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INJURY:INJURY:INJURY:

The result of the application 
of mechanical energy above 
the ability of the tissue to 
withstand it without 
anatomical or physiological 
alteration.

The result of the application The result of the application 
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the ability of the tissue to the ability of the tissue to 
withstand it without withstand it without 
anatomical or physiological anatomical or physiological 
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BRAIN INJURY IS NOT 
UNIDIMENSIONAL!!
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•DIFFERENT CAUSES
•DIFFERENT MECHANISMS
•DIFFERENT TYPES
•DIFFERENT AMOUNTS
•DIFFERENT LOCATIONS
•DIFFERENT PATHOPHYSIOLOGY
•DIFFERENT TREATMENTS

••DIFFERENT CAUSESDIFFERENT CAUSES
••DIFFERENT MECHANISMSDIFFERENT MECHANISMS
••DIFFERENT TYPESDIFFERENT TYPES
••DIFFERENT AMOUNTSDIFFERENT AMOUNTS
••DIFFERENT LOCATIONSDIFFERENT LOCATIONS
••DIFFERENT PATHOPHYSIOLOGYDIFFERENT PATHOPHYSIOLOGY
••DIFFERENT TREATMENTSDIFFERENT TREATMENTS

So is one tolerance reasonable?????So is one tolerance reasonable?????
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What are we trying to prevent?What are we trying to prevent?What are we trying to prevent?

•Which TBI are “acceptible?”
•Which TBI are unacceptibl;e?
•Are these the same for all 

circumstances?
•Given the advances in the last 

50 years. Don’t we have to 
lower the bar and prevent more 
TBI?

••Which TBI are “Which TBI are “acceptibleacceptible?”?”
••Which TBI are Which TBI are unacceptibl;eunacceptibl;e??
••Are these the same for all Are these the same for all 

circumstances?circumstances?
••Given the advances in the last Given the advances in the last 

50 years. Don’t we have to 50 years. Don’t we have to 
lower the bar and prevent more lower the bar and prevent more 
TBI?TBI?
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Mortality of severe TBIMortality of severe TBIMortality of severe TBI
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• Uniform injury 
descriptors; 
improved care; 
trauma care 
systems

• GCS:  Teasdale 
,Jennett 1974

• Widespread 
adoption of GCS, 
Langfitt, Gennarelli 
1982
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Importance of Biomechanics Importance of Biomechanics Importance of Biomechanics 

• Shift of TBI type
• Shift of TBI 

severity
• Reduction of 

mortality
• Potential of virtual 

elimination of 
severe TBI in 
certain situations

•• Shift of TBI typeShift of TBI type
•• Shift of TBI Shift of TBI 

severityseverity
•• Reduction of Reduction of 

mortalitymortality
•• Potential of virtual Potential of virtual 

elimination of elimination of 
severe TBI in severe TBI in 
certain situationscertain situations
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Number of Vehicles with AirbagsNumber of Vehicles with AirbagsNumber of Vehicles with Airbags
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Future of TBIFuture of TBIFuture of TBI
• The chances of getting an 

AIS 4-6 head injury when 
restrained with seat belt 
and airbag are very small 
in a frontal crash .. 0.14%.  
So if  all 1.5M frontal 
occupants had SB+AB:
•1.5 *0.14% =2100/yr = 1 

per hospital per year

•• The chances of getting an The chances of getting an 
AIS 4AIS 4--6 head injury when 6 head injury when 
restrained with seat belt restrained with seat belt 
and airbag are very small and airbag are very small 
in a frontal crash .. 0.14%.  in a frontal crash .. 0.14%.  
So if  all 1.5M frontal So if  all 1.5M frontal 
occupants had SB+AB:occupants had SB+AB:
•1.5 *0.14% =2100/yr = 1 

per hospital per year
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•If a serious head injury 
occurs, it will be at far higher 
crash speeds than with other 
restraint systems.

••If a serious head injury If a serious head injury 
occurs, it will be at far higher occurs, it will be at far higher 
crash speeds than with other crash speeds than with other 
restraint systems.restraint systems.
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Minor TBI will be more 
important
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So, do we need to think about preventing So, do we need to think about preventing mTBImTBI??
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TYPES OF HEAD INJURYTYPES OF HEAD INJURYTYPES OF HEAD INJURY
• SCALP LACERATIONS
• SKULL FRACTURES
• FOCAL BRAIN INJURIES

•CONTUSION, LACERATION
•HEMORRHAGE: EDH, SAH, SDH, 

ICH
• DIFFUSE BRAIN INJURIES

•CONCUSSION SYNDROMES
•DIFFUSE AXONAL INJURY

• PENETRATING INJURIES
• BLAST-EXPLOSIVE INJURIES
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Mechanical LoadingMechanical LoadingMechanical Loading

