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Abstract

Given the scientific and public concern regarding the short-, medium- and long-term consequences of heading on brain
health, being proactive about developing and implementing guidelines that help reduce the burden (volume, impact magni-
tude and injury risk) of heading in young and beginner players appears justified. This narrative review explores the evidence
underpinning strategies that could be incorporated into future heading guidelines to reduce heading burden in players across
all levels of football. A four-step search strategy was utilised to identify all data-based papers related to heading in football.
Eligibility criteria for inclusion were: (1) original data, (2) study population included football players, (3) outcome measures
included one or more of the following: number of headers, measurement of head acceleration during heading, or head/brain
injury incidence, and (4) published in English or English translation available. In total, 58 papers were included that outlined
strategies based on (1) game or team development, (2) player skill development and (3) equipment. In particular, greater
emphasis existed for small-sided games (particularly in young players) where fewer headers are observed when compared
with the conventional 11 versus 11 game, as well as reducing headers from goal kicks and corners. Evidence also existed for
developing a heading coaching framework that focusses on technical proficiency as well as neuromuscular neck exercises
integrated into general injury reduction exercise programs, enforcement of rules related to deliberate head contact and using
lower-pressure match and training balls. To mitigate potential risks of heading on brain health, a number of pragmatic strate-
gies have been examined in scientific studies and may be considered as part of future heading guidelines.

This review is the first to outline and summarise the
current evidence and make recommendations for the
inclusion of different strategies to assist football govern-
ing bodies worldwide when drafting and standardising
heading guidelines to protect the long-term brain health

1 Introduction

Football is one of the very few sports where the head is
purposefully used as an integral requirement of the game,
with the skill of heading taught from a young playing age
[1, 2]. The extent and effect of heading on players’ cog-
nitive and emotional health is a key component of cur-
rent discussions, with media, scientific and lay narratives

of current and future generations of players.

It is also recommended that an implementation and
evaluation plan which is co-designed by health profes-
sionals, researchers, coaches, players and other important
stakeholders is developed in tandem to optimise the
potential adherence to, and benefits from, any future
heading guidelines.

Extended author information available on the last page of the article

arguing whether heading should be banned, curtailed or
left unabated in football [1]. These conversations normally
include two generic areas, (1) the effect of long-term rep-
etition of heading on players’ brain health, and (2) what
strategies exist to protect players from any potential health
risks associated with heading [1, 3-5].

In regard to the effects of heading on brain health,
review papers published to date report equivocal collective
evidence of the causative relationship between repetitive
heading and short- to medium-term cognitive changes [3,
5-12]. Although evidence exists for short-term (<24 h)
changes in biomarkers related to oculomotor function and
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neurofilament proteins following an acute bout of heading
[13—15], these changes have been reported to be transient
in nature, resolving as early as 24 h post heading exposure
[13]. Further, the heading bouts often used in these studies
were unrealistically high (e.g. 10-20 headers in 10 min)
[13, 14] and not representative of game situations. The
general consensus amongst these papers is that low head-
ing exposure does not appear to impact cognitive skills
in both youth and adults in the short term (i.e. <72 h) [3,
5-12].

However, there is paucity of evidence regarding the
long-term consequences of heading. A retrospective
review of deceased former professional footballers from
the Scottish League born before 1 January 1977 (age range
39-87 years, mean age 67.5 years), reported an increased
likelihood of mortality from neurodegenerative conditions
or being prescribed medications for dementia compared
with a control population, with this effect only being
apparent above the age of 70 [16]. Similar results were
shown in a retrospective review of all-cause and cause-
specific mortality in footballers who played at least one
competitive match in France’s professional football cham-
pionships between 1 January 1968 and 31 December 2015
[17]. The relationship of the specific act of heading to clin-
ical or mortality outcomes in these studies is challenging
given the lack of heading data for each player and the long
time period between heading exposure and death [16, 17].

