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Keynote Speaker
Dave Desario
Executive Producer
“A Day’s Work”
“A Day’s Work” is a documentary film that examines the landmark workplace death of 21-year
old Lawrence DaQuan “Day” Davis through the eyes of his family and the analysis of experts.
Day was an employee of a temporary staffing agency working at the Bacardi bottling plant in
Jacksonville Florida in 2012. He was killed 90 minutes into the first day of the job - the first job
of his life. The film introduces the prospective that the temporary staffing industry makes
workplaces more dangerous, is used to hide the safety records of some of the biggest employers in
the country, and makes the American Dream harder to reach for millions of working people. With
thousands killed in preventable workplaces accidents every year in the US, the film provides a
reminder of the cost of just one individual by vividly looking into the life and perspective of Day’s
17-year-old sister Antonia.

Biography
Dave DeSario is the Founding Member of the Alliance for the American Temporary Workforce
(AATW), a member of the NIOSH NORA Services Sector Committee advising on government
research priorities, and a former temp worker. He started his video production career as a freelance
reporter for the New York Post website while working as a temp in the basement of an auto parts
factory in Queens as it shut down operations and sent its equipment to China and Mexico. He built
and maintains the leading online resource for information on the temporary staffing industry
(www.TemporaryEmployees.org) and screens A Day's Work as the centerpiece of efforts to raise
awareness and create action for critical issues affecting working people.
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Work Hard and Get Laid Off
Matthew S. Thiese, Michael L. Northrup, Kurt T. Hegmann
Rocky Mountain Center for Occupational and Environmental Health, University of Utah
Introduction: Employee turnover has been researched in a variety of settings from nursing (Estryn-Behar,
2010) to the marines (Pollack, 2009). Turnover costs include temporarily filling the lost position,
recruitment costs, training the new employee and lost productivity (Bliss 2004). Due to this, it is important
to identify risk factors for turnover in order to put in place methods to reduce the risk. To the best of our
knowledge, there is a lack of research regarding risks for turnover among production facility workers. This
study sought to assess risk factors for employee turnover in production facility workers.
Methods: Longitudinal data from a multicenter, prospective cohort (the WISTAH Distal Upper Extremity
cohort) of production facility workers from 17 facilities located in Wisconsin, Utah, and Illinois, USA were
analyzed. Monthly follow-up data were collected for every worker via a laptop-administered questionnaire
and included the assessment of job turnover. Permanent turnover, as opposed to turnover intention, was
used to identify the cases. Cases were classified as quit, retired, laid off, or terminated and were only
counted if the participant did not return to work for the remainder of the study. Cox proportional hazard
regression was used to relate quit, retired, laid off, or terminated with time weighted average of the threshold
limit value for hand activity level (TLV for HAL) and the strain index (SI). TLV for HAL and SI were
categorized as high, medium or low. Models were adjusted for age, gender, alcohol use, tobacco use and
Body Mass Index (BMI). Hazard ratios and 95% confidence intervals were calculated for all included
variables.
Results: A total of 1062 workers were included in these analyses. The assessment of job turnover identified
a total of 325 cases: quit (N=122), retired (N=29), laid off (N=92), and terminated (N=82). High TLV for
HAL (HR=3.28, 95% CI 2.01-5.361), medium TLV for HAL (HR=2.53, 95% CI 1.50-4.261) and high SI
(1.88(1.13, 3.12)2) were risk factors for being laid off. Ages 18-25 years was a risk factor for quitting
(4.19(2.39, 7.36)1, 4.11(2.34, 7.22)2) and being terminated (5.61(2.68, 11.74)1, 5.60(2.68, 11.72)2). Being
over age 55 was a risk factor for retiring (6.58(2.88, 15.04)1, 6.39(2.80, 14.60)2). Females were at higher
risk of being laid off (4.14(2.21, 7.77)1, 3.91(2.10, 7.29)2) as compared to males but protective against being
terminated (0.57(0.36, 0.91)1, 0.55(0.34, 0.86)2). Currently using tobacco was a risk factor for being
terminated (2.68(1.55, 4.63)1, 2.58(1.50, 4.44)2). Alcohol consumption in the past was a risk factor for
retiring (25.46(6.55, 99.00)1, 28.11(7.16, 110.35)2) and being laid off (4.02(0.93, 17.41)1, 4.61(1.05,
20.31)2). Currently consuming alcohol was a risk factor for being laid off (2.11(1.32, 3.36) 1, 2.32(1.43,
3.74)2). BMI was not a significant risk factor.
1 Model with TLV for HAL. 2 Model with SI

Conclusion: The results suggest that jobs with higher TLV for HAL and SI have increased risk of being
laid off. Age, gender, alcohol use, and tobacco use all were identified as risk factors for job turnover. Some
of these risk factors may be modifiable and suggest that a targeted wellness program among production
facility workers may have an impact on reducing the number of job turnover.

