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Abstract
Traumatic brain injury (TBI) is typically categorized as being mild, moderate, or severe. Over the years much of
the research focus has been geared toward moderate and severe TBI as these injuries are seen most often in the
clinical setting. In contrast, mild TBI is more difficult to diagnose and there is inconsistency within the literature on
how exactly mild TBI should be diagnosed. Even more difficult to diagnose than mild TBI is concussion injury.
Concussions have been a recent and constant news headline for the past several years as evidence suggests that
repeated concussive and sub-concussive impacts due to sports play, especially American football, can result in
permanent brain damage. Therefore, it is the purpose of this short communication to shed light on recent research
into the discovery of an objective and reliable biomarker to assess concussion injury.
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Concussion Injury

Diagnosis of Traumatic Brain Injury

Concussion injury is a specific form of mild TBI defined as a
complex pathophysiological process affecting the brain, induced by
biomechanical forces [7]. A person diagnosed with a concussion
generally experiences at least one of the following adverse effects:
somatic (e.g. headache), cognitive (e.g. feeling in a fog, vertigo),
emotional (e.g. lability), physical (e.g. LOC, amnesia, fatigue),
behavioral (e.g. irritability), cognitive (e.g. feeling in a fog), or sleep
disturbance (e.g. insomnia) [6,7]. Based off these symptoms, several
concussion diagnostic tools have been developed.

Traumatic brain injury (TBI) is the leading cause of death and
disability in children and young adults around the world, with most
TBIs caused by road traffic accidents, falls, and violence [1]. The
Glascow Coma Scale (GCS) is typically used to assess severe (GCS
3-8), moderate (GCS 9-12), and mild (GCS 13-15) TBI along with
results from a computerized tomography (CT) examination or a skull
X-ray if a CT scanner is not available [1]. Although the GCS appears to
be appropriate for assessing severe and moderate TBI there is concern
that mild TBI may be more difficult to assess [2]. For example, there is
argument as to whether a GCS of 13 should be included in the category
of mild or moderate TBI [3,4]. It has also been suggested that the GCS
is not sensitive enough to assess mild TBI since a GCS score of 15 may
be interpreted as a normal examination when a mild TBI did indeed
occur [5,6].
Mild TBIs are difficult to diagnose due to the quick resolution of
symptoms and the absence of objective evidence for injury using
neuroimaging techniques [6–8]. Several review papers have been
published in hopes of finding consistency in the literature on how to
diagnose mild TBI [2,4–6,9]. These reviews have found that diagnostic
criteria for determining mild TBI typically include: a clear mechanism
for suspicion of injury, post traumatic amnesia (PTA) [5,6,9–11], loss
of consciousness (LOC) [6,9–11], seizure [6,9], altered consciousness
[5,6,9,11], focal neurological deficit [6,9,11], vomiting [4], and diffuse
headache [4]. However, these sequelae are transient and can change
quickly following TBI [6]. Also, PTA and LOC may be difficult to
assess as the patient may not realize that he or she is experiencing these
symptoms unless told by a person who witnessed the events before and
after the TBI [6]. Review articles investigating mild TBI commonly
come to the conclusion that the literature on the diagnostic procedures
of mild TBI is inconsistent, and a more objective, concrete
determination of mild TBI is required.
J Neurol Neurophysiol
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The Sport Concussion Assessment Tool–3rd edition (SCAT3) [7]
and Standard Assessment of Concussion (SAC) [12] are common tests
used on the side-line of sporting events to determine if a concussion
has occurred. Other tests that have been developed to help diagnose
concussion injury include tests of postural deficit [13],
electrophysiological recordings [14–16], neuropsychological testing
[17–20] and reaction time tests [21,22]. However, none of these tools
are recommended for use as a stand-alone method to diagnose
concussion and are not always practical for side-line assessment.
Assessments for concussion must be practical, reliable, objective, and
have a quick result so important on-the-field decisions can be made
that both protect the injured athlete such that further and possibly
permanent brain damage is not incurred [23–30], yet do not prevent
an uninjured athlete from return to play (RTP).
Since concussion is among the most complex injuries in sports
medicine to diagnose [7] it may be too complex to be elucidated from a
single test, yet a single objective test must be sought in order to
eliminate confusion and error in concussion diagnosis. A viable
candidate for objective diagnosis is a biomarker of concussion injury.
Although there are many biomarker candidates, the most useful and
practical biomarkers are found in systemic circulation such that the
risks of obtaining cerebral spinal fluid (CSF) can be avoided and
analysis of the biomarker can occur on the side-line of an athletic
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event. With this in mind, the pool of currently discovered biomarkers
that may be used for concussion assessment is significantly narrowed
(Figure 1).

those after concussion injury was conducted in football, soccer, ice
hockey, and basketball players [46]. This study found that S100B
increased significantly three hours after concussion injury but did not
correlate well with post-concussive symptoms [46].

