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Abstract
Background When participating in contact sports, (mild) head trauma is a common incident—observed in both professional and
amateur sports. When head trauma results in transient neurological impairment, a sports-related concussion has occurred. Acute
concussion, repetitive concussions, as well as cumulative Bsub-concussive^ head impacts may increase the risk of developing
cognitive and behavioral deficits for athletes, as well as accelerated cerebral degeneration. While this concept has been well
established for classic contact sports like American Football, Rugby, or Boxing, there is still an awareness gap for the role of
sports-related concussion in the context of the world’s most popular sport—Soccer.
Methods Here, we review the relevance of sport-related concussion for Soccer as well as its diagnosis and management. Finally,
we provide insight into future directions for research in this field.
Results Soccer fulfills the criteria of a contact sport and is characterized by a high incidence of concussion. There is ample
evidence that these events cause functional and structural cerebral disorders. Furthermore, heading, as a repeat sub-concussive
impact, has been linked to structural brain changes and neurocognitive impairment. As a consequence, recommendations for the
diagnosis and management of concussion in soccer have been formulated by consensus groups. In order to minimize the risk of
repetitive concussion in soccer the rapid and reliable side-line diagnosis of concussion with adoption of a strict remove-from-play
protocol is essential, followed by a supervised, graduated return-to-play protocol. Recent studies, however, demonstrate that
adherence to these recommendations by players, coaches, clubs, and officials is insufficient, calling for stricter enforcement. In
addition, future research to solidify the pathophysiological relevance of concussion for soccer athletes seems to be needed.
Advanced neuroimaging and neurochemical biomarker analyses (e.g. S100β, tau and neurofilament light (NfL)) may assist in
detecting concussion-related structural brain changes and selecting athletes at risk for irreversible damage.
Conclusion Sports-related concussion represents a genuine neurosurgical field of interest. Given the high socioeconomic rele-
vance, neurosurgeons should get involved in prevention and management of concussion in soccer.
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CISG Concussion in Sports Group
CSF Cerebrospinal fluid
CT Computed tomography

CTE Chronic traumatic encephalopathy
DMN Default mode network
DTI Diffusion tensor imaging
FIFA Fédération Internationale de Football Association
fMRI Functional magnetic resonance imaging
GFAP Glial fibrillary acidic protein
MRI Magnetic resonance imaging
MRP Magnetic resonance perfusion
MRS Magnetic resonance spectroscopy
NAA N-acetylaspartate
NFL National Football League
NfL Neurofilament light
NSE Neuron specific enolase
PCS Post-concussion syndrome
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PET Positron emission tomography
RTS Return to sport
SCAT Sport Concussion Assessment Tool
SIS Second impact syndrome
SRC Sports-related concussion
TBI Traumatic brain injury
TMS Transcranial magnetic stimulation

Sports-related concussion—the
pathophysiological problem

In sports, head trauma is a common incident. It is often
caused by a fall or a collision, while in some sports like
full-contact martial arts or boxing, it is caused by intention.
The risk of head trauma is not only limited to professional
sports but is present in amateur and high school sports as
well. When head trauma in sports results in transient neu-
rological impairment, a sports-related concussion (SRC)
has occurred. SRC is defined as a form of mild traumatic
brain injury (TBI) by the 2017 Berlin Guidelines [65] and
can be described as a complex pathophysiological state of
the brain resulting from a direct force to the head or from
indirect momentum transfer caused by a blow to the face,
jaw, neck, or the rest of the body. Only in 8–19%, a short
loss of consciousness occurs [65]. SRC is viewed as a
pathophysiologic functional state of the brain going to-
gether with transient functional impairment, typically not
including acute structural brain damage that can be detect-
ed on conventional brain imaging like computed tomogra-
phy (CT) or magnetic resonance imaging (MRI) [65].
Typically, short-lived symptoms of mild TBI develop di-
rectly following the impact, including headache, confu-
sion, memory impairment or dizziness, which can last for
hours up to days and mostly resolve after around 2 weeks.
In children and adolescents however, symptom durations
up to 1 month are regarded as normal [61, 65, 69].

