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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment 

of the requirements for the degree of Master of Science 

EFFECTS OF CALF MASSAGE ON STANDING DISCOMFORT AND 

MUSCLE ACTIVITY DUE TO PROLONGED STANDING IN UPRIGHT 

POSITION AMONG PRODUCTION LINE WORKERS 

By 

KALAI SELVAN A/L RAMALINGAM 

January 2019 

Chairman :   Karmegam Karuppiah, PhD 

Faculty :   Medicine and Health Sciences 

Introduction: Many occupations (especially in assembly production lines) require the 

workers to stand for prolonged periods of time without enough interventions such as 

breaks or resting periods. Previous studies have shown that prolonged standing is the 

cause of pain and discomfort in the back and lower limbs. During prolonged standing, 

the 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. Objective: Therefore, the aims of this study is to determine the effect of 

intervention (calf massage) on discomfort due to prolonged standing in upright 

position. Materials and Methods: This study was conducted among male workers at 

a manufacturing with production line workers. List of all production workers were 

obtained from HR Department and simple random sampling were done by number 

categorization. A total of 108 respondents (54 respondents for each control and 

experimental group) participated in this study. The experiment took place in a room 

with a similar setup of production line. Each respondent was requested to perform 

simulated task for 2 hours. For the experimental group, the calf massager was turned 

on at every 15 minutes. At every 15 minutes interval, respondents from both groups 

were required to evaluate their discomfort level on Borg’s scale CR-10 questionnaire. 

Meanwhile, surface electromyography (sEMG) was used to monitor the muscle 

activity (right and left lower leg around calf area specifically at gastrocnemius and 

tibialis anterior muscles in both experimental and control groups) throughout the 

experimental durations. Results and Discussion: The discomfort rating of the 

experimental group had showed reduction compared to the control group during the 

testing period. Results revealed that the discomfort rating for lower back, knees, thigh, 

calf and feet were significantly lower (p<0.05) among experimental group compared 

to the control group. Muscle activity of respondents showed that there are reductions 

of electromyography levels for both right and left calf muscles. The results also 

revealed that there were significant decline (p<0.05) of electromyography levels 

among experimental group compared to the control group with 2 hour prolonged 
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standing process. Conclusion: This study has provided new insights into the effects 

of calf massage prototype usage on prolonged standing workers in a controlled 

laboratory session. The use of calf massage prototype has provided a beneficial 

ergonomic feature which reduces muscle and body’s discomfort. This also increases 

the workers comfort with less negative impact on muscle activity. Calf massage 

prototype could be an intervention that can provide better comfort for prolonged 

standing and eventually increase worker’s performance.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan ijazah Master Sains 

KESAN URUT TERAPI TERHADAP KETIDAKSELESAAN BERDIRI DAN 

AKTIVITI OTOT DISEBABKAN BERDIRI BERPANJANGAN DI 

KALANGAN PEKERJA PRODUKSI  

Oleh 

KALAI SELVAN A/L RAMALINGAM 

Januari 2019 

Pengerusi :   Karmegam Karuppiah, PhD 

Fakulti :   Perubatan dan Sains Kesihatan 

Pengenalan: Banyak pekerjaan yang memerlukan pekerja berdiri untuk jangka masa 

yang lama tanpa sebarang intervensi seperti rehat. Mereka yang bekerja di bahagian 

pemasangan dan produksi adalah golongan pekerja yang paling banyak terdedah 

kepada keadaan berdiri berpanjangan. Terdapat beberapa kajian yang menyatakan 

berdiri berpanjangan merupakan penyebab kepada sakit dan ketidakselesaan di 

bahagian belakang dan bawah pinggang. Ketika berdiri berpanjangan, otot dan sendi 

mengalami tekanan statik yang menyebabkan tisu di sendi dimampat dan berlaku 

pengumpulan darah di kawasan kaki yang menyebabkan keletihan. Objektif: Tujuan 

kajian ini adalah untuk mengenalpasti kesan otot betis terhadap ketidakselesaan 

disebabkan berdiri berpanjangan. Bahan dan Kaedah: Kajian ini telah dijalankan di 

kilang produksi di kalangan pekerja produksi dan senarai pekerja produksi telah 

diterima daripada Bahagian Sumber Manusia. Persampelan rawak mudah telah 

digunakan dan semua responden dikategorikan sebagai nombor sebelum di tentukan 

kumpulan rawatan dan kawalan. Secara amnya, responden daripada kumpulan 

eksperimen dan kumpulan kawalan dipasangkan dengan alat terapi urut di betis dan 

keberkesanan alat terapi urut dikaji dengan meminta responden berdiri selama 2 jam 

dengan dan tanpa alat urut terapi. Satu borang soal selidik “Borg’s Scale” diberi 

kepada responden setiap 15 minit ketika 2 jam berdiri untuk dijawab oleh responden 

dari awal hingga akhir 2 jam mereka berdiri. Borang soal selidik ini akan memberi 

maklum balas mengenai kesan alat urut terapi kepada aktiviti berdiri berpanjangan. 

