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Commentary
“There is no one tougher than my son. Sometimes players and
parents wrongly believe that it shows strength and courage to play
injured. Battling pain is glamorized. Zack couldn’t swallow or hold his
head up. Strength is seeing Zack stand up out of his wheelchair and
learning to walk again.” Victor Lystedt (Father of 13 year old Zachery
Lystedt with severe sports-related disability from premature return to
sports play; The Lystedt Law was passed in May of 2009 in the state of
Washington seeking to protect young athletes from [potentially] life
threating injuries).
Countless millions of children and youth participate in sports every
day, many of them in so-called “organized” sports that present
potential risks of damage to these youthful athletes. Financial
incentives are considerable to a few successful athletes and also to
those non-participating groups involved in sports, coaches, school
boards, team owners, and media tycoons. Despite this frenzy of money
offered in sports, risks of injury to our pediatric athletes must be
carefully considered. One of the most significant sports-related squeala
is injury to the brain from sports-related concussion (SRC) [1]. An
important issue that must be addressed in this early part of the 21st
century includes this question: Is the glory of participating in sports
worth the risks our children must take to be in the game? Parents may
be thrilled to witness their child participating in the glory of a game
and may appreciate the bragging rights that this may produce.
However, do they realize the risks their child is taking in potentially
compromising his/her future? This editorial looks at this phenomenon
in contemporary society.
Sports-related concussion (SRC) can be defined as “trauma-induced
alteration in mental status that may or may not be associated with loss
of consciousness” from participation in sports [2]. The athlete is
injured and either immediately or within several minutes develops
confusion that may involve loss of memory and reduced speed of
information processing [3,4]. SRC is a complex pathophysiologic
process that affects the brain and is induced by traumatic
biomechanical forces. It can be caused by a direct blow to the head,
face, and/or neck but can also result from a blow in other body parts
that leads to a force transmitted to the brain [3,4].

Concussion symptomatology
Information about SRC has been accumulating over the past quarter
of a century. It is known that most SRCs occur without loss of
consciousness and without overt neurological signs [3-5]. The only
evidence of this injury may be mild confusion that seems to resolve
spontaneously. Cognitive deficit is not necessary for the diagnosis of
concussion [3]. However, there can be a wide variety of signs and
symptoms in addition to confusion that includes amnesia,
disorientation, easy distractibility, excessive drowsiness, feeling foggy
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(“dinged, stunned”), seeing “stars” or flashing lights, having poor
concentration as well as attention, demonstrating inappropriate play
behaviors, slurred (incoherent) speech, reduced sports performance or
playing ability and providing slow answers to questions or limited
following of directions [3-5]. In addition there can be headache
(>90%), blurry (double) vision, vacant starring or a “glassy” eye,
dizziness, lightheadedness, vertigo, nausea, emesis, ringing in the ears,
seizures, ataxia, and loss of balance [3-7]. Various degrees of
unconsciousness can be seen.
If there is spontaneous resolution in most cases, one may ask what
is the problem? Full resolution does not occur in all athletes who
develop sports-related concussion and consideration of the underlying
pathophysiology of SRC provides a cause for concern for our young
athletes in sports--persons with brains undergoing critical
developmental changes of the central nervous system. Traumatic forces
to the brain that can include acceleration or deceleration forces even in
non-contact sports have been studied in animal and human models
[3-9].

Pathophysiology
CNS damage includes increased neuronal cell membrane
permeability with membrane leakage, ionic flux, and glutamate release
[8,9]. There is axonal injury, breach of the blood brain barrier, loss of
microvascular integrity, and a complex inflammatory cascade [10-13].
There is a production of neurotoxic kynurenine metabolites and
activation of the sodium-potassium pump to seek restoration of
homeostasis [10-13]. A neuronal dysfunction results from the
mismatch of a need for increased cerebral blood flow in the reality of a
concussion-induced decrease in cerebral blood flow [14-16]. This
dynamic discrepancy between metabolic demands and supply results
in a neuronal mismatch that lasts 1 to 10 days during which time it
takes for the brain to heal and for recovery from the concussion to take
place, often with the help of CNS microglia utilized to repair damage
to the CNS [14-16]. A major concern is that the developing brains of
children, adolescents, and young adults are precariously vulnerable to
trauma from SRCs. Research notes that some athletes develop a
prolonged post-concussive symptomatology pattern from SRCs
[3,17,18].

