptom 
   Stage 1 (Mild) 
   Stage 2 (Moderate) 
   Stage 3 (Severe) 
 

 
 

16 (76.19%) 
 5 (23.81%) 

- 

 
 

    12 (80%) 
      3 (20%) 

- 

 
 
    2 (13.33%) 
    3 (20%) 

- 

 
 
- 

4 (26.67%) 
- 
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* After exclude subjects who had withdrawal criteria. 
(1) First follow up result, being measured after applying intervention for 1 month. 
(2) Second follow up result, being measured after applying intervention for 2 months. 

 

4.5 Irritability of WMSD Symptoms in Cardboard Box Workers 
        Pain scale was used to measure severity of symptom that was defined as 0 = no 

symptom, 1-2 = very mild symptom, 3-4 = mild symptom, 5-6 = moderate symptom, 

7-8 = severe symptom, and 9-10 = very severe symptom. The result found that the 

severity of WMSD was significant difference between before and after applying 

intervention (both First and Second follow up results). The detail was presented in 

Table 4.8-4.10. 
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Table 4.9 Test statistics of severity of WMSD  
 

Percentiles 
Stage 

25th 50th (Median) 75th 
Mean Rank P-Value 

Before intervention 

After intervention (1) 

After intervention (2) 

1 

0 

0 

3 

0 

0 

3 

0.5 

0 

2.52 

1.80 

1.68 

0.001* 

 

  *  Friedman test with significant level at the 0.01 
 (1) First follow up result, being measured after applying intervention for 1 month. 
 (2) Second follow up result, being measured after applying intervention for 2 months. 

 

Table 4.10 Test statistics of severity of WMSD between groups 
 

Stage N Mean Rank P-Value  

After (1) - Before        Negative Ranks 

                                   Positive Ranks 

                                   Ties 

17 

5 

3 

13.09 

 6.10 

0.001* 

After (2) - Before        Negative Ranks 

                                   Positive Ranks 

                                   Ties 

17 

3 

5 

10.68 

 9.50 

0.004* 

After (2) - After (1)      Negative Ranks 

                                   Positive Ranks 

                                   Ties 

6 

4 

15 

5.00 

6.25 

0.797 

 
  *  Wilcoxon Signed Ranks test with significant level at the 0.01 
 (1) First follow up result, being measured after applying intervention for 1 month. 
 (2) Second follow up result, being measured after applying intervention for 2 months. 
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Part III   Work Performance Data 
        The work performance data were number of production rate, number of error 

rate, amount of workload, and amount of medical payment. 

 

4.6 Number of Production Rate and Error Rate 
        The number of production rate in this factory was determined for standard 

production. Everyday, workers must produce following standard timetable that was the 

same work task. In addition, the number of error rate could not collect because this 

factory did not record the error rate. 

 

4.7 Amount of Workload 
        Amount of workload was defined in four groups that referred maximal workload 

(100%) as 0-25% in the first group, 26-50% in the second group, 51-75% in the third 

group and 76-100% in the fourth group. The results found that the amount of workload 

was not significant difference between before and after applying intervention. The 

detail was shown in Table 4.11-4.12. 

 

Table 4.11 Amount of workload (%) 

 

 
Amount of workload (%) 

 

 
Before  

intervention  
(n=21) 

 
Before  

intervention* 
(n=15) 

 
After  

intervention 
(n=15) 

 
0-25 
26-50 
51-75 

 76-100 
 

 
    1 (4.76%) 

10 (47.62%) 
  8 (38.09%) 
2 (9.52%) 

 

 
   1 (6.67%) 
   6 (40%) 
   6 (40%)  
   2 (13.33%) 

 
- 

 10 (66.67%) 
   4 (26.67%) 
   1 (6.67%) 

         
* After exclude subjects who had withdrawal criteria. 
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Table 4.12 Test statistics of amount of workload (%) 
 

Stage Mean SD df P-Value  

Workload (Before) 

Workload (After) 

55.53 

51.33 

20.93 

14.08 

14 0.527 

 

Paired T test with significant level at the 0.05 
 

4.8 Amount of Medical Payment 

        Medical payment data of workers were collected to provide database. Workers in 

this factory described that amount of medical payment was too small. The small 

amount of medical payment may be missed report of factory and workers. Moreover, 

most workers could tolerate with every symptom, therefore this data collection was 

incomplete. 
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CHAPTER V 

DISCUSSION 

 
5.1 Methodological Aspects 
        This study mainly emphasized on the effect of ergonomic intervention by using 

the WISE technique on physical symptoms and work performance. Ergonomic 

intervention was applied to reduce problem in WMSD. The WISE technique as an 

ergonomic intervention was chosen to solve WMSD problems. 

 

        The WISE technique was designed to provide effective and affordable voluntary 

technique for small enterprises. This technique was aimed at improving work 

conditions and productivity (8-10). In this approach, the ergonomic interventions had 

processes as the guiding principles of the ergonomic process which consisted of five 

specific but overlapping steps (4, 8-10, 16, 50, 54, 57). They were problem 

identification, problem analysis, solution development, solution implementation, and 

solution evaluation. The identification of WMSD and their associated risk factors was 

the first step in the ergonomics process. Once WMSD were identified, specific work 

tasks and methods were analysed for detecting risk factors and developing potential 

solutions. Based on the findings from the analysis, a prioritization for solution 

development and implementation was planned. The implemented solutions were then 

evaluated. In the majority of cases, the initial solutions were imperfect, and therefore 

the situation was reanalysed and the cycle was repeated until a satisfactory result was 

obtained (4). The WISE technique was proper method to apply in cardboard box 

factory. The fieldwork’s results in this current study showed incidence of 

musculoskeletal injury that number and severity were rapidly and continuously 

increased. Moreover, the cardboard box factory was a small enterprise in which the 

WISE technique could be applied. In addition, the characteristic of work task had 

many risk factors which led to occurrence of musculoskeletal injury.        

             



Fac. of Grad. Studies, Mahidol Univ.                                   M.Sc.(Physical Therapy) / 53 
 
 
        The proceeding of the WISE techniques which used in this study consisted of six 

steps as follows (8-10): 

 

        Step 1: Survey of problems that was obtained from the fieldwork stage (such as 

observation, interview, and video record) and physical examination (50, 57, 65-67). 

 

        The fieldwork stage was used to collect data about characteristic of work task 

each section, work process, work distribution, schedule rest break, posture during 

working, risk factors, incidence of injury, and signs and symptoms of WMSD. The 

result found that had high incidence of WMSD, especially upper extremity area (Table 

4.3 and Figure 4.1 in Chapter IV). Moreover, many researches likely reported WMSD 

in upper extremity area (57, 65-67). 

 

        The physical examination was used to confirm signs and symptoms of WMSD 

which workers complained and defined the cause in occurrence of WMSD that it 

occurred from muscle, tendon, ligament, joint, bone, or nerve injury. The result of this 

study found mix disorders (40%) and muscular disorders (26.67%) at the time of data 

collection. Some researches showed the incidence of WMSD but did not defined the 

type of soft tissues (57, 65, 67, 68). Moreover, the physical examination was chosen to 

add from basic ergonomic surveying and other researches in order to provide a clear 

relationship between work and WMSD. 

 

        Step 2: Analysis of risk factors and causes. These data obtained from step 1 

(survey problems) which were analysed ergonomic risk factors and causes in 

occurrence of WMSD problem. This study was likely found the ergonomic risk factors 

and the result as Bernard’s study in 1997 (26). The ergonomic risk factors in this 

current study occurred from high force, repetitive movement, sustained or awkward 

posture, poor manual material handling, contact stress with hand tool and equipment, 

work station design, low light source level, poor ventilation and temperature, and too 

long duration of working. 
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        Step 3: Providing education and training. The information of teaching composed 

of body structure, WMSD, signs and symptoms, risk factors, ergonomics, 

management, and prevention. This course lasted ten days and was provided one hour 

every morning. 

