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Abstract

Introduction:

Head injuries in sports may have been an underestimated health risk for many years.
However, they potentially bear the risk of serious long-term sequelae with a potential impact
on the athletes’ activities of daily living, sports, or career. Although the incidence of head
injuries in professional football (soccer) is relatively low in comparison to so-called high-risk
sports such as American football, rugby, boxing, or ice hockey, absolute numbers are
substantial because of the high popularity of this sport and the large number of players. In
2006, a first step towards head injury prevention in football was made by altering a rule:
henceforth intentional elbow to head contacts had to be punished by a red card. This action
determined one of the three aims of this thesis: 1) to present incidence rates of head injuries
including their time trends and injury mechanisms; ii) to identify circumstances of head
injury incidents, the behavior of referees, and their decisions; and iii) to investigate the effect

of the rule change on the reduction of head injuries in professional male football.
Methods:

i) To investigate the time trends of head injuries, an analysis of head injuries in the 1%
German Bundesliga was generated comprising the 11 consecutive seasons (2006/07 to
2016/17) following the rule change. The head injury database was based on continuously
published data from the German football magazine “kicker Sportmagazin®” and other media
sources. Injury mechanisms were analysed from video recordings. Injury incidence rates (IR)
and 95% confidence intervals (95% CI) were calculated. Time trends were analysed via linear
regression. ii) To identify circumstances of head injury incidents, the video analyses of all
head injuries from 13 consecutive seasons (2000/01 to 2012/13) were screened. iii) To
provide a description of injury mechanisms of head injuries and the effect of the rule change,
the database of all head injuries comprising seasons 2000/01 to 2012/13 were screened and
the equal number of seasons before and after the rule change were compared. Head injury
mechanisms were analysed from video recordings. IRs and 95% CI as well as incidence rate
ratios (IRR) to assess differences in injury rates six seasons before and six seasons after the

rule change were calculated.
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Results:

i) During the 11 consecutive seasons, 238 head injuries occurred during matches (IR 1.77 per
1000 match hours). There were no significant seasonal changes (expressed as annual average
year-to-year change) in IRs over the 11-year period for total head injuries, facial and head
fractures, head and face lacerations and abrasions, and head contusions. The average year-to-
year increase for concussion was 6.4%. There were no seasonal changes in head injury
mechanisms over the study period. ii) Most head injury incidents involved two players. Those
players who suffered a subsequent head injury predominantly jumped (60%), headed the ball
(36%), and ran forwards (20%), whereas the non-injured players mainly jumped (64%),
headed the ball (27%), and raised the elbow to the head (23%). Free ball situations (two
players challenging/dueling for the ball) caused the largest proportion of the head injuries
(81%). iii) 356 head injuries were recorded (IR 2.22 per 1000 match hours) in 13 consecutive
seasons. Contact with another player resulted in the greatest proportion of head injuries,
especially head to head (34%) and elbow to head (17%) contacts. After the rule change the
total number of head injuries was reduced by 29%. The subcategories head and face
lacerations and abrasions declined by 42%, concussions by 29%, head contusions by 18%

and facial and head fractures by 16%.
Discussion/Conclusion:

The first study in this thesis revealed that the subcategory concussion increased slightly over
the (2006/07 to 2016/17) seasons, which could be the result of increasing match dynamics
and/or a raised awareness for this injury type among team physicians and players. Total head
injuries and the other subcategories remained reasonably stable over 11 consecutive seasons.
The second study showed that heading duels are particularly associated with head injuries
and could be target of future prevention strategies. The third study provided evidence that the
incidence rates for total number of head injuries and their respective subcategories were
lower in the six seasons after the rule change compared to the equal number of seasons
before. Therefore, rule changes in football appear to be effective in reducing the occurrence
of head injuries. To summarize, the increasing number of concussions requires action.
Ongoing monitoring and surveying of head injuries allows practitioners to keep track of head
injuries. For future research, the development of preventative measures to avoid potential

(serious) health consequences of head injuries is warranted.
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1 Introduction

In recent years, head traumas in sports have received increased attention. In particular
concussions were subject of public discussions, predominantly in the United States of
America. One of the most vividly debated issues has been the relationship between repetitive
concussions and their long-term consequences (Harmon et al. 2013). Over the years, the need
for validated measures to count and prevent such injuries has therefore increased in
organizations within the scientific and the applied field of sports science and medicine. Since
2001, a multi-sports consensus conference on concussion in sport has regularly been
organized in order to advance the knowledge of this particular head injury. These experts’
meetings aim at improving the knowledge on pathophysiological aspects, diagnostic, and
preventative measures. In 2017, the 5" consensus statement was published with updated
recommendations and information on the definition of sports-related concussion, its signs and

symptoms, imaging, management, recovery, and prevention (McCrory et al. 2017).

Initially, head injury research predominantly focused on high risk sports such as American
football, rugby, or ice hockey. Despite the use of protective equipment (e.g. padding, helmets,
scrum caps), these sports allow full body tackles/checks to the opponent, often at high
velocities (Beckwith et al. 2013a, 2013b; Guskiewicz et al. 2011; Kuo et al. 2018). In
American football incidence rates of 17.3 — 45.5 concussions per 1000 match hours were
reported (Casson et al. 2010; Zuckermann et al. 2015). Ice hockey follows second with
incidence rates of 4.4 — 26.5 concussions per 1000 match hours (Donaldson et al. 2013;
Zuckermann et al. 2015) before rugby with incidence rates of 4.0 — 8.9 per 1000 match hours
(Cross et al. 2016; Gissane et al. 2003).

The incidence of concussion rates in football (soccer) has also received more attention in
recent years despite the lower collision and contact rates in comparison to the aforementioned
sports (Harmon et al. 2013; Levy et al. 2012). As heading the ball is a sports-specific element
of football (players intentionally deflect, stop, or redirect the ball) (Spiotta et al. 2012) and as
total injury rates in football are high (Ekstrand et al. 2011), football players may also be at an
increased risk for head injuries, for instance due to potential collisions with other players
(Andersen et al. 2004; Fuller et al. 2005; Levy et al. 2012). Furthermore, football represents
the most popular sports from professional to amateur levels worldwide. As a result, higher

total numbers of head injuries seem plausible.

10
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Determining head injury incidence rates and the corresponding mechanisms are the first steps
with regards to injury prevention. High numbers would support the need for preventative
measures. At present, specific data on head injuries in German football are limited. Compared
to the other aforementioned contact sports the incidence rates of head injuries (particularly
concussions) in elite football in Europe appear to be low. The first UEFA Champions League
study by Waldén et al. (2005) reported an overall (training + match) incidence rate of head
injuries of 0.32 per 1000 football hours. Additional research has reported various findings. A
7-year analysis by Ekstrand et al. (2011) identified an overall head injury incidence rate of
0.14 per 1000 football hours, which is low in comparison to 0.74 (Nilsson et al. 2013), 0.88
(Bjgrnboe et al. 2013), and 1.70 (Andersen et al. 2004) head injuries per 1000 match hours. A
very likely explanation of these varying incidence rates of head injuries is that some studies
(Ekstrand et al. 2011; Waldén et al. 2005) included not only match, but also training exposure
into their analyses. Injury rates in training are reported considerably lower compared to match
and overall (comprising match and training injuries) rates (Ekstrand et al. 2013). Nilsson et
al. (2013) reported a 38-fold higher rate of head injuries during matches compared with
training and a 78-fold higher rate of concussions in matches. This emphasizes that head
injuries in training seem negligible and can therefore be omitted as done in the present

analyses.

The low number of concussions in football is to some extent likely a result of an
underreporting and/or underdiagnosing. Concussions can easily be overlooked by non-
medical professionals, inexperienced medical staff, and even highly qualified medical staff
due to mild symptoms or even trivialized post-injury symptoms by the players themselves
(Broglio et al. 2010; Feddermann-Demont et al. 2014; Khurana & Kaye 2012; Levy et al.
2012; Meehan et al. 2013; Meier et al. 2015; Putukian et al. 2009; Williamson et al. 2006).
The estimated number of unreported concussions in professional football is still unknown,
but it is estimated that as many as 30% remain undiagnosed throughout different sports
(Meehan et al. 2013; Meier et al. 2015; Williamson et al. 2006). A study by Fuller (2005)
reported a substantially higher incidence rate of head injuries of 12.5 per 1000 match hours
with regard to international tournaments, which was matched by two other reports (Junge &
Dvordk 2013; Junge & Dvordk 2015). The importance and the intensity of tournaments’
games are usually very high. Losing a game might result in elimination from the tournament,
which could suggest a more aggressive playing style resulting in an increase of all injuries

including head injuries.

11



Dissertation — Florian Beaudouin

Head injury incidence rates vary tremendously through different studies. This circumstance is
mainly due to different data collection approaches. The present data are media-based and
publicly available, whereas other studies rely on data that are exclusively forwarded by
medical staff of the teams to research teams. The present data (study 3) were collected by a
structured search in the German football magazine ‘kicker Sportmagazin®’ established in
1968 (online since 1997). It is published biweekly online and as print media. One journalist is
responsible for one club, having daily contact with their designated club (press office). The
magazine contains a specific injury column. Additionally, injuries can be found using the
free-text search tool. For study 1, along with data of the ‘kicker Sportmagazin®’, web pages
(transfermarkt.de, ligainsider.de), social media channels of the players and teams (Twitter,
Facebook, and Instagram), team homepages and newsletters, TV sports channels (e.g. Sky
Sports News), and local news (e.g. newspapers) were also searched. The head injury
mechanisms and match situations (study 1, 2, and 3) were captured on video recordings,
which were obtained from the official German Football League (Die Liga — Fu3ballverband

(DFL)) and from wyscout®.

The initial studies focusing on head injury mechanisms in football were conducted more than
a decade ago. They identified the intentional use of the upper extremity towards the head,
especially the use of the elbow, as one major factor for the occurrence of head injuries
(Andersen et al. 2004; Fuller et al. 2005). Accordingly, the International Football Association
Board (IFAB) adapted the rule of the game in 2006: Direct and deliberate “elbow to head”
blows became punishable by an immediate red card. A systematic re-evaluation of the injury
incidence rates and injury mechanisms before and after the aforementioned adaption of the
rules has yet to be conducted. Furthermore, specific data on head injuries in German
professional male football are scarce. This is of major interest as the German Football

Association (DFB) represents the largest sports federation in the world.

To summarize, research regarding head injuries in professional football has increased in
recent years, but is still limited worldwide. In order to estimate the risk of sustaining a head
injury in football, an evaluation of the current incidence rates and the underlying injury
mechanisms is crucial. Collecting these data is also the first step in the classical chain of
injury prevention (van Mechelen et al. 1992). In 2006, a first action with regards to injury
prevention was taken by introducing the aforementioned rule change regarding “elbow to

head” blows. However, the efficacy of this preventative measure is still unknown.

12
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Thus, the aims of this PhD project were: i) to investigate the time trends of head injuries in
professional German football and their injury mechanisms; ii) to identify circumstances of
head injury incidents; and (iii) to investigate the effect of the rule change in 2006 on the
number and characteristics of head injuries. The present work is based on a media-based
analysis of head injuries in the 1* German football league comprising 17 years overall
(seasons 2000/01 — 2016/17, different time periods in study 1, 2, and 3). Although, the
database focused on professional football, head injury types and their respective injury
mechanisms may be transferred to lower leagues and less professional football as the same
rules apply. Study 2 and 3 of this PhD-thesis are part of the project “Expertise on Head
Trauma in German Professional Sports” that was conducted from 2015 to 2016 and funded
by the German Federal Institute of Sports Science (BISp — Bundesinstitut fiir

Sportwissenschaft).

13
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2 Background

2.1 Anatomy of the Head and Brain

Depending on the location of the impact on the head and the force of the impact, head injury

type and its complications can vary tremendously.

The neurocranium (the occipital bone, the sphenoidal bone, the temporal bone, the parietal
bone, and the frontal bone) and the splanchnocranium (nasal bone, maxilla, mandible, the
ethmoidal bone, the lacrimal bone, and the zygomatic bone) (figure 1) can be affected by
head injuries. The size of the aforementioned bones and the direction of impact to the head
determine the likelihood of which bones/anatomical locations are affected by head injuries.
As facial and head muscles are not involved in football-specific movements and are rarely

affected in the light of head injuries, a detailed description was deliberately omitted.

Os frontale

Os parietale

Os temporale

Os occipitale

Os zygomaticum
[ Os sphenoidale

Os nasale

Os lacrimale

Os ethmoidale

Maxilla

Mandibula

Figure 1 Facial and head (cranial) bones, neurocranium and
splanchnocranium (reproduced from Tillmann 2016)

Substantially more dangerous than “isolated” osseous injuries are those involving the brain as
their outcome can be potentially life-threatening. The brain is the central organ involved in
the planning, initiation, execution, and regulation of almost all movements as well as

important functions of life (e.g. respiratory center). Brain injuries can affect the cerebrum

14
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(telencephalon), cerebellum, diencephalon, and the brainstem (figure 2) (Bernard 2015;

Trepel 2017).

Figure 2 Main sections of the brain: brain stem (1) medulla oblongata (2)
pons (3) mesencephalon (midbrain); (4) diencephalon; (5) cerebellum; and
(6) cerebrum (telencephalon) (Trepel 2017)

The cerebrum is the largest and most sophisticated section of the brain. It consists of two
hemispheres, separated by the fissura longitudinalis cerebri, each controlling the contralateral
part of the body. There are four lobes in each hemisphere. Each lobe is responsible for
specific body functions (figure 3). Depending on the affected area signs and symptoms after a
head injury differ (Bernard 2015; Trepel 2017): the frontal lobe is responsible for motor
control, learning, and planning; the parietal lobe for somatic and voluntary sensory; the
occipital lobe for vision; and the temporal lobe for hearing and speaking. For example, frontal
lobe lesions can hamper motivation and lead to behavioural and personality changes
(Cazzaniga et al. 2014; Szczepanski & Knight 2014). Parietal lobe lesions can result in
deficits relating to sensory feelings and spatial location (Cazzaniga et al. 2014; Freund 2003).
Lesions to the temporal lobe can impair the auditory system and demonstrate failure in
language processing (Cazzaniga et al. 2014), and occipital lobe lesions can cause visual

disturbances (Cazzaniga et al. 2014; Ogawa et al. 2014).

15
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Lobus frontalis

Lobus parietalis

Lobus temporalis

Lobus occipitalis

Figure 3 Structure of the cerebrum (reproduced from Netter 2015)

The diencephalon consists of the hypothalamus and the thalamus. Thus, endocrine
dysfunctions (e.g. electrolyte disorders, hypopituitarism, or adrenal insufficiency) may be
consequences of a traumatic brain injury affecting this part of the brain (Dusick et al. 2012;

Einaudi & Bondone 2007).

The cerebellum is located caudally from the cerebrum. The main function of the cerebellum
is the “fine-tuning” of voluntary movement, a prerequisite for activities of daily living as well
as for sport-specific movements. More specifically, its main role is maintaining posture,
allowing walking/running action, conveying information about motor outputs and sensory
mnputs. In the event of damage, movements can become uncoordinated (ataxia), balance
disturbances may also follow (Cazzaniga et al. 2014). Furthermore, hypotonia, dysmetria,

tremor, dysdiadochokinesis, and vertigo may occur (Potts et al. 2009).

The brainstem consists of three parts: the midbrain (mesencephalon), the pons varolii, and the
medulla oblongata (myelencephalon). A head injury involving the brainstem can be life-
threatening due to its main role in respirational control (respiratory center in the medulla
oblongata) and global states of consciousness (e.g. sleep and wakefulness) (Cazzaniga et al.

2014).

16
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2.2 Head Injuries and Associated Injury Mechanisms

Depending on the location, force, and direction of the impact, and the resulting acceleration-
deceleration forces on head and brain the types of head injury differ. The following four sub-
chapters provide an overview of the main/typical head injury categories prevalent in football.

Furthermore, the predominant respective head injury mechanisms are presented.

2.2.1 Concussion

Concussion represents a subcategory of traumatic brain injury (TBI). Concussion may also be
referred to as ‘mild traumatic brain injury (mTBI)’ or ‘commotio cerebri’ (McCrory et al.
2017), although there is uncertainty and inconsistency in the literature regarding definition
and classification. Concussion was also described as a subset of mTBI and as an injury on the
less-severe end of the brain injury spectrum (Harmon et al. 2013). The most widely used
definition of concussion in sports stems from the Concussion in Sport Group (CISG), which

held its 5™ international conference on concussion in sport in 2016:

“Sport related concussion is a traumatic brain injury induced by

biomechanical forces.” (McCrory et al. 2017, p. 2)

The American Medical Society for Sports Medicine (AMSSM) published a position

statement on concussion in sport and suggested the following definition:

“A concussion is defined as a traumatically induced transient disturbance
of brain function and is caused by a complex pathophysiological process.”

