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The Art of Football (Soccer) Heading 
from Two of the Greatest in the Game!
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The Troublesome Hits 
in Futbal (Soccer)
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The Troublesome Hits 
in Football
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Classic “Fencing 
Response” a positive 

fencing response 
resembles the en garde
position that initiates a 
fencing bout, with the 

extension of one arm and 
the flexion of the other.



Contemporary Definition 
of Sport-Related Concussion (SRC)

• Concussion
(commotio 
cerebri) – a 
traumatic brain 
injury induced by 
biomechanical 
forces. 

Analogous 
to ice cubes 
in a glass of 
water!

Condensed from the 2012 
definition that read “a 

physiological disruption of brain 
function caused by an external 

force and manifests as an 
alteration of attention and mental 
state and is indicated clinically by 

a new onset or worsening of a 
range of evolving signs and 

symptoms that are influenced by 
both intrinsic and extrinsic factors.
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Sports-Related Concussion Incidence  
in the United States
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High School RIO Injury 
Statistics 2005-2006
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The Pentagram of 
Concussion
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A pentagram is the shape of a 
regular five-pointed star polygon, 
formed from the diagonal line 
segments of a convex regular 
pentagon. Drawing a circle around 
the 5 points creates a similar 
symbol referred to as the pentacle



The Pentagram 
of Concussion



Head Impact Kinematics

Comparison with 
everyday activities (1) 
head strike 11 g’s, (2) 

chair plop 4 g’s (3) head 
shake 4 g’s, (4) 

“aggressive” pillow fight 
19 g’s

Newton’s Cradle = 39 g’s

Funk et al. 2010 Ann of Biomed Eng.

A force acting on a body as a result of 
acceleration or gravity, informally described 
in units of acceleration equal to one g. For 
example, a 12 pound object undergoing a g-
force of 2g experiences 24 pounds of force.

If really interested 
here is an entire 
thesis devoted to 

everyday 
activities:
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CDC’s Concussion Video
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Another Way of Looking at Brain 
Motion during Concussion

• Shake an egg hard enough and the yolk will 
scramble despite the shell remaining intact!

• The jello-like brain floating in the skull, 
surrounded by shock-absorbing membranes 
called meninges, is always late to catch up!

• Linear forces ripple top to bottom – no big 
deal, take plate and twist the jello mold like a 
steering wheel --- quite a mess on your hands 

Athletic Training Research Laboratory



A West Point Tradition Gone Awry!
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The annual tradition, which 
dates back to at least 1897, 

has been a way for first-
year cadets, known as 

“plebes,” to swing a few 
pillows at their comrades 
and harmlessly blow off 
steam after a grueling, 
seven-week summer of 

training.



Risk-Weighted Exposure and   
Cumulative Head Impacts
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Combined probability of concussion contour given from the combined 

linear and rotational acceleration from Rowson et al. 2013

Bottom-line – the 
higher the 

rotational & linear 
acceleration the 

greater chances of 
concussion!



Head Impact Kinematics
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• A US Olympic Festival report indicated that 18% 
of the concussions resulted from heading –

• Two factors that have created the concern:
– Heading-Related Symptoms

• Headache
• Neck pain
• Dizziness

– Risk of Multiple (Successive) Concussions
• Each event reduces the “neuron reserve”, 

creating a deficiency that may become 
evident with future injury

• Others have raised the concern over damage to 
the cervical spine and TMJ regions
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Incidence of Concussion due to 
Heading a Soccer Ball
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Contemporary 
Evidence
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• The rate of concussion is greater in female soccer players when compared to 
males.

• Female soccer players have reduced neck strength and increased head 
acceleration.

• Females may suffer more concussions in relation to ball-to-head impact.

• There may be a hormonal link to increased concussion rates in female 
athletes.



The University of Delaware is Committed to 
Making Sports Participation SAFE, FUN, 

and ENJOYABLE!
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NCAA/DOD CARE Project

Enrollment 
52,000 SA’s

Concussion 
5,000+

Care 2.0 began with 
2018-19 SY and 

ended in 12/2020 --
- stay tuned for 

CARE LONG!
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Grand Alliance
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Video Summary of the 
Baseline Testing
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An Interesting Historical Quote  vs. 
Contemporary Management of Concussions

• W.H. Earles writes in JAMA “Every case of recent 
head injury, however trivial it may appear, 
should, we believe, be treated with the greatest 
consideration, lest damage to hidden and 
important structures escape our attention, thus 
leaving a foundation for future trouble which too 
often is irreparable” 

–What’s the hurry?  After all it is the brain!
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The Elephant in the Room 

• Repetitive Subconcussive Head Impacts (RSHI)

– Blows to the head which do not cause 
concussion signs and symptoms are 
hypothesized to cause clinical and pathological 
findings (“slosh” phenomenon) 

• Meehan et al, 2015.