“Surface Electromyography” dipasang kepada kawasan otot betis di kaki kiri dan 

kanan khususnya di otot “gastrocnemius” dan “tibialis anterior” untuk mengkaji otot 

betis di kedua-dua kumpulan eksperimen dan kumpulan kawalan. Keputusan dan 

Perbincangan: Hasil daripada kajian menunjukkan bahawa kadar ketidakselesaan 

lebih tinggi di kumpulan kawalan berbanding kumpulan eksperimen sepanjang 2 jam 

eksperimen dijalankan. Keputusan menunjukkan kadar ketidakselesaan untuk 

pinggang belakang, lutut, peha, betis dan kaki signifikan (p<0.05) apabila 
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dibandingkan antara kumpulan eksperimen dan kawalan. Aktiviti otot responden 

menunjukkan terdapat pengurangan aktiviti kadar electromyography di kedua kaki kiri 

dan kanan bagi otot betis. Hasil kajian juga menunjukkan terdapat penurunan yang 

signifikan (p<0.05) bagi kadar aktiviti electromyography di antara kumpulan 

eksperimen apabila dibandingkan antara kumpulan kawalan bagi proses berdiri 

berpanjangan selama 2 jam. Kesimpulan: Kajian ini telah memberi gambaran baru 

mengenai kesan alat urut terapi terhadap pekerja yang berdiri berpanjangan di dalam 

keadaan terkawal di makmal. Pengunaan alat urut terapi telah memberi faedah 

ergonomic yang mengurangkan ketidakselesaan badan dan otot. Ia juga telah 

meningkatkan keselesaan pekerja dan mengurangkan kesan negatif kepada aktiviti 

otot. Alat urut terapi ini mempunyai potensi untuk dijadikan intervensi yang boleh 

memberi keselesaan yang lebih bagus bagi aktiviti berdiri berpanjangan dan sekaligus 

meningkatkan prestasi pekerja. 
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CHAPTER 1 

 

 

1 INTRODUCTION 

 

 

1.1 Background 

Many occupations require the workers to stand for long periods of time without 

enough interventions such as breaks or resting periods. Examples of these occupations 

are nurses, doctors, hairdressers and assembly production lines. A number of studies 

proved that prolonged standing is the cause of pain and discomfort in the back and 

lower limbs (Redfern et al., 2000). Working under prolonged standing will make 

workers feel uncomfortable, pain and tired (Halim, 2011).  

During prolonged standing, the 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). Postural muscles keep the body from 

falling over while standing or walking. Standing or walking for a long time without 

rest forces the muscles to work without a rest and the muscles become exhausted 

resulting in pain.  

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; Thomas and Robert, 2015). 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.  

According to a previous study, standing posture is identified as the highest level of 

discomfort, followed by sitting on a high stool, then sitting at a desk (Drury et al., 

2008). Finding on a study showed that those who stand for long periods during the day 

reported statistically significant greater body parts discomfort in the back, legs and 

feet compared to those who sit most of the day (Drury et al., 2008). Fatigue rates in 

leg and lower back muscles were significantly higher in stationary standing posture as 

compared to dynamic standing posture, and perceived discomfort in the legs, 

shoulders and overall rating of discomfort were significantly higher for static posture 

than for dynamic posture. (Balasubramaniam et al., 2009). 

The fatigue experienced in the lower extremities can be reduced by relaxation therapy 

that has been used for lower back pain (Linton et al., 1985). In a study conducted, 

massage therapy shows that it can reduce the pain associated with chronic fatigue 

syndrome (Field et al., 1997). Moreover, massage therapy has shown able to reduce 
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the anxiety and depression (Field et al., 1998). In another study, it is mentioned that 

massage therapy effects on lower back pain were improved. Self-reported pain 

depression, anxiety and sleep disturbance were decreased (Hernandez et al., 2001). 

Based on other studies that have been done in previous, it can be suggested that 

massage therapy is effective to reduce pain, anxiety and to improve mood (Field et al., 

1997). The massage therapy groups also experienced a significant pain reduction for 

their lower back pain (Hernandez et al., 2001). Massage treatment can be expected to 

increase the job productivity and reduce the absenteeism for individuals with low back 

problems and lower extremities fatigue. 

