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ABSTRACT 

Whole-body vibration (WBV) is the vibration energy transmitted from a workplace machine or vehicles to a 

person’s body. The path of this vibration can be either through a seat or by standing on a vibrating surface which can cause 
health injuries or disorder. This high daily exposure increase the risk of long term health effect, particularly low back back 

pain (LBP) injury. Due to poorly and limitation on previous international standard on transient shocks which recognize the 

transient shocks to be dangerous to the lumbar spine, the ISO 2631-5 (2004) was produced as the only current standard that 

can be used to analyze shocks properly. Thus, proper research on WBV towards LBP problems was done. The determined 

of vibration exposure levels of lorry drivers using ISO 2631-5 (2004) standard according to route and type of lorry for 

loading and unloading activities. The future of vibration difference between type of lorry and route was shown in order to 

find the subjective correction by qualitative and quantitative analysis. Data collected by Larson Davis Vibration Meter 

(HVM 100) was and Tri-Axial Seat Pad Accelerometer was analyzed by BLAZE program. The value of daily equivalent 

static compression dose, �  and the R factor gain by calculation. Then, IBM Statistical Package for Social Science 

(SPSS) used to analyze the Modified Nordic Questionnaire. Found that, there are high risk of health adverse toward lumbar 

spine according to the value of � . The different level of exposure for R factor was according to year’s exposure. 
Different year’s exposure related to different level of health risk by value of start working age. Thus, several ways of 
minimizing the exposure such as frequent health monitoring, employer provide training and job rotation as well as with 

installation the vibration dampers on equipment was also useful. On other hand, new guidelines of vibration exposure level 

suitable for off-road lorry drivers in Malaysia can be produced for future studies.    

 
Keywords: whole-body vibration, low back pain, ISO 2631-5 (2004). 

 

INTRODUCTION 

WBV occurs when a human is supported by a 

surface that is shaking and the vibration affects body parts 

remove from the site of exposure (Mansfield, 2004). The 

exposure of WBV principally occurs in vehicles and 

wheeled working machines (Tamrin et al. 2007). Work-

related musculoskeletal disorder, especially low back 

pain, cause substantial economic losses to individuals as 

well as to the community (Alperovitch-najenson et al. 

2010). The work-related musculoskeletal symptoms were 

greatest in the low back (60%), neck (44%), and shoulders 

(37%). Missed work due to musculoskeletal symptoms 

was most prevalent in the low back (8%), ankle/feet (3%), 

wrist/hands (3%), and shoulders (2%). Physician visits 

due to musculoskeletal symptoms were highest for the 

low back (25%), neck (20%), upper back (13%) and 

shoulders (12%) (Kittusamy & Buchholz, 2004). 

 As we known, the exposure of WBV highly 

contribute to LBP problems (Kumar, 2004)(Bovenzi & 

Hulshof, 1999). LBP is among the most common health 

problems in the world. Lifetime prevalence has been 

estimated to be 60% - 80% for industrialized countries, 

having a large impact on health care utilization and on 

sickness absence and disability figures and cost (Hulshof, 

Van Der Laan, Braam, & Verbeek, 2002). The specified 

condition of the spine mostly related with herniated disc, 

degenerative disc disease, spondylolisthesis, spinal 

stenosis and osteoarthritis. The condition of lumbar spine 

while driving has been associated with the LBP problems 

(De Carvalho & Callaghan, 2012). 

 Basically, the intervertebral disc and paraspinal 

ligaments and muscles (soft tissues) can be at risk injury 

in multiple mechanical shock environments (ISO 2631-5, 

2004). The ISO 2631-5(2004) provides guidance for the 

assessment of health effect in the lumbar spine relating to 

long-term exposure to WBV containing multiple shocks 

(Monaghan & Twest, 2004). Besides that, it defines a 

method of quantifying WBV containing multiple shocks 

(such as bumpy rides) in relation to human health 

(Granlund & Brandt, n.d.). 
 