Predictive Biomarkers
Based off current research, the biomarkers VILIP-1, UCH-L1, NFL,
T-tau, NSE, and S100B may be useful in detecting sub-concussive
impacts leading to concussive injury since they have been show to
increase in athletes following sport competition without the incidence
of concussion [31–34,36,38,40–45,47–49]. Longitudinal studies
following the changes of these biomarkers leading up to concussion
will help in determining if they can predict the occurrence of
concussion. These biomarkers could then be used as a tool for
prevention by having an athlete take games off when their biomarker
levels become too high, thereby preventing concussion injury from
occurring.

Diagnostic Biomarkers

Figure 1: Schematic representation of concussion biomarkers
researched in sport.

Potential Concussion Biomarkers
Concussion biomarkers that have been studied in systemic
circulation of athletes include: brain-derived neurotrophic factor
(BDNF) [31], heart-type fatty acid binding protein (h-FABP) [31],
serum visinin-like protein-1 (VILIP-1) [32], β-2 transferrin [33],
ubiquitin carboxy-terminal hydrolase L1 (UCH-L1) [33],
neurofilament light (NFL) [34,35], total tau (T-tau) [36], tau fragment
A (Tau-A) [37], tau fragment C (Tau-C) [37], glial fibrillary acidic
protein (GFAP) [31,38], myelin basic protein (MBP), calpain-derived
αII-spectrin N-terminal fragment (SNTF) [39], neuron-specific
enolase (NSE) [31,36,40–44], and protein S100B (S100B)
[31,33,36,38,40–50]. Of these studies only a marked increase in
VILIP-1 [32], UCH-L1 [33], NFL [34], SNTF [39], T-tau [36], Tau-C
[37], NSE [31,32,36,40–44], and S100B [32,33,36,38,40–48] was found
following sport. Furthermore, only VILIP-1 [32], SNTF [39], T-tau
[36], Tau-A [37], Tau-C [37], NSE [36], and S100B [36,46] have been
examined to determine efficacy in their ability to diagnose concussion
injury.
The majority of studies investigating the efficacy of biomarkers to
diagnose concussion have been conducted on professional ice hockey
players [32,36,37, 39]. These studies have shown the following results:
VILIP-1 did not change 1 h after concussion compared to pre-season
levels and decreased between 12 and 36 h post-concussion suggesting
that VILIP-1 is not likely a useful biomarker for the diagnosis of
concussion [32], compared to pre-season levels T-tau and S100B
increased significantly following concussion while no significant
change occurred with NSE [36], Tau-C levels increased significantly
following concussion, and although Tau-A levels did not increase after
concussion, the levels were correlated with the duration of postconcussive symptoms [37], SNTF levels rose significantly following
concussion and correlated with duration of post-concussive symptoms
[39]. The only other study comparing baseline biomarker levels to
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S100B and T-tau currently have the most promise as potential
biomarkers for the diagnosis of concussion [36,46]. The specificity and
sensitivity of these two biomarkers have been assessed within a few
hours following concussion injury using the area under the receiver
operating characteristic curve (AUC). Coefficients for AUC range from
0 (no sensitivity or specificity) to 1.0 (perfect sensitivity and
specificity). The diagnostic ability of the biomarkers can be deemed
worthless to excellent using specific AUC coefficient ranges as
indicated in Table 1.
AUC Coefficient