– Greatest effect through repetitive occurrences 
whereby cumulative exposure is deleterious

• Bailes et al, 2013

– “Probably…..genetic factors (APO E and IL-6) 
that play an important role in susceptibility to 
injury”

• Bailes et al , 2013
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Consensus Head Acceleration 
Measurement Practices (CHAMP)
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Just How Many Headers Did Abby Wambach Have 
in Her 30 Year Career as a Soccer Player?

• Youth?

• High School/Travel Team?

– 4 years @ Our Lady of Mercy High School

– 3 years with  Rochester Spirit

• Collegiate (estimates)

– Matches ≈ 610 ÷ 77 = 7.92/game

– Practice ≈ 190 ÷ 105 = 1.81/practice

• Professional (extrapolate)

– Matches ≈ 371 x 7 = 2,597 headers

Senior career*

Years Team Apps (Gls)

2002–2003
Washington 
Freedom

37 (23)

2009–2010
Washington 
Freedom

39 (21)

2011 magicJack 11 (9)

2013–2014
Western New 
York Flash

29 (17)

Total 116 (70)

National team‡

2001–2015
United 
States

255 (184)

Would it be safe to say 
that she’s headed the 
ball 10,000+ times 

during her 30+ year 
career?
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So What Does Her Brain Look 
Like Today? Into the Future?

Photo credit: Boston University Center (Traumatic 

Encephalopathy)
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Circa March 6, 2020



Did It Start With This?

Athletic Training Research Laboratory



It Has Continued With 
Headlines Like This

“Heading a Soccer Ball May be Bad for the 
Brain”

“Heading a Soccer Ball is Risky Even if 
Concussions Rare”

“Does Heading a Soccer Ball Cause Brain 
Damage?”

“Don’t Use Your Heads, Kids”

“Should Young Soccer Players be Banned 
from Heading the Ball?”

Patrick 
Grange



This is Your Brain ……
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The Latest Evidence

Bottomline is that 
playing American 
football past high 
school greatly 
increases your 
chances of 
developing CTE!



The FIELD 
Study
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Defenders
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Ban Soccer 
Heading? The 

Science of Head 
Impact 

Biomechanics in 
Soccer
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What Does the Research Tell Us 
About Heading a Soccer Ball?
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2021 
Wahlquist 

dissertation 
data



Methods

U12

• 10 Female Games
• 10 Male Games

U13

• 10 Female Games
• 10 Male Games

U14

• 10 Female Games
• 10 Male Games

Weekend Youth Soccer Tournament

• Heading Exposure
• 60 Games

Aim 1



Results: Males vs. Females

• N= 828 females & 846 males

• Males headed the ball 
significantly more than 
females: 14.2 vs 5.1 
headers/game (p<.001)

• Large effect size, d=1.58

44

Aim 1

*
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High School (Interscholastic) Data
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Soccer Heading in WSOC @ UD after 16 Years



Purposeful Heading Trends MSOC
@ UD 2003-2015
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Purposeful Heading Trends MSOC
@ UD 2003-2015



Limited Data from Professional (male) Players

–Professional soccer players head the ball 
more than 2,000 times during their career 

–5,250 headers over a course of a 15-year 
career --- this equates to approximately 6.67 
headers/game 

– 16 headers per game by professional players; 
8.5 per game by amateur players 

–On average soccer players head the ball 6 
times/game 

–US National team (men) – 5 headers/game 

–US Olympic Sports Festival – interviews with 
elite soccer players – 7.85 headers/game
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2018 Norway Cup Data
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Einstein Soccer Study
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Heading is Associated with Abnormal White 
Matter Microstructure and with Poorer 
Neurocognitive Performance – Lipton et al, 2014 
Radiology



Alarming New Evidence 
About Soccer Heading?
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Discussion: Sub-concussive head impacts 
routine in soccer heading are associated with 
immediate, measurable electrophysiological 
and cognitive impairments. Although these 

changes in brain function were transient, these 
effects may signal direct consequences of 

routine soccer heading on (long-term) brain 
health which requires

further study.



Technological Advances to 
QUANTITATIVELY Track and 

Monitor Head Impacts in 
Soccer (and other sports)
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Wake Forest Collaboration
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Examining Repetitive 
Head Impacts in Collegiate 
Soccer Players Using a 
Custom Retainer 
Mouthpiece Sensor



Mouthpiece Sensors  and RHI
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Using Triaxial 
Accelerometers to Monitor 

Real-Time RHI

10 g Threshold

Recommended 

by King et al. 

