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Abstract Original Research Article

Concussion has been identified as a major concern and a risk to athletes and sportsmen especially those involved in
contact sports. During concussion the brain is exposed to intense acceleration, deceleration and rotational forces,
resulting in the stretching and distortion of the neural structures. A systematic review was performed to summarize and
appraise the evidence of literature on pathophysiology of concussion. The review was guided and based on
CCOHTA'’S guidelines. Primary studies that were either describing pathophysiology, mechanism, occurrence,
biomechanics of concussion were included. With the Population inclusive of all Patients of all ages with a clinical
definition of concussion. Published literature was identified through a cross-database search of relevant DIALOG
databases. parallel searches were performed on AgeLine, CINAHL, PubMed, The Cochrane Library, and the Health
Economic Evaluations Database. Searches were limited to literature published from January 1995 (1990 for PubMed)
onward, with results fused up to May 31, 2019. Published literature was identified through a cross-database search of
relevant DIALOG databases. parallel searches were performed on AgeLine, CINAHL, PubMed, The Cochrane
Library, and the Health Economic Evaluations Database. Searches were limited to literature published from January
1995 (1990 for PubMed) onward, with results fused up to May 31, 2019. The pathophysiology of concussion was
discussed in three major sunheadings of Cerebral Blood Flow, lonic Flux and Glutamate Release, The Diffuse Axonal
Injury (DAI) and Second Impact Syndrome In concussion. In summary concussion leads to These changes are
activated by the mechanical insult itself and lead to ionic disturbance, EAA “neurotoxicity,” initial mitochondrial
dysfunction, ROS-mediated damage, energy metabolism depression, alteration of gene expression, and ultimately
variation of NAA concentration, the “surrogate” marker of the dysfunctional neurons. Prospective longitudinal studies
are needed to better under- stand the underlying biological mechanism of acute concussive injury as it relates to
chronic neuropathology.
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sequelae from single or more commonly multiple
INTRODUCTION concussions [10]. It is categorized as the most common

form of Traumatic brain injury (TBI) worldwide [11,
12] this has created a great interest on Head injuries
particularly in all sports because of the potential for
concussions and even severe traumatic brain injuries
[13]. In other studies concussion has been described as
“‘invisible injury.”” This is also due to the fact that a
concussed athlete who is experiencing symptoms of
concussion may not outwardly look any different from
uninjured peers which in most cases they are confused
with players suffering anxiety which is a psychological
effect [14, 15]. Understanding the pathophysiology of
concussion can help guide management and treatment

Concussion has been identified as a high
priority health issue in rugby unions and contact sports
[1-4] becoming a major and common issue in most
contact sports, such as rugby it is categorized as one of
the of the most troublesome injuries facing the sports
medicine physicians [5-8]. Concussions are a frequent
occurrence in athletic endeavors, its rate exceeding that
occurring in the general population by 50-fold.
Traumatic brain injury (TBI) related to sports affects an
estimated 1.6 to 3.8 million people annually in the
United States [9]. The biomechanics and
pathophysiology of concussion are still not well
understood and may lead to potential significant
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focusing on the underlying mechanism behind the
symptoms of concussion during the recovery period
[16].

METHODS

A systematic review was performed to
summarize and appraise the evidence of literature on
pathophysiology of concussion. The review was guided
and based on CCOHTA’S guidelines for authors [17].

Study Selection Criteria

Study type: Primary studies that were either
describing pathophysiology, mechanism, occurrence,
biomechanics of concussion was included.

Population: Patients of all ages with a clinical
definition of concussion that may have been discussed
in the studies were included in the review.

Literature Search Strategy

Published literature was identified through a
cross-database search of relevant DIALOG databases.
parallel searches were performed on AgeLine,
CINAHL, PubMed, The Cochrane Library, and the
Health Economic Evaluations Database. Searches were
limited to literature published from January 1995 (1990
for PubMed) onward, with results fused up to May 31,
2019. Gray literature was obtained through searching

RESULTS
Search Results

specialized rehabilitation databases and Web sites of
health technology assessment and related agencies.
Clinical trial registries were also examined and Sports
Registries.

Data Extraction

Two reviewers independently examined and
selected the studies to be used in the review; any
disagreement was resolved through consensus. One
reviewer extracted relevant information from the
selected studies using a standardized form adopted from
the CCOHTA.