Rank

1.0

Perfect Test

0.9–1.0

Excellent Test

0.8-0.9

Good Test

0.7–0.8

Fair Test

0.6–0.7

Poor Test

≤ 0.6

Worthless Test

Table 1: Range of area under the receiver operating characteristic curve
coefficients ranked into worthiness of test categories.
Twenty-eight male professional ice hockey players from the Swedish
Hockey League were diagnosed with having concussion using
guidelines recommended by the International Conference on
Concussion in Sport [7,36]. Of these concussed players, three
experienced unconsciousness and 15 experienced post concussive
symptoms (PCS) lasting greater than six days post injury [36]. In these
athletes T-tau and S100B were shown to have an AUC of 0.80 and 0.67,
respectively, in diagnosing concussion when T-tau and S100B levels
were measured one-hour post injury and compared to T-tau and
S100B levels measured in non-matched ice hockey players following a
friendly game with no incident of concussion injury [36].
In another study football, soccer, basketball, and ice hockey male
and female players affiliated with either the Ludwig Maximilians
University in Munich, Germany, or the University of Rochester or
Rochester Institute of Technology in Rochester, New York were used to
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determine the efficacy of S100B to diagnose concussion [46].
Seventeen athletes were diagnosed with concussion using the Sport
Concussion Assessment Tool 2 (SCAT2) and had their S100B serum
levels measured three hours post injury [46]. In these athletes S100B
was shown to have an AUC of 0.904 in diagnosing concussion when
S100B levels were measured three-hours post-concussion and
compared to S100B levels measured in non-matched ice hockey
players following non-contact ice-hockey skating drills [46].
Future studies must continue to examine the efficacy of these
biomarkers using matched pre-season and post-concussion biomarker
levels. There must also be a focus on the timing of peak serum
concentrations as the time of blood collection post injury may affect
biomarker efficacy. Biomarkers that have a high AUC within one hour
of concussion injury will be the most useful for side-line assessment.

Prognostic Biomarkers
The biomarkers T-tau, Tau-A, and SNTF may be useful in
determining RTP as these biomarkers have been shown to increase
following concussion and then decrease as post concussive symptoms
are resolved [36,37,39]. Future studies must continue to measure
biomarkers following concussion injury to determine if they can be
used as prognostic measures of concussion injury. A biomarker that
can be used to determine RTP would greatly assist physicians, certified
athletic trainers, and coaches in making the difficult decision of when
an athlete is ready to RTP following concussion injury.

Conclusion
Since the end of the 20th and beginning of the 21st century, research
into the use of biomarkers to diagnose and assess sports-related
concussion injury has been gaining in popularity with studies
increasing in complexity and improved study design. Currently, T-tau
and S100B appear to have the greatest diagnostic potential with T-tau
having an AUC of 0.80 one hour after concussion and S100B having an
AUC of 0.904 three hours after concussion. Research on concussion
biomarkers must continue to be supported by sports players, coaches,
and funding organizations so a reliable tool can be generated to
predict, diagnose, and monitor return to play in regard to sport
concussion injury. Finding a biomarker or biomarkers that assess
concussion injury will greatly improve the safety of players, especially
those participating in contact sports, by preventing acute and
permanent brain damage while at the same time making the diagnosis
of concussion by health professionals unambiguous.

References
1.
2.
3.
4.

5.
6.

Dalal PM, Bhattacharjee M, Vairale J, Bhat P (2008) Mumbai stroke
registry (2005-2006)--surveillance using WHO steps stroke instrument-challenges and opportunities. J Assoc Physicians India 56: 675-680.
Chung P, Khan F (2013) Traumatic bain injury (TBI): Overview of
diagnosis and treatment. J Neurol Neurophysiol 5: 1–10.
Stein SC (2001) Minor head injury: 13 is an unlucky number. J Trauma
50: 759-760.
Servadei F, Teasdale G, Merry G; Neurotraumatology Committee of the
World Federation of Neurosurgical Societies (2001) Defining acute mild
head injury in adults: a proposal based on prognostic factors, diagnosis,
and management. J Neurotrauma 18: 657-664.
Rees PM (2003) Contemporary issues in mild traumatic brain injury.
Arch Phys Med Rehabil 84: 1885-1894.
Ruff RM, Iverson GL, Barth JT, Bush SS, Broshek DK; NAN Policy and
Planning Committee (2009) Recommendations for diagnosing a mild

J Neurol Neurophysiol
ISSN:2155-9562 JNN, an open access journal

7.

8.
9.

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.
27.

