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ABSTRACT

Have you ever felt “groggy” after hitting your head? We are
learning more about how important it is to protect your
brain from injuries, such as concussion. Concussion is also
called mild traumatic brain injury (mTBI). After an mTBI,
most people think patients recover within a few weeks. We
noticed that some college students who had had an mTBI
were struggling to remember information for a few seconds.
This ability is called working memory and we need it for
most thinking jobs, like remembering the name of someone
you just met, or what you wanted to get from the fridge. In
our experiments, we tested different groups of students to
see if they could remember things for 1 s, like the color of
squares. Participants with a history of mTBI (on average,
more than 4 years after injury) performed worse than
students without a history of mIBl. The take-home message
Is that there can be lasting effects of mIBI, even years after
It happens.

WHAT HAPPENS AFTER A CONCUSSION?

Accidents happen all the time, due to falls, car accidents, and
sports. Often, in accidents, people hit their heads. In the USA, mild




per year [1]. mTBIl causes the brain to move, twist, or bounce
against the inside of the skull. This can stretch and tear brain cells
even though the brain is protected by a cushion of liquid called
cerebrospinal fluid, several layers of tissue, and the skull. Some
people even lose consciousness during an mIBl. People may not
appear injured from the outside after an mIBIl. Medical
professionals have to diagnose an mI Bl by physical examination
and by asking questions. Soon after an mTBIl, people often report
symptoms including headaches, trouble with coordination and
sleep, feeling slowed down ("mental fog”), difficulty concentrating,
feeling emotional, and memory loss. A few weeks after an mTBI,
symptoms usually go away and people slowly return to their daily
activities, including school and sports.

Most research on mTBI includes people during the acute (0-7 days
after injury) and subacute (up to 3 months after injury) stages of
recovery. Only a little research studies what happens more than 3
months after injury. This is probably because of the assumption
that everyone fully recovers. But there can be lasting problems
with thinking, even years after an mIBI [2, 2]. This is an important
point, because it means that some people do not fully recover
after an mIBI.



are thinking abilities that allow us to achieve
our goals. For example, executive functions allow you to stay on
task, plan ahead, hold onto thoughts, solve problems, and refrain
from inappropriate actions (like talking back to a teacher). In
patients who had experienced TBlI more than 4 years ago, we
studied an executive function called , which is the
mental workspace that holds information for immediate use. For
example, remembering the numbers the teacher writes on the
board as you write down the problem in your notebook. Working
memory differs from what is called long-term memory, which is
what we use to remember events over years. For example, working
memory helps us do addition in our heads, long-term memory is
what allows us to remember our first day at school.

Working memory has three stages: (putting information
in), (holding on to that information), and
(remembering that information and using it). Usually, people can
hold about 3-5 things in working memory at a time. Working
memory requires cooperation between regions in both the front
and back of the brain. If brain cells in either of these regions are
damaged, working memory could suffer. Although some
researchers observed normal working memory shortly after mT Bl
[4], others saw that working memory is worse after mTBI, even
years after injury [5, 6]. A problem in understanding the lasting
effects of mT Bl is that injuries vary, and everyone'’s brain and
recovery are different.



To study whether mTBI affects the executive function of working
memory in patients who had mTBIs in the past we asked two
questions. First, we asked whether college students with a history
of mIBI performed differently on a working memory task
compared with students without a history of mTBI. Second, we
asked whether one of the stages of working memory—encoding,
Mmaintenance, or retrieval—was more hurt by the mTBI.

To determine whether working memory was affected by mIBI, we
tested students with a history of mIBI, averaging 4 years post-
Injury, and a control group that was made up of students who had
no history of mIBI. Participants had to use working memory to
remember the colors of squares that were briefly flashed on a
computer screen. The experiment asked students to do a lot of
trials that went as follows. First, student focused on the center of
the screen, a cue appeared (white >), indicating where the student
should attend (outlined in dashed box)—either the left or the right
side of fixation. Then, after a short pause, 1, 2, or 3 colored squares
quickly flashed on each side of the screen. On one side they were
attending (and on the side they were ignoring) the colored
squares. This image was the working memory encoding phase
which allowed some of the colored squares to enter working
memory. Next, there was a short pause, or maintenance period,
during which the student tried to hold in working memory the
color of each square. Finally, the retrieval stage was a test of
working memory. One square appeared on the attended side of



the monitor and the student pressed keys to indicate whether it
matched or mismatched the color shown during encoding. An
example of one trial of this task is shown in Figure 1, and

participants did hundreds of trials.

