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Abstract 

This paper aims to identify the risk factors associated with hand-arm vibration while performing tasks 
using hand-held vibrating tools. The risk factors associated with hand-arm vibration exposure were 
identified based on the review from the selected previous studies. As a result, a conceptual framework 
is developed and proposed. The proposed conceptual framework is formulated with three significant 
elements; manual handling task risk factors, sources of hand-arm vibration and physiological 
responses. The risk of hand-arm vibrations mainly comes from manual handling activities.  The 
factors involved are force, posture, repetition and task time. The factors such as the type of tool used, 
the frequency of vibration level, and the duration of vibration exposure are also included in the 
framework as these factors are found to influence the level of hand-arm vibration risk. All the 
mentioned factors are categorized as independent variables. Meanwhile, the dependent variable is 
the physiological response resulted from the handgrip strength and the muscle activities. The 
relationship between all these factors will be further investigated and verified through the experimental 
task study. The results will provide knowledge in managing risks of hand-arm vibration exposure and 
help to improve the safety and health of the workers in the workplace.  

Keywords: hand-arm vibration, aircraft parts, assembly process 

 

Introduction 

Hand-held vibrating tools are widely used in multiples industries including 
construction, heavy equipment, automotive and many more including the aircraft 
manufacturing industry. There are several types of hand-held vibrating tools used in 
the industrial sectors such as drills, grinders, sanders, pneumatic hammers, 
pneumatic rivet guns, grinders, and more (HSE, 2019). Notably, the use of such 
hand-held vibrating tools greatly aids humans during the manual assembly task or 
work process. The tools help by expanding the capabilities in terms of accuracy, 
precision, requires less effort and saves production time. However, performing tasks 
using the hand-held vibrating tools could expose the workers to the risk of 
occupational injury collectively known as human vibration (Mansfield, 2005). As 
stated in the vibration directive (2002/44/EC), the European Agency for Safety and 
Health at Work, human vibration is classified as either whole-body vibration or hand-
arm vibration (Donati et al., 2008).  

This paper focusing mainly on the hand-arm vibration that is known as a mechanical 
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vibration that is transmitted to the hand and arms of the workers during the operation 
of hand-held vibrating tools (DOSH, 2003). Hand-arm vibration was experienced by 
workers in various industries (Shen & House, 2017). According to vibration standard 
ISO 5349-1(2001), hand-arm vibration is a result of the manual handling task 
involved in rotating or percussive hand-held power tools. Prolonged and regular 
exposure to hand-arm vibration may affect the workers' health and lead to injuries 
known as hand-arm vibration syndrome (Holt, 2007; Shen & House, 2017). 

The Department of Occupational Safety and Health (DOSH) established Guidelines 
on Occupational Vibration (2003) which intended to increase the awareness among 
the employees as well as employers to the risks and exposure of hand-arm vibration. 
It is estimated that 5.5 million workers in Malaysia at risk of developing hand-arm 
vibration throughout the activities in multiple industries (DOSM, 2020). Hand-arm 
vibration affected workers in many industries including construction (Clemm et al., 
2019; Su et al., 2011), automotive (Barregard et al., 2003; Shamsul et al., 2016), 
manufacturing (Jorgensen et al., 2008; Orelaja et al., 2019; Pankaj & Singh, 2016) 
and aerospace (Joshi et al., 2006; Seri et al., 2014).  

In the aerospace industry, aircraft parts manufacturing involved a mechanical joining 
process to assemble parts using fasteners such as screws, bolts, nuts, or rivets 
(Mori & Abe, 2018). Thousands of rivets are used to assemble and produce aircraft 
airframes (Sivakumar & Balaji, 2015). To perform the riveting task, several types of 
hand-held vibrating tools including a pneumatic drill gun and a pneumatic rivet gun 
are used. Both tools are used intensively to drill the hole and drive the rivet into the 
workpiece. The prolonged use of the vibrating tools will expose the workers to hand-
arm vibration that could lead to several adverse health effects such as carpal tunnel 
syndrome, which is categorized as one of the work-related musculoskeletal disorders 
(WMSDs) injuries (Amaro et al., 2019; Nilsson et al., 2017). Since riveting is one of 
the main assembly processes, it is important to identify the main risk factors 
associated with hand-arm vibration exposure specifically in the aircraft 
manufacturing industry. Thus, in this paper, the risk factors due to hand-arm 
vibration exposure will be identified based on the review from the previous studies. A 
significant conceptual framework will be developed and proposed. The conceptual 
framework will be further investigated and validated through the experimental task 
evaluation in the next phase of this study. The knowledge on the risk factors can be 
used as a reference for manpower planning, task exposure time and job rotation to 
mitigate the risk of occupational injuries due to hand-arm vibration. 