Data Synthesis

A qualitative approach summarizing the
characteristics and results of the selected studies was
used for data synthesis. The results of the studies were
not pooled quantitatively. The level of evidence
concerning the mechanisms of concussion was
determined subjectively by weighing several factors:
the number of studies, the consistency of trends, the
“robustness” of results (including statistical significance
and results of sensitivity analysis), and the
methodological quality of studies. There was no formal
assessment of methodological quality however, the
limitations and transparency (in terms of fulfilling the
data extraction form items) of each study were noted.
More weight was given to the higher quality studies.

The table below shows the studies that met the inclusion criteria on the concussion.

Tavazzi, B., &
Vagnozzi, R. 2011
(Rome, Italy) [18]

Author, year Title Study design Comments
(country)
Signoretti, S., | Pathophysiology; Literature Review Concussion and Neuromarkers and
Lazzarino, G., | mechanism of concussion N= 89 articles Biomarkers

Wilberger, J. 2014 | Concussion Mechanisms | Clinical Review

pathophysiology and  potential

Khan, M., 2013 | Mechanisms on Outcomes
(USA) [20] In TBI, mTBI, Concussion
And PPCS

(pennyslavia, USA) | and Pathophysiology N=87 sequelae

[19] Book chapter of concussion.
cerebral blood flow (CBF) and
metabolic demand during
concussion

Rahman, Z., Zidan, | The Potential Impact of | Clinical Review physiology of the outcome of TBI

A., Food, U. S., & | Various Physiological | N=187 or mTBI,

Recognizing pathophysiology as it
relates to past medical history,
family history, genetics,

multiple system involvement and
systemic peripheral contributions to
central nervous system (CNS).
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McCrory, P.,
Meeuwisse, W.,
Johnston, K.,
Dvorak, J., Aubry,
M., Molloy, M., &
Cantu, R. 2009

(Zurich) [21]

Consensus Statement on
Concussion in Sport: the
3rd International
Conference on Concussion
in Sport held in Zurich,
November 2008

A revision and update of the
recommendations developed
following the 1st (Vienna)
and 2nd (Prague)
International Symposia on
Concussion in Sport

Validation of the SCAT2.
Gender effects on injury
severity and outcome.
Pediatric injury and management

risk,

paradigms.

Virtual reality tools in the
assessment of injury.

Rehabilitation  strategies  (e.g.,

exercise therapy).

Chermann, J. F.,
Klouche, S., Savigny,
A., Lefevre, N.,

Return to rugby after brain
concussion: A prospective
study in 35 high level

Prospective study performed
from Sept 2009 to June 2012

Validated the study protocol for the
management of concussion

Herman, S., & Bohu, | rugby players

Y. 2014 (Paris,

France) [22]

Choe, M. C. 2016 The Pathophysiology of Clinical review pathogenesis of concussion

[16] Concussion N=137 neurocognitive deficits and mood

disturbances limited to symptomatic

Choe, M. C.,
Babikian, T., Difiori,
J., Hovda, D. A, &
Giza, C. C. 2012 [23]

A pediatric perspective on
concussion
pathophysiology

Recent Findings on Clinical
reviews
N=88

longer recovery time for high-
school athletes compared with
adults (college, professional) after
concussion.

more severe cognitive deficits, and
high-school males perform worse
on balance

&

testing than college athlete’s post-
concussion

Dorrien, J. M. 2015
[24].

History of Concussion and
Current Functional
Movement Screen Scores
in a Collegiate
Recreational Population

n-55 collegiate Athletes

Previous research suggests that
neurological function appears to be
altered in those with a history of
concussion

Daneshvar, D. H., &
Nowinski, C. J. 2011

TheEpidemiology
of Sport-Related

Epidemiology rates among
sports in USA 1988-2004

Concussions and head injuries may
never be completely eliminated

[25]. concussion Seasons. from sports.

N= Better data comes with an improved
understanding of the types of
actions and activities that typically
result in concussions.

Romeu-mejia, R., Concussion Clinical ~and  Empirical | model research, neuroimaging, and
Giza,C.C., & Pathophysiology and Reviews biomechanical impact kinematics
Goldman, J. T. 2019 | Injury Biomechanics N=128 post-impact neurobiochemical

[26]

cascade that is well sup- ported by
basic science literature

Willer, B., & Leddy,
J. 2006 [27]

Management of
Concussion and Post-
Concussion Syndrome.

Clinical Reviews N=56

Early return to vigorous training
leads to return of symptoms.

