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Air Force Lt. Col. Cody Butler, Ph.D., D.P.T., S.C.S., C.S.C.S.

Lt Col Cody Butler is the Research Flight Commander for Special Warfare 
Human Performance Squadron in the Special Warfare Training Wing at 
Lackland Air Force Base, Texas. His responsibilities include directing data 
management and conducting operational research for the Special 
Warfare Training Wing. He leads a team of seven staff and supervises 
human performance and clinical investigation related to the pipeline.

Lt Col Butler commissioned into the United States Air Force in 2012. He 
has 12 years of active-duty service and has served as a physical 
therapist at two Air Force medical treatment facilities. Additionally, he 
provided care during a humanitarian mission as part of Operation Pacific 
Angel in Vietnam. Prior to his current assignment, he served as an Air 
Force Institute of Technology (AFIT) Ph.D. student at the University of 
Connecticut.
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Disclosures
• Lt Col Cody Butler has no relevant financial or non-financial relationships to 

disclose relating to the content of this activity.
• The views expressed in this presentation are those of the author and do not 

necessarily reflect the official policy or position of the Department of 
Defense, nor the U.S. Government.

• This continuing education activity is managed and accredited by the Defense 
Health Agency, J-7, Continuing Education Program Office (DHA, J-7, CEPO). 
DHA, J-7, CEPO and all accrediting organizations do not support or endorse 
any product or service mentioned in this activity.

• DHA, J-7, CEPO staff, as well as activity planners and reviewers have no 
relevant financial or non-financial interest to disclose.

• Commercial support was not received for this activity.
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Learning Objectives

At the conclusion of this activity, participants will be able to:
1. Identify the role of wearable technology in the recognition of 

musculoskeletal injuries (MSKi).
2. Discuss the current state of motion capture and force plate 

technology in the prevention and recognition of musculoskeletal 
injuries.

3. Summarize the benefits and challenges of a holistic model in the 
prevention and management of musculoskeletal injuries.
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Special Warfare Training Wing Injuries

 Between Fiscal Year (FY) 19-22, 59% of candidates had AT LEAST 1 
outpatient medical encounter for a musculoskeletal (MSK) injury diagnosis.
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Assessment & Selection Injuries
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Tactical Air Control Party (TACP) Apprentice injuries
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Department of Defense (DoD) Investment in HP 
Optimization

• Since 2006, multiple human 
performance (HP) optimization 
initiatives all aimed at 
improving force readiness

• Injury Prevention has been a 
large components for each 
program

(DoD, n.d.)
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Background
10



Improving Health and Building Readiness. Anytime, Anywhere — Always

Special Warfare Human Performance Support Group (SWHPSG)
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Human Performance Technology (2019-2021)

• Wearable technology 
 Rest and recovery
 Training load

• Functional movement technology
 Biomechanical analysis
 Force plate systems
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Wearable Technology (rest and recovery)

(DC- Direct Current)

(ouraring.com)

(fatiguescience.com/readiband)

(Omegawave.com)
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Omegawave Data Exploration

• Overall Readiness and 
Assessment Type (AM or PM) 
were used for analysis.

• Course 1 and Course 2 
(displayed to the right) had 
10% and 64% missing values, 
respectively.
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Fatigue Science (Readiband) Data Exploration

• Wake Time, Sleep Onset, and 
Sleep Quantity were used for 
analysis.

• Course 1 and Course 2 
(displayed to the right) had 
34% and 64% missing values, 
respectively.
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Oura Data Exploration

•Oura had fewer missing data 
than Readiband and 
Omegawave.

•The variables Sleep Time, 
Bedtime Start and Bedtime End 
were used for analyses - each 
have 15% missing values.
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Sleep Analysis (smooth plot)

• Smoothing plot comparing 
Readiband, Oura, and 
Wellness Questionnaire 
Sleep Duration.
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Zephyr Bioharness (training load)

• Cardiac monitoring has strong correlation 
with electrocardiogram (ECG) gold 
standard that is mildly diminished with 
heat and movement speed & type

• Speeds of movement, movement 
patterns, and environmental conditions 
commonly encountered within SWTW 
reduce reliability of device transmission

• Requires well-controlled environments, 
low speed of movement, and 
thermoneutral environments for 
maximum accuracy and reliability.

