David J. Cornell, PT, DPT, PhD, CSCS*D, TSAC-F*D
Musculoskeletal Injury Risk Among Firefighters




Musculoskeletal Injury Risk Among
Firefighters: Movement Quality Isn’t the
Only Factor

David J. Cornell, PT, DPT, PhD, CSCS*D, TSAC-F*D

Health Assessment Laboratory

David J. Cornell, PT, DPT, PhD, CSCS*D, TSAC-F*D
Musculoskeletal Injury Risk Among Firefighters




DISCLOSURES

Prior Funding:
NSCA Foundation

Conflicts of Interest:
| have no actual or potential conflict of interest in relation to this

David J. Cornell, PT, DPT, PhD, CSCS*D, TSAC-F*D
Musculoskeletal Injury Risk Among Firefighters




OBIJECTIVES

Attendees will be provided with evidence-based information
regarding:
Which measures of health, fitness, and movement quality have been

related to musculoskeletal injury (MSKI) risk among firefighters;

How health, fitness, and movement quality of firefighters changes
during the course of their careers;

Example programming that can be utilized to improve the functional
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INJURY STATISTICS

Firefighter Injuries

Although the National Fire
Protection Association
(NFPA) reportsa in the
total number of injuries
among U.S. firefighters...
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INJURY STATISTICS

Firefighter Injuries

there has beenan in
the number of injuries at
non-fireground
emergencies...

An since 1981

(Campbell & Evarts, 2021)
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INJURY STATISTICS

Firefighter Injuries

And although there has been
a in the total number of
fireground injuries among
U.S. firefighters...
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INJURY STATISTICS

Firefighter Injuries

only marginal changes
in the (per fire
exposure) of fireground
injuries has been
observed...
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INJURY STATISTICS

Firefighter Injuries
17.7 out of 100 firefighters are injured each year (opiinetal, 2012)
3.2% report 2 work-related injuries in the past year (pheips et al, 2018)
1.2% report 3+ work-related injuries in the past year (heips etal, 2018)

Firefighters are to suffer a musculoskeletal

injury than a private sector worker
(Seabury & MclLaren, 2010)
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Figure 2. Firefighter Injuries by Type of Duty: 2020

22,450

Responding to At Non-Fire Training Other On-
or Returning Emergencies Duty Activities
from Incidents
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Figure 5. Fireground Injuries by Nature of Injury: 2020

Strain, sprain, muscular pain

Wound, cut, bleeding, bruising

Smoke or gas inhalation

Thermal stress

Burns, fire or chemical

Other respiratory distress

Dislocation, fracture

Burns and smoke inhalation

Qther

10%  20% 30%  40%

David J. Cornell, PT, DPT, PhD, CSCS*D, TSAC-F*D
Musculoskeletal Injury Risk Among Firefighters



INJURY STATISTICS
Firefighter Injury Types

Moderate Severe
Lost Time
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Table A. Fireground Injuries by Body Part, 2015-2019 Annual Average

Primary Body Part Injured Percent

Hand and fingers
Wrist

Elbow

Lower arm
Internal

Trachea and lungs
Neck and shoulders
Shoulder

Neck

Head

Unclassified head
Ear

Eye

Thorax

Back. except spine

Chest

Multiple parts

Spine 3%
Abdominal area 3%
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INJURY STATISTICS

Firefighter Injury Causes
1 out of 3 are due to

1 out of 5 are due to

31% + 21% = 52%!
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FIREFIGHTER MSKI RISK

Firefighter MSKI Mechanisms
Practitioners may also be uniquely positioned to help impact

potentially of fireground injuries
Especially since previous research suggests that

(Chimera & Warren, 2016; Teyhen et al., 2014)

Recent research also suggests that movement
quality is associated with ™ MSKI risk as well (eckard etat., 2018)
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Deep Squat
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MOVEMENT QUALITY ASSESSMENT

FU nCtiOnal Movement SC reen (FMS) (Functional Movement Systems, Chatham, VA)