Giza, C., & Angeles,
L. 2016 (USA) [28].

Pathophysiology of Sports-
Related Concussion : An
Update on Basic Science
and Translational

Systematic and  Clinical
review

N=92

Role of genetic markers is not clear
in the acute response to concussion

Recent clinical data have raised
concern about the long-term effects

Research. of prior concussion on cognitive
and motor function
Allen, B. B. 2017, Pathophysiology and Clinical Reviews Return to Play Protocol
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| (NY, USA) [29]

| Diagnosis of Concussion | N-110

| Return To School Protocol |

Clinical definition of concussion

Concussion has attracted several definitions
over decades but clinically and over 3 international
consensus conferences it has be defined and redefined
by a panel of experts to unanimously agree that
concussion is complex pathophysiological process
affecting the brain, induced by traumatic biomechanical
forces [21, 30, 31]. This briefly describes concussion as
a rapid onset of short-lived impairment of neurologic
functions resolving spontaneously [18]. It has been
proposed that concussions be classified as a subset of
mild TBI because most of these injuries appear to
resolve without permanent consequences [21].

Concussion may be associated with symptoms
that may be prolonged in a small percentage of cases,
but this symptoms in acute cases reflect on a functional
disturbance rather than a structural injury or physical
injury, which usually is confirmed by the absence of
abnormalities on standard neuroimaging studies [32].
Finally, concussion may or may not involve loss of
consciousness as indicated by some study [33].

There are still some uncertainties regarding the
compelling pathomechanisms that are triggered by the
biomechanical forces on the head and the resulting
insult and that unfold thereafter. This contributes to
affecting several Cellular processes that may include
ionic flux, neurotransmitter release, cerebral blood flow
(CBF), metabolism, synaptic function, and axonal
connectivity [23]. A better Clinical explanation tends to
explain concussion as the mildest form of the spectrum
continuum that is Diffuse Axonal Injury (DAI). Most of
the described insights on the pathophysiology of
concussion originated from animal data and were
subsequently confirmed using invasive monitors in
cases of severe human TBI [34] in recent days, the use
of advanced neuroimaging has allowed demonstration,
with noninvasive methods, of many components of the
neurometabolic cascade after concussion [35].

Basic Science Pathophysiology
Cerebral Blood Flow

Studies suggest that after a concussion the
cerebral vasoreactivity maintains a constant supply of
oxygenated blood to the brain, by rapidly responding to
shifts in arterial CO2 [16]. Reduced and Diminished
cerebral glucose uptake has been reported after
concussive injury in young adults, but the duration of
this perturbation is unknown [36]. There has been a
notable change in Cerebral activity after the occurrence
of Concussion with Diffuse cerebral swelling being the
most immediate even after a single mild TBI has been

reported in pediatric patients [37], as well as in
pedigrees with potential genetic vulnerability due to an
ion channelopathy [38]. Another contributor to
secondary neural injury/ damage is altered CBF, which
can result in the presence of both excess and inadequate
perfusion. TBI effects on CBF may occur through
alterations in cerebral autoregulation, vasospasm,
and/or regional perfusion disturbances [23]. Studies
allude that Some patients suffering from a mild form of
concussion may be extremely susceptible to the
consequences of even minor changes in cerebral blood
flow, as well as slight increases in intracranial pressure
and apnea [39]. Acute brain injury induced an increase
in glucose utilization, this has been shown in the
presence of low CBF in a number of animal studies [40,
41], and in humans with severe head injuries [36]. After
the initial period of increased glucose unitization, the
injured brain transitions into a period of depressed
metabolism that may lead to long-lasting and worsening
energy crisis [42].