 

        In this step, workers were interviewed basic knowledge of ergonomics and the 

need of ergonomic teaching to create the proper ergonomic interventions. This course 

consisted of two parts which were lecture and practice part. In practice part, the 

methods which used to solve the problems and apply knowledge in own work were 

taught to worker. Therefore, workers could have the role and induced participation to 

these improvements for themselves. In addition, the basic knowledge of workers 

would be led to next step which was brainstorm for proper interventions. 

       

        Step 4: Brainstorm between workers and leaders of production department, safety 

officers, managers, chief executive officer, two orthopaedic and ergonomic physical 

therapists and the researcher was accomplished to make an agreement on step of 

intervention things to be changed for solving the problems which were mentioned in 

Appendix F (Table F.5). 

 

        These interventions were arranged order from the most importance to the least by 

agreement of these persons as were mentioned above and the reasons of budget and 

convenience. Moreover, workers could provide or share their ideas in this step which 

they were ensured their job security. First order was job rotation which was occurred 

by leaders of production department. In addition, workers who worked in foam 

assembly and cardboard box assembly section were received job rotation between 2 

sections. Second order was providing an addition 5 minutes of short break for workers 

in order to exercise when they heard sound of rest break (set 2 rest breaks for 5 

minutes). This exercise covered in WMSD of workers in production department which 

had the detail as mentioned in Chapter III (Figure 3.5). 

 

        Step 5: Implementation of the interventions. These interventions were work and 

human improvements. Work improvements were job rotation and schedule more rest 
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breaks (8-10). Human improvements were giving education about basic knowledge to 

recognize ergonomic risk factors and awareness during work and training workers in 

exercise for reducing WMSD (51-53, 56). In addition, step 4 and 5 had overlapping in 

order to provide the most suitable intervention for each worker.  

 

        Step 6: Evaluation and follow up of the results by using a self-administered 

questionnaire and physical examination. Evaluation was applied twice with 1 month 

interval. This duration of evaluation was long enough to see the change of WMSD 

(16). The results of this study found significant difference in the severity of WMSD 

between before and after applying intervention which was mentioned in Chapter IV 

(Table 4.8-4.10). The amount of workload was not significant difference between 

before and after applying intervention which was mentioned in Chapter IV (Table 

4.12). From these results, the WISE technique could reduce the severity of WMSD 

while the amount of workload was still similar. 

 

        These processes were conducted in cardboard box workers who routinely worked 

or were employed more than 50 % of normal working time (>4 hr/day or >20 hr/wk) 

(46) in foam assembly, cardboard box assembly, cardboard pallet, and wooden pallet 

sections of production department and had experience of work in this department for 

more than 3 months. Twenty-one subjects who participated in this study were workers 

in these sections. Numbers of workers before applying ergonomic intervention were 

twenty-one workers. But after applying ergonomic intervention, there were fifteen 

workers because some workers switched section and department during data collection 

stage. Therefore, subjects in some sections were too small. For example, wooden 

pallet section had only one worker after applying intervention. Although some subjects 

lost, but data outcomes were not much different, and they showed a less tendency of 

misinterpretation.  

 

        Variation of subjects could not be controlled because subjects could switched or 

changed section, did daily life activity, or had other jobs. Therefore, these factors were 

difficult to be controlled. Moreover, the concentration of awareness in each worker 

was different. 
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        This study used the pre and post quasi experimental design which was chosen to 

evaluate the WISE technique. Moreover, randomization technique could not be 

applied as regulation because number of subjects was small. 

 

5.2 WMSD of Workers in Cardboard Box Factory 
        5.2.1 Symptom Characteristics of WMSD 

        Before applying the intervention, the clinical symptoms of WMSD were pain and 

numbness. These clinical symptoms occurred from muscle, tendon, joint, ligament, 

and nerve injuries. The physical examination data showed that most symptoms of 

workers were irritated and stimulated by work tasks. Most workers had these 

symptoms everyday during working. First and second stage of symptoms were 

appeared in this department. These results were similar to other studies (57, 65, 67). 

 

        After applying the intervention for 1 month, it was found that the clinical 

symptoms occurred in muscle, tendon, joint and ligament were cured more than 

clinical symptoms from nerve problems. However, these clinical symptoms would be 

better when ergonomic interventions were applied. First and second stage of 

symptoms could be corrected and cured. Most stages of symptoms in 11 workers could 

be reduced from higher to lower stage. Moreover, severity of symptoms was presented 

in moderate to very severe phase and severity of symptoms was more increasable 

when work tasks had been begun. Other researches reported the result of ergonomic 

interventions that could reduce WMSD (4, 8-10, 16, 50, 54, 57). 

 

        5.2.2 Factors Affecting WMSD 

        Observation survey data showed that all workers had WMSD at least 1 area. Most 

workers had WMSD at upper extremity during the last 12 months and in data 

collection stage. From these results, area of WMSD had related to characteristics of 

work which used repetitive movement of upper extremity during working. 

 

        The results of WMSD in nine parts of the body during the last 12 months were 

explained detail which was mentioned under Chapter IV (Table 4.3 and Figure 4.1). 

The most reported area of WMSD problem was found in the wrist/hand (66.67% 
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before applying intervention and 80% after applying intervention). In the same way, 

many researches found the incidence of upper extremity disorders that associated with 

exposure to physical ergonomic stressors in workers’ usual work task. Moreover, the 

characteristics of work task which used upper extremity movement during working 

had high incidence of cumulative upper extremity disorders (12, 42, 50, 57, 61, 65-

67). 

 

        Characteristics of work tasks in assembly stage were working with repetitive 

movement, hold upper extremity and sustained same posture or awkward posture for 

long time during working, especially handedness. Moreover, some work tasks which 

worked in foam assembly, cardboard box assembly and cardboard pallet had to be 

used repeated bending of wrists, contact stress at hands while struck cardboard pieces 

to fold and enshape them, and contact stress from hand tool and equipment. Therefore, 

most workers could have WMSD, such as myofascial pain syndrome of upper 

extremity, tendinitis, joint sprain, disorders related to nerve irritation, etc. In addition, 

characteristics of work tasks were vary and had many risk factors, so the causes of 

problem were combined. Therefore, this study did not classify risk factors to relate in 

symptom characteristics of workers. 

 

        From these results, characteristics of work tasks had relationship with WMSD. 

Bernard in 1997 (26) gathered many researches in order to find evidence for causal 

relationship between physical work factors and WMSD which found risk factors that 

led to occurrence of WMSD. The detail in each body part was mentioned under 

Chapter II (Figure 2.1). 

 

        From this data, risk factors could be clearly explained which they caused WMSD 

in each body part. Sufficient evidence could be found for some body part problem to 

conclude exposures which influence the occurrence of WMSD. The symptoms in neck 

and neck/shoulder part may be impacted from posture, repetition, and force. The 

shoulder part could be injured from posture and repetition, but in elbow part, it was 

occurred from combination of risk factors and force (26). 
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        However, the symptoms of hand and wrist areas were mainly emphasized which 

often injured from combination of risk factors, repetition, force and vibration (26). In 

the same way, most workers in this study complained symptoms in hand and wrist 

areas which occurred from same reasons. The causes of back disorders were mostly 

affected in lifting/forceful movement, awkward posture, and heavy physical work (26) 

which occurred on wooden pallet work tasks in this study, too. Because characteristics 

of work tasks in this section had influence to induce risk factors of injury. 

 

5.3 The WISE Technique can help reduce WMSD 
        The WISE technique was provided to solve WMSD in the cardboard box factory. 

The WISE technique had principle as basic ergonomic interventions that consisted of 

engineering controls, administrative controls, and training (6, 55). In this study, two 

ergonomic interventions that were administrative controls and training were provided. 

Administrative controls referred to job rotation and schedule rest break (6). Training 

referred to giving education to workers for prevent risk factors, manage WMSD by 

themselves, and exercise for relaxation (6, 51, 56). In addition, this study did not 

adjust or modify engineering controls which were listed from brainstorming process. 

Because engineering controls would need more time and budget which may be later 

accomplished by the factory. 