 
 

Figure-1. The example of off-road lorry. 

http://www.arpnjournals.com/
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Table-1. The detail of lorry according to route. 
 

 
 

Thus, the study needs to be conducted in 

systematic ways to fulfill the requirement and achieve 

good outcome.  The main focus for the study was to 

determine the exposure levels for the off-road driver using 

the ISO 2631-5 (2004) standards according to the normal 

working hours. The measurement of exposure levels were 

collected from difference type of lorry and route. Those 

off-road lorry drivers will undergo normal activities of 

loading and unloading. The activities were categorized 

according to the type of lorry and route taken. The 

vibration exposure data collected was evaluated due to the 

vibration significant different based on the type of lorry 

and the route taken on the subjective correlation using 

questionnaire analysis. The prevalence of LBP analyzed 

directly according to the qualitative and quantitative 

analysis from both data measurements. 

 

METHOD 

The subject for this research was involved off-

road lorry driver with average daily 8 hours working per 

day. There are 34 participants involved in the study. The 

driver must be good in health and were interviewed using 

the modified WBV questionnaire in Malay version 

adapted from Standardized Nordic Questionnaire for the 

musculoskeletal symptoms analysis (Kuorinka et al. 

1987). The questionnaire was divided into five categories 

;(i) personal identification,(ii) working information,(ii) 

bus condition,(v) worker health; and (iv) back pain 

problems. The drivers undergo interview session for five 

minutes in order to collect the statistical data based on 

questionnaire. Basically the lorries are used for the mining 

activities that performing haul and dump process. The 

example of off-road lorry can be referring in Figure-1 

with the detail of lorry according to route shown in   

Table-1. 

 

Procedure 

The data measurement tools were Tri-Axial seat 

accelerometer and Spectral human vibration meter 

analyzer (HVM 100). The weighting-frequency and the 

direction axes of seat-pad accelerometer according to ISO 

2631-1 (1997). The measurement took placed during 

standard working periods which undergo loading and 

unloading activities. The time taken for each lorry to 

complete a cyclical nature of haul and dump activities can 

be refer as percentage of time per duration of 

measurement. The measures for the cyclical nature of 

loading and unloading activities were considered 

representative of exposures for the shift (Mayton, Jobes, & 

Miller, 2009). Thus, cyclical nature for each road was 

according to duration of measurement in Table-1. The 

measurement should at least three minutes with at least 

three repeat measures taken (Mansfield, 2004). Drivers 

could complete different numbers of trips at route 1 and 2 

due to different length of roadway itself. The data 

collected analyze by using BLAZE software and SPSS 

software. 

 

Analysis 

The collected data of vibration exposure by HVM 

100 will be transferred and analyzed by using the BLAZE 

software. The software will provide the results of such the 

peak acceleration value. Thus, static compressive dose 

(Sed) which has been developed through biomechanical 

modeling in order to capture the linear relationship 

between peak acceleration and input shocks to responses 

in the spine (Blood, Ploger, Yost, Ching, & Johnson, 

2010). The detail of Sed can be referring in equation (1). 
 

     (1) 

The value of ��are constant for the vertical and 

horizontal directions with value according of  � = 0.015 

MPa/(m/s
2
),  �  = 0.015 MPa/(m/s

2
),  �  = 0.015 

MPa/(m/s
2
). The formula to calculate the value of ��  

can refer to equation (2). 
 

       (2) 
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Where, �  = duration of daily exposure, ��= 

period over which �� has been measured. The formula of �� can be refer to equation (3) below. 

       (3) 

 

This information was then used to determine the 

daily equivalent static compression dose, S  which is 

used to compute a risk factor, R factor. In general, a factor 

R can be defined for use in the assessment of the adverse 

health related effects related to the human response 

acceleration dose. The R should be calculated sequentially 

taking into increased of age and reduced of strength as the 

exposure time increase. The equation R factor is shown in 

equation (4). 