lonic Flux and Glutamate Release

Many reviews have been done to explain the
post-concussive  neurometabolic  cascade.  After
concussion, the Glutamate, an excitatory amino acid, is
released immediately following injury, and glutamate
receptors can become altered [28, 43]. Barkhoudarian et
al., [44] in their review illustrated that during
concussive injury, shearing forces damage the neuronal
membrane producing an efflux of potassium into the
extracellular space and initiating a widespread release
of glutamate [45]. This in turn binds to N-methyl-D-
aspartate (NMDA) and D-amino-3-hydroxy-5- methyl-
4-isoxazolepropionic acid (AMPA) ionic channels
instigating further depolarization and influx of calcium
ions. Depolarization results in an extensive B spreading
depression of neurons and ATP-dependent Na+/K+
pumps become activated, which require high levels of
glucose metabolism. Post- injury, the Na+/K+ pump
quickly diminishes intracellular energy stores and
neurons are forced to use glycolysis. Concomitantly,
oxidative metabolism is further disturbed due to
mitochondrial dysfunction and an upsurge in lactate
pro- duction which contributes to localized acidosis,
cerebral edema, and an increase in membrane
permeability [46] but the direct evidence of diffuse
abnormal neuronal excitation/inhibition in acute
concussion can be obtained by examining
depolarization of nerve cells soon after traumatic brain
injury [19]. However, long-term perturbations may
occur, resulting in neuronal vulnerability to further
insults and/or be responsible for post-concussive
symptoms [46].
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Fig-1: Neurometabolic cascade following traumatic brain injury. (1) Nonspecific depolarization and initiation of action potentials. (2). Release
of excitatory neurotransmitters (EAASs). (3). Massive influx of potassium. (4) Increased activity of membrane ionic pumps to restore
homeostasis. (5) Hyperglucolysis to generate more adenosine triphosphate (ATP). (6) Lactate accumulation. (7) Calcium influx and

sequestration in mitochondria leading to impaired oxidative metabolism. (8). Decreased energy (ATP) production. (9) Calpain activation and

initiation of apoptosis. A, Axolemmal disruption and calcium influx. B, Neurofilament compaction via phosphorylation or sidearm cleavage. C,

Microtubule disassembly and accumulation of axonally transported organelles. D, Axonal swelling and eventual axotomy

The Diffuse Axonal Injury (DAI)

Diffuse axonal injury (DAI) is a common
neuropathological finding after concussion causing
diffuse, multifocal white matter lesions. It is a major
contributor to morbidity after TBI [47-49]. A large
body of clinical and experimental evidence suggests
that such a distinctive course based on temporal
neuronal dysfunction is an inevitable consequence of
complex biochemical and neurochemical cascade
mechanisms that are directly and immediately triggered
by traumatic insult to the brain [50-54]. Diffuse axonal
injury occurs regardless of the severity of the
biomechanical effect. an injury results to an initial
disruption of the axonal transport and an imminent
swelling but more severe cases may result to Wallerian
degeneration follows as a chronic and long-term
process [55]. Axonal pathology is experienced in the
initial 24h but can still be observed weeks to months
later after the occurrence. The swelling is influenced by
damage from the shear and tensile biomechanical forces
as well as progressive changes on the cytoskeletal
changes that impairs transport [49]. Periodic swellings
and varicosities have been associated with partial
microtubule breakage with undulations in axon
morphology [56]. This axonal conduction deficits in
unmyelinated fibers and if they persist in 2 weeks with
preserved potential fiber action this contributes to a
relative vulnerability of unmyelinated axons reflecting
in a significant reduction in mean axonal caliber. These
physical changes can reduce conduction velocity and
may be correlated to cognitive and memory
impairments seen after TBI [57, 58] consequently this
affects the post injury symptoms and cognitive

functions [59, 60] immune and autoimmune
mechanisms, inflammatory pathways and oxidative
phosphorylation or other energy production damage.
Limits to the effectiveness of pharmaceutical and
surgical approaches are apparent, and complicated by
the physiological interconnectedness of such pathways
[20].

Second Impact Syndrome in Concussion

Three athletes succumbed to death in 1984
after a minor concussion but all the three cases had an
antecedent concussion from which they were still
symptomatic- this characterizes the second impact
syndrome as reported by Saunders & Harbaugh [61]. 50
such occurrences are reported [62, 63]. Several studies
on sportsmen while still having symptoms from a
previous head injury that unexpectedly and
unpredictably led to sustained intracranial from a
previous head injury, experienced a second injury that
unexpectedly and unpredictably led to sustained
intracranial hypertension and cata- strophic outcomes
[61]. Further effects on the Cebrovascular are reported
by Cantu and Voy [62] Ongoing cerebrovascular
vulnerability at the time of the second concussion
triggers massive vasodilatation and subsequent lethal
brain swelling due to a marked increase in cerebral
blood volume. This notion has been called into question
by autopsy findings of acute subdural hematomas in 15-
20% of cases [62]. This entity of the occurrence of
catastrophic cerebral edema after mTBI/concussion is
what is referred as second impact [64-67]. Several
studies have potentially described the
pathophysiology’s of the second impact syndrome, Giza
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& Hovda [68] describe the initial response to the impact
is an acute abnormal glucose metabolism and energy
crisis shortly after traumatic brain injury indicate a
window for potential vulnerability in the traumatized
brain [18] “A study of American high school and
college football players demonstrated 94 catastrophic
head injuries (significant intracranial bleeding or
edema) over a 13-year period [69] Of these, only two
occurred at the college level. Seventy-one percent of
high school players suffering such injuries had a
previous concussion in the same season, with 39%
playing with residual symptoms” [70].

