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Prolonged standing has been identified as one of the risk factors which associated 

with occupational injuries. The workers tend to suffer from Musculoskeletal 

Disorders (MSDs) after a chronic exposure of prolonged standing while performing 

their task. Such disorders can cause performance decrement and high rate of 

absenteeism among the workers. Therefore, ergonomic intervention such as footrest 

could be used, in order to reduce the muscle activity among workers. The main 

objective for this study is to determine the effect of footrest on muscle activity 

during prolonged standing activity. A total of 74 workers chosen from the Assembly 

Line from selected factory were divided into control (without footrest) and 

experimental (with footrest) group. The response rate obtained was 100% for this 

research. The respondents were required to perform the given task while standing for 

two hours continuously. The perceived exertion rating in both groups was evaluated 

(for every 15 minutes) by using Borg’s Scale CR-10 Questionnaire. Meanwhile, 

surface electromyography (sEMG) was used to monitor the muscle activity (right 

and left of the lower leg around calf area) specifically at tibialis and gastrocnemius 

muscles in both control and experimental groups throughout the experimental 

durations. The average of perceived exertion rating indicated by control group (0.07) 

was higher than experimental group (0.04) throughout the 2 hours session of 

prolonged standing for neck/head, shoulder, upper back, hands, lower back, 

buttocks, thighs, knees, calves and feet. However, these rating did not exceed more 

than 5. The results of statistical analysis has shown that perceived exertion rating on 

the lower body regions (lower back, knees, calves and feet) was significantly 

(p<0.05) more affected by prolonged standing compared to the upper body regions 

(neck/head, shoulder, upper back and hands) during the two hours period for both 

groups. The average of reduction of surface electromyography (sEMG) levels for 

both right and left tibilais anterior muscles and gastrocnemius posterior muscles 

respectively were 0.02 in experimental group when compared to the control group. 
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There were statistically significant differences in the sEMG levels between control 

and experimental groups for both in the right and left studied muscles at the 60th 

minute within the experimental session. There was reduction of perceived exertion 

rating when assessed by using Borg’s Scale CR-10 and level of surface 

electromyography in experimental group than the control group. The intervention of 

footrest provides internal mechanism which reduces the muscle activity on body 

parts. This concluded that it was significant to state that footrest is success 

ergonomics’ intervention in terms of minimizing muscle activity in a prolonged 

standing work posture. 
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Berdiri dalam tempoh masa yang panjang telah dikenal pasti sebagai salah satu 

faktor risiko yang berkaitan dengan kecederaan berkaitan dalam pekerjaan. Para 

pekerja cenderung mengalami masalah Musculoskeletal disorders (MSD) selepas 

pendedahan kronik berdiri bagi tempoh yang panjang ketika melakukan tugas 

mereka. Gangguan seperti itu boleh menyebabkan penurunan prestasi dan kadar 

ketidakhadiran yang tinggi dalam kalangan pekerja. Oleh itu, intervensi ergonomik 

seperti tempat meletakkan kaki boleh digunakan untuk mengurangkan aktiviti otot 

dalam kalangan pekerja. Objektif utama kajian ini adalah untuk menentukan kesan 

tempat meletakkan kaki terhadap aktiviti otot semasa aktiviti berdiri yang 

berpanjangan. Seramai 74 orang pekerja dipilih di bahagian pemasangan dari kilang 

yang terpilih telah dibahagikan kepada kumpulan kawalan (tanpa tempat meletakkan 

kaki) dan eksperimen (dengan tempat meletakkan kaki). Kadar respon yang 

diperolehi adalah100% bagi kajian yang dilakukan. Responden dikehendaki untuk 

melakukan tugas yang diberikan dalam keadaan berdiri selama dua jam berterusan. 

Kadar ketegangan otot yang dirasai bagi kedua-dua kumpulan telah dinilai (setiap 15 

minit) dengan menggunakan Skala Borg CR-10. Selain itu, elektromilografi 

permukaan (sEMG) turut digunakan untuk memantau aktiviti otot (disekitar kawasan 

betis kaki kanan dan kiri) khususnya pada otot gastrocnemius dan tibialis terhadap 

kedua-dua kumpulan iaitu kawalan dan eksperimen sepanjang tempoh eksperimen. 

