
 
 

UNIVERSITI PUTRA MALAYSIA 
 

ASSOCIATION BETWEEN OCCUPATIONAL AND NON-OCCUPATIONAL 
RISK TO WORK-RELATED MUSCULOSKELETAL DISORDERS AMONG 

TRAFFIC POLICE RIDERS 
 

 
 
 
 
 
 
 
 
 

NUR ATHIRAH DIYANA BT MOHAMMAD YUSOF 
 
 
 
 
 
 
 
 
 
 
 
 

FPSK(m) 2016 64 



© C
OPYRIG

HT U
PM 

ASSOCIATION BETWEEN OCCUPATIONAL AND NON-OCCUPATIONAL 
RISK TO WORK-RELATED MUSCULOSKELETAL DISORDERS AMONG 

TRAFFIC POLICE RIDERS 
 
 
 
 
 
 
 
 
 
 
 
 

By 
 

NUR ATHIRAH DIYANA BT MOHAMMAD YUSOF 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Thesis Submitted to the School of Graduate Studies, Universiti Putra 
Malaysia, in Fulfilment of the Requirements for the Degree of Master of 

Science 
 
 

October 2016 



© C
OPYRIG

HT U
PM

All material contained within the thesis, including without limitation text, logos, 
icons, photographs and all other artwork, is copyright material of Universiti Putra 
Malaysia unless otherwise stated. Use may be made of any material contained 
within the thesis for non-commercial purposes from the copyright holder. 
Commercial use of material may only be made with the express, prior, written 
permission of Universiti Putra Malaysia.  

 

Copyright © Universiti Putra Malaysia 

 



© C
OPYRIG

HT U
PM

  i 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment for the degree of Master of Science 

 
 

ASSOCIATION BETWEEN OCCUPATIONAL AND NON-OCCUPATIONAL 
RISK TO WORK-RELATED MUSCULOSKELETAL DISORDERS AMONG 

TRAFFIC POLICE RIDERS 
 

By 
 

NUR ATHIRAH DIYANA BINTI MOHAMMAD YUSOF 
 

October 2016 
 
 

Chairman : Karmegam Karuppiah, PhD 
Faculty  : Medicines and Health Sciences 
 
 
Approximately 50% of the traffic police use a motorcycle as their main vehicle 
while on duty. These professional motorcycle riders are ride for many hours while 
on duty with the mean 5.64 hours per day which the exposure of vibration 
becomes critical since overexposure may cause discomfort, decrease their 
performance and even health risk including work-related musculoskeletal 
disorders (WMSDs). However, there have been no studies on vibration and 
WMSDs has been conducted among this group of workers in Malaysia. Thus, it 
is important that this research needs to be completed in order to identify the 
factors that can give health effects in developing WMSDs among traffic police 
riders. A cross-sectional study was done in Traffic Police Station in Kuala Lumpur 
and Johor Bahru on January until June 2015. One-hundred-and-thirty-seven 
riders participated in this study. A set of questionnaire which included 
Standardized Nordic Questionnaire was used. The Svantek 106 is a six-channel 
human vibration meter was also used to assess and measure the level of Whole 
Body Vibration (WBV) and Hand Arm Vibration (HAV). The one-year prevalence 
of WMSDs among the traffic police riders was 67.9%. The highest WMSDs 
symptom was reported at the neck (35.8%)  and shoulder (35.8%). The mean 
WBV and HAV of frequency-weighted acceleration in eight hours, A(8) was 0.44 
m/s2 and 2.25 m/s2 respectively. Meanwhile, the level of Vibration Dose Value 
(VDV) in WBV exposure was 13.85 m/s2. Multiple logistic regression analysis 
revealed that duration of riding traffic police motorcycle (OR= 0.175, 95% 
CI:0.052, 0.581), year of services as traffic police riders (OR=0.152, 95% CI: 
0.040, 0.567), and HAV in A(8) (OR=3.053, 95% CI: 1.126, 8.280) were 
significant risk factors to one-year prevalence of WMSDs. As a conclusion, 
although the level of WBV and HAV did not exceed both Exposure Action Value 
(EAV) and Exposure Limit Value (ELV) in term of A(8), the VDV level in WBV 
was exceeded EAV. In addition, ninety-three of the traffic police riders reported 
WMSDs symptoms for the past 12 months. Duration of riding (OR= 0.175, 95% 
CI:0.052, 0.581), year of services as traffic police riders (OR=0.152, 95% CI: 
0.040, 0.567) and HAV in A(8) (OR= 3.053, 95% CI: 1.126, 8.280) were found to 
be most important risk factors for WMSDs among traffic police rider 
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Hampir 50% polis trafik menggunakan motosikal sebagai kenderaan utama 
mereka semasa bertugas. Penunggang motosikal profesional ini menunggang 
motosikal dalam jangka masa yang lama semasa bertugas dengan min 5.64 jam 
satu hari di mana pendedahan getaran menjadi kritikal memandangkan 
pendedahan getaran yang terlalu lama boleh menyebabkan ketidakselesaan, 
mengurangkan prestasi mereka dan juga risiko kesihatan termasuk kerja 
berkaitan gangguan masalah otot rangka (KGMOR). Namun begitu, tiada kajian 
mengenai getaran dan KGMOR telah dijalankan di kalangan kumpulan pekerja 
ini di Malaysia. Oleh itu, ia adalah penting bahawa kajian ini perlu dijalankan 
untuk mengenal pasti faktor-faktor yang boleh memberi kesan kesihatan dalam 
menyebabkan KGMOR di kalangan penunggang polis trafik. Satu kajian keratan 
rentas telah dijalankan di Balai Polis Trafik di Kuala Lumpur dan Johor Bahru 
pada Januari hingga Jun 2015. Satu ratus tiga puluh tujuh penunggang 
motosikal mengambil bahagian dalam kajian ini. Satu set soal selidik yang 
merangkumi standard soal selidik Nordic telah digunakan. Meter mengukur 
getaran manusia, Svantek 106 yang mempunyai enam saluran juga telah 
digunakan untuk menilai dan mengukur tahap getaran seluruh badan (GSB) dan 
getaran tangan-lengan (GTL). Prevalan satu tahun menghidapi masalah otot 
rangka di kalangan penunggang polis trafik adalah 67.9%. Gejala masalah otot 
rangka tertinggi dilaporkan pada bahagian leher (35.8%) dan bahu (35.8%). Min 
getaran bagi GSB dan GTL pada pecutan frekuensi berwajaran dalam 8 jam, 
A(8) adalah 0.43m/s2 dan 2.23m/s2. Sementara itu, Getaran Nilai Dos (GND) 
dalam pendedahan GSB adalah 13.85 m/s2. Analisis regresi logistik 
menunjukkan bahawa tempoh menunggang motosikal polis trafik (OR= 0.175, 
95% CI:0.052, 0.581), tempoh berkhidmat sebagai penunggang motosikal polis 
trafik (OR=0.152, 95% CI: 0.040, 0.567) dan GTL dalam A(8) (OR= 3.053, 95% 
CI: 1.126, 8.280) merupakan faktor risiko yang ketara kepada prevalan satu 
tahun menghidapi masalah otot rangka. Sebagai kesimpulan, walaupun tahap 
GBL dan GTL tidak melebihi kedua-dua Tindakan Pendedahan Nilai (TPN) dan 
Pendedahan Nilai Had (PNH) tetapi GND melibihi TPN yang telah ditetapkan.. 
Selain itu, sembilan puluh enam penunggang polis trafik dilaporkan menghidapi 
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masalah otot rangka bagi 12 bulan yang lalu. Tempoh menunggang motosikal 
(OR= 0.175, 95% CI:0.052, 0.581), tempoh berkhidmat sebagai penunggang 
motosikal polis trafik (OR=0.152, 95% CI: 0.040, 0.567) dan GTL dalam A(8) 
(OR= 3.053, 95% CI: 1.126, 8.280)  adalah faktor risiko yang paling penting 
untuk masalah otot rangka di kalangan penunggang motosikal polis trafik. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

The workplace is the one of important environment for workers. In 2004, World 
Health Organisation (WHO) stated that around 2.9 billion workers across the 
world are exposed to the hazard and risk in the occupational sector. There is five 
main type of hazards that workers may expose which are ergonomic, chemical, 
biological, psychosocial, and physical hazard. However, the ergonomic hazard 
is the hardest hazard to spot since it does not immediately give harm and strain 
to the body but long-term exposure can result in serious long-term illness. In a 
recent year, the ergonomic factors role of the workplace in the development of 
musculoskeletal disorders has been a topic of interest and debate worldwide. 
Ergonomics is defined as adapting task, tools, equipment and work stations to fit 
the workers which can help in reducing physical stress and eliminating any 
potentially serious and disabling work-related musculoskeletal disorders 
(WMSDs) among workers (McPhee, 2005).  

One of the ergonomic hazards is vibration. The vibration always occurs among 
workers who are involved in a mobile machine, hand-held tools and vehicle 
including riding a motorcycle (Donati et al., 2008; Moreno et al., 2011). Human 
vibrations are divided into two categories which are whole body vibration or also 
known as WBV and hand-arm vibration (HAV). WBV presents when workers sit 
or stand on vibrating machine. Long exposure in a high level of WBV can cause 
motion sickness, headaches and fatigue (Patil and Salunke, 2016). Meanwhile, 
HAV is defined as a vibration transmitted from hand-held equipment such as 
handlebar and steering wheel into the hand-arm of operators. This exposure can 
lead to vibration induced white finger or also known as VWF. However, if this 
problem detected early, this disease can be cured and if not, it can cause 
permanent disability in the workers’ hand (Patil and Salunke, 2016). 

Motorcycles are a common type of transportation mode in Malaysia. An 
estimated 11 million motorcycles are used in Malaysia followed by 10 million 
cars, 62 thousand buses, 99 thousand taxies and 862 thousand for other 
vehicles which led to the number of vehicles available in Malaysia about 26 
million in 2015 (Road and Transport Department, 2016).  Although motorcycles 
are usually used for short-distance transport since they are most convenient and 
effective, they are also used as a main transportation mode for some 
occupations such as courier, food delivery, and postal delivery including traffic 
police.  

According to Sunderlal et al. (2007) there are three type of hazard factors 
involving motorcycle riders which are i) Environmental factor such as inadequate 
road networks and surfaces, less physical space, overcrowded road conditions 
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and objects or obstruction in the road; ii) Human factor including poor visual 
acuity, impaired hearing, physical defect, negligence of personal protective 
measures, psychosocial problems, addiction and abuse of substance and; iii) 
Machine factor such as bad maintenance and poor monitoring.  
 
