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Introduction
Prospective studies on head and neck injuries in professional male 
football (soccer) identified the unfair use of the upper extremity (par-
ticularly 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 de-
liberate blows to the head from the elbow an instant red-card of-
fence. The effect of this rule change has previously been investigat-
ed by comparing head injury data of the 2000/01–2005/06 seasons 
with data of the 2007/08–2012/13 seasons [3]. Consequently, this 
preventative measure appeared to be efficient in reducing the num-
ber of head injuries (29 % lower incidence rates after this rule change). 

When considering the reported rise in the speed, technique, equip-
ment, game play in general (e. g., tactics), increased number of 
matches in the seasonal schedule, time pressure, and general pres-
sure on players [2, 7, 37], appropriate head injury monitoring is de-
sirable. 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, 
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ABsTR ACT

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 continu-
ously 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 seasons (2006/07–2016/17). Injury mecha-
nisms were analysed from video recordings. Injury incidence 
rates (IR) and 95 % confidence intervals (95 % CI) were calcu-
lated. Time trends were analysed via linear regression. Two 
hundred thirty-eight 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), lacera-
tions/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 concussion subcategory 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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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 Ger-
man Bundesliga was completed encompassing the 2006/07 to 
2016/17 seasons (11 full seasons; 2006/07 to 2013/14 seasons ret-
rospectively and 2014/15 to 2016/17 seasons prospectively). Since 
the 2006/07 season, intentional elbow-to-head blows have been 
punished with a red card. Data collection followed an a priori pro-
tocol and analysis plan. Data were mainly identified by a structured 
search in the “kicker Sportmagazin®” sports magazine (online edi-
tion). 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 of-
fered 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, man-
dible, maxilla, nose, and eye. Additionally, web pages (transfer-
markt.de, ligainsider.de), social media of the players and teams 
(Twitter, Facebook and Instagram), team homepages and newslet-
ters, 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 re-
search 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 de-
scription 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]: 

 ▪ Injury causation: contact with opponent or team mate, no 
contact with player, or unknown

 ▪ 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 mecha-
nisms that have previously been published [15, 34, 35]. Video re-
cordings were obtained from the official German Football League 
(“Die Liga – Fußballverband (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 cal-
culation [16]: number of games x number of players on the field 
(11 players) x duration of the game in hours (1.5 h 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 Cham-
pions League). Extra time in knock-out games (2 × 15 min) 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). In-
jury incidence rates (IR) were calculated with the following formu-
la [16]: incidence = (number of injuries / hours of match expo-
sure) × 1000. For the incidence rates, 95 % confidence intervals (CI) 
were calculated as follows [18]:

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

Upper 95% CI = Incidence * e1.96 × (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 h. Two hundred thirty-eight 
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 (me-
dian 4, range 0–80 days). Average time loss for concussion was 
10 ± 10 days (median 6, range 1–47 days), for facial/head contu-
sions 5 ± 5 days (median 3, range 1–21 days), for facial/head frac-
tures 13 ± 16 days (median 7, range 1–80 days), and for facial/head 
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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 because either the video re-
cordings 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 are shown in ▶Fig. 1. No sea-
sonal changes were found in the IRs for total head injuries 
(R² = 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 (R² = 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 an-
nual average year-on-year increase for concussion was 6.4 % 
(R² = 0.623, b = 0.064, 95 % CI 0.026 to 0.101, p = 0.004).

Head injury mechanisms and time trends
The 5 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 % CI 0.05–0.16).

