
On the surface, efforts to reduce concussions in
professional football would not seem contro-
versial. And those who would benefit the most
from a less hazardous workplace—the play-

ers—may be expected to be the ones most support-
ive of a rule change designed to decrease bone-
crushing hits. But when the National Football
League (NFL) announced a rule change to their kick-
off format that would decrease action for the sake of
player safety, players reacted negatively.

"I think the NFL is destroying the true game of
football and the physicality that America has
grown to love,” former player Donnie Nickey is
reported as saying. "It's an injustice to the game
and the men who have made their living covering
kickoffs and sacrificing their bodies to have their
jobs made obsolete." The NFL moved the kickoff
spot up five yards (from the 30- to the 35-yard
line) this season to decrease head injuries by
increasing touchbacks—when the ball sails out of
the end zone or deep enough to render the kick
unreturnable. Ironically, this recent action reverses
a 1994 rule that moved the kickoff to the 30-yard
line to decrease the number of touchbacks and
bring more excitement to the game.

There are an estimated 1.6 to 3.8 million sports
related concussions annually.1 However, this number
is likely higher, as many athletes fail to report their
symptoms for fear that they will not be allowed to
return to play.1,2 Over the past few years the manage-
ment of sports related concussion has come under
considerable scrutiny in the media and public realm,
which has led to a Congressional investigation, signifi-
cant changes in the way the NFL and other profes-
sional sports organizations deal with concussion, and
most importantly a greater public awareness of the
disorder. So while there is a good deal of resistance
from the professional athletes (and fans, for that mat-
ter), momentum is picking up for increased safety, at
least through government and governing bodies.
Furthermore, 29 states now have passed sports con-
cussion laws, with 14 states with pending legislation.
Thankfully a majority of the laws require an athlete
be cleared by a trained physician prior to returning to
play. Concussion is and will always be a neurological
disorder. It is therefore imperative that all neurolo-
gists have at least a basic understanding of all aspects
of sports concussion as they are likely going to be
called upon to evaluate these athletes, especially the
more refractory cases. 
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definition, mechanism, and clinical manifestations.
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Epidemiology
Sports Related Concussion, when bicy-
cle associated accidents are included, is
the most common
cause of head trauma
in children under 18,
and the second most
common cause in
adults 18-65 after
motor vehicle acci-
dents.3-5

Approximately 60
percent of male high
school football play-
ers and 40 percent of
women high school
soccer players will
suffer a concussion
during their high school career.6,7 In fact, more than
60,000 high school athletes participating in sports
such as ice hockey, football, lacrosse, soccer, and
cheerleading suffer concussions each year.6-8 More
troubling is almost half of these athletes returned to
play prematurely, setting them up for further injury
and even death,7,9-11 with five out of every seven
deaths from football related injuries deemed second-
ary to head trauma (National Center for Catastrophic
Injury Research; 2009). 

In all amateur sports, ice hockey has the highest
rate of concussion amongst males, followed by foot-
ball then boxing/taekwondo.12 At the college level the
numbers are not much better, with an estimated
annual concussion rate of 3.02 concussions per 1,000
plays in football players.7 Perhaps more alarming is
that football is second to men’s ice hockey in percent-
age of players who suffer concussion.7,13 Finally, for all
sports, women’s ice hockey has the highest concus-
sion rate, with one study estimating an incidence of
approximately 22 percent in NCAA players.13

Definition
At present there is no uniform accepted definition of
sports related concussion. 

“Sports Related Concussion” and “Mild Traumatic
Brain injury (MTBI)” are often used synonymously.

