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AbsTrACT
There has been an increased focus and awareness of 
head injury and sport-related concussion (SRC) across 
all sports from the medical and scientific communities, 
sports organisations, legislators, the media and the 
general population. Soccer, in particular, has been a 
focus of attention due to the popularity of the game, 
the frequency of SRC and the hypothesised effects of 
repetitive heading of the ball. Major League Soccer, US 
Soccer and the National Women’s Soccer League jointly 
hosted a conference entitled, ’Head Injury in Soccer: From 
Science to the Field’, on 21–22 April 2017 in New York 
City, New York. The mission of this conference was to 
identify, discuss and disseminate evidence-based science 
related to the findings and conclusions of the fifth 
International Conference on Concussion in Sport held 
by the Concussion in Sport Group and apply them to 
the sport of soccer. In addition, we reviewed information 
regarding the epidemiology and mechanism of head 
injuries in soccer at all levels of play, data regarding the 
biomechanics and effects of repetitive head impacts and 
other soccer-specific considerations. We discussed how 
to release the information raised during the summit to 
key stakeholders including athletes, parents, coaches 
and healthcare providers. We identified future areas for 
research and collaboration to enhance the health and 
safety of soccer (football) players.

InTroduCTIon
Sport-related concussion (SRC) is a frequent injury 
in many sports, and the most recent international 
conference on Concussion in Sport Group (CISG) 
published its findings in 2017.1 Soccer, in particular, 
has been a focus of attention due to the popularity 
of the game, the frequency of SRC and the hypothe-
sised effects of repetitive heading of the ball. Major 
League Soccer (MLS), US Soccer and the National 
Women’s Soccer League (NWSL) jointly hosted a 
head injury summit (HIS) entitled, ‘Head Injury in 
Soccer: From Science to the Field’, on 21–22 April 
2017 in New York City, New York. The mission of 
this historic collective multiorganisational group 
was to build on the CISG’s most recent international 
conference1 by identifying, discussing and dissemi-
nating evidence-based science related to principles, 
policies and programmes in soccer across genders, 
the age spectrum and levels of training and compet-
itive play. Key components of this meeting included 
in-depth examination of education, research, prac-
tice and play in the sport of soccer with the goal of 

enhancing the health and safety of players in the 
present and in the future.

This paper summarises the presentations, discus-
sions and conclusions of the soccer summit. This 
document will review issues raised during the HIS (see 
online supplementary appendix A: Final Programme) 
using information provided by each speaker compiled 
and reviewed by the programme committee (Putukian, 
Echemendia, Chiampas, Mandelbaum, Dvořák, 
Lemak) and the speakers. The summary that follows 
represents the current state of knowledge regarding 
SRC in soccer, with the understanding that this is a 
rapidly evolving field with new research and informa-
tion constantly emerging.

WhAT We knoW And knoWledge gAps
To apply lessons learnt from the 2016 fifth Interna-
tional Consensus Statement on Concussion in Sport 
to the sport of soccer, it is important to determine 
what is known, what knowledge gaps exist and 
what interventions can be implemented to improve 
the health and safety of its players. We will address 
the epidemiology of concussions including mecha-
nisms of injury, the role of purposeful heading and 
the aerial challenge and review data from the USA 
and abroad at all levels of play. Although there is 
valuable information available, there remains a 
paucity of data for youth players, and more research 
is necessary at this level of play.

When evaluating studies of injury epidemiology, 
it is important to understand that the definition of 
injury (eg, whether a time loss injury or one that 
requires medical attention) may be different, the 
methodology of data collection (eg, self-report, 
online vs written survey, game report vs video or 
observer report), as well as other variables (eg, inci-
dence data as athlete exposures (AE) vs exposure 
hours), definition of concussion and the details 
regarding the mechanism of injury, should all be 
considered.

The acute assessment of head injury and concus-
sion in soccer is similar to other sports, with 
emphasis on an Emergency Action Plan, early recog-
nition (eg, Concussion Recognition Tool (CRT))2 
and the utility of a standardised multimodal assess-
ment such as the Sport Concussion Assessment Tool 
(SCAT)3 and the Child SCAT.4 The protocols for 
management of SRC and return to both academics 
and sport participation are also similar for the soccer 
player, but a significant knowledge gap remains in 
terms of understanding the difference between clin-
ical recovery and physiological recovery. Although 
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several specific biomarkers of head injury and concussion exist, 
including blood, genetic and neuroimaging techniques, these 
currently remain investigational. More information is needed 
before implementation in clinical management. We will review 
the challenges of early recognition, assessment of injury and the 
role of sensors and of spotter technology in injury detection 
for soccer, as well as other unique obstacles to assessment and 
management of SRC in soccer.

Heading is a sport-specific skill that is unique to soccer, where 
the head is used to purposefully strike the ball to redirect it. 
There have been questions raised regarding whether there are 
acute or chronic effects of heading. While successful purposeful 
heading is an infrequent cause of concussion, the aerial chal-
lenge, where players challenge for a ball in the air, is a common 
player behaviour that has been mislabelled as a mechanism of 
head injury. More accurately and specifically, head-to-head, 
elbow–to-head, knee-to-head, foot-to-head and head-to-ground 
are the most common mechanisms of injury. This complicates 
some of the interpretation of epidemiology studies evaluating 
injury in soccer. Although the biomechanics of heading and the 
aerial challenge have been evaluated in the laboratory setting, 
more information is needed about what occurs on the field as 
well as what the chronic effects, if any, of soccer play may be.

There are questions related to potential acute and chronic 
effects of heading alone, unrelated to concussion, which 
represents the presence of another knowledge gap. We will 
present the prospective data, although limited, which do not 
demonstrate significant immediate or short-term (over the 
course of a season) effects of heading. There are case reports 
of soccer players with chronic traumatic encephalopathy (CTE), 
but no evidence that soccer play causes CTE. More research is 
needed to evaluate whether a relationship exists and the nature 
of that relationship.

Prevention of concussion and head injury in soccer includes 
efforts that are not unique to the sport, such as education, 
improved recognition and the use of standardised assessment, 
as well as soccer-specific approaches such as considering rule 
changes, enforcement of existing rules, using the proper sized 
ball with correct inflation, considering other ball or surface 
properties and neck strengthening. Restricting heading, in an 
attempt to limit the aerial challenge and thus decrease head 
injuries, is another prevention effort that represents an area of 
further discussion and research. Our stakeholders, including 
athletes, coaches, referees, administrators, along with the health-
care team play a significant role in supporting and enhancing the 
health and safety of our sport and players.

epIdemIology And meChAnIsms of heAd Injury In 
soCCer
high school and youth
According to FIFA, there are 265 million registered soccer 
players worldwide, including 26 million women, and 22 million 
registered youth soccer participants,5 with 4.2 million coming 
from the USA (2.5 million male, 1.7 million female). Between 
2000 and 2006, there was a 54% and 21% increase world-
wide in the number of female and male participants registered, 
respectively.5 Of the youth players in the USA, 19 721 players 
participate in Developmental Academies (DA),6 which includes 
several age groups ranging from under (U)-12 to U-18–19 years, 
for both male and female players, participating in elite player 
development as part of US Soccer. In the 2017–2018 season, 
the DA programmes included 896 teams in 197 clubs, with over 
13 000 games.6

Faude et al summarised the literature regarding injuries to 
children and adolescent soccer players (aged 5–19 years) and 
reported that about 5% of all injuries in these age groups were 
to the head.7 The percentage of concussions ranged between 1% 
and 7% across studies with the majority reporting 2% or fewer. 
Faude et al followed up their review with a prospective project 
of children aged 7–12 years focusing their attention on 39 head 
injuries (5% of all 791 injuries), of which 11 (28% of all head 
and neck injuries) were classified as concussion.8 Seventy-five 
per cent of injuries were due to contact with another player while 
ball contact was cited as the injury mechanism for two concus-
sions. In addition, the authors noted that the rate of concussions 
(per 1000 hours of soccer exposure) increased slightly with age 
(U-9=0.04; U-11=0.07; U-13=0.06).