 
Ndimila et al. (2013) stated that the type of interruption mostly affecting rider’s 
comfort while riding a motorcycle is random vibration which due to the 
unpredicted loads and road roughness. WBV exposed to the human can result 
transmission of vibration energy to the whole the entire body and leads to 
localised effects that affect normal functioning of the body and health (Satou et 
al., 2007; Shivakumara et al., 2011). Chen et al. (2009) conducted research in 
Taiwan found that WBV exposure level for motorcycle riders are higher 
compared to car drivers. The previous study in Tanzania also found that 
motorcycle riders have higher health risk compare to car drivers due to vibration 
(Ndimila et al., 2013). Besides that, the rates of finger numbness and shoulder 
pain were significantly higher among traffic police riders compared to control 
group due to vibration from motorcycle itself especially handlebar in Japan 
(Mirbod et al., 1997). 
 
 
One of the occupation that involving motorcycles are traffic police. Traffic police 
are defined as a uniformed body who are ordered by national authorities to 
facilitate the movement of traffic flow and to prevent any breach of road traffic 
regulations (The Free Dictionary, 2014).  In Malaysia, traffic police are 
responsible for investigating all traffic accidents, coordinating special event traffic 
control and control the traffic congestion. Traffic police use various type of 
vehicles including motorcycles in carrying out their duties. Most of the 
motorcycles that used are high-powered motorcycle which average of the engine 
power is 750 to 1300 cc. Based on European Occupational Safety and Health 
Risk Observatory report, occupational safety and health issues for the riders 
profession are always related to ergonomic hazards and risks especially 
exposure to work posture, prolonged sitting, and fatigue. CCOSH (2014) stated 
that over exposure to this ergonomic hazards could contribute to the stress, 
muscle fatigue, tingling and numbness in the body area that exposed which 
related to musculoskeletal disorders. 
 
 
Work-related Musculoskeletal Disorders (WMSDs) can involve suffering and 
extensive economic consequences among workers, employer and society in the 
form of medical care, sick leave and early retirement pension. Weinstien et al. 
(2014) wrote a book about “The Burden of Musculoskeletal Diseases in the 
United Stated” stated that the musculoskeletal disorders (MSD) are the leading 
cause of disorders or physical inability in United State country. Besides, a study 
on the Global Burden of Disease proved that MSD affects more than 1.7 billion 
people worldwide. In 2012, National Health Interview Survey (NHIS) found that 
approximately 126.6 million adults in US were reported in a musculoskeletal 
medical condition which 76% of them were rated under chronic MSD greater 
than chronic circulatory conditions. Thus, the cost is rising rapidly to treat this 
pain and disability which the annual average cost (because of lost work) 
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attributable to persons with a MSD were $213 billion between 2009 and 2011 
(Weinstein et al. 2014). 
Various risk factors are known to be associated with WMSDs, including vibration 
exposure, repetitive movement, heavy lifting, bending and twisting, 
uncomfortable working condition, exerting too much force, working too long 
without break, and psychosocial factors (Institution of Occupational Safety and 
Health (IOSH), 2016). Other risk factors may be the workplace design, long 
working hour, age, body mass index (BMI), and smoking (Choobineh et al., 
2009). WMSDs continues to present a challenge in virtually every occupational 
sector (Haukka, 2010; Szeto and Lam, 2007). 
 
 
1.2 Problem Statement 
 
In Malaysia, an increase in economic growth and in the standard of living have 
made the total number of vehicles on the road also increase from year to year 
(Figure 1.1) (Department of Road Transport, 2014). The highest number of 
vehicles that used by road users is motorcycle especially in Kuala Lumpur 
(1,626,718) and Johor Bahru (1,646,941). Thus, it makes the responsibility of 
traffic police in patrolling and control traffic congestion and burden in work task 
become greater from year to year. 
 
 
Traffic police are the one of the occupational vehicles that involve a motorcycle. 
Approximately 50% of the traffic police use a motorcycle as their main vehicle 
while on duty. These professional motorcycle riders are ride for many hours while 
on duty with the mean 5.64 hours per day which the exposure of vibration 
becomes critical since overexposure may cause discomfort, stress, decrease 
their performance and even health risk including WMSDs (Moreno et al., 2011). 
Mirbod et al. (1997) suggested that the rider who ride a motorcycle more than 5 
hours per day was categorised as overexposure which the WMSDs symptoms 
will start develop after a few hours in riding motorcycle among respondents. 
However, health problem especially in vibration injuries and WMSDs among 
motorcycle riders are often overlooked in research area although they are large 
size of users in Malaysia.  
 
 
There are many motorcycle contributing factors influencing the vibration level 
such as type of motorcycle, engine power, year of manufacturer, and 
maintenance. The results for factors that contribute to the vibration level in 
vehicles is inconsistent. Moreno et al. (2011) proved that motorcycle age, engine 
size, speed and driver weight had been important factors in determine the level 
of vibration which the most unfavourable combination factors are old motorcycle 
(more than 3 years), small engine and slow speed but Khamis et al. (2014), Chen 
et al.(2009) and Ismail et al. (2010) found that slower riding speed may lower the 
vibration exposure. Besides, different types of road also give different level in 
vibration such as bituminous road (0.1794 m/s2), dirt road (0.381 m/s2), concrete 
road (0.516 m/s2), tarmac road (0.649 m/s1.75) and pavement road (0.725 m/s1.75)  
(Czech, 2016; Khamis et al. 2014). However, there is not much different in 
vibration level to the same type of road (paved road) with different location urban 
and province area with 0.88 m/s2 and 0.82 m/s2 respectively (Chen et al., 2009). 
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Several studies from other countries have conducted research to evaluate the 
relation between vehicle vibration and disease. Bovenzi and Huslof (1999) found 
that WBV was related to the low back pain development in review of 
epidemiologic study and Mirbod et al. (1997) found that the HAV exposure (2.0 
m/s2) was considered as a risk factor in suffering hand-arm symptoms among 
riders with 750 cc motorcycle engine and 5.5 hours in duration of riding 
motorcycle per day. Meanwhile, Stark et al. (1990) concluded that one cause of 
white finger was excessive motorcycle riding. The WBV exposure level and 
health risk of motorcycle riders (1.11 m/s2) are higher compare to car drivers 
(0.55 m/s2) with the motorcycle engine of 125 cc (Chen et al., 2009; Wang et al., 
2006). 
 
 
WMSDs is one of the most important causes of occupational injury and disability 
in developed and developing countries including Malaysia (Gardner et al., 2014). 
Bevan et al. (2009) also stated that WMSDs is the most prevalence of all work-
related injury and it is costly. Even mortality rate related with WMSDs are low, it 
can give impact in the form of disability rates, medical costs, and quality of life of 
an individual (Ogdie et al., 2014).  
 
 
Research in other countries among police officers showed that more than fifty 
percent of respondents suffered WMSDs such as the study done in Bangladesh 
with 80% respondents with WMSDs (Nazmul, 2013). In Korea, 76.8% of police 
officers and 75.0% of respondents in Brazil suffered WMSDs (Cho et al., 2014; 
Ana et al., 2015). The vibration exposure during driving or riding is one of the 
factors that suggested by researchers that caused a high number of the 
prevalence of WMSDs among police officers. However, there is no exact value 
for vibration level exposed by the respondents.   
 
 
The consequence of WMSDs is significant for employee and employer which it 
can give impact to lost workdays, early retirement, and reduce productivity of 
workers Based on the Integrated Benefits Institute (IBI) in 2014 for the US 
workforce, among hundred working people in the population, at least 28% of 
them reporting one WMSDs condition, fifty-nine of them had short-term disability 
days and forty-one had long-term disability days for WMSDs (Summers et al., 
2015). Medical Expenditure Panel Survey (2011) also estimated that total 
medical costs for MSDs treatment were $1,745and $1,938 for back problems per 
person. Due to this reason, WMSDs have been established as a top cause of 
work disability in the US (Summers et al., 2015). Besides, Centre of Excellence 
for Ergonomics had conducted study on overall compensation for occupational 
disease in Malaysia which they found that the cost of permanent disability 
compensation related to ergonomics was RM 25 313 per case compared with 
the average compensation costs for other cases which is RM 22 841.  
 
 
The epidemiological studies and literature review stated that there are two 
categories of risk factors can be considered in developing of WMSDs which are 
occupational and non-occupational factors (Nunes, 2009a). The occupational 
factors include awkward posture (Karmegam et al., 2011), vibration (Okunribido 
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et al., 2006; Lopez-Alonso et al., 2013), rank (Rhee et al., 2013), year of service 
(Ghasemkhani & Mahmudi, 2008) and long riding duration (Bovenzi et al.,2006). 
Meanwhile, non-occupational factors are race (Weinstein et al., 2014), marital 
status (Amin et al., 2014), educational level (Ekpenyong and Inyang, 2014), age 
(Deborah et al., 2010), body mass index (Maria et al., 2009; Viester et al., 2013), 
history of injury (Yu et al., 2012), and smoking (Govindu and Babski-Reeves, 
2012). These problem highlights the need for studying risk factors in develop 
WMSDs problem among traffic police in Malaysia. Thus, it is very crucial to 
investigate the factors contribute to the development of WMSDs including 
vibration exposure among traffic police in Malaysia. 
 
 
1.3 Study Justification 
 
In Malaysia, traffic police riders are qualified and well-trained to ride a high-
powered motorcycle of traffic police. Their work task requires them to physically 
fit and medically healthy at all times. Any WMSDs linked to long term 
occupational vibration exposure might decrease their performance, strength, and 
capability. However, there is scanted reference data, profiles and even baselines 
regarding statistics among traffic police on occupational health especially in 
vibration and its adverse health effects. This limited availability of data makes it 
difficult to develop evidence-based prevention programs for workers. There is 
also no such specific guideline related to the law enforcement workers on 
occupational safety and health in Malaysia compared to developed country such 
as United State of America. Thus, this study can be one of the baseline data for 
vibration and WMSDs among traffic police in Malaysia to use in developing the 
guidelines for workers in law enforcement. 
 
 
The study on incidence and prevalence of WMSDs related with HAV or WBV 
exposure among tractor drivers (Ramazan & Mostafa, 2010), military armoured 
vehicle drivers (Rozali et al., 2009), mail delivery (Stefano et al., 2011), truck 
drivers (Stephan, 2008), and motorcycle riders (Shivakumara & Sridhar, 2009; 
Jaimon et al., 2013; Khamis et al., 2014) have been widely conducted and 
published in the scientific literature. However, there is still no study in Malaysia 
related with vibration exposure and WMSDs has yet been conducted among 
traffic police riders.  
 