The Consensus
Statement on
Concussion in Sport, i.e.
Zurich 2008, felt that
there was a difference
between concussion
and MTBI, however
the publication did not

attempt to define MTBI.14 The outdated American
Academy of Neurology practice parameter defines
concussion as, “a trauma-induced alteration in mental
status that may or not involve a loss of consciousness.
Confusion and amnesia are the hallmarks of concus-
sion. The confusion may occur immediately after the
blow to the head, or several minutes later.”15

Zurich defines sports concussion as, “a complex
pathophysiological process affecting the brain,
induced by traumatic biomechanical forces.” It
lists several common features that incorporate clin-
ical, pathologic, and biomechanical injury con-
structs that may be utilized in defining the nature
of the concussion or head injury, including fea-
tures listed in Table 1.16

A better way to define concussion may be in rela-
tion to the mechanism, i.e. sports, falls, motor vehi-
cle, or blast. In addition, taking into account the
underlying physiology, biomechanical process, and
symptoms may be more practical especially when it
comes to designing research studies. Using these
parameters, the definition of sports concussion is “a
prolonged transient alteration in neuronal function
caused by a blow to the athlete’s head and/or body
with transmission of force to the head, resulting in
rotational and/or translational (i.e. angular and later-
al) movement of the head resulting in neurological
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symptoms that resolve sequentially over time.” A
lack of a standard definition creates significant
issues when attempting to conduct research studies,
develop guidelines, pass legislation, and evaluate
devices and equipment used to diagnose, treat and
prevent sports related concussion.

Mechanism
There are several theories as to the possible mecha-
nism of sports concussion, however none are uni-
versally accepted.14,17 It is hypothesized that the
characteristics needed to sustain a concussion
include rotational, angular, and/or lateral forces
causing rotation of the cerebral hemispheres around
the upper brainstem.14 A direct blow to the head is
not required. The mechanism is felt to be similar to
what is seen in falls and motor vehicle accidents,
however different from blast injuries suffered by
our military heroes which involve primary, second-
ary and tertiary components.18-20 A number of stud-
ies have attempted to identify possible biomechani-
cal mechanisms.21-23 Headshots or helmet hits were
the most common mechanism;21-23 shots to the lower
side of the helmet and oblique portion of the face
mask23 induce translational and rotational forces on
the head. Blindside hits to the body, which can
induce lateral flexion of the neck and rotation of the
head, have also been demonstrated to induce con-
cussion.23 In addition to the acute effects of high
impact collisions, there also appear to be chronic
effects of repeated lower impact collisions, such as
those experienced by offensive and defensive line-
man, which are hypothesized to be involved in
early memory impairment that is now being seen in
these individuals.24 The NFL has found that concus-
sion in professional football players involves a mean
impact velocity of 9.3 meters/sec or 20.8 mph. In
comparison, if a car hits a pillar or structure the
impact duration is less than 6 meters/sec.23

Neuroanatomy
Simulated game studies by the NFL to test which
brain structures were most affected in concussion
have demonstrated "hot spots" in the temporal lobe
adjacent to the impact, which migrate to the far tem-

poral lobe after head acceleration. The fornix, mid-
brain, and corpus callosum experienced late “strain.”
Midbrain strain correlated with memory and cogni-
tive problems and removal from play after concus-
sion, whereas dizziness correlated with early strain
in the orbital-frontal cortex and temporal lobe.25

Functional MRI (fMRI) has also been used to
study athletes with sports related concussion.
Deficits were found in the parietal cortex, right dor-
solateral prefrontal cortex, and right hippocampus.26

The above structures play a role in attention, arous-
al, sleep, memory, dizziness, reaction time, and
headache.
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• Concussion may be caused by a direct blow to the head, face,
neck or elsewhere on the body with an implosive force 
transmitted to the head.

- Concussion typically results in the rapid onset of short-lived
impairment of neurological function that resolves sponta-
neously. 

- Concussion may result in neuropathological changes, but
the acute clinical symptoms largely reflect a functional dis-
turbance rather that a structural injury. 

- Concussion results in a graded set of clinical symptoms that
may or may not involve loss of consciousness. 

• Resolution of the clinical and cognitive symptoms typically 
follows a sequential course; however it is important to note that
in a small percentage of cases, post concussive symptoms may be
prolonged. 

• No abnormality is seen on standard structural neuroimaging
studies. 

Table 1. Some Features of Sports Concussion16

A prolonged transient alteration in neuronal function caused by a
blow to the athlete’s head and/or body with transmission of force
to the head, resulting in rotational and/or translational (i.e.,
angular and lateral) movement of the head resulting in 
neurological symptoms that resolve sequentially over time. 