In studies where heading data were collected, the results
are conflicting. One study of 60 retired professional play-
ers (mean age 67.5 years, range 39-87 years, average pro-
fessional career length 15.7 years) [18] reported that lower
scores on cognitive testing were associated with higher
self-reported headers over a career. This finding is in
contrast to an earlier study which reported no association
between higher heading exposure over a career with lower
cognitive skills or a higher risk of dementia [19]. The pau-
city of data and equivocal overall findings make it difficult
to provide definitive conclusions on the causative effect
of long-term heading exposure on brain health, which is
likely to remain unchanged for the foreseeable future. Fur-
ther, many limitations have been acknowledged, including
the bias that may occur due to the use of subjective meas-
ures to quantify heading frequencies (e.g. self-report),
not incorporating heading numbers during pre-season or
training, only studying professional male cohorts, inability
to generalise findings to amateur or recreational players,
and self-selection bias, where only participants with per-
ceived cognitive problems took part in the studies [16—18].
This has led to a recommendation that further longitudinal
research be conducted to delineate current ambiguities of
causal relationships [16, 17]. Despite the paucity of avail-
able high-quality research, many governing bodies are cur-
rently considering policy decisions on the appropriateness

of heading in football; thus, further exploration of protec-
tive strategies is vital.

Given the scientific and public concern, but uncertainty
regarding the short-, medium- and long-term consequences
of heading on brain health, as well as the reported link
between repetitive head impacts across all contact sports
and chronic traumatic encephalopathy [20], there is a logi-
cal need to adopt a precautionary approach to mitigate any
possible risks [21]. One such approach is being proactive
about developing and implementing strategies, guidelines
and frameworks that help reduce the burden (volume, impact
magnitude, as well as injury risk) of heading until such a
time that the evidence may be less equivocal. Although a
limited number of Football Associations worldwide have
banned or restricted the number of headers in young players
[22, 23], most restrictions appear based on chronological
age, rather than technical proficiency, physical, or biological
determinants. For example, the first Football Associations to
implement heading guidelines was US Soccer (USA), where
heading is prohibited in players under 10 years and restricted
in players aged 11-12 years. [24] In the USA, these guide-
lines were established in response to a 2014 class-action
lawsuit by players and parents [24]. Given the understand-
able concerns for governing bodies, players and families,
there is need for more refined understanding of available
strategies to inform proactive development of future head-
ing guidelines whilst research into the long-term effects of
heading continues.

1.1 Objective

The objective of this narrative review was to explore the cur-
rent evidence underpinning pragmatic strategies that could be
incorporated into future heading guidelines to reduce heading
burden in players across all levels of football. Heading bur-
den in this study relates to both the frequency of heading and
resulting head impact magnitude (peak linear and rotational
acceleration) of each header (as well as head/brain injury risk,
where evidence exists) as potential risks to players’ long-term
brain health.

2 Methods

A narrative review methodology was intentionally chosen for
this study to provide interpretation, critique and deeper under-
standing of the published literature on heading more broadly
for policy makers, rather than address a specific research remit
or narrowly focussed clinical question [25]. This choice of
review enabled an iterative search process with an empha-
sis on snowballing and citation tracking to capture as many
relevant papers as possible [26]. A four-step search strategy
was developed to locate published literature on heading from
the following electronic databases: PubMed, Web of Science,
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Embase (via Ovid) and SPORTDiscus (via Ebsco) from first
inception to February 2022. First, a search was conducted
by two authors using the search terms ‘soccer’ OR ‘football’
AND ‘head*’ for any published review papers. If a review
paper was found, a retrieval of all the included studies in that
review was completed. This was followed by a search of titles,
abstracts and keywords for additional original data-based stud-
ies using the same search terms with full text screening. A
review and retrieval of relevant papers within the reference
lists of included studies was also completed. Eligibility criteria
for the inclusion of data-based studies were (1) original data,
(2) study population had to include football (soccer) players
(studies which included football players as well as athletes
from other sports were included, as long as the other criteria
were met), (3) outcome measures must include one or more of
the following: number of headers, measurement of head accel-
eration during heading, or head/brain injury incidence and (4)
published in English or an English translation available. Stud-
ies were excluded from recommendations if they were based
on non-human subjects such as mathematical, simulated or
headform models (although these results may be discussed
where relevant).

3 Results

The search strategy was completed in February 2022, locat-
ing a total of n=1918 papers, including n =86 review papers
and n=1832 data-based studies, with 58 data-based studies
included in this narrative review. Due to the heterogeneity
of the included studies a narrative synthesis of the included
studies is presented using the following framework of evi-
dence relating to strategies based on:

1. Game or team development
2. Player skill development
3. Equipment

3.1 Strategy 1: Game or Team Development
Strategies

3.1.1 Heading Exposure

As context to the evidence of the importance of heading to
the game, in the 2020 UEFA Men’s European Champion-
ships (2021), 25% of all goals scored were from a header
[27], (as were 28% in the 2022 UEFA Women’s European
Championships), rates similar to goals scored from headers
in the 2002 FIFA Men’s World Cup (24%,) but more than
the 2010 [28] and 2018 World Cups (18%) [29]. Further-
more, a study analysing goal scoring patterns of the Greek
football league across seasons (2001-2002 to 2008-2009)

reported that headers were the second most efficient goal
scoring technique, representing 18.4% of the total goals
scored, with kicks during free play being the most efficient
method (67.1%) [30].