(Harmon et al. 2013, p. 2)

A concussion is regarded as a so-called “functional” brain injury, in contrast to moderate to
severe traumatic brain injuries that involve structural damages to the brain tissue (Harmon et
al. 2013; McCrory et al. 2017). The concussion definition by the CISG includes several
different features (McCrory et al. 2017):

1) Concussions are caused either by a direct blow to the head, face, neck, or elsewhere
on the body with an impulsive force transmitted to the head (figure 4).
2) Concussions typically represent a rapid onset of short-lived impairment of

neurological function that resolves spontaneously.
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3) Concussions may result in neuropathological changes, but acute clinical symptoms
reflect a functional disturbance rather than a structural injury.
4) Concussions result in a range of clinical signs and symptoms that may or may not

involve loss of consciousness.

Coup injury Corjtrecoup
injury

\

Fixed object

Figure 4 Head injury mechanism (e.g. concussion) with a coup (frontal
lobe) and contrecoup injury (occipital lobe) as a result of acceleration-

deceleration forces (Gdnsslen & Schmehl 2015)

Rapid acceleration-deceleration forces to the head and brain, which can be linear,
translational, and rotational, cause an immediate stretching of the axons, an increased
permeability, and a disruption of neuronal membranes. These microscopic damages to the
axons due to shear stress resulting in axonal disruption are called ‘diffuse axonal injury’
(DAJ) and affect predominantly the white matter of the brain (Dashnaw et al. 2012; Khurana
& Kaye 2012; Noble & Hesdorffer 2013; Vieira et al. 2016). In case DAI is apparent in a
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concussive injury, this may question if a concussion truly represents a so-called ‘functional’

head injury.

The pathophysiology of a concussive injury is a ‘neurometabolic cascade’, a cellular process
describing ionic, metabolic, and pathophysiological events with decreased cerebral blood
flow and ongoing mitochondrial dysfunction, resulting in an imbalance of energy supply and

demand (Giza & Hovda 2014b; Harmon et al. 2013).

Concussed individuals often experience the following typical signs and symptoms that can
affect various aspects: somatic (e.g. headache, dizziness), cognitive (e.g. feeling mentally
“foggy”, feeling “slowed down”, difficulty in concentrating and remembering) and/or
emotional (e.g. lability), physical (e.g. loss of consciousness, amnesia, balance problems),
behavioral/emotional (e.g. irritability, sadness) and/or cognitive impairment (e.g. slowed
reaction times), and/or sleep disturbance (e.g. insomnia, drowsiness) (Harmon et al. 2013;

McCrory et al. 2017).

2.2.2 Head Contusions

A contusion represents a bleeding into soft tissue as a result of a rupture of small blood
vessels due to a blunt trauma (Bytomski & Moorman 2010). Although the skin seems
untouched, there can be haematomas under the skin (Leaper 2006). Differentiating head
contusions from a concussion is somewhat difficult. Head contusions usually require less
force compared to a concussion. Furthermore, head contusions represent a “local” injury with
a local bruise (visible or not), whereas a concussion affects larger and often remote areas of
the brain. Local pain and swelling at the site of the impact are common signs and symptoms

of a head contusion (Bytomski & Moorman 2010).

2.2.3 Fractures of the Head and Face

Facial fractures in football typically involve the nasal or zygomatic bone. Substantially less
frequently affected is maxilla or mandible. Head fractures are rare in football. Fractures to the
frontal, parietal, sphenoidal, ethmoidal, occipital, or temporal bone have been reported (figure

1) (Goldenberg et al. 2014; Kim et al. 2016; Nilsson et al. 2013).
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Facial and head fractures usually require substantial forces to the head/face. That is why they
can be accompanied by intracranial injuries (and vice versa), which can vary from minor (e.g.
concussion) to severe brain injuries including an intracranial hemorrhage (ICH) (Hohlrieder
et al. 2003; Keenan et al. 1999; Krutsch et al. 2018; Martin et al. 2002; Pappachan &
Alexander 2006). ICH is a bleeding that occurs within the intracranial vault (Freeman &
Aquilar 2012). There are subtypes of ICH depending on the location of the bleeding (e.g.
subdural or epidural). This bleeding can be life-threatening. Intracranial hematomas can
increase the intracranial pressure, potentially limiting the blood flow to the brain causing
subsequent damage to the brain tissue. They are considered to be the greatest complications
of head injuries and are associated with the most fatal outcomes (Caceres & Goldstein 2012;
Perel et al. 2009). They are considered as neurological emergencies as the 1-month mortality
is high (35-52%). Neurosurgical intervention may be required for this kind of head injury
(Freeman & Aquilar 2012). Seizures, vomiting, and/or nausea have been reported to be strong
predictors for intracranial hemorrhage in patients with facial and head fractures (Hohlrieder et

al. 2003).

Due to high forces involved in head and face fractures, there is an increased risk for
additional (multiple) injuries and patients should be carefully examined for those accordingly.
Nerve injuries (e.g. cranial nerve III) with subsequent visual and/or sensitivity disturbances
must be investigated. Specifically, orbital and zygomatic bone fractures can potentially
threaten vision (Reehal 2010), which requires an examination of facial symmetry (Romeo et
al. 2005). The cervical spine should also be considered as cervical spine injuries are among
the most devastating injuries in sports if the spinal cord and medulla are involved (Cantu et
al. 2013; Schroeder & Vaccaro 2016). If the head injury results in a fall, injuries can occur

(almost) anywhere.

Signs and symptoms of facial and head fractures can be very similar to those of a concussion
(McCrory et al. 2017) and include amongst other things headache, swelling, dizziness,
nausea, blurred vision, and balance and coordination problems (Bytomski & Moorman 2010;
Krutsch et al. 2018). Furthermore, epistaxis, nasal septum haematoma, crepitus, deformity of

bones, and abnormal mobility can occur (Brukner & Khan 2010).
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2.2.4 Head Lacerations and Abrasions

Lacerations and abrasions are minor injuries affecting the skin (figure 5). Acute lacerations
(full-thickness skin disruptions) often involve the muscular fascia (Nicks et al. 2010; Romeo
et al. 2007). They typically occur when the trauma exceeds the strength and elasticity of the
soft tissue, whereas abrasions represent superficial epithelial wounds (partial-thickness
disruptions) caused by frictional “scraping” forces (Bytomski & Moorman 2010;
Hoogenboom & Smith 2012; Leaper 2006; Romeo et al. 2007). Regardless of mechanism,
lacerations and abrasions lead to an interruption of the integumentary system with damage to
the small capillaries. The result is an open wound with bleeding and pain (Hoogenboom &

Smith 2012).

Figure 5 Laceration (left) and abrasion (right) (reproduced from
Hoogenboom & Smith 2012)

2.2.5 Head Injury Mechanisms

In contrast to muscle, joint, or ligament injuries that can occur with or without contact (Liu et
al. 2012; Waldén et al. 2015), head injuries are almost always contact-related (Levy et al.
2012). The contact can be a person (opponent, team mate) or an object. Objects include the
ball itself, the ground, parts of the goal (e.g. goalposts), or advertising boards if they are
located close to the field (Andersen et al. 2004).

Prospective studies on head and neck injuries in football identified head to head contacts as
the main cause of head injuries (approximately 30-33% of all head injuries) (Andersen et al.

2004; Delaney et al. 2006; Fuller et al. 2005; Withnall et al. 2005). The irregular use of the
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upper extremity is also mentioned as a significant cause (Andersen et al. 2004; Fuller et al.
2005), the most predominant being raised elbows during header duels when two players
compete for the ball (Fuller et al. 2005). Delaney et al. (2006) reported that 17% of all head
injuries resulted from elbow to head movements, whilst an even larger proportion of 34%
was found by Andersen et al. (2004). The upper extremity (including hand and arm) caused
35% of the aforementioned injuries in the study by Fuller et al. (2005) and 38% in the study
by Withnall et al. (2005), respectively.

In recent years, the debate of whether the ball itself represents a risk for head injuries in
football particularly due to repetitive heading has been brought up (Baroff 1998; Kirkendall
et al. 2001; Kontos et al. 2017; Mabher et al. 2014; Rodrigues et al. 2016; Spiotta et al. 2012).
Fuller et al. (2005) reported a low incidence rate of 0.05 per 1000 football hours for acute
head injuries due to solely heading the ball. Therefore, heading as such seems to be a rather
low risk activity in the light of acute head injuries. The long-term effects of repetitive heading
remain to be elucidated and were not within the scope of this thesis. The same applies to the
effects of heading on children’s and youth football and the consequences of repeated

concussions.

2.3 Complications of Concussions and Traumatic Brain Injuries

Short-term and long-term consequences can follow depending on severity and frequency of

head injuries.

2.3.1 Short-Term Consequences

Concussions can result in prolonged symptoms after the initial concussion. The time frame
for these “short-term” consequences is not accurately defined in the literature. Approximately
5-18% of individuals with a single episode of acute concussion are estimated to experience
prolonged symptoms (Hebert et al. 2016; Makdissi et al. 2010; McCrory et al. 2013). These
symptoms typically persist for more than 10 days and usually resolve within the first 4 weeks
(Eisenberg et al. 2014; McCrea et al. 2013b; McCrory et al. 2013). If signs and symptoms

persist longer than 4 weeks it is categorized as a ‘“post-concussion syndrome” (PCS)
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(Khurana & Kaye, 2012), which will be discussed in the next chapter (long-term

consequences).

The “Second Impact Syndrome” (SIS) refers to a neurological collapse and malignant
cerebral edema and swelling as a result of a second head injury with insufficient recovery
after the first head injury (Cantu & Gean 2010; Giza 2014a). Return to play before all signs
and symptoms are resolved is the typical scenario for an SIS to occur. In this time period
there is still an increased brain vulnerability. Case reports identified the time frame for a SIS
to be approximately two weeks (Cantu & Gean 2010). The SIS is believed to be caused by a
loss of autoregulation of the cerebrovasculature. This dysautoregulation results in hyperemic
brain swelling, which in turn increases the intracranial pressure (Cantu & Gean 2010; Cantu
2016; Giza 2014a; Hebert et al. 2016; McCrory et al. 2012). It remains speculative whether a
second “full” head injury or only a subsequent minor blow is required to cause a SIS. Reports
of worst case scenarios describe that individuals with SIS may appear semi-comatose with
rapidly dilating pupils, loss of consciousness, and/or with respiratory failure minutes after the
head injury/blow to the head (Cantu & Gean 2010; Cantu 2016; Giza 2014a; Hebert et al.
2016; McCrory et al. 2012). Accordingly, these outcomes are fatal with mortality rates of
50% and morbidity rates of 100% (Hebert et al. 2016). McCrory et al. (2012) warn that the

presence of post-concussive symptoms is a significant risk factor for further head injuries.

2.3.2 Long-Term Consequences

Not only can the risk of a second head injury increase after a first head injury as short-term
consequences, players also seem to be at a higher risk for other injuries in the long-term.
Various studies have examined the effects of concussions on increased injury risk although
the player was supposedly fully recovered from the head injury (Herman et al. 2017).
Concussions were associated with an increased risk of any subsequent injury within the first
year in professional football players (Nordstrom et al. 2014). Acute lower extremity
musculoskeletal injuries were 1.5 — 3.4 times more likely to occur in college athletes
(football, soccer, hockey, basketball, wrestling, volleyball, softball, and lacrosse) with a
previous concussion within the previous year (Brooks et al. 2016; Herman et al. 2017; Lynall
et al. 2015). The same phenomenon appeared in rugby union where injury risk increased by

60% after a concussion (Cross et al. 2016).
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Deficits in neurocognitive performance and/or motor control have been discussed as factors
for an increased injury risk after concussions (Herman et al. 2015). Abnormalities in brain
function after concussion seem to exist beyond the point of assumed clinical recovery
(Prichep et al. 2013), e.g. problems concerning coordination and postural control were
detected in several studies (Buckley et al. 2013, 2016; Cavanaugh et al. 2005; Fino et al.
2016; Martini et al. 2011; Oldham et al. 2016; Sosnoff et al. 2011). Checking players on
those potential deficits is not commonplace and requires more sophisticated examinations

(please see chapter 2.4).

The spectrum of long-term consequences of traumatic brain injuries either caused by a single
or by repetitive head traumas, mainly refers to three severe medical conditions as they
represent the most clinically relevant and severe examples: the aforementioned chronic post-
concussion syndrome (PCS), neurocognitive impairments (e.g. mild cognitive impairment
(MCI) up to the point of dementia), and the chronic traumatic encephalopathy (CTE)
(Harmon et al. 2013; Jordan 2014; Manley et al. 2017).

Post-concussion Syndrome (PCS)

Post-concussion syndrome (PCS) represents a cluster of cognitive, somatic, and emotional
symptoms persisting for more than 4 weeks. They can last months or years beyond the initial
concussion (Blennow et al. 2012; Khurana & Kaye, 2012; King 2014; Ryan & Warden
2003). PCS is difficult to diagnose as there are multiple differential diagnoses, therefore a
detailed and multimodal clinical assessment is required (McCrory et al. 2013, 2017). Signs
and symptoms can comprise headache, dizziness, insomnia, exercise intolerance, cognitive
intolerance, depressed mood, irritability and anxiety, memory dysfunction, poor
concentration and problem solving, fatigue, noise, and light sensitivity (King 2014; Ryan &
Warden 2003). PCS can be divided into “persistent post-concussion symptoms” and
“permanent post-concussion symptoms” (McCrory et al. 2013). Persistent post-concussion
symptoms can last beyond three months and remain for years but disappear eventually,
whereas individuals with permanent post-concussion symptoms never fully recover. The
number of individuals with persistent symptoms has been estimated to be between 10-30%
with up to 20% of these with permanent symptoms (Blennow et al. 2012; Hall et al. 2005;
Jordan 2014; Ling et al. 2015; McCrory et al. 2013; Rge et al. 2009; Williams et al. 2010).
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Neurocognitive Impairments

Neurocognitive impairments and dysfunctions can occur as neurologic sequelae of (sport-
related) repetitive brain trauma (Harmon et al. 2013; Jordan 2014; Manley et al. 2017). An
example for such a cognitive decline can be the mild cognitive impairment (MCI). MCI falls
between the physiological cognitive changes of aging and early dementia (umbrella term for
a group of symptoms such as memory loss, cognitive disability, and communicational
problems) and is deemed a precursor of Alzheimer’s disease (Jordan 2014; Knopman &
Petersen 2014). The definite diagnosis of Alzheimer’s disease is confirmed by
histopathological examination via autopsy. The latter also applies to chronic traumatic
encephalopathy (CTE), which is described below. However, certain clinical and cognitive
criteria allow for a probable clinical diagnosis (Karantzoulis & Galvin 2011; McKhann et al.
2011). Neurocognitive impairments can be detected by neuropsychological testing (NP).
Symptoms can include impaired memory, planning, and/or perceptual processing (Jordan

2014).

Chronic cognitive dysfunctions were described in active as well as in former American
football athletes (Hart et al. 2013; Singh et al. 2014), active rugby players (Shuttleworth-
Edwards et al. 2008; Thornton et al. 2008), former ice hockey players (De Beaumont et al.

2009), and active soccer players (Matser et al. 1999) who had a history of concussion.

Chronic Traumatic Encephalopathy (CTE)

CTE is a neurodegenerative disease as a long-term consequence of repetitive head traumas. It
is characterized by a distinct tauopathy (destruction of neurons by accumulation of tau
protein as neurofibrillary tangles and neuritic threads in specific areas of the brain) leading to
atrophy and inflammation of the white and grey matter as well as to axonal injuries (figure 6)
(DeKosky et al. 2010; McKee et al. 2013; Omalu et al. 2010; Riley et al. 2015; Stern et al.
2011). The result is a progressive decline in functioning of neurons with a subsequent
neuronal death. A neuropathological classification for CTE was previously described (McKee
et al. 2013): it consists of four progressive stages characterized by pathological changes
ranging from normal brain weight with focal epicenters to significant reduction in brain
weight with atrophy of the cerebral cortex. Although CTE is prevalent in public media,

scientific and clinical knowledge about CTE remains scarce. A definitive diagnosis can solely
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be made postmortem through an autopsy of the brain including immunohistochemical tissue
analyses (Omalu et al. 2010; Riley et al. 2015). At present there are no formal clinical
diagnostic criteria for CTE (Gavett et al. 2011).

Figure 6 Pathology of CTE. A normal brain (top) with the expected size and
a brain (bottom) with the characteristic pathology of CTE with severe
dilatation of ventricles Il (1) and Il (2), of the cavum septum pellucidum
(3), marked atrophy of the medial temporal lobe structures (4), and

shrinkage of the mammillary bodies (5) (reproduced form Stern et al. 2011)

CTE symptoms occur years after the initial (repetitive) brain trauma(s) (Stern et al. 2011).
The point in time when symptoms start is difficult to determine as there is an insidious onset
and a gradual progressive course (Gavett et al. 2011). CTE is associated with cognitive
impairments, depressed mood, apathy, paranoia, aggressive and irritable behavior, emotional
instability, suicidal ideation, problems with impulse control, loss in orientation, memory,
language and attention as well as with motor disturbances (e.g. parkinsonism) (Gardner et al.

2014a; McKee et al. 2013; Riley et al. 2015; Stern et al. 2011).