15th Annual Regional NORA Young/New Investigators Symposium

3

Presentation
Thursday, April 20, 2017

Occupational Physical Activity (OPA) in Active and Sedentary Workers
Janalee F. Thompson & John C. Rosecrance
Colorado State University
Objective: Physical activity in the workplace is an important factor for supporting occcupational
healty and well-being. Physcial activty at home and at work are key to maintaining a healthy
lifestyle. The ability to measure OPA of individuals in their work environment with simple
instrumentation was a significant step towards charterizing the healthier workplace. The purpose
of this study was to measure and evaluate physical activity in the workplace. The study used two
activity trackers (Fitbit Charge HRTM and Hexoskin) to measure OPA in two populations of active
and sedentary workers and compare results.
Methods: 49 sedentary (office) and 48 active workers wore a Fitbit Charge HRTM and Hexoskin
activity tracker for the entirety of one work shift. Subjects were asked to complete daily activity
logs as a qualitative measure to assess physical activity during the work shift while wearing the
activity trackers. Heart rate, step counts and calories burned were measured using the Fitbit Charge
HRTM and Hexoskin.
Results: There were significant differences and strong inter-method reliability in measures of step
counts when comparing the Fitbit Charge HR and Hexoskin. Significant differences were not
found in measures of heart rate between the two activity trackers. When comparing active and
sedentary workers, significant differences were found in measures of step counts, heart rate, mean
percent maximum heart rate and energy expenditure.
Conclusion: People who were physically active for at least seven hours per week have a 40%
lower risk of early mortality attributable to adverse health effects associated with a sedentary
lifestyle (CDC, 2016). Quantitatively establishing a baseline measure of physical activity across
different occupations would assist in the design of future interventions targeted at employee health
and well-being.
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The impact of body mass index on employee activity level
Brian Kim, Janalee Thompson, John Rosecrance
Colorado State University, NIOSH Mountain and Plains Education and Research Center
Increasing obesity rates are known to be problematic in many areas of life, most notably in health.
Obesity has been associated with increased all-cause mortality, several types of cancers, and type
II diabetes. However, it may be that obesity also impacts physical activity level in the workplace.
The purpose of this study was to determine if an employee’s body mass index (BMI) was
associated with their occupational physical activity levels during a workday. Step count, heart rate,
and respiratory rate data were collected from wearable devices over the duration of an employee’s
full work shift. Employee height and weight were used to calculate BMI. Workers (n=97) were
recruited from both active jobs (n=48) such as a warehouse and less active jobs (n=49) such as
office work. Preliminary results indicate a slight linear relationship between BMI and physical
activity for both active and sedentary jobs based on a multiple regression linear model. For both
the active and sedentary job workers, as BMI increased, physical activity decreased. This
relationship was not statistically significant for both active and sedentary workers. Though the
results show a slight linear relationship, further studies will need to be done to evaluate for
significant associations between physical activity and BMI.
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Compliant Flooring Using Shock Absorbing Material Sandwiched with Vinyl Composition Tile
Aimed at Reduction of Fall Injuries in Hospitals
Rohan Srinivas, Andrew Merryweather
Ergonomics and Safety Lab, Department of Mechanical Engineering, University of Utah
Introduction: Injuries from falls are a prevalent safety problem across industry sectors [1]. Patients are
particularly at risk because of different medical conditions, surgery, medications, procedures or diagnostic
testing that can leave them weakened or confused and vulnerable to falling. The Agency for Healthcare
Research and Quality [2] shows that 700,000 and 1,000,000 people in the United States itself fall in the
hospital each year [3]. A patient fall can be defined as an unplanned descent to the floor with or without
injury to the patient [4]. The aftermath of a fall leads to additional treatment and extended hospital stays,
an average of 6.3 days longer per fall injury [5]. Moreover, studies on the cost of falls conclude that the
average cost of a fall with injury is about $14,000 [6]. Hence, there is a need to reduce injuries related to
falls in healthcare.
Purpose: This project aims to design a flooring system with shock absorbing material, which reduces the
impact energy transmitted to a patient during a fall.
Methods: Explicit dynamic finite element analysis in ANSYS Workbench was conducted using a system
where Vinyl composition tile and different sandwich structures with shock absorbing material Sorbothane
were subjected to impact from an object with hip bone properties. Empirical testing with an Instron Impact
Tester was performed to evaluate the validity of the FEA simulation.
Results: Conditions governed by literature were simulated in ANSYS which showed similarity in the
impact forces that were experienced by the falling body. Basic empirical testing on force plates showed that
there was a 30% reduction in impact forces when one layer of Sorbothane was added to the VCT.
Conclusion: Simulation data and basic empirical testing of the existing model with sandwich structures
show that the proposed sandwich flooring surface design reduces impact forces and could lead to a reduction
of injuries from falls in hospitals. Further impact testing in a controlled environment and future clinical
trials are necessary to validate the concept towards actual implementation.
Keywords: Compliant Flooring, Shock Absorbing, Vinyl Composition Tile, Sorbothane, Finite
Element Analysis, Impact Forces.
References
[1] Sentinel Event Alert Issue 55, A complimentary publication of The Joint Commission
Issue 55, September 28, 2015, www.jointcommission.org
[2] Preventing Falls in Hospitals, Agency for Healthcare Research and Quality,
http://www.ahrq.gov/professionals/systems/hospital/fallpxtoolkit/fallpxtkover.html
[3] Estimate from Currie LM. Fall and injury prevention. In: Patient safety and quality. an evidence-based handbook for nurses. Rockville, MD:
Agency for Healthcare Research and Quality; 2008. AHRQ Publication No. 08-0043. Available at:
http://archive.ahrq.gov/professionals/clinicians-providers/resources/nursing/resources/nurseshdbk/CurrieL_FIP.pdf [Plugin Software Help].
[4] This definition comes from the National Database of Nursing Quality Indicators. For the full definition, see resource box in section 5.1.2.
[5] Wong C, et al: The Cost of Serious Fall-Related Injuries at Three Midwestern Hospitals. The Joint Commission Journal on Quality and
Patient Safety, 2011;37(2).
[6] Environmental Product Declaration of Vinyl Composition Tile, Armstrong Commercial Flooring
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Occupational Exercise Programs; a Luxury or an Exhort?
Skyler D. Walker, Holden L. Brown, Matthew S. Thiese, Ulrike Ott, Kurt T. Hegmann,
Rocky Mountain Center for Occupational and Environmental Health, University of Utah
Objective: Currently, the United States Office of Disease Prevention and Health
Promotionguidelines suggest participating in either 150 minutes/week of moderate activity or 75
minutes/week of vigorous activity. Physical activity helps prevent diseases like obesity,
cardiovascular disease, type-2 diabetes as well some cancers. However, available data suggest that
45% of Americans do not participate in enough physical activity to achieve health benefits. To
further explore the relationship between physical inactivity and indirect costs we performed a
cross-sectional analysis looking at leisure time physical activity (PA) rates versus prescription of