Summary

While our understanding of concussion
pathophysiology has improved significantly in the past
decade, the diagnosis remains an imperfect art. Large
voids remain in our understanding of the
pathophysiology and clinical  presentation  of
concussion. In the absence of rapid and inexpensive
diagnostic measures, it remains a clinical diagnosis that
is subject to tremendous variability among clinicians.
Sudden and profound biochemical changes occur after a
concussive trauma. These changes are activated by the
mechanical insult itself and lead to ionic disturbance,
EAA “neurotoxicity,” initial mitochondrial dysfunction,
ROS-mediated damage, energy metabolism depression,
alteration of gene expression, and ultimately variation
of NAA concentration, the “surrogate” marker of the
dysfunctional neurons. Understanding the basic
pathophysiology of concussion as it occurs in the
developing brain provides insight to link biological
mechanisms with clinically relevant concepts such as
duration of neurocognitive impairment, vulnerability to
repeat injuries, perturbation of neuroplasticity and the
potential for cumulative deficits.

Conflict of Interest
Anthony Muchiri, David Kaniaru and Mary
Wambui each declare no potential conflicts of interest.

Human and Animal Rights and Informed Consent

This article does not contain any studies with
human or animal subjects performed by any of the
authors.

REFERENCES

1. Hollis SJ, Stevenson MR, Mclntosh AS, Shores
EA, Collins MW, Taylor CB. Incidence, risk, and
protective factors of mild traumatic brain injury in
a cohort of Australian nonprofessional male rugby
players. The American journal of sports medicine.
2009 Dec;37(12):2328-33.

2. Shuttleworth-Edwards AB, Noakes TD, Radloff
SE, Whitefield VJ, Clark SB, Roberts CO, Essack
FB, Zoccola D, Boulind MJ, Case SE, Smith IP.
The comparative incidence of reported concussions
presenting for follow-up management in South
African Rugby Union. Clinical journal of sport
medicine. 2008 Sep 1;18(5):403-9.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Viljoen W, Patricios J. Boksmart — implementing a
National Rugby Safety Programme. Br J Sports
Med, 2012;46(10):692-693.

Patricios JS, Kohler RMN, Collins RM. Sports-
related concussion relevant to the South African
rugby environment: A review. S Afr J Sports Med,
2010;22(4):88-94.

Goldberg LD, Dimeff RJ. Sideline management of
sport-related concussions. Sports Med Arthrosc,
2006;14:199-205.

Makdissi M, Darby D, Maruff P, Ugoni A, Brukner
P, McCrory PR. Natural history of concussion in
sport: markers of severity and implications for
management. The American journal of sports
medicine. 2010 Mar;38(3):464-71.

Hinton-Bayre AD, Geffen G, Friis P. Presentation
and mechanisms of concussion in professional
Rugby League Football. J Sci Med Sport,
2004;7:400Y404

Koh JO, Cassidy JD, Watkinson EJ. Incidence of
concussion in contact sports: a systematic review of
the evidence. Brain Inj 2003;17:901Y917

Langlois JA, Rutland-Brown W, Wald MM. The
epidemiology and impact of traumatic brain injury:
a brief overview. J Head Trauma Rehabil,
2006;21:375-378.

Wilberger, J. (2014b). CHAPTER 2 CONCUSSION
MECHANISMS AND. (May).
https://doi.org/10.1007/0-387-32565-4

Bruns J Jr., Hauser WA. The epidemiology of
traumatic brain injury: A review. Epilepsia,
2003;44(Suppl 10):2-10.

Tagliaferri F, Compagnone C, Korsic M, Servadei
F, Kraus J. A system- atic review of brain injury
epidemiology in Europe. Acta Neurochir (Wien),
2006;148:255-268.

Roberts SP, Trewartha G, England M, Goodison
W, Stokes KA. Concussions and head injuries in
english community rugby union match play. The
American journal of sports medicine. 2017
Feb;45(2):480-7.