In a more recent online survey of 8104 youth soccer teams 
including 101 699 players (59 621 boys; 42 048 girls) aged 7–14 
years, (Kontos, 2017, personal communication), the overall 
reported concussion incidence rate was 0.85/1000 AE. In this 
study, concussions were 5.7 times more likely to occur in games 
(1.73/1000 AEs) than practices (0.27/1000 AEs). Although there 
were no significant differences in concussions between boys and 
girls, older (aged 11–14 years) players (1.08/1000 AEs) were 2.7 
times more likely to have concussions than younger (aged 7–10 
years) players (0.40/1000 AEs). Only one in five concussions 
were from attempted soccer heading and no concussions from 
heading were reported in players younger than 12 years of age 
that may reflect adherence to recent US Soccer mandated restric-
tions on heading in young players. Representative data for youth 
through high school-aged soccer players are presented in table 1.

The overall rate of SRC in high school soccer in the USA from 
2005/2006 to 2013/2014 was estimated to be 0.36/1000 AEs 
(girls=0.45/1000 AEs; boys=0.28/1000 AEs) with a higher rate 
in games than in practices in girls (rate ratio=15.1) compared 
with boys (rate ratio=11.0).9 The overall rates for high school 
girls soccer trail American football (0.64/1000 AEs), boys ice 
hockey (0.54/1000 AEs) and boys lacrosse (0.40/1000 AEs).10 
During the 2014–2015 academic year, concussions represented 
the highest proportion of all injuries in girls high school sports.11

Among youth and high school players, concussion is the 
second most common match injury representing approximately 
24% of all injuries.12 While concussion rates increased each year, 
there was a slight increase beginning in 2006,13 which continued 
to rise yearly14 until plateauing in 2011/2012.9 These trends 
likely reflect greater awareness, better recognition and increased 
reporting of concussion.

In a retrospective study of high school and youth soccer 
players, nearly 60% of concussions involved contact or colli-
sion with another player.9 The player behaviour of ‘heading 
the ball’ represented 28% of all concussions in high school 
soccer, 70% of which were from player-to-player contact, 
not ball-to-player contact.9 Of the concussions that reflected 
ball-to-head mechanisms, it is unclear just how many involved 
successful purposeful heading of the ball; contact may have 
been purposeful or accidental. Previous prospective reports 
in collegiate players found that no concussions were due 
to intentional, purposeful heading.15 Recently, researchers 
reported that 75% of concussions in youth and high school 
soccer players occurred when the player was unaware of the 
oncoming contact or collision.16 Concussions from unexpected 
collisions and contact led to longer symptom duration than 
when a player was aware of (and presumably braced for) the 
oncoming contact or collision. These findings suggest situ-
ational awareness may influence concussion risk and clinical 
outcomes following injury.
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Table 1 Summary of concussion rates (per 1000 athlete exposure) in youth and adolescent (aged 7–18 years) soccer players by sex and setting

study study years

male female

Training match overall Training match overall

Powell 
and Barber-
Foss138

1995–1997 0.04 (0.01 to 0.06) 0.57 (0.43 to 0.72) 0.18 (.014 to 0.22) 0.05 (0.02 to 0.08) 0.71 (0.53 to 0.88) 0.23 (0.18 to 0.28)

Schulz et al139 1996–1999 0.27 (0.00 to 0.64) 5.93 (1.81 to 10.06) 2.33 (0.84 to 3.82) 0.79 (0.00 to 1.98) 1.99 (0.43 to 3.94) 1.32 (0.00 to 2.73)

Lincoln et al13 1997–2008 0.17 (0.14 to 0.20) 0.35 (0.30 to 0.40)

Rosenthal et al14 2005–2006 0.22 (0.16 to 0.31) 0.36 (0.27 to 0.47)

Gessel et al140 2005–2006 0.04 0.59 0.22 (0.14 to 0.30) 0.09 0.97 0.36 (0.26 to 0.46)

Schallmo et al11 2005–2006 0.23 0.36

Marar et al10 2008–2010 0.4 (0.20 to 0.60) 5.3 (4.19 to 6.41) 1.9 (1.53 to 2.27) 0.8 (0.49 to 1.11) 9.2 (7.64 to 10.76) 3.4 (2.87 to 3.93)

Rosenthall et al14 2011–2012 0.41 (0.32 to 0.52) 0.73 (0.60 to 0.89)

Comstock et al9 2005–2014 0.28 (0.25 to 0.31) 0.45 (0.41 to 0.49)

O’Connor et al141 2011–2014 1.48 (0.87 to 2.08) 11.33 (8.46 to 14.20) 3.98 (3.12 to 4.83) 2.96 (2.04 to 3.88) 17.16 (13.02 to 21.30) 6.11 (4.95 to 7.25)

Schallmo et al11 2014–2015 0.30 0.91

Absence of CIs indicates that either CIs were not reported or that the data necessary to determine CIs were not reported.

Table 2 Summary of concussion rates (per 1000 athlete exposure) in collegiate soccer players by sex and setting

study study years

male female

Training match overall Training match overall

Boden et al15 1995, 1996 0.58 (0.26 to 0.90) 0.40 (0.20 to 0.60)

Covassin et al142* 1997–1998 0.08 (0.01 to 0.15) 1.10 (0.89 to 1.81) 0.14 (0.09 to 0.16) 2.04 (2.29 to 1.9)

1998–1999 0.11 (0.01 to 0.15) 1.41 (0.89 to 1.81) 0.11 (0.09 to 0.16) 2.04 (2.29 to 1.9)

1999–2000 0.04 (0.01 to 0.15) 1.56 (0.89 to 1.81) 0.13 (0.09 to 0.16) 2.21 (2.29 to 1.9)

Agel et al (M)
143

1988/1989–2002/2003 0.08 (0.06 to 0.09) 1.08 (0.98 to 1.19)

Dick et al (F)
144

1988/1989–2002/2003 0.12 (0.10 to 0.14) 1.42 (1.29 to 1.55)

Chandran et al145 2004–2009 0.30 (0.25 to 0.35) 2.19 (1.92 to 2.46) 0.71 (0.64 to 0.78) 0.35 (0.29 to 0.41) 2.49 (2.23 to 2.75) 0.87 (0.79 to 0.95)

Fuller et al146 2005–2006 (grass) 0.11 1.37 0.13 2.17

Fuller et al147 2005–2006 (turf) 0.07 2.36 0.21 2.00

Zuckerman et al22 2009/2010–2013/2014 0.18 (0.1 to 0.25) 0.97 (0.64 to 1.30) 0.34 (0.25 to 0.44) 0.21 (0.14 to 0.28) 1.94 (1.56 to 2.32) 0.63 (0.52 to 0.74)

Kerr et al148 2009/2010–2013/2014 0.14 (0.06 to 0.21) 0.67 (0.36 to 0.98) 0.26 (0.17 to 0.65) 0.18 (0.11 to 0.25) 1.65 (1.27 to 2.03) 0.54 (0.43 to 0.064)

Roos et al21 2009/2010–2014/2015 0.17 (0.11 to 0.24) 0.94 (0.65 to 1.24) 0.20 (0.14 to 0.26) 1.83 (1.5 to 2.16)

Absence of CIs indicates that either CIs were not reported or that the data necessary to determine CIs were not reported.
*CI were presented as the aggregate of the 3 years of the study.

In spite of improvements in concussion awareness and recog-
nition, as many as 44% of youth soccer players indicated that 
they would not report their concussion symptoms.17 This is 
particularly concerning as researchers recently reported that 
youth sport participants aged 12–18 years who continued 
to play after a concussion were nearly nine times more likely 
to have a prolonged (>21 days) recovery.18 Taubman et al19 
reported similar findings, with a greater likelihood of prolonged 
recovery (>30 days) in youth aged 11–19 years who did not rest 
immediately after concussion versus those who did rest (67% vs 
35%). On a positive note, in a recent independent survey, 92% 
of players were reported to have sought clinical care for their 
concussion (Kontos, 2017, personal communication).