StaticStaticStatic DynamicDynamicDynamic

ImpactImpactImpact ImpulsiveImpulsiveImpulsive

ContactContactContact Head MotionHead MotionHead Motion

Local 
Skull 
Bending

Local Local 
Skull Skull 
BendingBending

Skull 
Volume 
Change

Skull Skull 
Volume Volume 
ChangeChange

Shock
Waves

ShockShock
WavesWaves

TranslationTranslationTranslation RotationRotationRotation AngularAngularAngular

Tissue Strain
(deformation)

Tissue StrainTissue Strain
(deformation)(deformation)

Compression    Tension     ShearCompression    Tension     ShearCompression    Tension     Shear

Scalp   Bone   Vessels   BrainScalp   Bone   Vessels   BrainScalp   Bone   Vessels   Brain

INJURYINJURYINJURY



Department of NeurosurgeryDepartment of Neurosurgery

Mechanisms of the Head 
Injuries
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Contusion
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•Subdural Hematoma
•Concussion
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••Head Motion InjuriesHead Motion Injuries
•Contre Coup 

Contusion
•Subdural Hematoma
•Concussion
•Diffuse Axonal Injury
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HEAD CONTACT INJURIES
MOTION NOT REQUIRED;  DIRECT BLOW 

NECESSARY
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•Penetrating (Missile) injury
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••Shock WavesShock Waves
•Intracerebral Hemorrhage
•Penetrating (Missile) injury
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HEAD MOTION INJURIES
Motion required: direct blow not necessary

HEAD MOTION INJURIESHEAD MOTION INJURIES
Motion required: direct blow not necessaryMotion required: direct blow not necessary

•SURFACE STRAINS
•SUBDURAL HEMATOMA
•CONTRE COUP CONTUSION

•DEEP  STRAINS
•CONCUSSION SYNDROMES
•DIFFUSE AXONAL INJURY`
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When you break the 
skull, the brain may 
remain intact.

When you break the When you break the 
skull, the brain may skull, the brain may 
remain intact.remain intact.
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Isolated HI LesionsIsolated HI LesionsIsolated HI Lesions
Lesion n % single

CSDH 24 70.8
Concussion 199 26.6
DAI - sev 17 23.5
DAI mod 57 22.8
Ped Swelling 28 17.9
ICH 33 9.1
Scalp 144 6.9
ASDH 67 3.0
Fx Vault 128 1.6
Contusion 135 1.5



INCIDENCE OF INJURIESINCIDENCE OF INJURIES
OCCUPANT PEDESTRIAN NON-VEHICULAR

SKULL FRACTURE
VAULT 25 40 39
BASILAR 21 18 12

DIFFUSE INJURY
CONCUSSION 43 49 45
MODERATE DAI 22 50 2
SEVERE DAI 13 1 1

FOCAL INJURY
CONTUSION 33 25 32
ALL SDH 16 8 18
SDH main injury 4 5 9
EDH 4 22 8
ICH 3 12
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Skull Fracture Incidence
Percent

Skull Fracture IncidenceSkull Fracture Incidence
PercentPercent

 Occupants Pedestrians Non-
Vehicular 

Concussion 29 52 50 

Moderate 
DAI 

46 32 50 

Severe DAI 30 50 0 

SDH 45 75 52 

Contusion 53 60 58 
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Diffuse Brain Injury CategoriesDiffuse Brain Injury CategoriesDiffuse Brain Injury Categories

5

5

5

4

4

1-3

Ommaya
Gennarelli 

Concussion Grade1

>24 hrb

> 24 hra

6-24 hr

1-6 hr

<1hr

0

LOC

5

5

4

3

2

1

AIS

Severe DAISev DAI

Moderate DAIMod DAI

Mild DAIMild DAI

Severe 
Concussion

SC

Classical 
Concussion

CC

Mild ConcussionMC

AdjectiveAbbreviation

5

5

5

4

4

1-3

Ommaya
Gennarelli 

Concussion Grade1

>24 hrb

> 24 hra

6-24 hr

1-6 hr

<1hr

0

LOC

5

5

4

3

2

1

AIS

Severe DAISev DAI

Moderate DAIMod DAI

Mild DAIMild DAI

Severe 
Concussion

SC

Classical 
Concussion

CC

Mild ConcussionMC

AdjectiveAbbreviation

a = no brainstem abnormaility; b = with decerebration, decortication



Department of NeurosurgeryDepartment of Neurosurgery

Directional Dependence of 
Diffuse Brain Injury

Experimental Subjects with comparable 
acceleration input

Directional Dependence of Directional Dependence of 
Diffuse Brain InjuryDiffuse Brain Injury