A potential relationship of sport-related head impacts and particularly (repetitive)
subconcussive blows and CTE can currently not be ruled out however, the topic about sport-

related causation of CTE should be approached sensitively (McCrory et al. 2017). The
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incidence rates in contact sports are unknown (Khurana & Kaye, 2012; Jordan 2014; Maroon
et al. 2015; McCrory et al. 2017). There appears to be a substantial risk in extreme contact
and collision sports such as boxing, ice hockey, rugby, and American football (Gavett et al.
2011; Jordan 2014). Nevertheless, as CTE research is presently in its infancy, a sports-

specific risk assessment remains difficult if not impossible (Gavett et al. 2011).

2.4 Sideline Assessment, Diagnostic and Management of Head Injuries

Over the years, different tools have been developed in order to screen for a concussive injury.
Evidence-based guidelines for injury diagnosis, evaluation, and management have been
advanced. Sideline assessment at the pitch is the first and most important step in recognizing
a concussion and consequently protecting an athlete from further harm (Patricios et al. 2017).
Fédération Internationale de Football Association (FIFA) has recently introduced a new
“concussion rule” with regards to head injuries; referees must stop matches for up to three
minutes if such an injury is suspected. Following the assessment only the team doctor can

decide whether an injured player is allowed to continue or not (FIFA 2014).

Significant aspects in concussion assessments are the recognition of potential signs and
symptoms of concussion, a cognitive assessment, and a balance/coordination examination
(McCrory et al. 2017). Aside from acute assessments during a match, further testing batteries
may be useful at other time points of a season. For instance, routine neurological baseline
examinations at the beginning of the season may serve as reference point as signs and
symptoms can be very subtle and thus difficult to diagnose (Harmon et al. 2013). Various

examinations are available, and are discussed in the following section.

Sport Concussion Assessment Tool 5 (SCAT-5)

The Sport Concussion Assessment Tool 5 (SCAT-5) is a standardized tool for evaluating
injured athletes for concussions by healthcare professionals. SCAT-5 was further modified
for children (Child-SCAT-5) aged 5-12 years (Davis et al. 2017). It is already the 5™ version
and one of the most established instruments available for sideline assessment (Echemendia et
al. 2017a; McCrory et al. 2017). SCAT-5 incorporates the Maddocks’ questions (Maddocks
et al. 1995), the Glasgow Coma Scale (Teasdale et al. 2014), the Post-Concussion Symptom
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Scale (PCSS) (Chen et al. 2007), a modified Balance Error Scoring System (BESS) (Bell et
al. 2011), and the Standardized Assessment of Concussion (SAC) (McCrea et al. 1998;
McCrea 2001). SCAT-5 should not solely be used to confirm or exclude the diagnosis of
concussion as the results can be normal even in case of a concussion. The SCAT-5 does not
evaluate all aspects that can be affected by a concussive injury (McCrory et al. 2017). That is
why additional tests should be used as described below. Furthermore, linguistic difficulties
might decrease its applicability. The Concussion Recognition Tool 5 (pocket version in figure

7) was created for non-medically trained individuals (Echemendia et al. 2017b).
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CONCUSSION RECOGNITION TOOL 5°¢

To help identify concussion in children, adolescents and adults

Supported by

FIFA

RECOGNISE & REMOVE

Headimpacts can be associated with serious and potentially fatal brain injuries. The Concussion Recognition Tool

dto

5(CRTS) is to be used for the identification of susp d ion. Itis not d

STEP 1: RED FLAGS — CALL AN AMBULANCE

If there is concern after an injury including whether ANY of the following signs are
observed or complaints are reported then the player should be safely and immediately
removed from play/game/activity. If no licensed healthcare professional is available,

call an ambulance for urgent medical assessment:

Neck pain or tenderness + Severe orincreasing

Double vision headache

Weakness or tingling/
burning in arms or legs Loss of consciousness

Seizure or convulsion

Deteriorating
conscious state

Vomiting

Increasingly restless,
agitated or combative

Remember: + Inall cases, the basic principles .
of first aid (danger, response,
airway, breathing, circulation)
should be followed.

+ Assessment for a spinal
cord injury is critical,

Do not attempt to move the player
(other than required for airway
support) unless trained to so do.

Do not remove a helmetor

any other equipment unless
trained to do so safely.

If there are no Red Flags, identification of possibl ion should p d to the following steps:

STEP 2: OBSERVABLE SIGNS

Visual clues that suggest possible concussion include:

+ Lying motionless on + Disorientation or
the playing surface confusion, or an inability
to respond appropriately

+ Slow to getup after to questions
adirect or indirect
hit to the head + Blank or vacant look

+ Balance, gait difficulties,
motor incoordination,
stumbling, slow
laboured movements

+ Facial injury after
head trauma

© Concussionin Sport Group 2017

STEP 3: SYMPTOMS

* Headache +  Blurred vision * More emotional + Difficulty
concentrating

+ “Pressurein head” -+ Sensitivitytolight + More Irritable

« Difficulty
+ Balance problems - Sensitivity + Sadness remembering
to noise
* Nauseaor + Nervous or + Feeling slowed
vomiting + Fatigue or anxious down
low energy
+ Drowsiness + Neck Pain + Feeling like
+ “Don'tfeel right” “i o
+ Dizziness J Nz g
STEP 4: MEMORY ASSESSMENT
(INATHLETES OLDER THAN 12 YEARS)
Failure to answer any of + “Whatvenue are + “What team did you play
these questions (modified we at today?” last week/game?”
appropriately for each
sport) correctly may * "Which half is it now?" + "Did your team win
suggest a concussion: . the last game?”

* “Who scored last
in this game?”

Athletes with suspected concussion should:

+ Notbe left alone initially (at least for the first 1-2 hours).

+ Notdrink alcohol.

+ Not use recreational/ prescription drugs.

+ Notbe sent home by themselves. They need to be with a responsible adult.

+ Notdrive a motor vehicle until cleared to do so by a healthcare professional.

The CRT5 may be freely copied in its current form for distribution to individuals, teams, groups
and organisations. Any revision and any reproduction in a digital form requires approval by
the Concussion in Sport Group. It should not be altered in any way, rebranded or sold for
commercial gain.

ANY ATHLETE WITH A SUSPECTED CONCUSSION SHOULD BE
IMMEDIATELY REMOVED FROM PRACTICEORPLAY AND SHOULD

NOT RETURN TO ACTIVITY UNTIL ASSESSED MEDICALLY, EVEN
IF THE SYMPTOMS RESOLVE

@ Concussion in Sport Group 2017

Figure 7 Pocket Concussion Recognition Tool 5 (McCrory et al. 2017)
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Computerized neurocognitive testing tools

Commercially available, computerized neurocognitive testing tools such as the Immediate
Post-concussion and Cognitive Testing (ImPACT), the Automated Neuropsychological
Assessment  Metric  (ANAM), the CNS-Vital Signs (CNS-VS), or the
Axon/CogState/CogSport (CogState) have become popular among clinicians evaluating
sport-related concussions (Alsalaheen et al. 2016; Arrieux et al. 2017; Cole et al. 2018;
Covassin et al. 2009).

ImPACT is an instrument for the objective measure of neurocognitive functioning and
consists of a neuropsychological screen with four composite scores including verbal memory,
visual memory, visual-motor processing speed, and reaction time (Alsalaheen et al. 2016;
Gaudet & Weyandt 2017). ANAM was originally developed for military purposes and is a
measure of cognitive performance. It measures accuracy and processing speed as well as
cognitive efficiency to evaluate cognitive performance (Levinson et al. 2005; Vincent et al.
2012). CNS-VS was developed as a routine clinical screening instrument and it is comprised
of seven tests: verbal and visual memory, finger tapping, symbol digit coding, the Stroop
Test, a test of shifting attention, and the continuous performance test (Gualtieri & Johnson
2006). CogState was specifically developed for repeated testing of individuals and measures
a wide range of cognitive functions (e.g. psychomotor speed, reaction time, working memory,
divided attention, learning) (Falleti et al. 2006; Louey et al. 2014). Each computerized

neurocognitive testing tool can be administered in approximately in 25-30 minutes.

Balance and coordination testing tools

Besides the aforementioned tests, there are a variety of tools addressing various isolated
aspects of concussions such as balance and coordination. These tests can be conducted to
gather further information if other tests show inconclusive results with regards to a diagnosis
of concussion. The BESS, which is already included in SCAT-5, is a cost-effective method to
assess static postural stability and consists of different stances (Bell et al. 2011). The King-
Devick test is an objective tool, which consists of rapid number naming and can be conducted
in 1-2 minutes. This task requires the coordination of multiple cortical and subcortical
pathways of the brain (especially the dorsolateral prefrontal cortex) and brainstem, areas,

which are often impaired after a concussion (Galetta et al. 2011; Okonkwo et al. 2014).
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Furthermore, various cost-efficient and not cost-efficient laboratory tests are helpful in
detecting balance dysfunctions. For instance, the clinical test of sensory organization and
balance (CTSIB) is a low-technology and subjective test and relies upon trained rater
interpretations of balance deficits (Murray et al. 2014). In addition, the sensory organization
test (SOT) uses laboratory equipment (moving platform) to assess balance performance
(Murray et al. 2014), whilst the vestibular-ocular-motor screening test (VOMS) includes

assessments of the vestibulo-ocular and ocular motor function (Mucha et al. 2014).

Additional neurological tests or diagnostic imaging are recommended if less sophisticated
tests are inconclusive, if a more severe injury is suspected, and/or to exclude further injuries.
Cranial magnetic resonance imaging (MRI) can exclude a structural brain injury (Giza et al.
2013; Harmon et al. 2013; McCrory et al. 2017). Orthopedic examinations can be conducted,
e.g. for cervical spine dysfunction. A psychological evaluation can reveal affective disorders
such as depression, irritability, and anxiety (Feddermann-Demont et al. 2014; McCrory et al.

2017; Romeo et al. 2007).

Diagnostic imaging

At present, evidence-based diagnostic procedures in a clinical setting to detect concussions
are still scarce. Standard routine neuroimaging such as computed tomography (CT) and MRI
have been described as being ineffective in the diagnosis of sport-related concussion
(Pulsipher et al. 2011). This is not surprising as concussions seem to represent functional
rather than structural damages to the brain. However, the damage after concussion could lie
beyond the resolution of the current “structure-based” scanning technologies (Gao & Chen
2011). Nevertheless, CTs and MRIs are useful in detecting hemorrhages or skull fractures
(Kutcher et al. 2013). Standard neuroimaging techniques may also be helpful in monitoring
chronic alterations (e.g. neurodegeneration) of the brain following the head injury (Bigler

2013).

Neurophysiological imaging examinations

Some established methods are able to visualize brain physiology, metabolism, and activity

with special techniques. They may be helpful in the future to objectify concussions and brain
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injuries or dysfunctions with and/or without obvious structural damage currently classified as

“functional”. Experimental techniques that could become promising are:

1) Functional magnetic resonance imaging (fMRI) to visualize activity pattern of impaired

networks (Chen et al. 2004; Jantzen et al. 2004; Slobouneyv et al. 2010; Talavage et al. 2014)

2) Diffusion tensor imaging (DTI) to detect white matter injury and structural damage to
brain networks (Gardner et al. 2012; Inglese et al. 2005; Li et al. 2016; Mayer et al. 2010; Xu
et al. 2007)

3) Magnetic resonance spectroscopy (MRS) to detect pathophysiological processes and

energy expenditure of the brain (Gardner et al. 2014b)

4) Single photon emission computed tomography (SPECT) to show brain metabolism and
cerebral perfusion (Hofman et al. 2001; Kutcher et al. 2013; Lewine et al. 2007; Lorberboym
et al. 2002)

5) Quantitative electroencephalography (QEEG) to record electrical activity and to detect
pathology or deviation from the norm (McCarthy & Kosofsky 2015; McCrea et al. 2013a)

6) Magnetoencephalography (MEG) to record magnetic fields produced by the brain’s
electrical activity (Dunkley et al. 2015; Huang et al. 2014; Kutcher et al. 2013; Lee & Huang
2014; Pang et al. 2016)

2.5 Treatment, Recovery and Return to Play from Head Injury

Depending on the diagnosis, the severity, and the treatment duration of head injury recovery
varies widely. For concussions, specific treatment strategies were developed over the years
(figure 8). In general, (relative) physical and cognitive rest are the predominant
recommendation post-injury, at least until the acute symptoms resolve (Brown et al. 2014;
Johnson et al. 2017; McCrory et al. 2017; Moser et al. 2012). Rest may be effective in
mitigating post-concussion symptoms, promoting recovery by minimizing energy demands
during haemodynamic and neurometabolic restoration, and minimizing the risk for another
head injury within the first 7-10 days after the initial concussion (Schneider et al. 2017).
Nevertheless, the exact extent and duration of rest is yet not well defined in the literature.

Following a brief period of (relative) rest during the acute phase after the concussion, players
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may become gradually and progressively more active. Staying below their cognitive and
physical symptom-exacerbation thresholds while progressing seems mandatory (McCrory et

al. 2017).

POST-ACUTE COMPLETE:

full clinical recovery, normal

PRE- COMPENSATORY: physiological function
ACUTE full clinical recovery, but

INJURY persistent physiological
dysfunction

IMPAIRED:
elevated symptoms
functional impairment

Normal physiological dysfunction .

Cerebral Full Clinical and
Function L Physiological

Physiological Rechiety
Clinical Recovery

Recovery

Minimum 7 days until return to play

Figure 8 Clinical and physiological recovery after concussion (reproduced

from McCrea et al. 2015)

Return to play after sustaining a concussion is recommended 7 days at the earliest (McCrory
et al. 2017). However, symptoms may persist for longer (Harmon et al. 2013; McCrea et al.
2013b). A medical clearance for return to play should be mandatory. Return to play is only
recommended when the player is asymptomatic and neurological examinations are
unremarkable again (Feddermann-Demont et al. 2014; Levy et al. 2012). Neurological
examinations should include a thorough assessment of mental status, cognitive functioning,
sleep/wake disturbances, ocular and vestibular function, gait and balance (chapter 2.4)

(Feddermann-Demont et al. 2014; McCrory et al. 2017).

The consensus statement of concussion in sports presents a graded return to play protocol
with a stepwise progression (McCrory et al. 2017). This protocol is outlined in figure 9. Each

step lasts 24 h. Athletes are allowed to proceed to the next level if asymptomatic at the
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current level. Therefore, a full rehabilitation lasts at least 7 days. Similar concussion
guidelines were previously published by the Australian Rugby Union (ARU), the National
Football League (NFL), and the Football Association in England (FA). Nevertheless, these
protocols may not always be appropriate for each athlete. Younger athletes, those with
prolonged symptoms, or athletes with repetitive concussions require an individualized return

to play decision (Sabini et al. 2014).

Stage Aim Activity Goal of each step
No activity Symptom limited rest Recovery
->Physical (no exercise)

->»Cognitive (no TV, PC, gaming or intensive

reading)

2 Light aerobic exercise - Walking or stationary cycling at slow to Activation of cardiovascular
medium pace circulation
=>No resistance training

3 Football-specific exercise | Individualized training Football-specific movement and
->Running drills coordination skills
->No head impact activities

4 Non-contact training =>More complex training drills (e.g. passing Increase of exercise,

drills drills) and explosive movements coordination, and cognitive load

->May start progressive resistance training
=>Progression from aerobic to anaerobic
exercises

6 Return to play Normal game play

Figure 9 Graded return to play protocol (reproduced from Feddermann-
Demont et al. 2014; McCrory et al. 2017)

2.6 Aims of the PhD-Thesis

The aim of this thesis is to examine head injuries in male football players of the 1** German
league (Bundesliga). This work presents epidemiological data, investigates head injury
mechanisms, and the effect of prevention measures to reduce head injuries over the duration
of 17 seasons (2000/01 — 2016/17). In this regard, the present data aims to close the scientific

gap on head injuries in football in Germany.

Study 1 examined the time trends of head injuries starting in season 2006/07 after
introducing the new rule; intentional elbow to head contacts were punishable by a red card.

The aim was to evaluate the variation of head injury incidence rates and their injury
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mechanisms in the 11 subsequent seasons (up to season 2016/17). Study 2 analyzed match
situations in order to identify actions in football that are associated with head injury
occurrence. Furthermore, the behavior of referees and their decisions in case of head injuries
were part of the video-based analyses. Finally, study 3 investigated head injury incidence
rates and their predominant injury mechanisms. Furthermore, the effect of the rule change in
2006 with regards to injury prevention was examined by comparing six seasons before and

six seasons after the rule change.

2.7 Data Collection and Statistical Approaches

The 17-year database for analyzing head injury incidence rates, injury mechanisms, match
situations, and effects of the rule change was created by a structured search through online
media. The main source was the German football magazine ‘kicker Sportmagazin®’. This
magazine offers print and online issues and is published twice a week. One journalist is
responsible for one club with daily contact to respective club officials (press offices). The
magazine contains injury reports and summaries of each match. The online versions also
offer the opportunity for a free text search. Search terms were: concussions; (mild) traumatic
brain injury; contusion; fracture, laceration; abrasion; face; head; brain; neck; skull; cranium;

zygomatic bone; mandible; maxilla; nose; eye.