 
Besides, traffic polices also play a vital role in managing road traffic that always 
involved many injuries and mortality cases among road users. They are involved 
in many aspects of task from general duty, facilitate the movement of traffic flow 
and proactive patrol to the specific criminal activities. Since traffic police involved 
such a wide scope of activities, they may expose to various hazards and risks 
on health and safety. One of the hazard that they were exposed is vibration from 
motorcycle, which they need to ride the motorcycle daily in the line of duty. Thus, 
it is important that this research need to be completed in order to identify the 
level of vibration exposure and the effect on traffic police health which any hazard 
that poses a threat to their health cannot be neglected.  
 
 



© C
OPYRIG

HT U
PM

6 
 

1.4 Research Objective 
 

1.4.1 General Objective 
 

The general objective of this study is to identify the occupational and non-
occupational risk factors of Work-related Musculoskeletal Disorders (WMSDs) 
among traffic police riders. 
 
 
1.4.2 Specific Objectives 

 
The specific objectives of this study were as follows: 

1. To determine the socio demographic profile, lifestyle and occupational 
profile of the respondents. 

2. To determine the level of whole body vibration (WBV) and hand arm 
vibration (HAV) exposure among traffic police riders. 

3. To determine the overall prevalence of work-related musculoskeletal 
disorders (WMSDs) among traffic police riders within the past 12 
months. 

4. To compare the median of whole body vibration (WBV) between traffic 
police riders with WMSDs and without WMSDs. 

5. To compare the median of hand-arm vibration (HAV) between traffic 
police riders with WMSDs and without WMSDs. 

6. To determine the association between non-occupational factors and 
occupational factors with WMSDs.  

7. To determine the risk factors associated with WMSDs among traffic 
police riders. 

 
 
1.5 Study Hypotheses 

 
1. There is a significant difference median of WBV between traffic police 

riders with WMSDs and without WMSDs. 
2. There is a significant difference median of HAV between traffic police 

riders with WMSDs and without WMSDs. 
3. There is a significant association between non-occupational factors and 

occupational factors with WMSDs.  
4. There is a significant association between associated risk factors with 

WMSDs among traffic police riders. 
 
 
1.6 Definition Of Terms 

 
1.6.1 Hand-Arm Vibration (HAV) 

Conceptual 

Hand-Arm Vibration is known as segmented vibration which the vibration is 
transferred from a work process to a workers’ hand and arm through operating 
hand-held power tools or by holding machine (Middlesworth, 2015).  



© C
OPYRIG

HT U
PM

7 
 

Operational 

The measurement of HAV was done by using Human Vibration Meter (Svantek 
106). To measure hand-arm vibration a tri-axial accelerometer (SV 105A) was 
used and attached at Svantek 106 meter which wore by the rider while riding 
motorcycle. The daily exposure action value standardized for hand-arm vibration 
is 2.5 m/s2 based on European Union (EU) Directive (2002). 
 
 
1.6.2 Whole-Body Vibration (WBV) 

Conceptual 

Whole-body vibration is defined as mechanical vibration which transmitted to a 
person’s entire body when contact with vibration source which leads to localized 
effect (Benjamin et al., 2015) 

 Operational 

The measurement was done by using Human Vibration Meter (Svantek 106) with 
a seat accelerometer (SV 38V) which was setup on the rider’s seat and 
measured during riding. The results then were compared with EU Directive 
(2002) of 0.5 m/s2 as daily exposure action value. 
 
 
1.6.3 Work-related Musculoskeletal Disorders (WMSDs) 

Conceptual 

WMSDs is a condition which effects muscles, tendons, nerves, and supporting 
structures of the body initiated by the work performance and cause of pain, 
disability, reduce productivity, high financial cost and absenteeism among 
workers (Collins et al., 2011; Tinubu et al., 2010). 

Operational 

Prevalence of WMSDs in this study was determined by using Standardized 
Nordic Questionnaire (SNQ) adopted from Shahmi et al. (2014) with translated 
Malay language version. The questionnaire set enables the researcher to obtain 
information about WMSDs symptoms experienced by the respondents in their 
lifetime, in the past 12 months. The specific body parts affected by WMSDs 
includes neck, shoulders, elbows, upper and lower back, wrists and hands, hips 
and thighs, knees, and ankles and feet. The overall prevalence of WMSDs was 
determined based on complaints concerning any body parts. 

1.6.4 Riding Back Posture 

Conceptual 

Riding back posture refers to the possibility of developing any of the WMSDs 
symptoms due to the characteristics or the way in which someone hold their body 
when sitting while riding motorcycle. In other word, riding posture refers to the 
likelihood of getting WMSDs from different body positioning (Karmegam et 
al.,2011). 



© C
OPYRIG

HT U
PM

8 
 

Operational 

In this study, postural WMSDs risk was measured by using most preferred riding 
back posture questionnaire adopted from Karmegam et al. (2011). This riding 
posture was categorised into four type of postures which were slump, flat, long 
lordosis and short lordosis. 
 
 
1.6.5 WMSDs Risk Factors 
 
Conceptual 
 
WMSDs risk factors refers to the conditions by which when it is present, it will 
cause the WMSDs symptoms to develop in an individual. The risk factors can be 
divided to occupational and non-occupational factors. (Tamrin et al., 2007; 
Middlesworth, 2013; CCOSH, 2014).  

Operational 

Occupational and non-occupational (individual) risk factors information was 
obtained by using the self-constructed questionnaire.  
 
 
1.7 Conceptual Framework 
 
In work-related transportation, workers are mainly exposed to five types of 
hazards which are biological, chemical, physical, psychosocial, and ergonomics 
(Kudasz et al., 2010). However, the main hazard of this study was ergonomic 
hazard which focused on vibration exposure and WMSDs as the outcome of this 
study. The motorcyclist can be exposed to the two type of vibrations: hand-arm 
vibration and whole-body vibration (Jaimon et al., 2013).  
 
 
Motorcyclist who are exposed to the high level of vibration during work which 
riding in long period of time, will tend to get WMSDs. However, the severity of 
this problem is also depends on other risk factors such as age (Deborah et al., 
2010), race (Weinstein et al., 2014), marital status (Amin et al., 2014), body mass 
index (BMI) (Maria et al., 2009; Viester et al., 2013), history of injury (Yu et al., 
2012), smoking (Govindu & Babski-Reeves, 2012) and education level 
(Ekpenyong & Inyang, 2014) for individual factors which also known as non-
occupational factors.  
 
 
Meanwhile, duration of riding motorcycle (Bovenzi et al.,2006), riding posture 
(Karmegam et al., 2011), rank (Rhee et al., 2013) and year of services 
(Ghasemkhani & Mahmudi, 2008) for occupational factors. WMSDs can be worst 
if these risk factors are present and does not being assessed and control. The 
conceptual framework was visualised in Figure 1.1 and the subject of interest in 
this study were highlighted with blue colour, red and green color were used to 
highlight dependent variable and independent variables respectively. 
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Figure 1.1: The Conceptual Framework 
 
 
 
 



© C
OPYRIG

HT U
PM

74 
 

REFERENCES 

 
Aaboshkair, K. A., Phil, M., Amri, S., Yee, K. L., Abu Samah, B. (2012). 

Assessment of implementation level of the physical education program 
in selangor secondary schools, Malaysia. Wulfenia Journal 19, 108-124 

Aghilinejad,  M.,  Choobineh,  A.  R.,  Sadeghi,  Z.,  Nouri,  M.  K.,  &  Ahmadi,  
A.  B.  (2012). Prevalence  of  musculoskeletal  disorders  among  Iranian  
steel  workers.  Iranian  Red  Crescent Medical Journal, 14(4), 198. 

Alias, A. N., Karuppiah, K., Tamrin, B. M. T., Abidin, E. Z., Shafie, U. K. M., & 
Sambasivam, S. (2016). Risk factors of muscular discomfort among 
motorcyclist- review article. Iran Journal Public Health, 45(1):35-43. 

Amin, N. A., Nordin, R., Fatt, Q. K., Noah, R. M., & Oxley, J. (2014). Relationship 
between psychosocial risk factors and work-related musculoskeletal 
disorders among public hospital nurses in Malaysia. Annals of Occupational 
and Environmental Medicine, 26(23):1-9. 

Ana P.N.T, Luis C.N.O, Branca M.O.S, Fabricio B.O, Paulo R.V.Q. (2015). 
Symptoms of musculoskeletal disorders among police officers. Arq. 
Ciênc. Saúde, 22(2):42-45. 

Anderson, G. S., Amber, Z., and Darryl, B. P. (2011) Police Officer Back Health. 
The Journal of Criminal Justice Research (JCJR), 2(1), 1-17. 

Andrew, W. (2010). Innova Pain Clinic: Motorcycle riding posture. Retrieved from 
http://www.innova-pain.com/2012/03/02/motorcycle-riding-posture/ 

Ariëns, G. A. M., Van, M.W., & Bongers, P. M. (2010). Physical risk factors for 
neck pain. Scand J Work Environ Health, 26:7–19. 

Arora N., & Grenier S.G. (2013) Acute effects of whole body vibration on 
directionality and reaction time latency of trunk muscles: the importance of 
rest and implications for spine stability. J Electro myogr Kinesiol 23(2):394–
401. 

Aseanapol. (2013). The Royal Malaysia Police. Retrieved from 
http://www.aseanapol.org/information/royal-malaysia-police 

AstrÖm, C., Rehn, B., LundstrÖm, R., Nilsson, T., BurstrÖm, L., & Sundelin, G. 
(2006). Hand-arm vibration syndrome (HAVS) and musculoskeletal 
symptoms the neck and upper limbs in professional drivers of terrain 
vehicles – A cross sectional study. Applied Journal, 793-799. 

Atwood, & Michalak, M. C. (1992). The occurrence of cumulative trauma in 
dental hygienists. American Journal of Prevention, Assessment, and 
Rehab, 17-31. 

Azli, B. (2015). Escalating prevalence of overweight and obesity among 
Malaysian adults: after a 10 years period. The Medical Journal of Malaysia 
70(16). 

Bedru, W. (2016).Self-reported work-related musculoskeletal disorders and 
determinant factors of female beauty hair salon hair dressers, in Addis 
Ababa, Ethhiopia. University College of Health Science School of public 
health. 

Beeck,R. O. D., & Hermans, V. (2000). Work-related low back disorder. 
Luxembourg: European Agency for Safety and Health at Work.  