1.2 Problem Statement 

A study had done demonstrated that any discomfort or subjective fatigue occurring 

within an individual can be linked and recognized as a factor in the decline of alertness, 

mental concentration and motivation (Simonson et al., 1976). The effect of the 

discomfort and fatigue might have an impact on the work performance of the worker 

and lead to a dangerous situation for the worker to work in.  It is found that 52% 

workers of an engine manufacturing plant had the symptoms of foot and ankle disorder 

due to prolonged standing (Werner et al., 2010). In Malaysia, The Social Security 

Organization (SOCSO) of Malaysia reported that in 2014, industrial workers suffered 

from a number of injuries totaling in fingers (8884 cases), hand (7103 cases), lower 

leg (4750 cases), shoulder (2579 cases) and musculoskeletal (675 cases) (SOCSO 

Annual Report, 2014). 

The factory chosen for this study is a manufacturing plant that have been producing 

carbon products and operating for the past 4 years. It is based in Bintulu, Sarawak. 

The total production capacity is 50mt per day and they have a total of 150 workers. 

The production workers are required to stand along the conveyor lines to segregate the 

products from sticking together and manually handle for smooth production. The 

production line runs 24 hours, 3 shifts per day with more than 120 production line 

workers. The record of the Production Department shows that there are history of 

complaints on body pain by new production line workers after almost 3 months of 

production running. Therefore, management is keen on finding for alternatives that is 

reliable and cost effective to lower the complaints and provide better working 

condition. 

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

with occupational injuries. It is summarized that from 17 previous studies that standing 

for more than 8 hours per day, major health risks that were identified are chronic 

venous insufficiency, musculoskeletal pain of the lower back and feet, preterm birth 

and spontaneous abortions (McCulloch, 2002).  
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In a 24 month prospective study of lower back pain and other musculoskeletal disease 

outcomes, it is reported that prolonged standing increases the reports of lower back 

pain and leg pain (Andersen et al., 2007). It is reported that an increase on measures 

of postural stability from adults and elderly individuals after 30 minutes of prolonged 

standing (Freitas et al., 2005). Less postural control is an indicator of physical fatigue. 

Prolonged standing can be related from cardiovascular diseases to pregnancy issues 

and also lower extremities fatigues (Dick et al., 2015). As overall, previous studies 

supports that prolonged standing exerts harmful effects on lower extremities and 

massage treatment might be an intervention for the leg pain. 

Strategies for interventions of prolonged standing adverse effects include the usage of 

compression stockings to reduce the leg swelling (Krijnen et al., 1997). In another 

study, shoe inserts, flooring conditions, mats and shoes were used to reduce the effects 

of prolonged standing (Redferm and Chaffin, 1995). Sit-stand chairs are also other 

interventions that can be applied to overcome prolonged studies (Irving, 1982). 

However, most of the interventions mentioned cannot be claimed under medical 

coverage therefore making it harder for both employer and employees to apply the 

interventions on their own at working place. 

Thus, scientific data and research are needed concerning the effects of prolonged 

standing on the workers. Massage therapy had shown reduce in fatigue level in 

previous studies (Brooks et al., 2005).  Calf muscles tibialis anterior (anterior legs) 

and gastrocnemius (posterior legs) are measured for surface EMG to detect the fatigue 

level due to prolonged standing (Halim et al., 2012). Massage therapy can be applied 

on the calf muscles and the calf muscles can be tested for any reduction in fatigue level 

using surface EMG. Massage therapy is one of the most strategic considerations for 

intervention because it can be included in medical coverage and eventually decrease 

the cost of treatment but there have to be enough studies to prove that massage therapy 

is a good intervention for prolonged standing.  

Massage treatment is one of the most strategic considerations for intervention because 

it can be included in medical coverage and eventually decrease the cost of treatment 

but there have to enough studies to prove that massage treatment is a good intervention 

for prolonged standing. The massage therapy is in the form of vibration that are given 

at every 30 minutes for 2 minutes. Figure 1.1 is an example of the massage device that 

were used for this study. 

Calf muscles support the whole body while standing and the muscles responsible for 

these are gastrocnemius muscle and anterior tibialis. While exposed to prolonged 

standing, a static posture is maintained and causing the blood to pool at the lower leg 

extremities. This will lead to fatigue and pain. When vibration is given it will enhance 

the blood circulation and improve the oxygen supply to these muscles eventually 

improving the pain and fatigue experienced by the workers. The production of the 
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products will result in the workers to be standing along the conveyors to manually 

handle, break to ensure smooth flow of production. This research aims to find out if 

calf massage be able to reduce the discomfort, if vibrational massage can reduce the 

muscle activity at the muscles and if the calf massage can reduce discomfort on other 

body parts. Does prolonged standing without any interventions pose significant 

discomfort to the prolonged standing workers at the calf muscle area? Therefore, the 

primary aim of this study is to determine the effect of calf massage on discomfort and 

muscle activity due to prolonged standing in upright position. 