In addition to the main head injury types (concussion/TBI, head contusions, fractures of the
head and face, head lacerations/abrasions) a new subgroup ‘suspected concussions’ was
created (study 3). Fractures of the zygomatic bone and skull (e.g. base of the skull, calvaria,
and frontal sinus) as well as head contusions (to the skull and zygomatic bone only) were
added to this subgroup. The rationale was that substantial force is required to cause a facial
fracture and this could also be associated with an intracranial injury (Keenan et al. 1999;
Pappachan & Alexander 2006). Additionally, differentiating head contusions from a
concussion is somewhat difficult. Therefore, concussions could have been diagnosed as head
contusions only. Injuries affecting the nasal bone (fractures, contusions), mandibular
fractures, and head/face lacerations/abrasions were excluded from that category as such
injuries may not necessarily transmit the force of impact directly to the cranium and the brain,
respectively. But, certain lacerations and abrasions (if located directly on the skull) might be

forceful enough to cause concussions and may also be classified as minor intracranial
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injuries. Conversely, injuries retrospectively assigned to the category ‘suspected concussion’
might not have resulted in concussion-like impairments. Injuries with an unclear description
and unknown diagnosis were categorized as ‘other head injury’. In case an injury

encompassed more than one diagnosis, the more severe injury was recorded.

This thesis did not include training injuries. Head injury rates in football training were
reported considerably low compared to matches (Ekstrand et al. 2013). Nilsson et al. (2013)
reported a 38-fold higher rate of head injuries and even 78-fold higher rate of concussions in
football matches. The recent systematic review by Prien et al. (2018) confirmed that head

injuries, and concussions, were rare in football training.

The severity of injuries was based on the time loss according to the consensus statement
published 2006 (Fuller et al. 2006). Severity is categorized as slight (time loss O days),
minimal (1-3 days), mild (4—7 days), moderate (8—28 days), and severe (>28 days). For those
injuries with an unknown outcome (e.g. towards the end of the season), the mean time loss

for the particular diagnosis in the aforementioned database was considered.

Data of the seasons 2000/01 — 2013/14 were exclusively collected via kicker. Data of the
seasons 2014/15 — 2016/17 were additionally collected using: web pages (transfermarkt.de,
ligainsider.de), social media channels of the players and teams (Twitter, Facebook, and
Instagram), team homepages and newsletters, TV sports channels (e.g. Sky Sports News),

and local newspapers.

Video recordings of each match head injury were obtained from the official German Football
League (“Die Liga — Fu3ballverband (DFL)”) and wyscout®. Analyzed aspects were: injury
causation, injury mechanism, point of contact on the injured player’s head/neck, tackle
direction, action performed by the non-injured and injured player, foul (referee decision,
additional assessment by a football experienced sports scientist), injured player aware of
imminent impact, ball possession status at the time of the incident, bleeding as consequences

of the head impact, and on-pitch treatment (first aid measures).

The following official games were included in the analysis: all domestic season games, cup
games (DFB-Cup, League Cup, Super-Cup) and international games, which included German
teams (Champions League, Europe League, UEFA-Cup, Ui-Cup). Extra time in knock-out
games was also considered. Games of the national teams were not included. Match exposure

was calculated using the following calculation (Fuller et al. 2006):
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Number of official games x number of players on the field (22 players) x
duration of the game in hours (1.5 hours for a regular game, 2 hours for

games with overtime)

Incidence rates (IR) and 95% confidence intervals (CI) were calculated with the following

formulas (Higglund et al. 2006):
Incidence = (number of injuries/hours of match exposure) x 1000

Lower 95% CI = Incidence / €1.96 x (square root [1/number of incidents])

Upper 95% CI = Incidence * €1.96 x (square root [1/number of incidents])

Incidence rate ratios (IRR) and chi-square test (XZ) were used to assess differences between
various time periods in study 2 and 3 (seasons 2000/01-2005/06 and 2007/08-2012/13). Time
trends (study 1), expressed as the average annual percentages of change, were analysed using
a linear regression model with the log-transformed IR as the dependent variable (Ekstrand et

al. 2013; Hégglund et al. 2016).
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3 Study Overview

3.1 Study 1: Time trends of head injuries over multiple seasons in professional male
football (soccer)

Beaudouin F, aus der Fiinten K, Trof8 T, Reinsberger C & Meyer T
Sports Medicine International Open 2018; Accepted on Nov 13.

Introduction: To investigate time trends of head injuries and their injury mechanisms since a
rule change as monitoring may help to identify causes of head injuries and may advance head

injury prevention efforts.

Methods: Based on continuously recorded data from the German football magazine “kicker
Sportmagazin®” as well as other media sources, a database of head injuries in the 1st
German male Bundesliga was generated comprising 11 consecutive seasons (2006/07-
2016/17). Injury mechanisms were analysed from video recordings. Injury incidence rates
(IR) and 95% confidence intervals (95% CI) were calculated. Time trends were analysed via

linear regression.

Results: 238 match head injuries occurred (IR 1.77/1000 match hours, 95% CI 1.56-2.01).
There were no significant seasonal changes, expressed as annual average year on year
change, in IRs over the 11-year period for total head injuries (p=0.693), facial’/head fractures
(p=0.455), lacerations/abrasions (p=0.162), and head contusions (p=0.106). The annual
average year on year increase for concussion was 6.4% (p=0.004). Five head injury
mechanisms were identified. There were no seasonal changes in injury mechanisms over the

study period.

Discussion: The subcategory concussion increased slightly over the seasons which may
either be a result of increasing match dynamics or raised awareness among team physicians

and players.
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3.2 Study 2: Match situations leading to head injuries in professional male football
(soccer) — a video-based analysis over 12 vyears.

Beaudouin F, aus der Fiinten K, Tro3 T, Reinsberger C & Meyer T
Clinical Journal of Sports Medicine 2018; Jan 19. doi: 10.1097/JSM.0000000000000572.
[Epub ahead of print]

Introduction: In order to prevent head injuries in professional football, it is necessary to
know typical circumstances of such incidents, e.g. the players’ actions on the pitch
immediately preceding the head injury and the ball possession status. Additionally, the

impact of a rule change in 2006 punishing elbow-head contacts was investigated.

Methods: A retrospective (video) analyses of head injuries was conducted in professional
football players of the 1. German “Bundesliga”. Based on continuously recorded data from
the German football magazine “kicker Sportmagazin®”, a database of all head injuries was
generated comprising seasons 2000/01-2012/13. Head injuries of official games were
analysed from video recordings. This study describes and assesses circumstances
immediately preceding head injuries in professional male football. Injury incidence rate (IR)
and 95% confidence intervals (95% CI) for total head injuries were calculated. Chi-square

analyses were performed to determine differences between the two time periods.

Results: 334 head injuries were reported in 'kicker Sportmagazin®’ corresponding to an IR
of 2.25 (95% CI 2.01-2.51) per 1000 match hours. The injured player predominantly jumped
(60%), headed the ball (36%) or ran forwards (20%); the non-injured players mainly jumped
(64%), headed the ball (27%) or raised the elbow to the head (23%). Free ball situations (two
players challenge for the ball) caused most of the head injuries (81%). The players’ action

“raising the elbow” during a head injury seemed to be lower after the rule change.

Discussion: Jumping for the ball with the intention of heading is the predominant action
associated with head injury risk. Head injuries occur most often when players challenge for
the ball in a header duel. As head injuries bear the potential risk of long-term health sequelae,
the identification of situational circumstances is essential to develop preventative means in

the future.
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3.3 Study 3: Head injuries in professional male soccer over 13 vears —29% lower
incidence rates after of a rule change (red card)

Beaudouin F, aus der Fiinten K, Trof8 T, Reinsberger C & Meyer T
British Journal of Sports Medicine 2017; June 23. doi: 10.1136/bjsports-2016-097217. [Epub
ahead of print]

Introduction: Although the incidence of head injuries in football is relatively low in
comparison to American football, rugby or ice hockey, absolute numbers are considerable
because of its high popularity and the large number of players. In 2006, a rule was altered
(red card in case of intentional elbow to head contact) to reduce head injuries. This study
provides a description of injury mechanisms of head injuries and examines the effect of the

rule change.

Methods: Based on continuously recorded data from the German football magazine “kicker”,
a database of all head injuries in the 1st German Male Bundesliga was generated comprising
seasons 2000/01-2012/13 with a free-text search with defined search terms. Injury
mechanisms were analysed from video recordings. Injury incidence rates (IR) and 95%
confidence intervals (95% CI) as well as incidence rate ratios (IRR) to assess differences

before and after the rule change were calculated.

Results: 356 head injuries were recorded (IR 2.22 (95% CI, 2.00-2.46) per 1000 match
hours). Contact with another player caused most head injuries, more specifically because of
head to head (34%) or elbow to head (17%) contacts. After the rule change head injuries were
reduced by 29% (IRR 0.71, 95% CI, 0.57-0.86, p=0.002). Lacerations and abrasions declined
by 42% (IRR 0.58, 95% CI, 0.39-0.85, p=0.006), concussions by 29% (IRR 0.71, 95% CI,
0.46-1.09, p=0.12), contusions by 18% (IRR 0.82, 95% CI, 0.43-1.55, p=0.54) and facial
fractures by 16% (IRR 0.84, 95% CI, 0.55-1.28, p=0.42).

Discussion: The present study shows that the incidence rate for head injuries and their most
frequent mechanisms head-head and elbow-head were lower in the seasons after the rule
change. Rule changes in football seem to be appropriate means to achieve a reduction of head

injuries.
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4 Summary and Discussion of Findings

Head injuries in sports bear the risk of serious acute and long-term consequences (Harmon et
al. 2013; Levy et al. 2012). This debate has reached football as heading the ball is a football-
specific element, in which players intentionally deflect, stop, or redirect the ball (Spiotta et al.
2012). Therefore, football players may also be at an increased risk for head injuries, for
instance due to potential collisions (head to head contacts, elbow to head contacts etc.) with
other players (Andersen et al. 2004; Fuller et al. 2005; Levy et al. 2012). Absolute numbers of
head injuries are substantial because of the high popularity of this sport and the large number
of active players worldwide and in Germany alike. However, injury data on head injuries in
German football have been scarce. Therefore, this PhD-thesis aimed to provide incidence
rates and injury mechanisms of head injuries in German male professional football.

Furthermore, it investigated the effect of a rule change as preventative measure.

The results of the studies within this thesis provide further evidence that the incidence of head
injuries is rather low compared to so-called high risk sports such as American football, rugby,
or ice hockey (Cross et al. 2016; Donaldson et al. 2013; Zuckermann et al. 2015). The first
step when comparing incidence rates of (head) injuries in the literature is to ascertain, which
exposure time was considered, match and/or training time as rates differ considerably. The
UEFA Champions League study is an ongoing injury surveillance study in professional male
football that started in 2002. The first publication from this project reported an overall head
injury incidence rate of 0.32 per 1000 football hours (Waldén et al. 2005). A 7-year follow-up
then identified a head injury incidence rate of 0.14 per 1000 football hours (Ekstrand et al.
2011). Both studies reported the overall head injury rate, thus including training and match
injuries alike. These numbers are considerably lower compared to the numbers presented in
this thesis (IR 1.77 in study 1 and IR 2.22 in study 3), which included match injuries only.
Head injury incidence rates between 0.70 and 1.70 per 1000 match hours have been reported
in the last years (Andersen et al. 2004; Bjgrnboe et al. 2013, 2014; Carling et al. 2010;
Kristenson et al. 2013; Nilsson et al. 2013; Stubbe et al. 2015). The highest number of head
injuries was reported during FIFA World Cup tournaments. Fuller et al. (2005) reported an
incidence rate of head injuries of 12.5 per 1000 match hours with regards to 20 FIFA
international tournaments over the period 1998 — 2004. Head injury data comprising all FIFA
World Cups, FIFA Confederations Cups, and Olympic football tournaments during 1998 to

2012 showed an almost equal incidence rate of 11.3 per 1000 match hours (Junge & Dvorak
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2013). The FIFA World Cup 2014 revealed an incidence rate of 9.3 per 1000 match hours
(Junge & Dvordk 2015).

It appears apparent that it is rather difficult to compare head injury data from international
tournaments with head injury data from regular league activity. A potential, but rather
speculative explanation for higher (head) injury rates might be a higher intensity and
importance of each game during such tournaments (low number of games, knock-out rounds
etc.). But even head injury data from the different aforementioned studies that cover (mainly)
league activities differ slightly and are up to three times lower compared to the present data
within this thesis. This may be caused by different approaches with regards to collecting
(head) injury data. One common approach to collecting injury data is through media sources.
For instance, the German football magazine ‘kicker Sportmagazin®’ is published twice a
week with one journalist being responsible for one club and usually having contact with the
press offices of the club every day. This level of investigation and depth of media coverage
should allow for adequate data collection and therefore, the present analysis appears to be
fairly complete. Nonetheless, the journalists responsible for data collection may not always
record (and/or be aware of) all head injuries, specifically, not the minor injuries. This would

be very desirable as minor repetitive head injuries could result in more severe head injuries.

Online sports databases have previously been used to gather information on injuries in
professional German football (Leventer et al. 2016). Leventer et al.’s data on head injury rates
were lower compared to the present results (Head injury IR for seasons 08/09 — 13/14: 0.61
versus 1.90/1000 match hours). The number of recorded head injuries was lower and the
match exposure calculations differed. Thus, it seems that relying on ‘transfermarkt.de’ as the
sole data source is insufficient with regards to (head) injury recording. On the contrary,
although media-based data collection (kicker Sportmagazin®, transfermarkt.de etc.) provides
enormous potential, these data are not validated with medical records by each team’s medical
departments. This does not seem surprising as football teams do not intend to share sensitive
data with media. Diagnoses obtained from medical records are the gold standard for research
purposes (Andersen et al. 2004; Bjgrnboe et al. 2013; Ekstrand et al. 2011; Fuller et al. 2005;
Junge & Dvorak 2013, 2015; Nilsson et al. 2013; Waldén et al. 2005). The clear advantage is
the accuracy and quality of such data as full-time football players are seen daily by their
medical staff. That also allows for precise capturing of exposure time, injury and time loss
recordings, respectively. However, these approaches require the collaboration with the teams’
medical officials. But even under those presumably “perfect” circumstances, there is no
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guarantee of data integrity. Bjgrnboe et al. (2011) found that medical staff reports
underestimated the incidence of time-loss injuries by up to 20%. Nevertheless, the
combination of different media sources in this thesis fairly allows for a realistic assumption of

the proportion of head injuries.

Although media sources provided diagnoses for all head injuries, their accuracy should be
interpreted with caution as the diagnosis is often made by non-medical professionals.
Furthermore, head injuries can be accompanied by further injuries. Often only the
(presumably) most severe injury is reported. Moreover, diagnosing concussions is particularly
challenging (McCrory et al. 2017). Concussions can easily be overlooked by non-medical
professionals, inexperienced medical staff, and even highly qualified medical staff due to mild
symptoms or even trivialized post-injury symptoms by the player himself (Broglio et al. 2010;
Feddermann-Demont et al. 2014; Khurana & Kaye 2012; Levy et al. 2012; Meehan et al.
2013; Meier et al. 2015; Putukian et al. 2009; Williamson et al. 2006). Additionally, their
signs and symptoms can rapidly change and disappear (McCrory et al. 2017). As a
consequence players with concussion or TBI symptoms are often diagnosed as head contusion
only. Concussions are considered to be one of the most complex injuries in sports medicine to
diagnose, assess, and manage. To date there is no perfect diagnostic test or marker for the
immediate diagnosis of concussion (McCrory et al. 2017). It is likely that the estimated
number of head injuries, particularly concussions, is somewhat higher as some injuries might
go underreported or wrongly diagnosed, respectively. According to this, the exact number of
concussions in professional sports including football is still unknown. Studies estimate that up
to 30% of all concussions remain undiagnosed (Meehan et al. 2013; Meier et al. 2015;

Williamson et al. 2006).

In case of concussion, current consensus recommendations emphasize a sufficient (relative)
rest and recovery period (McCrory et al. 2017), but it seems that half of the concussed players
in this database returned to play in less than the recommended one week and consequently,
some players may have returned to play prematurely following concussion. This may enhance
the risk for further consequences such as Second Impact Syndrome (Cantu & Gean 2010;

Cantu 2016; Giza 2014a; Hebert et al. 2016; McCrory et al. 2012).

Video material served as data source for the identification of head injury mechanisms. In this
analysis (17 seasons) 84% of the head injuries were available on video recordings. The high

coverage is excellent compared to previous studies. Tscholl et al. (2007) could identify 80%
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of their head injuries on video recordings, whilst other video analysis-based studies identified
approximately 66% (Fuller et al. 2005) and 65% (Andersen et al. 2004). The high number of
video evidence can be regarded as strength of this thesis. According to the videos, the
majority of head injuries were contact-related either with the opponent or the team mate. In
particular, head to head contacts as well as elbow to head contacts were deemed responsible
for most of the head injuries in this thesis (study 1, 2 and 3). Furthermore, jumping with the
intention of heading could be detected as specifically head injury prone (study 2). Previously
published data confirm these results (Andersen et al. 2004; Delaney et al. 2006; Fuller et al.
2005; Withnall et al. 2005). In addition, head to head contacts have previously been
mentioned to be the predominant injury mechanism for the causation of head injuries (Fuller
et al. 2004; Nilsson et al. 2013). The introduction of a straight red card for direct and
deliberate elbow to head contacts in 2006 was a logical step following on from studies
published by Andersen et al. (2004) and Fuller et al. (2005). This preventative measure
appeared to be effective in reducing the number of head injuries that occurred due to elbow to
head movements (-23%) (study 2 and 3) and the number of head injuries in general (-29%)
(study 3). Players and coaches might have had a raised awareness of these head injury
mechanisms and the potential severe consequences since the rule change further contributing

to the lower incidence of these incidents.