FMS SCORING
3 = Performed pattern as directed
2 = Performed pattern with compensation or imperfection
1 = Unable to perform pattern as directed
0 = Pain reported (regardless of quality)
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I0S Press

Modifiable risk factors predict injuries in
firefighters during training academies

Robert J. Butler™*, Michael Contreras”. Lee C. Burton®. Phillip J. Pliskyd, Adam Goode® and
Kyle Kieseld

&Doctor Division of Physical Therapy, Duke University, Durham, NC, USA

>Orange County Fire Authority, Irvine, CA, USA

“Department of Physical Education, Averett University, Danville, VA, USA
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* - Indicates significant predictor of an injury {p<0.05) during the academy session
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Table 1
Specificity and sensitivity for composite FMS score across different cut points

Cut off  Sensitivity Correctly classiied LR+ LR —
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* - Indicates significant predictor of an injury (p<0.05) during the academy session
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FIREFIGHTER MSKI RISK

Movement Quality
Movement Quality:

Injured recruits demonstrated lower Composite FMS scores than
uninjured recruits (p=0.012)

Composite FMS scores <14 predicted MSKI:
Sensitivity: 87%
Specificity: 56%
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FIREFIGHTER MSKI RISK

Movement Quality
However, injured recruits also demonstrated:
™ Resting Heart Rate (p=0.012)
I 1.5-mile Run (p=0.017)

I Body Mass (p=0.003)
N Body Fat Percentage (- 0.024) So is it all about movement, or

N BMI (p=0.043) more about body composition
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MOVEMENT QUALITY ASSESSMENT

Movement Quality
I Obesity is associated with J, Composite FMS Scores in other

pOpu |ati0nS (Duncan & Stanely, 2012; Duncan et al., 2013; Farrell et al., 2021; Perry & Koehle, 2013)
However, it was unknown within the firefighter population?
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MOVEMENT QUALITY ASSESSMENT

Movement Quality
Significant Indirect Relationships Between Composite FMS Scores and:

(Cornell et al., 2016)

No Significant Relationships Between Composite FMS Scores and:
(Cornell et al., 2017)

Est. VO,max (r=0.163, P=0.153)
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MOVEMENT QUALITY ASSESSMENT

Movement Efficiency Test

(Fusionetics, Milton, GA)
7 Sub-Tests:
2-Leg Squat
2-Leg Squat with Heel Lift
1-Leg Squat
Push-Up
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MOVEMENT QUALITY ASSESSMENT

Movement Efficiency Test (rusionetics, milton, 6a)

7 Sub-Tests:

scoring based on 60 different commonly observed
movement compensations

An Overall ME Test Score is calculated
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MOVEMENT QUALITY ASSESSMENT

Movement Quality
Associations between Overall ME Test Scores and:
NOT associated with BMI (- =-0.146, P = 0.315)

NOT associated with Age (r=-0.203, p=0.161)

Important because previous research suggests that Age influences FMS
Scores as well (Perry et al., 2013; Loudon et al., 2014; Teyhen et al., 2014)

Including in this study (r=-0.528, P<0.001)
Composite FMS Scores (r=0.612, p<0.001)
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MOVEMENT QUALITY ASSESSMENT

Movement Quality

Although both the FMS and ME Test attempt to quantify the overall

movement quality of an individual and are measuring directly related
constructs,

However, Age and BMI weren’t associated with Overall ME Test
scores...

Thus, the ME Test may represent a method of quantifying movement
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FIREFIGHTER MSKI RISK

Movement Quality
Finally, is 4, functional movement quality is associated with 1
MSKI risk among active-duty firefighters though?
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FIREFIGHTER MSKI RISK

Movement Quality

No differences in Composite FMS
scores or FMS Sub-Test scores

Composite FMS <14
with:
Any Claim

(OR: 1.27 [95% Cl: 0.88 — 1.83])
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FIREFIGHTER MSKI RISK

Movement Quality

Composite FMS scores
NOT able to clinically
predict Workers
Compensation Claims at
any cut-off
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FIREFIGHTER MSKI RISK

Movement Quality

Although movement quality may be an important factor to consider,

it’s not necessarily a sole predictor of MSKI among firefighters...
Need to appreciate how obesity influences movement!