Putukian M, Echemendia RJ. Psychological aspects
of serious head injury in the competitive athlete.
Clin Sports Med, 2003;22(3):617— 630.

Bloom GA, Horton AS, McCrory P, Johnston K.
Sport psychology and concussion: new impacts to
explore. Br J Sports Med. 2004; 38(5):519-521.
Choe MC. The pathophysiology of concussion.
Current pain and headache reports. 2016 Jun
1;20(6):42.

Guidelines for authors of CCOHTA health
technology assessment reports. Rev. ed. Ottawa:
Canadian  Coordinating Office for Health
Technology  Assessment;  2003.  Available:
http://www.ccohta.ca/misc/authors guidelines files/
AuthorsGuidelines.doc.

Signoretti S, Lazzarino G, Tavazzi B, Vagnozzi R.
The pathophysiology of concussion. Pm&r. 2011
Oct 1;3(10):S359-68.

Wilberger J. Chapter 2 Concussion Mechanisms.

| © 2019 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India | 2446 |




Anthony Muchiri Wangui et al; Sch J App Med Sci, July, 2019; 7(7): 2441-2448

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

2014 May.

Rahman Z, Zidan A, Khan MA. Tacrolimus
properties and formulations: potential impact of
product quality on safety and efficacy. Tacrolimus:
Effectiveness, Safety and Drug Interactions, Nova
Science Publishers Inc., New York. 2013:1-39.
McCrory P, Meeuwisse W, Johnston K, Dvorak J,
Aubry M, Molloy M, Cantu R. Consensus
statement on Concussion in Sport-the 3rd
International Conference on Concussion in Sport
held in Zurich, November 2008. South African
Journal of sports medicine. 2009;21(2), 406-420.
Chermann JF, Klouche S, Savigny A, Lefevre N,
Herman S, Bohu Y. Return to rugby after brain
concussion: a prospective study in 35 high level
rugby players. Asian journal of sports medicine.
2014 Dec;5(4).

Choe MC, Babikian T, DiFiori J, Hovda DA, Giza
CC. A pediatric perspective on concussion
pathophysiology. Current opinion in pediatrics.
2012 Dec 1;24(6):689-95.

Dorrien JM. History of Concussion and Current
Functional Movement Screen Scores in a
Collegiate Recreational Population. 2015
Daneshvar DH, Nowinski CJ, McKee AC, Cantu
RC. The epidemiology of sport-related concussion.
Clinics in sports medicine. 2011 Jan 1;30(1):1-7.
Romeu-Mejia R, Giza CC, Goldman JT.
Concussion pathophysiology ~ and injury
biomechanics. Current reviews in musculoskeletal
medicine. 2019 Jun 15;12(2):105-16.

Willer B, Leddy JJ. Management of concussion and
post-concussion  syndrome. Current treatment
options in neurology. 2006 Oct 1;8(5):415-26.

Giza CC, Prins ML. Is being plastic fantastic?
Mechanisms  of  altered  plasticity  after
developmental traumatic brain injury. Dev
Neurosci. 2006, 28: 364-379.

Hay Sl, Abajobir AA, Abate KH, Abbafati C,
Abbas KM, Abd-Allah F, Abdulkader RS, Abdulle
AM, Abebo TA, Abera SF, Aboyans V. Global,
regional, and national disability-adjusted life-years
(DALYs) for 333 diseases and injuries and healthy
life expectancy (HALE) for 195 countries and
territories, 1990-2016: a systematic analysis for the
Global Burden of Disease Study 2016. The Lancet.
2017 Sep 16;390(10100):1260-344.

McCrory P, Johnston K, Meeuwisse W, Aubry M,
Cantu R, Dvorak J, Graf-Baumann T, Kelly J,
Lovell M, Schamasch P. Summary and agreement
statement of the 2nd International Conference on
Concussion in Sport, Prague 2004. British journal
of sports medicine. 2005 Apr 1;39(4):196-204.
Aubry M, Cantu R, Dvorak J, Graf-Baumann T,
Johnston K, Kelly J, Lovell M, McCrory P,
Meeuwisse W, Schamasch P. Summary and
agreement statement of the first International
Conference on Concussion in Sport, Vienna 2001.
The Physician and sportsmedicine. 2002 Feb
1;30(2):57-63.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Handbook of Pathophysiology Contents. Family
Medicine, 2001.