Benjamin, N. W., Bashira, M. A., Erasto, E., & Noel, N. G. (2015). Investigation 
of motorcycle design improvements with respect to whole body vibration 
exposure to the rider. Journal of Multidisciplinary Engineering Science and 
Technology, 2(3); 321-327. 

http://www.innova-pain.com/2012/03/02/motorcycle-riding-posture/


© C
OPYRIG

HT U
PM

75 
 

Bernard, B. P. (1997). Musculoskeletal Disorders and Workplace Factors: A 
critical review of epidemiologic evidence for work-related disorders of 
the neck, upper extremity, and low back. DHHS (NIOSH). Publication 
No. 97-141. Cincinnati, OH. 

Bevan, S., Quadrello, T., McGee, R., Mahdon, M., Vavrovsky, A., & Barham, L. 
(2009). Musculoskeletal disorders in the European workforce. London: The 
Work Foundation. 

Björkstén, M.G., Boquist, B., Talbäck, M., & Edling C. (2001). Reported neck and 
shoulder problems in female industrial workers: The importance of factors 
at work and at home. International Journal of Industrial Ergonomics 
27(3):159–170.  

Bhattacharya, A. & McGlothlin, J. D. (2012). Occupational Ergonomics:Theory 
and Applications. CRC Press: Boca Raton, FL. 

Booth-Jones, A. D., Lemasters, G. K., & Succop, P. (1998). Reliability of 
questionnaire information measuring musculoskeletal symptoms and work 
histories. Am Ind Hyg Assoc J, 59:20–4 

Bonde, J. P. E., & Viikari-Juntura, E. (2013). The obesity epidemic in the 
occupational health context. Scandinavian Journal of Work, Environmental 
& Health, 39(3):217-220. 

Bongers, P. M., Kremer, A. M., Ter Laak, J. (2002). Are psychosocial factors, 
risk factors for symptoms and signs of the shoulder, elbow, or 
hand/wrist?: A review of the epidemiological literature. Am J Ind 
Med, 41:315-342. 

Börje, R. (2004). Musculoskeletal disorders and whole-body vibration among 
professional drivers of all-terrain vehicles. Department of Public Health and 
Clinical Medicine, Occupational Medicine, Umeå University, Umeå, Sweden. 

Borle,  A.,  Gunjal,  S.,  Jadhao,  A.,  Ughade,  S.,  &  Humne,  A.  (2012).  
Musculoskeletal morbidities among bus drivers in city of Central India. 

Bovenzi, M. & Hulshof, C. T. (1999). An updated review of epidemiologic studies 
on the relationship between exposure to whole-body vibration and low back 
pain (1986-1997). International Arch Occupational Environmental Health, 
72,(6):351-65. 

Bovenzi, M., D’Agostin, F., Rui, F., & Negro, C. (2008). A longitudinal study of 
finger systolic blood pressure and exposure to hand-transmitted vibration. 
International Archives of Occupational and Environmental Health, 
81(5):613-23. 

Bovenzi, M., Rui, F., Negro,C., D’Agostion, F., Angotzi, G., & Bianchi, S. (2006). 
An epidemiological study of low back pain in professional drivers. 
Journal of Sound and Vibration, 298, 514-539. 

Brown, J.J. (1998). Back Pain in a Large Canadian Police Force. Spine, 23(7): 
821-827. 

Brüel & Kjær. (2014). Human vibration. Retrieved from Brüel & Kjær Beyond 
Measure: 
http://www.bksv.com/Applications/OccupationalHealth/HumanVibration 

Buchman, A.S., Boyle, P.A., Wilson, R.S., Bienias, J.L. & Bennet, D.A. (2007) 
Physical activity and motor decline in older persons Muscle Nerve, 35, 
354-362. 

Burton, A. K., Tillotson, K. M., Symonds, T. I., Burke, C., & Mathewson, T. (1996). 
Occupational Risk Factors for the First-Onset and Subsequent Course of 
Low Back Trouble: A Study of Serving Police Officers. Spine,21(22): 2612-
2620.   

http://www.bksv.com/Applications/OccupationalHealth/HumanVibration


© C
OPYRIG

HT U
PM

76 
 

Canadian Centre of Occupational Safety and Health (CCOSH). (2014). Work-
related Musculoskeletal Disorders (WMSDs) – Risk factors. Retrieved from 
http://www.ccohs.ca/oshanswers/ergonomics/risk.html 

Cann, A. P., Salmoni, A. W., & Eger T, R. (2004). Predictors of whole-body 
vibration exposure experienced by highway transport truck operators. 
Ergonomics 47:1432–1453 

Centres for Disease Control and Prevention (CDC). (2014). Vibration Syndrome. 
Retrieved from http://www.cdc.gov/niosh/docs/83-110/ 

Centres for Disease Control and Prevention (CDC): NIOSH. (2012). 
Musculoskeletal Disorders. Retrieved from 
http://www.cdc.gov/niosh/programs/msd/ 

Chen J. C., Chang W. R., Shih T. S, Chen C. J., & Chang W. P. (2003) Predictors 
of whole-body vibration levels among urban taxi drivers. Ergonomics 
46:1075–1090. 

Chen, H.C., W.C. Chen, Y.P. Liu, C.H. Chen & Y.T. Pan. (2009). Whole-body 
vibration exposure experienced by motorcycle riders – An evaluation 
according to ISO 2631-1 and ISO 2631-5 standards. International Journal 
of Industrial Ergonomics, 39: 708–718. 

Cho, T.S., Jeon, W.J., Lee, J.G., Seok, J.M., & Cho, J.H. (2014). Factors 
Affecting the Musculoskeletal Symptoms of Korean Police Officers. J Phys 
Ther Sci., 26(6): 925–930. 

Choobineh, A., Sani, G. P., Rohani, M. S., Pour, M. G., & Neghab, M. (2009). 
Perceived demands and musculoskeletal symptoms among employees of 
an Iranian petrochemical industry. International Journal of Industrial 
Ergonomics 39. 766-770. 

Christopher, L. C. (2002). An analysis of the prevalence of musculoskeletal 
disorders in heavy, civil construction operations and the impact of job, 
age and experience. The Graduate College, University of Wisconsin-
Stout. 

Claveland Clinic. (2013). Normal structure and function of the musculoskeletal 
system. Retrieved from 
http://my.clevelandclinic.org/anatomy/musculoskeletal_system/hic_nor
mal_structure_and_function_of_the_musculoskeletal_system.aspx 

Collins, R. M., Rensburg,  D. C. J. V.,  & Patricios, J. S. (2011).  Common work-
related musculoskeletal strains and injuries. S Afr Fam Pract, 53:240-6. 

Costa, B. R., & Vieira, E. R. (2009). Risk factors for work-related musculoskeletal 
disorders: a systematic review of recent longitudinal studies. American 
journal of industrial medicine, 1-39. 

Craig, L., T., & Robert, J., S. (2014). The Anatomy and Mechanics of Human 
Hand. Retrieved from 
https://www.google.com.my/url?sa=t&rct=j&q=&esrc=s& 

Crawford, J. O. (2007). The Nordic musculoskeletal questionnaire. Occupational 
Medicine, 57(4):300-301. 

Crawford, J.M., Wilkins, J.R., Mitchell, G.L., Moeschberger, M.L., Bean, T.L. & 
Jones, L.A. (1998). A cross-sectional case control study of work-related 
injuries among Ohio farmers. Am J Ind Med, Vol. 34, pp. 588-599. 

Cui, X., Rockett, I. R. H., Yang, T., & Cao, R. (2012). Work stress, life stress, and 
smoking among rural–urban migrant workers in China. BMC Public 
Health, 12:979 doi: 10.1186/1471-2458-12-979. 

http://www.ccohs.ca/oshanswers/ergonomics/risk.html
http://www.cdc.gov/niosh/docs/83-110/
http://www.cdc.gov/niosh/programs/msd/
http://my.clevelandclinic.org/anatomy/musculoskeletal_system/hic_normal_structure_and_function_of_the_musculoskeletal_system.aspx
http://my.clevelandclinic.org/anatomy/musculoskeletal_system/hic_normal_structure_and_function_of_the_musculoskeletal_system.aspx
https://www.google.com.my/url?sa=t&rct=j&q=&esrc=s&


© C
OPYRIG

HT U
PM

77 
 

Czech, K. (2016). The Impact of the Type and Technical Condition of Road 
Surface on the Level of Traffic-Generated Vibrations Propagated to the 
Environment. Procedia Engineering, 143:1358-1367. 

Daltroy, L. H., Iversen, M. D., Larson, M. G., Lew, R., Wright, E., Ryan, J., 
Zwerling, C., Fossel, A. H, Liang, M. H. (1997). A controlled trial of an 
educational program to prevent low back injuries. N Engl J Med. 1997 Jul 
31;337(5):322-8. 

Daraiseh, N. M., Cronin, S. N., Davis,  L. S.,  Shell,  R. L. & Karwowski  W. 
(2010).   Low   back   symptoms among hospital nurses, associations to 
individual factors and pain in multiple body regions. Int J Ind Ergonom, 
40: 19-24. 

Deborah, A., Yoav, S., Youssef, M., Michal, K., Diana, U.,& Leonid, K. (2010). 
Low back pain among professional bus drivers: Ergonomic and 
occupational-psychosocial risk factors. Israel Medical Association 
Journal, 12: 26-31. 

Department of Occupational Safety and Health. (2003). Guidelines on 
occupational vibration. Malaysia: Ministry of Human Resource. 

Department of Road Transport. (2014). Number of vehicle registration according 
to year. Retrieved from Official Portal of Road Transport Department 
Malaysia:  http://www.jpj.gov.my/en/statistics. 

Department of Statistics Malaysia. (2015). Labour force survey report, Malaysia, 
2015. Retrieved from  
https://www.statistics.gov.my/index.php?r=column/cthemeByCat&cat=126
&bul_id=TFVqZ2NtWW9iNlJBV0pTQnZUUzBEZz09&menu_id=U3VPMldo
YUxzVzFaYmNkWXZteGduZz09 

Deros, B. M., Daruis, D. D. I., Ismail, A. R., Sawal, N. A., & Ghani, J. A. (2010). 
Work-related musculoskeletal disorders among workers' performing manual 
material handling work in an automotive manufacturing company. American 
Journal of Applied Sciences, 7 (8), 1087-1092. 

Donati, P., Schust, M., Szopa, J., Starck, J., Iglesias, E. G., Senovilla, L. P., 
Fischer, S., Flaspoler, E., Reinert, D., Beeck, R. O. D. (2008). Workplace 
exposure to vibration in Europe: an expert review. Luxembourg, 
Belgium: European Agency for Safety and Health at Work.  