This lack of predictive validity is consistent with other tactical athlete

populations as well
(Kollock et al., 2019)

And potentially explains some of the controversy in the FMS literature
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FIREFIGHTER MSKI RISK

Cardiorespiratory Fitness (CRF)
Compared to firefighters with a VO,max > 48 ml/kg/min:

Firefighters with a VO,max 43 — 48 ml/kg/min were more
likely to experience a MSKI
Firefighters with a VO,max < 43 ml/kg/min were more

likely to experience a MSKI

[]
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FIREFIGHTER MSKI RISK

Cardiorespiratory Fitness (CRF)
However, the average VO,max reported in the firefighter literature

IS (Storer et al., 2014)

Note: This is below the NFPA recommended VO,max of
(NFPA 1582: Standard on Comprehensive Occupational Medical Program for Fire Departments; 2018)
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FIREFIGHTER MSKI RISK
Obesity

Obese firefighters are more likely to experience a MSKI than normal
weight firefighters
BMI >30 kg/m?:

Waist Circumference > 40 in:
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FIREFIGHTER MSKI RISK
Obesity

Class II/Ill Obese Firefighters experience " injury-related missed
workdays:

Normal Weight Firefighters:

Overweight Firefighters:

Class | Obese Firefighters:
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FIREFIGHTER HEALTH AND FITNESS

Cardiorespiratory Fitness (CRF)
Cross-sectional differences across age groups (p<o.01)

Age <30 yrs: 15.7 METS

did not meet 212 MET
NFPA guideline

Age 250 yrs: 11.7 METS
did not meet 212 MET

e Fastest decline in CRF in <30 yrs group
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FIREFIGHTER HEALTH AND FITNESS

CRF and Obesity
Cross-Sectional Analyses:

CRF declines with advancing age, BUT
the decline is greatly attenuated

among AND
more
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FIREFIGHTER HEALTH AND FITNESS

CRF and Obesity

Examined longitudinal changes in CRF and body composition among
firefighter recruits:

W1 = beginning of their firefighter recruit training academy
W14 = end of their firefighter recruit training academy
W38 = end of their probationary period
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Mean BMI (kg/im2)
Mean WHR
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Week 14

20.00
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FIREFIGHTER HEALTH AND FITNESS

Movement Quality

Examined longitudinal changes in functional movement quality
among firefighter recruits:

W1 = beginning of their firefighter recruit training academy
W14 = end of their firefighter recruit training academy
W38 = end of their probationary period
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FIREFIGHTER HEALTH AND FITNESS

Movement Quality
After adjusting for changes in BMI across time:

Significant INCREASES in Composite FMS scores were identified across

time —
(Fy 5 = 54.09, P < 0.001)

W1:11.92 +1.83"
W14:13.62 + 1.557
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FIREFIGHTER HEALTH AND FITNESS

Movement Quality
Changes appear to be driven
by improvements in:
Hurdle Step
In-Line Lunge
Trunk Stability Push-Up
Rotary Stability

The combined physical training associated with the training academy
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FIREFIGHTER MSKI RISK

Summary

Movement Quality:
Movement quality might not be a great predictor of MSKI risk, nor a

stable measure of movement quality, among firefighters
At least if using the FMS...

CRF and Obesity:
1 MET of improvement in aerobic capacity (or 3.5 ml/kg/min) may be

able to reduce risk of MSKI by 14% among firefighters (popiin et al,, 2014)
But only 36% of firefighters achieve recommended amount of aerobic

e AND THIS CHANGE HAPPENS QUICKLY!
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FIREFIGHTER MSKI RISK

Summary

However, to meet the essential occupational demands, firefighters
must still safely and effectively perform numerous functional
movements,

(NFPA 1582: Standard on Comprehensive Occupational Medical Program for Fire Departments; 2018)
There’s also some evidence FMS scores may be related to

occupational performance among other tactical athletes?
(Bock et al., 2016; Glass & Ross, 2015; Glass et al., 2017)

Further, conducting movement screening may still help identify

L]
() & (T | [ ] slls (1(1/7 () (] & ()] ()YO)IT (11T () [ ]
A - - - -
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CORRECTIVE EXERCISE PROGRAMMING

Program #1: General
If we know what some of the common injuries and movement
impairments are among firefighters, can’t we just prescribe a general

corrective exercise program for firefighters to complete??

