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Objectives
• Define ergonomics and why regulations were considered
• Review the history and significance of Ergonomic Regulations in 

California 
• Understand the components of the CalOSHA Ergonomics Standard 

and its impact
• Explore new industry specific regulations 
• Discuss how technology may change how we consider ergonomic 

regulations in the future



Why Ergonomics? $60 Billion spent in direct US Workers Compensation 
costs per year (or ~$1Billion per week) 



What is Ergonomics?
A multi disciplinary science that applies principles based on the 
physical and psychological capabilities of people to the design or 
modification of jobs, equipment, products, and workplaces.

The goals of ergonomics are to decrease risk of injuries and illnesses 
to improve worker performance, to decrease worker discomfort and 
to improve the quality of work life.
- American Industrial Hygiene Association



How did we get here?

California Code of Regulations, Title 8, Section 5110.  Repetitive 
Motion Injuries.

'The inherent problem in promulgating the 
regulation is that no one can empirically state the 
cause or cure of a given workplace injury,'' said 
Ms. Broyles, director of insurance and employee 
relations at the chamber, in Sacramento. 

''Cal-OSHA is being taken to court by the trucking associations 
and the AFL-CIO, so we're kind of stuck between a rock and a 
hard place,'' said John MacLeod, executive officer of Cal-
OSHA, the state agency overseeing workplace safety issues. 

Ms. Broyles believes that employers have strong incentives 
to reduce on-the-job injuries, ''so why impose an 
unnecessary and potentially costly regulation? Employers 
know full well that workers comp insurance costs will rise if 
they have a rash of a certain kind of injury.'' 

''But the core issue is that there is a lack of hard scientific 
data demonstrating the correlation between repetitive 
motion injury and the workplace job function.'' 



History of CCR Title 8 Section 5110, RMI

1993 1994 1995 1996 1997 1999



The state of Washington 
adopted an ergonomics 
standard in May of 2000.

Alaska & Minnesota all held 
hearings or assigned Ergonomic 
Task Forces to address regulation 
but discontinued efforts. 





Why the debate?
MORE REGULATION

• MSDs are not being adequately 
addressed

• MSDs are too costly for businesses 
and the US to bare

• No incentive to protect workers 
proactively

• Underreporting
• Vulnerable workers

• Lack of knowledge/ 
implementation of best practices

LESS REGULATION 
• Too costly for businesses to implement
• Lack of causal evidence
• Exposure & Outcome are difficult to 

measure
• Difficult for businesses to understand & 

implement regulation (esp. small 
businesses)

• Impede job growth
• Increasing WC Rates are enough incentive



Indirect Regulation

EU Directive 89/391, the OSH ‘Framework Directive” 

Work Health and Safety Act 2011 and WHS Regulations

Part II Canada Labour Code  Part XIX, Hazard Prevention Program



The state of Washington repealed the 
ergonomics standard in 2003.

The state of Michigan banned any new 
ergonomic regulations in 2011.



The last one standing…



Regulation versus Enforcement



What is in Title 8, Section 5110?
The standard provides that when at least two employees performing identical 
tasks have been diagnosed by a physician with repetitive motion injuries 
(RMIs) within 12 consecutive months, the employer must establish a program 
that shall:
• Evaluate each job, process, or operation of identical activity for exposures 

which have caused RMIs at the affected work site
• Control or minimize to the extent feasible the exposures that have caused 

repetitive motion injuries, considering engineering controls and 
administrative controls

• Provide training to affected employees



Why more regulation?

• Defines work settings, designated workers and patient handling activities 
• Describes hospital plans
• Training requirements
• Record keeping requirements

Title 8 of the California Code of Regulations, section 5120



Ergonomics, 42:7, 904-926.



2 cross sectional surveys in 2013 & 2016
• Increased knowledge of SPH Policy (87%)
• Increased training on SPH (73%)
• Increased availability of lift equipment (80%)
• Adjusted Prevalence Ratio for WRMSD Symptoms = 0.78 (95%CI: 

0.66-0.91)

Am J Ind Med. 2019;62:50–58



Why more regulation?
Title 8 of the California Code of Regulations, Section 3345



TASKS

Pushing Supply 
Cart

Making Bed

DustingVacuuming

Cleaning 
Bathroom

Pictures taken from: https://ergonomics.osu.edu/ergonomics-resources-housekeeping



• Average of 15.3 rooms/day and 19.4 beds per day 
• 84% took pain medication past 4 weeks
• 66% of workers reported skipping lunch or breaks or working longer 

hours to finish rooms 
• Physical workload related to prevalence of severe or very severe pain in 

dose-response relationship for neck, upper and lower back
• 1 month prevalence of pain by region