Heart 
Rate

Heart Rate 
Variability

Accelerometry

Estimated Core 
Temperature

Respiration

(zephyranywhere.com)
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Zephyr Bioharness Data Exploration

The variables Average/Peak Heart 
Rate (HR), Average/Max Core Temp, 
and Average HR Variability were used 
for analysis.
• Average/Peak HR have 36% missing 

data
• Average/Max Core Temp have 37% 

missing data
• Average HR Variability has 38% 

missing data
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Wearable Technology Re-cap

• Be extremely deliberate in what human performance-related 
variables you want to measure

• Ensure the tools you want to use those metrics are valid and 
reliable

• Periodically perform a quality-control check to ensure data is 
appropriately being collected and stored

• Have a plan of what you are going to do with the findings
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Motion Capture 

FINDINGS (n=1570 SWTW trainees)
• Poor to moderate test-retest reliability
• Did NOT demonstrate ability to discriminate 

likelihood of sustaining injury
• No operational utility found with DARI
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Motion Capture (continued)

FINDINGS 
• Trainees identified within high versus low-risk 

clusters
• Trainees in high-risk cluster 5 times greater 

risk of MSK injury as compared to trainees in 
low-risk cluster
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Force Plate Technology (1 of 6)

• Force plates are highly prevalent in U.S. 
Active-Duty Units.

• 2021 National Defense Authorization Act 
(NDAA) mandated a report be provided to the 
Armed Services Committee regarding the 
potential of Force Plate Technology and 
Machine Learning to improve medical 
readiness

• No data was provided in report on 
effectiveness of Force Plate Technology or 
“Force Plate Machine Learning” – FPML™
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Force Plate Technology (2 of 6)
• Sparta Science™ (Menlo Park, CA) purportedly predicts MSK 

injuries and assesses overall fitness levels through repeated 
CMJs.

• Data from repeated Counter Movement Jumps (CMJs) are 
captured by the Sparta Science™ force plates and converted 
into proprietary scores that, per the company’s instructions, 
may be used to inform strength and conditioning programs 
and quantify an individual’s risk of suffering an MSK injury.

• Sparta Science™ claims, “rather than the current annual 
physical fitness tests, service members can be scanned 
weekly or monthly, giving leaders the ability to hold 
individuals accountable for progress and a clearer, up-to-
date appraisal of overall fitness levels”

(spartascience.com)
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Force Plate Technology (3 of 6)
• Load: average rate of force development, measured during the downward 

phase of the jump.

• Explode: average relative vertical concentric force measured during the 
transitional phase of the jump. 

• Drive: average relative vertical concentric impulse measured during the 
upward phase of the jump.

• Sparta score is calculated by factoring in load, explode, drive, and the 
balance between the three.

• MSK Health scores represent an individual’s relative risk of injury with higher 
scores representing a lower risk of MSKI.

*MSK Health scores were the primary score of interest*

(spartascience.com)
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Force Plate Technology (4 of 6)
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Force Plate Technology (5 of 6)

An athlete with lower vertical jump 
scores, all other factors remaining 
constant, would be shown to have 
less vulnerability to injury. In other 
words, a person with an MSKi may 
not be appropriately flagged!    
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Force Plate Technology (6 of 6)
28
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Motion Capture and Force Plate Re-cap

• Be cautious with tools with proprietary algorithms that give the 
user an “injury risk” score

• If your leadership is considering purchasing popular devices, feel 
free to contact me, and I’ll send you the full text of several peer-
reviewed articles to help provide a more informed decision.
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Military Injury Prevention Programs

• 17 studies selected
• Neuromuscular training, 

stretching, agility training, 
combined exercise

• MSK injury risk reduction by 14%

• 74 studies selected
• 994 risk factors, 46 included in 

meta-analysis
• 7 predictors identified

 Female sex, high Body Mass Index 
(BMI), functional movement 
screen (FMS) pain OR score <15, 
prior injury, slower run times, poor 
push-up performance
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Special Warfare Human Performance Support Group
31



SWHPSG 
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SWHPSG Validation Project (manuscript under review)

Cumulative incidence of MSKi was 
significantly different when comparing 
fiscal years (P<0.001).

2022 had the lowest cumulative
incidence of MSKi by 21 days of any 
course, 19%, compared with 28% in 
2019, 23% in 2020, and 26% in 2021.

50 days to 50% 2019
86 “”  2020
66 “”  2021
122 days to 50% candidates with MSKi 
2022
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Current Challenges

• Data tracking and flagging
 Smartabase
 Envision
 Others (?)

• Appropriate baselining
• Most appropriate use of wearable technology
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SWHPSG Baseline Testing

• Orthopedic Screener
 History of a bone stress injury
 History of an MSK injury
 High school sports participation

(ge.com)
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SWHPSG Wearable Tech in 2024

• Training aid ONLY 
(teaching tool)

• Garmin wristwatch and 
chest strap

(garmin,com)

(airforce.com)
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Conclusion: The Population You Serve

(airforce.com)
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Key Takeaways

• When it comes to wearable technology, be cautious of the bright 
and shiny. Be deliberate in what you purchase.

• Injury prediction tools still have a long way to go. As of 2024, a 
“history of an injury” is the biggest predictor of a future injury.

• Although a holistic approach to injury management intuitively 
makes sense, we need to do a better job at tracking and 
reporting on variables that aren’t being documented (and 
therefore can’t be extracted) in Genesis.
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Questions?
Follow us:

@Special Warfare Human 
Performance Support Group

@SWHPSG

https://linktr.ee/swhpsg
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