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Virginia Tech Helmet Ratings

• Virginia Tech Helmet Lab
• Injury biomechanics research
• Research funding: NIH, NOCSAE, IIHS, NCAA, DOD
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“What helmets should we buy?”

- Lester Karlin, VT Equipment Manager
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Virginia Tech Helmet Ratings

• Virginia Tech Helmet Lab
• Injury biomechanics research
• Research funding: NIH, NOCSAE, IIHS, NCAA, DOD

• Virginia Tech Helmet Ratings
• Translational outcome of research to meet public need
• Initially released in 2011
• Independent of manufacturer funding
• Supplemental testing to NOCSAE, only tests certified 

helmets

www.vt.edu/helmet
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Virginia Tech Helmet Ratings
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Virginia Tech Helmet Ratings

The helmet ratings program has 2 primary objectives
1. Inform consumers of relative differences between helmets 

in the context of concussion risk reduction
2. Provide manufacturers with a design tool to optimize 

helmet design to best reduce concussion risk in the real 
world
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General STAR Evaluation Approach

• Characterize sport-specific head impact exposure and 
concussion risk in the real-world

• Translate and map impact scenarios to sport-specific impact 
test equipment in the lab

• Evaluate helmets over range of impact locations and 
severities; summarize results into an overall rating
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General STAR Evaluation Approach

Fundamental concepts of STAR Evaluation System
1. Tests are weighted based on how often they occur
2. Helmets that lower head acceleration reduce risk
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Application-Specific Test Methodologies

Soccer Headgear

Bicycle HelmetsBaseball / Softball
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Evaluating Bicycle Helmets

Bicycle Helmets

• Oblique impact rig with 45 degree 
anvil
• Sandpaper coated (80 grit)

• NOCSAE headforms Three linear 
accelerometers, tri-axis angular 
rate sensor at head CG

• No neck – head support ring and 
lever arm, dual axis inclinometer

• Velocity light gate
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Damage Reconstructions

• Accident description: “biking very fast, potentially hit a pothole, fell off bike”
• Impact surface: Road, pavement holes/bumps
• Helmet surface: large scrapes (~4.0-5.0 cm long) and slightly pockmarked 

anterior to max crush
• Max crush: 3.9 mm temporal/parietal left

Real-world head impact characterization
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Bicycle STAR: Exposure Locations
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Equal weighting for all locations (1-time events)

Six impact locations:
• 1 and 4 at helmet rim

• Commonly impacted 
location in cyclist 
accidents

• Each sample impacted 
once per location

• Minimum spacing: 12 cm
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Bicycle STAR: Example Test
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Bicycle Helmet STAR Results

5 4 3 2 1
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115 Bicycle Helmet Models Rated
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My Takeaways / Lessons Learned

• Manufacturer Buy-In
• While not a standard, we’ve had an open process
• Responsive to input, questions, and concerns
• Decisions and methods backed by research, 

representative of real-world events
• Accessible methods
• Resonates with consumers

• Consumer Buy-In
• Independent / no conflict of interest
• Easily accessible and points to the research
• Publicizing the ratings
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Harmonization vs. Competing Methods
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