5 Future Research and Directions

The ongoing aim remains reducing head injuries to the greatest possible extent. The rule
change from 2006 (punishing elbow to head movements) was a first step in reducing head
injuries as it penalized one of the core injury mechanisms. However, further steps will have to

follow.

As header duels and jumping were deemed the main actions causing head injuries in this
PhD-thesis, a logical step in the light of head injury prevention from a medical point of view
would be banning these football-specific features from the game. But undoubtedly, this is a
significant change to the rules and nature of football, which is unlikely to be considered.
Another approach with greater feasibility could be the use of protective equipment.
Professional (Petr Cech, Arsenal FC) and semi-professional players (Klaus Gjasula,
Hallescher FC) have already reacted after suffering from head injuries in the past by wearing

protective helmets, with similar properties to scrum caps commonly seen in rugby union. To
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date however, the evidence for a protective effect has not been demonstrated (Harmon et al.
2013; Levy et al. 2012; Niedfeldt 2011). Furthermore, convenience and acceptance of the

players might play a role in the prevalence of their future use.

Equally important as diminishing the number of head injuries is improving the accuracy in
diagnosing and managing concussions. The FIFA has introduced a “concussion rule” with
regards to head injuries: referees can stop matches for up to three minutes; the team doctor
only can decide whether an injured player is allowed to continue or not (FIFA 2014). This
rule could be advanced similar to the NFL’s “concussion safety protocol” (NFL 2014): this
protocol requires players to be examined precisely at the sideline if necessary followed by
further investigation in the locker room. Therefore, special observers (“spotters”) and
“unaffiliated neurotrauma consultants” have to be present during each match and report
potential concussions (with the help of video analyses) to team doctors and team coaches.
Whilst this rule was not designed to prevent concussions, it may help to diagnose these
injuries accurately and to prevent players from further harm (e.g. Second Impact Syndrome).
Such a rule could be implemented in football to raise further awareness and recognition of
concussions. Another possibility would be to screen players prior to the sports activity for
modifiable risk factors (e.g. fatigue, prior concussion, excessive post-injury exercise), which
could increase the injury risk, although this would mean an enormous challenge for the
medical staff and coaches. Nevertheless, this approach could help to design, implement, and
evaluate appropriate training interventions to reduce the risk of head injuries (Finnoff et al.

2011; Harmon et al. 2013).
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Original research

Time trends of head injuries over multiple seasons in professional male football (soccer)
Abstract

The present study aimed to investigate time trends of head injuries and their injury mechanisms since a
rule change as monitoring may help to identify causes of head injuries and may advance head injury

prevention efforts.

Based on continuously recorded data from the German football magazine “kicker Sportmagazin®” as
well as other media sources, a database of head injuries in the 1* German male Bundesliga was
generated comprising 11 seasons (2006/07-2016/17). Injury mechanisms were analysed from video
recordings. Injury incidence rates (IR) and 95% confidence intervals (95% CI) were calculated. Time

trends were analysed via linear regression.

238 match head injuries occurred (IR 1.77/1000 match hours, 95% CI 1.56-2.01). There were no
significant seasonal changes, expressed as annual average year on year change, in IRs over the 11-year
period for total head injuries (p=0.693), facial/head fractures (p=0.455), lacerations/abrasions
(p=0.162), and head contusions (p=0.106). The annual average year on year increase for concussion
was 6.4% (p=0.004). Five head injury mechanisms were identified. There were no seasonal changes in

injury mechanisms over the study period.

The subcategory concussion increased slightly over the seasons which may either be a result of

increasing match dynamics or raised awareness among team physicians and players.

Key words: concussion; sport injury; epidemiology



Introduction

Prospective studies on head and neck injuries in professional male football (soccer) identified the
unfair use of the upper extremity (particularly the elbow) as a significant cause of head and neck
injuries.[1, 15] As a consequence, the International Football Association Board (IFAB) changed the
rules of the game in 2006 and deemed deliberate blows to the head from the elbow an instant red card
offence. The effect of this rule change has previously been investigated by comparing head injury data
of the seasons 2000/01-20005/06 with data of the seasons 2007/08-2012/13.[3] Consequently, this
preventative measure appeared to be efficient in reducing the number of head injuries (29% lower
incidence rates after this rule change). When considering the reported rise in the speed, technique,
equipment, game play in general (e.g. tactics), increased number of matches in the seasonal schedule,
time pressure, and general pressure on players, [2, 7, 37] appropriate head injury monitoring is
desirable. This approach may help to identify mechanisms and causes of head injuries and lead to

advances in injury prevention strategies.

Currently, limited information is available on time trends of head injury rates over multiple seasons in
professional male football.[11, 33] This study intends to add beneficial information on the incidence of
these injuries over a longitudinal period since the aforementioned IFAB rule change. This analysis
includes the seasons after the rule change, but adds more seasons to expand the head injury database.
Therefore, the present study (i) investigates the long-term seasonal variation of head injuries (and their
diagnoses) sustained during match-play after the rule change in the 2006/07 season for 11 consecutive
seasons and (ii) investigates the long-term seasonal variation of the most common mechanisms leading
to head injuries in elite male football players. We hypothesized that head injuries and their

mechanisms would present a continuous unaltered time trend over the years.



Methods

Study design and injury assessment

A standardized analysis of match head injuries in the first male German Bundesliga was completed
encompassing the seasons 2006/07 to 2016/17 (11 full seasons; seasons 2006/07 to 2013/14
retrospectively and seasons 2014/15 to 2016/17 prospectively). Since the 2006/07 season, intentional
elbow to head blows have been punished with a red card. Data collection followed an a priori protocol
and analysis plan. Data were mainly identified by a structured search in the sports magazine “kicker
Sportmagazin® (online edition). The magazine offers publicly available clinical information
(diagnosis and time loss) and is published twice weekly with one journalist being responsible for one
club and having contact with the press office of the club every day. The magazine contains injury
reports and summaries of each match. The online versions also offered the opportunity for a free text
search. Search terms were: concussions; traumatic brain injury; contusion; fracture, laceration;
abrasion; face; head; neck; skull; cranium; zygomatic bone; mandible; maxilla; nose; eye.
Additionally, web pages (transfermarkt.de, ligainsider.de), social media of the players and teams
(Twitter, Facebook and Instagram), team homepages and newsletters, TV sports channels (e.g. Sky
Sports News), and local news (e.g. newspapers) were screened as a secondary data source to gain
additional information on injuries by using the aforementioned search terms as well. Training head
injuries are considerably lower compared to match head injuries and were not considered.[33] The
injury mechanisms were assessed by video recordings. No research ethics board approval[21] was

required for this study as all data were collected from public sources.[10]

Data on diagnoses such as concussions/traumatic brain injuries (TBI), facial/head contusions,
facial/head fractures, and facial/head lacerations/abrasions were collected. Injuries with an unclear
description and unknown diagnosis were categorized as “other head injury”. In case an injury
encompassed more than one diagnosis, the most severe injury was recorded. For injuries with an
unknown outcome (e.g., towards the end of the season), the mean time loss for the particular diagnosis

in the present database was considered. The severity of injuries was based on the time loss according



to the consensus statement in previous football injury research,[16] which are categorised as slight

(time loss 0 days); minimal (1-3 days); mild (4-7 days); moderate (8-28 days); and severe (>28 days).
Incident assessment
Categories for the head impact events during matches were:[3]

e Injury causation: contact with opponent or team mate, no contact with player, or unknown
e Injury mechanisms: head contact with head, hand, arm (forearm and upper arm), elbow,
shoulder, pelvis, trunk, foot, knee, lower leg, thigh, ball, ground, advertising

boards/goalpost/corner flag

These criteria are in accordance with the analyses of injury mechanisms that have previously been
published.[15, 34, 36] Video recordings were obtained from the official German Football League
(“Die Liga — FuBballverband (DFL)”) and wyscout®. Wyscout is a video platform (payment required)
that offers full matches of all European leagues. Additionally, different video sequences (actions,
players etc.) are readily available on the platform. Head injuries without video recordings are included

in the analyses referring to total numbers and percentages.
Match exposure

Match exposure per team was calculated using the following calculation:[16] number of games x
number of players on the field (11 players) x duration of the game in hours (1.5 hours per match). The
analysis included the 34 games in the regular Bundesliga season as well as additional cup games (e.g.
DFB-Pokal and the UEFA Champions-League). Extra time in knock out games (2 x 15 minutes) was
also included. Preparation and friendly games as well as national games were not analysed in this

study.
Statistical analysis

All statistical analyses were performed using Microsoft Excel 2010 and Statistica 8 (Statsoft Europe

GmbH, Hamburg, Germany). Injury incidence rates (IR) were calculated with the following



formula:[16] Incidence = (number of injuries / hours of match exposure) x 1000. For the incidence

rates, 95% confidence intervals (CI) were calculated as follows:[18]
Lower 95% CI - InCidenCC / e1.96 X (square root [1/number of incidents])
Upper 95% CI - InCidenCC * e1.96 X (square root [1/number of incidents])

Time trends, expressed as the average annual percentages of change, were analysed using a linear
regression model with the log-transformed IR as the dependent variable.[12, 19] The significance level

was set at p<0.05.



Results

Exposure, time loss and injury incidence rates

Total match exposure was 134,541 hours. 238 head injuries occurred corresponding to an IR of 1.77
(95% CI 1.56-2.01) per 1000 match hours. The IR for body contact-related head injuries was 1.50
(95% CI 1.31-1.72) per 1000 match hours. The head injury IRs per season across the 11-year study

period are shown in table 1.

The average time loss for total head injuries was 8 + 10 days (median 4, range 0-80 days). Average
time loss for concussion was 10 = 10 days (median 6, range 1-47 days), for facial/head contusions 5 *
5 days (median 3, range 1-21 days), for facial’/head fractures 13 = 16 days (median 7, range 1-80
days), and for facial/head lacerations/abrasions 4 + 4 days (median 4, range 0-32 days). The time loss
per season is displayed in table 1. The proportion of head injuries with an unknown outcome was 3%.
Of the 238 head injuries, 215 (90%) could be analysed via video. The remaining 23 (10%) could not
be analysed in detail as either the video recordings were unavailable (5%, n=12) or, despite the video

recordings being present, the injury mechanism was not apparent (5%, n=11).

Head injury epidemiology and time trends

Time trends for all head injury types as well as the 2-year moving average (MA) are shown in figure 1.
No seasonal changes were found in the IRs for total head injuries (R?=0.018, b=0.010, 95% CI -0.046
to 0.066, p=0.693), facial’head fractures (R2=0.064, b=0.047, 95% CI -0.089 to 0.184, p=0.455),
facial/head lacerations/abrasions (R?=0.205, b=-0.048 95% CI -0.119 to 0.023, p=0.162), or
facial/head contusions (R2=0.263, b=0.107, 95% CI -0.028 to 0.242, p=0.106). The annual average

year on year increase for concussion was 6.4% (R?=0.623, b=0.064, 95% CI 0.026 to 0.101, p=0.004).

Head injury mechanisms and time trends

The five predominant head injury mechanisms were head against head contacts (38%, IR 0.67/1000
match hours, 95% CI 0.54-0.82), elbow to head blows (16%, IR 0.29/1000 match hours, 95% CI 0.21-

0.40), foot to head contacts (9%, IR 0.16/1000 match hours, 95% CI 0.11-0.25), hand to head (5%, IR



0.09/1000 match hours, 95% CI 0.05-0.16), and knee to head contacts (5%, IR 0.09/1000 match hours,

95% CI1 0.05-0.16).

The time trends for the five most frequent head injury mechanisms are shown in figure 2. Head-head
(R2=0.056, b=0.028, 95% CI -0.058 to 0.113, p=0.483), elbow-head (R?=0.002, b=-0.003, 95% CI -
0.046 to 0.041, p=0.894), foot-head (R?=0.009, b=-0.004, 95% CI -0.036 to 0.028, p=0.0781), hand-
head (R?=0.058, b=0.005, 95% CI -0.010 to 0.021, p=0.474), and knee-head (R2=0.024, b=-0.004,

95% CI-0.022 to 0.014, p=0.652) remained stable over 11 consecutive seasons.



Discussion

The main finding of this present study is that there were no significant seasonal changes for the
IRs of total head injuries as well as for most of the subcategories such as facial’/head fractures,
facial’/head lacerations/abrasions, and facial’/head contusions over the 11-year period among male
professional football players. The main head injury mechanisms also showed no sign of change across
the time period. However, an exception was the IR of concussion as it increased significantly year on

year by 6.4%.

The IRs of head injuries in this study were lower (approximately up to 20 times) compared to high-
risk sports such as American football, ice hockey or rugby,[8-10, 17, 39] but still noteworthy as they
can potentially to lead to long-term sequelae such as postconcussion syndrome (PCS) or — if they
occur repetitively - chronic neurocognitive impairment (CNI), or even chronic traumatic
encephalopathy (CTE).[20, 27, 29] Although the present IRs ranged between 1.1 and 3.1 per 1000
match hours, it is likely that the true number of head injuries is somewhat higher due to the potential
underreporting of injuries, as their signs and symptoms can rapidly change as well as rapidly
disappear.[29] Head traumas/concussions are considered to be one of the most complex acute injuries
in sports medicine to diagnose, assess and manage.[29] To date there is no perfect diagnostic test or
marker for the immediate diagnosis of concussions.[29] The true number of unreported concussions in
professional football is still unknown, but it appears that up to 30% of all concussions remain
undiagnosed throughout different sports.[30, 31, 38] Undiagnosed concussions may be the result of
being overlooked by non-medical professionals and/or even medical staff due to mild symptoms or

even because of trivialized post-injury signs by the players themselves.

Compared to other football studies, the present IRs appear to be slightly higher. Head injury incidence
rates of 0.74 — 1.70 per 1000 match hours have been reported in the last years,[1, 6, 33] whilst other
studies found lower IRs as a result of adding training exposures to their analyses.[11, 36] Injury rates
in training are considerably low compared to match rates.[12] Nilsson et al. reported a 38-fold higher
rate of head injuries during matches compared with training and even 78-fold higher rate of

concussions in matches.[33] The highest number of head injuries were reported during FIFA World



Cup tournaments. Fuller et al. reported an incidence rate of head injuries of 12.5 per 1000 match hours
with regards to 20 FIFA international tournaments.[15] Other tournament-related head injury data
showed an almost similar incidence rate of 11.3 and 9.3 per 1000 match hours.[23, 24] It seems
evident that it is difficult to compare head injury data from international tournaments with head injury

data from regular league activity.

In the precursor study, the comparison of head injuries that were sustained before the rule change in
the 2006/07 season and data afterwards revealed a decrease of 29%.[3] The total IRs for the 11 season
period remained lower compared to the seasons 2000/01-2005/06. Nevertheless, ongoing head injury
monitoring remains essential in order to continue identifying the risk of sustaining head injuries and
potential sequelae. Monitoring head injuries offers the opportunity to prevent their increase. Most head
injury types showed no significant seasonal changes over 11 consecutive seasons, whereas the rate of
concussions increased significantly by 6.4%. This development is surprising. Potentially, the
increasing awareness of head injuries in professional football over the last years may be a
reasonable/valid explanation and responsible for the increase as more concussions may be
reported.[20, 27, 29] Additionally, increasing match dynamics over the years could contribute to
increasing numbers of concussions. Speed, techniques, equipment and game play in general (e.g.
tactics) seem to experience a continuously evolution.[7, 37] Especially physical and technical demands
have increased substantially.[2] It is feasible and comprehensible that these evolutional trends may

transfer to different (head) injuries as well.

