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Background
 Agricultural machinery operators are exposed to high levels of whole-body 

vibration (WBV) during machinery operation

 High prevalence of low back disorders: 

 Low back pain (LBP)[1]

 Musculoskeletal (MSK) discomfort – WBV + prolonged sitting[2]

 Adverse effects on proprioception (balance)[3,4]

 Reduction in reaction time[5]

 Deficiencies in motor performance[6]

 Deficiencies in operator cognition and concentration[7]

[1] Seidel, Int Arch Occup Environ Health, 1986; [2] Savage, Int Arch Occup Environ Health, 2016; [3] Mani, Int J Indust Ergon, 2010; 
[4] Pollock, Eu J Appl Physiol, 2011;[5] Yung, PLoSOne, 2018; [6] Costa, Int J Ind Ergon ,2014; [7] Ljungberg, J Enviro Psych, 2007.



Background

 High levels of occupational WBV is 
known to negatively affect operator 
balance and proprioception1-2

 Leads to a high risk of near misses 
(slips, trips, and falls) 3-5 especially 
during machine egress

1: Ljungberg, J Enviro Psych, 2007; 2: Pollock, Eu J Appl Physiol, 2011; 3: Essien, J Occup Environ Med, 2016; 
4: Canadian Agricultural Injury Reporting, 2011; 5: McMillan, J Agromed, 2015; 6 Kingston, J Ag Safety Health, 2020.



Background
 Majority of work evaluating the effects of WBV on balance and postural 

sway is performed in-lab

 Advantageous to control vibration profile and duration…

 However, vibration exposure intensity and duration are not 
representative of typical in-field working conditions

D Burnett

Field studies provide ecologically valid WBV 
profiles and working hours
To reliably measure in-field postural sway, 
need to validate portable techniques to 
measure in-field postural sway



Objective

 Validate portable force platform postural sway 
measurements against in-floor mounted force 
plate (‘gold standard’) postural sway 
measurements



Methods – Participants

 20 healthy adults (10M:10F, mean age: 31.4 +/- 7.8 years)

 No work-related injuries within the past 6 months

 No known medical conditions that may affect balance

 Not taking any medications that may affect balance

 No current or previous head injuries

 No neuromuscular or systemic inflammatory disorder 
that influences movement control



Methods - Instrumentation

In-Floor Force Plate
(Bertec 6090-15)

+ =

Portable Force Plate
(Biometrics FP4 x2

placed in base with plexiglass)

Portable Force Plates in place on 
In-Floor Force Plate for measurements

 Data collected at 1000Hz from both devices using a Datalogger (Biometrics Inc) 
for portable force place and Vicon Nexus (Vicon) for in-floor force plate



Measuring medial-lateral 
postural sway. 

• 30s with Eyes Open
• 30s with Eyes Closed
• Participant leans as 

much as comfortable to 
left and right in-
between

Measuring anterior-posterior 
postural sway 

• 30s with Eyes Open
• 30s with Eyes Closed
• Participant leans as much as 

comfortable forward and 
rearward in-between

Methods – Balance Activities



Methods – Participants and Measurements
 Participants performed two trials of following activities with a 10min break 

between trials1,2 :

 With arms at sides, single step on and off with full weight of either foot into 
respective portable force plate to provide signal to synchronize waveforms

 Stand with each foot on an individual portable force plate to measure 
medial-lateral sway

 30s eyes open then 30s eyes closed

 Rotate 90 degrees to have both feet across portable force plates to measure 
anterior-posterior sway

 30s eyes open, then 30s eyes closed

 Participant could either rotate on top of plexiglass on force platform or 
step off and step back on

 Collected center of pressure (CoP) from in-floor force plate1-3 and %-difference 
in force (%-diff-F) between left and right (anterior and posterior) portable force 
plates

1: Walsh, Percept Motor Skills, 2021; 2: Saunders, J Appl Biomech, 2015; 3: Yung, Ann Work Exposur Health, 2018



Methods – Data Conditioning & Statistics
 Normalized waveforms and computed cross-correlations between force plate signals

 Applied a 4th order, 10Hz, low pass Butterworth filter to all data1,2 and isolated the 
middle 5s from each 30s measurement and 

 Preliminary results showed no differences between 10s and 5s intervals

 5s interval was chosen for in-field practicality

 Calculated range of sway and root mean square (RMS) of CoP and %-diff-F of each 
force plate device over 5s interval

 Report Pearson correlation coefficients (a=0.05) to determine relationships between 
portable force plate (%-diff-F) and in-floor force plate (CoP) for pooled outcomes 
over 4 balance conditions (i.e., 2 measurements from each participant, n=40)

 Report intraclass correlation coefficients (ICC) to determine measurement reliability 
for all 4 balance conditions

1: Walsh, Percept Motor Skills, 2021; 2: Yung, Ann Work Exposur Health, 2018



Results – Pearson Correlations - RMS

Medial-
Lateral

Anterior-
Posterior

Eyes Open Eyes Closed

r=0.58 (p<0.001) r=0.60 (p<0.001)

r=0.96 (p<0.001) r=0.97 (p<0.001)



Results – Pearson Correlations - Range

Medial-
Lateral

Anterior-
Posterior

Eyes Open Eyes Closed

r=0.96 (p<0.001) r=0.98 (p<0.001)

r=0.93 (p<0.001) r=0.98 (p<0.001)



Results – Intraclass Correlation Coefficients

In-Floor Force Plate Portable Force Plate

RMS Range RMS Range

Medial-Lateral,
Eyes Open 0.158 0.344 0.366* 0.452*

Medial-Lateral, 
Eyes Closed 0.211 0.383* 0.169 0.374*

Anterior-Posterior, 
Eyes Open 0.234 0.247 0.470* 0.094

Anterior-Posterior, 
Eyes Open 0.074 0.348 0.208 0.306

* p<0.05



Discussion
 Strong correlations between both devices

 Especially in AP direction (RMS and Range correlations were > 0.9)

 AP sway is a stronger indicator of balance perturbation than ML sway1

 AP sway is more commonly used in studies evaluating WBV exposure2-3

 Even in ML direction (RMS correlations >0.5, Range correlations > 0.9)

 Variability in ML RMS values is high, especially at low levels and does 
require further scrutiny

 ICC values were low, they are within range of previous similar work4,5

 Although portable device was reliable, these 2 force plates give different 
actual values

 Advise using only one type of plate for multiple pre-post tests of the same 
participant/patient pool within a single study 

 i.e., When performing measurements in-lab when both force plates are 
available, make an early decision and keep tool consistent across study

1: Yung, Ann Work Exposur Health, 2018; 2: Yung, PLoSOne, 2017; 3: Mani, Int J Indus Ergo, 2010; 
4: Walsh, Percept Motor Skills, 2021; 5: Walsh, J Strength Condition Res, 2006 



Conclusion

 For in-field measurement, where it is not possible 
to use an in-floor mounted force plate, a portable 
force plate will provide reliable medial-lateral 
and anterior-posterior postural sway 
measurements. 
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