In up to 10–15% of affected athletes, symptoms last longer,
for weeks up to months or even years. This condition is called
the post-concussion syndrome (PCS). Before, PCS has been
defined as lasting for more than a distinct period of time (DSM
IV), while DSM V is rather calling it a post-traumatic cogni-
tive disturbance and in ICD-10 no duration is mentioned [55,
94]. In certain sports like ice hockey, a PCS rate of up to 30%
is reported [79, 93]. Risk factors for such a complicated out-
come could be identified, including initially prolonged loss of
consciousness, imminent coordination disorders, and co-
existing epidemiological factors such as female sex or young
age. Previous, repetitive concussions also play a distinct role
in the development of PCS. The most important factor asso-
ciated with the development of PCS was found to be the se-
verity of early concussion symptoms following SRC [25, 44,
51, 54, 64, 65]. Comorbidities such as migraine or psychiatric

disorders, if apparent prior to the SRC, may also increase the
athlete’s risk for developing PCS [52, 81, 95].

If activity is resumed immediately after the trauma, the
athlete is at risk of a second concussion within a brief
period. Such repetitive mild traumatic brain injuries are
associated with a condition named Bsecond hit^ phenome-
non. Following trauma to the head, the injured brain tissue
is believed to be in a vulnerable phase during which repet-
itive injury potentiates secondary injury cascade develop-
ment [56, 90, 96]. SRC therefore must be regarded as an
acute, progressive injury bearing the risk for exacerbated
neurologic long-term consequences if an additional injury
occurs during the brain’s vulnerable phase. How long this
vulnerable phase persists is a matter of debate—with sev-
eral weeks or more being hypothesized [98]. In extreme,
the very rare second impact syndrome (SIS) has been de-
scribed, a diffuse cerebral swelling with delayed cata-
strophic deterioration or sudden death, which is believed
to be caused by disturbed vasoreactivity resulting in rapid
brain edema formation. In this extremely rare phenome-
non, mortality rates of 50–100% have been described.
This phenomenon is believed to occur when a second hit
potentiates a first concussion, before concussion symptoms
were about to develop [8, 60].

The topic of SRC recently gained public and media in-
terest, as postmortem examinations of former professional
American National Football League (NFL) athletes
showed profound structural brain changes, called chronic
traumatic encephalopathy (CTE), leading to numerous
lawsuits by those affected against the NFL. However, the
notion that repetitive head impacts result in chronic brain
disorders are not novel per se. As early as in 1928, repet-
itive knock-outs in professional boxers were associated
with a slowly developing condition of coordination disor-
ders, psychiatric conditions, and advancing dementia,
called BPunch Drunk^ or BDementia pugilistica^ [58, 71].
Abovementioned neuropathological findings of retired
NFL athletes with a history of repetitive concussions have
shown profound structural changes in gray and white mat-
ter like cortical thinning, ventricle enlargement, cavum
septum pel luc idum as wel l as accumula t ion of
hyperphosphorylated tau-protein (p-tau) [66, 67]. This
condition called CTE contains symptoms of increased irri-
tability, impulsiveness, aggression, depression, and pro-
gressive dementia [23, 24, 66, 67]. Reports also hint to
an increased suicidal tendency, although there is lack of
confirmation by distinct studies in the current literature to
substantiate this assumption [33, 34]. The topic of CTE
remains quite controversial. No distinct answers exist to
the questions of correlation between pathological findings,
clinical presentation, risk factors, and actual prevalence in
a small, unilateral, and potentially biased population [10,
22, 35, 36].
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Sports-related concussion—relevant
for soccer?

