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AMERICAN FOOTBALL: WATCH YOUR HEAD!
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YOUNG REVIEWER:

MRITTIKA

AGE: 14

Head impacts in American football may lead to brain injuries called

concussions. To study head impacts in young people who play

American football, we collected data using sensors in mouthguards

worn by young American football players. The sensors counted the

number of hits and bumps to the head (head impacts) that players

of American tackle and flag football got during the football season.

We found that tackle football players had about 15 times more head

impacts during a game or practice than flag football players had, and

23 timesmore hard head impacts. Learningmore about head impacts

in young American football players can help scientists find ways to

lower the chances of concussions and other injuries. That way, kids

can enjoy the benefits of sports while keeping their brains safe.

WHAT IS A CONCUSSION?

You have probably heard about professional athletes getting
concussions while playing sports. You may even know someone

CONCUSSION

A type of brain injury
from a bump, blow, or
jolt to the head or body
that leads to chemical
changes in the brain
that may a�ect how a
person thinks, acts,
feels, or learns
during recovery.

who has had a concussion, or maybe you have even had one yourself.
If so, you may already know that a concussion is a brain injury
(Figure 1). Concussions can change the way a person thinks, acts,
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Figure 1

Figure 1

A concussion is a type
of traumatic brain injury
from a bump, blow, or
jolt to the head or body.
(A) When there is a jolt
to the head or body,
the head and brain
move quickly back and
forth. (B) The brain
bounces and/or twists
in the skull from the
sudden movement. (C)
Concussions can cause
chemical changes in
the brain’s cells, as well
as stretching or other
damage to the brain’s
tissues.

feels, or learns during recovery [1]. For example, some kids get
headaches, feel sick to their stomachs, or feel like they are in a fog
while they are recovering from concussions. Others may have trouble
concentrating and feel more tired than usual, making it hard to wake
up for school.

During recovery, kids with concussions may need extra help at school
for a short time [2]. They may also need to take a break from activities
that can increase the chances of another head or brain injury, like
playing sports or riding a bike [2]. Most kids have good recoveries and
can get back to their regular activities within a couple of weeks after
the concussion [2]. However, scientists have found that people with
repeated concussions may experience longer recovery times or more
severe symptoms [3].

Scientists are also trying to learn more about the long-term e�ects
on the brains of people who experience multiple or repeated head
impacts. Repeated head impacts include not only those that lead to
concussions, but also impacts that do not cause the person to feel
symptoms. Collisions experienced while playing sports are one way
a person may receive repeated head impacts. There is a lot we do
not know about head impacts that do not cause a person to feel
symptoms. For example, we do not knowwhether these head impacts
a�ect the brains of young athletes over time.

HOWDO SCIENTISTS STUDY HEAD IMPACTS?

To learn more about head impacts, scientists created tiny sensors.
There are many types of sensors. Some were designed to be placed in
a mouthguard or in an American football helmet. Others were created
to fit in a patch that can be placed like a sticker on the side of an
athlete’s head. The sensors keep count of each time an athlete gets
a hit or bump to the head. The sensors can also tell whether the hit
made the athlete’s head move front-to-back or side-to-side, or if the
head twisted (Figure 2). However, sensors cannot tell if an athlete got
a concussion from the impact.
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Figure 2

Figure 2

Data collected from an
American football
helmet sensor worn by
a college player during
two practice sessions.
Each arrow shows
where the player got a
head impact and how
strong the impact was.
The longer the arrow,
the stronger the
impact. The strength of
head impacts is
measured in g-force.
One impact, which was
63.95g, caused a
concussion (image
credit: Matthew Gfeller
Sport-Related TBI
Research Center,
University of North
Carolina at Chapel Hill).

Importantly, scientists also use sensors to measure the strength of
each head impact, meaning whether an athlete got a hard or soft hit
to the head. The sensor reports the strength of the head impact as
a g-force, which stands for “gravitational force equivalent.” We may

G-FORCE

(Gravitational force
equivalent): The force
that pulls or attracts all
physical objects toward
the center of
our planet.

think of g-forces as what astronauts feel when they are launched into
space. However, we experience g-forces to our brains many times
during a normal day. When you are sitting still, you are at 1g. When
you move your head, the g-force changes. For example, when your
headmoveswhen you sneeze orwalk, you experience about a 3g head
impact. Running or jumping is about a 5g head impact. Getting a hit
to the face during a pillow fight may be as high as a 20g head impact.
A hit while playing American football can be as high as a 180g head
impact (Figure 3) [4].