 

        Therefore, the result of this study was the effect of ergonomic intervention by 

using the WISE technique could reduce severity and stage of symptoms in workers (8-

10) which was mentioned in 5.2.1 and Table 4.8-4.10. Moreover, this result occurred 

from two ergonomic interventions which work improvements could help reduce 

symptom of WMSD. However, education and training were important which could 

create awareness and pay attention during working. This knowledge could protect and 

prevent injury that occurred from working for a long term and especially, it could 

create consciousness of workers to take care their health. 

 

        In addition, most symptoms of workers were reduced from higher stage to lower 

stage which may be occurred from results of the WISE technique in first follow up 

stage. The WISE technique could be interrupted cumulative pathways which involved 
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in the pathogenesis of WMSD. It could reduce exposure and capacity which led to 

reduce dose and response (54). Therefore, the symptoms of WMSD were better. 

 

        In the other hand, the results of second follow up stage showed that this stage had 

the occurrence of WMSD in some workers which had the causes of low quality 

equipments. However, workers who had these symptoms and complained this problem 

were small group. Workers in this group convinced that it could be solved and to be 

better soon. 

 

5.4 Limitation of Study 
        This study conducted in a small enterprise where continuous working process and 

variation of work tasks had been appeared. Therefore, ergonomic intervention may be 

difficult to control the problems and could not be changed or adjusted indulgence. 

Moreover, it was uncontrollable factor because subjects could switched section and 

worked other jobs. The concentration and attention of each worker were different 

while interventions were given. For this reason, the symptoms of some workers could 

not be corrected. 

 

        Other work improvement could not be adjusted, such as hand tool design, 

workplace adjustment, height of table, and etc. Because budgets were concerned. 

Therefore, the present study had insufficient improvement. However, this study could 

be applied to realistic event in other factories. 

 

5.5 Suggestion for Further Study 

        This research studied the effect of some interventions, but the fact in 

brainstorming stage could list many improvements. So, the further study should study 

the effect of other interventions which could be applied to use in other factories. 

Moreover, the study of longitudinal effect was interesting point which may be more 

useful to industrial factory. 
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        However, the education and basic knowledge were the most important which 

should be given to workers. Workers could be used this knowledge to take care 

themselves from WMSD injury and directly corrected. This reason affected to reduce 

the occurrence of WMSD. 

 

        In addition, the regular exercise could improve physical fitness of workers. While 

the exposures of work were reducing, the physical fitness of workers should be enough 

increased in same level. If the physical fitness level was greater than the workload 

level, it would be presumed that worker should be able to stand in that workload level. 
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CHAPTER VI 

CONCLUSION 

 
        The pre and post quasi experimental design was chosen to study the effect of 

ergonomic intervention by using the WISE technique on physical symptoms and work 

performance which conducted in cardboard box workers. 

 

        The ergonomic interventions had processes as the guiding principles of the 

ergonomic process which consisted of five steps. They were problem identification, 

problem analysis, solution development, solution implementation, and solution 

evaluation. 

 

        The results of this study before applying intervention revealed high incidence of 

WMSD in cardboard box workers. The self-administered questionnaire showed that all 

workers had WMSD at least 1 area during the last 12 months. The highest reported 

area of WMSD problems was found in the wrist/hand. The characteristics of WMSD 

were pain, numbness and weakness. There were only 3 clinical symptoms which 

workers complained. These symptoms often appeared during working everyday. 

WMSD were in the first stage and the second stage. Moreover, the ergonomic risk 

factors in this study occurred from high force, repetitive movement, sustained or 

awkward posture, poor manual material handling, contact stress with hand tool and 

equipment, work station design, low illuminant level, poor ventilation and 

temperature, and too long duration of working. 

 

        The ergonomic interventions which applied in this study were provided from 

brainstorming stage. These interventions were work and human improvements. Work 

improvements were setting job rotation to improve work distribution and providing an 

addition 5 minutes of 2 short rest breaks for exercise. Human improvements were 

giving education about basic knowledge to recognize ergonomic risk factors and 

awareness during work and training workers in exercise for reducing WMSD. 
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        The results of applying intervention found that severity of WMSD was significant 

difference between before and after applying intervention. The stages of WMSD were 

to be better in 11 workers. The result of amount of workload was not significant 

difference between before and after applying intervention. From these reasons, 

ergonomic improvement was main principle which should be applied to help reducing 

WMSD in industrial factory. Moreover, the WISE technique could be motivated 

participation and interest in the importance of ergonomic improvement. Therefore, 

workers were changed attitude and believed in the important of their health.  

 

        This study was a guideline of ergonomic improvement by using the WISE 

technique which applied in a small enterprise and prevented the risk factors that were 

the causes of WMSD. Moreover, workers should be provided basic knowledge of 

prevention and treatment to solve other problems by themselves. This knowledge may 

be affected to workers in a long term.   
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APPENDIX A 
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APPENDIX B 

PARTICIPANT INFORMATION SHEET 
 

 

 

 

 
ในเอกสารนี้อาจมีขอความท่ีทานอานแลวยงัไมเขาใจ โปรดสอบถามหัวหนาโครงการวิจัย หรือ
ผูแทนใหชวยอธิบายจนกวาจะเขาใจดี ทานอาจจะขอเอกสารนี้กลับไปอานท่ีบานเพื่อปรึกษาหารือ
กับญาติพี่นอง เพื่อนสนิท แพทยประจําตัวของทาน หรือแพทยทานอ่ืน เพื่อชวยในการตัดสินใจเขา
รวมการวจิัย 
 
ชื่อโครงการ  การปรับปรุงทางการยศาสตรเพื่อลดอาการทางระบบกระดูกและกลามเนื้อ

โดยใชเทคนิค WISE ในโรงงานผลิตกลองกระดาษ 
หัวหนาโครงการ  นางสาว ประภัสสร คลังสิน 
สถานท่ีวิจัย คณะกายภาพบําบัดและวิทยาศาสตรการเคล่ือนไหวประยุกต  อาคาร

สํานักงานมหาวิทยาลัยมหิดล (เดิม) เชิงสะพานพระปนเกลา   และ    
บริษัท แอลแอนดเอส ชิบาคอน (ประเทศไทย) จํากดั 67/40-42 หมู 12 
ถนนพหลโยธิน ต.คลองหน่ึง อ.คลองหลวง จ.ปทุมธานี  

ผูใหทุน   ไมมี 

 
โครงการวิจัยนี้ทําข้ึนเพื่อศึกษาและสํารวจปญหาความผิดปกติทางระบบกระดูกและ

กลามเนื้อท่ีสัมพันธกับงานและการทํางานของพนักงานโรงงานผลิตกลองกระดาษของบริษัทแอล
แอนดเอส ชิบาคอน (ประเทศไทย) จํากดั ท้ังจากการรายงานของพนักงานเองโดยใชแบบสอบถาม
และจากการตรวจรางกายพนักงานโดยนักกายภาพบําบัด ซ่ึงขอมูลท่ีไดนี้จะถูกนําไปวิเคราะหถึง
สาเหตุของปญหาท่ีพบและปจจัยเส่ียง และนําผลที่ไดมาใชเปนแนวทางการวางแผนการรักษาและ
หาวิธีการปองกัน เพื่อปองกนัปญหาดังกลาวกอนท่ีจะกลายเปนปญหาเร้ือรังท่ียากจะรักษา 

เอกสารชี้แจงผูเขารวมการวิจัย 
(Participant information sheet) 
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ทานไดรับเชิญใหเขารวมการวิจัยน้ีเพราะเปนพนักงานท่ีทํางานในโรงงานผลิตกลอง
กระดาษ บริษทั แอลแอนดเอส ชิบาคอน  (ประเทศไทย) จํากดั   ซ่ึงมีเวลาการทํางานในแตละวนั
มากกวา50%ของเวลาการทํางานในหน่ึงวนั คือ มีเวลาการทํางานมากกวา 4 ช่ัวโมงตอวัน หรือ 
มากกวา 20 ช่ัวโมงตอสัปดาห และ พนักงานตองมีประสบการณการทํางานในแผนกผลิตไมนอย
กวา 3 เดือน นอกจากนีใ้นกรณีท่ีเปนพนักงานเพศหญิงตองไมอยูในชวงต้ังครรภ   