light duty or time off in an occupational cohort.
Methods: Workers were enrolled from 27 different employers having 30 different production
facility types located in Texas, Wisconsin, Utah, and Illinois. Upon enrollment, workers completed
a laptop administered structured interview. Data gathered included demographics, leisure time PA
(e.g. walking, baseball, tennis, skiing, yoga), and light duty/time off (LD/TO) prescription. For
this study moderate activity was defined as 3-5.9 Metabolic Equivalent of Tasks (METs) and
vigorous activity was defined as ≥ 6 METs. Minutes/week of PA were categorized into 1-60
min/wk, 61-150 min/wk, 151-315 min/wk, and 316+ min/wk. A multivariate logistic regression
was used to assess the relationship between PA and LD/TO.
Results: A total of 827 workers were included in our final analysis. Workers had a mean age of
38.8±12.1 years, with a majority being male (63.8%). In total the median amount of leisure PA
performed was 82.5 min/week. However, 25.9% (N=214) had indicated not participating in any
physical activity. Workers who exercised 1-60 min/wk and 61-150 min/wk were 1.3 (p=0.20) and
1.1 (p=0.97) times more likely to be prescribed LD/TO, respectively. Workers who exercised 151315 min/wk and 316+ min/wk had a 0.7 (p=0.42) and 0.4 (p<0.05) chance of being prescribed
LD/TO, respectively. A test for trend showed a significant negative correlation between LD/TO
and increased level of exercise (p<0.05).
Conclusion: These results validate the implementation of a worker exercise program for
maximizing worker productivity by minimizing the amount of LD/TO. The current analysis shows
a positive correlation between LD/TO and weekly leisure PA participation rates. However, a
longitudinal study comparing exercise program implementation versus control could provide
stronger evidence for this relationship.
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Effects of Temperature on the Emission Rate of Formaldehyde from Medium Density
Fiberboard in a Controlled Chamber
William Swankie, Yehia Hammad
University of South Florida
Introduction: Formaldehyde is a colorless, odorless gas that is found naturally in the environment.
It is a popular additive in many consumer products including composite wood products.
Composite wood products are engineered wood panels produced from pressing pieces, chips,
particles, or fibers of wood together at high temperatures held together with a bonding agent. This
bonding agent is often formaldehyde containing resins which are known to release formaldehyde
over time. This is concerning because of the carcinogenic classification of formaldehyde, the wide
spread application of composite wood products, and the increasing amount of time spent in the
indoor environment.
Purpose: Examine the relationship of formaldehyde emissions from medium density fiberboard
(MDF) in relation to temperature.
Methods: A 0.75 in thick panel of MDF board was cut into five equal pieces to create a surface
area of 4.49 m2. The pieces were placed inside a 0.53 m3 Plexiglas chamber equipped with one
inlet and two outlets. A 48 hour acclimation period and 72 hour sample period was conducted at
temperatures: 26.1, 29.3, 34.1, 38.9 ⁰C. A calibrated air pump operating at 1.0 liters per minute
was connected to the outlets and changed daily. At the beginning of each sampling period, a
passive diffusive sampler was placed in the inlet and each outlet. Monitors were removed at the
end of the sampling period and shipped to a laboratory for analysis. A background test was
conducted prior to the temperature tests with the MDF using the same methods.
Results: The average emission factor increased 192% between the highest and lowest
temperatures tested. A strong linear correlation (R2 = 0.9954) was found between the average
emission factor of formaldehyde and temperature. The average concentration measured increased
206% between the highest and lowest temperatures tested. A strong linear correlation (R2 =
0.9983) was found between average formaldehyde concentrations and temperature.
Conclusions: The results of the study show a strong correlation between formaldehyde emission
factors and temperature. As temperature increases, the amount of formaldehyde emitted from a
panel of MDF also increases resulting in a higher concentration of formaldehyde in air.
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Laboratory Evaluation of a Low-cost, Real-time, Networked Aerosol Multi-Sensor
Robert J. Vercellino, Darrah K. Sleeth, Rodney Handy, Kyeong T. Min, and Scott Collingwood
Rocky Mountain Center for Occupational and Environmental Health, University of Utah
Exposure to occupational aerosols are a known hazard in many industry sectors and can be a risk
factor for several respiratory diseases. In this study, a laboratory evaluation of low cost aerosol
sensors, the Dylos DC1700 and a modified Dylos known as the Utah Modified Dylos Sensor
(UMDS) was performed to assess respirable and inhalable dust at higher concentrations that are
more common in the occupational setting. Dust concentrations were measured in a low speed wind
tunnel with 3 UMDS, collocated with an aerosol spectrometer (GRIMM 1.109) and gravimetric
respirable and inhalable samplers. A total of ten tests consisting of five different concentrations
and two different test aerosols, Arizona road dust and aluminum oxide, were performed. For the
Arizona road dust, total particle count was strongly correlated between the spectrometer and the
UMDS with a coefficient of determination (R2) between 0.86-0.92. Count concentrations
measured with the UMDS were converted to mass and also were highly correlated with
gravimetrically collected inhalable and respirable dust. The UMDS small bin (i.e., all particles)
compared to the inhalable sampler yielded a R2 of 0.86-0.92 and the large bin subtracted from the
small bin (i.e., only the smallest particles) compared to the respirable sampler yielded an R 2 of
0.93 to 0.997. Tests with the aluminum oxide demonstrated a substantially lower correlation across
all comparisons. Further, assessment of intra-instrument variability was consistent for all
instruments but inter-instrument variability indicated that each instrument requires its own
calibration equation to yield accurate exposure estimates. Overall, it appears that the UMDS can
be used as a low-cost tool to estimate respirable and inhalable concentrations at found in many
workplaces.
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A Comparative Evaluation of the Effectiveness of Wipe Sampling Materials to Remove
Beryllium from Differently Textured Surfaces
Scott Clingenpeel, Rod Handy, Leon Pahler, Darrah Sleeth
Rocky Mountain Center for Occupational and Environmental Health, University of Utah
Wipe sampling is a commonly used method for testing a surface for beryllium or other
metal particle contamination. Existing wipe sampling methods have only been validated for
smooth surfaces. On rough surfaces contaminant particles may be forced behind surface
projections where they would not be collected by the wipe. This could lead to an underestimate
of surface contamination levels. Worker exposure to surfaces contaminated with beryllium could
contribute to beryllium sensitization leading to chronic beryllium disease. This study investigated
the efficiency of collecting metal particles from surfaces of different roughnesses. Glass was used
as a smooth, control surface, and the test surfaces were sandpapers of seven grits (60 – 6000 grit).
Zinc oxide was used as a surrogate for beryllium because of its much lower toxicity. Zinc oxide
particles of 1-5 µm diameter were collected from the surfaces using five commercially available
wipe materials (SKC Smear Tabs, Whatman® 41 filter paper, Kimtech Prep* ScottPure* Critical
Task Wipers, Ghost Wipes, and Hygenall LeadOff wipes). Overall, the wipes were most efficient
at collecting particles from the fine grits and poor at collecting particles from the coarse grits. The
Smear Tabs and Whatman filters performed poorly in both durability and particle collection
efficiency. In both respects the superior performers were the Ghost Wipes and LeadOff wipes.