Time loss and, consequently, breaks from football can differ regarding specific head injury types, but
can also be dependent on appropriate treatment, recovery and injury complications. More
comprehensive injuries (more than one diagnosis) might prolong the anticipated recovery time and
thus the time loss and the return to play. The mean time loss for concussions was 10 days in this study,
which is in accordance with a previous study in which the mean time loss was 10.5 days.[33] Return to
play after sustaining a concussion was previously recommended after 7-10 days.[29] However,

symptoms may persist even longer (e.g. PCS).[20, 25, 28] The median time loss was 6 days suggesting



that some concussed players returned to play in less than 1 week despite current consensus

recommendations that emphasise a sufficient rest period to achieve full recovery.[29]

Head to head contact was the main injury mechanism for head injuries in this study. It accounted for
38% of all head injuries and remained stable throughout the 11 season time period. It has previously
been considered to be the predominant injury mechanism with regard to the causation of head
injuries.[14, 33] Similarly, the elbow to head mechanism did not change either over this time period.
The rule change in 2006 was able to reduce elbow to head blows by about 23% when compared to
seasons before the rule change.[3] A reduced number of elbow to head contacts was also described by
Bjgrneboe et al. after stricter interpretation of the rules over the duration of one season, supporting this

decrease.[6]

Prevention strategies and methods are required as head injuries bear the risk of long-term and
potentially life-threatening consequences.[22] As most head injuries are the result of head to head
contact, prohibiting intentional elbow blows to the head may have only had a limited effect on the
number of head injuries (which is possibly already ‘“harvested” by the rule change). Instead,
diminishing head to head contacts could be the target of future prevention strategies. Although, it is
impossible to reduce or even eliminate any contact between players. A logical step in the light of head
injury prevention from a solely medical point of view the final solution would be banning these
football-specific features that cause head to head contacts (e.g. header duels) from the game. But
undoubtedly, this would change the “heart of football” as this is a fundamental part of football.
Understanding potentially modifiable risk factors (e.g. fatigue, prior concussion, excessive post-injury
exercise) would help to design, implement and evaluate appropriate prevention interventions to reduce
the risk of head injuries.[13, 29] Protective equipment such as head gear was previously discussed as a
potential prevention tool, but currently there is no clear evidence of reduced frequencies or severity of
head injuries in football.[20, 27, 32] Potentially, specific strength training for the head-neck segment
could be a reasonable method to reduce head injuries or at least their severity. Strong neck muscles

may limit transmitted forces to the head and may stabilize the head during head impacts.[4, 20]



However, the personal awareness of an imminent impact seems to be crucial as otherwise the player

may be unable to adequately prepare the head-neck muscles for the upcoming impact forces.[20, 33]

Methodological considerations and limitations

Mixing retrospective data with prospective data inherits a large risk for bias as the prospective data are
most likely recorded more precisely/complete and are therefore more accurate. However, as a
prospective approach was not feasible for the seasons 2006/07 to 2013/14 (and given the fact that
strength of data collection in professional male football is the accuracy of time loss recording as full-
time football players are seen daily by the medical staff and the fact that news including injuries are
reported extensively by various media), the present analyses appear to be fairly complete.
Furthermore, prospective data collection may increase head injury numbers as a result of increased
registries, but this development was not apparent. Additionally, since the start of social media, the
information about injuries and personal data of players has increased tremendously over the years and
despite this increased availability of information and increased interest in detailed players’ data, the
overall head injury incidence rate has not raised. Nevertheless, it remains possible that the increase in
concussions may have been triggered by the prospective data collection in some seasons. Additionally,
there may be some bias as injury reports by media sources have unarguably increased since 2006. The
present database does not include training head injuries as these injuries are considerably lower
compared to match head injuries. The present data were not validated with medical records by each
team’s medical departments. The medical data were published by non-medical professionals and club
staff and, thus, their accuracy should be interpreted with caution. Despite this unknown validity in our
database, this limitation most likely has no influence on our main hypothesis “time trends”, because
this limitation may be consistent over the years. Diagnoses obtained from medical records are the gold
standard for research purposes,[1, 6, 15, 33] but online sports databases have been previously used to
gather information on injuries in professional football.[26] But even for gold standard research there is
no guarantee of data integrity. Bjgrnboe et al. found that medical staff reports underestimated the

incidence of time-loss injuries by up to 20%.[5]



Head injury mechanisms were investigated via video recordings. Ideally, the video recordings should
provide various perspectives, slow motions and display high solution quality. These prerequisites were

not always met, e.g. younger injuries compared to older injuries during the study period.

To evaluate time trends in head injury characteristics, we used a linear regression with log-
transformed IRs as the dependent variable. This methodological approach was also conducted by
Ekstrand et al. who analysed time-trends in injury characteristics over 11 consecutive seasons with
regard to muscle and ligament injuries in football.[12] However, time trends of facial/head
lacerations/abrasions as well as the head injury mechanisms elbow-head, foot-head, hand-head, and
knee-head had to be calculated with their IR without log-transformation as they contained the value
“zero”. To date, it seems that no gold standard exists to evaluate time-trends in injury characteristics

over multiple seasons.[12]

Conclusion

The number, type and injury mechanisms of match head injuries among male professional football
players remained stable with no seasonal variation over 11 consecutive seasons of the German
Bundesliga since the rule change that penalized elbow blows to the head in 2006. However, the
subcategory concussion increased slightly year on year over the seasons which may either be a result
of increasing match dynamics or raised awareness among team physicians. No seasonal trends were
seen in head injury mechanisms. Further preventative strategies are required to decrease head injuries
in professional male football. For instance, protective equipment could become promising.
Furthermore, equally important as diminishing the number of head injuries is improving the accuracy
in diagnosing and managing concussions. New protocols similar to NFL’s “concussion safety

protocol” could help to raise further awareness and recognition of concussions.
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Table 1 Head injury incidence rates and time loss from the season 2006/2007 to 2016/2017

Seasons 2006/07 2007/08 2008/09 2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 2016/17 Total
Seasons
Total head injuries 1.81 1.44 1.13 1.80 1.74 3.05 2.11 1.58 1.48 1.55 1.81 1.77
[1.19-2.75] [0.91-2.28] [0.67-1.90] [1.18-2.73] [1.14-2.67] [2.21-4.20] [1.44-3.10] [11.00-2.47] [0.93-2.35] [0.99-2.42] [1.19-2.75] [1.56-2.01]
Concussions/TBIs 0.41 0.48 0.32 0.41 0.58 0.49 0.57 0.58 0.49 0.81 0.74 0.53
[0.17-0.99] [0.22-1.07] [0.12-0.86] [0.17-0.98] [0.28-1.22] [0.22-1.10] [0.27-1.19] [0.28-1.22] [0.22-1.10] [0.44-1.51] [0.39-1.42] [0.42-0.67]
Facial/head fractures 0.08 0.56 0.32 0.65 0.33 0.66 0.73 041 0.25 0.33 0.41 0.43
[0.01-0.59] [0.27-1.17] [0.12-0.86] [0.33-1.31] [0.13-0.88] [0.33-1.32] [0.38-1.40] [0.17-1.00] [0.08-0.77] [0.12-0.87] [0.17-0.99] [0.33-0.56]
Lacerations / abrasions 0.74 0.32 0.24 0.57 0.42 1.24 0.49 0.25 0.33 0 0 0.42
[0.39-1.42]  [0.12-0.85] [0.08-0.75] [0.27-1.27] [0.17-1.00] [0.74-2.05] [0.22-1.08] [0.08-0.77] [0.12-0.88] [0.33-0.55]
Head contusions 0.33 0.08 0.16 0.08 0.42 0.49 0.16 0.25 0.25 0.33 0.66 0.30
[0.12-0.88]  [0.01-0.57] [0.04-0.64] [0.01-0.58] [0.17-1.00] [0.22-1.10] [0.04-0.65] [0.08-0.77] [0.08-0.77] [0.12-0.87] [0.33-1.32] [0.22-0.41]
Other head injuries 0.25 0 0.08 0.08 0 0.17 0.16 0.08 0.08 0.08 0 0.09
[0.08-0.77] [0.01-0.57] [0.01-0.58] [0.04-0.66] [0.04-0.65] [0.01-0.59] [0.01-0.59] [0.01-0.58] [0.05-0.16]
Mean = SD time loss (days) 55 17£16 12+10 8+6 65 819 7£8 43 816 10£18 5£5 810
Median time loss (days) 4 14 9 6 5 5 5 3 2 4 3 4
Range time loss (days) 0-18 3-54 2-32 2-26 2-22 1-28 2-38 1-14 1-70 1-80 1-15 0-80
0 days (slight) 4 0 0 0 0 0 0 0 0 0 0 4
1-3 days (minimal) 5 2 2 6 6 8 7 12 10 7 11 76
4-7 days (mild) 7 6 4 8 13 19 14 5 3 6 6 91
8-28 days (moderate) 6 5 7 8 2 8 3 2 4 5 5 55
>28 days (severe) 0 5 1 0 0 2 2 0 1 1 0 12

Numbers are incidence rates (IR = number of injuries per 1000 match hours) with the 95% confidence intervals in parentheses; SD: standard deviation; TBI:

injury.

traumatic brain



Fig. 1 Seasonal variation in head injury rates in 11 consecutive seasons. * p <0.05.
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Match Situations Leading to Head Injuries in
Professional Male Football (Soccer)—A

Video-based Analysis Over 12 Years

Florian Beaudouin, MSc,* Karen aus der Funten, MD,* Tobias Tro6B, BA,* Claus Reinsberger, MD, PhD,t and
Tim Meyer, MD, PhD*

Abstract \
Objective: To identify risk situations promoting head injuries in professional male football (soccer) and to investigate the impact of

arule change in 2006 punishing elbow-head contacts. Design: Analysis of video sequences of head events leading to head injury.
Participants: Professional football players of the first male German Bundesliga. Main Outcome Measures: Observational
criteria of head impacts on video recordings (players’ actions preceding head injuries, foul play—referee’s decision and assessment
of rater, ball possession, on-pitch medical treatment, and consequences of head impact). Results: Three hundred thirty-four head
injuries were reported in kicker Sportmagazin corresponding to an incidence rate of 2.25 (95% confidence interval 2.01-2.51) per
1000 player match hours. The injured player predominantly jumped (60%), headed the ball (36%), or ran forwards (20%); the
noninjured players mainly jumped (64 %), headed the ball (27%), or raised the elbow to the head (23%). Free ball situations (2 players
challenge for the ball) caused most of the head injuries (81%). The players’ action “raising the elbow” during a head injury seemed to
be lower after the rule change. Conclusions: Jumping for the ball with the intention of heading is the predominant action
associated with head injury risk. Head injuries occur most often when players challenge for the ball in a header duel. As head injuries
bear the potential risk of long-term health sequelae, the identification of situational circumstances is essential to develop pre-

ventative means in the future.

(Clin J Sport Med 2018;00:1-6)

Key Words: soccer, head impact, head trauma, injury situations, risk reduction

INTRODUCTION

The frequency of head injuries in professional football (soccer)
is rather low compared with other contact or collision sports
such as American football, rugby, or ice hockey.'™® Head
traumas in football typically occur because of body or object
contact such as goal posts, balls, or the ground.>® Head
traumas such as sport-related concussions may cause long-
lasting impairment.”” Potentially, repetitive head traumas
may be a risk factor for an impairment of long-term brain
health.'%!!

To prevent head injuries, it is necessary to know typical
circumstances of such incidents: the players’ actions on the
pitch immediately preceding the head injury, and the ball
possession status seem to be important aspects in this
regard.'®'? For this purpose, video analysis is a useful
technique.>®1>1418 Eyller et al®! investigated injury
mechanisms leading to head and neck injuries in
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international tournaments through this technique. They
identified clash of heads and furthermore elbow to head
strikes as the main cause of head injuries. As a consequence,
the International Football Association Board (IFAB)
enforced a rule change in 2006: Intentional elbow to head
strikes had subsequently to be penalized with a red card.
The influence of this rule change on head injuries has not yet
been investigated.

The primary purpose of this study was to describe and
assess circumstances immediately preceding head injuries
in professional male football. A secondary aim was to
investigate whether the rule change affected these
circumstances. The analysis of various head injury types
and their distinct injury mechanism are published
elsewhere.*’

METHODS
Study Sample and Design

A retrospective analysis of head injuries in the first male
German Bundesliga was completed encompassing the seasons
2000/2001 to 2012/2013. There are 18 teams in the league
with a mean of 570 active players in total per season. The rule
change (red card in case of intentional elbow to head strikes)
was introduced at the beginning of the season 2006/2007,
which was excluded from statistical analysis to guarantee an
even distribution of seasons before and after the rule change
and to allow for accustomization of players and referees to the
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new rule. This season was thus seen as a transition season. No
Research Ethics Board approval was required for this study
because all data were collected from public sources.*!

Data Collection

At first, head injuries were identified by a structured search in
the German football magazine “kicker Sportmagazin,” which
is published twice weekly with 1 journalist being responsible
for 1 club and having contact with the club every day. The
magazine presents injury reports. In addition, a free-text
search with defined search terms was conducted. It provided
all relevant data on diagnosis such as concussions/traumatic
brain injuries, contusions, facial fractures, and lacerations/
abrasions. The diagnoses were forwarded by team officials.
Afterward, video sequences of these head injuries were
obtained from the official German Football League [“Die
Liga—Fuf$ballverband (DFL)”]. Circumstances leading to
head impacts and subsequently head injuries were analyzed
from those video recordings.®"

Incident Assessment

The observational criteria of head impacts during matches are
listed below.®'#'%1” In case, a head injury involved a player—
player contact, the second player is referred to as the “non-
injured player.” A “free ball” situation means 2 players
challenge for the ball at the same time. “Player’s ball
possession” implies that 1 player is clearly in possession of
the ball. Head injuries without video recordings are excluded
in the analyses referring to total numbers and percentages.

o Action performed by the noninjured player: heads the ball,
1/2 footed tackle, slides in, raises elbow, pushes injured
player, runs into injured player, runs (forwards, backwards,
and sideways), falls on the injured player, jumps (sideways,
forwards, backwards, and upwards), and stands.

¢ Action performed by the injured player: heads the ball, 1/2
footed tackle, slides in, raises elbow, pushes opponent, runs
into opponent/team mate, runs (forwards, backwards, and
sideways), runs against goal/corner flag/advertising boards,
falls on the noninjured player, falls on the ground, jumps
(sideways, forwards, backwards, and upwards), and stands.

o Foul—referee decision: yes, no card, yellow card, red card,
and no.

o Foul—assessment of rater (football-experienced sports
scientist): yes, no card, yellow card, red card, and no.

o Injured player aware of imminent impact: yes, no.

« Ball possession status at the time of the incident: injured
player in ball possession, noninjured player in ball
possession, and free ball.

« Bleeding as consequences of the head impact: yes, no.

¢ On-pitch treatment—first aid: yes, no.

Match Exposure

Match exposure was recorded using the following calcula-
tion**: number of games X number of players on the field X
duration of the game in hours (1.5 hours per match). This
analysis included 34 games per team in the regular season plus
games in official national and international competitions, for
example, UEFA Champions-League or national DFB-Cup
(DFB-Pokal). Extra time in knock out games (2 X 15 minutes)
was also enclosed.
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Statistics

All statistical analyses were performed with Windows Excel
2010. The incidence rate (IR) for total head injuries was
calculated with the following formula: incidence = (number of
injuries/hours of match exposure) X 1000. For the IRs, 95%
confidence intervals (CIs) were calculated®:

Lower 95% Cl = Incidence/e1.96
X (square root [1/number of incidents]).

Upper 95% Cl = Incidence X e1.96
X (square root [1/number of incidents]).

Chi-square analyses were performed to determine differ-
ences between the 2 periods. Descriptive data are presented as
absolute numbers with percentages in parentheses. The
significance level was set at P < 0.05.

RESULTS

This study includes 334 head injuries (196 head injuries
during 2000/2001-2005/2006 and 138 during 2007/2008-
2012/2013) corresponding to an IR of 2.25 (95% CI,
2.02-2.51) per 1000 player match hours. Of these 334 head
injuries, 21% (n = 69) could not be analyzed in detail as
either the video recordings were unavailable (17.5%,
n = 58) or, despite the video recordings being present, the
injury mechanism was not apparent (3.5%,n = 11). For the
first period (2000/2001-2005/2006), 48 head injuries
(25%) could not be analyzed and for the second period
(2007/2008-2012/2013), 21 (15%).

Exposure

The total football exposure for all 12 seasons was 148 269
player match hours and 74 519.5 player match hours for the
seasons 2000/2001 to 2005/2006 and 73 749.5 for 2007/
2008 to 2012/2013.

Players’ Actions

Tables 1 and 2 display the results of the video analysis. The 3
most frequent actions performed by the noninjured players at
the time of the injury were jumping (sideways, backwards,
forwards, and upwards) (64%), heading the ball (27%), or
raising the elbow to the head (23%). The injured player
predominantly jumped (sideways, backwards, forwards, and
upwards) (60%), headed the ball (36%), or ran forwards
(20%). No head injury of this study occurred after solely
heading the ball in the light of purposeful heading with no
contact with an opponent. Between seasons 2000/2001 to
2005/2006 and 2007/2008 to 2012/2013, the action “raising
the elbow to head” was reduced by 23%. However, there was
no large difference for either the injured or the noninjured
player, if the 3 most frequent actions were compared. Seventy
one percent of the injured players were aware of the imminent
contact with either a player or an object.

