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MotivationMotivation

• Media and Public Perception
• Is heading in soccer safe?
• Are brain injuries a problem?
• Concern about cumulative effects?
• Is protection needed (headgear, mouth 

guards)?
• Does headgear work?
• Are children especially at risk?
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MotivationMotivation

• Game Play Activities
• Heading restricted for children 
• Reduced heading exposure in training
• Protective equipment being mandated
• Low mass/pressure balls for heading
• Skill development
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MotivationMotivation

• Medical/Scientific Community
• early studies indicating potential safety issues
• Neuropsychological, neurophysiological deficit 
• Concussions, long term effects
• Impact tolerance
• Incidence of injury
• Research split about risks
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Safety ApproachSafety Approach

PreventPrevent

ProtectProtect

RecoverRecover

Eliminate Threat
-game play rules
-training 
guidelines

Reduce Severity 
and Occurrence 
-strength, skills, 
technique
-equipment 
on/off player

Recover
-diagnosis 
-treatment 
-rehabilitation

Injury 
Risk 
Mgmt

Injury 
Risk 
Mgmt
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Study ObjectivesStudy Objectives

• Identify methods of head impact reduction 
through biomechanical studies:

• heading techniques
• ball properties
• head impact
• headgear
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HEADINGHEADING
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Methods - approachMethods - approach
Investigation

Confirmation
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ControllingControlling

ClearingClearing

Methods - conditionsMethods - conditions
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Methods - instrumentationMethods - instrumentation
Subject InstrumentationSubject Instrumentation

Intra-oral 
Device

Torso 
Alignment 
Device

Trapezius EMG 
electrode A1

A2

S1

S2

Sternocleido-
mastoid EMG 
electrode

Contact 
Switch Subject Subject 

MeasuresMeasures

Motion Motion 
AnalysisAnalysis

Head Responses:
- linear acceleration
- angular acceleration
- head impact power
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Methods – modelMethods – model

Neck Muscle Neck Muscle 
GroupingsGroupings

BallBall--Head Head 
Contact ModelContact Model

0C0C--C7 C7 
VertebraeVertebrae

Coupled Coupled 
TorsoTorso

Model StructureModel Structure

Model DynamicsModel Dynamics
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Findings – neck muscle effectsFindings – neck muscle effects

Tensed
Low Speed
Tensed
Low Speed

Tensed
High Speed
Tensed
High Speed

Relaxed
Low Speed
Relaxed
Low Speed

PositivePositiveNegativeNegative

Linear Angular Power

Baseline
Low Speed
Baseline

Low Speed
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Findings – torso effectsFindings – torso effects

Follow
Through
Follow
Through

Torso
Aligned
Torso
Aligned

Linear Angular Power

PositivePositiveNegativeNegative Baseline
Low Speed
Baseline

Low Speed



•

HEAD IMPACTHEAD IMPACT



2nd International Football and Sports Medicine Conference 20062nd International Football and Sports Medicine Conference 2006

•

Head ImpactHead Impact
• Impacts = low to life threatening
• Caused by: 

• upper extremity
• head to head
• head to lower extremity
• head to goal post

• Accidental & intentional
• Avenues for reduction/prevention
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Methods – head impactMethods – head impact

Identify ConditionsIdentify Conditions Assess Impact Assess Impact 
SeveritySeverity

Kinematic AnalysisKinematic Analysis BiomechanicsBiomechanics

Investigation - elbow to head

• Wrist to head impacts also investigated
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Methods – head impactMethods – head impact

Identify ConditionsIdentify Conditions

Assess Impact Assess Impact 
SeveritySeverity

Biomechanical AnalysisBiomechanical Analysis

Investigation - Head to head
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Findings - head impactFindings - head impact
• Impact conditions established from video 
• Head and neck impact response measured
• Upper ext. impacts = clinical importance
• Head-to-head impacts = greater severity
• Accidental impacts = random, controllable?
• Intentional impacts = systematic, 

can be controlled
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HEADGEARHEADGEAR
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Methods – head gearMethods – head gear

Temple ImpactTemple Impact

Low SeverityLow Severity

HeadHead--toto--HeadHead OcciputOcciput ImpactImpact

High SeverityHigh SeverityBall ContactBall Contact
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Findings - headgearFindings - headgear

• Headgear = no benefit for intentional 
or accidental ball impact (6-30 m/s)

• Headgear = benefit (6%-69%) for 
head-to-head contact (2-5 m/s)

• Certain models of headgear provide 
little protection above 3 m/s.
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BALL PROPERTIESBALL PROPERTIES
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Ball PropertiesBall Properties

• Ball properties (mass, pressure, speed, 
others) responsible for level of impact

• Some organizations 
recommending lighter
or low mass balls
for training
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Methods – ball propertiesMethods – ball properties
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Findings – ball propertiesFindings – ball properties

Reduced MassReduced Mass

Reduced PressureReduced Pressure

PositivePositiveNegativeNegative Baseline
Low Speed
Baseline

Low Speed

Linear Angular Power
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Methods - ball propertiesMethods - ball properties
• Ball speed varies with player age, skill level, 

and game type
• kicked 17-33 m/s
• headed 1-14 m/s
• research 6.3-12 m/s

• Ball response vs.
properties (mass, press.
stiffness, impulse, disp.
force, power) 0
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SummarySummary
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Recent Advances - footballRecent Advances - football

• Research published in BJSM (Vol. 39, S1)
• Prospective injury studies

• type, incidence, mechanisms, biomechanics
• Player training and skills development
• Game play environment changes

• footballs, artificial turf, rules
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•

Recent Advances - sportsRecent Advances - sports

• Prospective studies to evaluate protective 
gear (football, rugby, American football)

• Performance standards being developed
• Positive changes Mouth 

guards

© Biokinetics © Biokinetics 

Helmets 
for MTBI
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Future Challenges?Future Challenges?
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