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Topics to be discussed 

1. Measuring trauma that causes brain damage.

2. Understanding brain trauma in sport.

3. What do helmets protect against?
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Head Trauma & Biomechanics
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Brain Injury and Mechanisms 

T.B. Hoshizaki 2018

Structural damageMolecular-cellular 

changes

Metabolic changes

Concussion

Neurological 

Conditions Long-term 

axonal damage

Chronic traumatic encephalopathy (CTE), Dementia pugilistica (Punch drunk), Chronic post concussion syndrome 

(CPCS), Chronic neurocognitive Impairment (CNI), Posttraumatic dementia, Posttraumatic Parkinsonism



Brain Trauma and Injury
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ñHead Impactò
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Injury management



Measuring Dynamic Response and 

Maximal Principal Strain

Impact:

1. Velocity

2. Compliance

3. Location

4. Mass
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Video Analysis
(impact: location, angle, velocity, mass, compliance)
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Injury reconstruction
(impact: location, angle, velocity, mass, compliance)



Dynamic Response 
Crosby (7.5 m/s) 



Maximal Principle Strain
Crosby (7.5 m/s)

A = 83.1g (10ms)
Ŭ = 7974 rad/s2 (20ms)
VMS = 20.23 kPa
MPS = 41.7% 



Measuring Head Trauma 

1) Dynamic head response:
a) Peak linear acceleration

b) Peak rotational/angular acceleration

c) Rotational/angular velocity

2) Brain tissue trauma:
a) Maximal principal strain

b) Strain rate

c) Cumulative Strain Damage Measure (10%, 15%)
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Head Impact Event and 
Dynamic Response
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The relationship between peak linear
and rotational acceleration
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Linear vs Rotational Acceleration

and

Concussion
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Relationship between linear and rotational acceleration and 
Maximum Principal Strain (John Hopkins FE model) 

Wright R, Post A.*, Hoshizaki T.B. and Ramesh K.T., ñA multiscale computational 

approach to estimating axonal damage under inertial loading of the headò, Journal of 

Neurotrauma, 30(2), 102-118, 2013.
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ñtime dependentò

Visco - elastic Properties
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Wayne State Tolerance Curve for Concussion
Gurdjianet al 1953(included dogs and primates)
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