In terms of heading exposure, data from a recent sys-
tematic review [9], as well as two further studies in youth
football [2, 31], showed the mean number of headers per
player per game ranged from O to 8 headers in boys' football,
0-7 headers in girls' football, 2—11 headers in men’s foot-
ball and 1-4 headers in women’s football. It is important to
recognise that these mean heading data were calculated on
the basis of the total number of headers per game (or per
team) divided by the number of players. In reality there is
rarely an even distribution of headers across all members of
the team, particularly if the calculation includes goalkeepers
(a position observed to infrequently head the ball) [2, 31,
32]. Thus, when considering heading burden, players who
consistently head the ball more often in games may need
to rest or reduce the number of headers in training to allow
longer recovery between heading exposures. For example,
it has been consistently shown that players in the central
corridor, such as central defenders and midfielders, head the
ball more frequently than players in other positions [2, 31],
and this pattern of consistent heading in games occurs by
ages 11-12 years old [2, 32, 33]. One concern with prohibit-
ing heading in training, but not in games for young players
who are yet to demonstrate heading technique proficiency,
as observed in some heading guidelines [34], is that it is
possible injury risk in young players may be increased due
to poor technique development, timing, body positioning or
using the side or top of their head to head the ball [21]. Con-
sideration of individual player’s willingness to head the ball
in games and the use of individual criteria, rather than team
or age-based ones, may be more appropriate to determine
when to commence heading technique training.

3.1.2 Head Impact Magnitude

It should be acknowledged that despite recent technologi-
cal advances, it is currently unknown whether higher head
impact magnitude measured using inertial measurement
units corresponds to increased risk of stress and strain to
brain tissue during heading [35]. It is also highly likely that
linear forces will produce rotational and shear forces within
the brain with finite element model-based biomechanical
analyses of heading indicating that injury risk depends on
many factors, including the head impact location, impact
velocity and preparedness of the player [36]. Therefore
the following head impact data should be interpreted with
caution.
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3.1.2.1 Age and Sex Data pooled from studies in adult and
youth players [37-50] demonstrated head impact magnitude
(peak linear and rotational acceleration) during heading in:

e boys ranged from 9 to 45 g for peak linear acceleration
and 501-10,372 rad/s* for peak rotational acceleration.

e girls ranged from 5 to 47 g (peak linear acceleration) and
445-8869 rad/s* for rotational acceleration.

e men 14-19 g (peak linear acceleration) and 656774 rad/
s? for peak rotational acceleration.

e women 17-24 g (peak linear acceleration) and 1038—
1416 rad/s® for peak rotational acceleration.

In studies where head impact magnitude was directly
compared between boys and girls, higher peak linear and
rotational acceleration is often observed in girls, although
this was not consistently shown across all studies [51, 52].
Peak linear and rotational acceleration during heading
appear to decrease with age during adolescence [44], with
maximum values for head acceleration during heading in
adult players being consistently lower than youth players,
and women often having higher values than men [37-50].
The reason for these observations require further elucida-
tion, but is hypothesised to be related to the lower neck
strength of women, adolescents and children, as well as dif-
ferences in heading technique and experience, with emerging
evidence to support this reasoning [50, 52].

3.1.2.2 Game Scenario While scoring a goal is the ultimate
aim in football, headers are also observed during different
aspects of game play to either retain or gain possession of
the ball, with varying head acceleration outcomes dependent
on the delivery of the ball. Three studies have explored head
acceleration measured during different types of headers dur-
ing game play [38, 53] and a simulated environment [54]. A
study of 25 women’s National Collegiate Athletic Associa-
tion Division I players (mean age 19.6 years) reported that
peak linear and rotational accelerations were the highest for
headers following a goal kick (38.8+19.4 g, 9.3 +3.9 krad/
s?) or punt (36.0+15.1 g, 10.1 +4.8 krad/s?) [53]. A further
study of 36 elite female youth players, showed that on aver-
age, purposeful headers that occurred from shots on goal
resulted in the largest peak linear head acceleration, while
corner kicks resulted in the largest rotational velocity [38]. In
terms of head impact location, headers that occurred on the
top of the head resulted in the largest linear acceleration and
rotational velocity, although most headers were performed
by players using their forehead [38]. The third study, which
explored the effect of three football header types (shooting,
clearing and passing) and two heading approaches (stand-
ing and jumping) on impact forces and neck muscle activity,
reported no difference in head acceleration between header
types and approaches [54]. However, all balls in this study