However, even in the best case, the wipe still left behind 20% of the particles. These results
indicate that underestimating metal particle contamination levels is a serious possibility when
conducting wipe sampling on textured surfaces.
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Heat Stress Analysis of Utah Refinery Process
Nicolas Brown, Lincoln Holdaway, Austin Simons, Robert Vercellino, Clint Holm, Lean Pahler
Rocky Mountain Center for Occupational and Environmental Health, University of Utah
Background: Heat stress is an occupational concern among refinery facilities. The human body
maintains core temperatures within a narrow range around 99°F. Sources that modify heat
regulation in the body include: environmental temperatures, humidity, worker metabolic rate,
clothing/PPE, worker acclimation, and worker health. Due to concerns of worker injury caused by
heat exposures in a refinery, a heat stress analysis was requested to quantify worker risk and
propose abatements.
Methods: A QUESTemp Wet Bulb Globe Temperature (WBGT) meter was used to collect indoor
temperature measurements. Measurements were taken in a grid pattern over operating bays and
used to create a thermal isopleth over facility blueprints using NoiseAtWork software.
Comparison WBGT measurements were taken outside and inside the facility over the period of
several weeks to quantify the correlation between outdoor and indoor temperatures. Worker
metabolic rate was estimated from job task observations: a slow walking pace and light manual
handling of tools. Clothing adjustment factors were based off of company policy which requires
workers wear chemically resistant coveralls over their normal clothing. Heat exposure risks were
analyzed using literature from the American Conference of Governmental Industrial Hygienists
(ACGIH), The National Institute for Occupational Safety and Health (NIOSH) and the Centers for
Disease Control (CDC).
Results: The thermal isopleth of operating bays showed the indoor temperature ranged from 64°F
to 80°F when the outdoor temperature was 62°F. Patterns on the isopleth indicated that the areas
with lowest WBGT measurements were around the wall-mounted building ventilation fans that
blow outside air into the building. It was found that the indoor building air was approximately
10°F higher than the outside air based off of a series of comparison measurements. Worker
metabolic rate was estimated to be 2 Metabolic Equivalent of Task (MET) or approximately 209
Watts. NIOSH and ACGIH literature recommended that a clothing adjustment factor of +5°F be
used to account for the double layer clothing used. An ACGIH Action Limit (AL) and Threshold
Limit Value (TLV) were calculated to be an indoor WBGT of 76°F and 81°F respectively. A
predictive work-heat chart was constructed for the hosting company using CDC and NIOSH
recommendations of a work-rest cycle for various temperature measurements.
Conclusion: Based on evaluations of worker tasks and WBGT measurements during the
evaluation period, it is reasonable to assume that the studied workers can be routinely exposed to
heat levels above the ACGIH TLV, especially during summertime months. The predictive workrest chart provides guidance that the facility can use to reduce risk for heat-related illness in
workers. Further recommended abatements include dehumidifying the facility, switching to a night
work schedule, and providing workers with cooling vests.
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Assessment of Ergonomic Risks Associated with Production Line Activities
Greg Belnap, Scott Clingenpeel, Almicar Cardona, Kelton Gubler, Danielle McKenzie-Smith
Rocky Mountain Center for Occupational and Environmental Health, University of Utah
Background/Significance: Musculoskeletal disorders (MSDs) are one of the main causes of
presenteeism and absenteeism in the workplace. A Utah manufacturer has a concern with MSDs
in production line employees due to the company’s reportable back injuries believed to be related
to production line activities.
Methods: Workers were observed, photographed, and video recorded in the area(s) of concern.
Ergonomic tools selected to assess the ergonomic risks associated with tasks were: Rapid Upper
Limb Assessment (RULA), Strain Index (SI), shoulder moment estimations, back compressive
force estimations, and the NIOSH Revised Lifting Equation (RLE).
Results: The RULA and SI tools were in agreement that tasks identified as ‘pounding rollerballs,’
‘operation of cap-torqueing machine,’ and ‘pressing rollerballs,’ were hazardous, with moderate
risk for musculoskeletal injury. Tasks identified as ‘label inspection/packaging’ identified” were
considered to be safe by the SI assessment, but completion of the RULA evaluation found the task
to pose moderate risk for musculoskeletal injuries. Calculation of back compressive forces (BCF)
indicated that some postures presented risks of developing lower back musculoskeletal disorders
in the 5th, 50th, and 95th percentile of male populations (by height) as well as the 50th and 95th
percentile of female populations (by height). One posture presented risks in male and female
populations residing in the 50th and 95th percentile, and 95th percentile respectively. Calculation of
arm moment values indicated that the tasks were not immediately hazardous. NIOSH RLE results
indicated that palletization of filled packages was stressful and required modification.
Recommendation/Conclusion: It is suggested that the turntable delivering essential oil bottles be
redesigned so workers would not be required to flex at the neck, raise shoulders and
flexion/abduction wrists. This would decrease the biomechanical stress required to perform the
label inspection and bottle packaging task. Training workers to maintain neutral positions during
task completion, and educating them about optimal set-up of their chairs would also decrease
biomechanical stress if redesign is not feasible. Use of wrist braces to assist/encourage workers to
use the best postures, and an adjustable chair would lower ergonomic stress associated with
operation of the cap torqueing machine. More frequent shift rotation would also help, but optimally
the task should be automated to eliminate the human factor completely. The best solution to lessen
BCF would be the use of a powered adjustable jack or lift to hold pallets being filled. This would
allow the height of the pallet to be adjusted between layers of boxes to keep the optimal height of
30 inches. If injuries of the shoulder became more prevalent, due to lifting boxes repeatedly,
smaller boxes used to package essential oils could be used to lower the total weight. Smaller box
sizes and use of a pallet jack would also help lower the NIOSH Composite Lifting Index (CLI),
however employees should be trained on the proper ergonomic postures to assume when lifting in
order to further reduce risk of injury.
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Shiftwork Effects on Alertness, Sleep and Health of Police Personnel Under
Non-Rotating Shifts
Zuleyha Aydin and Arijit K. Sengupta
Occupational Safety and Health Engineering, New Jersey Institute of Technology
Numerous concerns about possible effects of compressed work schedule on sleep, alertness and
well-being of the shift workers have been studied by researchers. Until now, there have been a few
studies performed with permanent shift schedules compared to rotating shift schedules. Also
protective services are one of the populations that work round the clock, but have received less
attention. This report presents the results of an ongoing study of New Jersey Institute of
Technology’s (NJIT) Police Department staff (N=76), to examine how 8 and 12 hour permanent
shift schedule affects their alertness, sleep and health.
The study generated a questionnaire survey based on the Survey of Shift workers (SOS) to evaluate
the outcomes of permanent shift schedules on workers. The approval of the Institutional Review
Board was obtained before the survey was administered. In addition to the demographic questions,