Review of Selected Previous Studies 

Based on the literature search on the selected keywords, there were 35 studies 
found to be relevant to this study and 20 studies were found more significant for 
further review and compared as listed in Table 1. All previous studies are related to 
hand-arm vibration in various industrial sectors in several countries. 
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Table 1: Summary of the Previous Studies on Hand-Arm Vibration 

No Title Author Year 

1 Determination of hand-transmitted vibration risk on the 
human 

Maedaa et al 2019 

2 Dose-response relationship between hand-arm 
vibration exposure and vibrotactile thresholds among 

roadworkers 

Clemm et al. 2019 

3 Prediction on Hand Arm Vibration Exposure Cause-
Effect among Grass-Cutting Workers in Malaysia 

Mohamad et 
al. 

2018 

4 Prevalence of Hand-transmitted Vibration Exposure 
among Grass Cutting Workers using Objective and 

Subjective Measures 

Nor Azali 2016 

5 The Prevalence of Hand Arm Vibration Syndrome 
Among Automobile Assembly Workers 

Shamsul et 
al. 

2016 

6 Effect of Hand Arm Vibration Exposure in 
Manufacturing Industry 

Pankaj & 
Singh 

2016 

7 Study the Effect of the Foundation Surface on the 
Vibration Data at the Worker Arm Using Drilling 

Machine 

 2015 

8 A Cross-Sectional Study on Hand-arm Vibration 
Syndrome among a Group of Tree Fellers in a Tropical 

Environment 

Anselm et al. 2014 

9 Effect of Working Posture and Hand Grip for Carpal 
Tunnel Syndrome among aerospace Workers 

Seri et al. 2014 

10 The vibration of Power Hand Tool and Discomfort 
Experience Among Malaysian Industrial Workers 

Seri et al. 2013 

11 The Effect of Vibration on Muscles Activity and Grip 
Strength Using an Electric Drill 

Mirta & Siti 
Zawiah 

2013 

12 Evaluation of Protective Gloves and Working 
Techniques for Reducing Hand-arm Vibration Exposure 

in the Workplace 

Milosevic & 
McConville 

2012 

13 The Effect of Hand-held Vibrating Tools on Muscle 
Activity and Grip Strength 

Mirta & Siti 
Zawiah 

2011 

14 Hand-arm vibration syndrome: a common occupational 
hazard in industrialized countries 

Heaver et al. 2011 
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15 Reliability of a Malay-translated questionnaire for use in 
a hand-arm vibration syndrome study in Malaysia 

Su & Hoe 2008 

16 Vibration Reduction of Pneumatic Percussive Rivet 
Tools: Mechanical and ergonomic re-design 

approaches 

John et al. 2009 

17 Hand-transmitted Vibration in Power Tools: 
Accomplishment of Standards and Users Perception 

Vergara et al. 2008 

18 Evaluation of Ergonomic Interventions for Bucking Bars 
in Aircraft Manufacturing 

Hull 2007 

19 Ergonomic Field Assessment of Bucking Bars During 
Riveting Tasks 

Jorgensen & 
Viswanathan 

2005 

20 Effects of Vibration, feed force and exposure duration 
on operators performing drilling tasks 

Muzammil et 
al. 

2010 

 

All the significant factors found from the listed previous studies were reviewed, 
analyzed and summarized. As a result, a conceptual framework is developed by 
considering the independent variables and dependent variables related to manual 
handling tasks, hand-arm vibration sources, and effects on the workers' physiological 
response respectively. 