were delivered from a throw-in at 6.8 m/s which will influ-
ence these findings [54]. Interestingly, higher values of mus-
cle activity were found for the right sternocleidomastoid for
jumping versus standing headers, with the increased muscle
activity observed during the jumping approach appearing to
stabilise the head—neck complex on impact [54].

Hence, the context of the header is important to under-
stand the likely heading burden. Limiting headers from goal
and corner kicks in younger players, who are still learning
proper heading technique, may limit cumulative linear and
rotational head accelerations, in addition to reducing head-
ing frequency [38, 53]. Encouraging young players to play
out from the back, developing ball control with the chest
or foot following long balls and encouraging short corners
could limit the number of these headers, whilst also sub-
scribing to many player development philosophies within
a development curriculum. One simple way this could be
accomplished is via constraints-based play such as small
sided games (see 3.1.3.2 Constraints-Based Play below).

3.1.3 Heading Load

To date there have been very few published studies that have
addressed the question of a ‘safe’ weekly heading load. The
challenge in determining whether a ‘safe heading load’ exists
is the heterogeneity between studies, including the various
methods to quantify headers (e.g. self-report, observation,
laboratory settings), inclusion or exclusion of training head-
ing data and differences in the sensitivity, specificity and
ecological validity of the cognitive measures used, as well as
the uncertainty about the most appropriate target parameters
to indicate ‘safety’. In addition, few studies report on play-
ers’ heading technique or make comparisons of field posi-
tional data or type of headers (e.g. headers from goal kicks,
corners, crosses, throw ins). Most importantly, there are cur-
rently no studies which have prospectively collected heading
data over the length of a playing career to assess changes in
neurocognitive health over time. While neuropsychological/
cognitive performance measures may help determine clini-
cally meaningful changes in brain functioning, they are not
the only measure which can explore whether a ‘safe’ heading
load exists. Other studies using biochemical markers, blood
biomarkers, imaging, visual reflexes, heart rate variability
and transcranial magnetic stimulation may also be used
to infer outcomes from different heading loads. However,
insufficient evidence exists based on any of these measures
to inform a ‘safe’ heading load, probably due to the lack
of methodological standardisation and incongruent results
between studies preventing clear conclusions regarding the
extent of acute soccer heading risk, especially longitudinally
[55]. Table 1 summarises the included studies (n=11) which
focussed on comparing neuropsychological/cognitive per-
formance where no/lower heading load has been compared
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with higher heading load in football players separated by age
group (youth and adult).

Youth players: in youth players aged 13—18 years, four
studies [56—59] have shown that under four headers per
game did not result in significant changes in cognitive per-
formance in the short- to medium-term, over one to three
seasons (Table 1). These studies used a variety of measures,
including comprehensive neuropsychological batteries or
computerised cognitive tools (e.g. InPACT). Two studies
in boys aged 13-16 years which administered 13 cognitive
tests reported that cumulative heading was not associated
with cognitive performance [56, 57]. Further, no detrimental
relationship was observed between the number of purpose-
ful headers and cognitive measures in two studies of girls
aged 12-18 years. [58, 59] In these four studies the mean
number of headers per player per game ranged from one to
four, indicating that low number of headers per game may
represent a heading load which does not lead to short- to
medium-term changes on cognitive testing. However, these
results may not generalise to players who perform higher
numbers of headers per game, as well as during training,
nor do they indicate what the long-term changes may or
may not be if these players continue to head the ball over a
10-20 year playing career.