Krause et al, 2005

Moderate Severe/V. Severe

Neck 21% 43%

Upper Back 20% 59%

Lower back 19% 63%

Study of Hotel Room Cleaners



Study of Hotel Room Cleaners in Las Vegas (Scherzer et al, 2005)

• 35% reported at least 1 injury at current employer
• 54% reported claim being denied

• 21% reported a workers compensation claim in the past 12 months
• 35% of claims denied

• 18% had a work-related 
injury they did not report

Study of Hotel Room Cleaners



Reported Ergonomic Problems (Krause et al 2005) %
Linen Cart Too Heavy 84

Linen Cart difficult to stock 44

Linen cart needs repair 49

Vacuum cleaner too heavy 62

Vacuum cleaner needs repair 62

Don’t have a squeegee for bathroom 39

Don’t have a mop 32

Have to move furniture 43

Study of Hotel Room Cleaners



Interventions
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Study of Hotel Room Cleaners



Case Study

Example
1 Min.

Example 
2 Min.

Example 
3 Min.

Check Out 
Rooms (#) 10 99.6 6 59.7 3 29.9
Stay Over 
Rooms (#) 2 -7.6 7 -26.7 9 -34.3
Workshift 
Impact 92.0 33.1 -4.4

New Rooms & Carts vs. to Old Room & Carts
• 50-60% time spent in forward bend
• 70-80% of time in forward reach
• New rooms/carts required more time, particularly for check 

out rooms

Small changes can add a lot of extra work!



Case Study



Case Study



 



Case Study
New carts:
• Were ~50% heavier (467lbs vs 314lbs)
• Required 74% increase in peak push force

• 44.2lbs versus 25.4lbs

• Required a 182% increase in average sustained push force for substantial push 
distances 

• 35.8lbs versus 12.7lbs for >1600ft/day

• Increased the number of vacuum lifts (18.7lbs) to 28 times/day
• increased one-handed lift due to linen bag obstruction

New rooms required more time to clean
Use of the new cart and new room required an substantial increase in physiological 
workload

• The % HRR increased an average of 19%
• Recovery time to leisure heart rate post work shift increased 4-fold (60 minutes).  



Hotel Housekeeping Musculoskeletal Injury 
Prevention Program (MIPP)

• Procedures to identify and evaluate housekeeping hazards through 
work site evaluations that include housekeepers' input

• Procedures to investigate housekeepers' musculoskeletal injuries

• Methods to correct identified hazards

• Training of employees and supervisors on safe practices and controls 
and a process for early reporting of injuries to the employer

Title 8 of the California Code of Regulations, Section 3345



The Future of Ergonomic Regulation
• More evidence from the “Big Ergo” Studies

• Changes in ACGIH TLV for Hand Activity

• Technology will make it easier to make low cost, accurate and 
reliable assessment of physical exposures

• But the politics….



The Upper Limb Musculoskeletal Disorders 
Consortium

Pooled 
Data Set- CTS



Hazard Ratios for CTS by Peak Hand Force*
[Harris C et al. OEM 2015;72:33-41]

*Adj. for age, gender, 
BMI, Study site and 
non-overlapping 
exposures



Hazard Ratios for CTS by Repetition*
[Harris C et al. OEM 2015;72:33-41]

*Adj. for age, gender, 
BMI, Study site and 
non-overlapping 
exposures



Hazard Ratios for CTS by Duty Cycle*
[Harris C et al. OEM 2015;72:33-41]

*Adj. for age, gender, 
BMI, Study site and 
non-overlapping 
exposures



Hazard Ratios CTS by ACGIH-TLV HA
[Kapellusch et al. SJWEH 2014;40(6):610-20]

Variable N=2751        __  HR*

TLV for HAL* (per unit increase) 1.32 [1.11-1.57]
Action Limit* (≥0.56 & <0.78) 1.73 [1.19-2.50]
Threshold Limit Value* (≥0.78) 1.48 [1.02-2.13]
*adjusted for gender, age, BMI, study site & age x gender

[Bonfiglioli et al. SJWEH 2013;39(2):155-63]
Variable N= 2299  IRR*

Action Limit* (≥0.56 & <0.78) 1.95 [1.20-3.16]
Threshold Limit Value* (≥0.78) 2.70 [1.48-4.91]
*adjusted for gender, age, BMI, predisposing medical conditions



Summary- Incident CTS
• Biomechanical factors associated with CTS

o Peak hand force (Borg CR10 ≥ 4)
o Forceful* hand repetition rate (>3 exertions/min)
o % time in forceful* hand exertions (> 11%)

• Biomechanical factors not associated with CTS
o Total hand repetition rate
o % time any hand exertions
o Wrist posture

o Risk increased for those above the Action Limit (0.56) –current cutoff of 0.78 is 
not sufficient

*Forceful = ≥9N pinch force or ≥45N of power grip



2018 Revised ACGIH TLV for Hand Activity



Research to Practice?

