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ABSTRACT
This exploratory video analysis study aimed to review characteristics of potential head injury situations 
during a men’s professional international football tournament. For 64 matches of the FIFA World Cup Qatar 
2022™ FIFA analysts used match footage to record all potential head injury situations. A potential head 
injury situation was defined as a player staying down for more than 5 s and/or requesting medical attention, 
and where the body impact location included the player’s head. Characteristics were further recorded for 
match, player (i.e. player action including aerial duels), medical assessment, and outcome (e.g. substitution). 
Descriptive statistics are reported as well as Pearson’s Chi-squared test (or Fisher’s exact test) to explore 
potential head injury situations more likely to result in medical attention. In total, 149 potential head injury 
situations occurred in 56 matches (mean 2.33/match, range 0–6) involving 117 players. Eight matches 
resulted in no incidents. Aerial duels were the most frequent match characteristic leading to a potential 
head injury situation. Injury stoppage with on-pitch medical assessment occurred in 35 of the 149 potential 
head injury situations (23%), with pitch-side assessment also occurring in 15 situations (10%), resulting in 
four concussion substitutions. Players were more likely to require medical attention for potential head 
injuries sustained when the ball was loose (χ2 = 6.88; p = 0.038) when the injured player was jumping (FET p  
= 0.044) and for head-to-head contact (FET p = <0.001). Further exploration of aerial duels during match 
play which do and do not lead to potential and actual head injuries is recommended.
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Background

Head injuries account for around 2% of all time-loss injuries in 
men’s professional football (Nilsson et al. 2013), with the most 
common injuries being contusions, skin lacerations, and con
cussions (Nilsson et al. 2013; Krutsch et al. 2021), often caused 
by player-to-player contact when competing for an aerial ball 
(Beaudouin et al. 2021). The mean return to play time following 
a concussion ranged from 11 days (English Premier League) to 
39 days (Major League Soccer, US) over a ten-year period from 
2008 to 2017 (Ramkumar et al. 2019). Following a head injury, 
performance can also be affected; out-field players in the 
English Premier League who returned to play following a 
time-loss concussion injury demonstrated fewer assists, started 
in fewer games, had fewer shots on goal, and took fewer total 
shots per year than those without a concussion (Ramkumar et 
al. 2019). A history of concussion is also a risk factor for a new 
concussion (Vedung et al. 2020), with the risk increasing by as 
much as 50% in professional male football players (Nordström 
et al. 2014), placing importance on the primary and secondary 
prevention of head injuries. Given the prevalence and potential 
severity of head injuries in football, further interventions should 
be explored. Before this can happen, a more detailed and 

standardised analysis of situations in football which are more 
likely to lead to a potential head injury is needed. Potential 
head injury situations (broadened from the earlier published 
use of potential concussive events) (Abraham et al. 2019) is a 
term which can be used to capture situations where a player is 
observed, through video analysis, to experience a direct or 
indirect blow to the head and is unable to immediately resume 
play. Early identification and recognition of potential head 
injury situations is important to ensure that players receive 
timely assessment to determine whether a diagnosable head 
injury (such as concussion) has occurred. Understanding and 
highlighting high-risk head injury situations can help inform 
the training of match doctors and other medical staff, but also 
provide information to match officials and coaches, for the 
benefit of all players. The observation of a potentially injurious 
head impact (such as those observed in real-time by concussion 
or injury spotters) (Serner et al. 2023) should trigger a medical 
follow-up, even if this occurs after the match, given that players 
have been shown to under-report their concussion symptoms 
(Meier et al. 2015) and that undiagnosed concussions and 
delayed management can lead to worse player outcomes 
including higher symptom severity scores (Lynall et al. 2022). 
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Further details on potential head injury situations may also be 
able to inform injury prevention strategies.

The aim of this exploratory video analysis study was to 
describe the characteristics of potential head injury situations 
during the FIFA World Cup Qatar 2022™.

Methods

Data for this study were collected during the FIFA World Cup™ 
November 20 to 18 December 2022. This tournament consisted 
of 64 matches, 48 played during the group stage and 16 
matches played during the knockout stage. This study is a 
detailed sub-study of a study reporting on all potential injuries 
during the FIFA World Cup 2022 reported separately 
(Clinicaltrials.gov: NCT05629182) (Aiello et al. 2024).