The time trends for the 5 most frequent head injury mechanisms 
are shown in ▶Fig. 2. Head-head (R² = 0.056, b = 0.028, 95 % CI 
–0.058 to 0.113, p = 0.483), elbow-head (R² = 0.002, b = − 0.003, 
95 % CI –0.046 to 0.041, p = 0.894), foot-head (R² = 0.009, 
b = − 0.004, 95 % CI –0.036 to 0.028, p = 0.0781), hand-head 
(R² = 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 signif-
icant seasonal changes for the IRs of total head injuries or for most 
of the subcategories such as facial/head fractures, facial/head lac-
erations/abrasions, and facial/head contusions over the 11-year 
period among male professional football players. The main head 
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injury mechanisms also showed no sign of change across the time 
period. However, an exception was the IR of concussion because 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 
because they can potentially lead to long-term sequelae such as 
postconcussion syndrome (PCS) or – if they occur repetitively – 
chronic neurocognitive impairment (CNI), or even chronic trau-
matic 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 po-
tential underreporting of injuries, because their signs and symp-
toms can rapidly change as well as rapidly disappear [29]. Head 
traumas/concussions are considered to be one of the most com-
plex acute injuries in sports medicine to diagnose, assess and man-
age [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 undiag-
nosed throughout different sports [30, 31, 38]. Undiagnosed con-
cussions may be the result of being overlooked by non-medical pro-
fessionals 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 recent years [1, 6, 33], whereas 
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 high-
er rate of head injuries during matches compared with training and 
even a 78-fold higher rate of concussions in matches [33]. The high-
est 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 2000/01–
2005/06 seasons. Nevertheless, ongoing head injury monitoring 
remains essential in order to continue identifying the risk of sus-
taining head injuries and potential sequelae. Monitoring head in-
juries offers the opportunity to prevent their increase. Most head 
injury types showed no significant seasonal changes over 11 con-
secutive seasons, whereas the rate of concussions increased signif-
icantly by 6.4 %. This development is surprising. Potentially, the in-
creasing awareness of head injuries in professional football over re-
cent years may be a reasonable/valid explanation and responsible 
for the increase because 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 continuous evolution [7, 37]. Especially phys-
ical 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 re-
garding 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 consen-
sus 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 pre-
viously 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 pe-
riod. 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 Bjørneboe et al. after stricter interpretation of the 
rules over the duration of one season, supporting this decrease [6].

Prevention strategies and methods are required because 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 had only 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 light of 
head injury prevention from a solely medical point of view the final 
solution would be banning these football-specific features that 
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cause head-to-head contacts (e. g., header duels) from the game. 
But undoubtedly, this would change the “heart of football” because 
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 evalu-
ate appropriate prevention interventions to reduce the risk of head 
injuries [13, 29]. Protective equipment such as head gear was pre-
viously discussed as a potential prevention tool, but currently there 
is no clear evidence of reduced frequencies or severity of head in-
juries in football [20, 27, 32]. Potentially, specific strength training 
for the head-neck segment could be a reasonable method to re-
duce 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, personal awareness of an 
imminent impact seems to be crucial because otherwise the play-
er 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 because 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 2006/07 to 2013/14 
seasons (and given the fact that the strength of data collection in 
professional male football is the accuracy of time loss recording be-
cause full-time football players are seen daily by the medical staff 
and the fact that news including injuries is 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 in-
creased tremendously over the years, and despite this increased 
availability of information and increased interest in detailed play-
ers’ data, the overall head injury incidence rate has not risen. Nev-
ertheless, it remains possible that the increase in concussions may 
have been triggered by the prospective data collection in some sea-
sons. Additionally, there may be some bias because injury reports 
by media sources have unarguably increased since 2006. The pre-
sent database does not include training head injuries because 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 con-
sistent over the years. Diagnoses obtained from medical records 
are the gold standard for research purposes [1, 6, 15, 33], but on-
line sports databases have been previously used to gather informa-
tion on injuries in professional football [26]. But even for gold stand-
ard research there is no guarantee of data integrity. Bjørnboe 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-resolution quality. These prerequi-

sites 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 varia-
ble. This methodological approach was also conducted by Ekstrand 
et al. who analysed time trends in injury characteristics over 11 con-
secutive seasons with regard to muscle and ligament injuries in 
football [12]. However, time trends of facial/head lacerations/abra-
sions as well as the elbow-head, foot-head, hand-head, and knee-
head injury mechanisms had to be calculated with their IR without 
log-transformation because 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 concussion subcategory 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 mecha-
nisms. Further preventative strategies are required to decrease 
head injuries in professional male football. For instance, protective 
equipment could become promising. Furthermore, equally impor-
tant 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 fur-
ther awareness and recognition of concussions.
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