Muchiri WA, Olutende OM, Kweyu IW.
Concussion: A Growing Concern in the Rugby
Fraternity. American Journal of Sports Science and
Medicine. 2019;7(1):10-5.

Giza CC, Kutcher JS. An introduction to sports
concussions. CONTINUUM: Lifelong Learning in
Neurology. 2014 Dec;20(6 Sports
Neurology):1545-1551.

Difiori JP, Giza CC. New techniques in concussion
imaging. Curr Sports Med Rep, 2010;9(1):35-39.
Bergsneider M, Hovda DA, Shalmon E, Kelly DF,
Vespa PM, Martin NA, Phelps ME, McArthur DL,
Caron MJ, Kraus JF, Becker DP. Cerebral
hyperglycolysis following severe traumatic brain
injury in humans: a positron emission tomography
study. Journal of neurosurgery. 1997 Feb
1,86(2):241-51.

Snoek JW, Minderhoud JM, Wilmink JT. Delayed
deterioration following mild head injury in
children. Brain 1984; 107 (Pt 1):15-36.694.

Kors EE, Terwindt GM, Vermeulen FL, Fitzsimons
RB, Jardine PE, Heywood P, Love S, Van Den
Maagdenberg AM, Haan J, Frants RR, Ferrari MD.
Delayed cerebral edema and fatal coma after minor
head trauma: role of the CACNALA calcium
channel subunit gene and relationship with familial
hemiplegic migraine. Annals of neurology. 2001
Jun 1;49(6):753-60.

Hovda DA. Metabolic dysfunction. In: Narayan
RK, Wilberger E, Povlishock JT. (Eds).
Neurotrauma, 1995, 1459-1478. McGraw Hill, NY.
Pfenninger EG, Reith A, Breitig D, Grinert A,
Ahnefeld FW. Early changes of intracranial
pressure, perfusion pressure, and blood flow after
acute head injury: Part 1. An experimental study of
the underlying pathophysiology. Journal of
neurosurgery. 1989 May 1;70(5):774-9.

Yamakami |, Mclntosh TK. Effects of traumatic
brain injury on regional cerebral blood flow in rats
as measured with radiolabeled microspheres.
Journal of Cerebral Blood Flow & Metabolism.
1989 Feb;9(1):117-24.

Ip EY, Zanier ER, Moore AH, Lee SM, Hovda DA.
Metabolic, neurochemical, and histologic responses
to vibrissa motor cortex stimulation after traumatic
brain injury. Journal of Cerebral Blood Flow &
Metabolism. 2003 Aug;23(8):900-10.

Kumar SS, Bacci A, Kharazia V, Huguenard JR. A
developmental switch of AMPA receptor subunits
in neocortical pyramidal neurons. Journal of
Neuroscience. 2002 Apr 15;22(8):3005-15.
Barkhoudarian G, Hovda DA, Giza CC. The
molecular pathophys- iology ofconcussive brain
injury. Clin Sports Med. 2011;30:33-48.

Takahashi H, Manaka S, Sano K. Changes in
extracellular potassium concentration in cortex and
brain stem during the acute phase of experimental
closed head injury. Journal of neurosurgery. 1981

| © 2019 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India | 2447 |




Anthony Muchiri Wangui et al; Sch J App Med Sci, July, 2019; 7(7): 2441-2448

46.

47,

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

Nov 1;55(5):708-17.

Katayama Y, Becker DP, Tamura T, Hovda DA.
Massive increases in extracellular potassium and
the indiscriminate release of glutamate following
concussive brain injury. Journal of neurosurgery.
1990 Dec 1;73(6):889-900.

Povlishock JT, Katz DI. Update ofneuropathology
and neurolog- ical recovery after traumatic brain
injury. J Head Trauma Rehabil, 2005;20(1):76-94.
Serbest G, Burkhardt MF, Siman R, Raghupathi R,
Saatman KE. Temporal profiles ofcytoskeletal
protein loss following traumatic axonal injury in
mice. Neurochem Res, 2007;32(12):2006—-14.

Buki A, Povlishock JT. All roads lead to
disconnection?—  Traumatic  axonal injury
revisited. Acta Neurochir (Wien),

2006;148(2):181-93.

Fu M, Zuo Y. Experience-dependent structural
plasticity in the cortex. Trends Neurosci, 2011;
34:177-187.

Rosenzweig MR, Bennett EL. Psychobiology of
plasticity: effects of training and experience on
brain and behavior. Behav Brain Res, 1996; 78:57—
65.