Ethics

Ethics exemption was granted by the Swiss Association of 
Research Ethics Committees, Kanton Zurich (BASEC-Nr. Req- 
2022 -01,389).

FIFA Football Language

Data are reported using the ‘FIFA Football Language’ (including 
medical coding) which is an open-source, standardised frame
work for the future analysis of football (FIFA 2023a), based on 
the Football Injury Inciting Circumstances Classification System 
(Aiello et al. 2023) and used to report potential injury situations 
(Aiello et al. 2024). While match analysis that combines football 
specific and medical information to achieve a better under
standing of injury mechanisms and events leading up to 
higher-risk situations is not new (Andersen et al. 2003), the 
FIFA Football Language provides operational definitions to 
clearly define each player and match action. A medical coding 
was added to the football language to detect situations when 
the players could be injured (with multiple video examples 
available online to clearly demonstrate how each definition 
should be applied) (FIFA 2023b).

Coding

Five FIFA analysts used match footage to analyse and record all 
potential head injury situations using the medical extension of 
the FIFA Football Language. This was done remotely using four 
camera feeds (Tactical, Programme, High Behind, CAM1; resolu
tion: 1280 × 720, format: H.264, data rate: 3.69 Mbit/s). All the 
analysts held a MSc degree in Performance Analysis, had 
worked as FIFA Football Analysts for 1 year or more and had 
completed comprehensive training.

The term ‘potential head injury’ was used to capture situa
tions where a player remained on the ground for 5 s or longer, 
and/or indicated to the referee, another player, or a member of 
staff that they needed medical assessment. The five-second 
threshold was used to align with FIFA Medical’s Concussion 
Protocol (FIFA 2022). In all potential injuries, the involved body 
part was scored and for this study, we included all potential 
injuries determined to be related to the head (including face) 
by the analyst.

Match characteristics including match number, teams 
involved, stage of tournament (group or knockout), and time 
of potential head injury situation (recorded in minutes/seconds 
using the match clock) were recorded. Additional characteris
tics are presented in Table 1.

Time characteristics
As well as coding the time the potential head injury situation 
occurred, the analysts recorded the time taken (in seconds) 1) 
from when the potential head injury situation occurred to the 
outcome for the player to demonstrate injury signs, 3) for the 
referee to signal that medical attention was required, 4) from 
when medical attention was deemed necessary and the player 
receiving medical attention, and 5) the time taken to provide 
medical assessment.

Additional characteristics related to player action
Separately, 25 other FIFA analysts recorded each player action 
according to the FIFA football language (Table 2). Subsequently, 
this was combined with the medical coding, meaning that player 
actions for each potential head injury situation were available 
and could be compared with the total number of the same 
player action not resulting in a potential head injury situation.

Referee characteristics (such as yellow/red cards awarded) 
were also compared to the referee coding of the FIFA football 
language.

Data analysis

Inter-rater reliability
Inter-rater reliability of analyst coding was undertaken using 
the kappaSize package version 1.2 in RStudio (Version 4.3.0) and 
was completed in two stages (RStudio 2020). First, five different 
raters were asked to code a sample of 129 video clips in which 
65 clips involved a potential injury incidence and 64 clips did 
not. Second, 205 clips of injury incidences were then coded by 
four different raters using the nominal variables of the medical 
coding framework used in this study. The sample size of video 
clips required for both these analyses was determined based on 
a 95% confidence interval (CI) range of 0.6–0.8 which relates to 
a point estimate of k of 0.7 and a precision of ± 0.1 (Zapf et al.  
2016). Reliability was assessed using Fleiss’ K using the irr 
package with bootstrapping applied to simulate 1000 samples 
and calculation of 95% CI. Results were interpreted as <0.01 
(poor), 0.02–0.20 (slight), 0.21–0.40 (fair), 0.41–0.60 (moderate), 
0.61–0.80 (substantial), 0.81–1.00 (almost perfect) (Landis and 
Koch 1977).

