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Abstract
Objective The objective is to determine if suspected
concussions in elite football are medically assessed
according to the International Conferences on Concussion
in Sport consensus statement recommendations.
Setting Men’s Union of European Football Association
(UEFA) Football Championship.
Participants All professional football players in the UEFA
2016 Championship Tournament.
Design Observational study.
Outcome measures Potential concussive events (PCEs)
were defined as direct head collision incidents resulting
in the athlete being unable to immediately resume play
following impact. PCEs identified and description of PCE
assessment and outcome were accomplished through
direct standardised observation of video footage by trained
observers in 51 games played in the Men’s UEFA European
Championship (10 June–10 July 2016).
Results Sixty-nine total PCEs (1.35 per match) were
identified in 51 games played during the 2016 Men’s
UEFA European Championship. Forty-eight PCEs (69.6%)
resulted in two observable signs of concussion, 13
(18.8%) resulted in three signs and 1 (1.4%) resulted in
four signs in the injured athletes. Nineteen (27.5%) PCEs
were medically assessed by sideline healthcare personnel
while 50 (72.5%) were not. Of the 50 PCEs that were
not medically assessed, 44 (88%) PCEs resulted in two
or more signs of concussion among injured athletes. Of
the 19 medically assessed PCEs, 8 resulted in 3 signs of
concussion, and 1 resulted in 4 signs; all assessments
concluded in the same-game return for the injured
athletes.
Conclusions PCEs were frequent events in the 2016 UEFA
Euro championship, but were rarely assessed concordant
with the International Conferences on Concussion in
Sport consensus statement recommendations. There
is an imperative need to improve the assessment and
management of players suspected of concussion in elite
football.

Introduction
Sport-related concussion (SRC) is a frequent
type of mild traumatic brain injury (mTBI)
that has emerged as a major public health

Strengths and limitations of this study
►► In this study, we sought to determine if suspected

concussions in elite football are medically assessed
according to the International Conferences on
Concussion in Sport consensus statement recommendations to improve concussion awareness and
safety measures in football-dominant nations.
►► This study shows that there is an urgent need to
improve the assessment and management of players suspected of concussion in the realm of elite
football.
►► The major weakness of this study is that video
analysis provides limited information on the details of medical evaluation for potential concussive
events and thus cannot always provide information
on whether or not an appropriate medical decision
is made.

concern. In children, adolescents, and young
adults, sports participation is recognised as
one of the leading causes of concussion.1 The
USA National Centers for Disease Control
and Prevention reported that sports-related
and recreation-related TBI was responsible
for 3.4 million visits to emergency departments between 2001 and 2012; approximately
70% of reported cases involved persons 19 or
younger.2 Accounting for unreported, unrecognised and untreated injuries, the total
number of sports-related TBI per year was
estimated to be as high as 1.8–3.8 million in
the USA, the majority of them being mTBI.3
Although most individuals experiencing
mTBI are likely to recover within 1–3 weeks, a
sizeable minority (up to 30% in some studies)
may suffer from persistent concussion symptoms (ie, postconcussion syndrome).4 5
Furthermore, 15%–25% of mTBI cases are
associated with adverse long-term physical,
cognitive, and emotional sequelae.1 The high
incidence and economic costs of SRC, preferential risk among vulnerable youth and
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into situational factors and injury-prone patterns of play
leading to an injury.
Coding of events
PCEs were defined as any event in which one or more
athletes experienced a head impact injury (through
direct contact with another athlete, ball or object in the
environment) and were unable to immediately resume
play following impact. Athletes involved in PCEs were
observed for six established observable physical signs
of concussion: slow to get up (defined as a duration of
5 or more seconds following impact), clutching of the
head, disorientation, loss of consciousness, seizure-like
behaviour and signs of obvious disequilibrium.12 16 The
term PCE is not used synonymously with SRC. Instead, it
captures the broad range of in-game scenarios involving
head collisions; recognising that the higher the number
of concussion signs associated with a PCE, the greater
the index for suspicion that it may represent a bona fide
concussion. Information pertaining to the assessment
of athletes sustaining a PCE, including the personnel
assessing the players (medical personnel, other players,
the referee, no one), was recorded. Trained observers
also collected information on PCE outcomes: RTP after
assessment on pitch, RTP after assessment on sidelines,
removed for remainder of match and removed from
tournament.
Training of reviewers
Four observers were trained using video footage of four
Premier League football matches in order to correctly
identify PCEs and collect information pertaining to
several variables on a standardised form used in a previous
study on concussion.15 The standardised data collection
form was used to provide a person viewing digital video
images with a consistent way of coding and accounting for
the majority of circumstances and mechanisms leading to
concussion. The standardised data form was adapted from
a validated form used in a prior study on concussion.15
The form was accompanied by a detailed data dictionary
outlining the codes associated with each variable.
Video analysis
The observers analysed footage of the 51 games that
took place during the 2016 UEFA European Championship from 10 June to 10 July. Observers independently
reviewed the video footage to complete the standardised
form. Three observers watched all 51 games of Men’s
UEFA Euro 2016 tournament, identified PCEs and
collected data on aforementioned variables. All variables
yielded a Cohen’s kappa value of 0.90 or greater between
all reviewers. Following this analysis, discrepancies in data
were resolved through consultation with a fourth independent observer.