Dutta, K., Basu, B., & Sen, D. (2014). Identification and quantification of stressors 
affecting  

Ekenvall, L., & Carlsson, A. (1987). Vibration white finger: a follow up study. Br 
J Ind Med; 44:476-478. 

Ekpenyong, C. E., & Inyang, U. C. (2014). Associations between worker 
characteristics, workplace factors, and work-related musculoskeletal 
disorders: a cross-sectional study of male construction workers in Nigeria. 
International Journal of Occupational Safety and Ergonomics, 20(3):447-
462. 

EU Directive. (2002). Directive 2002/44/EC of the European Parliament and of 
the Council. Official Journal of the European Communities. 

Evanoff, B., & Rempel, D. (2006). Interventions, Controls, and Applications in 
Occupational Ergonomics: Epidemiology of upper extremity disorders. 
Florida, US: CRC Press. 

Frank R. S. (2006). Industrial Hygiene Simplified. The Scarecrow Press Inc., 
United States of America. 

http://www.jpj.gov.my/en/statistics


© C
OPYRIG

HT U
PM

78 
 

Franzblau, A, Salerno, D., Armstrong, T. J., & Werner, R. A. (1997). Test-retest 
reliability of an upper extremity discomfort questionnaire in an industrial 
population. Scand J Work Environ Health 23:299-30 

Futatsuka, M., & Ueno, T., A. (1986). A follow-up study of vibration-induced white 
finger due to chain-saw operation. Scand J Work Environ Health; 12:304-
306. 

Gardner, B. T., Dale, A. M., Descatha, A., & Evanoff, B. (2014). Natural history 
of upper extremity musculoskeletal symptoms and resulting work limitations 
over 3 years in a newly hired working population. Journal of Occupational 
and Environmental Medicine, 55(6):588-594. 

Gemne, G. (1994). Pathophysiology of white fingers in workers using hand-held 
vibrating tools. Nagoya J. Med. Sci.57:87 – 97. 

Ghasemkhani, M., & Mahmudi, E. (2008). Musculoskeletal symptoms in workers. 
International Journal of Occupational Safety and Ergonomics, 14(4): 
455-462. 

Govindu, N. K., & Babski-Reeves, K. (2012). Effects of personal, psychosocial 
and occupational factors on low back pain severity in workers. International 
Journal of Industrial Ergonomics, 44:335-341 

Griffin M. J., & Bovenzi, M. (2002).  The diagnosis of  disorders caused  by hand-
transmitted vibration: Southampton Workshop 2000. International archives 
of occupational  and  environmental  health, 75(1-2): 1-5. 

Griffin, M.J. (2004a). Handbook of human vibration. Reprinted. Academic Press, 
London. 

Griffin, M.J. (2004b). Minimum health and safety requirements for workers 
exposed to hand-transmitted vibration and whole-body vibration in 
European Union; A review. Occup Environ Med, 61:387-97. 

Gyi, D.E., & Porter, J.,M. (1998). Musculoskeletal Problems and Driving in Police 
Officers. Occupational Medicine(London) 48.3: 153-160. 

Hafidzul, H. M. N. (2016). Polis wujud Jabatan Trafik Mac ini. myMetro. Retrieved 
from http://www.hmetro.com.my/node/104175 

Hafzi, M. I. M., Rohayu, S., Faradila, P. N., & Wong, S. V. (2011). Prevalence 
and risk factor of musculoskeletal disorder of motorcyclists. Asia pacific 
symposium on advancements in Ergonomics and safety. 

Halaki, M., O'Dwyer, N., Cathers, I., & Heritier, S. (2012). Systematic nonlinear 
relations between joint mechanics and the neural reflex response with 
changes in stretch amplitude at the wrist. J Biomech;45(16):2755-62. 

Hammad, M., Sajid, H. A., Akhtar, C. S. & Imdadadullah, M. (2012). Investigating 
Stress and Employee Performance in Traffic Police. International 
Proceedings of Economics Development and Research, 55(28):141-144. 

Harada, N. (2002). Cold-stress    tests    involving    finger-skin    temperature 
measurement for evaluation  of  vascular disorders in hand-arm  vibration 
syndrome:   review   of   the   literature.   International   Archives   of 
Occupational Environmental Health, 75: 14-19.  

Haukka, E. (2010). Musculoskeletal disorders and psychosocial factors at work 
effects of a participatory ergonomics intervention in a cluster randomized 
controlled trial. Department of Public Health, University of Helsinki. 

Health and Safety Executive (HSE). (2010). Ageing and work-related 
musculoskeletal disorders. Health and Safety Laboratory. 

Heiden, B., Weigl, M., Angerer, P., & Muller, A. (2013). Association of age and 
physical job demands with musculoskeletal disorders in nurses. Applied 
Ergonomics, 44(4):652-8. 

http://www.hmetro.com.my/node/104175


© C
OPYRIG

HT U
PM

79 
 

Heneweer, H., Picavet, H. S. J., Staes, F., Kiers, H., Vanhees, L. (2012) Physical 
fitness, rather than self-reported physical activities, is more strongly 
associated with low back pain: evidence from a working population. Eur 
Spine J 21. 1265-1272 

Hewitt, S. (2010). Triaxial measurements of the performance of anti-vibration 
gloves. Buxton, England: Health and Safety Laboratory. 

Hines, E., A., & Christensen, N., A. (1945). Raynaud's disease among men. J 
Am Med Assoc 129:1-4. 

Holmström, E.B., Lindell, J., & Moritz, U. (1992). Low back and neck/shoulder 
pain in construction workers: Occupational workload and psychosocial risk 
factors. Part 2: Relationship to neck and shoulder pain. Spine, 17(6) : 672-
677. 

Holti, G. (1982). Raynaud's phenomenon--Raynaud features acrocyanosis, 
cryoimmunoproteins, in Altura BM, Davis E, Harders H (eds): Advances in 
Microcirculation. New York, S Karger-Basel, vol 10, pp 1-16. 

Honda. (1996). Ride Smart. Canada: Forest Stewardship Council. 
House, R., Krajnak, K., Manno M. & Lander, L. (2009). Current perception 

threshold and the HAVS Stockholm sensorineural scale. Occupational 
Medicine, 58(476-482).  
http://www.ibiweb.org/tools/full-cost-estimator;   

Inbaraj, L. R., Haebar, O. J., Saj, F., Dawson, S., Paul, P., Prabhakar, A. K. P., 
Mohan, V. R., Alex, R. G. (2013). Prevalence of musculoskeletal 
disorders among brick kiln workers in rural southern india. Indian Journal 
of Occupational and Environmental Medicine 17 (2). 71-75. 

Institution of Occupational Safety and Health (IOSH). (2016). Musculoskeletal 
Disorders. Retrieved from https://www.iosh.co.uk/Books-and-
resources/Our-OH-toolkit/Musculoskeletal-disorders.aspx 

Integrated Benefits Institute. (2014). Full Cost Estimator tool. Retrieved from  
International Organization for Standardization (ISO) 2631. (1997). Mechanical 

vibration and shock-Evaluation of human exposure to whole-body vibration. 
Part 1: General Requirements. International Organization for 
Standardization (ISO), Geneva. 

International Organization for Standardization (ISO) 5349-1. (2001). Mechanical 
vibration-Measurement and evaluation of human exposure to hand-
transmitted vibration-Part 1: General Requirements. International 
Organization for Standardization (ISO), Geneva. 

International Organization for Standardization. (2016). List of Human Vibration 
Standard. Retrieved from 
http://www.iso.org/iso/home/search.htm?qt=Human+vibration&sort=rel
&type=simple&published=on 

Irurhe,  N.  K.,  Okafor,  U.  A.  C.,  Adekola,  O.  O.,  Odebiyi,  D.  O.,  Habeebu,  
M.  Y.  M.,  & Sowunmi,   A.   C.   (2013).   Work   Related   
Musculoskeletal   Discomforts   (WRMD)   in Ultrasonologists: 
Prevalence and Risk Factors. World Journal of Medical Sciences, 8(3), 
199-204. 

Ismail,  A. R.,  Nuawi, M. Z.,  Kamaruddin , N. F., & Bakar, R. A. (2010).  
Comparative Assessment  of  the Whole  Body  Vibration  Exposure  
under  different  car  speed  based  on  Malaysian  Road  Profile.  Journal 
of Applied Sciences, 10(14): 1428-1434. 

http://www.iso.org/iso/home/search.htm?qt=Human+vibration&sort=rel&type=simple&published=on
http://www.iso.org/iso/home/search.htm?qt=Human+vibration&sort=rel&type=simple&published=on


© C
OPYRIG

HT U
PM

80 
 

Jaimon, D. Q., Suhas, Vaishak, N. L., & Shilpa, B. (2013). Study of Vibration and 
Its Effects on Health of a Two Wheeler Rider. IJRET: International Journal 
of Research in Engineering and Technology; 2319-1163, Vol. 02 Iss. 08. 

Jennifer G.A. (2006). Low back pain in police officers. Grand Valley State 
University Allendale, Michigan.  

Jeon, K. & Fahmi, A. S. (2010). Polis Diraja Malaysia. Selangor, Malaysia: NR 
Red One Network Enterprise. 

Jordan, J.M., Linder, G.F., Renner J.B., & Fryer, J.G. (1995). The impact of 
arthritis in rural populations. Arthritis Care Res, 8:242-50. 

Joubert, D. M., & London, L. (2007). A cross-sectional study of back  belt  use  
and  low  back  pain  amongst  forklift drivers. Int J Ind Ergonom, 37(6): 505-
513. 

Kaewboonchoo, O., Yamamoto, H., Miyai, N., Mirbod, S. M., Morioka, I., & 
Miyashita, K. (1998). The Standardized Nordic Questionnaire Applied to 
Workers Exposed to Hand-Arm Vibration. Journal of Occupational Health, 
40(3):218-222. 

Kaka, B., Opeyemi, A. I., Henrietta, O. F., Ade, F. A., Omoyemi, O. O., & Mark, 
T. T. (2016). An Analysis of Work-Related Musculoskeletal Disorders 
Among Butchers in Kano Metropolis, Nigeria. Safety and Health at Work, 
1-7. 

Karjalainen, A., &. Niederlaender, E. (2004). Statistics in Focus: Population and 
Social Conditions. Oficina de Publicaciones Oficiales de la Comunidad 
Europea.  