 

Where, 

N = Number of exposure days per year; 

I = the year counter; 

n = number of years of exposure; 

c = 0.25 MPa (driving posture); 

Sui = 6.75 – 0.066 (b + i); 

b = the age at which the exposure starts; 

 

According to ISO 2631-5 (2004) provide the 

assessment of adverse health effects on drivers. For the 

assessment of �  was related to health effect at lifetime 

exposure with detail below; 

 �  below 0.5 MPa: low probability of an adverse 

health effect. 

 �  above 0.8 MPa: high probability of an adverse 

health effect. 

For the assessment of R factor was related to health effect 

at n years of exposure with detail below; 

 R below 0.8: low probability of an adverse health 

effect. 

 R above 1.2: high probability of an adverse health 

effect. 

The data collected from the questionnaire analyze 

by IBM Statistical Package for Social Science (SPSS). 

This statistical analysis was used to determine the relation 

of WBV toward the absence of LBP among lorry drivers. 

The testing of correlation was applied in order to know the 

relationship between two variables numerically. The null 

hypothesis for the study can be rejected or not depend on 

the strength of correlation which was the value of p-value 

and a-value. The strength of a-value was by the significant 

correlation as below. 

 Moderate-weak < 0.5 

 strong-very strong ≥ 0.6 

The decision making on correlation testing of null 

hypothesis was when the significant value of p-value ≤ 
0.05. 

 

RESULT AND DISCUSSION 

The Table-2 shows results from the WBV 

exposure from loading and unloading activities according 

to the different route 1 and 2. The data obtained the value 

of daily equivalent static compression dose, �   are 

possibilities of high health effect due to WBV exposure. 

At route 1, lorry type of F29 FUSO contributes highest 

value of �  equal to 1.519 MPa under unloading 

activities. The F923 FUSO contributed highest value of �  for loading activities which equal to 1.372 MPa. The 

different vibration produce by the machine itself can be 

differentiate according to several external influence factors 

such as speed (Ismail, Nuawi, Kamaruddin, & Bakar, 

2010)(Park, Fukuda, Kim, & Maeda, 2013), route 

condition (Granlund & Brandt, n.d.) and condition of 

machine (Mayton et al. 2009). The range of vibration 

exposure of FUSO for loading activities was 1.115 MPa to 

1.378 MPa and unloading activities with range of 1.316 

MPa to 1.519 MPa. For HINO, the range value of 

exposure for loading activities was 1.083 MPa to 1.325 

MPa and unloading activities from 1.231 MPa to 1.495 

MPa which slightly lower that FUSO. 

 At route 2, WBV exposure slightly higher than 

exposure at route 1. The length of the roadway at route 2 

was longer than roadway at route 1. Meant that, increasing 

length of roadway will increase in term of vibration 

intensity toward driver for each routine. It generally takes 

several years for health changes caused by whole-body 

vibration to occur. It is therefore important that exposure 

measurements became the representative of the whole 

exposure period (ISO 2631-1, 1997). HINO 122h 

contribute highest value of �  by value of 1.582 MPa 

also for the unloading activities and for loading activities 

the highest contribution of vibration exposure by FUSO 

616 with �  of 1.453 MPa. The range �  vibration 

value for loading activities was 1.007 MPa to 1.437 MPa 

and for unloading activities from 1.144 MPa to 1.623 

MPa. The detail of influence factor that can cause of 

different value for each route such as speed shown in 

Table-3. The static compression dose is generally 

increasing with speed. Drivers, who make some 30 trips 

daily on this road, cannot drive more than 10 km/h before 

the limit value exceeded (Granlund & Brandt, n.d.). 

Besides that, the lower value of loading compared to the 

unloading due to decreasing speed cause by load. The 

speed of fully loaded truck is able to be reduced, 

especially when travelling uphill, which may reduce WBV 

amplitude (Wolfgang & Burgess-Limerick, 2014). The 

speed of driving had great effect on the magnitude of the 

vibration exposure. Decrease vehicle mass and increased 

driving speeds associated with unloaded travel contribute 

to the high vibration acceleration (Kumar, 2004). 