Foul Play—Referee’s Decision and Assessment of Rater

The referee rated 74% of the head injuries as no foul play. The
foul assessment of the rater (football-experienced sports
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A\ = aeo A a O ead e A O O e Pla <
Seasons 2000/2001-2005/2006 2007/2008-2012/2013 x2and P
Action of the noninjured player
Jumps in total 86 (58) 84 (72) 5.32, 0.021
Jumps sideways 43 43 0.12,0.74
Jumps forwards 3121 36 (31) 3.34, 0.07
Jumps backwards 9 (6) 2(1) 3.14,0.08
Jumps upwards 42 (28) 42 (36) 1.71,0.19
Heads the ball 34 (23 38 (33) 2.98,0.84
Raises elbow to head 35 (24) 27 (23) 0.01,0.91
Runs forwards 26 (18) 20 (17) 0.01,0.92
Runs into injured player 15 (10) 12 (10) 0.01,0.97
Runs backwards 0 1 —
Stands 9 (6) 17 (19) 5.27,0.22
1/2 footed tackle 6 (4) 16 (14) 7.95, 0.005
Slides in 2 6 (5) 3.18, 0.07
Pushes injured player 32 1 0.60, 0.44
Falls on the injured player 3(2) 1 0.60, 0.44
Unknown 48 (25) 21 (15.5) 4.25,0.039
Action of the injured player
Jumps in total 79 (53) 79 (68) 5.43,0.20
Jumps sideways 4(3) 43) 0.12,0.74
Jumps forwards 26 (18) 30 (26) 2.56, 0.11
Jumps backwards 0 1 —
Jumps upwards 49 (33) 44 (38) 0.82, 0.37
Heads the ball 43 (29) 51 (44) 6.03, 0.014
Runs forward 23 (16) 29 (25) 3.54,0.06
Runs into opponent/team mate/object 15 (10) 8 (7) 0.90, 0.34
Runs backwards 1 1 0.03, 0.86
Stands 10 (7) 13(11) 1.56, 0.21
1/2 footed tackle 14 (10) 6 (9) 1.76,0.19
Slides in 10 (7) 9(8) 1.09, 0.77
Falls to the ground 8 (5) 1 413, 0.042
Raises elbow 0 0 —
Pushes opponent 0 0 —
Runs against goal/corner flag/bank 0 0 —
Falls on the noninjured player 0 0 e
Unknown 48 (25) 21 (15.5) 4.25,0.039
% in parentheses; values < 1% are not mentioned: x° = chi-square test; 196 head injuries were sustained during seasons 2000/2001 to 2005/2006 and 138 during 2007/2008 to 2012/2013.
Significance level p < 0.05.

scientist) resulted in 62% in a no foul decision. The referee
rated 26% of the head injuries as foul play and the rater 38%.
In 7%, the referee showed the yellow card, the rater would
have performed it in 24%.

Ball Possession, On-Pitch Medical Treatment, and
Consequences of Head Impact

Eighty-one percent of the head injuries occurred during
a free ball situation. On-pitch treatment was applied in
88%,12% were untreated. Bleeding occurred in 54 % of the
head injuries.

3

DISCUSSION

Many studies in professional football have used video
recordings to analyze injury mechanisms and their risk
factors.'>'*'® However, only few research groups in-
vestigated head injuries specifically and these studies were
conducted more than a decade ago.>®'? Considering the
rapidly changing nature of football concerning speed,
techniques, equipment, and game play in general (eg,
tactics),”* a re-evaluation of factors promoting head
injuries is important. Most players who suffered from
a head injury were aware of the imminent contact with
either an object or another player. This aspect is essential, as
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A\ = adeo A a O ead e 4 e PDbse atlo
Seasons 2000/2001-2005/2006 2007/2008-2012/2013 x2 and P
Foul referee decision

Yes 36 (25) 34 (27) 0.13,0.71

No card 25 (17) 19 (15) 0.26, 0.61

Yellow card 7(5) 13 (10) 2.90, 0.88

Red card 1 22 0.49, 0.49

No 109 (75) 93 (73) 0.13,0.71

Unknown 51 (26) 11 (8) 17.45, <0.00001
Foul—assessment of rater

Yes 51 (38) 51 (39) 0.06, 0.81

No card 12 (9 20 (15) 2.63, 0.1

Yellow card 36 (27) 28 (21) 0.95, 0.33

Red card 2 1 0.30, 0.58

No 85 (62) 80 (61) 0.06, 0.81

Unknown 60 (31) 7() 32.94, <0.00001
Injured player aware of imminent impact

Yes 101 (83) 86 (66) 0.14, 0.71

No 48 (17) 45 (34) 0.14, 0.71

Unknown 47 (24) 7 (5) 21.36, <0.00001
Ball possession status at the time of the injury

Injured player 10 (7) 8 (6) 0.07,0.79

Noninjured player 23 (16) 11 (8) 3.56, 0.06

Free ball 113 (77) 113 (86) 3.07, 0.08

Unknown 50 (25) 6 (4) 25.99, <0.00001
Consequences of the head impact—bleeding

Yes 85 (57) 67 (50) 1.41,0.24

No 63 (43) 66 (50) 1.41,0.24

Unknown 48 (25) 5(@) 26.41, <0.00001
On-pitch treatment

Yes 130 (88) 119 (88) 0.01, 0.94

No 17 (12) 16 (12) 0.01, 0.94

Unknown 49 (25) 3© 32.10, <0.00001
% in parentheses; values < 1% are not mentioned: x> = chi-square test; rater (football-experienced sport scientist); 196 head injuries were sustained during seasons 2000/2001 to 2005/
2006 and 138 during 2007/2008 to 2012/2013.
Significance level p < 0.05.

it allows the anticipation of the impact and subsequently
offers the opportunity to react accordingly, to reduce the
force of the impact and thus the severity of head injuries.

Players’ Action

In this study, jumping for the ball was the most frequently
performed action by the injured as well as by the noninjured
players at the time of the head injury. This is in line with
Fuller et al’s findings.® Especially free ball situations, when
2 players challenge for the ball in the air, had a greater
propensity for injury in this study. The main aim of jumping
is heading the ball. However, the ball as such does not seem
to be a main risk factor for head traumas in professional
football. Only 26% of the head injuries involved contact
with the ball. No head injury of this study occurred after
solely heading the ball, supporting this finding. This is also
in accordance with the results of Fuller et al.® They reported

4

a low IR of 0.05/1000 football hours for head injuries
because of solely heading the ball. Therefore, heading as
such seems to be a rather low-risk activity in the light of
traumatic head injuries. However, these results do not
allow conclusions about the risk of gradual onset or chronic
head injuries. Body contact either with the opponent or
sometimes with the team mate is the main risk factor for
head injuries. Previously published studies reported that
especially elbow to head mechanisms were responsible.
They caused up to 35% of all head injuries.”>® As
a consequence, the IFAB introduced a new rule in 2006
punishing conscious elbow to head movements with a red
card. In the current study, a raised elbow to head by the
noninjured player accounted for 23% of all head injuries.
The number seemed to be lower by 23% after the rule
change. It remains unknown how much the missing video
recordings would have changed the players’ action
elbow-head contact.

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Ball Possession and Foul Decision

The ball possession of the injured player has previously been
discussed as risk factor having the greatest impact on the
incidence of head injuries in football.®

Most injuries occurred after a free ball. Three-fourths of
the duels were assessed as fair play and compliant with the
current laws of the game by the referee. Most head to head
contacts occurred therefore accidentally. Only 31% of all
head injuries that occurred because of elbow to head contacts
were assessed as foul plays. This emphasizes that in most
duels an intentional strike with a part of the upper extremity,
for example, the elbow, has not been the predominant action
used by the noninjured player. Nevertheless, the raters
assessed foul plays more frequently than the referees and
decided to punish foul plays more often with a yellow card.
But, no difference was found for red card decisions.
Furthermore, there were no more red cards after the rule
change in 2006. Low red card decisions were also found in
a recent study with stricter interpretation of the rules over 1
season.?” It seems that it is rather difficult for referees to
recognize foul plays appropriately.?®

The remaining foul plays involved contact with a lower
extremity, for example, a raised leg/foot. A rule penalizing
“dangerous play” already exists. Nevertheless, punishing
elbow strikes was a logical step following on from Fuller
et al’s® and Andersen et al’s’ results whose numbers were
considerably higher compared with the results in this study.
Reasons for this development may be the rule change in the
first place. Less foul plays, an increase in fair play “thoughts”
during header duels or an improved players’ athletic
performance allowing for higher jumps without the mo-
mentum’s support by using the upper extremities might also
explain this change.

Aware of Imminent Contact

Most players were most likely aware of an imminent impact.
Being aware of the imminent contact is essential because it
allows for the anticipation of the situation. The latter can
reduce the injury risk as the player could, for example, activate
his neck muscles to reduce head acceleration or he could try to
move his head out of reach.?® Low head-neck muscle mass
with reduced muscle strength was previously discussed as
being a risk factor for high head accelerations in football with
a subsequent high risk of head injuries.?” Thus, specific
strength training for shoulder and neck musculature, teaching
heading skills, improving peripheral vision, and reaction time
may be recommended to prevent head injuries, although more
data are needed to confirm and quantify efficacy. In addition,
improving core and leg strength may help to maintain a stable
position in the air during headers.

Methodological Considerations

The head injuries were identified by a structured search in the
football magazine “kicker Sportmagazin,” which is published
twice weekly with 1 journalist being responsible for 1 club.
This man power and expertise should allow for a decent
accuracy of data.

The retrospective approach through an online open-source
sports database has been previously used to gather informa-
tion on injuries in professional football.”® Ideally, the video
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recordings should provide various perspectives, slow motions,
and display a good quality. These prerequisites were not
always met, for example, some injuries could be evaluated by
1 perspective only. Furthermore, 21% of the head injuries
were not available on video recordings (eg, international
games were completely missing or the injury was not caught
on camera). The evaluation of on-pitch treatment, bleedings
and referees’ foul decisions require longer video sequences.
Some sequences were stopped immediately after the head
injury occurred making the assessment of those criteria
impossible. Incidence rates and IR ratios were not calculated
for the observational categories, as the large missing numbers
of video sequences would have underestimated these rates.
Unfortunately, the present data may be confounded by the
relative number of missing data values. In addition, missing
data were different between the 2 periods impairing the
comparisons of observational criteria. Nevertheless, in this
analysis, 21% of the head injuries were not completely
available on video recordings. This percentage is in accor-
dance with a previous study in which 20% were not
identified.'® Other video analysis—based studies could not
identify about 34%° and 35%.’

As this analysis was based on retrospective data, the
assessment of variables (eg, team habits, playing tactics, etc.),
that may have contributed to injury risk, was not feasible.
Furthermore, potential confounding factors such as age,
height, weight, experience, player’s position, or previous
injury could not be obtained.

CONCLUSIONS

The present data suggest that jumping with the intention of
heading the ball is the predominant players’ action leading to
a head injury. The rule change in 2006 led potentially to
a reduction of “raising the elbow to head” movements that
were deemed responsible for head injuries in many cases. Free
balls caused by far the most head injuries as compared to being
in ball possession. Using high-quality video material in future
may help to keep identifying head injury prone match
situations to develop preventative means.
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Head injuries in professional male football (soccer)
over 13 years: 29% lower incidence rates after a rule

change (red card)

Florian Beaudouin,' Karen aus der Fiinten, Tobias TréB,' Claus Reinsberger,?

Tim Meyer'

ABSTRACT

Background Absolute numbers of head injuries in
foothall (soccer) are considerable because of its high
popularity and the large number of players. In 2006 a
rule was changed to reduce head injuries. Players were
given a red card (sent off) for intentional elbow-head
contact.

Aims To describe the head injury mechanism and
examine the effect of the rule change.

Methods Based on continuously recorded data from
the German football magazine “kicker”, a database

of all head injuries in the 1° German Male Bundesliga
was generated comprising seasons 2000/01-2012/13.
Injury mechanisms were analysed from video recordings.
Injury incidence rates (IR) and 95% confidence intervals
(95% CI) as well as incidence rate ratios (IRR) to assess
differences before and after the rule change were
calculated.

Results 356 head injuries were recorded (IR 2.22,
95% Cl 2.00 to 2.46 per 1000 match hours). Contact
with another player caused most head injuries, more
specifically because of head-head (34%) or elbow-head
(17%) contacts. After the rule change, head injuries
were reduced by 29% (IRR 0.71, 95% C1 0.57 to 0.86,
p=0.002). Lacerations/abrasions declined by 42% (95%
C10.39 t0 0.85), concussions by 29% (95% Cl 0.46 to
1.09), contusions by 18% (95% Cl 0.43 to 1.55) and
facial fractures by 16% (95% Cl 0.55 to 1.28).
Conclusions This rule change appeared to reduce the
risk of head injuries in men'’s professional football.

INTRODUCTION
A unique feature of football (soccer) is the inten-
tional use of the head to play the ball. Head
collisions with an opponent player are inevitable
with existing rules. Head injuries may also be caused
by unintended or unprepared heading the ball, by
kicking against the head or by contact between the
head and elbow/arm.'”” Prospective studies on head
and neck injuries identified the unfair use of the
upper extremity as a significant cause of head and
neck injuries." ®

Based on the analyses of injury mechanisms of
head injuries during the FIFA World Cups (1998-
2004),} 7 the International Football Association
Board (IFAB) altered the law of the game in 2006
so that direct and deliberate ‘elbows to head” were
punished with a red card.

We therefore aimed to (1) describe the most
common mechanisms leading to head injuries (in
matches only) in elite male football players and (2)

measure the effect of the rule change in the 2006/07
season on head injuries.

METHODS

Study sample and design

A retrospective analysis of injury incidence rates
(IRs) and injury mechanisms of head injuries in
the first German Male Bundesliga was conducted
for the seasons 2000/01-2012/13. We employed a
retrospective comparison between seasons before
the rule change and seasons afterwards. The rule
change (penalising intentional elbow-head contacts
with a red card) was introduced at the beginning
of the 2006/07 season. In the present study this
season was excluded from the analysis to ensure
that referees and players became accustomed to the
new rule. The analysis included 34 games per team
in the regular season as well as games in official
national and international competitions.

Neither Research Ethics Board approval nor the
registration on clinicaltrials.gov was required for
this study as all data were collected from public
sources. '’

Data collection

Data collection followed an a priori protocol and
analysis plan. Head injuries, including publicly avail-
able clinical information (diagnosis and time loss),
were identified by a structured search in the German
football magazine ‘kicker Sportmagazin® (all issues
available online), which is published twice weekly
with one journalist being responsible for one club and
having contact with the club every day. The maga-
zine presents injury reports. Additionally, a free-text
search with defined search terms was conducted.
For those injuries with an unknown outcome (eg,
towards the end of the season), the mean time loss for
the particular diagnosis in the present database was
considered. Only match injuries were analysed. The
injury mechanisms were captured on video record-
ings and analysed by two different investigators (sport
scientists).® ' ' Disagreements were discussed in a
consensus meeting with a third investigator (medical
doctor). The video recordings were re-evaluated and
a final decision was made by the third investigator.’
Head injuries with no video recording available
were classified as unknown injury mechanism and
accounted for 18%.

Incident assessment
Observational criteria of head impact events during
matches are listed in table 1. These defined criteria
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Table 1  Points of measurement for the retrospective analyses of
head impact events during matches

contact with opponent

contact with team mate

no contact with player

unknown

head—head

hand-head; arm (forearm and upper
arm)-head; elbow-head; shoulder—
head

pelvis—head; trunk-head

foot-head; knee—head; lower leg—
head; thigh-head

ball-head; ground-head; advertising
boards, goalpost, corner flag—head
front

side

back

top

Injury causation

Injury mechanisms

VY VVYYVYY

vy

v

Point of contact on the injured player's
head/neck

from behind
from the side
from the front
no tackling

Tackle direction

VVVVYVYVYY

are in accordance with the analyses of injury mechanisms that
have previously been published.® '' '* Head injuries without
video recordings are included in the analyses referring to total
numbers and percentages.

Injury assessment

The football magazine ‘kicker Sportmagazin® provided all rele-
vant data on diagnosis such as concussions/traumatic brain
injuries (TBI), contusions, facial fractures, lacerations/abrasions.
The diagnoses were forwarded by team officials. Fractures of
the zygomatic bone and skull (eg, base of the skull, calvaria
and frontal sinus) as well as head contusions (to the skull and
zygomatic bone only) were additionally grouped as ‘suspected
concussions’ (independent from the original injury). Injuries
with an unclear description and unknown diagnosis were cate-
gorised as ‘other injury’. In case an injury encompassed more
than one diagnosis, the more severe injury was recorded. The
severity of injuries was based on the time loss according to the
consensus statement published previously'’: slight (time loss 0
days); minimal (1-3 days); mild (4-7 days); moderate (8-28
days); severe (>28 days).

Match exposure

Match exposure was recorded via online sources on football
statistics and calculated using the following calculation'®: number
of official games x number of players on the field x duration
of the game in hours. Official games included all season games,
different cup games (eg, DFB-Cup) and international games (eg,
Champions League). Extra time in knock out games was also
considered. Games of the national teams were not included.

Inter-rater reliability

Two observers independently screened the video recordings
using a standardised evaluation sheet. The inter-rater reliability
was 87%.

STATISTICS
All statistical analyses were performed with Windows Excel
2010. IRs were calculated with the following formula: incidence

= (number of injuries/hours of match exposure) x 1000. For the
IRs, 95% Cls were calculated as follows'*:

Lower 95%CI = Incidence/el.96 X (square root [1/number of incidents])

Upper 950 CI = Incidence * e1.96 X (square root [1/number of incidents])

Injury incidences before and after the rule change were
considered significant if the 95% CI of the incidence rate ratio
(IRR) did not include 1.0 and if the p value of the z-statistics
was <0.05 (significance level for the o-error)." '® Descriptive
data such as injury characteristics are presented as absolute
numbers and percentages in parentheses.