The results for inter-rater reliability for the first stage, spot
ting of potential injury incidences, demonstrated a 95% CI of 
0.74–0.84 (substantial to almost perfect agreement). Inter-rater 
reliability in the second stage of the analysis, which included 
the medical coding used in this study, demonstrated a 95% CI 
ranging from 0.34 to 0.48 (fair to moderate agreement) for 
other player body part to 0.96–1.00 (almost perfect agreement) 
for injury outcome. The median 95% CI of medical coding was  
>0.55 (moderate agreement).

Data analysis was completed using STATA version 18 
(College Station, Texas, USA). Descriptive statistics are reported 
for the total number of potential head injury situations using 
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counts, means (standard deviation), and percentages for each 
of the different variables for match, time, referee, and other 
characteristics. Incidence rates of potential head injury situa
tions are presented as match exposure time using earlier pub
lished formulas (match exposure per country/team was 
calculated as number of matches played × number of players 
× duration of the match; with incidence rate per 1000 match 
hours = (number of potential head injury situations/match 
exposure time) × 1000) (Beaudouin et al. 2020; Peek et al.  
2021, 2021). We conducted a post hoc analysis to examine 
characteristics that were more likely to result in a medical 
assessment. Independence among these characteristics was 
assessed using Pearson’s chi-squared test (reported in the 
results as χ2) or Fisher’s exact test (reported as FET) for catego
rical data. Fisher’s exact test was employed in cases where 
variables had fewer than five observations. Significance level 

was set at 0.05. Cramer’s V, an effect size measurement for the 
Chi-squared test, is also reported with values of 0.15–0.24 and  
>0.25 interpreted as a strong or very strong effect size, respec
tively (Akoglu 2018). This study is completed with reference to 
the checklist for statistical assessment of medical papers 
(CHAMP) (Mansournia et al. 2021).

Results

Match characteristics

There were 149 potential head injury situations recorded across 
64 matches (mean 2.3 potential head injury situations per 
match, range 0–6). Across the entire tournament this equates 
to an incidence rate of 68.8 potential head injury situations per 
1000 match hours.

Table 1. Categories and definitions of player and outcome characteristics recorded for all potential head injury situations.

Characteristics Categories and definitions

Player Playing position Goalkeeper: Player plays in goal 
Defender: Includes central defenders and full backs 
Midfielder: Includes defensive, attacking, central and other midfielders 
Forwards: Includes centre-forwards and wingers

Possession In possession: When a player is in controlled possession of the ball. 
Out of possession: When an opposition player has controlled possession of the ball. 
Loose ball: When no players are in possession of the ball.

Contact (yes/no) If yes, type of contact recorded: 
Direct: Direct contact to the head. 
Indirect: Player is contacted elsewhere on the body (e.g., pushed, pulled). 
Non-contact: Potential head injury without having any contact with objects or other players.

Nature of contact (for direct and indirect 
contact situations only)

Opposing Player: Player makes contact with an opposing player (direct/indirect) 
Teammate: Player makes contact with a teammate (direct/indirect) 
Pitch Object: Player makes contact with a static pitch object (goal post or corner flag). 
Ball Contact: Player contact with the ball 
Other: As specified

Body part of contacting player (for direct 
and indirect contact situations only)

Head: The contacting player makes head-to-head contact 
Upper body: The contacting player makes upper body to head contact (includes shoulder, elbow, wrist and 

hand) 
Lower body: The contacting player makes lower body to head contact (includes thigh, knee and lower leg) 
Foot/ankle: The contacting player makes foot/ankle to head contact.

Movement of the impacted and contacting 
player (for direct and indirect contact 
situations only)

Static: Player was not moving at the time of the incident. 
Sliding: Player was intentionally sliding at the time of the incident. 
Falling: Player loses balance/stability and ends up in a non-upright position on the ground. 
Walking: Player engaged in locomotion with at least one foot remaining in contact with the ground. 
Jumping: Player was jumping at the time of the incident. This includes attempting to jump, in the air 

following a jump, or landing from a jump. 
Running: Player engaged with continuous and repetitive steps including a flight phase in which both feet 

are above the ground. This includes accelerating, decelerating, and running at a stead speed.
Outcome Match response No signs: Other players do not appear to acknowledge a player is potentially injured. 

Play on: Players from own or opposition team acknowledge player is potentially injured but continue to 
play. 

Referee intervention: Play is stopped due to the referee blowing their whistle
Referee intervention Injury stoppage: The referee acknowledges a player may be injured and stops play 

Foul for: The referee stops the match and calls a freekick. The foul was committed by the other player on the 
potentially injured player. 

