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At the conclusion of this presentation, participants will be able to:

1) Describe difficulty in measuring firefighters abilities and at work 
limitations.

2) Explain the development of a new tool to assess firefighter-specific work 
limitations.

Caveat – Focus on what we have learned

Learning Objectives



ONE  
FRAME-

WORK 
OUTCOMES 
OF INTEREST Strength

CVR Endurance
Emotional 
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Medical
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BODY 
STRUCTURE AND 
FUNCTION



BODY STRUCTURE AND FUNCTION
IMPAIRMENTS

Body structure- parts

• BMI

• Imaging

• Anthropometrics

Body Function- processes

• Vo2 Max/Submax fitness

• Muscle strength

• Muscle endurance/control

• Vision/Hearing

• Respiratory Rate

• Executive Function

• Emotional Control

• Cognition

• Pain



ACTIVITY (LIMITATIONS)

Self-reported Activity Measured Activity

• Stair-Climb

• Lift 

• Carry

• Move in Tight space

• Communicate



PARTICIPATION (RESTRICTIONS)
• Work type

• Line of  duty

• Modified

• Work Roles

• Components

• Accommodations

• Work Limitations

• Specific limitations  (which may need 
accommodation)

• Work/Functional Capacity



HOW TO FIREFIGHTERS COMPARE 
TO NORMS?



VERSUS NORMS…
Higher strength

Especially in women

No difference in CVR



SELECTION BIAS

Firefighters  START their 
career healthier than 
general population but 
this varies by

- body function

- sex

can be less than 
“normal”  but less than 
they used to be



DOES SIMULATED FIREFIGHTING TEST HIGH LEVEL ABILITY ?





Simulated  firefighting is  physically 
demanding

Variable performance



DOES PHYSICAL FITNESS  PREDICT 
WORK FUNCTION?



HIGH EXERTION BUT
SELF RATINGS OF EFFORT LOW



LOW CORRELATION TO TASKS



AGE AND GRIP STRENGTH 
PREDICTED  HOSE DRAG  24%



LEG STRENGTH  AND AGE PREDICT  
HIGH RISE PACK 25%



WHAT ABOUT ERGONOMIC 
ASSESSMENTS





OVAKO WORKING POSTURE 
ANALYZING SYSTEM (OWAS)

• Ergonomic Assessment  focus on 
“targets” for therapeutic 
intervention  not change over time

• Difficult to change firefighting tasks



WHAT ABOUT  REAL TASK MOTION 
ANALYSIS?



CHALLENGES
• Equipment

• Context

• Complex Motion

• Teamwork



DARTFISH…. VIDEO   BASED 
MOVEMENT ANALYSIS



VIDEO BASED MOTION ANALYSIS

Pros
• Can do real world assessments

• Ease of data collection

• Low cost

• Built in tools, applications

• AI (Mediapipe)  and  more 
sophisticated   link camera systems

Cons

• Perspective error

• Time intensive analysis

• Challenges in tracking complex 
out of plane movement

• Lower precision

• Hard to convince reviewers who  
used 3D motion analysis than the 
data is rigourous



MEASURING WORK LIMITATIONS



GENERIC WLQ

Face  validity





IN MIXED GROUP OF WSIB CASES

The WLQ-25 and RA-WIS provide different 
information from that provided by pain and 
disability measures. 

They discriminate among functional out-
come subgroups and detect improvement 
over time in people with chronic work-
related upper-extremity disorders.



LACK OF FIT IN 
INJURED WORKERS
The WLQ-25 did not fit with the Rasch 
model 

most of the thresholds were 
disordered. 

- After extensive modifications,

item reduction (6 items)

response merging (9 items) 

only 3 subscales FIT



CONSTRUCT VALIDITY- KNOWN 
GROUP DIFFERENCES



MINIMAL DIFFERENCES IN SCORES



MINIMAL DIFFERENCES  WITH COMORBIDITY 



MINIMAL PREDICTION



CONCURRENT VALIDITY



CEILING EFFECTS ON WLQ



NORMAL DISTRIBUTION  FOR PERFORMANCE





SHORT OPP ..ONLY 1 ITEM ON  
ERGONOMICS



OPP-14

• The OPP-14 was developed by 
adding three additional items to the 
ergonomics subscale.

• SP- safety practices,

• EP-ergonomic practices,

• DM-disability management,

• POC-people oriented climate





MSK INJURIES  FASTER RTW  THAN MENTAL INJURIES
Claim lag  delayed  RTW



DEVELOPING A FIREFIGHTER SPECIFIC  
WORK LIMITATIONS QUESTIONNAIRE



Study Objective

• To develop a firefighter-specific work limitations 
questionnaire using a mixed-methods approach.



MethodsInstrument Design

Item Generation (Qualitative)

▪ Twenty-one firefighters (15 males, 6 females) from across Canada 
(Alberta, British Columbia, Nova Scotia, Ontario, Prince Edward Island, 
Quebec) were interviewed using a semi-structured guide to assess areas 
of work limitation. 