เม่ือทานเขารวมการวิจัยแลว ส่ิงท่ีทานจะตองปฏิบัตติามขั้นตอนการดําเนินการวิจัย 
ดังตอไปนี ้

1. ขั้นตอนการเตรียมการ 
ผูวิจัยทําการอธิบายวัตถุประสงค ข้ันตอนการศึกษา และประโยชนของการวิจยันี้ จากนั้น

ผูเขารวมการวจิัยลงนามในใบยินยอมเขารวมวจิัย 
2. ขั้นตอนการเก็บขอมูล 
ผูเขารวมการวจิัยจะไดรับแบบสอบถาม เพื่อทําการสํารวจปญหาโดยใหผูเขารวมการวิจยั

ตอบแบบสอบถาม และผูวิจยัจะทําการถายภาพและบันทึกวิดีโอลักษณะทาทางขณะทํางาน 
จากนั้นผูวิจยัจะดําเนินการตรวจรางกายพนักงานโดยนักกายภาพบําบัด เพื่อประเมินและ

วินิจฉัยอาการและอาการแสดงท่ีพบ เพื่อนาํมาวิเคราะหหาปจจัยเส่ียงและสาเหตุของปญหา หลังจาก
นั้นผูวิจยัจะจัดอบรมใหความรูเกี่ยวกับโรคทางระบบกระดูกและกลามเนื้อ  ลักษณะอาการของโรค
ตางๆ    ปจจยัเส่ียงท่ีสงผลใหเกิดการบาดเจ็บจากการทํางาน    การแกไขโดยใชวธีิทางการยศาสตร
และแนวทางการปองกัน ใหแกผูเขารวมการวจิยัเพ่ือใหผูเขารวมการวจิัยทุกทานมีความเขาใจถึง
สาเหตุของการเกิดปญหาความผิดปกติทางระบบกระดูกและกลามเนื้อท่ีสัมพันธกับงาน และใน
ข้ันตอนตอไป จะใหผูเขารวมการวิจยัทุกทานระดมความคิดรวมกับนกักายภาพบําบัดท่ีมีความรูและ
เช่ียวชาญทางการยศาสตรเพื่อหาวิธีการปรับปรุงแกไขปญหาท่ีพบ  จากน้ันดําเนินการปรับปรุง
ทางการยศาสตรท่ีเหมาะสม และข้ันตอนสุดทายผูวิจัยจะทําการตรวจรางกายซํ้าเพื่อวัดผลและ
ประเมินผลลัพธท่ีได 

หากผูเขารวมการวิจยัมีขอของใจท่ีจะสอบถามเก่ียวของกับการวจิัยหรือเกิดเหตุการณไมพึง
ประสงคใดๆจากการวจิัยคร้ังนี้ สามารถติดตอสอบถามไดท่ี นางสาวประภัสสร คลังสิน อาคาร
สํานักงานมหาวิทยาลัยมหิดล (เดิม) ช้ัน 4  198/2  ถ.เชิงสะพานพระปนเกลา แขวงบางยี่ขัน เขตบาง
พลัด กทม. 10700 เบอรโทรศัพท 02-433-7090-2, 01-843-0157 ไดทุกเวลา  
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การวิจยันี้ไมมีคาตอบแทนท่ีจะไดรับ และไมมีคาใชจายใดๆท่ีผูเขารวมการวิจัยจะตอง
รับผิดชอบ 

หากมีขอมูลเพิม่เติมท้ังดานประโยชนและโทษท่ีเกีย่วของกับการวจิัยนี ้ ผูวิจัยจะแจงให
ทราบโดยรวดเร็วไมปดบัง 

ขอมูลสวนตัวของผูเขารวมการวิจยัจะถูกเก็บรักษาไว ไมเปดเผยตอสาธารณะเปนรายบุคคล 
แตจะรายงานผลการวิจัยเปนขอมูลสวนรวม ขอมูลของผูเขารวมการวิจยัเปนรายบุคคลอาจมีคณะ
บุคคลบางกลุมเขามาตรวจสอบได เชน ผูใหทุนวิจยั, สถาบันหรือองคกรของรัฐท่ีมีหนาท่ีตรวจสอบ, 
คณะกรรมการจริยธรรมฯ เปนตน 

ผูเขารวมการวจิัยมีสิทธ์ิถอนตัวออกจากโครงการการวิจยัเม่ือใดกไ็ด โดยไมตองแจงให
ทราบลวงหนา และการไมเขารวมการวจิัยหรือถอนตัวออกจากโครงการวิจัยนี้จะไมมีผลกระทบใดๆ
ตอทาน 

 
ขาพเจาไดอานรายละเอียดในเอกสารนี้ครบถวนแลว และยินยอมเขารวมในการศึกษาวิจัย

คร้ังนีด้วยความสมัครใจ 
 

 
     ลงช่ือ............................................. /วันท่ี.........................        
     (...........................................................) 
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APPENDIX C 

CONSENT FORM  
 

 

หนังสือแสดงเจตนายินยอมเขารวมโครงการวิจัย 
 (Consent form ) 

 
  
การวิจัยเร่ือง  การปรับปรุงทางการยศาสตรเพื่อลดอาการทางระบบกระดูกและกลามเนื้อโดยใช 

เทคนิค WISE ในโรงงานผลิตกลองกระดาษ 
 
วันใหคํายนิยอม       วันท่ี ....................... เดือน ……………….………….. พ.ศ. ……………….. 
 

กอนท่ีจะลงนามในใบยินยอมใหทําการวิจยันี้ ขาพเจาไดรับการอธิบายจากผูวจิัยถึง 
วัตถุประสงคของการวิจยั วธีิการวิจัย  อันตราย หรืออาการที่อาจเกดิข้ึนจากการวิจยัหรือจากยาท่ีใช  
รวมท้ังประโยชนท่ีจะเกิดข้ึนจากการวิจยัอยางละเอียด และมีความเขาใจดแีลว 

 
ผูวิจัยรับรองวาจะตอบคําถามตาง ๆ ท่ีขาพเจาสงสัยดวยความเต็มใจ ไมปดบังซอนเรน จน

ขาพเจาพอใจ 
 

ขาพเจามีสิทธิท่ีจะบอกเลิกการเขารวมโครงการวิจยันี้เม่ือใดก็ได และเขารวมโครงการวิจัย
นี้ โดยสมัครใจและการบอกเลิกการเขารวมการวจิัยนี้จะไมมีผลตอการรักษาโรคท่ีขาพเจาจะพึง
ไดรับตอไป  
 

ผูวิจัยรับรองวาจะเก็บขอมูลเฉพาะที่เกีย่วกบัตัวขาพเจาเปนความลับ และจะเปดเผยได
เฉพาะ ในรูปท่ีสรุปผลการวิจัย การเปดเผยขอมูลเกี่ยวกับตัวขาพเจาตอหนวยงานตาง ๆ ท่ีเกี่ยวของ
กระทํา ไดเฉพาะกรณจีําเปนดวยเหตุผลทางวิชาการเทานัน้ 
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ผูวิจัยรับรองวาถาเกิดอันตรายใด ๆ จากการวิจัยดังกลาว ขาพเจาจะไดรับการรักษาพยาบาล 
โดยไมคิดมูลคาตามมาตรฐานวิชาชีพและจะไดรับการชดเชยรายไดท่ีสูญเสียไประหวางรักษา 
พยาบาลดังกลาวตลอดจนเงินทดแทนความพิการท่ีอาจเกิดข้ึน 

 
ผูวิจัยรับรองวาหากมีขอมูลเพิ่มเติมท่ีสงผลกระทบตอการวิจัย ขาพเจาจะไดรับการแจงให

ทราบ โดยไมปดบังซอนเรน 
 
ขาพเจาไดอานขอความขางตนแลวและมีความเขาใจดีทุกประการและไดลงนามในใบ

ยินยอมนี้ดวยความเต็มใจ 
 

ลงนาม ………………………………………………………………… ผูยินยอม 
ลงนาม ………………………………………………………………… พยาน 
ลงนาม ………………………………………………………………… พยาน  