Foul against: The referee stops the match and calls a freekick. The foul was committed by the potentially 
injured player

Injury stoppage Medic required: The medical staff are required to perform an injury assessment on the injured player (this 
includes on-pitch and off-pitch). 

Medic not required: The medical staff are not required to perform an injury assessment on the injured 
player.

Outcome of medical assessment Return to play: Player goes for medical assessment and re-enters the field of play after being signalled by 
the referee 

Taken off-walking: Player cannot continue and leaves the field of play (a substitution may occur if the team 
has sufficient numbers to do so) 

Taken off- stretcher: The player cannot continue and leaves the field of play by stretcher (a substitution may 
occur if the team has sufficient numbers to do so) 

Goalkeeper: The injured player is the goalkeeper meaning they do not need to leave the field of play 
following medical assessment. 

Substitution: Following the potential head injury situation, the player is substituted by their team.
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From 831 listed players, 680 players played in at least one 
match, with 117 players of these (17%) being involved in a 
potential head injury situation. This includes 96 players who 
were involved in one potential head injury situation, 15 players 
who were involved in two situations, four players involved in 
three and two players involved in four potential head injury 
situations. Ten players were involved in two potential head 
injury situations within the same match.

There were 110 potential head injury situations in the group 
stage (74%; 2.3/match, 69.4/1000 match hours) and 39 (26%, 
2.4/match; 66.9/1000 match hours) in the knockout stage. 
There were eight matches without a potential head injury 
situation (seven = group stage and one = knockout stage). 
From 32 teams, 31 had at least one potential head injury 
situation recorded across the tournament (mean 4.7 per team, 
range 0–16) (see supplementary file 1 for data for each 
country).

Regarding match time, 58 (39%) potential head injury situa
tions occurred in the first half (n = 18 required medical assess
ment) and 87 (58%) occurred in the second half of matches (n = 15 
requiring medical assessment) across the tournament. Of the five 
matches in the knockout stage that went to extra time, five (3%) 
potential head injury situations occurred during extra time with 
two requiring medical assessment, Figure 1.

Player characteristics

The most frequent potential injury sign was staying down for 
5 s (n = 144, 97%), whereas signalling for assistance without 
staying down was registered in five incidents (3%). At the time 
the potential head injury situation occurred, the ball was loose 
in 65 (44%) incidents. The impacted player was in possession of 
the ball in 52 (35%) incidents and in the opponent’s possession 
in 32 (21%) incidents.

Table 2. Type of player action and corresponding definition.

Player action Definition

Attempt at goal A distribution action performed by a player with the intention of scoring a goal.
Ball progression A distribution action performed by a player with the intention of breaching the opposition team shape by intentionally bypassing one or more 

opposition players whilst carrying the ball into space or directly beyond an opponent.
Pass A distribution action performed by a player with the intention of keeping possession of the ball. A player can manoeuvre the ball on the ground or 

aerially between themselves and a team-mate.
Offering to 

receive
A clear and deliberate action performed in an attempt to receive the ball, which has an impact on the current in-possession phase. This action can 

be via a clear and obvious signal or a movement (including a change in body shape).
Clearance A player attempts to clear the ball up field or out of play, usually to relieve the pressure or danger faced by themselves or their team.
Block A player attempts to stop the opposition’s in-possession action reaching its intended target without the aim of retaining possession of the ball for 

themselves (includes blocked pass, blocked cross, blocked clearance, blocked attempt at goal).
Tackle An attempt by a player to dispossess their opponent.
Pressing A player has closed space between themselves and an opposition player on the ball with the intention of reducing time and space for the 

opponent.
Pushing on A player attempts to close the space between themselves and an opposition player when the opposition player does not have the ball.
Aerial duel Two or more players compete for a ball that is above shoulder height; at least one player is off the ground and is being physically challenged by an 

opposition player.
Other duel Includes physical duel where two or more players compete physically to either win or retain possession of the ball for their team and all the players 

involved are on the ground. The duel must have started prior to either player receiving the ball; and duel where two or more players from 
opposing teams compete to win possession of a loose ball on the ground.
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Fifty-one (34%) potential head injury situations involved 
defenders (25 centre-backs and 26 full backs), 52 (35%) 
involved midfielders (23 central midfielders, 11 defensive mid
fielders, 10 attacking midfielders and 8 other midfielders), 45 
(30%) involved forward players (27 centre forwards and 18 
wingers) and 1 (1%) involved a goalkeeper.