Karmegam, K., Sapuan, S. M., Ismail, M. Y., Ismail, N., and Shamsul, B. M. T. 
(2011). Motorcyclist’s riding discomfort in Malaysia: Comparison of BMI, 
riding experience, riding duration and riding posture. Human Factors and 
Ergonomics in Manufacturing & Services Industries. DOI: 10.1002/hfm 

Karmegam, K., Sapuan, S. M., Ismail, M. Y., Ismail, N., and Shamsul, B. M. T. 
(2012). Evaluation of Motorcyclist’s Discomfort during Prolonged Riding 
Process with and without Lumbar Support. Annals of the Brazilian 
Academy of Sciences, 84(4): 1169-1188. 

Karwan, M.K., Azuhairi, A.A. , & Hayati, K.S. (2015). Predictors of Upper Limb 
Disorders among a Public University Workers in Malaysia. International 
Journal of Public Health and Clinical Sciences, 2(3): 133-150. 

Kenny, G.P., Yardley, J.E., Martineau, L. & Jay, O. (2008) Physical work capacity 
in older adults: Implications for the aging worker American Journal of 
Industrial Medicine, 51, 610-625. 

Khamis, N. K., Nuawi, M.Z., Deros, B. M., Ismail, F. R., Mohamad, D. & Md Tahir, 
N. H. (2014). Assessment of Whole Body Vibration Exposure among 
Motorcyclist in Malaysia under Different Speeds and Different Road Profiles: 
A Preliminary Study. Advances in Environmental Biology, 8(15), Pp. 160-163 

Kijima, Y., & Viegas, S., F. (2009). Wrist anatomy and biomechanics. J Hand 
Surg Am;34(8):1555-63. 

Ksenia, Z., Lisa, O., & Stephen, B. (2012). Taking the strain: The impact of 
musculoskeletal disorders on work and home life. UK: The work 
foundation part of Lancaster University. 

Kudasz, F., Liddle, M., Makowski, K., & Schmitz-Felten, E. (2010). Delivery and 
despatch riders’ safety and health: A European review of good practice 
guidelines. Luxembourg: European Agency for Safety and Health at Work 
(EASHW). 



© C
OPYRIG

HT U
PM

81 
 

Kuorinka, I., Jonsson, B., Kilbom, A., Vinterberg, H., Biering-Sorensen, F., 
Andersson, G., & Jorgensen, K. (1987). Standardized Nordic 
Questionnaires for the analysis of musculoskeletal symptoms. Applied 
Ergonomics 18, 233-237. 

Kyung, G., Nussbaum, M. A., & Babski-Reeves, K. (2008). Driving sitting comfort 
and discomfort. International Journal of Industrial Ergonomics, 38(5-6), 516-
525. 

Lalanne, C. (2009). Random Vibration: Mechanical Vibration and Shock 
Analysis, Volume 3, Second Edition. ISTE Ltd: London, UK. 

Landis, J. R., & Koch, G. G. The measurement of observer agreement for 
categorical data. Biometrics. 33 (1): 159-174.  

Layne, L.A. & Pollack, K.M. (2008). Nonfatal occupational injuries from slips, trips 
and falls among older workers treated in hospital emergency 
departments, United States 1998. American Journal of Industrial 
Medicine, 46, 1, 32-41. 

Leaviss, J., Gibb, A.G.F. and Bust, P.D. (2008). Aging workforce in construction 
– equipment use and the prevention of early retirement. In: Bust, P.D. 
(ed), Contemporary Ergonomics, Taylor & Francis, London, 221-226. 

Lee, J., & Cho, J.,H. (2011). Survey of the musculoskeletal disorders of 
radiological technol. JKSR, 6:53–61. 

Leino-Arjas, P. (1998). Smoking and musculoskeletal disorders in the metal 
industry: a prospective study. Occup Environ Med 55:828–833. 

Lewis, M. Q., N. L. Sprince, L. F. Burmeister, P. S. Whitten, J. Torner, and C. 
Zwerling. (1998). Work-related injuries among Iowa farm operators: An 
analysis of the Iowa Farm Family Health and Hazard Surveillance 
Project. American J. Ind. Med. 33(5): 510-517. 

Lindsell, C.J., & Griffin, M.J. (2002). Normative data for vascular and neurological 
tests of the hand-arm vibration syndrome. International Archives of 
Occupational and Environmental Health 75,(1-2): 43-54. 

Lipman, F. (2014). An overview of your musculoskeletal system. Retrieved from 
http://www.drfranklipman.com/an-overview-of-your-musculoskeletal-
system/ 

Lipscomb, J., Trinkoff, A., Brady, B., Geiger-Brown, J. (2004). Health care 
system changes and reported musculoskeletal disorders among 
registered nurses. American Public Health Association, 94(8):1431-1435. 

Lopez-Alonso, M., Torres, R. P., Gago, E., J., Garcia, J., O. (2013). The health 
effects of vibrations on the upper extremities of workers. Global Virtue 
Conference, 560-567. 

Mansfield, H. J. (2006). Proceedings of the First American Conference on 
Human Vibration:Variation in the vibration emission of rotary hammer drills 
under simulated work-site conditions. West Virginia, USA: NIOSH. 

Maria, S., M., Juhani, I., & Cinthia, M., R. (2009). Work Ability and 
Musculoskeletal Disorders Among Workers From a Public Health 
Institution. International Journal of Occupational Safety and Ergonomics 
15 (3), 319-324. 

Marieb, E. N., Wilhelm, P. B., & Mallat, J. (2012). Human Anatomy. Pearson 
Education Inc: San Francisco, CA.  

Martini, F. H., Nath, J. L., & Bartholomew, E. F. (2015). Fundamentals of 
anatomy & physiology. Pearson Education:San Francisco, CA.  

Mats, H., Lage, B., Anna, E., & Rebecka, V. (2006). The association between 
whole body vibration exposure and musculoskeletal disorders in the 

http://www.drfranklipman.com/an-overview-of-your-musculoskeletal-system/
http://www.drfranklipman.com/an-overview-of-your-musculoskeletal-system/


© C
OPYRIG

HT U
PM

82 
 

Swedish work force is confounded by lifting and posture. Journal of 
Sound and Vibration, 298:492–498. 

McPhee, B. (2015). Practical ergonomics: Application of ergonomics principles 
in the workplace. Coal Services Health & Safety Trust: Sydeny,NSW. 

Medical Dictionary for the Dental Professions. (2014). Musculoskeletal 
disorder. Retrieved from http://medical-
dictionary.thefreedictionary.com/Musculoskeletal+disorders> 

Middlesworth, M. (2015). Hand-Arm Vibration (HAV) – A Step by Step Guide to 
Evaluate & Control Risk. Retrieved from http://ergo-plus.com/hand-arm-
vibration-hav/ 

Middlesworth, M. (2016). The Definition and Causes of Musculoskeletal 
Disorders (MSDs). Ergonomics Plus. Retrieved from http://ergo-
plus.com/musculoskeletal-disorders-msd/ 

Mirbod, S. M., Yoshida, H., Jamali, M., Kazuhito, M., Ryoichi, I., & Hirotoshi, I. 
(1997).  Assessment of hand-arm vibration exposure among traffic 
police motorcyclists. Int Arch Occup Environ Health, 70:22-28. 

Mirmohammadi,  S.  (2012).  Prevalence  of  Musculoskeletal  Symptoms  among  
Foam  Industry Workers, 1(7), 3–6. 1:371. 
doi:10.4172/scientificreports.371 

Mobius Institute. (2015). Dictionary: Vibration Analysis. Retrieved from 
http://www.mobiusinstitute.com/site2/item.asp?LinkID=2002 

Moreno, R., Cardona, J., Pintado, P., & Chicharro, J. (2011). Predictors of whole 
body vibration exposure in motorcycle riders. Rev. Fac. Ing. Univ. Antioquia 
N., 61:93-103. 
motorized two wheeler riders: an ergonomic attempt. International Journal 
of Research-Granthaalayah, 2(1):13-25. 

Munabi, I. G., Buwembo, W., Kitara, D. L., Ochieng, J., Nabirye, R. C., & Mwaka, 
E. S. (2014). Musculoskeletal disorders among nursing staff: a comparison 
of five hospitals in Uganda. The Pan African Medical Journal, 
17:81doi:0.11604/pamj.2014.17.81.3213 

Nadirah H. R. (2016). Fat’s off to the police force. The Star Online. Retrieved 
from http://www.thestar.com.my/news/nation/2016/01/07/fats-off-to-the-
police-force-pilot-project-to-get-officers-to-be-slim-and-healthy/ 

Nasaruddin, A. F. A., Tamrin, S. B. T., Karuppiah, K. (2014). The prevalence of 
Musculoskeletal disorders and association with risk factors among auto 
repair machine in Klang Valley, Malaysia. Iranian J Publ Health, 43(3):34-
41. 

National Instruments (NI). (2008). Overview of human vibration weighting filters. 
Retrieved from http://www.ni.com/white-paper/6957/en/ 

National Research Council- Institute of Medicine, (2001). Musculoskeletal 
Disorders and at the workplace. Washington, DC: National Academy 
Press. 

Nazmul H. (2013). Prevalance of low back pain among the traffic police. 
Department of Physiotherapy, Bangladesh Health Professions Institute, 
Bangladesh. 

Ndimila, B. W., Majaja, B. A., Elias, E., & Nalitolela, N. G. (2013). Evaluation of 
the extent of whole body vibration exposure among urban motorcycle 
commercial riders a case of dar es salaam commercial riders. Year 2013 
Annual Roads convention, Dar es Salaam, Tanzania Roads association. 

http://medical-dictionary.thefreedictionary.com/Musculoskeletal+disorders
http://medical-dictionary.thefreedictionary.com/Musculoskeletal+disorders
http://ergo-plus.com/hand-arm-vibration-hav/
http://ergo-plus.com/hand-arm-vibration-hav/
http://ergo-plus.com/musculoskeletal-disorders-msd/
http://ergo-plus.com/musculoskeletal-disorders-msd/
http://www.mobiusinstitute.com/site2/item.asp?LinkID=2002
http://www.thestar.com.my/news/nation/2016/01/07/fats-off-to-the-police-force-pilot-project-to-get-officers-to-be-slim-and-healthy/
http://www.thestar.com.my/news/nation/2016/01/07/fats-off-to-the-police-force-pilot-project-to-get-officers-to-be-slim-and-healthy/
http://www.ni.com/white-paper/6957/en/


© C
OPYRIG

HT U
PM

83 
 

Nega, A., & Yosief, T. (2003). Human Anatomy and Physiology. Ethiopia Public 
Health Training Initiative, The Carter Center, the Ethiopia Ministry of Health, 
and the Ethiopia Ministry of Education. 