Purata kadar ketegangan otot yang dirasai yang ditunjukkan oleh kumpulan kawalan 

(0.07) adalah lebih tinggi daripada kumpulan eksperimen (0.04) sepanjang sesi dua 

jam berdiri secara berterusan terhadap anggota iaitu leher/kepala, bahu, belakang 

(atas), tangan, belakang (bawah), punggung, paha, lutut, betis dan kaki. Walau 

bagaimanapun, kesemua kadar adalah tidak melebihi daripada 5. Hasil analisis 

statistik menunjukkan bahawa ketidakselesaan anggota badan di bahagian pinggang 

serta ke bawah (bahagian belakang (bawah), lutut, betis dan kaki) adalah signifikan 

(p<0.05) terjejas disebabkan oleh posisi berdiri yang berpanjangan berbanding 
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dengan bahagian anggota badan pinggang dan ke atas (leher/kepala, bahu, bahagian 

atas belakang dan tangan) selama tempoh dua jam bagi kedua-dua kumpulan. Purata 

pengurangan kadar permukaan elektromilografi (sEMG) untuk kedua-dua otot 

tibilais (terletak di bahagian hadapan betis kaki) dan otot gastrocnemius (terletak di 

bahagian belakang betis kaki) masing-masing adalah 0.02 dalam kumpulan 

eksperimen berbanding dengan kumpulan kawalan. Terdapat perbezaan yang 

signifikan secara statistik bagi tahap elektromilografi di antara kumpulan kawalan 

dan eksperimen terhadap kedua-dua otot yang dikaji di kaki kanan dan kiri pada 

minit ke-60 dalam sesi eksperimen. Terdapat pengurangan kadar ketegangan otot 

apabila dinilai menggunakan Skala Borg CR-10 serta tahap elektromilografi 

permukaan (sEMG) dalam kumpulan eksperimen berbanding dengan kumpulan 

kawalan. Intervensi penggunaan tempat meletakkan kaki mampu menjadi suatu 

mekanisme untuk mengurangkan aktivit otot pada bahagian anggota badan. Hal ini  

dapat disimpulkan bahawa tempat meletakkan kaki merupakan suatu kejayaan 

intervensi ergonomik untuk meminimumkan aktivit otot dalam posisi kerja berdiri 

yang berpanjangan. 
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CHAPTER 1  

1 INTRODUCTION 

1.1 Background of Study 

Manufacturing industry is one of important contributors to Malaysia‟s economy 

(Halim, Omar, Saman & Othman, 2012). Based on Department of Statistics 

Malaysia, the sales growth of manufacturing industry is 10.8 %, rising to 67.8 billion 

in 2018 as compared to 61.2 billion in 2017. Thus, a total number of employees 

engaged in the manufacturing industry in January 2018 also has been increasing 

about 2.5 % as compared to 1, 044, 346 workers in January 2017 (Department of 

Statistics Malaysia, 2018). In manufacturing industrial workplaces, prolonged 

standing has been identified as one of the risk factors which associated with 

occupational injuries (Ganesan, Lee & Aruin, 2015). Many workers are required to 

stand for a long time period (over 30 minutes to several hours) in performing their 

task without sit or walk during work shift (Lee, Baker, Coenen & Straker, 2018; 

Waters & Dick, 2015). Based on Guidelines of Occupational Safety and Health for 

Standing at Work by the Department of Occupational Safety and Health Malaysia 

(DOSH) defined standing workstation as performance of task in a relatively 

stationary standing position and without much leg movement by the worker. In this 

position, the body is held upright by the big muscles of the trunk and lower limbs 

(DOSH, 2002). 

Previous researches revealed that industrial workers, especially those working in 

assembly production lines, are the most widely group of workers exposed to 

prolonged standing (Witana et al., 2009; Halim and Omar, 2011; Nunes, 2006). In 

Malaysia, this has been proven because manufacturing industries are the major 

production lines that produce a high volume capacity product within 24 working 

hours. Most of the industries working hours are 8 hours in a day and it can go up to 

12 hours or even more. 