Collegiate
One of the earliest surveillance studies on concussions in college 
age, male and female players reported the concussion rate to 
be 0.6/1000 AE for men and 0.4/1000 AE for women. The 
two most common mechanisms of injury, accounting for half 
of all concussions, were head-to-head and accidental ball-to-
head impacts. No concussions were due to routine, purposeful, 
successful heading of the ball.15 Rates of concussion have risen as 
injury definitions, injury recognition and reporting have evolved.

The National Collegiate Athletics Association (NCAA) has 
been the primary source of injury data for collegiate level 
players since 1986.20 Their data indicate that concussion rates 
are higher in competition when compared with practice in 
both women’s (rate ratio: 8.4–9) and men’s soccer (rate ratio: 
5.5).21 22 In comparison with other sports, the NCAA data show 
the competition concussion rate for men’s soccer is less than 
wrestling, American football and ice hockey while women’s 
soccer trails only ice hockey.22 When comparing the match 
injury rates for women and men, women had a higher rate for 
both head and face injuries (3.06/1000 AE vs 2.19/1000 AE) as 
well as concussion (1.83/1000 AE vs 0.94/1000 AE).21 Repre-
sentative data for collegiate soccer players are presented in 
table 2.

Injury mechanisms are also available from the NCAA Injury 
Surveillance Programme. Summaries of 11 years of data for both 
males and females depict that the majority of concussions do 
not occur during successful, purposeful heading. In those cases 
where concussions are associated with heading, the vast majority 
are due to player-to-player contact rather than player contact 
with the ball.21 22 The proportion of heading-related concus-
sions due to contact with the ball is larger in women’s soccer 
than in men’s soccer (27.4% vs 10.9%; Parsons, 2017, personal 
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Table 3 Summary of concussion rates (per 1000 player-hours) in professional soccer players by sex, setting and level of play

study study years

male female

Training match overall Training match overall

Domestic leagues

  Jacobson and 
Tegner35

2000 0.10 (0.03 to 0.17)

  Waldén et al44 149 2001 0.05 (0.01 to 0.09)

  Gaulrapp et al33 n.s. 0.17 (0.08 to 0.26)

  Hassabi et al37 2005–2006 0.80 (0.00 to 1.91)

  Ekstrand et al32 2001–2008 0.06 (0.04 to 0.08)

  Ekstrand et al31 2003–2008 (grass) 0.07 (0 to 0.05) 0.74 (0.28 to 1.20) 0.15 (0.00 to 0.44) 0.99 (0.00 to 2.11)

2003–2008 (turf) 0.02 (0 to 0.04) 0.52 (0.18 to 0.86) 0.09 (0.00 to 0.19) 0.89 (0.02 to 1.76)

  Eirale et al38 2008–2009 0.03 (0.001 to 0.2)

  Waldén et al150 2009–2010* 0.07 (0.05 to 0.09)

2009–2010† 0.03 (0.01 to 0.07)

  Nilsson et al36 2001–2010 0.01 (0.00 to 0.01)‡ 0.35 (0.26 to 0.47) 0.06 (0.04 to 0.08)

  Beaudouin et al130 2000–2006 0.67 (0.51 to 0.88)

2007–2013 0.48 (0.34 to 0.66)

2000–2013 0.56 (0.46 to 0.69)

  Echemendia23 2014 1.97

2015 2.41

2016 3.12

  Prien et al39 2000–2016 0.01 (0 to 0.01) 0.44 (0.36 to 0.53) 0.13 (0.09 to 0.17) 1.76 (1.48 to 2.05)

Tournaments

  Fuller et al41 1998–2004 1.06 (0.54 to 1.58) 2.56 (1.11 to 4.01)

  Yoon et al46 2000 1.82 (0.0 to 3.88)

  Junge et al151 1998–2001 1.06 (0.02 to 2.10)

  Junge et al152 2002 1.89 (0.58 to 3.20)

  Hägglund et al43 2004–2005 0 0.55 (0.00 to 1.63)

  Dvořák et al153 2002 1.89 (0.04 to 3.74)

2006 0.47 (0.00 to 1.39)

  Junge 
and Dvořák154

1999–2006 2.09 (0.91 to 3.27)

  Hägglund et al§34 2006–2008 0.0 1.07 (0.28 to 1.86) 0.32 (0.08 to 0.56)

  Dvořák et al155 2010 0.01 (0 to 0.02) 0.49 (0.00 to 1.45)

  Akodu et al45 2011 3.24 (0.00 to 9.59)

  Junge and 
Dvořák40

1998–2012 1.30 (0.93 to 1.67) 2.10 (1.38 to 2.82)

  Junge and 
Dvořák42

2014 0.77 (0.33 to 1.21)

Absence of CIs indicates that either CIs were not reported or that the data necessary to determine CIs were not reported.
*Data from teams based in Northern Europe.
†Data from teams based in Southern Europe.
‡Data rounded to maintain consistent format and alignment with the rest of the table. Actual data: 0.004 (95% CI 0.001 to 0.014).
§Data for men (nine tournaments) and women (three tournaments) not reported separately. Results are combined rates.155

n.s.,  years  studied were not stated. 

communication). Unfortunately, the NCAA data do not identify 
accidental ball-to-head impacts.

professional
Data that are based on professional players come from two 
similar, but unique settings. The first is the domestic profes-
sional season (eg, the English Premier League, La Liga, MLS, 
etc). The second setting is a tournament (FIFA World Cup (U-17 
through full national teams; male and female), Olympics, UEFA 
Champions League, EURO, etc). While both settings are highly 
competitive, tournaments are generally assumed to represent the 
highest and most intense level of competition for the respective 
age and gender. Data from domestic leagues and tournaments 
will be presented separately.

Domestic leagues
Concussions are the fifth most common injury in MLS, although 
injury rates vary by team and by season (table 3).23 Similarly, 
marked variability exists among players in the number of days 
missed due to concussion. Preliminary data (2014–2016 seasons) 
reveal that most concussions occurred through contact with an 
opponent (71%), although contact with a teammate (16%) was 
also found. Concussions tended to occur more frequently to 
defenders (33%) followed by midfielders (30%), forwards (24%) 
and to a lesser extent the goalkeeper (13%). Concussive injuries 
were most common during the last 30 min of a match (45%) and 
the first 30 min (30%) of a match. Concussions occurred most 
frequently in the midfield, primarily due to collisions (41%) and 
aerial challenges (42%). The body part most frequently causing 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2018-100232 on 13 F
ebruary 2019. D

ow
nloaded from

 

http://bjsm.bmj.com/


1336 Putukian M, et al. Br J Sports Med 2019;53:1332. doi:10.1136/bjsports-2018-100232

Consensus statement

the injury was the head, followed by elbow, foot, leg, hip, knee, 
shoulder, arm and fist. The head (96%) was the most frequent 
first point of contact for the injured player. Taken together, 
head-to-head contact was the most frequent cause of concus-
sions in MLS.