Nelson, C.M., & Brereton, P.F. (2005). The European Directive. Industrial Health, 
43:472-9. 

Nichols, J., A., Bednar, M., S., & Murray, W., M. (2013). Orientations of wrist 
axes of rotation influence torque required to hold the hand against gravity: a 
simulation study of the nonimpaired and surgically salvaged wrist. Journal of 
Biomech;46(1):192-6 

NIOSH (1973). The Industrial Environment: In Evaluation and Control. 
Cincinnati, Ohio: National Institute for Occupational Safety and Health.  

Njobvu, P., Hunt, I., Pope, D., & Macfarlane, G. (1999). Pain amongst ethnic 
minority groups of south Asian origin in the United Kingdom: A review. 
Rheumatology (Oxford), 38:1184-7. 

Nunes, I. L. (2009a). FAST ERGO_X – a tool for ergonomic auditing and work-
related musculoskeletal disorders prevention. WORK: A Journal of 
Prevention, Assessment, & Rehabilitation, 34(2): 133-148 

Nunes, I. L., & Bush, P. M. (2012). Ergonomics-A system approach: Work-
related Musculoskeletal Disorders assessment and prevention. Rijeka, 
Crotia: InTech Europe 

Occupational Safety & Health Administration. (2014). Prevention Of Work-
Related Musculoskeletal Disorders Retrieved from 
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table
=UNIFIED_AGENDA&p_id=4481 

Ogdie, A., Haynes, K., Troxel, A. B., Love, T., Hennessey, S., Choi, H. & Gelfand, 
J. M. (2014). The risk of mortality in patients with psoriatic arthritis, 
rheumatoid arthritis, and psoriasis: A longitudinal  cohort  study.  Annals  of  
the  Rheumatic  Diseases,73(1),  149–153.   

Okunribido, O. O., Magnusson, M., & Pope, M. H. (2006). LBP in drivers: the 
relative role of whole-body vibration, posture and manual materials handling. 
Journal of Sound and Vibration.298(3): 540-555. 

Okunribido, O., & Wynn, T. (2010). Ageing and work-related disorders. UK: 
Health and Safety Executive. 

Padilla, G.V., & Perez, E. (1995). Minorities and arthritis. Arthritis Care Res, 
8:251-6. 

Palmer, K. T., Griffin, M. J., Syddall, H. E., Pannett, B., Cooper, C. & Coggon, D. 
(2003). The relative importance of whole body vibration and 
occupational lifting as risk factors for low-back pain. Journal of 
Occupational and Environmental Medicine, pp. 715–721. 

Pancheri, P., Martini, A., Tarsitani, L., Rosati, M. V., Biondi, M., & Tomei, F. 
(2002). Assessment of subjective stress in the municipal police force of the 
city of Rome. Stress and Health18: 127-32. 

Park, B. C., Cheong, H. K., Kim, E. A., Kim, S. G. (2010). Risk factors of work-
related upper extremity musculoskeletal disorders in male shipyard 
workers: structural equation model analysis. Safety Health Work 1. 124-
133. 

Paschold, H. W., & Mayton, A. G. (2011). Whole body vibration building 
awareness in SH&E. U.S: ProfesionalSafety. 

Patil, N. B., & Salunke, J. J. (2016). Design and analysis of viscous damper for 
vibration reduction in hand operated power tools. International Journal 
Of Engineering Sciences & Research Technology, 5(2): 514-524. 

https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=UNIFIED_AGENDA&p_id=4481
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=UNIFIED_AGENDA&p_id=4481


© C
OPYRIG

HT U
PM

84 
 

Phadke, S. S. D., Revati, R., & Iqbal., R. (2015). Work Related Musculoskeletal 
Symptoms among Traffic Police: Cross Sectional Survey Using Nordic 
Musculoskeletal Questionnaire. International Journal of Recent 
Research in Interdisciplinary Sciences, 2(2): 26-29. 

Phillips, B. Z., & Schmidt, S. T. (2013). Wrist Joint Anatomy. Medscape. 
Retrieved from http://emedicine.medscape.com/article/1899456-overview 

Podniece, Z., Terry, N. T., Takala, E., David, G., Kudasz, F., Heuvel, S., Roman-
Liu, D., Eeckelaert, L., Lomi, K., Papale, A., Nunes, I. L., & Rainert, D. 
(2008). Work-related musculoskeletal disorders:Prevention report. Belgium: 
European Agency for Safety and Health at  Work. 

Police Act. (1967). Law of Malaysia: Nasional Malaysia Bhd.  
Potter, J. M. & Gyi, D. E. (2002). The prevalence of musculoskeletal troubles 

among car drivers. Occupational Medical (London), 52(1):4-12. 
Punnett, L., & Wegman, D. H. (2004). Work-related musculoskeletal disorders: 

the epidemiologic evidence and the debate. Journal of Electromyography 
and Kinesiology, 14:13-23. 

Putz-Anderson, V. (1997). Cumulative Trauma Disorders: A Manual for 
Musculoskeletal Diseases of the Upper Limbs. Cincinatti, OH; Taylor & 
Francis. 

Radwin, R. G. (2003). Hand Tools: Design and Evaluation. Occupational 
Ergonomics. Florida, US: CRC Press. 

Ramazan, M., & Mostafa, M. (2010). Survey of vibration exposure and 
musculoskeletal disorders of Zahedan City tractor drivers by Nordics 
questionnaire. International Journal of Ovvupational Hygiene, 2:46-50. 

Rawaf, S., Owen, F., & Gilffilian, V. (1998). Lifestyle and health choices. In: 
Rawaf S, Bahl V, eds. Assessing health needs of people from minority 
ethnic groups. London: RCP. 

Rhee, H.Y., Cho, J.H., Seok, J.M., Cho, T. S., Jeon, W. J., Lee, J. G., & Kim, S. 
K. (2013). Prevalence of musculoskeletal disorders among Korean 
police personnel. Archives of Environmental & Occupational Health, 
70(4): 177-188. 

Rima, R. H., Monia, H, Iman, N., Fatma, O. (2005). Musculoskeletal Disorders 
Among Full-Time Homemakers inPoor Communities. Women Health, 
42(2): 1–14. 

Ritch, A.E., Ehtisham, M., Guthrie, S., Talbot, J.M., Luck, M., & Tinsley, R.M. 
(1996). Ethnics influence on health and dependency of elderly inner city 
residents. J R Coll Physicians Lond, 30:215-20. 

Road and Transport Department. (2016). Malaysia. Retrieved from 
http://www.jpj.gov.my/web/guest/pendaftaran-kenderaan-perdagangan 

Robertson, S. A. and Minter, A. (1996). A study of some anthropometric 
characteristics of motorcycle riders. Applied ergonomics, 27(4), 223-229. 

Rosecrance, J. C., Ketchen, K. J., Merlino, L. A., Anton, D. C., & Cook, T. M. 
(2002). Test-retest reliability of a self-administered musculoskeletal and job 
factors questionnaire used in ergonomics research. Appl Occup Environ 
Hyg, 17(9):613–621 

Rozali, A., Rampal, K. G., Shamsul, B., Sherina, M. S., Shamsul, A., Khairuddin, 
H., & Sulaiman, A. (2009). Low Back Pain and Association with Whole Body 
Vibration Among Military Armoured Vehicle Drivers in Malaysia. Med J 
Malaysia Vol 64. Pp. 197-204. 

http://emedicine.medscape.com/article/1899456-overview


© C
OPYRIG

HT U
PM

85 
 

Ruhuşen, K., Selma, Çivi., & Onur, K. (2008). The Effects of Depression and 
Smoking Upon the Quality of Life of Municipal Police Officers. Marmara 
Medical Journal 21(3): 220-230.  

Satou, Yuka, Hideo, A., Makoto, N., Kaori, N., Yoshie, Y., Michiko, H., 
Yoshiyasu, T., Junko, M., Mihoko, M., Kunio, H., & Tatsuya, I. (2007). 
Effects of Short-Term Exposure to Whole-Body Vibration on Wakefulness 
Level. Industrial Health, 45,(2): 217–223. 

Satapathy, D. M., Behera, T. R., & Tripathy, R. M. (2009). Health status of traffic 
police personnel in Brahmapur city. Indian Journal of Community Medicine, 
34(1):71-72. 

Seyed, M. E., Habashy, S., & Adawy, M. E. (2012). Evaluation of whole-body-
vibration exposure to cairo subway (metro) passengers. International 
Journal of Computer Applications, 55(8): 7-15. 

Shahmi, R., Karmegam, K., & Shamsul, B. M. T. (2014). Musculoskeletal 
Disorder: The prevalence among workers in selected palm oil mills in 
Malaysia. Advances in Environmental Biology, 8(15) 277-284 

Shea, J., & Poliquin, C. (2011). Low back stretches for law enforcement officers. 
Retrieved from www.charlespoliquin.com 

Shivakumara, B. S., & Sridhar, V. (2010). Study of vibration and its effect on 
health of the motorcycle rider. Online J Health Allied Scs, 9(2):9 

Simona, L., and Bianca, P. (2007). Hand-arm vibrations. An interdisciplinary 
engineering and medical study. ResearchGate: Fascicle of Management 
and Technological Engineering, Volume VI (XVI), 536-541. 

Singh, J., Kocher, G., & Lal, H. (2012). Musculoskeletal disorder among workers 
in small scale forging industry. International Journal of Applied Research in 
Mechanical Engineering, 2(2):52-59. 

Social Security Organization (SOCSO): Annual Report. (2014). Ministry of 
Human Resources, Malaysia. Retrieved from 
www.perkeso.gov.my/images/Laporan_Tahunan_2014.pdf 

Stark, G., Pilger, E., Klein, G. E., Melzer, G., Decrinis, M., Bertuch, H., & Krejs, 
G. J. (1990). White fingers after excessive motorcycle driving: a case report. 
VASA, 19(3):257-9. 

Stefano, M., Francesca, G., Roberta, B., Giuseppe, B., Sandra, B., Luciano, A., 
Francesco, S., V., Andrea, F., and Mats, H. (2011). A case report of 
vibration-induced hand comorbidities in a postwoman. BMC 
Musculoskeletal Disorders, 12:47. 

Stephan, J. B. (2008). Long driving hours and health of truck drivers. Department 
of Industrial and Manufacturing Engineering, Faculty of New Jersey Institute 
of Technology. 

Stevenson, J. M., Weber, C. L., Smith, J. T., Dumas, G. A., Albert, W. J. (2001). 
A longitudinal study of the development of low back pain in an industrial 
population. SPINE 26 (12). 1370-1377. 