In soccer—one of the most popular sports in the world with
around 265 million people playing [43] and a large amount
of children and adolescents participating—head injuries
are mostly caused by head-to-head collisions and unantic-
ipated ball contacts [25, 31, 46]. Though not publicly per-
ceived as the classic risk discipline to suffer from head
trauma and concussion, studies show a high rate of athletes
affected by SRC, with SRC presenting 22% of soccer-
related injuries [15, 25, 46, 82]. The relevance of SRC in
soccer has been nicely reviewed in the past [53, 84].
Accordingly, 63% of soccer players have suffered a con-
cussion during their playing careers, 82% of the athletes
who had suffered a concussion had experienced two or
more concussions over the course of their playing careers.
Yet only 19% realized that these symptoms constituted a
concussion. If exposed to repetitive concussions, soccer
players are at risk of developing long-term neurologic im-
pairment, PCS, and structural brain changes to be detected
on functional brain imaging [7, 42, 48, 82, 91].
Furthermore, structural brain changes and neurocognitive
impairment associated with heading are suggested, al-
though the role of heading itself causing concussion is a
topic of debate per se [19, 24, 40, 41, 47, 89]. As for CTE,
this condition has been observed in a small cohort of soc-
cer players, however, pathophysiological evidence for a
causal link to SRC is missing [47].

Diagnosis and management of acute
concussion in soccer

The potential complications and long-term consequences
of repetitive SRC emphasize the importance to reliably
diagnose and efficiently manage SRC to protect athletes
from developing long-term neurologic and behavioral def-
icits. While this is evident in classic risk disciplines like
American football or ice hockey, general awareness is only
slowly shifting towards soccer too, despite the sport’s pop-
ularity all over the world. With concussion symptoms be-
ing heterogenous and often mild, head trauma in soccer is
frequently underdiagnosed, and potential consequences are
neglected. The number of unknown cases of SRC in dif-
ferent disciplines is believed to be extremely high [70, 75].
Studies evaluating US high school and college athletes in
different sports show that less than 50% report a SRC [14,
49, 75]. Indeed, competitors in amateur sports as well as
athletes in junior and college leagues and children are at a
higher risk to suffer from SRC, since their coordination
and training skills are at a lower level than those of profes-
sional athletes [25, 31, 80]. The low level of awareness

regarding SRC and its potential consequences among ath-
letes, coaches, and in minors their legal guardians seems to
be among the main reasons for this high number of unrec-
ognized and thus unreported cases [14, 49].

The consensus statement from the 2012 and 2016
International Conference on Concussion in Sport, adopted
by Fédération Internationale de Football Association (FIFA),
indicates that players in doubt have to be immediately evalu-
ated for any feature of concussion and should be withdrawn
from play if a concussion has occured [25, 31, 80]. Measures
to reliably diagnose a concussion on the field as well as
implementing protective measures are prioritized to guarantee
the athlete’s safety.

The first step in protecting the athlete from potential nega-
tive consequences is a reliable concussion diagnosis. In 2016,
the Concussion in Sports Group has formulated a standardized
evaluation protocol which has to be applied following head
trauma in competition or training not to miss a concussion
[64]. Accordingly, athletes should be forced to stop activity
at once to undergo a standardized diagnostic assessment. This
standardized Bside-line evaluation^ should assess state of con-
sciousness, orientation, cranial nerve function, balance as well
as detect warning symptoms for severe injury [64, 65, 99]. For
standardization, different diagnostic tools have been
established, with the BSport Concussion Assessment Tool^
(SCAT) being the most frequently used one, first established
in 2004 [9, 62]. Just recently, this tool has been updated to
SCAT-5, comprising different assessment stages (Table 1) [16,
99]. It is clear that performing a side-line assessment immedi-
ately following head trauma provides the best chance for de-
tecting SRC real-time [61, 65]. If according to SCAT-5 a SRC
cannot definitely be ruled out, the athlete should be removed
from play and not be allowed to continue activity on the same
day [65]. The British Football Association’s updated guide-
lines include this rule: BIf in doubt, sit them out^. Ideally,
SCAT-5 side-line evaluations should be complemented by a
SCAT-5 baseline evaluation at the beginning of the season.
This aims at the possibility to compare the individual baseline
performance with performance post-injury, thus further im-
proving the reliability of the individual assessment [65].

It is detrimental not to miss the so-called Bred flags^
during side-line evaluation, to differentiate concussion
from a more serious injury like structural brain damage
or traumatic spinal cord injury. Such Bred flags^ include
neck stiffness, vomiting, double vision, motor, or sensory
deficits of the extremities and in the extreme seizures, lead-
ing to the assumption of a serious condition. In this case,
the athlete should be immediately immobilized and taken
to hospital for further diagnostics including radiological
evaluation using standard CT and/or MRI, depending on
the presumed injury [65].