 
ในกรณีท่ีผูยินยอมตนใหทําการวิจยัไมสามารถอานหนังสือได จะตองไดรับการยนิยอมใน

ขณะท่ียังมีสติสัมปชัญญะและระบุขอความไวตามน้ี  ขาพเจาไมสามารถอานหนังสือได แตผูวจิัยได
อานขอความในใบยนิยอมนีใ้หแกขาพเจาฟงจนเขาใจดแีลว ขาพเจาจึงลงนามหรือประทับลายนิ้ว
แมมือขวา ของขาพเจาในใบยินยอมนี้ดวยความเต็มใจ 
 

ลงนาม ………………………………………………………………… ผูยินยอม 
ลงนาม ………………………………………………………………… พยาน 
ลงนาม ………………………………………………………………… พยาน  
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APPENDIX D 

DATA COLLECTION FORM  

 

แบบสอบถาม 
 

เรื่องกลุมอาการทางระบบกระดูกและกลามเนื้อท่ีมสีาเหตุจากงานและการทํางาน 
 
คําชี้แจง 
 
 แบบสอบถามนี้เปนสวนหนึง่ของวิทยานพินธระดับปริญญาโทสาขากายภาพบําบัด จัดทํา
ข้ึนโดยมีวัตถุประสงคเพื่อสํารวจความผิดปกติของระบบกระดกูและกลามเนื้อท่ีสัมพันธกับงานและ
การทํางานในคนงานโรงงานพับกระดาษทั้งจากการรายงานของคนงานเองและจากการตรวจรางกาย
โดยนักกายภาพบําบัด และขอมูลท่ีไดนี้จะถูกนําไปวิเคราะหถึงสาเหตุของปญหาท่ีพบ เพื่อใชเปน
แนวทางในการวางแผนการรักษา และกําหนดวิธีการปองกันกอนท่ีจะเปนปญหาเร้ือรังท่ียากจะ
รักษาตอไป 
 เพื่อใหขอมูลจากการศึกษาน้ีเกิดประโยชนสูงสุดตามวัตถุประสงค ขอใหคุณตอบคําถามให
ครบทุกขอตามความเปนจริง โดยผูศึกษาขอรับรองวา จะนําขอมูลท่ีไดนี้ไปใชเพื่อการศึกษาเทานั้น 
ไมมีการรายงานผลเฉพาะบุคคลตอหนวยงานหรือเผยแพรตอสาธารณชนยกเวนแตการรายงาน
ขอมูลโดยรวม และขอขอบพระคุณในความรวมมือมา ณ โอกาสนี้ดวย 
 
      นางสาวประภสัสร คลังสิน 
      นักศึกษาปริญญาโทสาขากายภาพบําบัด 
      มหาวิทยาลัยมหิดล 
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ตอนท่ี 1  ขอมูลท่ัวไป 
โปรดทําเคร่ืองหมาย  ลงใน    หรือเติมขอความลงในชองวางท่ีเวนไว 
 

1. วันเดือนปเกิด              ____/____/____ 
                                          วัน    เดือน    ป 
2.  อายุ     ________   ป 
 
3.  เพศ                 1.  หญิง            2.  ชาย 
 
4.  สถานภาพ        1. โสด 
                              2. คู  จํานวนบุตร_____คน 
                              3. มาย , หยา , แยกกนัอยู จํานวนบุตร_____คน 
                              4. อ่ืนๆโปรดระบุ_____________ 
 
5.  ระดับการศึกษา 
      1. ไมไดเรียน              2. นอยกวา ป.4                     3. ป.4 – ป.6 
      4.  มัธยมตน                5. มัธยมปลาย / ปวช.           6. สูงกวามัธยมปลาย / ปวส. 
 
6.  น้ําหนกั     ________ กิโลกรัม                สวนสูง     ________ เซนติเมตร   
     
7.  ถนัดมือขาง 
      1.  ขวา                                 2.  ซาย                                  3.  ท้ังสองขาง 

8.  โรคประจําตัว 
        1.ไมมี                                  

 2. ไมเคยตรวจ                         
 3.  มี   โปรดระบุ__________________________________เปนมานาน_______ป 

                          3.1  ไมไดรักษา           3.2  รักษาโดยวิธี _____________________ 
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9.  ขณะนีก้ําลังต้ังครรภอยูหรือไม ( สําหรับเพศหญิง ) 
        1.ไม                                  
        2. ตั้งครรภ____________เดือน                         

10.  ในชวง 12 เดือน และ 7 วันท่ีผานมา คุณเคยประสบอุบัติเหตุหรือไดรับบาดเจ็บท่ีสวนใด       
       สวนหนึ่งของรางกายหรือไม 
        1.ไมเคย   --------->  ขามไปทําขอ 11 

 2. เคยในชวง 12 เดือน ท่ีผานมา 
     2.1 โปรดระบุสวนของรางกายท่ีบาดเจบ็________________________________ 
     2.2  อาการท่ีเกิดข้ึนคือ______________________________________________ 

        3. เคยในชวง 7 วัน ท่ีผานมา 
      3.1 โปรดระบุสวนของรางกายท่ีบาดเจ็บ_______________________________ 

                   3.2  อาการที่เกิดข้ึนคือ_____________________________________________ 

 

ตอนท่ี 2  ขอมูลเกี่ยวกบัลักษณะงาน 
 
 11.  คุณทํางานท่ีโรงงานแหงนี้มานาน _________ป________เดือน 
       11.1  ปจจบัุนคุณทํางานในตําแหนง (หรือหนาท่ี) _____________________________ 
                แผนก_______________________________ทํามานาน_____________ป 

11.2 คุณทํางานในตําแหนงหรือหนาท่ีนี้ตั้งแตแรกใชหรือไม 
                   1.ใช 
                   2.ไมใช    โปรดระบุงานท่ีทํากอนหนานี ้
                                     1.1_______________________________ระยะเวลาท่ีทํา_______ป 
                                     1.2 ______________________________ ระยะเวลาท่ีทํา_______ป 

11.3 อธิบายลักษณะของงานท่ีคุณตองทําในแตละวัน 
________________________________________________________________ 
________________________________________________________________ 

11.4 ลักษณะของงานท่ีคุณตองทําใน ขอ 11.3 คุณตองทํางานนี้_______ วัน / สัปดาห 
11.5 ระยะเวลาเฉล่ียในการทํางานของคุณในแตละวัน __________________ ช่ัวโมง  
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12. คุณมีชวงพักระยะส้ันระหวางงานกี่คร้ังตอวัน ___________ คร้ัง  (ไมรวมพกักลางวัน) 
         12.1  ชวงระยะเวลาของการทํางานและการพักแตละคร้ังในหนึ่งวนั (โปรดระบุเวลา) 

            ชวงเวลาทํางาน                                                 ชวงพัก 
                _________น.  - _________น.                      _________น.  - _________น. 
                _________น.  - _________น.                      _________น.  - _________น.                
                _________น.  - _________น.                      _________น.  - _________น.     
                _________น.  - _________น.                      _________น.  - _________น.       
                _________น.  - _________น.                      _________น.  - _________น.      
         12.2   ปกติคุณทําอะไรบางในชวงพกัระยะส้ันเหลานั้น  
               1. พัก ทานอาหารวาง โดยไมทํางานอื่นๆตอ 
               2. พัก ทานอาหารวาง โดยทํางานอ่ืนๆตอ 
               3. พัก เดนิเลน พูดคุยกับเพื่อนรวมงาน 
               4. พัก ออกกําลังกาย ชวงส้ันๆ 
               5. อ่ืนๆโปรดระบุ___________________________________                                  

13.  คุณทํางานหนาท่ีเดียวลักษณะซํ้าๆกันตลอดท้ังวันหรือไม 
         1. ใช   โดยสวนใหญคุณตองทําติดตอกันทุกวนัเปนเวลานานเทาไร 
                                                     1.1  นอยกวา 1 สัปดาห 
                                                     1.2  นอยกวาหรือเทากับ 1 เดือน 
                                                     1.3  มากกวา 1 เดือน 