Preliminary review of the video analyses of SRC in MLS 
players found that visible signs of concussion, observable signs 
or both (loss of consciousness, clutching or grabbing the head, 
falling to the ground, being slow to get up or appearing dazed 
or confused) were found in 28% of match concussions. This 
suggests that the use of video review as part of raising awareness 
and increasing early detection of SRC shows promise, a finding 
supported by others.24–27

Most studies on (head) injuries during domestic seasons were 
performed on European teams28–36; however, there are also data 
from Iran37 and Qatar.38 Nilsson et al36analysed 136 head and 
neck injuries (2.2% of all injuries) in 26 European professional 
soccer teams between 2001 and 2010. Most head injuries were 
diagnosed as concussion (n=48; 35.3%). The mean time loss 
for concussion was 10.5 days, but 27% of the concussed players 
returned to play within 5 days.36 While they were able to iden-
tify a single significant player-related risk factor for head and 
neck injuries (being a defender), they were unable to identify any 
player-related or match-related risk factors for concussions.36

In their recent systematic review on epidemiology of head 
injuries focusing on concussions in team contact sports, Prien 
et al39 reported on 28 studies conducted in soccer the majority 
of which (n=22, 78%) were non-US-based teams. Of the 22 
reports, 9 studies reported data from major tournaments and 13 
were conducted over the course of the domestic season. Repre-
sentative data based on professional domestic leagues as well as 
international tournaments are presented in table 3. Note that 
the rates for tables 1 and 2 are per 1000 AEs while the data for 
professionals are per 1000 player-hours.

Tournaments
Junge and Dvořák summarised the injury data collected during 
51 FIFA-sponsored tournaments and 4 Olympic Games from 
1998 to 2012.40 In total, 3944 injuries were reported by the 
team physicians, of which 577 (15%) affected the head or 
neck. Eighty-one injuries (2% of all injuries) were diagnosed as 
concussion. Female players incurred significantly more concus-
sions than their male counterparts. Further data on head injuries 
during international tournaments are available from FIFA tour-
naments,41 42 European Championships,34 43 44 a West African 
Football Union Nation's Cup45 and two Asian tournaments.46

Perhaps the most comprehensive examination of head injury 
mechanisms was prospective analysis of head and neck injuries 
by Fuller et al during 6 years of international soccer competi-
tion.41 They concluded that injuries occurred in the middle half 
of the field when two players approached each other from the 
side or front and jumped to challenge for a flighted (free) ball. 
The most likely source of injury in males was the use of the upper 
extremity (elbow-to-head) and in females it was a head-to-head 
collision. These data helped convince the International Football 
Association Board (IFAB) to authorise the referee to red card a 
player for the use of an intentional elbow to the head.

mAnAgemenT of heAd Injury
recognise and remove, assessment, treatment and recovery
The recognition, assessment and treatment of SRC in soccer is 
important, and for the purposes of the HIS, the findings from 
the fifth International CISG Consensus Statement are supported 

and the reader is referred to the consensus statement1 as well 
as the accompanying systematic reviews for a full discussion 
of these issues. The focus of this section is to review areas that 
might present unique sport-specific applications or consider-
ations for soccer.

Recognise and remove
A central feature of any successful concussion management 
programme is accurate and timely identification of possible 
injury. Recognition of the injury falls to all of the stakeholders 
including referees, coaches, administrators, athletes, sports 
medicine physicians, athletic trainers, physical therapists, neuro-
psychologists and strength and conditioning specialists. Thus, 
education of these groups is vital to injury identification.

Referees are trained to work under the ‘recognise and refer’ 
principle, which involves recognising the signs and symptoms 
of possible concussion, stopping the game immediately when 
there is suspicion of an injury and referral to appropriately 
trained healthcare professionals.3 Player safety, not diagnosis of 
the injury, is the primary responsibility for officials. Any accom-
modations for on-field assessments need to take into account 
current best practices for injury identification and evaluation, 
and those accommodations must be communicated to those who 
educate and train officials and coaches.

Educational resources have been published by many organi-
sations, including the Center for Disease Control and Preven-
tion, the NCAA, US Soccer and the United Soccer Coaches.47–49 
Education is collaborative and as members of the greater soccer 
community we play an active role and take responsibility to 
provide up-to-date, scientifically informed information to this 
population. Dissemination of educational content should be 
strategic and educational content must be clear, logical and easy 
to understand with a uniform message. Education drives aware-
ness, progress and policy change.

Role of sensors
Biomechanical sensors in helmeted sports do not show a specific 
‘concussion threshold’.50 Researchers generally accept that 
impact magnitude alone is an insufficient predictor of concus-
sion. In light of this information, head impact indicators have 
demonstrated very poor positive predictive value (ie, poor clin-
ical utility) for detecting concussions,50 a conclusion supported 
by the systematic reviews from the CISG.1 24 27 Given the growing 
number of head impact sensors entering the commercial market-
place, there is a need to systematically and independently eval-
uate the measurement validity and reliability of these systems. 
Although sensors for non-helmeted sports are being developed 
(eg, mouthguard, earpiece, retainer, other), none has been vali-
dated, and their use for assessment in soccer outside of the 
research setting is not currently warranted.

Role of spotters
Increasing attention is being paid to the use of in-game spot-
ters who review live game film, live game play or both to iden-
tify visible indicators of possible concussion.24–26 Research data 
suggest that the use of spotters can assist in identifying possible 
injuries that may go unnoticed by medical staff. However, the 
institution of such programmes is complex and expensive, 
placing them out of reach of most non-professional or non-elite 
organisations.

Carefully conducted studies at the professional level in ice 
hockey have shown that >50% of concussions occur without 
visible signs.51 A study of world rugby showed that approximately 
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21% of match day concussions were associated with visible signs 
of SRC on video.26 There may be differences between sports in 
terms of the utility of spotter programmes to recognise SRC. The 
MLS Spotter programme is an example of the use of spotters 
in professional soccer (online supplementary appendix B, see 
section 5: MLS Spotter Programme). The 2018 FIFA World Cup 
in Russia was the first tournament using spotters to assist and 
communicate possible injuries to the medical teams on the field.

Barriers to injury recognition and identification in soccer
There are many barriers to identifying head injuries during a 
soccer game.52 53 Soccer is a fast moving game with many players 
spread out across a large playing surface. Medical and coaching 
staff have multiple responsibilities during a game that may limit 
their ability to visualise every minute of the game. Additionally, 
sight lines often may be compromised, and a complete view of 
the pitch can be difficult. Players are competitive and at times 
reluctant to report to coaches and medical staff that they are 
experiencing symptoms because of the fear of being removed 
from play. In addition, they may not realise that they are experi-
encing concussive symptoms, and do not report them. Additional 
challenges to injury identification include delayed symptom 
onset, style of play with attempts to draw fouls, only two halves 
and no time-outs with few stoppages of play, substitution rules 
and inadequate time to evaluate injured athletes.

There have been discussions at numerous levels, including by 
the CISG, FIFA, national governing bodies and the NCAA about 
possible rule modifications to allow sufficient time for medical 
staff to conduct an acute evaluation when an injury is suspected. 
The Berlin CISG Statement emphasises this point. 'When a 
concussion is suspected, the athlete should be removed from 
the sporting environment, and a multimodal assessment should 
be conducted in standardised fashion (eg, SCAT5). Sporting 
bodies should allow adequate time to conduct this evaluation'.1 
However, any proposed changes to the Laws of the Game in 
soccer must take into account the potential for gamesmanship 
or undue pressure on the medical staff to return a player to the 
field. Law change proposals must be submitted to the Interna-
tional Football Association Board prior to implementation at 
the professional level. Youth or amateur provisions can and have 
been made by domestic federations (eg, NCAA, US Soccer).

Assessment
The assessment of concussion in soccer is ideally multimodal 
with the SCAT5 and Child SCAT5 serving as useful resources 
for healthcare providers with experience managing SRC.3 The 
SCAT5 incorporates the Glasgow Coma Scale and ‘red flag’ 
signs (such as loss of consciousness, seizures, neck pain, neck 
tenderness, vomiting, severe or increasing headache) or observ-
able signs (eg, lying motionless on the playing surface, balance or 
gait difficulties, disorientation, confusion, blank or vacant look) 
that indicate the need for immediate evaluation by a healthcare 
provider and possible transportation to an emergency facility. 
The on-field assessment also includes the Maddock’s questions 
and a cervical spine assessment. The healthcare provider, if avail-
able, should make decisions regarding further care and dispo-
sition. If no healthcare provider is available, an athlete with 
suspected SRC should not be allowed to return to play until the 
player has been evaluated by a healthcare provider. The off-field 
assessment or office assessment of suspected SRC incorporates 
background information, a symptom checklist, a cognitive and 
neurological screen, a balance examination, vestibular and 
ocular evaluation and other assessments.

