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At A Glance

A new study of young football players found that gray matter pruning was altered after one season of play.
Pruning, or reduction in gray matter volume, is an important part of brain development.
Changes in pruning were seen in players who experienced a high number of head impacts during the season.

CHICAGO – Young football players may experience a disruption in brain development after a single season of the sport, according to a new study
presented today at the annual meeting of the Radiological Society of North America (RSNA).

“This research demonstrates that playing a season of contact sports may affect normal gray matter pruning in high school and youth football players,” said
Gowtham Krishnan Murugesan, M.S., research assistant in the Department of Radiology at UT Southwestern Medical Center in Dallas, Texas.
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The brain is highly complex with an abundance of neural connections. New connections are formed, and unused connections fall away in a process called
pruning. Much like cutting back dead or unnecessary branches keeps a tree healthy and helps it grow, brain pruning is necessary to healthy brain
development.

“Pruning is an essential part of brain development,” Murugesan said. “By getting rid of the synapses that are no longer used, the brain becomes more
efficient with aging.”

The researchers set out to determine whether exposure to repetitive head impacts affects normal pruning of the brain in young football players.

For the study, 60 youth and high school football players without history of developmental, neurological or psychiatric abnormalities and no history of
concussion prior to or during the season were outfitted with the Head Impact Telemetry System (HITS). HITS helmets are lined with accelerometers or
sensors that measure the magnitude, location and direction of impacts to the head. Impact data from the helmets were used to calculate a risk of concussion
exposure for each player.

Players were then split into two groups: high-impact players (24) and low-impact players (36), based on each player’s risk of cumulative head impact
exposure as determined by HITS.
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Pre- and post-season resting state functional (fMRI) scans were performed on all players, and changes in power within five components the default mode
network (DMN) were analyzed.
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The DMN is a network of regions deep in the gray matter areas of the brain. It includes structures that activate when a person is awake and engaging in
introspection or processing emotions, which are activities that are important for brain health.

The post-season results showed significant increases in power and gray matter volume in the frontal DMN in the high-impact group.

“Disruption in normal pruning has been shown to be related to weaker connections between different parts of the brain,” Murugesan said. “Our study has
found a significant decrease in gray matter pruning in the frontal default mode network, which is involved in higher cognitive functions, such as the planning
and controlling of social behaviors.”

Studies of biomechanical data from this same group of participants were conducted at Wake Forest University in Winston-Salem, N.C. Their findings
showed that most head impacts occurred during practice.

“By replacing high-impact practice drills with low- or no-impact drills, the overall head-impact exposure for players can be reduced,” Murugesan said.

The researchers also suggested that minor modifications to the game could also be implemented to reduce full-speed contact.

“The new National Football League kickoff rule eliminating the running start is an example,” Murugesan said.

The researchers hope to conduct further study to fully understand the long-term changes in resting state brain networks and their association with
neuropsychological task performance.

Co-authors are Ryan A. Fisicaro, M.D., James M. Holcomb, B.S., B.A., Elizabeth M. Davenport, Ph.D., Ben Wagner, B.S., Jillian Urban, Mireille Kelley,
Derek Jones, Christopher T. Whitlow, M.D., Ph.D., Joel Stitzel, and Joseph A. Maldjian, M.D.

Note: Copies of RSNA 2018 news releases and electronic images will be available online at RSNA.org/press18 beginning Monday, Nov. 26.

RSNA is an association of over 54,000 radiologists, radiation oncologists, medical physicists and related scientists, promoting excellence in patient care and
health care delivery through education, research and technologic innovation. The Society is based in Oak Brook, Ill. (RSNA.org)

Editor's note: The data in these releases may differ from those in the published abstract and those actually presented at the meeting, as researchers continue
to update their data right up until the meeting. To ensure you are using the most up-to-date information, please call the RSNA Newsroom at 1-312-791-
6610.

For patient-friendly information on brain imaging, visit RadiologyInfo.org.

Video (MP4):

Video 1. Animation showing how the HIT system accelerometers fit around the player’s head. The springs ensure the sensors remain in contact with the
head, measuring head acceleration not helmet acceleration.
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Video 2. B-roll footage of adolescents playing football using helmets equipped with HITS (courtesy of Wake Forest Baptist Medical Center).

Download

Video 3. B-roll footage of adolescents playing football using helmets equipped with HITS (courtesy of Wake Forest Baptist Medical Center).
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Video 4. Tech viewing brain MR images on monitor during exam.
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Images (JPG, TIF):

Figure 1. Frontal Default Mode Network (DMN) Component which shows significant difference between the high and low impact players.

High-res (TIF) version
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Figure 2. Helmet with embedded sensors.

High-res (TIF) version
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Figure 3. Riddell HIT System with a sensor array and helmet.

High-res (TIF) version
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Figure 4. Vectors representing head impacts recorded with the HIT System

High-res (TIF) version
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PowerPoint presentation provided for background reporting purposes only. Do not reprint or reproduce slide content.
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