Methods
Video analysis has emerged as a reliable and valid tool
to assess concussion in a variety of sports including
American football, mixed martial arts, ice hockey and
lacrosse.12–15 Furthermore, information content in digital
videos can be analysed systematically to yield key insights

Statistical analysis
Descriptive statistics were reported as counts or frequencies and their associated percentages. All statistical analysis was done in STATA V.13 (StataCorp, Texas, USA).
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potential for adverse long-term consequences underscore
the need to better prevent, identify and manage such
injuries.
Athletes involved in football, also called ‘soccer’ in North
America, consistently experience among the highest rates
of concussion.6 7 Football is the world’s most popular and
fastest growing sport; an estimated 270 million people
play the sport in various professional, semiprofessional
and/or organised formal recreational capacities.8 By
virtue of its widespread popularity, football’s cumulative
contribution to total SRC is likely to significantly overshadow other sports. Moreover, concussion awareness
and safety measures remain relatively underdeveloped
in many football-dominant nations.9 Such conditions are
conducive to large numbers of undiagnosed concussions,
inappropriate management and increased risk of potentially severe neurological consequences among vulnerable and/or improperly rehabilitated football athletes.
The proper assessment of suspected concussions immediately following injury is an important practice needed
for early diagnosis and safe rehabilitation of athletes with
brain injuries. Consensus statement recommendations
published by fourth and fifth International Conferences
on Concussion in Sport in 2012 and 2016, respectively,
provide clear recommendations for the assessment of
suspected concussions during a competitive event.10 11
The Concussion in Sport Group (CISG) 2012 and 2016
consensus statements assert that when an athlete shows
any features of a concussion, the athlete should be (1)
evaluated by a physician or another licensed healthcare
provider onsite, (2) assessed using Sport Concussion
Assessment Tool 3/5 (SCAT3/SCAT5) or other sideline
concussion assessment tools and (3) prevented from
return to play (RTP) in the event of a positive diagnosis.10 11 These statements were previously accepted and
endorsed by football’s major international governing
body the Fédération Internationale de Football Association (FIFA). However, our previous analysis of 2014 Men’s
FIFA world cup (WC) found that the majority of potential concussive events (PCEs) (63%) were not medically
assessed, indicating a lack of congruence between recommendations and current practices at the elite level.12 In
this study, we used video analysis to characterise PCEs
and their assessment in the 2016 Men’s Union of European Football Association (UEFA) European Championship. Additionally, we compared our findings against
our previous analysis of the 2014 FIFA WC to determine if
compliance with CISG recommendations had improved
over the 2-year gap between tournaments.
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RTP outcome when medically
assessed (n)

PCE assessment (n)
No. of
concussion
signs

No. of PCE
(% total)

No assessment

Medical
assessment

Same-game RTP

Removed
from game or
tournament

0
1

2 (2.9)
5 (7.2)

1
5

1
0

1
0

0
0

2

48 (69.6)

39

9

9

0

3

13 (18.8)

5

8

8

0

4
Total (%)

1 (1.4)
69 (100)

0
50 (72.5)

1
19 (27.5)

1
19 (100)

0
0 (0)

RTP, return to play.