Experimental Subjects with comparable Experimental Subjects with comparable 

acceleration inputacceleration input

DAI GRADE SAGITTAL HORIZONTAL CORONAL

0 4 0 0
1 5 1 0
2 0 9 1
3 0 0 8

Gennarelli, 31st Gennarelli, 31st StappStapp 19871987
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Inertial TolerancesInertial TolerancesInertial Tolerances
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Relation of Tolerances to 
Adjectival Descriptors of Diffuse 

Brain Injury
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Concussion Symptom Inventory (CSI) 
Randolph, Barr, McCrea, Millis, Guskiewicz, Hammeke, Kelly, 2005 

Symptom Absent Present
HEADACHE 0 0 

NAUSEA 0 1 

BALANCE PROBLEMS/DIZZINESS 0 1 

FATIGUE 0 1 

DROWSINESS 0 1 

FEELING LIKE “IN A FOG” 0 1 

DIFFICULTY CONCENTRATING 0 1 

DIFFICULTY REMEMBERING 0 1 

SENSITIVITY TO LIGHT 0 1 

SENSITIVITY TO NOISE 0 1 

BLURRED VISION 0 1 

FEELING SLOWED DOWN 0 1 

                                                                     TOTAL__________ 
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Grades of ConcussionGrades of ConcussionGrades of Concussion

++few minfew min--LOCLOCTorgTorg
19851985 PTA+RGAPTA+RGAPTA or RGAPTA or RGAPTAPTAamnesiaamnesia

++++--AmnesiaAmnesia
++++++ConfusionConfusion
++----LOCLOCCO CO 

MedMed
19911991

>24hr>24hr11--24hr24hr<1hr<1hrPTAPTA
>5min>5min<5min<5min--LOCLOCCantuCantu

19971997

>15 min>15 min<15 min<15 minSxSx
++----LOCLOCAANAAN

19971997

Grade 3Grade 3Grade 2Grade 2Grade 1Grade 1
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ResultsResultsResults
•Production of risk curves

• Each curve represents the probability of Mild Traumatic 
Brain Injury being associated with a specific value of injury 
measure 

• Results of Logistic Regression Analyses

••Production of risk curvesProduction of risk curves
• Each curve represents the probability of Mild Traumatic 

Brain Injury being associated with a specific value of injury 
measure 

•• Results of Logistic Regression AnalysesResults of Logistic Regression Analyses
 am αm SI HIC15 GAMBIT HIP 

Significance 
P-value 

0.011 0.029 0.024 0.020 0.013 0.008 

-2LLR 
 

18.059 20.676 18.195 19.347 18.031 14.826 

 

 
Newman IRCOBI 2000Newman IRCOBI 2000
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Probability of MTBI: AmaxProbability of MTBI: AProbability of MTBI: Amaxmax

(n=24)
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Probability of MTBI: αmaxProbability of MTBI: Probability of MTBI: ααmaxmax
(n=24)
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Probability of MTBI: 
GAMBIT

Probability of MTBI: Probability of MTBI: 
GAMBITGAMBIT
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Probability of MTBI: HIC15Probability of MTBI: HICProbability of MTBI: HIC1515
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Probability of MTBI: HIPProbability of MTBI: HIPProbability of MTBI: HIP
Probability of Concussion as Function of HIP

(n=24)
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Tolerances for mTBI: King 2003Tolerances for Tolerances for mTBImTBI: : King 2003King 2003

Predictor 
Variable 

Threshold Values for 
Likelihood of MTBI 

 25% 50% 75% 
Ar max (m/s2) 559 778 965 
Rr max (rad/s2) 4384 5757 7130 
HIC15 136 235 333 
εmax 0.25 0.37 0.49 
dε/dtmax (s-1) 46 60 79 
ε•dε/dtmax (s-1) 14 20 25 
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King:  2003King:  2003King:  2003
•• At least for MTBI, the best predictor for At least for MTBI, the best predictor for 

injury is neither linear nor angular injury is neither linear nor angular 
accelerationacceleration

•• It is the product of strain and strain rateIt is the product of strain and strain rate
•• This may be controversial but it is This may be controversial but it is 

biomechanically reasonable because biomechanically reasonable because 
brain response governs injury, not the brain response governs injury, not the 
inputinput
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•Which TBI are “acceptible?”
•Which TBI are unacceptibl;e?
•Are these the same for all 

circumstances?
•Given the advances in the last 

50 years. Don’t we have to 
lower the bar and prevent more 
TBI?
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••Are these the same for all Are these the same for all 

circumstances?circumstances?
••Given the advances in the last Given the advances in the last 

50 years. Don’t we have to 50 years. Don’t we have to 
lower the bar and prevent more lower the bar and prevent more 
TBI?TBI?
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Total Protection from TBITotal Protection from TBI
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