When a concussion is probable by the result of the side-line
evaluation and following the athlete’s removal from play, a
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detailed follow-up examination performed by a medical ex-
pert should follow. This examination should consist of a de-
tailed assessment of concussion history and a thorough neu-
rological examination. Importantly, potential deterioration fol-
lowing head trauma must not be missed. Therefore it is rec-
ommended to include eyewitnesses’, coaches’, and legal
guardians’ statements [65]. Although neuropsychological as-
sessment by a trained, accredited neuropsychologist in the
return to sports decision has been recommended [4, 6, 11,
12, 50, 63], there is no current consensus for inclusion in the
standard assessment following SRC [65].

Although the recommendations and tools for proper
concussion diagnosis and management have considerably
advanced over the last years, a recent assessment of head
collision events during the 2014 FIFA World Cup
Tournament has drawn a quite sobering picture [15]. The
authors could show that concussion assessment protocols,
adopted by FIFA in 2014, were not followed in 63% of
events when players involved in head collisions were not
assessed by side-line health care personnel. Of 81 identi-
fied head collisions with two or more concussion signs,
only 19 were officially reported. Eighty-six percent of the
players who displayed three or more concussion signs
returned to play during the same game although they
should have been removed from play. In addition, neither
a baseline neurologic assessment nor a standardized as-
sessment to reliably rule out concussion following head
trauma are routinely performed in soccer up to date. One
problem with SCAT-5, which may explain its low compli-
ance rate, is the need to isolate the affected athlete for
about 10 min in a distinct area away from the side-line
for assessment. This might be feasible in American foot-
ball, as game time can be paused. In soccer, however, game
time is running and therefore a standardized neurologic
assessment is not routinely performed, increasing the risk
for missing SRC and thus not adhering to a strict removal
from play protocol [15]. Not only in professional but espe-
cially in amateur sports or high school/college leagues, it is
indispensable for liable organizations to take responsibility
for the athlete’s security and to enforce standards to reduce
the risk of long-term consequences [68, 78]. Especially in
soccer, adherence to the recommended concussion guide-
lines is complicated since a thorough evaluation of a po-
tentially concussed athlete is hardly possible without

creating disadvantages for the affected player’s team.
Strict guidelines on how to manage the concussed athlete
and protect him/her from repetitive head trauma should be
enforced not only in individual local or regional soccer
organizations but in the official game rules applied in na-
tional and international tournaments.

The graduated return to sports protocol

There is no specific treatment for SRC. After removal from
play and medical and neurological clearance, a resting
phase should follow. The athlete should be shielded from
external visual and acoustic influences and should not take
part in strenuous physical or intellectual activity for at least
24–48 h while symptomatic. In the case of children and
adolescents, this also implies absence from school. If
symptoms like headache, vertigo, dizziness, or concentra-
tion deficits occur when limited activity is reassumed, the
first resting phase should be prolonged. Following this first
resting phase, a graduated Breturn to sport^ or in children
and adolescents a preceding Breturn to school^ strategy
should be pursued. In the latter case, Breturn to school^
should always precede Breturn to sports^ [21, 38, 39, 65].
This graduated Breturn to sports^ includes designated time
periods with increasing activity levels which the athlete
must complete without worsening symptoms before mov-
ing on (Table 2) [65]. First, the athlete is allowed minimal
activity following the initial resting phase. Subsequently,
training intensity increases until full performance. All
these stages endure for 24 h, with downgrading to previous
stage if symptoms occur. In school children, an analogous
Breturn to school^ strategy is recommended, with children
only allowed to participate in learning activities when
completely restored and symptom-free [17, 29, 65].
These graduated programs to resume activity aim to ensure
the concussed athlete can only participate in sports when
restored from concussion symptoms [13, 45, 65]. In the
advanced rehabilitation phases of the Breturn to sport^ pro-
tocol, a Bpush through symptoms^ is possible, if symptoms
are prolonged. Ensuring a sufficient period of absence
from sports participation protects the athlete from the ag-
gravating consequences of repetitive concussions.