  2. ไมใช   โดยสวนใหญคุณตองเปล่ียนหนาท่ี 
                                                     2.1  ช่ัวโมงละหลายคร้ัง 
                                                     2.2  วนัละหลายคร้ัง 

14.  ในชวง 12 เดือนท่ีผานมา  คุณตองทํางานลวงเวลาหรือไม 
            1. ไมทํา    ( ขามไปทําขอ 15 ) 
            2.  ทํา -------->  14.1     คุณตองทํางานลวงเวลาเฉล่ีย__________คร้ัง / เดือน 
                                           14.2     คุณตองทํางานลวงเวลาเฉล่ียเปนระยะเวลานาน 
                                                       ____________ช่ัวโมง / คร้ัง 

14.3     เวลาท่ีทํางานลวงเวลาโดยสวนใหญคือ 
             1.  หลังเลิกงาน             2.  วันหยุด     
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15. คุณตองทํางานพิเศษเพื่อเสริมรายไดหรือไม 
            1.  ไมทํา   ( ขามไปทําขอ 16 ) 
            2.   ทํา -------->  15.1     โปรดระบุชนิดของงาน_______________________ 
                                            15.2      คุณตองทํางานพิเศษ__________คร้ัง / สัปดาห 

 

ตอนท่ี 3  ขอมูลเกี่ยวกบัลักษณะทาทางการทํางาน 
 

16.  คุณใชมือขางไหนทํางานมากท่ีสุด 
              1.  ขวา                              2.  ซาย                               3.  ท้ังสองขาง 

17.  โดยสวนใหญ คุณตองทํางานในทาทางใด 
              1.  นั่ง  ติดตอกนัเปนเวลา__________ช่ัวโมง / วัน 
              2.  ยืน  ติดตอกนัเปนเวลา__________ช่ัวโมง / วัน 
              3.  นั่งสลับยืน  โดยน่ังติดตอกัน_________นาที, ยืนติดตอกัน__________นาที 
              4.  อ่ืนๆ  โปรดระบุ__________________________________ 

18.  สวนใดของรางกายของคุณท่ีตองเคล่ือนไหวซํ้าๆในทาเดิม ตลอดเวลาการทํางาน 
       ( สามารถตอบไดมากกวา 1 ขอ ) 
      1.  ศีรษะและคอ                 2. ไหล                     3. แขนและตนแขน 
      4.  มือและนิว้มือ                5. ลําตัว                    6. ขาและเทา 

 

ตอนท่ี 4  ขอมูลเกี่ยวกบัสภาพสถานท่ีทํางาน 
โปรดทําเคร่ืองหมาย  ลงใน    เพื่อแสดงความรูสึกของคุณตอสถานท่ีทํางาน 
 

                                                     ไมเหมาะสมอยางมาก       ไมเหมาะสม     พอรับได      เหมาะสม     เหมาะสมอยางมาก 
                                                                        1                           2                        3                       4                        5 

19. ระดับแสงสวาง                                                                                  
20. ระดับเสียง                                                                                          
21. ระดับอุณหภูมิ                                                                                    
22. การระบายอากาศ                                                                               
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ตอนท่ี 5 ขอมูลเกี่ยวกบักิจกรรมประจําวันและครอบครัว 
 

23. สมาชิกในครอบครัวของคุณท่ีคุณตองดแูล 
       1.  มี___________________ (จํานวนคน )              2.  ไมมี 
 
24. คุณมีการออกกําลังกายเปนประจําตามปกติ 
       1. ไมใช   ( ขามไปทําขอ 25 )     
       2.  ใช  ---->  24.1 ชนิดของการออกกําลังกาย____________________________ 
                                 24.2 คุณออกกําลังกายเม่ือไหร 
                                           1. วันธรรมดาหลังเลิกงาน   
                                           2. วันธรรมดาชวงระหวางพักงาน                   
                                           3. วันหยดุ         
                                           4.  อ่ืนๆ(โปรดระบุ)______________________________             
                                 24.3 จํานวนคร้ังของการออกกําลังกาย_____________คร้ัง / สัปดาห 
                                 24.4 ระยะเวลาของการออกกําลังกายแตละคร้ัง ___________ช่ัวโมง 
     
25. คุณเดินทางไปท่ีทํางานของคุณอยางไร 
                 1. โดยการเดนิ 
                 2. โดยรถ / เรือโดยสาร 
                             2.1 สวนมากไดนั่ง              2.2  สวนมากไมไดนั่ง 
                 3. โดยรถสวนตัว 
                             3.1 สวนมากเปนผูขับข่ี       3.2  สวนมากเปนผูโดยสาร 
   25.1 ระยะทางจากบานของคุณถึงท่ีทํางาน ________กโิลเมตร (หรือระบุแขวงของบานคุณ) 
   25.2 ระยะเวลาท่ีคุณใชในการเดินทางแตละวัน (ไปและกลับ)_____________ช่ัวโมง 
 
26. คุณสูบบุหร่ีหรือไม 
        1. ไมสูบ 
        2.  สูบ_________________(จํานวนมวนตอวัน) 
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ตอนท่ี 6  ขอมูลเกี่ยวกบัอาการทางระบบกระดูกและกลามเนื้อ 
 
คําช้ีแจง 
 กรุณาขีดเคร่ืองหมาย  ลงในแผนภาพแสดงสวนตางๆของรางกายขางลาง ใหตรงกับ
บริเวณท่ีมีอาการผิดปกติ ในชวง 12 เดือนท่ีผานมาจนถึงปจจุบัน ดังตัวอยาง 
 
 
 
 
 
 
 
 
               ดานซาย                                                                                                         ดานขวา 
 
 
 
 
 
 
  
ตัวอยาง  ถาคุณปวดไหลทั้ง 2 ขาง และเขาขางขวา ใหขีด  ลงในภาพ ดังรูป 
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EXAMINATION FORM 

 
วันที่....................................................................................... 
ช่ือ................................................................................  ตําแหนงงาน........................................................................ 
ลักษณะงานที่ทํา......................................................................................................................................................... 
คุณคิดวางานท่ีคุณทํามีความหนักมากเทาใด ...................% (เมื่อเทียบกับงานที่คุณคิดวาหนักที่สุด เทากับ 100 %) 
Chief complaint.................................................................................................................................................. 

 

 
 
 
 
 
 
 
 
 
 
Duration.............................................................................................................................................................. 
Causes.................................................................................................................................................................. 
ลักษณะงานที่มีผลตออาการ ................................................................................................................................... 
 
Behaviour of symptom 
 Aggravating factors : ........................................................................................................................... 
 Easing factors : ..................................................................................................................................... 
 A.M. : ..................................................................................................................................................... 
 P.M. : ...................................................................................................................................................... 
 Night : .................................................................................................................................................... 
 
Irritability                 Mild                      Moderate                  Severe 

A,B,C,D,... แทน บริเวณที่มีอาการผิดปกติ 
1  หมายถึง เจ็บปวด 
2  หมายถึง ชา  
3  หมายถึง ตึงๆ 
4  หมายถึง ขัดๆ 
5  หมายถึง ซาซา 
6  หมายถึง รูสึกไมสบาย 
7  หมายถึง บวม 
8  หมายถึง ออนแรง 
9  หมายถึง ความรูสึกลดลง 
10 หมายถึง อาการอื่นๆ (ระบุอาการ) 
~  หมายถึง มีความสัมพันธกันของแตละบริเวณ 
P ( _ /10) หมายถึงระดับความเจ็บปวด (เต็ม10) 
I/T หมายถึง intermittent 
C หมายถึง constant 
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Stage  stage 1 : งานเบาๆไมมีอาการ / เปนเมื่อทํางาน / หายไปเมื่อพัก 1 คืน 
 stage 2 : งานเบาๆมีอาการบาง / เปนเมื่อทํางาน / พัก 1 คืนไมหายหมด 
 stage 3 : แมวางานเบาๆก็มีอาการมาก / มีอาการตลอดเวลา / พักแลวไมหาย / อาจมีอาการออนแรง 

 

เคยตองลาหยุดงานเพราะอาการที่เปนอยู         ไมเคย         เคย  เปนเวลารวมทั้งหมด...............วันตอเดือน 
 
ความบอยของอาการ      ทุกวัน      อยางนอยสัปดาหละ 1 ครั้ง 
      อยางนอยเดือนละ 1 ครั้ง    อยางนอย 3 เดือน 1 ครั้ง 
      อยางนอยปละ 1 ครั้ง    เปนนานๆ ครั้ง 
 
ผลของอาการที่เกิดขึ้นทําใหความสามารถในการทํากิจกรรมตางๆ ลดลงจากปกติหรือไม 

  ไมลดลง 

   ลดลงจากปกติ เปนระยะเวลา      →          ไมเกิน 1 สัปดาห         ไมเกิน 1 เดือน        > 1 เดือน 
 
การรักษาที่เคยไดรับ...........................................................  ผลการรักษา       ดีขึ้น      เทาเดิม       แยลง 
 
Observation evaluation  
      Abnormal body alignment (in standing).............................................................................................. 
      Swelling at ................................................................................................................................................ 
      Muscle atrophy ........................................................................................................................................ 
      Skin color ................................................................................................................................................. 
      Others ........................................................................................................................................................ 
 