▪ The phone interviews were recorded and transcribed verbatim. 

▪ Nominal group exercise was conducted with 20 firefighters at a provincial 
firefighter conference. 

▪ Items generated from the firefighter interviews and nominal activities 
were categorized into the 5 domains.



Methods

Item Selection (Quantitative) 

▪ Fifty-three firefighters completed a content analysis survey evaluating 
the relevance of the items and the frequency with which they were 
performed. 

▪ From this analysis, items were classified as:

▪ strong potential

▪ questionable

▪ not appropriate 

▪ The strong and questionable items were further reduced and clarified 
by a panel of expert measurement experts working with firefighters. 



1. Physical Demands
2. Social Demands
3. Cognitive Demands
4. Emotional Demands
5. Routines and Time Management

Results: Themes =  Subscales

• Descriptive content analysis 
identified 5 themes:



PHYSICAL DEMANDS (ITEMS 1‐12)



. OUTPUT DEMANDS (ITEMS 13‐18)



INTERPERSONAL DEMANDS (19‐23)



EMOTIONAL DEMANDS (ITEMS 24‐29)



 
COGNITIVE DEMANDS (ITEMS 30‐36)



• The value of a self-reported tool MAY be useful for

• early identification of work limitations 

• Testing readiness to RTW 

• Evaluating treatment/wellness programs

Discussion



NEXT STEPS • Psychometric Evaluations

• Use in interventional Studies
• Peer Support Apps  and 

Training
• Resiliency Training
• MSK shoulder training program

• Use in 
• Disease  Monitoring (cancer, 

MSK, OSI)
• Accommodation



SUMMARY
• Measuring Firefighter health outcomes is complicated because

• Impairments  may not predict  work performance

• Extra healthy worker effect

• Sex differences

• Simulated Fire Tasks Time intensive and lack contextual pressures

• Real world assessments difficult due to equipment, heat exposures time 
pressures

• Self-report may under estimate effort ( macho culture?)



IMPLICATIONS

Need for fire specific assessments that are validated against real world 
performance and health outcome

Potential to apply emerging technologies

Multi-modal assessments need to support insightful interpretation 

Self report and performance based assessments both important



Visit the FIREWELL website to learn more about our 
research:     https://firewell.ca/

@FirewellHealth

@FirewellHealth

https://firewell.ca/
https://www.facebook.com/FirewellHealth/

	Slide 1:  Challenges in Measuring Firefighter Health and Work  Outcomes
	Slide 2
	Slide 3: ONE   FRAME-WORK outcomes of Interest
	Slide 4:  Body Structure AND Function
	Slide 5: Body structure and Function Impairments
	Slide 6: Activity (Limitations)
	Slide 7: Participation (restrictions)
	Slide 8: How to firefighters compare to norms?
	Slide 9: Versus norms…
	Slide 10:  Selection Bias
	Slide 11: DOES Simulated FIREFIGHTING TEST HIGH LEVEL ABILITY ?
	Slide 12
	Slide 13
	Slide 14: Does Physical Fitness  predict WORK function?
	Slide 15: HIGH EXERTION BUT    self ratings of effort low
	Slide 16: Low correlation to tasks
	Slide 17: Age and GRIP Strength predicted  Hose Drag  24%
	Slide 18: Leg strength  and age predict  High rise Pack 25%
	Slide 19: What about ergonomic assessments
	Slide 20
	Slide 21: Ovako Working Posture Analyzing System (OWAS)
	Slide 22: What about  REAL TASK motion analysis?
	Slide 23: Challenges
	Slide 24:  Dartfish…. Video   based movement analysis
	Slide 25: Video based motion analysis
	Slide 26: Measuring Work Limitations
	Slide 27: Generic WLQ
	Slide 28
	Slide 29: In mixed group of WSIB cases
	Slide 30: Lack Of Fit in INJURED WORKERS
	Slide 31: CONSTRUCT VALIDITY- Known group differences
	Slide 32: Minimal Differences in scores
	Slide 33: MINIMAL Differences  with comorbidity 
	Slide 34: Minimal prediction
	Slide 35: Concurrent Validity
	Slide 36: CEILING EFFECTS on WLQ
	Slide 37: NORMAL DISTRIBUTION  for performance
	Slide 38
	Slide 39: Short OPP ..only 1 item on  ergonomics
	Slide 40: OPP-14
	Slide 41
	Slide 42:  MSK injuries  Faster RTw  than mental injuries
	Slide 43: Developing A Firefighter Specific  Work Limitations Questionnaire
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48: Physical demands (items 1‐12)
	Slide 49: . Output Demands (items 13‐18)
	Slide 50: Interpersonal Demands (19‐23)
	Slide 51: Emotional Demands (items 24‐29)
	Slide 52: Cognitive Demands (items 30‐36)
	Slide 53
	Slide 54: Next steps 
	Slide 55: Summary
	Slide 56: IMPLICATIONS
	Slide 57