Concussion epidemiology
Concussions in sports are underreported and thus, various reports
reflect the “tip of the iceberg” phenomenon. Some data suggest up to
3.8 million sports and/or recreation-related concussions occur each
year in the United States that includes 2.5 million visits to the
emergency departments for concussion, 100,000 emergency
department visits for school-age children for concussions, and 300,000
head injuries per year in high school athletes [19-23]. Emergency
medicine data from 2001 to 2005 reveal 2.4 million sports-related
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emergency department visits each year with 6% (135,000) being for
concussion evaluation [24]. Though any sports can lead to brain
trauma in formal games or practice, sports with the highest incidence
of sports-related concussion include rugby, ice hockey, American
football, and wrestling [16,20,25-28].
Reports of concussion are increasing though it is not clear if this is
due to more reporting of this injury and/or actual increase in this
injury [20]. Some research notes that concussion is increasing driven
by an increase in concussion in the adolescent population [29]. Sportsrelated concussion remains an important part of the overall pediatric
traumatic brain injury phenomena seen in trauma centers around the
United States [30]. Though the exact numbers of sports-related
concussions will never be truly known, it is clear that a staggering
number of our children, adolescents, and young adults suffer
concussions from sports “play” each year [29,30].

Concussion Complications
As one considers the value of the glory of sports participation for
our children and youth, one must recognize not only the acute effects
of a concussion but that of potential concussion complications. The
assumption with a concussion is that spontaneous recovery will occur
but some return with decreased reaction time and increased risks for a
repeat concussion and prolongation of concussion symptomatology
[18,28,31]. How long it takes for the brain to recover from its injury is
not clear especially for children and adolescents who have an increased
window of cerebral vulnerability due to dramatic developmental
changes that are occurring in childhood and adolescence [32,33].
It is not known how long it takes for recovery from a sports-related
concussion. The limited research in this area suggests that most college
age athletes become free of their concussion symptoms within 7 to 10
days but that resolution is more than 4 weeks in 6.2% and a recurrent
concussion is identified in 9% [34]. In this study of SRC in college
athletes between 2009 and 2014 there were 5.29 ± 2.94 concussion
symptoms per athlete with headache being the most common at 92.2%
and dizziness identified at 68.9% [34]. Limited research notes that even
when the athlete is asymptomatic, the brain is not 100% normal [35].
In a study of 1953 youth with concussion the median time of symptom
recovery was 18 days with a range of 1 to 353 days [36].
What is concerning is that an unknown number of our athletes have
a prolonged recovery period that can be worsened by repeat
concussions. The precise nature of this dilemma is not known since
incidence reports of concussion are too low. Because of the glory of
sports athletes do not fully report concussion symptoms for fear of
being excluded from the game [1,10,18]. Athletes and coaching staff do
not understand, recognize and/or do not worry about the potential
negative impact of SRCs [1,10,18].
Long-term risks of SRCs for millions of youth athletes include
neurological complications with chronic cognitive (academic)
dysfunction, chronic emotional impairment, and chronic psychosocial
difficulties [1,18,31]. Some athletes develop posttraumatic migraine