 Other than influence of speed towards various 

data distribution based on analysis previous, the condition 

of roadway also can give huge impact on higher value of � . Basically, Majority of shocks (jars/jolts) occurred at 

the loader, dump, and the wash out just below the entrance 

to the pit road, and the corner approaching the loader that 

the trucks took at a fairly high speed. Drivers entered this 

turn with no loaded (truck empty of material) and were 

travelling downhill (Mayton et al. 2009). For the rough 

http://www.arpnjournals.com/
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roads if the driver is exposed more than 30 to 35 minutes 

he will feel uncomfortable (Katu, Desavale, & Kanai, 

2003). More than that, the effect of roadway condition on 

vertical accelerations experienced by haul truck drivers is 

potentially large. It is likely that roadway maintenance will 

be an effective control measure to reduce WBV exposure 

of haul truck drivers (Wolfgang & Burgess-Limerick, 

2014). 

 Basically, the analysis of R factor take into 

account the number of years and days per year of exposure 

and factors in the vertebrae bone ultimate strength that 

depends on the age of the operator at the time of exposure. 

Related to bone density, which normally reduced with age 

(Alem, 2005). Addition with increasing intensity at 

vertical acceleration also can contribute to the high risk of 

health adverse effect on lumbar spine. For example, the 

road roughness, vertical acceleration of vehicles cause 

passenger to experience discomfort, when a vehicle is 

being drive over the road, the oscillations of its spring 

have frequencies which has not only depend on the road 

impulses or bumps are encountered but also on the relation 

between the spring stiffness and the mass of the spring 

part of vehicle (Katu et al. 2003). This phenomenon 

excessively risk toward LBP problems. 

The assessment of R factor for route 1 shows that 

the FUSO F923 drivers suffered high intensity on 

vibration exposure which directly to the lumbar spine with 

the value of 1.189 under unloading activity. While 1.172 

value of R factor vibration intensity during loading 

activity. Knowing that the amount of weight and where the 

load was placed could affect the level of vibration and 

some of operators who performed this job had indicated 

that they had back pain and discomfort when travelling 

over entire work cycle (Salmoni, Cann, Gillin, & Eger, 

2008). This value vibration exposure experience by drivers 

could be influence by factor of age start and years of 

exposure. The range of vibration intensity for the R factor 

assessment was from 0.611 to 1.189 for and 0.611 to 1.172 

for loading and unloading activities respectively. 

Meanwhile, at route 2, the highest intensity of 

WBV experience by drivers was from FUSO 616 with 

value of 1.369 also during unloading activity while the 

value during unloading activity was equal to 1.381. The 

range of vibration intensity at route 2 was from 0.550 to 

1.369 and 0.523 to 1.381 for unloading and loading 

activities. Based on the result, the driver has exceeded the 

higher value of exposure which equal to 0.8 although has 

not reach the age of 65. According to the (ISO 2631-5, 

2004), when a person who starts being exposed at the age 

of 20 years (b=20) will reach R=0.8 at the age of 65 

(n=45) if daily is equal to 0.5 MPa. The same person will 

reach R=1.2 at the age of 65 if the daily dose �  is equal 

to 0.8 MPa. This shows that external factor has contributed 

huge influence towards the increasing assessment value 

for the daily dose �  and also for the assessment of R 

factor. 

 

 

 

Table-2. Assessment of WBV exposure according to ISO 2631-5 (2004). 
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Table-3. Speed of lorry according to route. 
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Figure-2. (i) Exposure level at route 1 and (ii) Exposure 

level at route 2. 
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The statistical analysis focuses on the subjective 

correlation from the questionnaire questions. Thus, two 

main statistical objectives have been highlighted as    

Table-4 below. 

 

Table-4. The research statistical objective. 
 