XTWA = ∑ [( X1*p1)  +  (X2*p2) + ….  (X12*p12)] 



Our objective is an exposure meter for repetitive  
motion and other physical exposures 

NIOSHOSHA

Slide taken with permission from Dr. Robert Radwin



Technological Advances

Slide taken with permission from Dr. Robert Radwin



Visualizing Repetitive Motion

Greene, et al. Appl. Ergon. (2017)

Slide taken with permission from Dr. Robert Radwin



Frequency

Speed

Duty Cycle

Slide taken with permission from Dr. Robert Radwin



Translating NIOSH upper limb MSD consortium epi data into a 
computer vision instrument

Video 
records Exposure Risk  

model

Upper limb 
exposure 

Index

Health 
outcomes

R01 OH 011024-01 (Radwin)

Five –year prospective study
• Carpal Tunnel Syndrome
• Wrist Tendinitis
• Lateral Epicondylitis

1,475 workers
Spatiotemporal data/ 
kinematics
• Duration
• Rest
• Frequency
• Displacement
• Speed
• Acceleration
• Interactions1,649 jobs

UC-Berkeley
Washington State
NIOSH Cincinnati

Slide taken with permission from Dr. Robert Radwin



Technological Advances



SpineTrack



Summary Dashboard
Physical Demands Assessment






LIFTRATE
(LIFTS/HR)

MOMENT
(Nm)

SAG POS
(DEG)

TWIST VEL
(DEG/s)

LATERAL VEL
(DEG/s)
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PROBABILITY OF HIGH RISK GROUP MEMBERSHIP (%)

Probability of Lumbar Spine Disorder
(RISK MODEL)



Probability of Lumbar Spine Disorder
(RISK MODEL)



SpineTrack Performance

Worker 1 Worker 2 Worker 3 Worker 4

Percent Probability of Belonging to High Risk Group

24% 21% 32% 40%
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Multimedia Video Task Analysis





Hand Posture Prediction - Grip
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Hand Posture Prediction- Pinch

95.0

5.0

95.3

4.7

94.3

5.6

95.5

4.5
0.0

30.0

60.0

90.0

120.0

.5 kg %Pinch force predicted

.5 kg % Grip Force predicted

1 kg %Pinch force predicted

1 kg % Grip Force predicted

1.5 kg %Pinch force predicted

1.5 kg % Grip Force predicted

2 kg %Pinch force predicted

2 kg % Grip Force predicted



0

2

4

6

8

0 1 2 3 4 5Es
tim

at
ed

 F
or

ce
 in

 K
g

Weight of object in Kg

Predicted Grip Force

0

0.5

1

1.5

2

2.5

3

0 0.5 1 1.5 2 2.5

Es
tim

at
ed

 F
or

ce
 in

 K
g

Weight of object in Kg

Predicted Pinch Force
Predicted pinch 
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was consistently  
slightly higher 
than the object 
weight lifted



Hand Posture & 
Force Estimation



A Different Approach…



Finding 
Balance

Swedish Work Environment Act of 
1977
• Refers to work environment
• Emphasis is on education 

through unions versus citations
• Empowerment of workers 

“Work should be arranged so 
that the worker can influence his 
or her work station

• Law requires the development 
of union safety representatives 
(70-90% of white/blue collar 
workers are unionized)



Collaborative Effort

Reduced 
MSDs & 

Increased 
Productivity

State 
Regulatory 

Agency

Academia

Unions

Workers

Employers

Advocacy 
Groups



Summary

• California’s Ergonomic Regulations, though controversial, provide 
guidance to employers and a safety net for workers.

• In general, ergonomic regulations and the debate surrounding them 
have promulgated important research and technologies that may 
help in setting enforceable regulations.

• Balancing the carrot and the stick approach is tricky and will take a 
collaborative effort from all stakeholders
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Thank you!
www.ergo.berkeley.edu
carisaharris@berkeley.edu

Carisa.Harris-Adamson@ucsf.edu

http://www.ergo.berkeley.edu/
mailto:carisaharris@berkeley.edu
mailto:Carisa.Harris-Adamson@ucsf.edu
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