Treatment
Once a player has been diagnosed with a concussion (regardless 
of level of play), that player should not return to play the same 
day. Players suspected of having a concussion but not diagnosed 
with a concussion should be monitored for the emergence of 
symptoms over the subsequent few days. As the management of 
SRC is not unique to soccer players, it is not discussed in detail 
and readers are referred to the CISG. The return to academic and 
sport process includes a stepwise symptom-limited progression 
of increased physical, cognitive, work or school-related activity.1 
The MLS Head Injury/Concussion Evaluation and Management 
Protocol is provided in online supplementary appendix B.

Recovery
SRC is largely a time-limited injury with clinical recovery occur-
ring in 7–10 days for 90%–95% of professional players, 14 days 
in 70%–75% of college players and 21 days for 80%–85% of 
high school players. Research to date on predicting length of 
recovery is limited. The most predictable variable associated 
with prolonged recovery is the immediate symptom burden and 
symptom severity score.54–56 Other potential variables include 
history of prior concussion, younger age, certain postinjury 
symptoms (eg, fogginess, headache, dizziness), prior history 
of headache or migraine or both and prior mental health (eg, 
depression, anxiety) history.54 55 57 It is important to note that 
physiological recovery may take longer but this process is poorly 
understood at present. No specific differences in recovery from 
SRC in soccer players compared with other athletes have been 
identified.

Case study: the rugby experience
Rugby is a sport similar to soccer in that it is fast-paced with a 
similar number of players participating on a large pitch, with 
ongoing play with limited stoppage time. Rugby is different 
than soccer in that it is a tackling sport and an interchange sport 
(ie, temporary player substitutions permitted), while soccer is a 
replacement sport (ie, temporary substitutions not permitted).

In 2012, World Rugby instituted a rule to allow temporary 
substitution, a mandatory and maximum of 10 min, for elite 
players with suspected SRC. A ‘Head Injury Assessment’ (HIA) 
was developed that contained a three-point process.25

1. Level one (HIA 1) is an immediate postinjury multimodal 
evaluation that does not diagnose concussion, but uses the 
following four components to identify suspected concussion: 
a) criteria that warrant immediate and permanent removal 
from play (convulsion, tonic posturing, ataxia, suspected 
or confirmed LOC, clearly dazed, oculomotor signs, diso-
rientation, confusion, any behaviour change or any sign or 
symptom of concussion when the athlete is evaluated), b) an 
off-field screen, c) video review, d) clinical opinion.

2. HIA 2 is completed within 3 hours of injury and consists of 
the SCAT5 and clinical interview.

3. The HIA 3 is completed 36–48 hours postinjury and consists 
of SCAT5 symptoms, balance, cognitive assessment (SAC at a 
minimum or a computerised neurocognitive test).

Utilisation of HIA has improved recognition and management 
of injury at the elite level of play. The addition of the HIA2 and 
HIA3 components incorporates serial assessments and decreases 
the likelihood of missing injuries associated with delayed symp-
toms.26 58 59 The rugby experience at the elite level is a helpful 
guide for soccer and likely illustrative of the possibilities for 
elite play. Similar to soccer, the emphasis for community play in 
rugby has been on ‘recognise and remove’ principles. Emphasis 
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figure 1 Percentage of survey respondents with regard to the 
question as to the number of headers per week by teams in practice 
in given range categories including none (blue), 1–10 (red), 11–20 
(orange), 21+ combined (grey). This included 0.76% (21–30 range) and 
0.15% (31+ range).

figure 2 Percentage of survey respondents with regard to the 
question as to the number of headers per week by teams in practice in 
given range categories including none (blue), 1–5 (red), 6–10 (orange), 
11+ combined (grey). This included 3.35% (11–15 range), 1.74% (16–
20 range) and 1.10% (21+ range).

has also been placed at all levels to remove head-to-head contact 
with a ‘zero tolerance’ policy and lower level of tackle, avoiding 
head contact.

heAdIng In soCCer: WhAT do We knoW?
biomechanics of heading
An understanding of heading begins with tracking the flight 
of the ball, which leads to multiple decisions that experienced 
players must make very quickly. Youth players often struggle with 
predicting the flight of the ball and then having to coordinate 
subsequent body actions and movements necessary to intercept 
the ball, all of which must happen before any head-ball contact. 
This entry level skill, tracking the ball, is something coaches can 
teach with the understanding that the ability to track a ball in 
flight (and the myriad of accompanying movement responses) 
takes time to fully develop and coordinate. When considering 
child development, research would support that heading is a 
complex motor skill that most children might not learn, much 
less master, until age 10–12 years.60–64 This consideration of 
developmental trajectories is consistent with guidance issued by 
US Soccer regarding age-related heading restrictions (see page 
11 of online supplementary appendix C).49

The skill of heading has been described as consisting of three 
stages: preparation, contact and follow through65 and has been 
studied in laboratory settings, primarily to measure impact forces 
associated with heading the ball. The forces measured during the 
act of heading at the youth level are between 4.5 and 62.9 g,65 66 
approximately 37.9 g in games at the high school level67 and 
under 43 g in collegiate soccer studies.68–70 While these data are 
useful in quantifying impact forces, there are concerns related 
to the sensitivity and specificity of sensor data,70 as well as the 
correlation, if any, to concussive injury. Nonetheless, by most 
calculations, forces associated with successful purposeful heading 
seem to be well below most thresholds of head injury.50 Applying 
these measurements during match play is a work in progress.

frequency of heading
Youth

Data regarding heading in the youth game are limited. What 
should be a fairly simple task (counting head-ball impacts) can 
be laborious. Numerous methods have been used such as live or 
video observers, extrapolating a short segment to the full match 
and player or coach self-report. Self-report of head-ball impacts 
has recently been shown to overestimate observer counts by an 
average of 51%.71 Among youth players aged 13 years and under 
heading is rare; when it does occur, it is often the result of balls 
that are thrown in, bounced from the ground or unintentional 
deflections.

In a group of male and female players aged 9–15 years, it was 
reported that there was an average of 1.64 headers per game.72 
A trend for an increase in the number of headers per game as 
players got older was reported, where the rates for headers per 
game were 0 for children who are aged 9 years, 0.65 for 10 
years, 1.56 for 11 years, 1.11 for 12 years, 2.65 for 13 years 
and 2.16 for 14 years.72 Later studies involving female youth 
players report heading frequencies ranging from 0.93 headers 
per game73 to 1.95 headers per game.74

A recent retrospective online survey study of youth soccer 
players (from U-8 to U-15 age groups, boys and girls) asked 
representatives of 8104 teams from all 55 US Soccer state asso-
ciations during the fall of 2016 season to determine the occur-
rence of headers at the youth level. Team representatives who 
responded to the survey included coaches, team managers and 
designated adult team contacts (Kontos, 2017, personal commu-
nication). This study revealed that approximately 50% of games 
at the youth level do not have any headers, approximately 94% 
of all games have 1–10 headers and <1% of all games have 
between 21 and 30 headers (figure 1).

The frequency of self-reported heading during youth practices 
is similar to those seen during games. Approximately 60% of 
practices do not include any headers. In those practices where 
heading was reported it is likely that the practices incorporated 
heading-specific skill training (figure 2).
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Individual player self-report has also been used to estimate the 
frequency of heading impacts in youth, collegiate and amateur 
players.75–77 Player self-report has been (very recently) shown 
to overestimate actual observed counts.71 In that small study of 
12 youth females over a 20-game season, the authors concluded 
'all players overestimated the number of headers compared with 
game video. Linear regression analysis indicated that self-re-
ported headers overestimated the actual number of headers 
counted by 51%'.