The Proposed Conceptual Framework 

Manual handling tasks using hand-held vibrating tools result in hand-arm vibration 
exposure (Milosevic & McConville, 2012). The factors involved are force (Nor Azali, 
2016; Maedaa et al., 2019), posture (Hull, 2007; Seri et al., 2014), and repetition 
(Shamsul et al., 2016; Anselm et al., 2014). Interval time (Mirta & Siti Zawiah, 2013) 
and the types of tools used (Jorgensen et al., 2008; Seri et al., 2013; Vergara et al., 
2008) also found influenced the risk level of hand-arm vibration. The exposure level 
can be assessed objectively using vibration level frequency (Chiad et al., 2015; 
Muzammil et al., 2010) and the duration of exposure to hand-arm vibration (Clemm 
et al., 2019; Su & Hoe, 2008). All these factors are presented in the conceptual 
framework as shown in Figure 1. 

 

 

 

 

 

 

Figure 1: Hand-Arm Vibration Conceptual Framework 
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The proposed conceptual framework is formulated with three significant elements; 
manual handling task risk factors (force, posture, repetition, and task time), sources 
of hand-arm vibration (type of tools, vibration level frequency, duration of exposure), 
and the physiological response which comes from the result of handgrip strength and 
muscle activities. 

Manual handling task risk factors are categorized as the independent variables 
which involved force, posture, repetition, and task time. Seri et al., (2013) found that 
prolonged operating of hand-held vibrating tools reduced the handgrip strength and 
lead to hand-arm vibration syndrome. It is because a high forceful exertion is applied 
to operate or grip the tool. The continuity of repetition during manual handling tasks 
causes the operators to operate the tool in repetitive motions. A study by Campbell 
et al., (2017) found that workers operating handheld tools repetitively are exposed to 
the risk of hand-arm vibration syndrome. Consequently, the operator is prone to 
extreme awkward posture (Coenen et al., 2014) and leads to work-related 
musculoskeletal disorders (WMSDs) (Charles et al., 2018; Shamsul et al., 2016). 
Previous studies also suggested that task time (Debela et al., 2019; Mirta & Siti 
Zawiah, 2013) and the duration of exposure (Bylund, 2004; Forouharmajd et al., 
2017) also influences the risk level of hand-arm vibration. 

The source of hand-arm vibration is another independent variable in this study. 
Three element sources of hand-arm vibration to be considered in this study which is 
the type of tools used (Babu et al., 2017; Qamruddin et al., 2019), vibration level 
frequency (Jorgensen et al., 2008), and the duration of exposure (Bylund, 2004; 
Forouharmajd et al., 2017). As the intensity and duration of exposure to vibrating 
tools increase, the risks of developing hand-arm vibration syndrome will also 
increase (Mirta & Siti Zawiah, 2013). The dependent variable of this study is the 
physiological response and task completion times.  

The physiological responses due to hand-arm vibration are related to handgrip 
strength  (Mohamad et al., 2018; Maedaa et al., 2019), and muscle activities 
(Jorgensen & Viswanathan, 2005; Mirta & Siti Zawiah, 2011; Pankaj & Singh, 2016) 
of the workers involved. The relationship of all factors in the proposed conceptual 
framework will be further investigated and verified through the experimental task. 
The outcomes of this study are expected to provide a significant reference to the 
industry players about the risk of hand-arm vibration and help to mitigate the issues. 

 

Conclusion  

All the relevant factors associated with hand-arm vibration had been reviewed, 
identified and a significant conceptual framework for hand-arm vibration had been 
proposed. The risk of hand-arm vibrations comes mainly from manual handling task 
activities.  The factors involved are force, posture, and repetition and task time. The 
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factors such as the type of tool used, the frequency of vibration level, and the 
duration of vibration exposure also influenced the level of hand-arm vibration risk. All 
these factors are categorized as independent variables. Meanwhile, the dependent 
variable is the physiological response resulted from the handgrip strength and the 
muscle activities. The relationship between all these factors will be further 
investigated and verified through the experimental task study. The results will 
provide knowledge to manage the risks of hand-arm vibration and help to improve 
the safety and health of the workers in the workplace. It also can be used as a 
reference to the aircraft manufacturing industry specifically and other industries 
generally in manpower planning, hand tool selection, preventive measure and 
mitigation plan for any tasks performing using hand-held tools.  
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