Hence, occupational related to prolonged standing has become rising issue and 

concern in the aspect of ergonomics. Several studies conducted found out that the 

development of musculoskeletal disorders (MSDs) is the result of chronic health 

effects associated with prolonged standing including lower back pain, lower 

extremity discomfort and varicose (Lee et al., 2018; Nelson-Wong, Gregory & 

Callaghan, 2008). Meanwhile, the acute health effects caused by prolonged standing 

at work are sore feet, swelling of the legs, general muscular fatigue and stiffness in 

the neck and/or shoulders (Waters & Dick, 2015). This occurred due to static loading 

by muscles and ligaments; compression experienced by soft tissue in the joints and 

venous pooling in leg area. If there is not enough time for recovery between the 

muscles and soft tissues in the joint, fatigue would develop and cause pain (Ahmad 

& Kim, 2018). 
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Furthermore, Nunes (2006) stated that development of MSDs give significant impact 

on worker absence from work, low productivity which causes premature retirement 

and social-economic costs. According to UK Labour Force Survey, MSDs is the 

main reason for 30% of sick leave (United States Bureau of Labour Statistics, 2008). 

Decrement of performance is one of the effects of prolonged standing (Werner, Gell, 

Hartigan, Wiggerman & Keyserling, 2010). The injuries and body pains suffered by 

the workers can affect them from working effectively (Lin, Chen, & Cho, 2012). 

This situation wills eventually results in a larger expenditure needed for the 

consultancy and medication costs (Waters & Dick, 2015). The employers also need 

to spend on new recruitment for replacement of injured workers in terms of 

competency training (Halim et al. 2012). 

Therefore, the ergonomics interventions such as anti-fatigue mat, footrest, foot 

massage and shoe insoles are necessary in order to overcome and reduce the issue 

(Garcia & Vieira, 2011; Waters & Dick, 2015). Some shoe insoles, particularly 

customized orthotics, provide biomechanical realignment, reduce shearing forces 

and alter sensorimotor control (Hughes, Nelson, Matz & Lloyd, 2011). Orlando and 

King (2004) found that the manufacturing workers indicated a preference for mats 

and insoles over hard floor surfaces to reduce pain and fatigue in various body 

regions, although these were not statistically significant between the surfaces 

studied. Footrest and treatment of massage onto also had shown an immediate 

decrease in electromyography reading, feeling of muscular tension and pain intensity 

in a few studies (Buttagat et al. 2016; Field, Hernandez-Reif, Diego & Fraser, 2007). 

1.2 Problem Statement 

Several physiological mechanisms have been proposed to explain the development 

of adverse health effects experienced by individuals engaging with prolonged 

standing activities. The accumulation of the metabolic wastes causes the muscles 

becoming hypersensitive and prone to nociceptive activation, thus eventually result 

in muscle fatigue (Lee et al. 2018). During prolonged standing, the postural muscles 

and ligaments undergoes static loading which causes the compression of tissue in the 

joints and venous pooling in the leg areas which leads to the cause of fatigue (Freitas 

et al., 2005; Ganesan et al. 2015). Postural muscles keep the body from falling over 

while standing or walking. Musculoskeletal disorder (MSD) has been thought to be 

due to the result of inflammation caused by pooling of blood in the lower limbs 

secondary to reduced circulation and venous return and gravity assisted blood 

backflow (Hughes et al., 2011; Lin et al., 2012). 

Apart from that, Social Security Organisation (SOCSO) reported that the number  of 

accidents which related to musculoskeletal disorders (MSD) has increased from 14 

cases in 2006 to 449 cases in 2012 (SOCSO, 2018). In 2018, SOCSO also stated that 

RM 1.94 million has been spent on compensation for MSDs cases (SOCSO, 2018). 

In terms of the company profit, the decreased in worker‟s productivity, worker‟s 

compensation and health treatment costs will be disadvantageous to the company 

(Halim et al. 2012). 
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Various solutions have been recommended in the literature to reduce the adverse 

health effects caused by prolonged standing. The Guidelines on Occupational Safety 

and Health for Standing at Work (2002) suggested in using intervention such as the 

footrest in order to prevent such exposure (DOSH, 2002). Nevertheless, research 

related with footrest and its ability to create a more active posture during prolonged 

standing has not received much attention (Karimi, Moghimbeigi, Motamedzade & 

Roshanaei, 2016). Footrest is one of the most strategic considerations for 

intervention because it could delays onset of muscle pain and eventually decreases 

the cost of treatment in work setting (Lee et al., 2018). 

There is still limited number of studies regarding the association of the whole body 

muscle activity (upper and lower body regions) with ergonomic interventions 

especially regarding on the availability of footrest among industrial workers which 

are required to stand for a long period of time performing work activities in 

Malaysia. Therefore, the main aim of this study is to determine the effect of footrest 

on muscle activity due to prolonged standing in upright position by using both the 

subjective and objective assessments among selected workers. 