the survey contained 5 questions on alertness and workload, 17 questions on sleep habit and sleep
quality, and 7 questions on health, wellbeing and satisfaction.
Till now, 10 participants from 12 hours shift, and 18 participants from 8 hour shift have completed
the questionnaire survey. Significant preliminary results are as following. Participants are
predominantly male (83%), and their mean (sd) experience as a shift worker on the current shift
systems is 5(4.85) years. In a five point scale of 1 to 5, the mean (sd) of workload is rated at
3.48(0.63), which corresponds to “average to heavy” workload. Alertness is measured on a five
point scale, 1 being very alert and 5 being very sleepy. The mean alertness score at the late-stage
of the shift is 2.37, which is worse than both the early-stage 1.75 and the mid-stage 1.89 of the
shift. Alertness is also consistently scored poorer for 12 hour shift as compared to 8 hour shift.
For the first, middle and late stage of the shift, the mean alertness scores are 2.10, 2.30 and 2.80
for 12 hour shift, and 1.44, 1.67, 2.17 for 8 hour shift, respectively. Participants rated their sleep
quality on a 4-point scale, 1 being high quality and 4 being poorest quality. Three sleep quality
indicators, for which the mean score exceeded the critical score of 2, are: waking up earlier than
intended, negative effect of overtime, and insufficient sleep. The mean scores for the above three
sleep quality indicators are 2.30, 2.40 and 2.10 for 12 hour shift, and 2.28, 2.11 and 1.72 for 8 hour
shift, respectively. Sleep quality indicators are also consistently scored poorer for 12 hours shift.
With a critical score of 2, in a 1-4 point scale, frequency of pain in back-neck, and headache scored,
2.40 and 2.00 for 12 hour shift, and 1.67 and 1.72 for 8 hour shift. Almost all studies reported that
satisfaction with 12h shift is higher than 8h shift schedule (Di Milia, 1998; Paley et al.; 1998 and
Smith et al., 1998) and so is in ours; 70% participants of 12 hour shift, as opposed to 50% of the 8
hour shift, reported “definitely satisfied” with their shift schedule.
The current results strongly indicate decreasing level of alertness, and increasing sleep and health
problems associated with 12 hours shift schedule. We hope to conclude surveying the majority of
the 76 members of the police department within the next month and then perform statistical
analysis of the outcomes. We believe that this study will fill the gaps in understanding the effects
of fixed and compressed work shifts for protective service population.
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Depressive and anxiety symptoms and low back pain in occupational drivers
Andria C. Thatcher, Matthew S. Thiese
Rocky Mountain Center Occupational and Environmental Health, University of Utah
Background: Psychosocial risk factors, including job dissatisfaction, lack of management
support, depression or anxiety are an emerging area of concern among workers. Occupational
drivers in the commercial trucking industry can have high rates of both anxiety and depression
because of frequent shift changes, stressful long-term drives, and little control over the work
environment. This study’s aims were to explore the association between psychosocial stress with
obesity, diabetes, high blood pressure, high cholesterol, and low back pain (LBP) after controlling
for the confounders of gender, age, and body mass index (BMI).
Methods: Commercial drivers were recruited across the US. After informed consent was obtained,
subjects (n=817) completed a questionnaire. The questionnaire asked subjects about
demographics, medical history, sleeping patterns, alcohol intake, smoking history, and occupationspecific question. Research assistants measured the subjects’ height and weight. Calculated BMI
was categorized using traditional cutpoints. Four questions on the questionnaire that were designed
to gauge psychosocial risk were scored from 0-3 and were analyzed individually and then summed
across the questions to determine a composite score. Those scores were then categorized from 09; however, because categories 6-9 had fewer positive responses, they were collapsed to achieve
a more stable estimate. Descriptive statistics were calculated. Associations between the modified
work-stress Apgar score and obesity, diabetes, high blood pressure, high cholesterol, and LBP
outcomes were analyzed using logistic regression. All estimates were controlled for age, gender
and BMI, except obesity, which was only controlled for age and gender.
Results: Subjects’ scored responses to the questions about psychosocial risk factors were
compared to several variables after controlling for covariates. Results for logistic regression
showed that cholesterol was not associated with these psychosocial factors, and that obesity and
blood pressure were only trending towards significance. However, the psychosocial risk factors in
this study were positively associated with diabetes and LBP. LBP also had a dose-response
relationship with the risk factors.
Conclusions: This study suggests that stress and depression are factors that should be examined
when trying to maintain or promote a healthy workplace among commercial drivers.
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Detecting Movement Cycles Using Time Series Posture Data Collected in
Laboratory and Field Environments: A Preliminary Analysis
Mahmoud Metwali1, Howard Chen2, Joshua Kersten3 and Nathan Fethke3
1
Department of Biomedical Engineering, College of Engineering, University of Iowa
2
Department of Mechanical and Industrial Engineering, College of Engineering, University of Iowa
3
Department of Occupational and Environmental Health, College of Public Health, University of Iowa
Introduction: Occupational exposure to repetitive motion is a physical risk factor for musculoskeletal
disorders (MSD) and is common in manufacturing work. Contemporary occupational ergonomics literature
suggests that greater motion variation during repetitive work is beneficial for musculoskeletal health.
Motion variation can be directly measured using electronic instrumentation (e.g., body-mounted sensors
and optical motion capture) and quantified as the standard deviation of postural summary measures (e.g.,
average upper arm posture) estimated on a cycle-by-cycle basis. Methods to detect movement cycles in
laboratory environments, such as observing time-dependent signal characteristics (e.g., peaks and
threshold-value crossings) and using signal processing techniques (e.g., computing the autocorrelation
function), may not be applicable to data collected in the field (e.g., a manufacturing facility) due to frequent
signal interruptions and noise. Other methods, such as video analysis or instrumented event markers, can
be used in the field but are impractical and time-consuming in research studies with large sample sizes or
prolonged sampling durations.
Purpose: The purpose of this preliminary analysis is to evaluate commonly-used methods to detect
movement cycles in laboratory and field-collected exposure data.
Methods: In our preliminary analysis, we evaluated cyclic motion patterns of upper arm posture obtained
in a laboratory environment (cycle period of 2 sec/cycle, controlled by metronome, sampled over one
minute) and a manufacturing facility (cycle period of approximately 32 sec/cycle, controlled by machinepaced assembly line, sampled over 16 minutes). For each data set, we visually inspected the signal (using
time plots) and computed the signal characteristics (e.g., mean and standard deviation of posture and
velocity). Following, we calculated the period lengths, by using the temporal locations of the signal peaks,
of the original signal and its autocorrelation function.
Results: For the laboratory data, cyclic motion
patterns were visible and cycle periods were
detectable in (1) the original signal and (2) the
signal’s autocorrelation function. For the field
data, cyclic motion patterns were visually
apparent in the original signal. However, neither
the characteristics of the original signal nor the
autocorrelation function were useful for
automatic detection of cycle periods (Table 1).