The most frequent cause of a potential head injury situation 
was direct contact (n = 143, 96%). Of the 143 contact situations, 
124 (87%) involved contact with an opponent player, 10 (7%) 
involved a teammate and 9 (6%) involved the ball. In player-to- 
player contact events (n = 134), the direct contact from the 
other player was most frequently with the upper body (n = 83, 
56%) followed by the head (n = 31) (Table 3).

The referee stopped play to enable on-pitch medical assess
ment for 35 potential head injury situations (23%). Head–to- 
head contact led to more on-pitch medical assessment than 
any other opponent body part (n = 15, 43%), Table 3. Players 
were more likely to require medical attention for potential head 
injuries sustained when the ball was loose (χ2 (Krutsch et al.  
2021) = 6.88; p = 0.038, Cramer’s V = 0.215) than any other ball 
possession situation, when the injured player was jumping (FET 
= p = 0.044, Cramer’s V = 0.273) compared to any other physical 
activity, and for head-to-head contact (FET (Meier et al. 2015) = 
p = <0.001, Cramer’s V = 0.535) compared to any other head 
contact.

When there was player-to-player contact (n = 135), the 
most frequent player activity type of the impacted player 
was jumping (n = 61, 45%) and running (n = 55, 41%). When 
both players were jumping, 49 potential head injury situa
tions (80%) occurred when both players were in the air, five 
(8%) when the impacted player was taking off and the other 
player was in the air, two situations (3%) occurred when both 
players were taking off, and one situation (2%) occurred 

when the impacted player was landing, and the other player 
was in the air. If one or more players were running when the 
potential head injury situation occurred, most happened 
when the impacted player (n = 28) or both players (n = 22) 
were running at a steady speed followed by the impacted 
player (n = 12) or both players (n = 8) accelerating. Only two 
potential head injury situations occurred when the involved 
player was decelerating and none when both players were 
decelerating (see supplementary file 2 for data relating to 
activity type (impacted and other player) and opponent’s 
body part making direct head contact).

Player action

Across the whole tournament, the most common player action 
leading to a potential head injury situation across all teams was 
an aerial duel (Table 4). There were 4851 aerial duels in total 
(mean 75.8 per match; SD 25.5, range 37–170), giving an inci
dence rate (IR) of 2037/1000 match hours. In eight matches, 100 
or more aerial duels were recorded. Six of these were in the 
group stage: Cameroon v Serbia (n = 100); Ecuador v Senegal 
(n = 107); Uruguay v South Korea (n = 120); Australia v Denmark 
(n = 121), Mexico v Poland (n = 129); Tunisia v Australia 
(n = 159); and two in the knockout stage: Argentina v France 
(n = 101), Japan v Croatia (n = 170). Australia was involved in 
two matches with two of the highest number of aerial duels 
despite being the only country with no recorded potential head 
injury situations in any of their matches. In 46 (31%, IR 19.2/ 
1000 match hours) potential head injury situations, players 
were involved in an aerial duel. When considering the total 
number of aerial duels across the entire tournament, only 1% 
of aerial duels led to a potential head injury situation. Of the 46 
aerial duels which led to a potential head injury situation, 25 

Table 3. Overview of contact type in potential head injury situations stratified by the provision of on-pitch medical attention.

Contact type

All potential head 
injury situations 

(n=149)

Potential head injury situations 
with on-pitch medical attention 

(n=35)

Potential head injury situations with 
no on-pitch medical attention 

(n=114)

Potential head injury situations where the 
other player was sanctioned by referee 

(n=19)

Direct Contact with 
opponent’s body 
part

134 (89%) 29 (83%) 105 (92%) –

Head 31 (21%) 15 (43%) 16 (14%) –
Upper body 83 (56%) 9 (26%) 74 (65%) Yellow cards (16, 84%)