characteristics, emotional lability, irritability, low frustration tolerance,
anxiety, depression, insomnia, other sleep disturbances, and
personality changes [1,7,17,37-41]. Certainly more research is needed
but we know that these risks are real for countless numbers of our
athletes seeking the glory of the game [39-41]. These risks are
complicated and influenced by premorbid medical and psychological
factors as well as the impact of known and unknown repeat
concussions [5,18,36,42].
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Conclusions concerning concussions in children
Data for the incidence of SRC in children and youth is limited
because the mechanisms for concussion evaluation and reporting are
limited. We need to improve these mechanisms. Clinicians and
coaches staff need to be taught how to recognize SRCs, the need for
early medical evaluation, and the need for physical as well as cognitive
rest during post-concussion recovery period [1,43-45]. Athletes should
never return to the game on the same day as their concussion and not
until careful evaluations reveal the individual has returned to as close
to a pre-concussion state as can be determined [1,18]. The athlete with
a SRC should not drive a motor vehicle for at least 24 hours after the
injury and perhaps longer [46].
Parents and coaching staff should understand that helmets in
American football do not prevent concussions though they may help
prevent severe skull fractures; also, mouth guards can reduce oro-facial
injury but not the incidence of SRCs [47]. Tensing of neck muscles
before concussion impact does not reduce concussion incidence [47].
Parents should not be induced into a false belief that the collision sport
their children are playing is “safer” than other collision sports—all
sports have potential danger for SRCs [1,47].
Strick rules of the game should be enforced for young athletes such
as no heading in soccer until after age 10 (or later if appropriate skills
and physical maturity are not present), no body checking in ice hockey
until 15 or more years of age, no tackling in American football until at
least 16 years of age, and no boxing for any child or adolescent due to
the major risk for brain damage [22,48-54].
Youth with SRCs should have a very slow return to school and
sports activities and concern for prolonged concussion
symptomatology should be paramount in the minds of treating
clinicians, coaching staff, and parents [55-60]. All involved in this
sports-related dilemma for our youth must understand that we do not
have evidence-based guidelines for when young athletes should return
to the game after a SRC [35]. Improved state laws are needed to protect
our youth in sports such as seen with the Lystedt Law passed in
Washington State in 2009 [61].
However, we need to go beyond state laws and directly tell parents
to protect their precious children from the tragic impact of sportinduced concussions. SRCs are a silent, incognito epidemic in youth
sports that should be silent no more. Unknown thousands of our youth
are threatened by the potential risk of prolonged concussion
symptomatology which can impact their lives for decades and even a
lifetime! We do not have good methods of identifying those at greatest
risk of concussion sequelae. The underreporting of SRC by coaching
staff and the pressure to play when not ready from many (i.e, coaches,
fans, parents) must stop for the sake of the health of our children [62].
We need to address the serious issue of SRC as a common
phenomenon in youth sports activities and seek to directly protect our
youth from the false glories of the game [1,10,16,62-68]. This is the
time to deal with this tragic tide of sports-related concussion in our
children and adolescents.

