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) For today'’s talk: Problem we want to solve...
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Primary blast traumatic brain injury (bTBI)

Measured blast overpressure from Tier-1
weapon systems range from 4 to 30 psi
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Question: What is the physica__.crianism of
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(W) What do we know about bTBI?

« Blast-related traumatic brain injury (TBI) is a significant health burden for the US warfighter, often
called the “signature injury” from the wars in Iraq and Afghanistan.

 The injury pathology is somewhat inconsistent with what we know from conventional TBls

Chronic traumatic encephalopathy (CTE)
prevalence by prior TBI exposure

Hallmark of CTE -
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CTE rate among decedents with
TBI exposure (%)
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SWCC showing significant perivascular deposits of
phosphorylated tau protein [Priemer et al., 2025]

Much lower CTE rate from military blast vs impact TBI
(n=225) [Premier et al., 2022.]

Question: What underlying physics (mechanics) can explain both the shared similarities and differences in
pathology? 6




) What do we know about bTBI?
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(W) Can current hypotheses explain the pathology?

« Numerical Simulations have shown low « This motivated the hypothesis of inertial cavitation as an
tissue strains following blast exposure injury mechanism

Py, = 19.2 psig

\ Shock Direction

Frontal blast pressure of 73.5psi [1]

Strain Gage contrecoup

Strain Gage Sylgard Gel

Shock i
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Maximum Principal strain (%)

Accelerometer
1.5

Frontal blast pressure of 44 psi [2] . e " Tiseiesol
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Negative pressure from blast exposure [3]

Inertlal cawtatlon is unllkely to account for W|despread injury due to

Bottom Line: Still Iackmg a phyS|caI mechanlsm consistent with the
observed post-mortem pathologies

vvitliivuli CI\'JCI Inriciitdil vadaiiudtiuivil.

[1] Krysl et al., 2012 [2] Yu and Mazdak, 2019 [3] Goeller et al., 2012
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@ PANTHER Approach: Controlled blast exposure on transparent
7 skull-brain phantom via the Advanced Blast Simulator (ABS)
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Disclaimer: All analysis, findings, and conclusions were prepared independently by the author(s) and are not endorsed or verified by lowa State University of Science and Technology, its College of Engineering, or the CARES Laboratory. 9



(\% PANTHER Approach: Controlled blast exposure on transparent "=
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Disclaimer: All analysis, findings, and conclusions were prepared independently by the author(s) and are not endorsed or verified by lowa State University of Science and Technology, its College of Engineering, or the CARES Laboratory. 710
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(W) Shock transit dynamics — kinematics + pressure histories
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Disclaimer: All analysis, findings, and conclusions were prepared independently by the author(s) and are not endorsed or verified by lowa State University of Science and Technology, its College of Engineering, or the CARES Laboratory. 111
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(W) Shear wave regime — creation of internal deformations

Pressure loading Structural response
. 1\ 1
" Vs 4 N L o I Shear
* No cavitation UG | deformation ¢
* No deformation i : —
:

pressure loading (tg4
|

head rotation & shear deformation

> 200ms

Rigid body motion and gel
deformation tracking via
RAFTcorr deep learning

image correlation [1]
IE—)

25mm

Fl+: +0.000 ms

 Internal deformation is predominantly circumferential and is driven by skull rotation.

[1] Tong et al 2025



@% Spatiotemporal evolution of internal shear strains -
Y the "neck effect” (aka boundary condition effect)

No neck
Magnitude (mm) | t = 0.48 ms

Hanging vs Neck @ BOP~16psi

Neck-1 r = 80 mm
Hanging » = 80 mm

Magnitude (mm) | ¢ = 0.48 ms

*

Time (ms)
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Us  Neck/torso constraint rapidly reverse the skull
- motion that generates significant increase in shear
e strain rate!

Neck/torso



@ Summary of Key Findings: Blast loading to skull kinematics

BOP vs. Peak Angular Acceleration ; BOP vs. Peak Angular Velocity
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« Blast overpressure generates significant angular skull accelerations, albeit with small angular velocities.
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(@"‘% Summary of Key Findings: Blast loading to skull kinematics,
\WJ to internal shear deformation

BOP vs. Strain Metrics
BOP vs. Max Strain BOP vs. Max Strain Rate
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« Blast overpressure generates significant angular skull accelerations, albeit with small angular velocities.

« BOP correlates strongly with internal strain through peak angular acceleration— potential direct blast-to-injurious
deformation link (R? = 0.78).

* Neck/torso constraint elevates strain rate, not peak strain.
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@ Conclusions

 Key Findings
» Shock loading does not directly generate internal strain.

» The dominant deformation mechanism comes from shear
waves emanating from rapid rotation of the head (skull) due
to a net moment from pressure loading.

* Neck/torso constraint amplifies strain rate but not peak
strain magnitude.

» Significance & Broader Impact

» Results establish a direct, quantifiable blast-to-injury
deformation pathway, providing a foundation for defining
bio-physical safety limits for warfighters

Chronic blastTBI
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