Summers, K., Jinnett, K., & Bevan, S. (2015). Musculoskeletal disorders, 
workforce health and productivity in the United State. Lancaster, UK: The 
Work Foundation.  

Sunderlal, Adarsh, & Pankaj (2007). Textbook of Community Medicine: 
Preventive and Social Medicine. New Delhi India: CBS Publishers.  

Szeto, G. P. Y., & Lam, P. (2007). Work-related Musculoskeletal Disorders in 
Urban Bus Drivers of Hong Kong. Journal of Occupational Rehabilition, 
17:181-198. 

http://www.charlespoliquin.com/
http://www.perkeso.gov.my/images/Laporan_Tahunan_2014.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stark%20G%5BAuthor%5D&cauthor=true&cauthor_uid=2238822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pilger%20E%5BAuthor%5D&cauthor=true&cauthor_uid=2238822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klein%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=2238822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Melzer%20G%5BAuthor%5D&cauthor=true&cauthor_uid=2238822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Decrinis%20M%5BAuthor%5D&cauthor=true&cauthor_uid=2238822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bertuch%20H%5BAuthor%5D&cauthor=true&cauthor_uid=2238822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krejs%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=2238822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krejs%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=2238822


© C
OPYRIG

HT U
PM

86 
 

Taanila, H. P., Suni, J. H., Pihlajamaki, H. K., Mattila, V. M., Ohrankammen, O., 
Vuorinen, P., Parkkari, J. P. (2012). Predictor of low back pain in 
physically active conscripts with special emphasis on muscular fitness. 
The Spine Journal 12, 737-748. 

Tamrin, S. B. M., Kazuhito, Y., Juliana, J., Nasaruddin, A. A., Nizam, J., Rusli, 
N., Ayub., L. N., Yunus, A., and Mazlan, A. (2007). The Association between 
risk factors and low back pain among commercial vehicle drivers in 
Peninsular Malaysia: A preliminary result. Industrial Health, 45,268-278. 

Tamrin, S. B. M., Yokoyama, K., Aziz, N., & Maeda, S. (2011). Association of 
risk factors with musculoskeletal disorders among male commercial bus 
drivers in Malaysia. Human Factors and Ergonomics in Manufacturing & 
Service Industries, 24(4): 369-385. 

Tamrin, S. B. M., Yokoyama, K., Aziz, N., & Maeda, S. (2012). Association of 
risk factors with musculoskeletal disorders among male commercial bus 
drivers in Malaysia. Human Factors and Ergonomics in Manufacturing 
and Service Industries, 1-17. 

Tang, J.,B., & Chen, Y., R. (2012). In vivo changes in contact regions of the 
radiocarpal joint during wrist hyperextension. J Hand Surg Am.;37(11):2257-
62.  

Teschke K., Nicol, A.M., Davies, H., & Ju, S. (1999). Whole body vibration and 
back disorders among motor vehicles drivers and heavy equipment 
operators. Department of Health Care and Epidemiology, University of 
British Columbia, Vancouver, BC. 

The free dictionary. (2014). Traffic control police. Retrieved from 
http://www.thefreedictionary.com/traffic+control+police. 

The Official Portal of Royal Malaysia Police. (2015). Mengenai Polis Diraja 
Malaysia. Retrieved from http://www.rmp.gov.my/infor-korporate/polis-
diraja-malaysia. 

Tiemessen, I. J. H., Hulshof, C. T. J., & Frings-Dresen, M. H. W.(2007). The 
development of an intervention programme to reduce whole-body vibration 
exposure at work induced by a change in behavior: a study protocol. BMC 
Public Health, 7:329. 

Tim, T. (2014). Innerbody: Hand and Wrist. Retrieved from 
http://www.innerbody.com/image/skel13.html 

Timpka, S., Petersson, I. F., Englund, M. (2010). The grade in physical education 
in adolescence as predictor for musculoskeletal pain diagnoses three 
decades later. PAIN 150, 414-419. 

Tinubu, B. M. S., Mbada, C. E., Oyeyemi, A. L., & Fabunmi, A. A. (2010). Work-
related musculoskeletal disorders among nurses in Ibadan, South-west 
Nigeria: a cross-sectional. BMC Musculoskeletal Disorders, 11(12).  

Tolosa, C.,  Simeón, C. P.,  &  Gabarro, L. (2009). El  fenómeno  de  Raynaud. 
Medicina Clínica, 132(712-718).  

Uchikune, M., (2004). Study of the effects of whole-body vibration in the low 
frequency range. Journal of Low Frequency Noise, Vibration and Active 
Control, 23(2), 132-138. 

Umi, K. M. S., Karmegam, K., Shamsul. B. M. T., Irniza, R., & Ayuni, N. A. (2014). 
Interventions to reduce musculoskeletal disorders among motor vehicle 
workers: A review. Advances in Environmental Biology, 8(15):219-224. 

University of Maryland Medical Center (UMM). (2013). Carpal Tunnel Syndrome. 
Retrieved from http://umm.edu/health/medical/reports/articles/carpal-
tunnel-syndrome 

http://www.innerbody.com/image/skel13.html
http://umm.edu/health/medical/reports/articles/carpal-tunnel-syndrome
http://umm.edu/health/medical/reports/articles/carpal-tunnel-syndrome


© C
OPYRIG

HT U
PM

87 
 

Urwin, M., Symmons, D., Allison, T., Brammah, T., Busby, H., & Roxby, M. 
(1998). Estimating the burden of musculoskeletal disorders in the 
community: the comparative prevalence of symptoms at different 
anatomical sites and the relation to social deprivation. Ann Rheum Dis, 
109:18-24. 

Vessey, M.P., Villard-Mackintosh, L. & Yeates, D. (1990). Epidemiology of carpal 
tunnel syndrome in women of childbearing age. Findings in a large 
cohort study. International Journal of Epidemiology, 19(3): 655–659 

Vieira, E. R., Kumar, S., Narayan, Y. (2008). Smoking, no-exercise, overweight 
and low back disorder in welders and nurses. International Journal of 
Industrial Ergonomics 38. 143-149. 

Viester, L. Verhagen, E. A., Hengel, K. M. O., Koppes, L. L. J., Beek, A. J. V. D., 
Bongers, P. M. (2013). The relation between body mass index and 
musculoskeletal symptoms in the working population. BMC Musculoskeletal 
Disorders. DOI: 10.1186/1471-2474-14-238. 

Waldemar, K. and William, S. M. (2003). Occupational ergonomics: engineering 
and administrative control. Florida, US: CRC Press. 

Wang, W., Rakheja, S., & Boileau, P. E. (2006). The role of seat geometry and 
posture on the mechanical energy absorption characteristics of seated 
occupants under vertical vibration. International journal of Industrial 
Ergonomics, 36:171-184. 

Weil, Y., Weil, D., Donchin, M., Mann, G., & Hasharoni, A. Correlation between 
pre-employment screening X-ray finding of spondylolysis and sickness 
absenteeism due to low back pain among policemen of the Israeli police 
force. Spine, 29(19):2168-2172. 

Weinstein, S. I., Yelin, E. H., & Watkins-Castillo, S. I. (2014). The Burden of 
Musculoskeletal Diseases in the United State. Retrieved from 
http://www.boneandjointburden.org 

Welch, L.S., Haile, E., Boden, L.I. & Hunting, K.L. (2008) Age, work limitations 
and physical functioning among construction roofers Work, 31, 377-385. 

Weng. (2001). Motorcycle News: How to avoid aches and pains when riding. 
Retrieved from http://www.motorcyclenews.com/news/2001/may/how-
to-avoid-aches-and-pains-when-riding/ 

Werner, S., Albers, J.W., Franzblau, A., Armstrong, T.J. (1994). The relationship 
between body mass index and the diagnosis of carpal tunnel syndrome. 
Muscle & Nerve,17(6):632-636 

Wilhelmi, B. J. (2013). Digital Amputations Treatment & Management. 
Medscape. Retrieved from http://emedicine.medscape.com/article/1238395-
treatment. 

World Health Organization (WHO). (2004). Comparative Quantification of Health 
Risks: Global and Regional Burden of Disease Attributable to Selected 
Major Risk Factors. 

Xiang H., W. Z., Stallones L. (2000). Agricultural work-related injuries among 
farmers in Hubei, People's Republic of China. American Journal of 
Public Health 90, 1269-1276. 

Yu, W.., Ignatius, T. S. Y., Zhimin, L., Xiaorong, W., Trevor, S., Hui, L., Sabrina, 
W., Hong, Q., & Shaohua, X. (2012). Work-related injuries and 
musculoskeletal disorders among factory workers in a major city of China. 
Accident Analysis and Prevention 48, 457. 

Yun, M.H., Yun, G.L., Hong, J.E., & Sang, H.L. (2001). Results of a survey on 
the awareness and severity assessment of upper-limb work-related 

http://www.boneandjointburden.org/
http://www.motorcyclenews.com/news/2001/may/how-to-avoid-aches-and-pains-when-riding/
http://www.motorcyclenews.com/news/2001/may/how-to-avoid-aches-and-pains-when-riding/
http://emedicine.medscape.com/article/1238395-treatment
http://emedicine.medscape.com/article/1238395-treatment


© C
OPYRIG

HT U
PM

88 
 

musculoskeletal disorders among female bank tellers in Korea. International 
Journal of Industrial Ergonomics 27(5):347–357. doi:10.1016/S0169-
8141(00)00062-7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

106 
 
 

BIODATA OF STUDENT 

 

The student of this thesis was born on September 15th, 1991 in Kuala Lumpur. 
She received her primary education at Sekolah Rendah Kebangsaan Desa 
Tasik, Kuala Lumpur and further secondary education at Sekolah Menengah 
Kebangsaan Bandar Tasik Selatan, Kuala Lumpur. After completion of her 
secondary school, she was offered to continue her study at Malacca 
Matriculation College, Melaka. Then, she further her higher education at 
Universiti Putra Malaysia, Serdang in Bachelor of Science (Environmental and 
Occupational Health) from 2010 to 2014. Then, she continues her studies in 
Master of Science (Occupational Safety and Health) at Universiti Putra Malaysia, 
Serdang. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

107 

PUBLICATION 

Accepted 

Nur Athirah D. M. Y., Karmegam, K., & Irniza, R. The Exposure of Vibration 
among Traffic Police  Riders  in  Malaysia:  A  Review. 



© C
OPYRIG

HT U
PM


	Hard cover edited
	Front page edited
	Full COMPILATION