Table 1. Signal information and cycle periods of motion data collected in
laboratory and field environments.

Sampling duration (sec)
Expected cycle period (sec)
Estimated cycle period
Using signal characteristics (sec)
Using autocorrelation (sec)
Exposure metrics (overall)
Mean upper arm posture (deg)
Mean upper arm velocity (deg/s)

Lab Data
60
2

Field Data
960
32

1.82 (0.07)
2.00 (0.02)

0.22 (0.12)
0.55 (0.57)

32.10 (18.50)

33.23 (15.06)

0.75 (60.80)
9.03e-5 (0.47)
Conclusions: Based on the preliminary analyses,
common visualization and signal processing
tools were able to accurately determine cycle periods during laboratory-simulated tasks. From a priori
knowledge and signal visualization, we expected and observed cycle repeatability in the field data;
however, the estimated cycle periods were neither accurate nor precise using the methods described above.
We will discuss future work to investigate more sophisticated tools, such as pattern recognition algorithms
and/or machine learning, to accurately compute cycle periods of data collected in the field.
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Towards Safe Human and Robot Collaboration in Industrial Environments Using Fault-Tolerant
and Optimal Trajectory Planning for Robot Manipulators
Mojtaba Yazdani, Roya Sabbagh Novin, Andrew S. Merryweather
Ergonomics and Safety Lab, Department of Mechanical Engineering, University of Utah
Introduction: As Human Robot Interaction(HRI) and Collaboration(HRC) become more intimate, and
robots becoming more intelligent, humans are working closely with companion or co-robots in many places
including healthcare and manufacturing environments. There is a great need for developing improved
control algorithms and better guidelines to allow humans and robots to safely work together in a synergistic
fashion.
Problem: This paper proposes an algorithm which solves two problems in HRC. (1) collision-free optimal
trajectory planning for industrial robot manipulators to avoid collision with a human while they are working
in collaboration. (2) minimizing harmful velocity jumps in robot joints when a failure occurs in one of its
actuators.
Method: The proposed algorithm is a result of merging convex optimization, disjunctive programming and
receding horizon concept. The objective function includes minimizing the length/time of the robot
trajectory, minimizing angular velocity jumps and tracking the defined end-effector trajectory. There are
different convex constraints for this problem including obstacle avoidance, kinematic modeling of the robot,
modeling actuator failure, velocity bounds for joints, and human spatial movement prediction.
Simulation and results: The performance of the proposed algorithm has been simulated for a 4-DOF planar
serial manipulator completing a 2-DOF task. Results show that the manipulator tracks the end-effector
trajectory very well and it also avoids collisions with an obstacle. Moreover, velocity jumps in joints have
been reduced significantly after failure occurrence. This algorithm represents a positive step towards
furthering the ability of humans and robots to work safely together in close proximity tasks and optimize
human-machine system performance.

(a)
(b)
Figure 1 (a) Collision-free motion simulation of robot (b) Angular velocity of the 1st joint while failure
occurs at t=14sec
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Comparison of Responses of Pre- and Post-Surgical Scoliotic Spines to Axial Cyclic Vibration: A
Finite Element Study
Ming Xu1, James Yang1, Isador Lieberman2, and Ram Haddas3
1
Human-Centric Design Research Laboratory
Mechanical Engineering, Texas Tech University, Lubbock, TX, USA
2
Texas Back Institute, Plano, TX, USA
3
Texas Back Institute Research Foundation, Plano, TX, USA
Introduction: Whole body vibration (WBV) is the situation that human body is driven by certain frequency
of vibration. Sufficient evidences have shown that exposure to WBV environment is a considerable risk
factor of inducing lower back pain (LBP) and other disorders in lumbar spine. Adult degenerative scoliosis
(ADS) is a disorder that results in an abnormal lateral curvature of the spine. Posterior spinal fusion (SF)
has become a standard surgical treatment for deformity in scoliotic lumbar spines. Compared with
experimental studies, finite element (FE) analysis has lower cost and higher efficiency. After the SF
surgery, most patients can inevitably be exposed to WBV due to daily commuting or working environment
as in vehicle ride or aviation. When the spine is driven by cyclic vibration frequencies close to resonant
frequencies, small cyclic driving inputs are capable of producing large response amplitude, which is
resonance. Thus, it is dangerous that the spine is exposed to WBV with frequencies close to resonant
frequencies. Spine care provider will benefit from knowing whether the change of the vibration
characteristics in the spine introduced by the SF surgery can be dangerous for the spine.
Objective: To compare differences of the dynamic responses to the cyclic vibration input among the
scoliotic spines before and after SF surgery.
Methods: Ten FE models were developed to represent pre- and post-surgical conditions of five ADS
subjects using our validated modeling methods. The resonant frequencies and amplitudes of the five ADS
subjects before and after the rigid fusion surgery were recorded and compared. The dynamic responses
were studied in vertical, lateral, and anteroposterior translational directions. The tested frequency range was
1 to 50 Hz.
Results: The SF surgery significantly increased the first resonant frequencies in ADS subjects. In the presurgical models, more resonant frequencies were reported at apical vertebrae than those at the uppersuperior vertebrae. After the SF surgery, the number of resonant frequencies at apical vertebrae (in the fused
level) was reduced. The resonant amplitudes of the vertebrae at lumbar spine were smaller than those at the
thoracic spine in the pre-surgical models. The resonant amplitudes of the apical vertebrae in the pre-surgical
models were closer to those at upmost-superior vertebra in translational lateral direction than those in
vertical and anteroposterior translational directions. After the SF surgery, no significant increase of the
resonant amplitudes was observed at the adjacent vertebrae while the resonant amplitudes of the fused
vertebrae were negligibly small compared with those in pre-surgical conditions.
Conclusion: Untreated ADS spines especially at the apical vertebrae are more sensitive to the vibration
than spinal segments with normal anatomies. The SF surgery was able to make the scoliotic spines less
sensitive to the WBV at the fused level whereas not significantly increase the response at the adjacent level.
The SF surgery was able to make the vibration-induced responses of scoliotic spines closer to those in
healthy conditions.
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Dr. Bradley Steven Joseph
MPH, PhD, CPE
Global Core Industrial Engineering, Ergonomics and Virtual Manufacturing