Palpation 
      Guarding of muscle ................................................................................................................................ 
      Tenderness of (area or structure) .......................................................................................................... 
      Trigger point at ....................................................................................................................................... 
      Thickening of .......................................................................................................................................... 
 
Nerve conduction 
- Sensation        Normal 

 Impair at ....................................................................................................................... 
- Muscle power     Normal 
    Weakness at ................................................................................................................. 
- Reflex    Normal 
    Abnormal ..................................................................................................................... 
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Nerve tension   Negative 
 Positive of .................................................................................................................... 

 
AROM    Normal 

 Limit ROM of ............................................................................................................. 
 

PROM    Normal 
 Limit ROM of ............................................................................................................. 
Limit ROM by ............................................................................................................ 
 

Other tests  :  .................................................................................................................................................. 
 

Impression  : ................................................................................................................ 
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APPENDIX E 

RESULTS OF PILOT STUDY 
 

 

1. WMSD in Cardboard Box Workers 
        The data from self-administered questionnaire showed that all workers had 

WMSD symptom at least 1 area during the last 12 months. Most workers had 1 area of  

WMSD symptom (38.09 %) (Table E.1). The highest area of WMSD problems was 

found in the wrist/hand (57.14%), shoulder (42.86%), knee (33.33%) and elbow 

(23.81%), respectively. There were shown in Table E.2 and Figure E.1. 

 

Table E.1 Number of WMSD areas during the last 12 months 

 
Number of areas 

 

 
Number of workers (n=21) 

   No symptom 
   1 area 
   2 areas 
   3 areas 
   4 areas 
   5 areas 

                  - 
                  8 (38.09 %) 
                  5 (23.81%) 
                  4 (19.05%) 
                  1 (4.76%) 
                  3 (14.28%) 

         

Table E.2 WMSD in nine parts of the body during the last 12 months 

 
Area of WMSD 

 

 
Number of workers (n=21) 

   Neck 
   Shoulder 
   Elbow 
   Wrist/hand 
   Upper back 
   Lower back 
   Hip/thigh 
   Knee 
   Ankle/foot 

             4 (19.05%) 
             9 (42.86%) 
             5 (23.81%) 
           12 (57.14%) 
             1 (4.76%) 
             4 (19.05%) 
             4 (19.05%) 
             7 (33.33%) 
             3 (14.28%) 
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Figure E.1 WMSD in nine parts of the body during the last 12 months 

 

        From the result of physical evaluation in Table E.3, the most likely WMSD were 

muscular disorders (42.86%) and nerve disorders (42.86%). The other physical 

findings included tendon disorders (33.33%) and bone/joint/ligament disorders 

(19.05%), respectively. The detail of physical therapist diagnosis of WMSD was 

shown in Figure E.2-5. 

 

Table E.3 Physical evaluation findings of WMSD at time that collected data  

 
Physical finding 

 

 
Number of workers (n=21) 

 
   Muscular disorders 
   Tendon disorders 
   Nerve disorders 
   Bone/joint/ligament disorders 
    

 
9 (42.86%) 
7 (33.33%) 
9 (42.86%) 
4 (19.05%) 
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       MPS = Myofascial pain syndrome 

Figure E.2 PT diagnosis of muscular disorders at time that collected data 
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Figure E.3 PT diagnosis of tendon disorders at time that collected data 
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Figure E.4 PT diagnosis of nerve disorders at time that collected data 
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Figure E.5 PT diagnosis of bone/joint/ligament disorders at time that collected data 
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2. Symptom Characteristics of WMSD  
        WMSD that occurred in cardboard box workers were pain (95.24%) and 

numbness (28.57%), respectively. There were only 2 clinical symptoms which 

workers complained. These symptoms appeared during working (100%). In addition, 

the frequency of symptom were everyday (52.38%), more than 1 time per 1 week 

(33.33%), more than 1 time per 1 year (9.52%), and more than 1 time per 3 months 

(4.76%) respectively. Moreover, the symptoms of WMSD were classified regarding to 

the stage of symptom in 3 groups for mild, moderate, and severe symptom. It was 

found that most workers had symptoms in the first stage (76.19%). Detail of symptom 

characteristics was displayed in Table E.4. 

 

Table E.4 Symptom characteristics of WMSD at time that collected data 

 
Symptom characteristics 

 
Number of workers (n=21) 

 
Clinical symptom 
   Pain  
   Numbness 
   Others 

 
 

20 (95.24%) 
 6 (28.57%) 

- 
 

 
Behavior of symptom 
   All the time 
   In the morning 
   During working 
   After working 

 
 
- 
- 

21 (100%) 
- 
 

 
Frequency of symptom 
   Everyday 
   >1 time/ 1 week 
   >1 time/ 1 month 
   >1 time/ 3 month 
   >1 time/ 1 year 
 

 
 

11 (52.38%) 
 7 (33.33%) 

- 
1 (4.76%) 
2 (9.52%) 

 
Stage of symptom 
   Stage 1 
   Stage 2 
   Stage 3 
 

 
 

16 (76.19%) 
 5 (23.81%) 

- 
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3. Irritability of WMSD Symptoms 

        The irritability of WMSD was divided to three groups that were mild, moderate, 

and severe irritability. Most WMSD symptom of workers was mild irritability 

(76.19%). The results of irritability were shown in Table E.5. Moreover, pain scale 

was used to measure severity of symptom that was defined scale i.e. 0 = no symptom, 

1-2 = very mild symptom, 3-4 = mild symptom, 5-6 = moderate symptom, 7-8 = 

severe symptom, and 9-10 = very severe symptom. The detail of result was presented 

in Table E.6. 

 

Table E.5 Irritability of WMSD at time that collected data 

 
Irritability 

 

 
Number of workers (n=21) 

 
             Mild 
             Moderate 
 

 
16 (76.19%) 
 5 (23.81%) 

 
        

Table E.6 Severity of WMSD at time that collected data 

 
Severity of WMSD 

 Area 
Very mild 

(1-2) 
 

Mild 
(3-4) 

Moderate 
(5-6) 

Severe 
(7-8) 

Very severe 
(9-10) 

No. of 

workers 

(n=21) 

Neck 
 

- - - 1 (4.76%) -   1 (4.76%) 

Shoulder 
 

- - 6 (28.57%) - 2 (9.52%)  8 (38.09%) 

Elbow 
 

- -  1 (4.76%) - 1 (4.76%)   2 (9.52%) 

Wrist/hand 
 

2 (9.52%) 1 (4.76%) 4 (19.05%) 1 (4.76%) 2 (9.52%) 10 (47.62%) 

Upper back 
 

- - - - - - 

Lower back 
 

2 (9.52%) -  2 (9.52%) - - 4 (19.05%) 

Hip/thigh 
 

- - - - - - 

Knee 
 

- -  3 (14.28%) - 1 (4.76%) 4 (19.05%) 

Ankle/foot 
 

- -  1 (4.76%) - -   1 (4.76%) 
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4. Amount of Workload 
        Amount of workload was defined in three groups that referred maximal workload 

(100%) as 0-30% meant light task, 31-60% meant moderate task, and 61-100% meant 

heavy task. Most workers felt that their works were heavy (47.62%). The results were 

shown in Table E.7. 