Table 1 The five steps of on-field assessment of the concussed athlete, using the Sport Concussion Assessment Tool—SCAT (5th edition) (modified
from Davis, 2017)

1 Red flags: warning signs to evaluate for serious injury

2 Observable signs: including loss of consciousness, motion or coordination disorders, disorientation or confusion, facial injury

3 Standardized memory assessment: Maddocks questions

4 Glasgow Coma Scale

5 Cervical spine assessment: neck pain, pain free movement, limb strength, and sensation
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Future research directions in concussion
in soccer

As an early diagnosis of SRC is essential, and as conventional
neuroimaging like MRI or CT fail to show structural changes
in classic SRC [28, 72], research in neuroimaging is focusing
on advanced imaging techniques to detect characteristic
changes in brain structure and function leading to early diag-
nosis or to provide valuable information about the athlete’s
risk to develop complications like post-concussion syndrome
or CTE. Advanced neuroimaging can show microstructural
changes even in asymptomatic soccer athletes with a history
of (repetitive) SRC [2, 42, 48]. To objectify the structural
damage as well as the brain tissue’s functional changes caused
by SRC is one goal of advanced neuroimaging. One important
question is whether advanced neuroimaging may help in iden-
tifying individuals at risk for developing PCS or neurologic
long-term deficits like CTE if exposed to the ongoing risk of
repeated SRC. In this case, a permanent banishment from
participation could prevent long-term neurologic deterioration
and limit the number of individuals developing PCS or CTE.

Advanced neuroimaging modalities are becoming wide-
spread—including task-based functional MRI (fMRI),
resting-state fMRI, diffusion tensor imaging (DTI), magnetic
resonance spectroscopy (MRS), magnetic resonance perfu-
sion (MRP), and transcranial magnetic stimulation (TMS) as
well as tau-positron emission tomography (Tau-PET) as only
some of the methods in current use [97]. For example, in
studies using MRS, a decrease of protein N-Acetylaspartate
(NAA) predominantly in white matter tracts could be detect-
ed, in the acute phase and enduring up to 30 days post injury
[32, 37, 59, 98]. Studies using DTI report profound white
matter changes such as a decrease in mean diffusivity, an
increase in fractional anisotropy in white matter and a reduc-
tion in radial diffusivity, up to 6 months post injury [97]. Task-
fMRI studies show highly varying results, showing either an
increase or decrease in activity in task-related networks, while

resting-state fMRI show varying altered default mode network
(DMN) connectivity as well.

Advanced neuroimaging methods can also show the influ-
ence of SRC on brain perfusion, metabolism, and connectiv-
ity. However, due to differing methodology and lack of con-
trolled randomized trials, practicability to predict the athlete’s
risk of developing long-term neurologic consequences when
exposed to the risk of repeated concussions is still in question
with advanced functional brain imaging remaining at a rather
experimental state for the time being.

Another approach in concussion research to provide diag-
nostic, prognostic, and monitoring information is the focus on
neurochemical biomarkers. In the last decade, tremendous re-
search has been conducted in this field, with a multitude of
biomarkers taken into consideration, including S100β, glial
fibrillary acidic protein (GFAP), neuron specific enolase
(NSE), neurofilament light (NfL), brain-derived neurotropic
factor, amyloid beta and tau protein, examined either in CSF,
serum, or both [77].

So far, S100β is the most prominent TBI biomarker in the
literature. This major low-affinity calcium binding protein lo-
cated in astrocytes [3, 20, 57] is significantly elevated not only
in trauma patients with structural brain damage proven in CT
but also in athletes showing signs of concussion and even in
asymptomatic soccer headers [48, 73, 77, 97]. Brain specific-
ity of S100β has been questioned though, with rising levels
demonstrated in athletes participating in soccer and in other
disciplines like running, swimming or even in critically ill
patients without head injury [30, 83, 92], with S100β believed
to be released from cells such as adipocytes or chondrocytes
during physical exertion [18, 27, 76].