 

Figure 1.1: A prototype of calf massage that were attached to calf area 

 

 

1.3 Research Justification 

Studies on prolonged standing have mostly shown that there are adverse effects on the 

health outcomes of the workers such as lower back pain, leg pain, cardiovascular 

diseases, fatigue, discomfort and pregnancy related health outcomes. For example, it 

is found that 52% workers of an engine manufacturing plant had the symptoms of foot 

and ankle disorder due to prolonged standing (Werner et al., 2010).  

In Malaysia, the Social Security Organization (SOCSO) of Malaysia reported that in 

2014, musculoskeletal and lower leg injuries cases that were recorded are also a part 

of prolonged standing effects as well. Department of Occupational Safety and Health 

have issued a guideline on occupational safety and health for standing at work. It 

includes the importance of working posture, adverse health effects due to ergonomic 

risk from standing work and others. There are many studies about effects of prolonged 

standing on the health of worker but not much are related to the intervention for it.  

Most common interventions studies that can be found are the use of shoe insole 

material, use of different shoe design, use of different mat with certain thickness but 

none are related to massage treatment. However, massage treatment is yet to be studied 

deeply related to prolonged standing therefore, the aim of this research is to study the 

effect of calf massage on standing fatigue due to prolonged standing in upright 

position. Thus, the result from this study can be used as reference for future research. 
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In a previous study, a future research on massage treatment relating to intervention 

studies was mentioned as a need (Munk et al., 2010). If there are sufficient data and 

research to prove that massage treatment can be used as an intervention, then 

accessibility for massage under medical coverage can be proposed and implemented. 

Massage treatments have shown improvements on discomfort but it is yet to be proved 

with a calf massage (Field et al., 2007). 

This study is crucial to be carried out so that the adverse health effects on the workers 

can be minimized at an early stage. The preventive measures or interventions could be 

implemented to solve or prevent the adverse health effects to give a serious health 

impact to the workers. The result of this study could provide useful information to 

workers on how to manage their standing fatigue and minimize the adverse health 

effects on themselves. Together with the results obtained, appropriate actions could 

be done. In addition, further studies could be done on towards the intervention of 

adverse health effects due to prolonged standing. 

1.4 Research Objectives 

1.4.1 General objective 

To determine the effect of calf massage on discomfort and muscle activity due to 

prolonged standing in upright position. 

1.4.2 Specific objectives 

The objectives of the study are; 

 

i. determine data distribution of discomfort rating between experimental and 

control groups, 

ii. compare differences of discomfort rating between experimental and control 

groups, 

iii. determine data distribution of surface electromyography levels between 

experimental and control groups, and 

iv. compare the differences of surface electromyography (EMG)’s levels 

between experimental and control groups. 

 

 

1.4.3 Hypothesis 

i. There will be reductions of discomfort rating and electromyography levels 

between experimental and control groups. 
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ii. There will be significant differences of discomfort rating between 

experimental and control groups. 

iii. There will be reductions of surface electromyography levels between 

experimental and control groups. 

iv. There will be significant differences of electromyography levels between 

experimental and control groups. 

 

 

A summary of the Conceptual Framework for this research is given in Figure 1.2 to 

highlight the key topics that will be studied in this research.
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Figure 1.2: Conceptual framework on the calf discomfort assessment 
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Appendix 4 

 

 

The respondents doing the sorting activities while standing for 2 hours. 

 

 

 

 
 

Calf massage and surface Electromyography attached to the calf muscle of the 

respondents 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

57 

 

8 BIODATA OF STUDENT 

 

 

The student was born in Kuala Lumpur on 06th December 1992. He received his 

diploma in Fisheries in 2013, degree in Environmental and Occupational Health in 

2017 both from Universiti Putra Malaysia. Immediately after completing his degree 

studies, he took up a job as Safety and Health Officer in a Norwegian manufacturing 

company in Sarawak. In the same year, he also enrolled as a full time student to 

continue his master’s degree in Occupational Safety and Health in 2017, under the 

supervision of Dr. Karmegam Karuppiah. His research focuses on Ergonomics studies 

in manufacturing line. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

58 

 

9 PUBLICATION 

 

 

Kalai Selvan, R., Karmegam, K., Shiamala, D.R., Vivien, H., Enoch Kumar, P., 

Hassan Sadeghi, N., Sivasankar, S., Kulanthayan, K.C.M. (2019). Calf 

Massager: Intervention for Body Muscle Discomfort During Prolonged 

Standing. Human Factors and Ergonomics in Manufacturing & Service 

Industries (Accepted) 



© C
OPYRIG

HT U
PM