Patient and public involvement
Patients and/or public were not involved.
Results
PCE incidence at Euro 2016
Sixty-nine PCEs involving 61 different athletes were identified over the course of 51 games played during the 2016
UEFA European Championship (1.35 per match). Seven
incidents involved direct head collisions between two
athletes, which were scored as individual PCEs for each
athlete. Of the 61 athletes who experienced a PCE, 4
(6.6%) sustained 2 separate PCEs, and 2 (3.3%) sustained
3 separate PCEs over the course of the tournament. Of
the 69 PCEs recorded, 2 (2.9%) resulted in no observable
physical signs of concussion, 5 (7.2%) resulted in 1 sign,
48 (69.6%) resulted in 2 signs, 13 (18.8%) resulted in 3
signs and 1 resulted in 4 signs (1.4%) (table 1).
Medical assessment of PCEs at Euro 2016
As illustrated in table 1, of the 69 PCE incidents, 19
(27.5%) were medically assessed by sideline healthcare
personnel while 50 (72.4%) were not. Of the 50 PCEs
that were not medically assessed, 9 (18%) received some
attention from the referee and/or another player, while
41 (82%) did not; all athletes involved in these incidents
remained on the field following the incident. Among the
50 PCE incidents that did not receive medical assessment,

1 (2%) showed no physical signs of concussion, 5 (10%)
showed 1 sign, 39 (78%) showed 2 signs and 5 (6.4%)
showed 3 signs of concussions. Therefore, 44 out of the
50 (88%) non-assessed PCEs involved athletes who exhibited two or more signs of concussion.
Among the 19 PCE incidents that were medically
assessed by healthcare professionals, 1 (5.3%) showed no
physical signs of concussion, 9 (47.3%) showed 2 signs,
8 (42.1%) showed 3 signs and 1 (5.3%) showed 4. All
19 (100%) medically assessed PCEs concluded with the
athlete returning to play following a brief assessment;
no athletes were removed from the game or for the
remainder of the tournament.
Medical assessment of concussion: FIFA WC 2014 versus
UEFA Euros 2016
Table 2 compares PCE assessment and outcome in Euros
2016 versus our data from our previously published PCE
analysis of WC 2014.12 PCE incidence was higher in the
Euros (1.35 per match) compared with FIFA WC 2014
(1.13 per match). In Euro 2016, 89.8% of PCEs involved
athletes with two or more signs of concussion compared
with 82.7% for WC 2014. Medical assessment of PCE
at Euro 2016 (27.5% assessed, 72.5% not assessed) was
worse in relation to FIFA WC 2014 (37% assessed, 63%
not assessed). In WC 2014, of the 29 PCEs that were medically assessed and involved athletes with 2 or more signs of

Table 2 Comparison of potential concussive event (PCE) assessment and outcome: Union of European Football Association
Euro 2016 versus Fédération Internationale de Football World
No. of
concussion
signs
0

PCEs not medically
No. of PCE (% of total) PCEs medically assessed (n) assessed (n)

Medically assessed PCEs
with the same-game RTP (n)

WC 2014

WC 2014

3 (4)

Euro 2016
2 (2.9)

WC 2014
0

Euro 2016

WC 2014

1

3

Euro 2016
1

0

Euro 2016
1

1

11 (14)

5 (7.2)

1

0

10

5

1

0

2 or more

67 (82.7)

62 (89.8)

29

18

38

44

27

18

Total (%)

81 (100)

69 (100)

30 (37)

19 (27.5)

51 (63)

50 (72.5)

28 (93)

19 (100)

WC, world cup
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Table 1 Potential concussive event (PCE) assessment and outcome at Euro 2016
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Discussion
Concussion in football—an important public health concern
Concussion is an inherent risk associated with sports
participation and SRC is now recognised as a major
public health concern.1 17 Yet, participation in sports
is a meaningful part of millions of people’s lives, and
provides numerous physical and emotional health benefits. Maximising these benefits while simultaneously minimising the risks of adverse events such as concussion and
its long-term sequelae represents an important public
health imperative. Athletes involved in contact and/or
collision sports are at higher risk for SRC. Football is a
sport with an underappreciated high rate and burden
of concussion.1 6 7 By virtue of football’s global dimension and contribution to worldwide sport-related mTBI,
sustained efforts at improving concussion awareness and
assessment at all levels of the sport will have a substantial
impact on reducing disability from and/or risk of injury.

