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Abstract
Firefighters are subjected to a range of hazards every day; the cumulative
effect of these hazards has not been well-defined in research.1 In this study,
we investigate the impact of chronic exposure to heat stress, associated with
heavy smoke fire runs and shift work on postural balance and gait functions
using wearable sensor technology. This is a sub-analysis of an on-going larger
study and does not include the results from the functional MRI (fMRI) or
immune biomarker analysis aspects.

Research Question
Does chronic exposure to occupational heat stress, associated with heavy
smoke fire runs and shift work increase postural instability in dynamic
movements?

Methods
Twenty-two firefighters were recruited from the Greater Cincinnati Area that
had worked as a volunteer, part-time, or full-time firefighter for at least one
year. Instrumentation: Five inertial-link sensors (BioSensics LEGSys+TM

Newton, MA) attached to the chest, shins, and thighs, use a 3-D gyroscope
and accelerometer. Dynamic testing: Timed-up-and-go (iTUG) tests were
used to assess dynamic balance. During the iTUG test, the firefighters are
instructed to stand up from a chair, walk at a normal pace seven meters
across the room, turn around a cone, and walk back to the chair. Firefighters
also perform an iTUG with dual task designed to challenge cognitive function
during a motor task. Dynamic tests can be analyzed as gait or gait phase
plane.2 Analysis: The cohort was divided into two groups based on reported
heavy smoke or fire runs/week (Fire/Wk) and a Random Forest analysis was
performed to determine the important dynamic outcome variables. The top
three variables for each test were then used in a multiple linear regression
with Fire/Wk as the independent predictor.

Results
All gait and gait phase plane random forest 
outcomes had an error rate ≤ 50%; a manova
confirmed that three of the models had 
significant differences in means (Table 1). 
Two of the multiple linear regressions (Gait –
Single Task and Gait Phase Plane – Dual Task) 
showed that Fr/Wk significantly impacted 
dynamic outcome values (p ≤ 0.05) (Tables 2, 3). 

Conclusions
•Firefighters with more Fr/Wk had an increased angular velocity on the ML axis,

showing an increase in postural instability (R = 0.64).
•Firefighters with more Fr/Wk also had a higher weighted residence time index (WRTI),

which is a marker of increased fall risk3 (R = 0.52).
•The small sample size used in this study limited the success of the random forest

analysis.
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Table 3. Multiple regression Values from Gait Phase Plane – Single Task

Gait Analysis - 
Single Task

Gait Analysis - 
Dual Task

Gait Phase 
Plane - Single 
Task

Gait Phase 
Plane - Dual 
Task

randomForest 
Error Rate 36.63% 45.45% 40.91% 50%

MANOVA            
p-value 0.16 0.03 0.01 0.02

Table 1. Results from random forest and MANOVA

Table 2. Multiple regression Values from Gait – Dual Task

Variable Estimate Standard 
Error P-Value Cor. Coefficient

Angular Vel. 
ML 0.0043 0.001 0.003 0.64

Lineral 
Accel. ML -0.0801 0.308 0.798 0.05

Cadance 
Variance -0.002 0.006 0.894 -0.004

Variable Estimate Standard 
Error P-Value Cor. 

Coefficient

AP Displ. Vs ML 
Displ. WRTI

0.5135 0.3051 0.0248 0.52

Angular Displ. 
RMS Vert. 0.04001 0.0237 0.8057 -0.52

ML Displ. Vs 
ML Accel. 
Length Variance

9.84x10-7 6.5x10-7 0.1438 -0.37


