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Long-term exposure to whole-body vibration (WBV) can be associated with musculoskeletal
disorders including low back pain and muscle and joint soreness, and cognitive deficiencies,
such as delays in reaction time and balance, each contributing to an increased risk of on-farm
injuries and near misses (slips, trips, and falls). The combined impact of WBV and prolonged
seated postures while operating many types of machinery including tractors, sprayers,
swathers, combines, ATVs, grain trucks, and utility vehicles is related to a high prevalence of
low back pain in the agricultural industry, especially with machinery operators. While there
are many available solutions to dampen vibrations resulting from operating farm equipment,
including engineering controls such as ergonomic seating and engine dampening systems,
many are cost-prohibitive and often do not aid in also mitigating the effects of prolonged
seated postures. Through in-lab vibration simulation and high-resolution imaging
techniques, a research team at the University of Saskatchewan School of Rehabilitation
Sciences and the Canadian Centre for Health and Safety in Agriculture (CCHSA) is working to
test and develop activity breaks for farm machinery operators to aid in musculoskeletal
health, reducing cognitive deficiencies, and reducing the risk of injuries related to WBV.

Whole Body Vibration in Agriculture:
Measuring the Effects

To reduce the negative impacts of extended whole-body vibration exposure, it is important to
determine what kind of rest break activities will provide the greatest benefit to operators; but
it is also important to develop rest break activities that best fit in an operator’s daily routine.
Using the rotopod and vibration table in the Ergonomics Laboratory at the Canadian Centre
for Health and Safety in Agriculture (CCHSA), the research team will exposure agricultural
producer participants to field-accurate vibration profiles, and then test the effectiveness of
various rest break activities in mitigating negative effects on reaction time, balance, and
musculoskeletal discomfort. In a typical experimental trial, baseline reaction time, balance,
and musculoskeletal pain levels will be collected, then the participant will take a ride in the
tractor simulator for 1 hour of ‘pretend farming’ WBV exposure, including all the bumps and
jolts that may occur during normal field machinery operation. After one hour of vibration
exposure, participants will perform one of seven pre-planned rest break activities, ranging
from sitting quietly, to doing upper body stretches in the tractor, or taking a walk around the
lab. 
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To measure the effects of WBV on the spine from a structural and anatomical point of view,
researchers will be using micro-CT images to evaluate the micro-structure of the vertebral
endplate including any damage that results from the simulated lab testing. This imaging
technique allows researchers to visualize and measure the micro-structure of bone including
the density, porosity, and trabecular organization. Micro-CT, which is able to measure
structures as small as 27 micros, will aid in understanding the regions of the vertebral
endplate which are most likely to fail under different loading conditions, including WBV
exposures. Researchers will then apply simulated field vibration conditions to a set of
cadaveric pig spine samples, varying intensity, duration, and posture to try and simulate a
worst-case scenario using in vitro mechanical testing. After mechanical testing, spines will
be imaged using micro-CT and researchers will use previously developed micro-CT imaging
outcomes to quantify and examine vertebral endplate damage. Based on the relative
weakness of the vertebral endplate, it is typically only 0.5 to 3 mm thick in human lumbar
vertebrae – it will likely be the first structure to experience damage or failure during WBV
exposure and is most likely to lead to further structural damage such as intervertebral disc
herniation. 

By comparing the experimental health effects from the porcine spine exposures to the
current recommended maximum WBV limits recommended by Occupational Health and
Safety Organizations the team will then be able to determine if current practices are
protective of irreversible vertebral endplate damage. The outcomes from this combined in-
lab simulated vibration testing and in vitro cadaveric mechanical testing will aid in building a
holistic perspective on mitigating damage related to WBV exposure, taking both rest break
activity effectiveness and physiological perspectives into account. 

After the rest break activity, participants will perform another reaction time, balance, and musculoskeletal
pain measurement, so researchers can evaluate which pre-planned rest break activity best minimizes or
mitigates the negative effects of seated WBV exposure. After the in-lab testing is completed, participants
will take part in a reflective interview to help researchers gain an understanding of the feasibility of the
rest break activities before applying them for field testing in future work. 
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