An impact of 40g or higher increases the chance for concussion or
other serious injury. But scientists do not currently know exactly how
much g-force is needed to cause a concussion. Some people get
concussions following a soft hit with a low g-force. Others do not get
concussions after a hard, high g-force head impact.

STUDYING HEAD IMPACTS IN YOUTH FOOTBALL

The excitement of catching the ball and running it into the endzone
is just one reason why American football is one of the most popular
sports played by young athletes in the United States. Each year, about
2 million kids take to the football field. While sports are a great way
for kids to stay active, there is concern about head impacts and the
safety of American football for young athletes. Tackle football is the
most common type of American football played in the United States.
Tackling involves knocking a player to the ground to end a play.
Tackling is the biggest cause of head impacts and concussions in
American football [5]. Flag football is a form of American football in

FLAG FOOTBALL

A form of American
football in which
tackling is not allowed.
Instead, an athlete
removes a flag or flag
belt from the ball
carrier to end a play.
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Figure 3

Figure 3

Examples of head
impact g forces for
di�erent activities∗.

which tackling is not allowed. Instead, an athlete removes a flag or
flag belt from the ball carrier to end a play.

We wanted to learn how many head impacts a young American
football player might get during a football season, depending on the
type of American football played: tackle or flag. We gavemouthguards
with sensors to over 540 players, ages 6–14 years. Some of the
athletes played on tackle football teams and others played on flag
football teamswith no tackling allowed. Each athlete playedwith other
players in the same age range. Athletes wore their sensor-containing
mouthguards at every practice and game during the football season.
At the end of the season, we gathered the data from the mouthguard
sensors, which included information on the number of hits to the head
and the g-force of each hit. We could also see whether the athlete got
the head impact during a practice or a game.

WHAT DIDWE FIND?

From analyzing the sensor data, we found that tackle football players
had about 15 times more head impacts (of any severity) than the flag
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football players during a game or practice [6, 7]. The tackle football
players also had 23 times more hard head impacts than flag football
players during a game or practice [6]. Both tackle and flag football
players weremore likely to get head impacts during games than during
practice, but tackle football players got almost 20 times more head
impacts during games than flag football players did [7].

MAKING FOOTBALL SAFER FOR YOUNG ATHLETES

Our results clearly showed that tackle football players had a lot more
head impacts than flag football players. There are several things that
could be done to protect American football youth players from head
impacts and concussions. For example, since fewer and less severe
head impacts happen during flag football, increasing the number of
flag football programs may allow more kids the option to play this
version of the game. To make American tackle football safer, the
number of drills that include tackling could be reduced. Rules or
penalties could also be further enforced, which penalize athletes for
hitting other players in the head. Scientists are also working to improve
padding, playing surfaces, and American football helmets, to help
protect athletes from injuries. Because the brain sits in fluid inside the
skull, American football helmets cannot prevent the brain’s movement
within the skull after a hit to the head, so these helmets cannot prevent
all concussions. Still, an American football helmet that fits well can
help protect a player from a skull fracture and lessen the damage to
the brain from a hard hit to the head.

Learning more about head impacts in American football can help
scientists find out how they may a�ect a young athlete’s brain. This
knowledge can also help parents and leaders of sports programs learn
the best ways to lower the chances of concussions and other injuries.
That way, kids can enjoy the benefits of sports while keeping their
brains safe!

ORIGINAL SOURCE ARTICLE

Waltzman, D., Sarmiento, K., Devine, O., Zhang, X., DePadilla,
L., Kresnow, M. J., et al. 2021. Head Impact Exposures Among
Youth Tackle and Flag American Football Athletes. Sports Health.
13:1941738121992324. doi: 10.1177/1941738121992324

REFERENCES

1. Centers for Disease Control and Prevention and National Center for Injury

Prevention and Control. 2003. Report to Congress on Mild Traumatic Brain Injury

in the United States: Steps to Prevent a Serious Public Health Problem.

Atlanta, GA.

kids.frontiersin.org October 2021 | Volume 09 | Article 652519 | 5

https://doi.org/10.1177/1941738121992324
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2021.652519
https://kids.frontiersin.org/article/10.3389/frym.2021.652519
https://kids.frontiersin.org/article/10.3389/frym.2021.652519


Sarmiento and Waltzman Head Impacts in Youth Football

2. Lumba-Brown, A., Yeates, K. O., Sarmiento, K., Breiding, M. J., Haegerich, T. M.,

Gioia, G. A., et al. 2018. Centers for Disease Control and Prevention guideline on

the diagnosis and management of mild traumatic brain injury among children.