Adult players: in adult players, aged 18-55 years, seven
studies [58, 60-65] explored the short- to medium-impact of
heading on cognitive performance with the mixed and equiv-
ocal findings outlined in Table 1. Four studies reported no
relationship between higher number of headers and cognitive
performance [59, 62, 65, 66], whereas three studies. [60, 61,
63] reported an inverse relationship in that higher heading
load resulted in reduced cognitive performance, though this
reduction did not meet the threshold representing clinical
impairment. Further, the cognitive performance of athletes
in the high heading load group remained within the nor-
mal range for their age. [17, 23, 24] A further study of 159
male professional players from the Israeli Premier League
reported that higher heading exposure was associated with
lower severity of post-concussion symptoms, depression
symptoms, anxiety and sleep disorders [67]. There are sev-
eral methodological challenges when interpreting differ-
ences in study findings, as not all of these studies included
heading data from training, with most relying on self-report
[60, 62]. Thus, more research is needed before quantification
of a maximum weekly or sessional heading load which could
be considered ‘safe’ can be confidently made.

Applying a weekly or sessional heading load threshold
would be one of the most convenient safety modifications
to the game; however, current research on the short- to
medium-term impact of heading on player brain health
remains ambiguous and any threshold is likely to be an arbi-
trary value. However, given the uncertainty [19] but poten-
tial for long-term adverse effects of heading [16, 18, 68,

69], it seems sensible to reduce heading burden by remov-
ing from training any unnecessary heading drills that do not
translate to game play. An additional approach could be to
limit the number of headers per player per week in training
to what is observed in games (with maximum mean val-
ues ranging from 8 to 11 headers per game in boys' and
men’s football and 4 to 7 headers per game for girls and
women) [9], with similar periods of rest between headers
during training drills (most headers in games will occur over
a 60-90 min period depending on the age of players). How-
ever, it is acknowledged that this strategy raises the practical
problem of how to count heading frequency in games and
whose responsibility this is, particularly in under-resourced
clubs within the broader football playing community.

3.1.3.1 Rest and Recovery from Heading Given that any
acute effects observed (such as changes in biomarkers and
neurocognitive testing) in players following a single bout
of heading usually resolves within 72 h [13—15], considera-
tion could also be given towards scheduling rest and recov-
ery periods from heading. This might include resting play-
ers from heading drills in training for the week following a
game in which they have experienced higher than average
heading loads.

3.1.3.2 Constraints-Based Play Constraints-based play
represents alterations to the rules and playing conditions
with a view to altering player engagement with the ball or
opponents. Small-sided games (SSG), also known as game-
based training or skill-based conditioning games, are games
played with adapted rules, such as using reduced pitch size
along with fewer players per side [70]. SSG are often used
in football due to their multifunctional nature, such as to
stimulate an increased intensity compared with a full match,
while subsequently developing specific tactical skills [71].
The use of SSGs increases the frequency of skills such as
dribbling, tackling, crosses and shots on goal [70-72], since
reduced spaces results in closer opponents and increased
speed of technical execution [70]. In contrast, the use of a
large field results in more opportunity to retain possession
of the ball, perform longer passes, participate in more aerial
play and in turn perform more headers [70]. Given the type,
context and magnitude of headers reported earlier, greater
use of SSGs, particularly in young players during train-
ing, may lessen heading burden by reducing the necessity
to head the ball, or at the very least reduces headers from
long-range balls. Table 2 summarises the literature related
to heading frequency using different game formats and may
present a method to reduce exposure to heading by virtue of
altered game playing format within smaller, age-appropriate
pitch dimensions while also transitioning young players to
the competitive 11 versus 11 format on a full-sized pitch in
an older age group.
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3.1.3.3 Rule Enforcement In 2006, following analyses
of head injury mechanisms during the FIFA World Cups
(1998-2004), the International Football Association Board
(IFAB) changed the laws of the game so that deliberate
elbow-head contacts resulted in the offending player being
permanently removed from play [80]. This rule change led
to a 29% reduction in head injuries in a national league [81].
Acknowledgement and enforcement of this rule should be
considered important at all levels of the game.

Summary of Game or Team Recommendations for
Future Heading Guidelines

e Monitoring heading exposure in both games and training
for all players is recommended, with a view to resting
players who regularly head the ball in games from head-
ing in training the following week, particularly heading
drills with balls delivered via goal or corner kicks. This
should be emphasised for younger players (who may be
less able than adults to make an informed decision based
on the possible long-term risks associated with head-
ing) as well as girls and women, as these players may be
exposed to higher head accelerations during heading than
adult men.

e Coaching frameworks should focus on attaining heading
proficiency which includes teaching players to receive
the ball on their forehead within a controlled environ-
ment before players head the ball in games (many ele-
ments of heading training can occur without ball-head
contact).

e Greater emphasis on SSG, playing out from the back,
playing short corners, and discouraging headers from
goal kicks should be considered as a strategy to reduce
heading burden, particularly in young developing players.

e Rules concerning deliberate head contact in games must
be enforced.