High school and collegiate
Studies have found a range of heading frequencies and impact 
forces in youth, high school and collegiate soccer. Frequency of 
heading in games has been reported to be between 1.078 and 
2.8567 in high school and between 1.6968 and 7.1669 at the 
collegiate level. An early prospective study of collegiate soccer 
players over a season coded heading contacts over nine men's 
and seven women’s games and found that there were 783 head-
to-ball contacts per minute and 0.753 head-to-ball contacts per 
minute, respectively.79

In addition, this study coded headers as either long punts, 
crosses and corner kicks, chips and throw ins or direct shots. 
A total of 689 and 497 headers for males and females respec-
tively were recorded. Heading direct shots was uncommon, 
accounting for 0.8% of the men’s heading contacts and 1% of 
the women’s heading contacts; most of these were instances 
where the player was unable to get their head out of the way of 
a shot on goal. Long punts accounted for 28% for the men and 
26% for the women, crosses accounted for 10% for the men 
and 13% for the women, and chips or throw-ins (low velocity 
short distance passes in the air or ball-to-head contacts after 
a bounced ball) accounted for 61% for the men and 60% for 
the women.79 In this collegiate setting, there was no significant 
difference between sexes in terms of the frequency of heading or 
the different types of heading contacts. The majority of heading 
impacts were chips or throw ins; the direct shot, where a player 
was not expecting contact and took a blow from a shot, was rare.

Professional
MLS conducted a video review of all MLS games in 2014 season 
using ‘coders’ who examined every head contact (Echemendia, 
2017, unpublished data). Those events that involved head-to-
ball contact were coded according to a classification used previ-
ously79 modified to add whether these occurred during an aerial 
challenge, defined as any challenge in the air where players 
collide or otherwise make contact with each other and there is 
contact between head and ball or head and body. The coding 
system was found to be highly reliable with inter-rater reliability 
in excess of 90%. The majority of head-ball impacts were from 
goal kicks, long punts and chips or throw ins.

A total of 28 655 ball-to-head contacts were identified across 
297 games in 2014 with an average of 96 head contacts per game. 
Of the head-to-ball contacts, 30% were from punts or long kicks, 
46% were coded as chips or throw ins, 16% arose from crosses 
or corner kicks, 7% occurred during an aerial challenge and 2% 
were due to a direct shot. The highest percentage of head-to-
ball contacts were from chips and throw-ins. Head contacts that 
do not include ball contact occurred frequently during aerial 
challenges. Defenders headed the ball more frequently and most 
headers occurred in the midfield. Marked variability was found 
among players and across teams; some players headed the ball 
frequently while others headed the ball infrequently or not at 
all. Similarly, some teams tended to use the head less frequently 

than others. Additional data across several seasons are needed to 
determine whether these data are consistent over time.

In summary, there appears to be relatively low exposure to 
heading in youth, interscholastic, collegiate and professional 
populations; purposeful heading tends to be higher in games 
than in practice; there are limited data on sex differences in 
heading and on-field data of heading (and non-header) impacts 
demonstrate relatively low acceleration values. A threshold for 
exposures, or risk of long-term cumulative injury, has not been 
established.

ACuTe And ChronIC effeCTs of heAdIng
neuropsychological
Conclusive statements regarding whether there are either acute 
or chronic neurocognitive effects from heading are elusive 
because studies to date have used different research methodol-
ogies, populations, neuropsychological tests, testing paradigms, 
outcome measures, clinical and psychometric change criteria. 
Additionally, it is difficult to isolate the individual effects of 
heading, concussion, the interactions among concussion and 
heading and concussion and athletic exposure.

Studies have shown no effect of heading on cognitive func-
tions after a 15 min heading session,80 after two practices or 
games,81 82 following one season,78 79 83 84 two seasons85 or when 
assessed as part of a cross-sectional analysis.86 Conversely, some 
older studies have shown minor cumulative effects of heading 
on cognition.87 88 A recent systematic review of 22 studies, 
including 2228 participants, 42% female, age 13–70 years found 
‘no overall effect for heading a football on adverse outcomes'.89

Although limited, the preponderance of available data in 
adolescents and adults does not support the hypothesis that 
there are intermediate or long-term adverse neurocognitive 
effects from heading the ball in soccer. Any adverse short-term 
effects appear to be limited to short-lived transient (<48 hours 
postinjury) changes in postural control,90 near point of conver-
gence91 92 and headache.93

biomarkers
Maher et al94 reviewed the data related to the biomarkers and 
neurocognitive outcomes of acute and chronic heading expo-
sure. In terms of short-term effects, Maher et al found increased 
but reversible changes in brain biomarkers S100-B and NSE 
(neuron-specific enolase) and no consistent evidence of neuro-
cognitive deficits, the latter likely due to lack of experimental 
control for player history (eg, number of prior concussions, 
playing in the leather ball era, learning disabilities, alcohol 
intake) and the interaction of heading exposure and concussion 
history. Regarding the long-term effects of heading, Maher et al 
reported the following: a) no evidence of residual biomarker 
abnormalities, b) ‘the possibility’ of lasting deficits in neuro-
cognitive functioning in those with a history of concussion and 
c) significant differences in neuroimaging or neurophysiolog-
ical results in five of six studies that compared soccer players 
and non-playing healthy controls. Regarding the neuroimaging 
findings, however, Maher et al concluded that the studies were 
'limited—particularly in terms of acute concussion where they 
are lacking completely—and, as such, it is an area of research that 
should be expanded on in the future to determine whether there 
truly are adverse effects related to concussions and heading'.94

Future research regarding potential effects of heading and 
soccer participation needs to address host and biopsychosocial 
variables such as age, sex, other sport and recreational head 
trauma exposure, personal and family medical and psychiatric 
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histories, learning disabilities (including attention deficits), 
migraine headaches and other health conditions. The measures 
used to assess cognitive domains should be harmonised along 
with the timing of neurocognitive testing and the criteria used 
for assessing meaningful change. Consideration should also 
be given to using broader (vs screening) measures of cognitive 
performance (eg, full neuropsychological evaluations, academic 
performance, standardised test scores).

neurodegenerative disease and chronic traumatic 
encephalopathy
With the increased attention to CTE, there has been developing 
interest in examining whether a relationship exists between 
sports participation and the development of CTE pathology 
or neurodegenerative diseases and, if a relationship does exist, 
identifying the nature and strength of that relationship.

According to provisional consensus guidelines published in 
2016, CTE pathology is characterised by abnormal accumula-
tion of hyperphosphorylated tau protein (P-tau) within neurons, 
astrocytes and cell processes around small blood vessels in an 
irregular pattern at the depths of cortical sulci. Interpretation 
of immunohistochemical stains for P-tau using autopsy tissue 
is required to make this assessment. P-tau is also a secondary 
accumulation in many conditions, including Alzheimer’s disease, 
Down syndrome, prion diseases, neurodegeneration with brain 
iron accumulation type 1, postencephalitic parkinsonism and 
Niemann-Pick disease type C, among other conditions. P-tau 
is almost universally detected at autopsy with advanced age. 
Although there is work in progress,95 no accepted criteria for 
diagnosing CTE in a living person exist at present. Conse-
quently, the incidence of CTE pathology in the general popula-
tion is unknown.

The data regarding CTE pathology in soccer are limited to a 
small number of case studies, or retrospective analyses of brain 
bank specimens.96–103 A recent paper by Zuckerman et al has 
reviewed the data for CTE in contact (soccer, rugby, ice hockey) 
and collision (American football) sports.104 Sulcal depth p-tau 
consistent with the solitary necessary and sufficient CTE crite-
rion was described in about half of the subjects studied, all of 
whom had comorbid neurodegenerative diseases (eg, Alzhei-
mer’s disease, frontotemporal dementias, amyotrophic lateral 
sclerosis, etc), which makes it difficult to attribute disease onset 
and progression solely to CTE pathology. Current research in 
this area is focusing on the effects of cumulative subconcussive 
impacts.105

It is expected that former soccer players will develop neuro-
degenerative diseases at the same rates as found in the general 
population. At present, no data exist that support the hypoth-
esis that soccer participation is a risk factor for the development 
of neurodegenerative disease. Similarly, at this time, consistent 
with evidence discussed in the CISG Berlin,1 106 there are no 
data to support a causal relationship between soccer and CTE 
pathology. Continuing research in this area is a necessity to more 
fully understand whether a link does exist, and if such a link does 
exist, whether there are approaches for mitigating such risk.