Definition of Sports Concussion



Pathophysiology
It is essential that the neurologist have a detailed
understanding of the pathophysiology of sports relat-
ed concussion. Understanding the pathophysiology is
key when considering an athlete returning to play
(RTP) and for the development of true evidenced
based RTP guidelines. At present what is known is
based on rat percussion models (Giza and others) and
a few neuroimaging studies. There are three phases
of concussion: the acute, intermediate, and late phas-
es. Post-concussive deficits are based on temporary
neuronal dysfunction and not cell death. The acute
phase is characterized by metabolic and ion derange-
ments, disruption of neural membranes, and axonal
stretching. The latter results in abrupt and indiscrim-
inant release of neurotransmitters and unchecked ion
fluxes. Excitatory neurotransmitters, such as NMDA
and glutamate, trigger neuronal depolarization with
an efflux of potassium and influx of calcium.
Increased extracellular calcium triggers further neu-
ronal depolarization and further release of excitatory
neurotransmitters and still further release of potassi-

um into the extracellular space. Normally excessive
extracellular calcium is taken up by surrounding glial
cells, however this mechanism is overcome in con-
cussion. The massive excitation is followed by a
wave of neuronal suppression (i.e., Spreading
Depression).27,28

Early LOC, amnesia and other cognitive deficits
may be a result of posttraumatic Spreading
Depression. Membrane pumps become activated in
an effort to restore homeostasis, which results in
increased glucose utilization. Increased glycolysis
leads to increased lactate production which results
in neuronal dysfunction through processes such as
metabolic acidosis, membrane damage, alterations
in blood brain barrier permeability, and cerebral
edema. The intermediate phase is characterized by
uncoupling of glucose metabolism and cerebral
blood flow. Calcium influx, mitochondrial dysfunc-
tion and delayed glucose hypometabolism also
occur.27,28 Uncoupling causes a 50 percent reduction
of blood flow that creates an energy mismatch.27,28

There is a biphasic recovery of oxidative metabo-
lism with a reduction on day 1, recovery by day 2,
bottom out by day 5, and complete recovery by
day 10.27,28 Calcium accumulation can persist for
two to four days, and the excess calcium is
sequestered in mitochondria resulting in impaired
metabolism and energy failure.27,28 Cerebral glucose
use is diminished by 24 hours and can last up to
two to four weeks post-injury with the average
recovery at 10 days. Cerebral glucose metabolism
and oxidative metabolism correlate with the aver-
age concussion recovery time of 10 days.27,28

Intracellular magnesium levels are immediately
reduced and remain so for up to four days, and
magnesium level recovery is correlated with
improvement in motor function.27,28 The hallmarks
of the late phase are delayed cell death, persistent
calcium accumulation, and neurotransmitter alter-
ation.27,28 Persistent elevations in intracellular calci-
um can lead to over activation of enzymes and free
radical production resulting in cell death.27,28 Post-
concussion alterations in NMDA, adrenergic,
cholinergic, and GABA neurotransmission can
result in long-term deficits in memory and cogni-
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1. Any athlete suspected of suffering a concussion should be
removed from participation until evaluated by a physician.

2. No athlete should be allowed to participate in sports if they are
still experiencing symptoms of a concussion.

3. Following a concussion a physician, preferably a  neurologist,
should be consulted prior to clearing the athlete to return to 
participation.

4. A certified coach or athletic trainer should be present at all
sporting events, including practices, where risk of concussion is
involved.

5. Education efforts should be maximized to improve the under-
standing of concussion by all athletes, parents, and coaches.

6. An athlete must be completely asymptomatic (cognitively/
physically), off of any concussion related medications) and com-
plete a graded protocol prior to RTP.

Note: This is an updated version of the original released in 2010.
Point #6 has since been added.