 
 

Thus, to obtain the results for the SO1 (statistical 

objective 1) and SO2 data from sample of population, 35 

and 34 sample are able to perform the correlation analysis. 

The maximum age drivers who participate in this research 

were 42 with average of late 20’s. Basically, the drivers 
experience at least two months of driving and average of 

four to five months. The future detail of demographic 

result of participants involved can be referred at to     

Table-5. For the SO1, the most effected body part from the 

WBV vibration was the low back pain problems. If there 

were absence of LBP problems since last 12 months, it can 

be ensure that the drivers will suffer pain for last 7 days 

with value of p-value equal to 0.912**. This shows that z-

axis was the dominant axis for the transmission of WBV 

(Salmoni et al. 2008).  The others effect of WBV on 

human body can shows in Table 6 below. 

 

 

 

Table-5. The demographic results of participants. 
 

 
 

Table-6. The statistical data for SO1. 
 

 
 

The results for SO1 already obtained, and there 

was contributing factor for LBP to happen in term of 

statistical approached. Based on the analysis done, the 

results show that the main factor that can cause the LBP 

was the year’s exposure of WBV towards drivers itself. 

The value of p-value equal to 0.415* which correlation 

was the moderate evidence. WBV absorbed by the human 

body increase with an increase in the duration and 

magnitude of the vibration exposure by the driver (Ismail 

et al. 2010). There is evidence that long-term exposure to 

WBV containing multiple shocks can lead to adverse 

effects on the lumbar spine (ISO 2631-5, 2004). The 

others factors for SO2 also can be refer to Table-7 below. 

 

Table-7. The statistical data for SO2. 
 

 
 

The factor of age was compiled with analysis of 

R factor because different ages are related to varies bone 

density of the vertebrae and will be reduced parallel with 

age (ISO 2631-5, 2004). If the drivers are exposed at early 

age and continuously until late 60’s, for sure will adverse 
for health problems especially LBP. From the analysis 

obtained, if the total lorry per day increase, the exposure 

of WBV toward driver will go higher. The alarming fact 

is, that even after as few as three daily trips on this stretch, 

the health risk is high (Granlund & Brandt, n.d.). In 
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addition, time complete single trips negatively relation 

with total lorry per day with p-value -1.000**. If the total 

lorry per day increases, the time taken to complete single 

trip must be reduced in order to avoid the continuous 

WBV exposure. This is caused of increasing duration, 

vibration intensity, and vibration dose and assumed to 

increase the risk, while periods of rest can reduce the risk. 

 

CONCLUSIONS 

The study was about the exposure of whole-body 

vibration (WBV) among the off-road lorry driver with the 

guide of ISO 2631-5 (2004). Adverse effects on the 

lumbar spine are the dominating health risks of long-term 

exposure to vibration containing multiple shocks. The 

assessment of LBP problems based on the WBV can be 

represented by the Daily equivalent static compression 

dose, Sed and the R factor. There are some limitations for 

this research, such as weather, unfixed point of haul and 

dump, different number of lorry at each route. For the 

example, the loading activity there has no exact weight but 

the different between loading and unloading activities can 

be justified by the absence of load (soil or rock) without in 

term of specified weight.  The results obtained show that 

there were high intensity of exposure toward human body. 

At higher magnitudes, vibration constitutes a health risk, 

and occupations with the high vibration exposures have 

been linked with high incidences of LBP. Thus, additional 

effort should be made in order to minimize the exposure. 

In addition, in this highly risk industry the vibration 

exposures should be reduced. One method of reducing 

exposure is to design seats such that they isolate the 

occupant from the vibration. Recommend of retrofitting 

the truck with new suspension systems also useful. The 

detail and good care must be taken into the specification 

and adjustment of suspension seats to ensure that 

occupants are not exposed to end-stop impacts that might 

introduce an even more serious risk. Thus, future studies 

are needed in order to provide more clear and strong 

evidence that complied under normal working situation.  
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