3.2 Strategy 2: Player Skill Development Strategies

Strategies that relate to individual players such as playing
position, level of experience, heading technique proficiency
and neck strength are considered in this section.

3.2.1 Playing Position, Experience and Heading Technique

The evidence for the influence of player characteristics,
including playing position, experience and heading tech-
nique on head acceleration during heading is presented in
Table 3. Evidence supports that head acceleration during
heading can be reduced by improved technique [82], such
as using the forehead to head the ball [38, 42] and improved
body positioning [83, 84]. This supports the notion that
teaching heading technique should be considered an impor-
tant and integral strategy for any future heading guidelines.

Hence, consideration of the content, age and education pro-
cesses of technical instruction within the coaching curricu-
lum of a football organisation will be an important strategy
to develop.

3.2.2 Neck Muscle Training to Reduce Head Acceleration
and Injury Risk

A recent systematic review [51] presented evidence in sup-
port of a relationship between higher maximal isometric
neck strength and lower head impact magnitude during pur-
poseful heading in football. This apparent relationship has
provided the rationale for the investigation of neck muscle
training interventions and their effect on head acceleration
during heading and/or heading-related injury outcomes
(Table 4). Specifically, intervention studies which demon-
strated a reduction in head acceleration [52, 89] or injury
risk [117] associated with heading included both neck and
general exercises as part of a neuromuscular training pro-
gram [52, 89, 117]. In contrast, intervention studies that did
not demonstrate reduced head acceleration employed iso-
metric (using peer or self-resisted exercises) or isotonic neck
exercises [45, 87]. These findings may indicate the need for
increased specificity of neck training programs that relate
specifically to the requirements of heading to be integrated
into a more generalised neuromuscular program, such as
the FIFA 11+ or within an organisation’s internal programs
i.e. Football Australia’s Perform+. [52, 117] Further, results
from a recent systematic review [90] demonstrated limited
evidence (n =6 studies) that greater neck strength and/or
participation in injury reduction exercise programs, which
included neck exercises, may reduce the incidence of sport-
related head and neck injuries or concussion in contact sport
athletes more broadly. Within this review paper there were
three studies (summarised in Table 4) that included football
players amongst a range of other athletes involved in basket-
ball, American Football, lacrosse and volleyball (thus results
for football players cannot be distinguished from other
sports) [91-93]. The results showed a lower incidence of
concussion in athletes with higher maximal isometric neck
strength (but not deep neck flexor endurance) and for athletes
who completed training programs which included specific
neck exercises [90]. Finally, the only known study to explore
the relationship between neck strength and psychological
distress in collegiate football players (n=29) and limited/
non-contact sport athletes (n=63) reported that higher neck
strength in football players was associated with better scores
on the anxiety subscale of the Brief Symptom Inventory-18
(p=0.02) which was not observed in limited/non-contact
athletes [106]. Recent work from the same authors’ group
that included a sample of the same participants in both
studies demonstrated that greater neck strength was associ-
ated with more intact white matter organisation in football
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players [94]. These findings appear consistent with earlier
published literature suggesting that the neck musculature
plays an important role in limiting the transfer of force to
the brain by decreasing linear and rotational head accelera-
tions that occur during heading [47, 52, 94, 95]. This may in
turn reduce the potential for neural damage, although further
research is needed to explore this further [95]. In addition,
when neck flexor strength was weaker than neck extensor
strength and right rotator strength was weaker than left rota-
tor strength, football players reported more somatisation
symptoms, but fewer depression symptoms, with no signifi-
cant associations noted in limited/non-contact athletes [106].
These results support that neck muscle strength imbalances
may also play an important role in stabilising the head on
contact [95-99].

Summary of player skill development recommendations
for future heading guidelines:

e Evidence supports the importance of teaching heading
technique proficiency as part of all coaching curriculums,
with emphasis placed on the quality of technique train-
ing rather than focusing on higher volume of headers
performed per drill or per week. Heading training could
commence without ball-head contact, such as catching
the ball at forehead height to teach ball tracking and body
positioning.

e Given the low risk and potential high benefit associated
with neck training programs, consideration should be
given to incorporating neuromuscular neck exercises into
general injury reduction exercise programs, such as part
2 of the FIFA 11+ or Perform+, particularly in young and
adolescent athletes, who appear the most likely to benefit.