Injury prevenTIon In soCCer
SRC is an important injury in the sport of soccer at all levels. 
Identifying interventions that might prevent injury or limit 
severity remains a challenge. Primary prevention strategies refer 
to prevention of the injury before it occurs. Risk factors for 
injury, concussion or both can be categorised as either intrinsic 
(ie, internal to the athlete such as genetic factors, previous 

history of concussion or other injury, neuromuscular control, 
etc) or external (ie, related to the environment such as rules 
of the game, playing surface, equipment, etc).107 For soccer, 
prevention measures that have been raised include the use of 
headgear, modification of rules, stricter enforcement of existing 
rules, restriction of heading, consideration for ball or playing 
surface characteristics and strength, conditioning and awareness 
training.

The use of headgear
Hard shelled sport helmets are designed to prevent catastrophic 
injury (eg, skull fracture, intracranial hematomas).108 They are 
not currently designed to prevent concussion. In contrast, soft 
shelled headgear has been developed under the hypothesis of 
preventing concussion through the use of energy absorbent 
padding designed to reduce head impact force and subsequent 
acceleration. Laboratory testing has shown that headgear is 
effective in reducing impact force at high speeds in simulated 
head-to-head impacts.109–114 Headgear was not found to be effec-
tive, however, in reducing acceleration forces during heading.114 
Testing in the laboratory has also demonstrated that sex differ-
ences exist with headgear increasing head impact acceleration in 
females when compared with males as well as when compared 
with controls (no headgear).115

Other studies have identified that headgear is ineffective at 
mitigating subtle neurocognitive effects of an acute bout of 
soccer heading.116 In the CISG systematic review on preven-
tion, the conclusion was ‘the literature regarding the use of soft 
shelled protective headgear in sport is mixed'.117 The effect of 
soccer headgear on reducing concussion incidence is unknown 
as there is a paucity of high-quality field research to date. Soccer 
headgear can potentially reduce impact acceleration during stiff 
impacts, such as head-to-head, elbow-to-head, head-to-goal-
post or head-to-ground impacts. There is no support for using 
headgear to decrease the impacts of heading, and in females the 
addition of headgear may actually increase the forces that the 
head experiences.115 Wearing headgear may also change athlete 
playing behaviour, giving them a false sense of protection and 
potentially playing more aggressively (eg, gladiator effect or ‘risk 
compensation’).118 119 This is an area where further research is 
necessary.

restrictions on heading
Prevention measures have been instituted in other sports to 
limit exposure or risk. For example, baseball has moved towards 
avoiding collisions at home plate, ice hockey has focused on 
avoiding contact and checking in youth play and football has 
implemented various measures to limit or avoid contact expo-
sures in youth play. For soccer, although it is clear that heading 
in and of itself is not associated with significant acute or chronic 
dysfunction, a common mechanism of SRC being a blow to the 
head (from another head, elbow, knee or ground) during or 
after an aerial challenge. This is the basis for the restrictions of 
heading that were imposed for American youth soccer by US 
Soccer.

When exploring the issue of limiting heading in specific 
age groups, it is important to differentiate between restriction 
(which means to limit) and a ban (which means to prohibit). 
US Soccer’s current policy49 on age-related heading prohibits 
heading for 10 and under (U-11). Youth between the ages of 
11 and 12 years (U-12, U-13) may engage in heading training 
for ‘a maximum of 30 min per week with no more than 15–20 
headers per player, per week’. There are no restrictions for U-14 
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and older. At present, there are no studies that have empirically 
examined the effects of age-dependent restrictions on heading.

The US Soccer DA has also implemented additional safety 
components, which affect approximately 17 000 players who 
participate in the DA. Examples of safety measures that have 
been incorporated into DA play include small-sided games of 
7–9 vs 7–9 (on a smaller field), where there is an emphasis on 
ball control that minimises long punts and aerial challenges. In 
addition, these small-sided games promote playing the ball out 
of the back on the ground (vs a goalkeeper punting the ball), and 
additional rules that do not allow the goalkeeper to punt the ball 
or use a drop kick, which may be a consideration in the future.120

Other modifications to game play can include modifying the 
field size, the number of players, whether to use rules such as 
off-sides, and other rule changes. Additionally, Athletic Trainers 
(ATC) in the DA are mandated to be available and present for 
every DA match. Finally, in suspected head injuries, injury substi-
tutions are allowed (that do not count against the team’s number 
of allowed substitutions) and sufficient time is provided for the 
player to be evaluated by the ATC in real time and determine 
return to play status. If the player is medically cleared for return 
to that match, the player replaces the original substitute.49

strength training for the neck
It seems logical that strengthening the neck muscles should be 
protective against head injury. The current data are, however, 
inconsistent. Mihalik et al121 showed no difference in resultant 
head accelerations across neck strength tertiles in youth hockey 
players. In American football, increases in neck stiffness, not 
strength, reduced the odds of moderate or severe impacts.122 
During heading, Dezman et al123 noted that strength imbal-
ances at the neck contributed to greater head acceleration, 
Bretzin et al124 said that neck strength and girth were negatively 
correlated to linear and angular acceleration and Caccese et al125 
found that neck size and strength explained nearly 25% of the 
variation in linear and angular acceleration of heading.

Given the observations specific to soccer, improving neck 
strength should be effective at reducing accelerations during 
impact. It is well known that the neck musculature is amenable 
to training126–128 and short-term training (5 weeks, twice per 
week in professional rugby players) can increase neck strength 
by nearly 20%,128 but simply increasing neck strength and girth 
of soccer players has no effect on head stabilisation during 
heading.129

The effect of improved neck strength on head stability and 
reduced injury risk is unknown. The High School Reporting 
Information Online project collected anthropometric, strength 
and injury records from over 6000 high school athletes. The 
data showed that smaller girth (as neck-to-head ratio) and 
lower neck strength (hand-held dynamometry) were related to 
increased incidence of concussion. The authors suggested that 
every one pound increase neck strength was accompanied by a 
5% decrease in the odds of a concussion.130 Despite some prom-
ising, and conflicting, results, a randomised clinical trial of neck 
strengthening and subsequent concussive injury remains to be 
conducted.

laws of the game
The Laws of the Game (Law 12. Fouls and Misconduct) do not 
single out any specific injury. In the leadup to the 2006 FIFA 
World Cup, the IFAB was presented with an analysis of head 
injury mechanisms that prompted them to grant the referee 

the authority to punish intentional elbows to the head with an 
immediate red card.

After giving the referee the authority to sanction intentional 
elbows to the head, a study of Norwegian male professional 
football players,29 reported that strict enforcement and inter-
pretation of the Laws of the Game was indeed associated with 
a lower incidence of head incidents caused by player-to-player 
contact and lower incidence of arm-to-head contact. In a 13-year 
period (before and after the IFAB ruling), all head and facial 
injuries were reduced in the German professional league. Specif-
ically, concussions have been reduced by 29%.131 Both studies 
indicate that enforcement of existing rules can have an effect on 
foul play and limit concussive injury.