Table 2. AAN Sports Neurology Position Statement



tion, even in the setting of minimal anatomic
damage.27 Loss of forebrain cholinergic neurons can
lead to learning and spatial memory deficits.27 Loss of
GABA can result in disinhibition of hippocampal
structures (i.e. easy distractibility) and increase the
risk of seizures.27

Repeat concussions during the post injury period,
when the cell is most vulnerable, can have cata-
strophic consequences. In the first 30 minutes when
the system is stretched to its maximum, the brain
may be unable to respond to a second stimulus-
induced increase in cerebral glucose metabolism.27 An
increase in intracellular calcium after a second physi-
ological stimulus can lead to protease activation and
programmed cell death.27 Alterations in NMDA recep-
tor composition can persist for one week post-injury
and a second injury in this period can lead to further
impairment of excitatory neurotransmission.27

In summary, concussion is followed by a complex
cascade of events that is somewhat analogous to what
happened to New Orleans with Hurricane Katrina.
When Katrina hit there was an initial blow that
resulted in a storm surge and the build-up of massive
amounts of water in Lake Pontchartrain and the sub-
sequent give way of the levies (the immediate phase).
This was followed by a turning on of pumps and
patching of the levies (the intermediate phase). Even
once the water was pumped out and the rebuilding
began, the city was never quite the same (the late
phase). What would have happened if another hurri-
cane hit New Orleans within a few days, weeks, or
even in the first few months before the city had a
chance to completely fix the levies and rebuild its
structures? The results would have been catastrophic
and depending on how soon, the city may never have
recovered. The same is true with a concussed athlete
if he or she is allowed to RTP too soon and sustains
another concussion.

Signs and Symptoms
The signs and symptoms of concussion are directly
related to the disruption of brain physiology. As a
rule, the longer the symptoms last the more severe
the concussion.29 Understanding the signs and symp-
toms and when they occur is essential in managing

the concussed athlete. Immediate signs and symp-
toms include: vacant stare (befuddled facial expres-
sion), delayed verbal and motor responses (slow to
answer questions or follow instructions), confusion
and inability to focus attention, disorientation (walk-
ing in the wrong direction; unaware of time, date, and
place), slurred or incoherent speech, gross observable
decrease in coordination (stumbling, trouble with tan-
dem gait), emotions out of proportion to circum-
stances, memory deficits (exhibited by the athlete
repeatedly asking the same question that has already
been answered or inability to memorize and recall
three of three words or three of three objects in five
minutes), or any period of loss of consciousness.14,15 It
should be noted that loss of consciousness is not a
common symptom, occurring in less than 10 percent
of all athletes.14 Within the first few hours the athlete
may experience intermediate symptoms of headache,
dizziness, loss of equilibrium or vertigo, lack of
awareness of their surroundings and nausea or vomit-
ing.14,15 As the concussion progresses, late signs and
symptoms develop and can include: persistent low
grade and sometimes even severe headache (may
include photo/phono phobia); light-headedness; poor
attention, concentration, and memory; heat intoler-
ance; easy fatigability; sleep disturbances; irritability,
anxiety, and/or depressed mood, which are often
unrecognized; sleep disturbances; and decreased reac-
tion time and balance which, are the last symptoms
to resolve.14,15

Conclusion
Sports related concussion continues to be the most
widely publicized neurological disorder. As a result,
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Table 3. Stages of Chronic traumatic encephalopathy (CTE)

Loss of affect and mild psychosis.

Social instability, erratic behavior, memory loss, and mild
Parkinsonism.

General cognitive dysfunction progressing to dementia,
full-blown Parkinsonism, speech and gait abnormalities,
dysarthria, dysphagia, and ocular abnormalities/ptosis.

1

2

3

Signs and SymptomsStage



neurologists are currently, and even more so in the
future going to play a significant role in the manage-
ment of concussed athletes. It is therefore impera-
tive that they master all facets of the disorder, i.e.,
from epidemiology to return to play. However, there
is still no uniform definition of sports concussion,
and very few evidence-based studies outline the
duration and prevalence of symptoms.
Understanding the physiology over time at the
human level is arguably the biggest challenge facing
Sports Neurology, and as we will see in the next
issue, understanding the brain’s physiology will
allow for the development of evidenced-based diag-
nostic testing, treatment and RTP guidelines. ■

Part II of this series, to appear in the November/
December edition, will address diagnosis/testing and
treatment. Visit PracticalNeurology.net to download
the entire two-part article.
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