3.3 Strategy 3: Equipment

Another strategy to mitigate heading burden is via adjust-
ments to ball properties and personal protective equipment,
particularly in young players.

3.3.1 Ball Properties

Specific ball requirements are stipulated by IFAB ‘Laws of
the Game’ [89, 100]. The 2020/2021 Laws of the Game state
a size 5 match ball must have a pressure equal to 8.5-15.6
pounds per square inch (psi) at sea level and weigh between
410 and 450 g (g) [100]. Smaller size 3 (311-340 g) and
4 (350-390 g) balls are recommended for younger play-
ers, with regulations usually determined by each country’s
Football Association. For example, in Australia, most play-
ers will have transitioned to a size 5 ball by the time they
reach 1415 years of age. The following table (Table 5) out-
lines the effect that changes to ball properties, such as ball
size, mass, pressure and velocity, have on head acceleration

during heading. Only studies using human participants are
included, although studies using headform and theoretical
models demonstrate that head acceleration is influenced by
a variety of factors, including speed of the ball, with higher
velocity balls demonstrating higher head accelerations [101,
102]; ball pressure, with lower ball pressures having lower
accelerations [16, 103]; and size, as smaller size 4 (370 g)
balls were associated with lower head accelerations when
compared with standard (410 g) and standard-light (350 g)
size 5 balls for simulated defensive heading [104].

3.3.2 Personal Protective Equipment

3.3.2.1 Mouth Guards Football players are currently not
required to wear mouth guards during training or games.
The influence of wearing a mouth guard on head accelera-
tions during heading in football has been reported in one
study [108], as well as other studies in rugby [109] and with
blows to the jaw [110]. These three studies all reported lower
head accelerations with participants who used their teeth to
clench the mouth guard, likely through greater engagement
of their neck muscles from teeth clenching, although further
investigation is required. In the only known football study to
collect head acceleration data, 11 high school boys headed
the ball under three different oral conditions [108]:

e drill 1, heading freely performed without instruction and
without a mouth guard,

e drill 2, heading performed with the participant instructed
to clench the masseter muscles tightly while not wearing
the mouth guard,

e drill 3, heading performed with the participant instructed
to clench tightly while wearing a mouth guard.

Weak masseter and sternocleidomastoid muscle activity
was observed during drill 1, but after players were instructed
to clench their masseter muscles in drills 2 and 3, statisti-
cally significant decreases in head acceleration and increases
in masseter and sternocleidomastoid muscle activity were
observed (p <0.05), with the effect stronger when players
wore the mouth guard [108].

3.3.2.2 Head Gear The impact between the head and a foot-
ball is quite different from the impact between a head and
a rigid object, due to the ability of the ball to deform when
striking a harder surface [111]. With ball to head impacts,
the majority of deformation occurs within the ball as it is
the most compliant (softest) structure. It is surmised that
the addition of a compliant headband or headgear would
only change the duration of impact significantly, assuming
it was as compliant as the ball and did not compress fully
[111]. A soft headband of reasonable thickness would be
fully compressed before the ball had completed deforma-
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Table 5 Ball properties and their relationship with head impact magnitude

Study Participants Ball characteristics

Results for peak Study conclusions

Ball size Ball mass (g) Ball pressure (psi) Ball

linear head accel-

. eration (g)
velocity
(m/s)
Peek et al. (2021) n=061 youth players 5 192 5 6.3 6.3 The lightest size 5
[44] (n=35 boys), 4 432 5 114 ball and the size
mean age: 5 255 5 8.1 4 ball demon-
14.52+1.37 years 5 430 10.5 154 strated linear
head accelera-
tions up to 59%
lower (p<0.01)
when compared
with the size 5
higher-pressure
match ball
Dorminy et al. n=16 division I 5 430 8 13.4 34.7 Higher ball speeds
(2015) [105] adult men 17.9 49.2 are associated
224 50.7 with higher head
acceleration
Lukasek and n=16 boys, 4 - - 3.1 6.0 Results showed
Kalichové (2015)  aged 10 years 4.4 7.7 head accelera-
[106] 5.5 10.1 tions increase as
ball velocity
increases
Funk et al. (2011) n=20 healthy 5 430 8 5.0 6.8 Higher ball speeds
[107] adults 8.5 15.0 are associated
10.0 18.0 with higher head
11.5 21.0 accelerations
Shewchenko et al. n=3 healthy adult 3 299 11.6 6.0 11.9 Linear acceleration
(2005) [89] men 4 351 11.6 14.3 decreased by 10%
5 444 11.6 14.5 with a 20-32%
5 444 Various Range decrease in ball
8.7-16.0 14.4-17.8 mass and size.