For the 2014 FIFA World Cup, FIFA’s Sports Medical 
Committee proposed that in cases of suspected concussion, the 
referee will have the authority to stop the game for 3 min to 
allow for an on-field of evaluation of the injured player. The 
referee will only allow the player to continue with the authorisa-
tion of the team doctor. In 2016, US Soccer modified its substi-
tution rule for the Academy programme as follows: 'any player 
suspected of having head injury may be substituted for evalua-
tion without that substitution counting against the team’s total 
number of allowed substitutions during the game'.49

The properties of the ball as well as the playing surface are 
areas that potentially have implications for injury prevention. 
There are guidelines for ball size (specified in Law 2) that can 
affect the forces that the head experiences. It is important that 
players, parents and coaches use the appropriate sized ball for 
youth players and attend to the inflation pressure of the ball.132 
Whether different playing surfaces are associated with different 
risks for injury is at this time unclear, but is an area of future 
research.117 Finally, an area of significant interest is in awareness 
training that might increase an athlete’s ability to prepare and 
brace for an impact to the body or head, which might include 
aerial challenge training for the soccer player.68 133 This is an 
important area of future research.

educational efforts
Educational efforts by governing bodies (eg, US Soccer, US 
Youth Soccer, NCAA, National Federation of High Schools) and 
government (Centers for Disease Control and Prevention) are 
important and target athletes, parents, coaches and healthcare 
providers in terms of the importance of early recognition and 
management of SRC.134–136 US Soccer has produced an educa-
tional video on concussions and has implemented this video for 
coaching and referee certification as well as player and parent 
education and awareness (www.RecognizeToRecover/Head-and-
brain). Finally, the DA has implemented a pledge to concus-
sion awareness by all stakeholders to build a culture of safety 
around this injury. MLS has also created an internal concussion 
education video that is shown to all players and coaches in the 
preseason. Internal MLS data suggest that the video is effective 
in increasing knowledge on concussion. MLS has also created 
concussion education posters that are placed in all in team locker 
rooms.

exeCuTIve summAry
The fifth International Consensus Statement on Concussion 
in Sport provides very useful information, which served as the 
foundation for leading healthcare professionals with expertise in 
the sport of soccer to examine the Berlin recommendations from 
a soccer-specific perspective. In summary, the conclusions made 
during this summit indicate the following:
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1. Head injuries, specifically concussions, are an important 
injury for soccer, with lower rates of injuries than many 
other contact or collision sports for males (compared with 
American football, ice hockey, rugby and wrestling), but 
higher rates for females in comparison to other sports. 
While there is published information on the frequency of 
SRC at the college, high school and elite levels of play, 
very few data exist at the youth level of play.

2. The majority of concussions in soccer occur from contact 
during an aerial challenge, not from purposeful heading 
of the ball. The most common mechanisms are head-to-
head, head-to-body (knee, elbow, foot) or head-to-ground 
contact.

3. There are limited data regarding the biomechanics of head-
ing forces, but emerging information demonstrates that the 
forces that occur at all levels appear to be of low magnitude 
when compared with the forces reported in other sports (eg, 
American football or ice hockey).

4. Recognition of SRC by all stakeholders (eg, athletes, coach-
es, referees, healthcare providers) is important. There does 
not appear to be a role for current sensor technology in 
injury detection, but there may be a role for ‘spotter’ pro-
grammes that use recognisable signs of concussive injury 
and can communicate those observations to sideline medi-
cal personnel. At the youth and non-elite level, or when no 
healthcare provider is present, it is important to emphasise 
the ‘recognise and refer’ principle of the fifth International 
Consensus Statement using the CRT5.2

5. Consistent with the Berlin consensus statement, there is 
utility in using a standardised multimodal tool such as the 
SCAT5 or Child SCAT53 4 when assessing SRC. Athletes 
with suspected concussion should be removed from play 
and evaluated by a healthcare provider trained in concus-
sion management. Athletes diagnosed with SRC should 
not return to play the same day. An initial period (eg, 24–
48 hours) of both cognitive and physical rest is recommend-
ed following concussion.137 Graduated return-to-sport and 
school strategies with progressive increases in cognitive 
and physical demands following return to baseline levels 
of functioning represents the ideal approach for return to 
sport and academics, work activities or both.2 4

6. At this time, for adolescents and adults, the predominance 
of the available data does not indicate intermediate or long-
term adverse neurocognitive effects from heading the ball in 
soccer. There are no data in youth players. The data that do 
exist suggest that any adverse effect is likely limited to short 
term symptoms (eg, headache).

7. There are no prospective data evaluating possible neuro-
degenerative changes, such as CTE, associated with play-
ing soccer. Data on CTE in soccer players are limited to 
case reports with comorbid neurodegenerative diseases (eg, 
Alzheimer’s disease, amyotrophic lateral sclerosis). There 
are no published data that support the view that soccer par-
ticipation is a risk factor for the development of neurode-
generative disease. Consequently, we are in agreement with 
the Berlin consensus statement, which states that a causal 
relationship between playing soccer and CTE has not been 
established.106 We are fully supportive of future research in 
this area including identifying biomarkers through blood, 
urine, cerebrospinal fluid and advanced neuroimaging in 
the assessment and management of SRC.

8. Injury prevention is an important area of further research. 
Although there has been media attention to the use of 

headgear in soccer, there are limited studies on effectiveness 
of such headgear, with the majority of data being laborato-
ry-driven and without on-field application. The laboratory 
data suggest that headgear may be beneficial in decreasing 
forces incurred during ‘stiff ’ impacts (eg, head-to-head, 
head-to-goalpost), but there appears to be less or no ben-
efit when used while heading.113 114 This is not surprising 
since the ball deforms with impact. In addition, whether 
a decrease in the forces seen in the laboratory results in a 
decreased incidence of concussion is unclear, as the bio-
mechanical ‘threshold’ for concussion remains unknown. 
Importantly, anecdotal reports suggest that the use of head-
gear may be associated with increased risk compensation, 
the so-called ‘gladiator’ effect, where athletes falsely feel 
protected when using headgear and hence may engage in 
more aggressive or risky play.

9. Rule enforcement and rule changes have been viewed as 
essential to injury prevention. In soccer, changes regarding 
player substitutions, the ‘3 min rule’ and enforcement of ex-
isting rules (eg, elbow-to-head) all warrant evaluation.

10. It is understood that purposeful heading rarely causes 
concussion. The current rule changes by US Soccer related 
to restrictions in heading are supported by modifying 
game behaviours associated with head injury (decreasing 
opportunities for the aerial challenge) and taking into 
account developmental issues regarding neck strength and 
situational awareness.

11. Athletes, parents, coaches, referees, administrators and 
healthcare providers can partner to underscore the 
importance of fair play to keep the sport of soccer safe at 
all levels.

AreAs of fuTure reseArCh
There are several areas of future research that include issues not 
unique to soccer, such as learning more about the difference 
between clinical and physiological recovery and finding useful 
biomarkers of injury. Management issues that enhance recovery 
and prevention efforts that can decrease the incidence or severity 
of injury are also fruitful topics for future research efforts.

Sport-specific areas of future research include more well-de-
signed evaluations of the mechanism of head injury, specifically 
SRC, which include proper design and detailed information 
to be employed at all levels of play in both genders. A better 
understanding of what occurs during an aerial challenge and the 
acute and chronic effects, if any, of heading, is needed. In addi-
tion, a better understanding of the developmental requirements 
and visual and motor skill learning needed for proper heading 
technique. Laboratory-based studies on heading mechanics need 
to improve ecological validity because studies routinely expose 
subjects to a far higher frequency of heading than what occurs 
in a match. We also need to know more about the effect of ball 
and surface properties, strict enforcement of rules and restricting 
heading (in an attempt to decrease the number of aerial chal-
lenges) on the incidence of concussion and head injury. We need 
to specifically evaluate whether there are risks for CTE or other 
neurodegenerative diseases associated with soccer play. Our 
stakeholders, including athletes, coaches, referees, administra-
tors, referees, along with the healthcare team play a significant 
role in supporting and enhancing the health and safety of our 
sport and players. Understanding how we can work together to 
accomplish this will include continuing to evaluate the issues 
raised during the Head Injury in Soccer Summit on a regular 
basis.
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