“From Virtual Design to on the Floor Reality Building Manufacturing Systems”
One of the primary focuses of human factors and ergonomics is worker health and safety. This is
done by designing and developing models to assess risk to the musculoskeletal system. When
new systems were designed, workstations were often developed in 2D, forcing Engineers to view
the workspace twice—plan and side view. This workflow may lead to a higher probability of
missing issues, resulting in significant and late equipment changes.
Given that the manufacturing landscape today is more competitive, systems must be designed,
evaluated and assessed in fewer months and deliver effective launches (reaching production
requirements in fewer months, lean, and flexible, safe). Ergonomics must be part of the entire
design process and contribute to overall system metrics.
To accomplish this, ergonomics cannot continue to be assessed in isolation, but within the context
of the job including jobs per hour, operator utilization, quality and, of course, employee safety and
health. New methods that integrate ergonomic assessments early in process design must examine
the system and the station together, as it would be implemented on the plant floor. “Virtual Tools”
will enable engineers, operators, equipment suppliers, etc. to simultaneously review realistic 3D
models.
Biography
Dr. Bradley Joseph Ph.D. joined Ford Motor Company in June 1988 as the Ford Corporate
Ergonomist. He is currently manages The Virtual Assembly Engineering Methods Group within
Powertrain Manufacturing Engineering. His duties include design and development of Powertrain
assembly lines during the early engineering design phases. In addition, his department coordinates
engineering teams to design, develop and assess new assembly systems and workstations for
safety, labor workload, ergonomics, material handling and product feasibility before systems are
built. He currently teaches at Wayne State University Industrial Engineering Department and is a
Lecturer at the University of Michigan. In addition, he lectured for several years at the Wayne
State Medical School (second year) “Connective Tissue” section and associated Clinic day.
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Intermethod reliability of wearable sensors for estimating trunk position in material
handling tasks
Gus Arroyo, Colleen Brents, David Gilkey, and John Rosecrance
Colorado State University
Introduction: Musculoskeletal disorders are a significant challenge in occupational settings
around the world. Non-neutral trunk postures have been consistently associated with work-related
musculoskeletal disorders. Direct methods used to precisely measure trunk postures during
occupational tasks have been developed, however these methods are expensive and require
extensive expertise which prevents wider application. There is a need for cost effective and user
friendly methods to estimate a worker’s trunk position over a shift.
Purpose: Determine the intermethod reliability of an accelerometry-based trunk position
measuring system (Zephyr Bioharness 3) and a 3-D kinematic analysis system (Xsens BIOMECH
system) for measurements of trunk position during manual material handling tasks.
Methods: Participants from university community were recruited to wear the inertial systems
during material handling tasks. Exposure of college participants was measured in a controlled
environment designed to simulate manual material handling conditions. Subjects were asked to
handle three loads (box, crate, keg) for 10 minute each. Percent time spent in three main trunk
position categories (neutral, mild, severe) as measured by the two systems were recorded and
analyzed using agreement (intermethod reliability) methods including bland altman plots and
intraclass correlations.
Results: Brief analysis of preliminary results have shown strong agreement between Bioharness
and Xsens. Based on bland altman analyses, results suggest a lack proportional and fixed bias in
our data.
Conclusion: Brief overview of processed data suggests that the Bioharness and Xsens systems
consistently measure trunk position during manual materials handling tasks. Exposure to neutral
trunk positions seem to have a stronger agreement than exposure to mild and severe trunk
positions. Further data collection and in depth analysis may reveal further agreement or
discrepancies between the systems.
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Using 3D motion capture to study low back kinematics during manual materials handling
of kegs in craft breweries
Colleen Brents, Gus Arroyo, David Gilkey, John Rosecrance
Colorado State University
Learning objectives:
1. High production demands in breweries can emphasize speed over safe work practices
2. Human motion recording techniques can vary between lab and actual work environment
settings
3. Quantifying actual worker movement in an industrial setting can aid in job design to increase
worker well-being and entrepreneurial sustainability (i.e. overall company success)
A 3D motion capture tool assessed low back kinematic demands in keg maneuvering tasks of
microbrewery workers. Workers were studied directly in the field using wireless inertial
measurement units (IMUs), with each sensor containing a tri-axial accelerometer, gyroscope, and
magnetometer. Linear and angular acceleration data from the sensors, subject-specific
anthropometrics, and a biomechanical model generated a full 3D kinematic model of the worker.
Low back pain is responsible for 40% of occupational musculoskeletal disorders
annually. Discrepancies between spinal measurements conducted in a lab versus the field exist
due to logistics and equipment limitations. IMUs present an opportunity to record low-back
motions in either environment. Field measurements are crucial for studying occupational health
and safety and understanding how the body responds to the actual work conditions.
The researchers collaborated with a local, independently owned craft brewery in northern
Colorado. Between 1983 and 2016, the number of craft and microbreweries increased 400-fold
(from 20 to 4000) with 20% of this growth happening within the last three years. To keep up with
production demands from rapid growth, workers are exposed to high physical demands in
breweries by handling kegs, a beer transport device. Breweries often implement a keg-reuserecycle system with distribution partners. Kegs are returned from distributors in varying states
and need to be cleaned internally and externally. Workers repeatedly lift, handle and flip the kegs
from different pallet heights, which can pose a risk for developing musculoskeletal disorders,
especially in the low back. It is hypothesized that low back kinematics and production efficiency
will differ with respect to keg lift height origin.
To the authors’ knowledge, this is the first study to assess low back kinematic demands during keg
maneuvering tasks in a microbrewery.
This work is supported by the MAPERC. There are no conflicts of interest.
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Sensitivity and Specificity Analysis of common symptoms in the diagnoses of Carpal Tunnel
Syndrome in an industrial working population
Harkomal Kaur, Matthew S. Thiese, PhD, MSPH, Ulrike Ott, PhD, MSPH
Rocky Mountain Center for Occupational and Environmental Health, University of Utah
Background: Carpal Tunnel Syndrome (CTS) is an entrapment neuropathy in which symptoms occur due
to abnormal nerve compression within the carpal tunnel, affecting 4 to 10 million Americans. The incidence
and prevalence rates of CTS in an industrial working population are approximately 2.3% yearly and 2.7%
to 15%, respectively. Nerve Conduction Studies (NCS) are considered the “gold standard” in the treatment
of CTS, but they cause a great degree of discomfort in the patient and typically cost $600-$1000 to
administer. This study investigated whether other symptoms of CTS are sensitive enough to be considered
as an alternative, inexpensive, and non-invasive diagnostic technique.
Methods: This cross-sectional study assessed baseline data from a multicenter, prospective cohort study
(the WISTAH Distal Upper Extremity (DUE) cohort). Workers were enrolled from 15 diverse employment
settings with 17 production facilities in Wisconsin, Illinois, and Utah. Every worker completed a
computerized questionnaire, a computerized structured interview (e.g. nocturnal symptoms, morning
symptoms, symptoms while holding an object, and numbness/tingling (N/T) in each digit), a survey of
symptoms (e.g. marking pain or numbness/tingling on symptomatic areas of the hand and arm), two
standardized physical examinations and a NCS. NCS velocities (NCV) were classified as normal, mild,
moderate, and severe. Normal was defined as ≤0.85 ms Transcarpal Delta (TD), ≤3.70 ms sensory latency
(SL), and ≤ 4.50 ms motor latency (ML). Mild as >0.85 ms TD, ≤3.70 ms SL, and ≤ 4.50 ms ML, moderate
as >0.85 ms TD, >3.70 ms SL, and ≤ 4.50 ms ML, and severe >0.85 ms or absent TD, >3.70 ms SL, and >
4.50 ms ML. Workers were diagnosed with CTS based off their NCS scores. Non-disease cases of CTS
were defined as workers with normal or mild NCS and disease cases were defined as workers with moderate
or severe NCS. A range of sensitivity and specificity analyses were conducted for the diagnosis of CTS,
using the NCS as a “gold standard”. Analyses included nocturnal symptoms, morning symptoms, symptoms
while holding an object, and N/T in median nerve innervated digits. N/T was assessed for each digit
individually and for combinations of the four digits. Nocturnal, morning, and gripping symptoms were
assessed in at least two digits.
Results: In the comparison of NCV and symptoms during the night, morning, or while holding an object,
nocturnal symptoms demonstrated the highest sensitivity of 42.23% and symptoms while holding an object
demonstrated the highest specificity of 89.50%. In the comparison of NCV and individual digits or a
combination of digits, the middle digit had the highest sensitivity value of 50.00%, while the combinations
of thumb/index/middle/ring and thumb/index/ring digits had the highest specificity value of 89.70%.
Conclusion: The sensitivity and specificity of the comparison of single digits and combination of digits
indicate that the test was successful in identifying participants who did not have CTS, but was not successful
in identify participants with CTS. The same applies to the comparison of symptoms during the night,
morning, or while holding an object. A limitation of sensitivity analysis is the lack of other comparative
studies regarding these variables. Therefore, there is not a cut off value for sensitivity in both hypotheses.
To the best of our knowledge, this is the first study to assess the effects the variables discussed above on
diagnosis of CTS. Further research seems warranted.
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The Heart of the Problem: Tennis Elbow
Jenna K. Lindsey, Matthew S Thiese, Kurt T. Hegmann,
Ulrike Ott, Brenden Ronna
Rocky Mountain Center Occupational and Environmental Health, University of Utah
Introduction: Cardiovascular disease (CVD) affects more than just your daily tasks and job. CVD
is the number one cause of death and approximately 17.5 million people die each year from CVD
(31% of all deaths worldwide). Studies have shown that poor cardiovascular health can lead to
mental and physical decline in health Past research has shown associations between CVD and
other medical problems such as stroke, obesity, carpal tunnel syndrome, diabetes, depression,
fibromyalgia, etc. However, there is no research assessing CVD and lateral epicondylitis (LE),
also referred to as “tennis elbow”. LE affects 1-30% of the occupational working population in the
U.S.
Objective: The purpose of this study was to determine if there is an association between CVD and
bilateral LE among an industrial working population.
Methods: This cross-sectional study is nested within a multicenter, prospective cohort study (the
WISTAH Distal Upper Extremity (DUE) cohort). Baseline data queried included past medical
history of healthcare provider diagnoses for CVD and LE. A modified Framingham CVD risk
score was developed using the following CVD risk factors: age, gender, high blood pressure,
tobacco use, high cholesterol, and diabetes. Having pain at the lateral epicondyle and pain at one
of six key tenderness points defined Bilateral LE cases. Due to the limited number of cases (N=35),
a post-hoc analysis was conducted by combining Framingham risk scores. Framingham scores
were classified as the following: group 1 consisted of those with CVD risk scores of 1-5, group 2
included CVD risk scores of 6-7, group 3 with scores of 8-20, and group 4 with CVD scores of
21-25.
Results: A total of 1,216 workers were included in these analyses. The mean age was 42.19±11.42
years with twice as many females (N=804). Thirty-five (2.88%) workers had bilateral
epicondylitis. After adjusting for gender, BMI, and job physical factors workers with a CVD score
of 6-7 were 1.43 times more likely than a CVD score of 1-5 to have LE (OR=1.43, 95% CI 0.277.50). Workers with a score of 8-20 were 3.15 times more likely to have LE (OR=3.15, 95% CI
1.18-8.41), and a risk score of 21-25 showed a 10 fold risk of having LE (OR=10.56, 95% CI 1.8360.84).
Conclusion: The increasing trend in data suggests that cardiovascular disease may play a systemic
role in bilateral epicondylitis. The more risk factors a worker has the more likely they are to have
lateral epicondylitis. Wide confidence intervals are due to small number of cases, which means
that the accuracy decreased; however, it shows a relationship between cardiovascular risk score
and bilateral epicondylitis. Based on these results, it is necessary to do further analysis with a larger
number of cases. Risk factors for cardiovascular disease are often preventable and it would benefit
workers and employers to do a targeted wellness program to address these risk factors.
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Slip Detection and Fall Prevention System during Human Walking
Mitja Trkov1, Jingang Yi2
1