Elbow 22 (15%) 3 (9%) 19 (17%) (7, 37%)
Hand 20 (13%) 2 (6%) 18 (16%) (1, 5%)
Lower arm 16 (11%) 0 (0%) 16 (14%) (3, 16%)
Upper arm 13 (9%) 2 (6%) 11 (10%) (4, 21%)*
Shoulder 6 (4%) 2 (6%) 4 (4%) (1, 5%)
Upper  
body- 
unidentifiable 
location

6 (4%) 0 (0%) 6 (5%) –

Trunk 11 (7%) 2 (6%) 9 (8%) Red card (1, 5%) 
Yellow card (1, 5%)

Lower body 9 (6%) 3 (3%) 6 (5%) Yellow card (1, 5%)
Foot 6 (4%) 2 (0%) 4 (5%) (1, 5%)
Thigh 1 (<1%) 0 (0%) 1 (1%) –
Knee 1 (<1%) 1 (3%) 0 (0%) –
Lower leg 1 (<1%) 0 (0%) 1 (1%) –

Ball 9 (6%) 4 (12%) 5 (4%) –
Indirect contact 2 (1%) 0 (0%) 2 (2%) –
No contact 2 (1%) 1 (3%) 1 (<1%) –
Unidentifiable 2 (1%) 1 (3%) 1 (<1%) –

The ‘bold’ figures denote each category with upper and lower body further described by additional body locations within each category. *includes the one yellow card 
that was given to the injured player
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(54%, IR 1 0.4/1000 match hours) required on-pitch medical 
assessment (Table 4).

Outcome characteristics

The match was stopped in 114 potential head injury situations 
(78%), with no action taken by the referee in 36 situations (24%). 
When the referee took action, a foul for the impacted player was 
given in 60 situations, with a foul against the impacted player in 
eight situations. Across the entire tournament, there were 3172 
fouls called by referees (n = 1529 fouls for; n = 1643 fouls against; 
mean 49.6 per match), with 68 (2.1%) being related to potential 
head injury situations (mean 1.1 per match). In addition, the 
referee gave out one red card and 18 yellow cards related to 
potential head injury situations (17 yellow cards were given to 
the other player, with one yellow card given to the potentially 
injured player). The incident leading to the red card as well as 
one incident involving a yellow card given to the other player for 
elbow-to-head contact required on-pitch medical assessment.

In total, the referee called an injury stoppage to enable on- 
pitch medical assessment for 35 potential head injury situations 
(23%), with pitch-side assessment also occurring in 15 situa
tions (10%) resulting in three immediate substitutions, where 
all three teams used the additional concussion substitution. 
One additional player was substituted later in the match 
using a concussion substitution.

Time characteristics

For potential head injury situations where medical attention was 
required, a mean of 10.3 s (SD 4.9 s, range 3–20 s) elapsed 
between the referee signalling the medical team to come on 

the pitch and the commencement of medical assessment. The 
mean time taken to provide on-pitch medical assessment was 
56.1 s (SD 61.9 s, range 4–171 s). For off-pitch assessments, the 
mean duration of assessment was 24.2 s (SD 32.2, range 1–125 s). 
Total mean time for medical assessment combined was 63.2 s 
(SD 62.0 s, range 5–321 s).

Discussion

This exploratory video analysis study reports the characteris
tics of potential head injury situations during the 2022 FIFA 
World Cup™. The collection of data related to potential head 
injury situations and not just diagnosed or verified head 
injuries is important given the research and clinical concerns 
surrounding the relationship between head impacts and 
long-term brain health of football players (Ueda et al. 2023). 
While the incidence of headers (Roman et al. 2023) and 
concussion (Nilsson et al. 2013) have been reported in pro
fessional football players, data on potential head injuries are 
limited. Concussion is often seen as a ‘silent injury’ and relies 
on a combination of the following to support a diagnosis: 1) 
direct or indirect head impact event, 2) player reported symp
toms, 3) physical or clinical signs of injury. If the head impact 
event is missed, the player does not report any symptoms 
and there are no physical signs that a head impact has 
occurred such as bruising or laceration, then this injury 
could easily be missed, making data on the number and 
cause of potential head injury situations a useful addition to 
the literature. In total 149 potential head injury situations 
were recorded, 35 requiring on-pitch medical attention, 
with a mean time of 56.1 secs to provide assessment. Direct 

Table 4. Recorded player action for each potential head injury situation compared with the total number of the same player action not resulting in a potential head 
injury situation.