There is a tide in the affairs of men.
Which, taken at the flood, leads on to fortune;
Omitted, all the voyage of their life
Is bound in shallows and in miseries.
On such a full sea are we now afloat,
And we must take the current when it serves,
Or lose our ventures.
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(Brutus in Julius Caesar Act 4, scene 3, 218–224).

References
1.
2.
3.

4.

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

18.
19.
20.

21.

Patel DR, Greydanus DE, Baker RJ (2009) Pediatric Practice: Sports
Medicine. McGraw Hill Medical Publishers, New York, pp: 110-118.
Concussion J (1997) Practice parameter: the management of concussion
in sports (summary statement). Report of the Quality Standards
Subcommittee. Neurology 48: 581-585.
McCrory P, Meeuwisse WH, Aubry M, Cantu B, Dvořák J, et al. (2013)
Consensus statement on concussion in sport: the 4th international
conference on concussion in sport held in Zurich, November, 2012. Br J
Sports Med 47: 250-258.
Giza CC, Kutcher JS, Ashwal S, Barth J, Getchius TS, et al. (2013)
Summary of evidence-based guideline update: evaluation and
management of concussion in sports: report of the guideline development
subcommittee of the American Academy of Neurology. Neurology 80:
2250-2257.
McCrea M, Broshek DK, Barth JT (2015) Sports concussion assessment
and management: future research directions. Brain Inj 29: 276-282.
Seifert T (2016) Post-traumatic headache therapy in the athlete. Curr
Pain Headache Rep 20: 41.
Mihalik JP, Register-Mihalik J, Kerr ZY, Marshall SW, McCrea MC, et al.
(2013) Recovery of posttraumatic migraine characteristics in patients
after mild brain injury. Am J Sports Med 41: 1490-1496.
Blennow K, Brody DL, Kochanek PM, Levin H, McKee A, et al. (2016)
Traumatic brain injuries. Nat Rev Dis Primers 2: 16084.
Henry LC, Tremblay S, De Beaumont L (2016) Long-term effects of
sports concussions: bridging the neurocognitive repercussions of the
injury with the newest neuroimaging data. Neuroscientist.
Ling H, Hardy J, Zetterberg H (2015) Neurological consequences of
traumatic brain injuries in sports. Mol Cell Neurosci 66: 114-122.
Singh R, Savitz J, Teague TK, Polanski SW, Mayer AR, et al. (2016) Mood
symptoms correlate with kynurenine pathway metabolites following
sports-related concussion. J Neurol Neurosurg Psychiatry 87: 670-675.
Fratantoni JM, DeLaRosa BL, Didehbani N, Hart J, Kraut MA (2016)
Electrophysiological correlates of word retrieval in traumatic brain injury.
J Neurotrauma.
Coughlin JM, Wang Y, Minn I, Bienko N, Ambinder EB, et al. (2016)
Imaging of glial cell activation and white matter integrity in brains of
active and recently retired national football league players. JAMA Neurol.
Lax ID, Paniccia M, Agnihotri S, Reed N, Garmaise E, et al. (2015)
Developmental and gender influences on executive function following
concussion in youth hockey players. Brain Injury 29: 1409-1419.
Meehan WP (2009) Sport-related concussion. Pediatrics 123: 114-123.
Kirkwood MW, Yeates KO, Wilson PE (2006) Pediatric sports-related
concussion: a review of clinical management of an oft-neglected
population. Pediatrics 117: 1359-1371.
McCrory P, Meeuwisse W, Johnston K, Dvorak J, Aubry M, et al. (2009)
Consensus statement on concussion in sports. 3rd International
Conference on Concussion in Sport held in Zurich, November 2008. Clin
J Sports Med 19: 185-200.
Harmon KG, Drezner JA, Gammons M, Guskiewicz KM, Halstead M, et
al. (2013) American Medical Society for Sports Medicine position
statement: concussion in sport. Br J Sports Med 47: 15-26.
Langlois JA, Rutland-Brown W, Wald MM (2006) The epidemiology and
impact of traumatic brain injury: a brief overview. J Head Trauma
Rehabil 21: 375-378.
Zuckerman SL, Kerr ZY, Yengo-Kahn A, Wasserman E, Covassin T, et al.
(2015) Epidemiology of sports-related concussion in NCAA athletes from
2009-2010 to 2013-2014: Incidence, recurrence, and mechanisms. Am J
Sports Med 43: 2654-2662.
Marshall SW, Guskiewicz KM, Shankar V, McCrea M, Cantu RC (2015)
Epidemiology of sports-related concussion in seven US high school and
collegiate sports. Inj Epidemiol 2: 13.

J Community Med Health Educ, an open access journal
ISSN:2161-0711

22.
23.
24.

25.
26.
27.
28.
29.
30.
31.
32.

33.
34.

35.
36.
37.
38.

39.
40.
41.
42.