PCEs with multiple signs of concussion). Notably, 44 out
of the 50 (88%) non-assessed PCEs in the 2016 UEFA
European Championship involved athletes who exhibited
2 or more signs of concussion. A proper assessment for
concussion is warranted in such situations and a failure
to assess raises legitimate concerns that some concussions
may be missed. Furthermore, all PCEs that were medically
assessed culminated in the same-game RTP despite the
majority of these incidents resulting in 2 or more physical
signs among injured athletes. Notably, the only athlete
who experienced four physical signs of concussion was
allowed to return to game following assessment, while
another athlete who suffered a PCE incident that resulted
in a head laceration, heavy bleeding and two physical
signs of concussion was allowed to return to the game and
sustained a second PCE shortly after returning. Thus, our
data also indicate that the quality and accuracy of assessment received by athletes suffering PCEs are in need of
careful scrutiny. Injury reporting and analysis by UEFA
and FIFA should include more detail on PCEs and PCE
evaluation in order to identify opportunities to improve
athlete safety.18 Overall, our data highlight an obvious
need to improve concussion assessment in the realm of
elite football, and suggest that significant and persistent
knowledge uptake and/or attitudinal barriers to implementation may exist.

Inadequate implementation of consensus statement
recommendations
Medical assessment of a PCE is an important practice
needed for early concussion diagnosis, proper management and safe RTP for injured athletes. Successful implementation of medical assessment protocols in sport is
imperative to the larger effort to reduce SRC morbidity
and its potentially serious long-term consequences. To
aid this effort, clear protocols for on-field assessment of
an athlete with a suspected concussion were published
and reiterated in consensus statements following the
fourth and fifth International Conferences on Concussion in Sport held in 2012 and 2016, respectively.10 11
These endeavours have been supported and endorsed by
football’s major international governing body FIFA.10 11
The CISG recommendations assert that when an athlete
shows any features of a concussion, the athlete should
be (1) evaluated by a physician or another licensed
healthcare provider onsite, (2) assessed using SCAT3/
SCAT5 or other sideline concussion assessment tools
and (3) prevented from RTP in the event of a positive
diagnosis.10 11 In a previous study on the Men’s 2014 FIFA
WC, we found that 63% of elite-level football athletes
who sustained PCEs were not medically assessed, thereby
underscoring the need for better implementation of
concussion assessment protocols in elite football. Our
current analysis of the 2016 UEFA European Championship reinforces this notion since only 27.5% of PCEs
were medically assessed while 72.5% were not. While
many PCEs are unlikely to result in bona fide concussions,
it is clear that CISG recommendations apply to PCEs in
which the index of suspicion for concussion is high (eg,

Barriers to implementation
Several factors may contribute to weak implementation of
SRC assessment protocols in elite football. First, the high
stakes of competitive sport and rules of the games may
pressure team medical staff to ignore PCEs, or inappropriately shorten examination and encourage RTP, particularly in situations when the team needs a result. In a
widely publicised and recent example illustrating the pressures that team doctors may experience, a long-serving
female team doctor from Chelsea Football Club was
publically criticised, demoted and eventually forced out
of the club for fulfilling her medical obligation to assess
an injured player in stoppage time of a Premier League
game. The current rules of the game, including running
time and limited substitutions, further discourage pulling
player for medical assessment. For the recent 2018 WC
competition, FIFA implemented a new protocol for head
injuries and concussions. This includes giving the referee
the ability to stop the match for 3 min if a head injury is
suspected for an on-pitch assessment. 3 min is not sufficient time to complete a SCAT3/5. The SCAT5 explicitly states on the form ‘The SCAT5 cannot be performed
correctly in less than 10 min’.19 Second, factors that
normally contribute to under-reporting in other sports
may be relevant as implementation barriers in football.20
For instance, a culture of toughness and loyalty to the
team may either openly or subtly encourage athletes to
downplay concussion or inappropriately accelerate RTP
following injury.20 21 Furthermore, athletes are influenced
by a strong desire to win, and fear of letting their teams or
nations down, which may also encourage under-reporting
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concussion, 27 (93.1%) returned to the same game, while
2 (6.9%) were removed from the game and/or tournament. In Euro 2016, of the 18 medically assessed PCEs
involving athletes with 2 or more signs of concussion, 18
(100%) resulted in the same-game RTP.

Open access
play resulting in a PCE being erroneously excluded from
analysis.
Future directions
Overall, our data indicate that PCEs occur relatively
frequently (at least one per game) in elite level football
matches, but are rarely assessed in a manner concordant with the 2012 and 2016 CISG recommendations.
Major international tournaments such as the FIFA WC
and UEFA European Championships feature elite-level
athletes and are among the most widely broadcasted
and followed sporting events on the planet.24 The norms
that persist on such a stage are likely to influence attitudes towards concussion on a global scale. Future major
international tournaments offer the opportunity to set a
new precedent for excellence in enforcement of concussion assessment, and initiate beneficial improvements in
concussion awareness and the implementation of proper
assessment protocols in the sport.
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