RESULTS

Exposure and injury incidence rates (IRs)

Exposure and IRs are shown in table 2. The total exposure
over the 13-season period was 160413 hours. A total of 356
head injuries occurred of which 92% were time loss injuries.
The IR for each season is shown in figure 1. The IR for head
injuries was 2.22 (95% CI 2.00 to 2.46) per 1000 match hours.
Lacerations/abrasions were the most common head injuries
(33%); concussions/TBIs and facial fractures accounted for 25%
each; and contusions (12%) and ‘other injuries’ (5%) were the
least frequent injuries. 15% of all head injuries accounted for
suspected concussions. The highest average time loss (1412
days, median 9 days) was observed in facial/head fractures,
followed by concussions/TBIs (11=10 days, median 7 days),
head contusions (5 £4 days, median 4 days) and lacerations/abra-
sions (4+4 days, median 3 days).

The comparison before and after the rule change in 2006 is
shown in figure 2 and table 2. There was a lower number of head
injuries in the seasons after the rule change (2007/08-2012/13)
compared with before (2000/01-2005/06).

Injury mechanism

The detailed injury mechanisms are presented in table 3. The
IRR for the three most frequent injury mechanisms for the
first six seasons (2000/01-2005/06) versus the last six seasons
(2007/08-2012/13) was 0.86 (95% CI 0.60 to 1.25, p=0.43) for
head-head, 0.77 (95% CI 0.46 to 1.29, p=0.32) for elbow-head
and 0.71 (95% CI 0.34 to 1.49, p=0.37) for foot-head.

Point of contact on the head and tackle direction

More head impacts involved the side in the seasons 2007/08-
2012/13 compared with 2000/01-2005/06 (IRR 2.23, 95%CI
1.30 to 3.84, p=0.004). The back of the head was significantly
more often affected in the first six seasons (IRR 0.08, 95% CI
0.01 to 0.65, p=0.017). There was no difference for front and
top of the head contacts. There was no significant difference in
tackle direction before and after the rule change.

DISCUSSION

After the rule change that introduced the red card in 2006, the
overall number of head injuries decreased by about 29%. Lacera-
tions/abrasions declined by 42%, and there were also reductions
in concussions/TBI (29%), contusions (18%) and facial fractures
(16%). The injury mechanism elbow—head was reduced by about
23%.

Epidemiology of head injuries in professional football

Compared with other contact sports such as rugby, American
football or ice hockey, the IRs of head injuries in elite football
are low." ™" Injury rates in training are considerably lower
than match and overall (comprising match and training injuries)
rates.”” Nilsson et al'® reported a 38-fold higher rate of head
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Table 2 Comparison of injury characteristics of head injuries between the seasons 2000/01-2005/06 and 2007/08-2012/13

IR of 1000 match
2000/01- hours

IR of 1000 match
2000/01- hours

IR of 1000 match
2007/08- hours

2012/13  (95%Cl) 2005/06  (95%¢Cl) 2012/13 (95% Cl) IRR (95% Cl) p Value

Match exposure (hours) 160413 74 519.5 73 749.5
Head injuries (number) 356 2.22 (2.00 to 2.46) 196 2.63(2.29 10 3.03) 138 1.87 (1.58 t0 2.21) 0.71 (0.57 to 0.86) 0.002
Concussions/TBIs 90 0.56 (0.46 to 0.69) 50 0.67 (0.51 to 0.88) 35 0.48 (0.34 to 0.66) 0.71 (0.46 to 1.09) 0.12
Facial/head fractures 89 0.56 (0.45 to 0.68) 48 0.64 (0.49 to 0.86) 40 0.54 (0.40 to 0.74) 0.84 (0.55 to 1.28) 0.42
Contusions 42 0.26 (0.19 to 0.35) 21 0.28 (0.18 to 0.43) 17 0.23 (0.14 to 0.37) 0.82 (0.43 to 1.55) 0.54
Lacerations/abrasions 119 0.74 (0.62 to 0.89) 70 0.94 (0.74 t0 1.19) 40 0.54 (0.40 to 0.74) 0.58 (0.39 to 0.85) 0.006
Other injuries 16 0.10 (0.06 to 0.16) 7 0.09 (0.05 to 0.20) 6 0.08 (0.04 to 0.18) 0.87 (0.29 to 2.58) 0.80
Suspected concussions 53 0.33(0.25 t0 0.43) 27 0.36 (0.25 to 0.53) 26 0.35(0.24 t0 0.52) 0.97 (0.57 to 1.67) 0.92
Time loss head injuries (n) 329 2.05(1.84 10 2.29) 173 2.32 (2.00 to 2.70) 138 1.87 (1.58 t0 2.21)
Mean=SD time loss (days) 9+10 9+10 9+10
Median time loss (days) 5 6 5
Range of time loss (days) 0-62 0-62 0-52

1-3days 73 37 31

4-7days 152 80 65

8-28days 89 47 36

>28days 15 9

No time loss head injuries (n) 27 0.17 (0.12 t0 0.25) 23

0.31(0.21 to 0.46) 0 =

IR, incidence rate; IRR, incidence rate ratio; TBI, traumatic brain injury.

Suspected concussion, head contusions and fractures of the zygomatic bone and skull (eg, basal skull, calvaria and frontal sinus) excluding mandibular and nasal bone fractures,

lacerations/abrasions and neck contusions.

injuries during matches compared with training and a 78-fold
higher rate of concussions. Fuller’s work that led to the rule
change in 2006" reported an IR for head injuries of 12.5/1000
match hours with regard to international tournaments. The
IR of head injuries is highest in matches of international tourna-
ments® *' and can reach IRs for muscle injuries of approximately
10/1000 match hours" ** and joint injuries of 8/1000 match

hours."

Injury mechanisms and rule change
A rule was changed punishing direct and intentional elbow to
head hits with a red card. All injury types were reduced after
this rule change, demonstrating that rule changes in professional
football may be an effective means to prevent injury. Never-
theless, a considerable variability of injury incidences over the
13-year period became apparent (figure 1). A longitudinal inves-
tigation of head injuries comprising, for example, 10+ years
after the rule change is required to allow for a judgement on
whether the rule change has a permanent effect.

Head injuries caused by elbow to head movements were less
frequent after the rule change (IRR 0.77). This finding is in line
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Figure 1 Head injury variability in 13 seasons (2000/01-2012/13).

with the results of Bjerneboe et a/*> who found a reduction in

the rate of head incidents as well as head incidents caused by arm
to head contact after stricter interpretation of the rules. Adding
season 2006/07 to the six seasons after the rule change decreased
the IRR from 0.77 to 0.66. It remains unknown how much the
missing video recordings would have changed the injury mech-
anism elbow-head.

Extending current literature, any kind of body contact with
another player was the most frequent cause of head injuries (as
opposed to contact with the ground, posts, etc). Although the IR
of head injuries was lower after the rule change, the percentage
of contact-related injuries remained high. Potentially, there were
fewer fouls or a greater commitment to fair play during header
duels after the rule change, but it is impossible to reduce or even
eliminate any contact between players as this is a fundamental
part of football.

Head-head contact was the most frequent injury mechanism,
followed by elbow—head and foot-head both before and after the
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Figure 2 Head injury incidence rates for the seasons 2000/01—
2005/06 and 2007/08-2012/13.
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Table 3 Video analysis of injury mechanisms of head injuries

2000/01-2012/13

IR of 1000 match
hours
(95%Cl)

2000/01-2005/06

IR of 1000 match
hours
(95% CI)

2007/08-2012/13

IR of 1000 match
hours
(95% Cl)

Head injuries (n) 356 (100) 2.22 (2.00 to 2.46) 196 (100) 2.63 (2.29 t0 3.03) 138 (100) 1.87 (1.58 t0 2.21)
Head injuries on video 292 (82) 148 (75) 117 (85)
recordings
Contact with opponent 245 (69) 1.53 (1.35t0 1.73) 133 (68) 1.79 (1.51 t0 2.12) 111 (80) 1.51 (1.25t0 1.81)
Contact with team mate 26 (7) 0.16 (0.11 t0 0.24) 11(5) 0.15 (0.08 t0 0.27) 2(1.5) 0.03 (0.01 t0 0.11)
No contact with player 8(2) 0.05 (0.03 t0 0.10) 4(2) 0.05 (0.02 to 0.14) 4(3) 0.05 (0.02 to 0.15)
Unknown 79 (22) 0.49 (0.40 to 0.61) 48 (25) 0.64 (0.49 to 0.86) 21 (15.5) 0.29 (0.19 to 0.44)
Injury mechanism
Head-head 120 (34) 0.75 (0.63 to 0.90) 61 (31) 0.82 (0.64 to 1.05) 52 (38) 0.71 (0.54 t0 0.93)
Elbow-head 60 (17) 0.37 (0.29 to 0.48) 34 (17) 0.46 (0.33 to 0.64) 26 (19) 0.35 (0.24 to 0.52)
Foot-head 32(9) 0.20 (0.14 to 0.28) 17 (9) 0.23(0.14 t0 0.37) 12 (9) 0.16 (0.09 to 0.29)
Knee—head 15 (4) 0.09 (0.06 to 0.16) 7 (4) 0.09 (0.05 to 0.20) 7 (5) 0.10 (0.05 to 0.20)
Hand-head 14 (4) 0.09 (0.05 to 0.15) 7(4) 0.09 (0.05 to 0.20) 7(5) 0.10 (0.05 to 0.20)
Arm-head 9(3) 0.06 (0.03 t0 0.11) 6(3) 0.08 (0.04 to0 0.18) 3(2) 0.04 (0.01 t0 0.13)
Shoulder—head 8(2) 0.05 (0.03 t0 0.10) 6(3) 0.08 (0.04 t0 0.18) 2(1) 0.03 (0.01 t0 0.11)
Pelvis—head 5(1) 0.03 (0.01 to 0.07) 4(2) 0.05 (0.02 to 0.14) 1 0.01 (0.00 to 0.10)
Trunk—head 5(1) 0.03 (0.01 t0 0.07) 1 0.01 (0.00 to 0.10) 3(2) 0.04 (0.01 t0 0.13)
Lower leg-head 3(1) 0.02 (0.01 to 0.06) 0 - 0 -
Thigh-head 1 - 0 - 0 -
Ground-head 9(3) 0.06 (0.03 to 0.11) 6(3) 0.08 (0.04 to 0.18) 1 0.01 (0.00 to 0.10)
Ball-head 6(2) 0.04 (0.02 to 0.08) 3(1) 0.04 (0.01 t0 0.13) 3(2) 0.04 (0.01 t0 0.13)
Bank—head 1 0 = 0 =
Point of contact on injured
player’s head/neck
Front 207 (58) 1.30(1.13 to 1.48) 117 (60) 1.57 (1.31 t0 1.88) 90 (65) 1.22 (0.99 to 1.50)
Side 61(17) 0.38 (0.30 to 0.49) 19 (5) 0.26 (0.16 to 0.40) 42 (30) 0.57 (0.42 t0 0.77)
Back 13 (4) 0.08 (0.05 to 0.14) 12 (3) 0.16 (0.09 to 0.28) 1 0.01 (0.00 to 0.10)
Top 5(1) 0.03 (0.01 t0 0.07) 2 0.03 (0.01 t0 0.11) 3(2) 0.04 (0.01 t0 0.13)
Tackle direction
From the side 114 (32) 0.71 (0.59 to 0.85) 55 (28) 0.74 (0.57 to 0.96) 59 (43) 0.80 (0.62 to 1.03)
From the front 105 (30) 0.66 (0.54 to 0.79) 54 (28) 0.73 (0.56 to 0.95) 51 (37) 0.69 (0.53 t0 0.91)
From behind 51 (14) 0.32 (0.24 t0 0.42) 32 (16) 0.43 (0.30 to 0.61) 19 (14) 0.26 (0.16 to 0.40)
No tackling 5(2) 0.03 (0.01 to 0.07) 3 0.04 (0.01 to 0.13) 2(1) 0.03 (0.01 to 0.11)

% in parentheses; Values <1% are not mentioned; IR, incidence rate; 2000/01-2012/13 includes season 2006/07.

rule change. The present results for head-head contact (34%)
match with previously published data reporting 30-339%." ® *
The data of Delaney et al** matched the results of this study with
regard to elbow-head events (17% in both studies). Andersen
et al' reported a higher number of 34%. The upper extremity
(including hand and arm) caused 35%° and 38%,” respec-
tively, of head injuries. It should be noted that the latter studies
were performed before the adaptation of the law in 2006 and
might therefore have demonstrated higher numbers compared
with the results of the present study.

Heading is a unique feature of football. The attempt to
head the ball was the predominant action performed by both
injured and non-injured players. Interestingly, no head injury
occurred after intentional heading of the ball, indicating that
the skill ‘heading’ is well trained. The effects of repetitive
heading without resulting in concussions remain to be eluci-
dated and were not within the scope of this project. Literature
reviews on heading report conflicting results,” 7 *° %’ but need
to be interpreted with caution as the differentiation between
(serial) concussions and sub-concussive blows is mandatory at
this point.

Methodological considerations

All retrospective studies have some risk of bias and allow limited
causal inference. Other factors, besides the rule change, may
have contributed to the reduction of head injuries. Omitting
season 2006/07 was considered to most appropriately carve out
the potential effect of the rule change.

Interpreting head injuries is difficult as injuries with (accom-
panying) concussion symptoms are often not diagnosed as
concussion or TBI but, for example, as head contusion only.
Concussions can easily be overlooked by laypersons and even
medical staff due to mild symptoms or even masked post-injury
signs by the player himself. Donaldson et al'’ added facial frac-
tures, excluding the nasal bone, to the category of concussion
under the subheading ‘suspected concussion’. Their rationale
was that substantial force is required to cause a facial fracture
and this could also be associated with an intracranial injury.*® %’
According to this, the estimated number of unreported cases of
concussions and TBIs is even higher than has been reported,'” '*
but remains uncertain. We used the diagnosis ‘suspected concus-
sion” as well. Facial fractures were included only if they affected
the zygomatic bone or the skull. Additionally, head contusions
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to the aforementioned bones counted towards this category.
Injuries affecting the nasal bone such as fractures or contusions,
mandibular fractures and lacerations/abrasions were excluded
from that category as such injuries may not necessarily transmit
the force of impact directly to the cranium and the brain respec-
tively. Certain lacerations/abrasions (if located directly on the
skull) might be forceful enough to cause concussions and may
also be classified as minor intracranial injuries. On the other
hand, injuries retrospectively assigned to the category ‘suspected
concussion” might not have resulted in concussion-like impair-
ments. Thus, the error of estimation for ‘suspected concussion’
seems likely to be somewhat balanced. Some head injuries (7%)
encompassed more than one diagnosis. In these cases the more
severe injury was recorded. These more comprehensive injuries
might prolong the anticipated recovery time, and thus the time
loss and the return to play.

Return to play after sustaining a concussion was previously
recommended after 7-10 days.® However, symptoms may persist
even longer.’” *! The mean time loss after concussion and TBI
during the 13-season period of the study was 11 days. This is
consistent with the data of Nilsson et al.'® However, half of the
present concussed players returned to play in less than 1week
despite current consensus recommendations that emphasise a
sufficient rest period to achieve full recovery.® Our data suggest
that at least some players may have returned to play prematurely
after concussion, but our study was not designed to address such
a question.

In this analysis 829% of the head injuries were available on video
recordings and can be regarded as excellent. This percentage is
in accordance with a previous study in which 80% were identi-
fied.'* Other video analysis-based studies identified about 66%"*
and 65%." The inter-rater reliability of 87% can be regarded as
good compared with previously published studies of 85%° and
95%.” Only 18% of the head injury events were not available
on video recordings. We see the video evidence and analysis as a
strength of this study.

A strength of data collection in professional male football is
the accuracy of time loss recording as full-time football players
are seen daily by the medical staff. The football magazine ‘kicker
Sportmagazin® is published twice weekly with one journalist
being responsible for one club and usually having contact with

What are the new findings?

» The injury incidence rate for head injuries in German
professional football is lower than in high-risk sports

» Head to head and the unfair use of the elbow are the main
injury mechanisms leading to head injuries

» Rule changes as an injury prevention strategy appear to
reduce the occurrence of head injuries

» Lacerations/abrasions and concussions/traumatic brain
injuries decreased the most

How might it impact on clinical practice in the near

future?

» As head injuries bear the potential risk of long-term health
sequelae, the identification of injury mechanisms is essential
to develop preventative means in the future

» The present data may be helpful for decisions on when to
return to play

the club every day. Similarly, online open-source sports data-
bases and the diagnoses being communicated to these media
by team officials have previously been used to gather informa-
tion on injuries in professional football.'” ** Yet the present data
were not validated with medical records by each team’s medical
departments.

CONCLUSION

Most head injuries in professional male football are caused by
head-head and elbow-head contacts. After the rule change,
the IR for elbow-head incidents decreased by 29% as well
as the IRs for all head injury types. Rule changes in football
may be an appropriate means of achieving a reduction in head
injuries.
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