University of Utah; 2Rutgers, The State University of New Jersey

Introduction: Slip and fall is one of the major causes of human injuries among elderly and
professional workers. Reducing or preventing slip-induced falls is a challenging task due to the
fast slip dynamics and required fast recovery reactions. Currently, existing fall prevention
strategies focus on proactive approaches, using strength training or repetitive slip training.
Investigation of active fall preventions using a human assistive device remains largely unexplored.
Studies of slip biomechanics have shown that compared to normal gait, the knee and ankle joints
have the highest torque variations during a successful slip recovery. Higher knee extension
strength was suggested to be critical for slip balance recovery. Hence, we hypothesize that
providing assistive knee torque could contribute to successful slip recovery and prevent falls.
Objective: The purpose of this study was to develop a wearable system to investigate active slipinduced fall prevention during human walking. This requires a development of a reliable and
efficient real-time slip detection and estimation system, as well as active slip recovery assistance
using robotic knee assistive device (ROKAD) to provide the assistive knee torques.
Methods: The slip detection systems consists of only five wearable inertial sensors (i.e.
accelerometers and gyroscopes) attached to the lower-limbs. Therefore, the system is convenient,
low-cost and non-intrusive for personal daily activities. The slip estimation algorithm is built on
the slip dynamic model with the integration of the physical and walking movement constraints
through an Extended Kalman Filter design. Experimental testing of the system included 8 subjects
(4 males and 4 females with ages: 26.3±2.1 years, heights 1.73 ± 0.04 m, and weights 62.8 ± 7.8
kg). The developed ROKAD consists of motor, harmonic gear, flexible shaft, integrated slip
detection system and a torsional spring, as elastic members in the impedance and torque feedback
control for safe human-robot interactions.
Results: The experimental results show that we can successfully detect slip shortly after slip starts
(59 ± 20 ms) and the detection time is much shorted than human detection capabilities (170 ms)
or any existing slip detection system (~250 ms). The system can estimate slipping distance with an
accuracy of a few centimeters. Evaluation of ROKAD showed that device can provide 40 Nm of
assistive torque with a rise time of 0.2 sec and can reach angular velocity of 360 deg/s to allow
unconstrained walking. ROKAD is capable of tracking a knee angle profile during walking and
slip gait. An impedance control and zero-torque control has been successfully implemented for the
control of the device.
Conclusion: We developed the robotic knee assistive device with integrated slip detection and
prediction system that provides an enabling tool to explore the feasibility of an active slip-induced
fall prevention. Implementation of the high-level slip recovery controller design to prevent falls
and human subject testing remain a future work.
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