traumatic brain injury: A National Academy of Neuropsychology
education paper. Arch Clin Neuropsychol 24: 3-10.
McCrory P, Meeuwisse HM, Aubry M, Cantu B, Dvorák 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.
Hergenroeder GW, Redell JB, Moore AN, Dash PK (2008) Biomarkers in
the clinical diagnosis and management of traumatic brain injury. Mol
Diagn Ther 12: 345-358.
Carroll LJ, Cassidy JD, Holm L, Kraus J, Coronado, VG (2004)
Methodological issues and research recommendations for mild traumatic
brain injury: The WHO collaborating centre task force on mild traumatic
brain injury. J Rehabil Med 43: 113–125.
Malec JF, Brown AW, Leibson CL, Flaada JT, Mandrekar JN, et al. (2007)
The mayo classification system for traumatic brain injury severity. J
Neurotrauma 24: 1417-1424.
Menon DK, Schwab K, Wright DW, Maas AI; Demographics and Clinical
Assessment Working Group of the International and Interagency
Initiative toward Common Data Elements for Research on Traumatic
Brain Injury and Psychological Health (2010) Position statement:
Definition of traumatic brain injury. Arch Phys Med Rehabil 91:
1637-1640.
McCrea M, Kelly JP, Randolph C, Kluge J, Bartolic E, et al. (1998)
Standardized assessment of concussion (SAC): On-site mental status
evaluation of the athlete. J Head Trauma Rehabil 13: 27–35.
Guskiewicz KM (2003) Assessment of postural stability following sportrelated concussion. Curr Sports Med Rep 2: 24-30.
Gosselin N, Thériault M, Leclerc S, Montplaisir J, Lassonde M (2006)
Neurophysiological anomalies in symptomatic and asymptomatic
concussed athletes. Neurosurgery 58: 1151-1161.
Gaetz M, Weinberg H (2000) Electrophysiological indices of persistent
post-concussion symptoms. Brain Inj 14: 815-832.
Lavoie ME, Dupuis F, Johnston KM, Leclerc S, Lassonde M (2004) Visual
p300 effects beyond symptoms in concussed college athletes. J Clin Exp
Neuropsychol 26: 55-73.
Collie A, Darby D, Maruff P (2001) Computerised cognitive assessment
of athletes with sports related head injury. Br J Sports Med 35: 297-302.
Collie A, Maruff P, McStephen M, Darby DG (2003) Psychometric issues
associated with computerised neuropsychological assessment of
concussed athletes. Br J Sports Med 37: 556–559.
Collins MW, Grindel SH, Lovell MR, Dede DE, Moser DJ, et al. (1999)
Relationship between concussion and neuropsychological performance in
college football players. JAMA 282: 964-970.
Lovell MR (2002) The relevance of neuropsychologic testing for sportsrelated head injuries. Curr Sports Med Rep 1: 7-11.
Eckner JT, Kutcher JS, Richardson JK (2011) Between-seasons test-retest
reliability of clinically measured reaction time in national collegiate
athletic association division I athletes. J Athl Train 46: 409–414.
Eckner JT, Richardson JK, Kim H, Lipps DB, Ashton-Miller JA (2012) A
novel clinical test of recognition reaction time in healthy adults. Psychol
Assess 24: 249-254.
Bailes JE, Petraglia AL, Omalu BI, Nauman E, Talavage T (2013) Role of
subconcussion in repetitive mild traumatic brain injury. J Neurosurg 119:
1235-1245.
Guskiewicz KM, McCrea M, Marshall SW, Cantu RC, Barr W, et al.
(2003) Cumulative effects associated with recurrent concussion in
collegiate football players: The NCAA concussion study. JAMA 290:
2549–2555.
Jordan BD (2013) The clinical spectrum of sport-related traumatic brain
injury. Nat Rev Neurol 9: 222-230.
Nagahiro S, Mizobuchi Y (2014) Current topics in sports-related head
injuries: a review. Neurol Med Chir (Tokyo) 54: 878-886.
Omalu BI, KeKosky ST, Minster RL, Kamboh MI, Hamilton RL, et al.
(2005) Chronic traumatic encephalopathy in a national football league
player. Neurosurgery 57: 128–134.

Volume 7 • Issue 3 • 1000383

Citation:

Rogatzki MJ, Baker JS (2016) Traumatic Brain Injury in Sport with Special Focus on Biomarkers of Concussion Injury. J Neurol
Neurophysiol 7: 383. doi:10.4172/2155-9562.1000383