JAMA Pediatr. 172:e182853. doi: 10.1001/jamapediatrics.2018.2853

3. Centers for Disease Control and Prevention. 2019. Report to Congress on

Traumatic Brain Injury in the United States: Epidemiology and Rehabilitation.

National Center for Injury Prevention and Control; Division of Unintentional

Injury Prevention. Avalable online at: https://www.cdc.gov/traumaticbrain

injury/pdf/tbi_report_to_congress_epi_and_rehab-a.pdf (accessed September

21, 2019).

4. Kelley, M. E., Urban, J. E., Miller, L. E., Jones, D. A., Espeland, M. A., Davenport, E.

M., et al. 2017. Head impact exposure in youth football: comparing age- and

weight-based levels of play. J. Neurotrauma 34:1939–47. doi: 10.1089/

neu.2016.4812

5. Marar, M., McIlvain, N. M., Fields, S. K., and Comstock, R. D. 2012. Epidemiology

of concussions among United States high school athletes in 20 sports. Am. J.

Sports Med. 40:747–55. doi: 10.1177/0363546511435626

6. Waltzman, D., Sarmiento, K., Devine, O., Zhang, X., DePadilla, L., Kresnow, M. J.,

et al. 2021. Examination of head impact exposures among youth tackle and flag

football athletes. Sports Health.

13:1941738121992324. doi: 10.1177/1941738121992324

7. Sarmiento, K., Waltzman, D., Devine, O., Zhang, X., DePadilla, L., Kresnow, M. J.,

et al. 2021. Di�erences in head impact exposures between youth tackle and flag

football games and practices: potential implications for prevention strategies.

Am. J. Sports Med. 49:2218–26. doi: 10.1177/03635465211011754

SUBMITTED: 12 January 2021; ACCEPTED: 22 September 2021;

PUBLISHED ONLINE: 21 October 2021.

EDITED BY: Lesley K. Fellows, McGill University, Canada

CITATION: Sarmiento K and Waltzman D (2021) American Football: Watch Your

Head! Front. Young Minds 9:652519. doi: 10.3389/frym.2021.652519

AUTHOR DISCLAIMER: The findings and conclusions in this manuscript are those

of the author(s) and do not necessarily represent the o�cial position of the Centers

for Disease Control and Prevention.

CONFLICT OF INTEREST: The authors declare that the research was conducted in

the absence of any commercial or financial relationships that could be construed

as a potential conflict of interest.

COPYRIGHT © 2021 Sarmiento and Waltzman. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

kids.frontiersin.org October 2021 | Volume 09 | Article 652519 | 6

https://doi.org/10.1001/jamapediatrics.2018.2853
https://www.cdc.gov/traumaticbraininjury/pdf/tbi_report_to_congress_epi_and_rehab-a.pdf
https://www.cdc.gov/traumaticbraininjury/pdf/tbi_report_to_congress_epi_and_rehab-a.pdf
https://doi.org/10.1089/neu.2016.4812
https://doi.org/10.1177/0363546511435626
https://doi.org/10.1177/1941738121992324
https://doi.org/10.1177/03635465211011754
https://loop.frontiersin.org/people/6681
https://doi.org/10.3389/frym.2021.652519
https://creativecommons.org/licenses/by/4.0/
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2021.652519
https://kids.frontiersin.org/article/10.3389/frym.2021.652519
https://kids.frontiersin.org/article/10.3389/frym.2021.652519


Sarmiento and Waltzman Head Impacts in Youth Football

YOUNG REVIEWER

MRITTIKA, AGE: 14

Mrittika loves hanging out with friends and family. Her interests include: playing the

viola and ukulele, dancing, poetry, singing, reading, and calligraphy. Math, Social

Studies, and Music are her favorite subjects and she enjoys volleyball, karate, and

running. Mrittika’s favorite accomplishments are becoming a senior editor on her

yearbook editing team and being in her school’s show choir. She received an award

for being the best foreign language student of the year in middle school and is a

finalist in a nationwide computer science competition. Mrittika aspires to be a more

open-minded and knowledgeable person.
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