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BRAIN -SKULL RELATIVE M OTION

WSU H EAD I NJURY M ODEL
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No. 

Element

Mass 

(kg)

Cranial 278,100 3.6

Face 36,400 0.78

WSUHIM 314,500 4.5

REAL -WORLD TBI R ECONSTRUCTION

M ODEL PREDICTED I NTRACRANIAL RESPONSES

Treatment

Different òmedicineó, 
hypothermia, 

hyperoxia, 

combination of above 
treatments, bone 

marrow 
transplantation, 
environmental 

enrichment, etc.

Tissue level

Edema formation, 
contusion , BBB, 

vascular 
disturbance,

ischemia 
distribution, etc.

Behavioral 
evaluation

Reflex, beam balance, 
beam walk, rotarod, 

grip test, limb 
placement, Morris 

Water Maze, open field, 
Y-Maze, free choice 
novelty tasks, etc.

Time 0

Impact/

injury

Cellular level

Cell loss percentage, 
axonal injury,

apoptosis,

neutrophil 
accumulation, 

MPO activity, etc.

Molecular level

Apoptosis,  protein 
expression, gene 

expression,  dopamine 
release,

Ach release, etc.

Local blood flow

Metabolism

Imaging ïMRI

Gender difference

hour        day        week      month     year
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BRAIN T ISSUE B IOMECHANICS

ºThere is a causal relationship 

exists between intracranial 

biomechanical responses (e.g. 

strain) and subsequent loss of 

brain function and cell/axon death

ºFinite element model depicts 

intracranial biomechanical 

responses not easily measurable 

by experimental means

Marmarouôs weight drop 
model

Fluid percussion model

Controlled cortical impact 
(CCI) model

Rodent TBI Animal Models

8

CCI I NDUCED I NJURY SEVERITY BY

I MPACT DEPTH & V ELOCITY

103 data points, from a total 236 papers in which 

neurotrauma in adult rats was created by CCI
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CCI I NDUCED I NJURY SEVERITY BY

I MPACT DEPTH AND D IAMETER

82 data points, from a total 236 papers in which 

neurotrauma in adult rats was created by CCI
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FE R AT BRAIN M ODEL

*©  by Adam C. Puche

Top view

Lateral view

º255,700 brick elements

º0.1 - 0.3 mm resolution

* http://www.apuche.org/OIA/Anatomical-Page-03.htm Nov. 2006 

Referred Rat Brain Atlas: Paxinos and Watson 2005

29.0 mm

16.0 mm

10.3 mm

CORONAL SECTIONS OF FE R AT BRAIN

Bregma +1.0 mm Bregma -0.5 mm

Bregma -1.8 mm Bregma -3.5 mm
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VALIDATION AGAINST DCD D ATA

Pressure pulse

Magnitude = 3 psi

Duration = 25 ms

Coronal view

Displacement 

contour

Disp. 

(mm)

VALIDATION AGAINST DCD DATA
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CCI S IMULATIONS

Coronal view  

Maximum Principal 

Strain (MPS) 

Impact

Velocity  = 3.22 m/s

Displacement = 2 mm

Provided by 

Dr. Sutton

Contusion

FE SIMULATIONS OF CCI E XPERIMENTS

Series 1 Series 2 Series 3

Series 4 Series 5 Series 6

Top view

Vertical 

impacts

Oblique 

impacts

Series 1: Sutton et al. 1993, Series 2: Kochanek et al. 1995, Series 3:

Scheff et al. 1997, Series 4: Chen et al. 2003, Series 5: Colicos et al. 

1996, Series 6: Meaney et al. 1994

Bilateral craniotomy

PREDICTED VS. EXPERIMENTAL CONTUSION

MPS: 0.30

Residual error = 10 mm 3

Perfect 

correlation

Overestimate

Underestimate

NEURONAL CELL L OSS

ºIn vitro studies demonstrated that the 

percentage of cell death was related to 

strain magnitude e.g. Morrison et al., 2003, 2005

�y Need to be investigated In vivo

ºCCI at a velocity of 4 m/s (Igarashi et al., 2007)

º0 mm (sham), 1. 5 mm impact depth (mild), 2.0 

mm (moderate), and 2.7 mm (severe)

ºNeuronal cell loss in the superficial cortex (SC), 

deep cortex (DC), hippocampus (Hipp), 

thalamus (Thala) and vermis of the cerebellum 

(CBV) were quantified