Think like the Throwers’ 10 Program for overhead athletes...
(Wilk et al., 2004; 2011)

To test this hypothesis, we created The Firefighter-10:
10 Mobility Exercises

N A
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CORRECTIVE EXERCISE PROGRAMMING
MOBILITY EXERCISES

Cornell D, Ebersole K. J Strength Cond Res. 2017;31(Suppl 1):S90-S91.



CORRECTIVE EXERCISE PROGRAMMING
ACTIVATION EXERCISES

Cornell D, Ebersole K. J Strength Cond Res. 2017;31(Suppl! 1):S90-S91.



CORRECTIVE EXERCISE PROGRAMMING
ACTIVATION EXERCISES (cont)

Cornell D, Ebersole K. J Strength Cond Res. 2017;31(Suppl! 1):S90-S91.



CORRECTIVE EXERCISE PROGRAMMING

Program #1: General
Quasi-Experimental Design

Control (CON) Group:
completed other exercise
programming as usual

Experimental (FF-10) Group:
completed The Firefighter-10
programming 3-4 days per week
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CORRECTIVE EXERCISE PROGRAMMING

Program #1: General

Significant improvements in functional movement quality among
active-duty firefighter can be elicited via The Firefighter-10 program

These improvements also represent a true “real change” in

functional movement quality as they exceed the MDCyc,,
(Cornell & Ebersole, 2018)

However, not all fire departments will have access to an ATC to
provide instruction

David J. Cornell, PT, DPT, PhD, CSCS*D, TSAC-F*D
Musculoskeletal Injury Risk Among Firefighters




CORRECTIVE EXERCISE PROGRAMMING

Program #2: Specific
Corrective exercise programming can be generated by the FMS Pro
software based on their FMS sub-test scores to address:
Mobility
Static Motor Control
Dynamic Motor Control

Strength
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CORRECTIVE EXERCISE PROGRAMMING

Program #2: Specific
All firefighters completed 8-week intervention
NO CONTROL GROUP
No guidance from a practitioner (e.g., S&C coach, ATC, etc.)

Significant improvements in Pre- to Post-Composite FMS Scores:
(U=984.5,z=-3.43, P=0.001)

Pre: 12.09 £ 2.75 vs. Post: 13.66 + 2.28
However, researchers did not control for Age or Obesity-level
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CORRECTIVE EXERCISE PROGRAMMING

Program #3: Specific
Corrective exercise programming can also be generated by the

Fusionetics™ Human Performance System based on individual
movement compensations

Inhibit & Lengthen
Foam Rolling, Stretching, and Mobility
Activate

Supported By: NSCA Foundation
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CORRECTIVE EXERCISE PROGRAMMING

Program #3: Specific
Quasi-Experimental Design
Counterbalanced into groups based
on Week 0 Overall ME Test scores

Control (CON) Group:
completed other exercise
programming as usual

Experimental (CEP) Group:
completed_Fusionetics

Supported By: NSCA Foundation
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CORRECTIVE EXERCISE PROGRAMMING

No Significant Group x

Time Interaction
(F, g4 = 1.550, P = 0.218)

No Significant Main
Effect of Time

(F, g4 = 0.982, P = 0.379)
Including within each

Supported By: NSCA Foundation
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CORRECTIVE EXERCISE PROGRAMMING

Summary

Taken together, significant improvements in functional movement

qguality among active-duty firefighters can be elicited in a short
timeframe (2—4 weeks)

Theoretically placing these individuals at a lower risk for future MSKI

However, the delivery of self-guided interventions through online
programming may not create the desired significant improvements

practitioner appears to be vital to program success
* In other words, PTs, ATCs, S&C Coaches, etc. need to be involved!!
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