 

Table E.7 Amount of workload 

 
Amount of workload (%) 

 

 
Number of workers (n=21) 

 
0-30 
31-60 
61-100 

 

 
5 (23.81%) 
6 (28.57%) 

                 10 (47.62%) 
 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.                                   M.Sc.(Physical Therapy) / 93 
 

APPENDIX F 

RAW DATA OF THE STUDY 
 
Table F.1 Demographic characteristics 
 

 
No. 

 
Age  

 

 
Wt. 
(kg) 

 
Ht. 
(m) 

 
BMI 

 

 
Sex 

 
Handedness 

 
Education 

level 

 
Duration 
of current 
job (mth) 

1 19 55 1.55 22.89 F Right M.3 9 
2 43 62 1.50 27.55 F Right P.4-6 84 
3 29 49 1.53 20.93 F Right M.3 48 
4 25 74 1.57 30.02 F Right M.3 36 
5 33 75 1.60 29.30 F Left P.4-6 84 
6 30 50 1.52 21.64 F Right M.3 36 
7 24 45 1.51 19.73 F Right P.4-6 24 
8 25 49 1.63 18.44 F Right M.6 9 
9 45 45 1.65 16.53 F Right M.3 60 
10 20 47 1.52 20.34 F Right M.6 12 
11 31 46 1.55 19.15 F Right P.4-6 48 
12 30 69 1.65 25.34 F Right P.4-6 84 
13 33 64 1.50 28.44 F Right P.4-6 48 
14 33 63 1.67 22.59 F Left P.4-6 12 
15 20 55 1.62 20.96 F Right M.3 3 
16 30 70 1.56 28.76 F Right M.3 36 
17 33 52 1.62 19.81 F Right P.4-6 36 
18 29 49 1.56 20.13 F Right P.4-6 12 
19 33 70 1.56 28.76 F Left P.4-6 120 
20 27 55 1.58 22.03 M Left P.4-6 12 
21 39 52 1.60 20.31 M Right M.6 48 

Mean 30.05 56.95 1.57 23.03    41 
SD 6.85 10.04 0.05 4.14    31.30 
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Table F.2 WMSD in nine parts of the body during the last 12 months 
 

Part of the body 
 

Number of area 

No. Before After 
 

Before After 

1 ขอศอก ขอมือ/มือ คอ ไหล ขอมือ/มือ สะโพก/ตนขา 2 4 
2 ขอศอก เขา หลังสวนลาง ขอมือ/มือ เขา 2 3 
3 ไหล หลังสวนลาง ไหล ขอมือ/มือ เขา 2 3 
4 ขอมือ/มือ คอ ไหล ขอมือ/มือ ขอเทา/เทา 1 4 
5 ไหล ขอมือ/มือ เขา ไหล ขอศอก ขอมือ/มือ เขา ขอเทา/เทา 3 5 
6 คอ หลังสวนบน ขอศอก ขอมือ/มือ ขอเทา/เทา ไหล ขอมือ/มือ ขอเทา/เทา 5 3 
7 ขอมือ/มือ เขา  - 2  - 
8 ไหล ขอศอก ขอมือ/มือ  ไหล หลังสวนบน หลังสวนลาง ขอมือ/มือ เขา 3 5 
9 ขอมือ/มือ ขอศอก 1 1 

10 ไหล ขอมือ/มือ สะโพก/ตนขา ไหล ขอมือ/มือ ขอเทา/เทา 3 3 
11 สะโพก/ตนขา ขอมือ/มือ สะโพก/ตนขา 1 2 
12 คอ ไหล ขอมือ/มือ เขา ขอมือ/มือ เขา 4 2 
13 หลังสวนลาง ขอมือ/มือ 1 1 
14 ไหล ขอศอก ขอมือ/มือ หลังสวนลาง เขา  - 5 -  
15 ไหล ขอมือ/มือ สะโพก/ตนขา เขา ขอเทา/เทา ไหล หลังสวนลาง ขอมือ/มือ เขา ขอเทา/เทา 5 5 
16 คอ ไหล สะโพก/ตนขา  - 3 -  
17 ขอมือ/มือ ไหล 1 1 
18 คอ  - 1 -  
19 เขา ขอเทา/เทา  - 2 -  
20 หลังสวนลาง  - 1 -  
21 ไหล ไหล ขอศอก 1 2 
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Table F.3 Symptom characteristics of WMSD at the time of data collection 
 

Clinical symptom 
 

Behavior Frequency 
No. 

Before 
 

After1 After2 Before After1 After2 Before After1 After2 

1 Pain 
Numbness 

- - Work - - Everyday - - 

2 Pain 
 

- - Work - - >1/3mths - - 

3 Pain 
 

- - Work - - >1/wk - - 

4 Pain 
 

- Pain Work - Work >1/wk - Everyday 

5 Pain 
 

Pain Pain Work Work Work Everyday Everyday Everyday 

6 Pain 
 

- - Work - - >1/wk - - 

7 Numbness 
 

- - Work - - Everyday - - 

8 Pain 
Numbness 

Pain 
Numbness 
Weakness 

- Work Work - >1/wk >1/wk - 

9 Pain 
Numbness 

- Pain 
Numbness 

Work - Work >1/wk - Everyday 

10 Pain 
 

- - Work - - >1/wk - - 

11 Pain 
 

- - Work - - Everyday - - 

12 Pain 
Numbness 

Pain 
Numbness 

- Work Work - Everyday Everyday - 

13 Pain 
 

Numbness - Work Night - Everyday >1/wk - 

14 Pain 
Numbness 

- - Work - - Everyday - - 

15 Pain Pain 
Numbness 

Pain Work Work Work Everyday >1/wk Everyday 

16 Pain 
 

- - Work - - Everyday - - 

17 Pain 
 

- - Work - - Everyday - - 

18 Pain 
 

- - Work - - >1/wk - - 

19 Pain 
 

- - Work - - Everyday - - 

20 Pain 
 

- - Work - - >1/yr - - 

21 Pain 
 

- - Work - - >1/yr - - 

 
 
 
 
 
 
 
 
 
 
 
 
 



Praphatson Klangsin                                                                                                              Appendix / 96 
 

Table F.4 Amount of workload 
 

Amount of workload 
 No. Before applying intervention 

 
After applying intervention 

1 70 50 
2 50 40 
3 30 40 
4 40 30 
5 80 50 
6 70 60 
7 50 - 
8 70 60 
9 70 50 
10 70 50 
11 20 40 
12 83 40 
13 30 80 
14 70 - 
15 70 70 
16 70 - 
17 30 70 
18 50 - 
19 30 - 
20 50 - 
21 50 40 

Mean 54.90 51.33 
SD 19.08 14.07 
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Table F.5 List of ergonomic intervention from brainstorming step       

 

Ergonomic intervention Detail 

Engineering controls 

 

 

 

 

 

 

 

 

 

 

 

 

 

Administrative controls 

 

 

 

 

 

 

 

 

 

 

Training and Education 

 

- Adjust tables and stools according to height of 

workers. 

- Adjust hand tools and equipments for suitable 

use, such as reduce size of hand tool, improve 

hand tool design, and apply soft material to 

reduce friction and compression force 

between hand and hand tool. 

- Increase numbers of electric fan for 

improving ventilation and reducing 

temperature in the workplace. 

- Improve illuminant level by increase height of 

electric bulb because workers complained that 

it is too bright and hot. 

 

- Set job rotation to improve work distribution 

and vary use of muscles. 

- Improve schedule of rest breaks and add 

music sound or songs for relaxation during 

working. 

- Add 2 rest breaks for 5 minutes in the 

morning and in the afternoon to exercise, 

stretching, and massage for reduce fatigue and 

exhaustion. 

- Manage space of each work task.  

 

- Avoid and increase awareness while lifting 

heavy object. 
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