As it has been hypothesized that diffuse axonal white mat-
ter injury is the main type of damage following mild TBI
leading to neurologic and neuropsychologic deficits, axonal
proteins NfL, and tau are promising biomarkers aiming to rate
the amount of axonal injury [5, 40, 48, 87]. Various studies
show elevated serum tau within the first hours following SRC

Table 2 Graded return to sport (RTS), modified by McCrory et al. (McCrory et al. 2017). In advanced activity stages, a Bpush through symptoms^ is
allowed, if symptoms are prolonged

Level Graduated return to sport (RTS) Aspects

0 Initial resting phase (24–48 h) Bed rest, shielded from visual/acoustic influences

1 Symptom-limited activity (≥ 24 h) Reduced daily activity, ascend if symptom-free

2 Light aerobic exercise (≥ 24 h) e.g., walking, jogging; ascend if symptom-free
- Non-contact training
- Full-contact training

3 Sport-specific exercise (≥ 24 h) Light-specific training with reduced intensity, e.g., running, passing the ball,
no match-situations; ascend if symptom-free

4 Non-contact training (≥ 24 h) Full sport-specific exercise with increasing intensity, without match-situations; ascend if symptom-free

5 Full-contact training (≥ 24 h) Full sport-specific exercise with full intensity, match-situations in training; ascend if symptom-free

6 Return to sport Normal game play
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[1, 26, 85, 87]. Also, prolonged elevation up to 72 h post
injury is apparent in athletes with prolonged RTS [26, 88].
Though brain-specific, it is in question how trauma-specific
these findings are, as serum tau is elevated following sole
physical exertion in the absence of head trauma as well [26,
74, 100]. Elevated serum tau is also shown to be associated
with prolonged RTP, though with less prognostic value then
elevated serum NfL [88]. Serum NfL, significantly elevated
following SRC in different sports [86, 89], shows high prog-
nostic value in predicting prolonged RTS, overshadowing se-
rum tau or S100β [88].

One problem with integrating those serum biomarkers into
daily routine in detecting concussion could be their low spec-
ificity in the acute phase, as abovementioned studies show.
Therefore, on-side blood examinations in the acute state post
injury would lead to a high number of false-positive results.
More promising, if well-designed future studies show positive
results, could be the examination of serum biomarkers like
serum NfL over a full season. In a prolonged return to sports
decision for example, when slight symptoms remain and a
Bpush through symptoms^ rehabilitation phase could be
started, increased biomarker concentration could hint to a
higher risk for developing complications. Another thought
for possible use, if future studies show reproducible results,
could be to ascertain a baseline of relevant serum biomarkers
before and at the end of each season, with the preventive
exclusion of potentially endangered athletes in the presence
of prolonged or persistent critical serum biomarker concentra-
tions until the next season.

Combined with advanced neuroimaging, concussion bio-
markers like NfL could potentially advance SRC diagnosis as
well as lend important prognostic information, leading to a
more secure identification of athletes endangered to suffer
from aggravated symptoms, PCS, or even CTE following re-
petitive head trauma. Such information is important in increas-
ing the athlete’s security and could aid in improving return to
sport protocols.

Conclusion

To effectively protect the soccer athlete from the risks of re-
petitive concussions while competing in sports is essential to
reduce the risk of developing neurological and behavioral
long-term consequences. Although refined protocols and al-
gorithms for immediate diagnosis and management of athletes
with concussion have been developed the compliance of ath-
letes, teams, and officials with these measures is still
unsatisfying. It is of key importance that public focus shifts
to the risks of soccer players sustaining repetitive concussions
and their potential consequences, since millions of people of
all ages, including a high number of children and adolescents,
participate in this sport. The responsible organizations should

find strategies to make this popular sport safer, adhering to
concussion guidelines more strictly as a first step. This also
includes further research devoted to a more detailed assess-
ment of the athlete. Taking care of these athletes with head
injuries should be of genuine interest to neurosurgeons, both
clinically and academically. Thus, neurosurgeons should take
the responsibility for this important and exciting field of clin-
ical neuroscience.
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