Linear accelera-
tion decreased by
10% for a size 5
ball with a 50%
reduction in ball
pressure

psi=pounds per square inch, m/s =metres per second

tion from impact, rendering it ineffective in reducing head
acceleration [111]. A headband stiff enough not to compress
fully could reduce peak forces and accelerations [111], but
it is unclear whether these reductions would be sufficient
to warrant their use. Using headform models during com-
mon football head impact scenarios, commercially available
head gear did not provide substantial protection in ball-head
impacts [112]. However, there was evidence of large reduc-
tions in head acceleration during head—head impacts with
the magnitude of the reduction depending on the composi-
tion, thickness and coverage of the head gear, the location
of the head impact and whether one or both headforms were
wearing head gear [112]. In studies using human partici-
pants, mixed results are reported in youth players, with the
current evidence base suggesting no effect on injury risk in

adult players. A study of 278 boys and girls aged 12—17 years
found players who did not wear head gear had a higher con-
cussion rate (52.8%) than those wearing headgear (26.9%)
[113]. Conversely, a' study of 2788 high school boys and
girls reported that head gear did not reduce the incidence or
severity of concussion [114]. In adults, it has been reported
that head gear had no influence on neurocognitive perfor-
mance and symptoms following an acute bout of heading in
25 varsity players aged 18-23 years [115], and that wearing
head gear may increase head acceleration during heading,
particularly in women, possibly due to an increase in head
mass for which player neck strength is unable to compensate
[50]. The use of head gear to reduce head acceleration and
subsequent injury risk is likely dependent on the make and
model of head gear used in each study. Therefore, further



1354

K. Peek et al.

evidence is required before head gear more broadly can be
recommended for football players regardless of age [4].

Summary of Game or Team Recommendations for
Future Heading Guidelines

e During training and games, consideration should be
given to using balls on the lower end of the IFAB ball
pressure regulations.

e For games, a ball pressure gauge should be used to ensure
match balls conform to the ball manufacturer’s pressure
recommendations.

e There is very limited evidence to suggest that mouth
guards may reduce head accelerations; thus further
research is required before mouth guards can be recom-
mended for universal use.

e Conflicting evidence exists regarding the protective effect
of head gear and likely depends on the specific make and
model of head gear worn. No recommendations regard-
ing the use of head gear to reduce heading burden are
made at this time.

4 Conclusion

To mitigate the potential risk of heading in football on
long-term brain health, this review has located evidence
to suggest that future heading guidelines should consider
the following: developing a heading coaching framework,
which emphasises the technical proficiency of all aspects of
heading (including, but not limited to, point of head contact,
standing, running and jumping headers and body position-
ing for heading duels), some of which can be completed
without a ball. Greater emphasis on SSGs, particularly in
young players, as well as developing a rest and recovery
strategy by limiting the total number of headers per week in
training for players who complete higher numbers of head-
ers in games, are important considerations. Limiting head-
ers from goal kicks and corners, should also be considered
in training (for all players) and discouraging heading from
these types of ball delivery in games for young players by
offering alternative approaches, such as playing out from
the back or short corners, should also be considered. The
inclusion of neuromuscular neck exercises integrated into
general injury reduction exercise programs for all players
(such as FIFA 11+) should be further explored, as well as
enforcement of rules related to deliberate head contact and
ensuring that the pressure of match balls conform to IFAB
regulations (with pressures at the lower end of the pressure
spectrum for younger players). It is also recommended that
an implementation and evaluation plan which is co-designed
by health professionals, researchers, coaches, players, and
other important football stakeholders is developed in tandem

with any future heading guidelines to optimise the protection
of brain health for all current and future players. However,
despite these recommendations, it should be acknowledged
that the current evidence is limited by the small sample
sizes, often in singular demographics (such as boys or men,
or only youth or adult players), and only using one inter-
vention (such as head gear or neck exercises). Therefore,
it is imperative that the development of any future heading
guidelines is accompanied by a co-designed implementa-
tion and evaluation plan to explore whether multifaceted
strategies to reduce heading burden have the desired effect
in terms of translating to better long-term player outcomes.
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