2016
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Triax Sensors in Play
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Soccer Heading 
Demonstration
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Influences on 
Head Acceleration in Soccer
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• Low head-neck segment mass, ↑ head acceleration

• Head-neck-torso alignment, ↓ head acceleration  

• Neck strength and stiffness, ↓ head acceleration 

• Head-to-head impacts and unanticipated ball contacts, ↑ head 
acceleration 

• Ball contacts at high velocity, ↑ head acceleration

• Headgear, ↓ head acceleration, but may also cause athletes to 
play more recklessly because they feel a sense of increased 
security 



• Purposeful heading is an important and vital 
skill in soccer!

• Sensors are a good tool to help us study and 
monitor head impacts in soccer --- however 
they likely require video verification backup!

• Using sensors allow us to make comparisons.

• Heading in soccer, when done properly, may
not be bad.

• Downstream effects?  Concern about future 
national team players who are not very good 
at heading the ball?

Athletic Training Research Laboratory

Importance to the Healthcare 
Professionals?



US Soccer Youth Heading Guidelines

• In 2015, guidelines governing purposeful 
heading in youth population implemented 

• Players 10 years and younger

– Banned from heading the ball

• Players 11-13 years old

– Unlimited heading in games

– Limited to 15-20 headers in practice/week

• Players 14 years and older

– Unlimited heading in games and practices
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This was in response 
to a class-action 

lawsuit from parents 
in California!



Youth Soccer Heading Videos
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The English Football Association Guidelines
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This was in response to 
good scientific/medical 

evidence!



Collaboration with Einstein Medical Center –
Dr. Michael Lipton (Gruss Magnetic Resonance 

Research Center [MRRC])

• Examining the mitigating effects 
of EXERCISE (VO2 max) in 
establishing brain resiliency to 
RHI!  

• $5 million/5 years
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Introducing “Get aHEAD
Safely in Soccer”™

https://unitedsoccercoaches.org/web/web/Education
/eLearning/Get_aHEAD_Safely_in_Soccer.aspx
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“Get aHEAD Safely in Soccer”™
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Examining RHI in 
Youth Soccer Players
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Teaching Heading as a Skill

• “Age 9, 10, and 11 
might be the Golden 
Age of Learning, but 
it is not the Golden 
Age of Heading” –

Howe & Waiters

• Coaches must be 
careful when and 
how to correctly 
teach proper 
heading methods
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Watch the overzealous dad getting his 3 y.o. 
daughter to head a ball ---- ouch!!

http://www.stuorg.iastate.edu/soccer/SoccerPics/VEISHEAGirlHeadingBallAtParade.jpg


The Craziness of Ill-Informed Coaches Continues 
even at the Intercollegiate Level!
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Decreasing the Risk of 
Concussion in Soccer

• Teach proper heading techniques

– ↑ the effective mass of the player via proper 
technique whereby the trunk/neck/head become 1!

• Develop strong neck musculature

• Teach EYES OPEN concept (visual training 
implications?)

• Avoid dangerous play situations

– Coaches should take time to talk to young soccer 
athletes about this

• Referees who enforce the rules and guidelines

• Use softer/under-inflated soccer balls (especially in 
the youth players)

• Developing children DO NOT need to be heading the 
ball!
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So Should I Care about RHI 
in Football (Soccer)?

• Prudent and judicious use of purposeful heading drills in youth 
soccer players ---- are the US Soccer youth heading guidelines 
appropriate?

– Validity of programs such as the Get aHEAD Safely in Soccer are 
needed!

• Aerial challenges pose the most significant concussion threat in 
soccer/football and steps taken to protect players are needed

– Awareness  and “personal space” are critical for protection

• Data from the Einstein Soccer Study are pointing toward a heading 
threshold point that may unlock the answers to long-term exposure 
issues
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Future Research
• Impact of a ball on the head, including 

examination of ball pressures in game

• Verify the exposure to heading across all ages

• Longitudinal studies on soccer players focusing on 
exposure and injury

• Determine the minimum safe age to begin heading 
the ball.

• Importance of neck strengthening in soccer
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Questions
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CONTACT 
INFORMATION

Thomas W. Kaminski, PhD, ATC, FNAK, FNATA, FACSM, RFSA

Professor

Director of Athletic Training Education

University of Delaware

541 South College Avenue

Human Performance Lab - Room 159

Newark, DE 19716

kaminski@udel.edu

302-831-6402 (office)

302-465-2335 (cell)

302-831-3693 (fax)

https://www.udel.edu/academics/colleges/chs/departments/kaap/graduate-
programs/athletic-training/

Get aHEAD Safely in Soccer™Online Diploma Course -
https://unitedsoccercoaches.org/education/get-ahead-safely-in-soccer/
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https://unitedsoccercoaches.org/education/get-ahead-safely-in-soccer/


Thank You
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