Player action

Total player 
actions in all 

matches

Mean number of 
actions per 

match 
(SD; range)

Number (%) of each actions 
leading to potential head injury 

situation

Mean potential head injury 
situations caused by this 

action  
per match (range)

Potential head injuries for this 
action requiring medical 

assessment 
n (%)*

Aerial duel 4851 75.8 
(25.5; 37–170)

46 (1%) 1 (0–4) 25 (54%)

Offering to receive 73126 1142.5 (299.8; 
721–2086)

14 (<0.1%) 0.2 (0–2) 2 (14%)

Ball progression 2707 42.3 
(10.4; 22–75)

9 (0.3%) 0.1 (0–1) 1 (11%)

Clearance 4089 63.9 
(17.3; 31–119)

7 (0.2%) 0.1 (0–1) 1 (14%)

Pressing 37313 583.0 
(81.6; 433–790)

6 (<0.1%) 0.1 (0–1) 1 (17%)

Other duel 1627 25.4 (8.1; 12–50) 5 (0.3%) 0.1 (0–2) 0 (0%)
Block 3069 48.0 

(9.3; 23–72)
5 (0.2%) 0.1 (0–1) 3 (60%)

Attempt at goal 1476 23.1 
(6.9; 10–40)

4 (0.2%) 0.1 (0–1) 1 (25%)

Pass 61480 960.6 
(149.3; 

660–1373)

4 (<0.1%) 0.1 (0–1) 0 (0%)

Tackle 4240 66.8 
(15.5; 38–122)

3 (0.1%) <0.1 (0–1) 1 (33%)

Pushing on 44384 693.5 
(108.9; 

490–1003)

2 (<0.1%) <0.1 (0–1) 0 (0%)

*Percentage is calculated in relation to the number of potential head injuries for that specific player action.
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upper-body-to-head or head-to-head contact were the most 
common mechanisms for a potential head injury situation, 
with aerial duels being the most common player action to 
lead to a potential head injury situation. Players were also 
significantly more likely to require medical attention for 
potential head injuries sustained when the ball was loose, 
when the injured player was jumping, and for head-to-head 
contact.

The mean potential head injury situations per match in 2022 
were 2.3 (IR 68.8/1000 match hours), which is higher than the IR 
for head collision events reported from the 2014 Men’s World 
Cup (32.5/1000 match hours) (Cusimano et al. 2017) and 2018 
Men’s World Cup (54.5*/1000 match hours -*estimated IR from 
the reported data) (Premkumar et al. 2019). Methodological 
differences in how these data were recorded (and the defini
tions of each variable) mean that the direct comparison of 
these data should proceed with caution. It is possible that the 
difference in how potential head injuries were defined across 
these three studies explains the variation observed in IR. For 
instance, the two earlier studies collected head collision event 
data with an emphasis on observing signs of concussion 
(Cusimano et al. 2017; Premkumar et al. 2019). In our study, 
the definition of a potential head injury situation was broa
dened to include non-head collision events such as body con
tact leading to an indirect head injury without an emphasis on 
the observable signs of a concussion. Moving forward, the 
continued use of a standardised framework will facilitate 
more direct comparison of data in future tournaments.

When considering the number of potential head injury 
situations requiring medical assessment, these data are com
parable across FIFA World Cup studies. In the 2014 World Cup, 
45 head injuries required on-pitch assessment (12 players also 
required pitch-side care and two incidences resulted in the 
player being substituted) (Cusimano et al. 2017). In 2018, 35 
potential head injuries required on-pitch or pitch-side care, 
with six players being substituted (Premkumar et al. 2019). 
Our data demonstrated very similar findings with 35 potential 
head injuries receiving on-pitch medical assessment, with 
players also receiving pitch-side care in 15 situations with four 
players substituted. These data indicate that the number of 
medically assessed head injuries across the last three World 
Cup tournaments has remained low in number and largely 
unchanged. As there has been an increasing focus on concus
sion in recent years, including in FIFA tournaments, it would be 
reasonable to expect an increasing number of on-pitch medical 
assessments. Therefore, the constant numbers may actually 
indicate a reduction in the number of serious events. Of addi
tional note, the mean time to provide on-pitch medical assess
ment (56.1 s) has remained consistently below 1 min in the last 
three FIFA Men’s World Cups (Cusimano et al. 2017; Premkumar 
et al. 2019), despite three-minutes being permitted to complete 
this assessment. While further exploration of the reasons for the 
short duration of medical assessment in future football tourna
ments appears warranted (Serner et al. 2023), it is possible that 
most incidents were so trivial that medical teams were able to 
complete their assessments quickly without extensive exami
nation. Although upper body-to-head contact resulted in the 
most potential head injury situations (n = 83), only nine of these 