Linzmeier KA, LaBella CR (2016) Concussions in collision youth sports.
Pediatric Neurol Briefs 30: 1-3.
Rose SC, Weber KD, Collen JB, Heyer GL (2015) The diagnosis and
management of concussion in children and adolescents. Pediatr Neurol
53: 108-118.
Department of Health and Human Services, US Centers for Disease
Control and Prevention (2011) Non-fatal traumatic brain injuries related
to sports and recreational activities among persons aged ≤ 19 years--United States, 2001-2009. MMWR 60: 1337-1342.
Sabesan V, Steffes Z, Lombardo DJ, Petersen-Fitts GR, Jildeh TR (2016)
Epidemiology and location of rugby injuries treated in US emergency
departments from 2004 to 2013. Open Access J Sports Med 7: 135-142.
Kerr ZY, Roos KG, Djoko A, Dalton SL, Broglio SP, et al. (2016)
Epidemiologic measures for quantifying the incidence of concussion in
National Collegiate Athletic Association Sports. J Athl Train.
Pfister T, Pfister K, Hagel B, Ghali WA, Ronksley PE (2016) The incidence
of concussion in youth sports: a systematic review and meta-analysis. Br J
Sports Med 50: 292-297.
Murphy M, McCutcheon BA, Kerezoudis P, Rinaldo L, Shepherd DL, et
al. (2016) Multiple concussions in young athletes: identifying patients at
risk for repeat injury. Neurosurgery 63: 178.
Zhang Al, Sing DC, Rugg CM, Feeley BT, Senter C (2016) The rise of
concussions in the adolescent population. Orthop J Sports Med 4:
2325967116662458.
Yue JK, Winkler FA, Burke JF, Chan AK, Dhall SS, et al. (2016) Pediatric
sports-related traumatic brain injury in the United States trauma centers.
Neurosurg Focus 40: E3.
Bonnechère B, Beauthier JP, Rooze M, Jan SV (2015) Sports-related
concussions: are we (fully) aware of the consequences? Rev Med Brux 36:
161-165.
Kerr ZY, Zuckerman SL, Wasserman EB, Covassin T, Djoko A, et al.
(2016) Concussion symptoms and return to play time in youth, high
school, and college American football athletes. JAMA Pediatr 170:
647-653.
Rice D, Barone S (2000) Critical periods of vulnerability for the
developing nervous system: evidence from humans and animal models.
Environ Health Perspect 108: 511-533.
Wasserman EB, Kerr ZY, Zuckerman SL, Covassin T (2016)
Epidemiology of sports-related concussions in National Collegiate
Athletic Association athletes from 2009-2010 to 2013-2014: symptom
prevalence, symptom resolution time, and return-to-play time. Am J
Sports Med 44: 226.
Iverson GL, Gioia GA (2016) Returning to school following sport-related
concussion. Phys Med Rehabil Clin N Am 27: 429-436.
Heyer GL, Schaffer CE, Rose SC, Young JA, McNally KA, et al. (2016)
Specific factors influence postconcussion symptom duration among
youth referred to a sports concussion clinic. J Pediatr 174: 33-38.e2.
Phillips S, Woessner D (2015) Sports-related traumatic brain injury. Prim
Care 42: 243-248.
Wickwire EM, Williams SG, Roth T, Capaldi VF, Jaffe M, et al. (2016)
Sleep, sleep disorders, and mild traumatic brain injury. What we know
and what we need to know: findings from a national working group.
Neurotherapeutics 13: 403-417.
Finkbeiner NW, Max JE, Longman S, Debert C (2016) Knowing what we
don’t know: long-term psychiatric outcomes following adult concussion
in sports. Can J Psychiatry 61: 270-276.
Ellis MJ, Ritchie LJ, Koltek M, Hosain S, Cordingley D, et al. (2015)
Psychiatric outcomes after pediatric sports-related concussion. J
Neurosurg Pediatr 16: 709-718.
Solomon GS, Kuhn AW, Zuckerman SL (2016) Depression as a modifying
factor in sport-related concussion: a critical review of the literature. Phys
Sports Med 44: 14-19.
Miller JH, Gill C, Kuhn EN, Rocque BG, Menendez JY, et al. (2016)
Predictors of delayed recovery following pediatric sports-related
concussions: a case-control study. J Neurosurg Pediatr 17: 491-496.

Volume 6 • Issue 6 • 1000491

Citation:

Gregoire-Bottex MM, Greydanus DE, Kadochi M (2016) Concussion in Pediatric Sports: Is the Glory of the Game Worth it?. J
Community Med Health Educ 6: 491. doi:10.4172/2161-0711.1000491

Page 4 of 4
43.

44.

45.
46.
47.
48.
49.
50.
51.
52.

53.
54.
55.