Fineman I, Giza CC, Nahed BV, Lee SM, Hovda
DA. Inhibition of neocortical plasticity during
development by a moderate concussive brain
injury. ~ Journal  of  neurotrauma. 2000
Sep;17(9):739-49.

Giza CC, Griesbach GS, Hovda DA. Experience-

dependent behavioral plasticity is disturbed
following traumatic injury to the immature brain.
Behavioural ~ brain  research. 2005 Feb
10;157(1):11-22.

Tremblay S, De Beaumont L, Henry LC,

Boulanger Y, Evans AC, Bourgouin P, Poirier J,
Théoret H, Lassonde M. Sports concussions and
aging: a neuroimaging investigation. Cerebral
cortex. 2012 May 10;23(5):1159-66.

Chen XH, Johnson VE, Uryu K, Trojanowski JQ,
Smith DH. A lack of amyloid B plaques despite
persistent accumulation of amyloid B in axons of
long-term survivors of traumatic brain injury. Brain
pathology. 2009 Apr;19(2):214-23.

Tang-Schomer MD, Johnson VE, Baas PW,
Stewart W, Smith DH. Partial interruption of
axonal transport due to microtubule breakage
accounts for the formation of periodic varicosities
after traumatic axonal injury. Experimental
neurology. 2012 Jan 1;233(1):364-72.

Creed JA, DilLeonardi AM, Fox DP, Tessler AR,
Raghupathi R. Concussive brain trauma in the
mouse results in acute cognitive deficits and
sustained impairment of axonal function. Journal of
neurotrauma. 2011 Apr 1;28(4):547-63.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Reeves TM, Smith TL, Williamson JC, Phillips LL.
Unmyelinated axons show selective rostrocaudal
pathology in the corpus callosum after traumatic
brain injury. Journal of Neuropathology &
Experimental Neurology. 2012 Mar 1;71(3):198-
210.

Wilde EA, McCauley SR, Hunter JV, Bigler ED,
Chu Z, Wang ZJ, Hanten GR, Troyanskaya M,
Yallampalli R, Li X, Chia J. Diffusion tensor
imaging of acute mild traumatic brain injury in
adolescents. Neurology. 2008 Mar 18;70(12):948-
55.

Lipton ML, Gulko E, Zimmerman ME, Friedman
BW, Kim M, Gellella E, Gold T, Shifteh K,
Ardekani BA, Branch CA. Diffusion-tensor
imaging implicates prefrontal axonal injury in
executive function impairment following very mild
traumatic  brain  injury. Radiology. 2009
Sep;252(3):816-24.

Saunders RL, Harbaugh RE. The second impact in
catastrophic contact- sports head trauma. JAMA,
1984;252:538-539.

Cantu RC. Cerebral concussion in sport. Sports
medicine. 1992 Jul 1;14(1):64-74.

Cantu RC, Voy R. Second Impact Syndrome: A
Risk in any Sport. Physician and Sports Medicine,
1995, 23(6), 91-96.

Cantu RC. Second-impact syndrome. Clin Sports
Med, 1998;17:37-44.

Cantu RC. Malignant brain edema and second
impact syndrome. In: Cantu RC, ed. Neurologic
Athletic Head and Spine Injuries. Philadelphia, PA:
WB Saunders; 2000, 132-137.

Mori T, Katayama Y, Kawamata T. Acute
hemispheric swelling associated with thin subdural
hematomas: Pathophysiology of repetitive head
injury in sports. Acta Neurochir Suppl, 2006;96:40-
43.

Cantu RC, Gean AD. Second-impact syndrome and
a small subdural hematoma: An uncommon
catastrophic result of repetitive head injury with a
characteristic imaging appearance. J Neurotrauma,
2010;27: 1557-1564.

Giza CC, Hovda DA. The neurometabolic cascade
of concussion. Journal of athletic training. 2001
Jul;36(3):228.

Boden BP, Tacchetti RL, Cantu RC, Knowles SB,
Mueller FO. Catastrophic head injuries in high
school and college football players. Am J Sports
Med, 2007;35:1075-1081.

Cifu D, Steinmetz BD, Drake DF. Repetitive head
injury syndrome. [Accessed August 29, 2008];
eMedicine. 2008 March 24; Available at:
http://www.emedicine.com/sports/TOPIC113.HTM

| © 2019 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India 2448