Trial Example Retrieval
Cue ' Maintenance Test

200 ms 300-400 ms

=
Attended items
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Figure 1 - How did we test the three phases of working memory? Participants
included students with a history of mTBI (averaging >4-years post-mIBI) and a
control group, without a history of mTBI.

The task was on a computer. Students kept their eyes on the center of the screen.
First, a white cue (< or >) pointed to the side of the screen to attend to (dashed
box indicates the attended items), while ignoring the squares on the other side.
Then, colored squares flashed (100 milliseconds (ms), or 1/10 of a second).
Students tried to encode (remember), the color of each square on the attended
side. Next, during maintenance, students tried to remember each square’s color.
Finally, there was a retrieval test. Students judged whether one colored square
(inside the dashed square) matched the color shown during encoding.

Then, to see if one stage of working memory was more affected
by mIBI than the others, we made each stage of working memory
easier or harder. One way we did this was to change how long the



stage lasted. For example, lengthening encoding by showing the
squares longer makes it easier because there is more time to
attend to the different colors. Even when we made the task easier
the mTBI group still did worse. This told us that the problem is not
with one particular stage of working memory. We think it is more
likely that each stage is a little bit worse in the mTBI group.

First, we found that, overall, students with a history of mIBI did
worse on our working memory tasks than students without a
history of mTBI ( ). This is surprising because it was about 4
years since the students had had an mIBl and most people think
that we get completely better after an mIBI. The results mean that
there can be lasting changes after an mIBIl. We found problems
with working memory and we are now seeing problems with
attention. We think there could be other problems, too, and we are
now using more kinds of tasks to better understand what kinds of
lasting changes are likely.
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Figure 2 - Students with a history of mTBI remember less than the control group.
The control group (blue bar) remembered almost 2.5 (out of 3) colored squares,

but the mTBI group (red bar) only remembered about 2. The “ means this
difference is statistically significant. We used mathematical tests to tell us if the
difference between the two groups is more than would be expected by chance.
We found that it did, so it is called significantly different. These results and others
we performed told us that students with a history of mTBI are worn at working
memory tasks.

When we asked whether one stage of working memory was more
affected by miIBI, we found that the encoding, maintenance, and
retrieval stages of working memory seemed to be equally affected.
Even when we made each stage of working memory easier, we still
saw that the mTBIl group performed worse. For example, making
encoding longer did not help the mTBI group, nor did making the
maintenance duration shorter. We do not think that just one stage
of working memory is causing the problem; instead, problems can



happen at each stage of working memory. This will probably make
It harder to fix because we need to work on improving encoding,
maintenance and retrieval in the mT Bl group to help improve
working memory.

So, what does this mean for you? Take care of your head! Having
an mITBIl can hurt a person’s working memory for a long time, even
years after the injury. Prevention is important because we do not
know how to fix problems with thinking tasks, such as working
memory. In our study, we learned that no single stage (encoding,
maintenance, or retrieval) of working memory could explain the
working memory problem in the mTI Bl group. We saw that college
with a history of mIBl could not remember as many colored
squares as students who did not have mTIBI. This could mean that
they have to study more to do well in their classes, and college is
hard enough already. Preventing head injuries is important.
Wearing a helmet protects you from head injuries today and
protects you from the effects of mTBl months and years into the
future.

This research is important because mIBls should be taken
seriously. Right now there is no blood test or brain scan that can
reliably detect an mTBl. mIBlIs require medical attention, and mTBI
sufferers should follow the medical advice of their doctors. Brain
iInjuries need time to heal and we need to learn more about how
to help people recover. Researchers must continue to study what



IS happening to the brain after an mIBI. For example, our group
wants to find out why some people with a history of mIBl do not
show impairments in working memory. Maybe this information will
help us to find ways to help those patients who do have working
memory problems, so that all mTBIl survivors can return to a
normal working memory capacity.

Glossary

Mild Traumatic Brain Injury (mTBI): T Also known as concussion, a condition of
brain damage due to force applied to the head.

Executive Function: T Abilities that allow us to get our work done. These abilities
include paying attention, planning ahead, staying on task until it is done, and not
doing something we know is not allowed.

Working Memory: | The "mental workspace” that holds on to a few pieces of
information for immediate use. It includes three stages: encoding (putting
information in), maintenance (holding onto information), and retrieval
(remembering what was put in).

Encoding: | Putting something into working memory. For example, the colored
squares are put into working memory during the encoding stage.

Maintenance: | Holding on to information in working memory.

Retrieval: | Remembering information that is in working memory. For example,
knowing the color of the top squares after they disappear from the screen.
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