Eagles ME, Bradbury-Squires DJ, Powell ME, Murphy JR, Campbell GD,
et al. (2016) The impact of a concussion-U education program on
knowledge of and attitudes about concussion. Can J Neuro Sci 43:
659-664.
Register-Mihalik JK, Valovich McLeod TC, Linnan LA, Guskiewicz KM,
Marshal SW (2016) Relationship between concussion history and
concussion knowledge, attitudes, and disclosure behavior in high school
athletes. Clin J Sports Med.
Ahmed OH, Hall EE (2016) “It was only a mild concussion”: Exploring
the description of sports concussion in online news articles. Phys Ther
Sport 23: 7-13.
Sprouse RA, Harris GD, Sprouse GDE, Humerick M, Miller RT (2016)
Sport-related concussion: how best to help young athletes. J Fam Pract 65:
538-546.
Salvaterra G (2016) Evolution of sports-related headgear. Sports Med
Arthrosc 24: e34-e41.
Kontos AP, Elbin RJ, Sufrinko A, Dakan S, Bookwalter K, et al. (2016)
Incidence of concussion in youth ice hockey players. Pediatrics 137:
e20151633.
O’Kane JW (2016) Is heading in youth soccer dangerous play? Phys
Sportsmed 44: 190-194.
Johnson LS (2012) Return to play guidelines cannot solve the footballrelated concussion problem. J Sch Health 82: 180-185.
Brooks A, Loud KJ, Brenner JS (2014) Council on Sports Medicine and
Fitness. Pediatrics 133: 1151-1157.
Tarnutzer AA, Straumann D, Brugger P, Feddermann-Dermont N (2016)
Persistent effects of playing football and associated (subconcussive) head
trauma on brain structure and function: a systematic review of the
literature. Br J Sports Med.
Solomon GS, Ott SD, Lovell MR (2011) Long-term neurocognitive
dysfunction in sports: what is the evidence? Clin Sports Med 30: 165-177.
Purcell LK, Leblanc CM (2012) Boxing participation by children and
adolescents: a joint statement with the American Academy of Pediatrics.
Paediatr Child Health 17: 39-40.
Reed N, Greenspoon D, Iverson GL, DeMatteo C, Fait P, et al. (2015)
Management of persistent postconcussion symptoms in youth: a
randomized control trial protocol. BMJ Open 5: e008468.

J Community Med Health Educ, an open access journal
ISSN:2161-0711

56.
57.
58.
59.
60.
61.
62.
63.
64.
65.

66.
67.
68.

Baugh CM, Kroshus E, Kiernan PT, Mendel D, Meehan WP 3rd (2016)
Football player’s perceptions of future risk of concussion and concussionrelated health outcomes. J Neurotrauma.
Flaherty MR, Raybould T, Jamal-Allial A, Kaafarani HM, Lee J, et al.
(2016) Impact of a state law on physician practice in sports-related
concussions. J Pediatr 178: 268-274.
Feden JP (2016) Current concepts in sports-related concussion. RI Med J
99: 23-26.
Womble MN, Collins MW (2016) Concussions in American football. Am
J Orthop (Belle Mead NJ) 45: 352-356.
Baugh CM, Kroshus E (2016) Concussion management in US college
football: progress and pitfalls. Concussion 1.
Baugh CM, Shapiro ZE (2015) Concussions and youth football: using a
public health law framework to head off a potential public health crisis. J
Law Biosci 2: 449-458.
Kroshus E, Garnett B, Hawrilenko M, Baugh CM, Calzo JP (2015)
Concussion under-reporting and pressure from coaches, teammates, fans,
and parents. Soc Sci Med 134: 66-75.
Alessi AG, Mayer T, Smith D (2013) Protecting the brain in sports. What
do we really know? Neurology 80: 2178-2179.
Helmich I (2016) Game-specific characteristics of sports-related
concussion. J Sports Med Phys Fitness.
Merz ZC, Van Patten R, Lace J (2016) Current public knowledge
pertaining to traumatic brain injury: influence of demographic factors,
social trends, and sport concussion experience on the understanding of
traumatic brain injury sequelae. Arch Clin Neuropsychol.
Holmes L, Tworig J, Casini J, Morgan I, O’Brien K, et al. (2016)
Implications of socio-demographics on cognitive-related symptoms in
sports concussion among children. Sports Med Open 2: 38.
Walter KD (2014) Addressing concussions in youth sports. AMA J Ethics
16: 559-564.
Cahill PJ, Refakis C, Storey E, Warner WC (2016) Concussion in sports:
What do orthopaedic surgeons need to know? J Am Acad Orthop Surg
24: e193-e201.

Volume 6 • Issue 6 • 1000491

