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Introduction 

 Bus drivers represent a large segment of the US transportation industry and research has 
shown an association between exposure to Whole Body Vibration (WBV) and the high rates of 
low back disorders.  Impulsive WBV exposures have been recognized as a risk factor for low 
back injury and new guidelines exist for their measurement and assessment (ISO 2631, Part 5).  
Methods to accurately and better characterize the impulsiveness of WBV along with the 
temporal patterns of the exposures are needed.  The development of a hardware and software 
system to measure continuous TWA and raw, impulsive WBV exposures and the design of a 
subsequent study are presented. 

 
Methods 

 Using two Larson Davis HVM 100 as accelerometer amplifiers, small external batteries, 
and a Pocket-PC (PDA) with 1 Gb of compact flash memory, we can collect up to 16 channels of 
data for a full day 600 Hz.  Tri-axial WBV exposures will be measured and characterized at the 
frame of the bus and at the driver/seat interface (seatpad accelerometer).  Using a repeated 
measures design, 20 bus drivers will drive on selected routes which include both city streets and 
highways, and within and between subject components of variability and exposure determinants 
related to the bus, bus seat, the bus driver, and the route will be identified.  Global Positioning 
System (GPS) data will also be collected and integrated with the WBV exposure data to facilitate 
the identification of the location, velocity and type of road associated with high average TWA 
and impulsive WBV exposures.  This system may be used to develop administrative (alter speed 
and/or route of bus, systematically vary type of routes) and/or engineering controls (identify and 
trigger the need for street repair) to reduce high WBV exposures. 
 

Results 
 Our portable Pocket-PC based data acquisition system is up and running and we can 
collect seven channels of WBV data (seat pan tri-axial accelerometer, bus frame tri-axial 
accelerometer and GPS data) continuously for a full shift.  The software analysis of the data is 
complex but nearing completion.  We have incorporated the vibration dose calculations from 
ISO 5321, Part 5 and have obtained a Matlab-based routine to appropriately weight the 
continuous signals.   
 

Discussion 
 In summary, the measurement of WBV is complex but new technologies open avenues of 
collecting and assessing WBV exposures that were previously not possible.  The standardization 
of impulsive WBV exposure assessment methods is needed to further the discipline and better 
enable comparisons across studies.   
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Disclaimer 

 
Mention of any company or product does not constitute endorsement by NIOSH.  In addition, 

citations to Web sites external to NIOSH do not constitute NIOSH endorsement of the 
sponsoring organizations or their programs or products.  Furthermore, NIOSH is not responsible 

for the content of these Web sites.  The findings and conclusions in this report have not been 
formally disseminated by the National Institute for Occupational Safety and Health and should 

not be construed to represent any agency determination or policy. 
 
 
 

This document is in the public domain and may be freely copied or reprinted. 
 
 
 

 
ORDERING INFORMATION 

 
To receive documents or other information about occupational safety and health topics, contact 

NIOSH at 
 
 
 

NIOSH – Publications Dissemination 
4676 Columbia Parkway 

Cincinnati, OH 45226-1998 
 

Telephone: 1-800-35-NIOSH (1-800-356-4674) 
Fax:  513-533-8573 

E-mail: pubstaft@cdc.gov
 
 
 
 

Or visit the NIOSH Web site at www.cdc.gov/niosh
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