Page 4 of 4
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

Omalu BI, DeKosky ST, Hamilton RL, Minster RL, Kamboh MI, et al.
(2006) Chronic traumatic encephalopathy in a national football league
player: Part II. Neurosurgery 59: 1086-1092.
Shell D, Carico G, Patton R (1993) Can subdural hematoma result from
repeated minor head injury? The Physician and Sports Medicine 21: 74–
84.
Smith DH, Johnson VE, Stewart W (2013) Chronic neuropathologies of
single and repetitive TBI: Substrates of dementia? Nat Rev Neurol 9:
211-221.
Zetterberg H, Tanriverdi F, Unluhizarci K, Selcuklu A, Kelestimur F, et al.
(2009) Sustained release of neuron-specific enolase to serum in amateur
boxers. Brain Inj 23: 723-726.
Shahim P, Mattsson N, Macy EM, Crimmins DL, Ladenson JH, et al.
(2015) Serum visinin-like protein-1 in concussed professional ice hockey
players. Brain Inj 29: 872-876.
Puvenna V, Brennan C, Shaw G, Yang C, Marchi N, et al. (2014)
Significance of ubiquitin carboxy-terminal hydrolase L1 elevations in
athletes after sub-concussive head hits. PLoS One 9: e96296.
Oliver JM, Jones MT, Kirk KM, Gable DA, Repshas JT, et al. (2016) Serum
neurofilament light in American football athletes over the couorse of a
season. J Neurotrauma.
Oliver JM, Jones MT, Kirk KM, Gable DA, Repshas JT, et al. (2016) Effect
of docosahexaenoic acid on a biomarker of head trauma in American
football. Med Sci Sports Exerc 48: 974-982.
Shahim P, Tegner Y, Wilson DH, Randall J, Skillbäck T, et al. (2014) Blood
biomarkers for brain injury in concussed professional ice hockey players.
JAMA Neurol 71: 684-692.
Shahim P, Linemann T, Inekci D, Karsdal MA, Blennow K, et al. (2016)
Serum tau fragments predict return to play in Concussed Professional Ice
Hockey Players. J Neurotrauma.
Hasselblatt M, Mooren FC, von Ahsen N, Keyvani K, Fromme A, et al.
(2004) Serum S100beta increases in marathon runner reflect extracranial
release rather than glial damage. Neurology 62: 1634–1636.
Siman R, Shahim P, Tegner Y, Blennow K, Zetterberg H, et al. (2015)
Serum SNTF increases in concussed professional ice hockey players and
relates to the severity of post-concussion symptoms. J Neurotrauma 32:
1294-1300.

J Neurol Neurophysiol
ISSN:2155-9562 JNN, an open access journal

40.
41.

42.
43.

44.

45.
46.
47.
48.
49.
50.

Graham MR, Myers T, Evans P, Davies B, Cooper SM, et al. (2011) Direct
hits to the head during amateur boxing is associated with a rise in serum
biomarkers for brain injury. Int J Immunopathol Pharmacol 24: 119-125.
Graham MR, Pates J, Davies B, Cooper SM, Bhattacharya K, et al. (2015)
Should an increase in cerebral neurochemicals following head kicks in
full contact karate influence return to play? Int J Immunopathol
Pharmacol 28: 539–546.
Stålnacke BM, Tegner Y, Sojka P (2003) Playing ice hockey and basketball
increases serum levels of S-100B in elite players: A pilot study. Clin J
Sport Med 13: 292-302.
Stålnacke BM, Tegner Y, Sojka P (2004) Playing soccer increases serum
concentrations of the biochemical markers of brain damage S-100B and
neuron-specific enolase in elite players: a pilot study. Brain Inj 18: 899–
909.
Stålnacke BM, Ohlsson A, Tegner Y, Sojka P (2006) Serum concentrations
of two biochemical markers of brain tissue damage S-100B and neurone
specific enolase are increased in elite female soccer players after a
competitive game. Br J Sports Med 40: 313-316.
Dietrich MO, Tort AB, Schaf DV, Farina M, Gonçalves CA, et al. (2003)
Increase in serum S100B protein level after a swimming race. Can J Appl
Physiol 28: 710-716.
Kiechle K, Bazarian JJ, Merchant-Borna K, Stoecklein V, Rozen E, et al.
(2014) Subject-specific increases in serum S-100B distinguish sportsrelated concussion from sports-related exertion. PLoS One 9: e84977.
Otto M, Holthusen S, Bahn E, Söhnchen N, Wiltfang J, et al. (2000)
Boxing and running lead to a rise in serum levels of S-100B protein. Int J
Sports Med 21: 551-555.
Stocchero CM1, Oses JP, Cunha GS, Martins JB, Brum LM, et al. (2014)
Serum S100B level increases after running but not cycling exercise. Appl
Physiol Nutr Metab 39: 340-344.
Marchi N, Bazarian JJ, Puvenna V, Janigro M, Ghosh C, et al. (2013)
Consequences of repeated blood-brain barrier disruption in football
players. PLoS One 8: e56805.
Schulte S, Schiffer T, Sperlich B, Kleinöder H, Holmberg HC (2011)
Serum Concentrations of S100B are not Affected by Cycling to
Exhaustion With or Without Vibration. J Hum Kinet 30: 59-63.

Volume 7 • Issue 3 • 1000383