1.3 Study Justification 

Standing is a working position where the workers are reaching material, handling 

product and pushing and pulling loads can cause adverse health issues. Studies found 

that prolonged standing leads to various health problems such as lower extremity 

fatigue, pain, swelling, venous blood pooling, low- back pain, and whole-body 

fatigue (King, 2002; Lin et al., 2012; Reid et al., 2010). 

Moreover, if the task is impossible to be done in sitting position, they need to stand 

throughout their working hours (Halim et al. 2012). Reid et al. (2010), reviewed on 

several studies and guidelines stated that standing more than 2 hours can affect the 

hip while more than 3 hours can affect the overall lower extremity. Those who stand 

in long period of time have significantly greater discomfort of body parts than those 

who sit most of the day (Drury, Hsiao, Joseph, Joshi, Lapp & Pennathur, 2008). 

Based on previous study done by Sartika and Dawal (2011), installing a footrest 

under the standing workstation allowed the workers to change their posture and 

resulted in relieving pain and fatigue by putting one leg on the footrest. The body 

weight will be automatically shifted to the leg which is on the floor while the other 

leg which is on footrest will relax and the posture of body will remain erect (Reid et 

al., 2010). However, currently the researchers do not have sufficient information to 

conclude the effectiveness of using footrest as the intervention to reducing muscle 

activity in the real working environment. 

A new approach, such as providing the footrest can be explored as another solution 

to the health issues experienced by workers. Buttagat et al. (2016) found that the 

lower back region had shown a decrease in EMG reading by using footrest. This 
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study is crucial to be carried out so that the adverse health effects in a prolonged 

standing posture on the workers can be minimized at an early stage. The result of 

this study could provide useful information to workers on how to manage their 

standing body posture. Together with the results obtained, appropriate actions could 

be done. If there is sufficient data and research to prove that the footrest treatment 

can be used as an intervention, then accessibility for footrest in standing work 

posture can be proposed and implemented. Hence, this research looks to explore 

footrest as part of solutions in decreasing muscle activity and muscle tension during 

prolonged standing among industrial workers. 

1.4 Conceptual Framework 

Prolonged standing has been identified to be the main risk factor among the 

industrial workers especially among the assembly line workers. Based on Zander, 

King and Ezenwa (2004), assembly workers are more required to stand in one area 

for long periods of time. Several ergonomics intervention have been proposed based 

on evidence from the previous study in order to reduce the health risk of workers 

during prolong standing including anti-fatigue mats, shoe insoles, foot massage and 

footrest (Ahmad & Kim, 2018; Choi & Waletz, 2010; King, 2002). 

This research was a pre-post experimental study with the main aim to determine the 

effect of footrest on muscle activity for both the upper and lower body regions due to 

prolonged standing. There were a control group which stand on floor without 

intervention of footrest while for the experimental group, they used intervention 

designed of footrest throughout prolonged standing of two hours session. Footrest 

waas placed on the floor to allow the workers to place one of their legs on it in order 

to relieve pain and muscle fatigue (Sartika & Dawal, 2016). 

There were also some biological factors affected the muscle activity in a standing 

posture such as an individual‟s age , Body Mass Index (BMI) and sleeping hours per 

day. The measurement for muscle activity were subjectively and objectively assessed 

by using the Borg’s Scale questionnaire (Messing, & Kilbom, 2001) and the readings 

from surface Electromyography (sEMG) (Halim et al., 2012) respectively among 

selected respondents. The conceptual framework in this research was shown in 

Figure 1.1. 
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Figure 1.1 : Conceptual framework of the study 
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1.5 Study Objectives 

1.5.1 General objective 

To determine the effect of footrest on muscle activity during prolonged standing 

activity in an upright position. 

1.5.2 Specific objectives 

i. To determine data distribution of perceived exertion rating between control 

and experimental groups. 

ii. To compare difference of perceived exertion rating between control and 

experimental groups. 

iii. To determine data distribution of surface electromyography (sEMG) levels 

between control and experimental groups. 

iv. To compare difference of surface electromyography (sEMG) levels (between 

control and experimental groups. 
 

 

1.5.3 Hypothesis 

i. There will be reduction of perceived exertion rating between experimental 

and control groups. 

ii. There will be significant differences of perceived exertion rating between 

experimental and control groups. 

iii. There will be reduction of surface electromyography levels between 

experimental and control groups. 

iv. There will be significant differences of electromyography levels between 

experimental and control groups. 
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