(11%) required on-pitch medical assessment compared to 15 
out of 31 (48%) head-to-head potential head injury situations. 
From a medical or injury spotter perspective, further scrutiny of 
head-to-head contact events is recommended.

In our study, players in the central corridor (centre-backs, 
central midfielders and centre-forwards) were more likely to 
be involved in a potential head injury situation, with goal
keepers being involved in the least. Although positional 
data are often challenging to interpret given that team 
formations often change depending on a number of factors 
including which combinations of players are on the pitch at 
that time and whether the team is in possession of the ball 
or not, this finding is consistent with earlier studies 
(Putukian et al. 2019; Nelson et al. 2020; Krutsch et al.  
2021). It is interesting to note that despite central defenders 
generally being responsible for more headers in men’s foot
ball (Beaudouin et al. 2020; Peek et al. 2021), they were not 
involved in the most potential head injury situations, the 
reasons for this require further investigation, particularly 
whether differences in training or exposure to heading 
and aerial duels might be a factor.

Not surprisingly, players were more likely to be involved 
in a potential head injury situation through direct contact 
with an opposition player, through head-to-head or elbow- 
to-head contact, particularly when both players were jump
ing. Jumping was also the most frequent action performed 
by injured players recorded by video analysis across 12 
seasons of the Men’s Bundesliga (2000/1 to 2012/13) 
(Beaudouin et al. 2019b). Earlier studies consistently demon
strate that loose aerial balls are the most common risk 
factor for head injuries due to player-to-player contact 
(Andersen et al. 2004; Fuller et al. 2005; Beaudouin et al.  
2019a, 2019b; Weber et al. 2022). While aerial duels were 
involved in 43% of potential head injury situations in our 
study, given the high number of aerial duels observed 
across the tournament (n = 4851) a very small percentage 
(1%) led to a potential head injury situation. Nevertheless, 
educating players appropriate behaviour including aware
ness and body positioning in aerial duels to reduce head 
contact would appear justified as a primary injury preven
tion strategy (Weber et al. 2022).

Elbow-to-head contact is a frequent cause of head injury 
(Beaudouin et al. 2019b) with an earlier study demonstrat
ing that head injuries in the Bundesliga were reduced by 
29% following a 2006 rule change for referees to award 
players a red card for intentional elbow-to-head contact 
(Beaudouin et al. 2019a). Ensuring referees are educated 
and supported to enforce this rule is an important head 
injury prevention initiative. In our study, the referee con
sidered that foul play was the cause of a potential head 
injury situation in 60% of instances involving elbow-to-head 
contact (with seven players also being given a yellow card). 
This compares to 26% in the earlier study in the Men’s 
Bundesliga (2000–2013) (Beaudouin et al. 2019b) and 30% 
in the Men’s Norwegian and Icelandic professional leagues 
(1999–2000 seasons) (Andersen et al. 2004). These differ
ences over time suggest that current referees have an 
increased awareness of the seriousness of head injuries 
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and a willingness to penalise players for foul play in these 
injury situations, including sanctioning players with yellow 
(n = 18) and red cards (n = 1) as observed in our study.

Translation of findings into practice and recommendations 
for future research

While the findings of this study are limited to one tournament 
in professional men’s football, there are indicators of match 
situations and player actions that might be considered higher 
risk of a potential head injury that could be used to inform 
injury prevention initiatives and direct future research. One 
recommendation is that coaches and medical staff work 
together to co-design coaching frameworks that support 
players in developing technical proficiency in heading, which 
should include the ability to safely execute this skill in high- 
pressure contact situations to protect players from potential 
head injuries. In our study, aerial duels led to more potential 
head injury situations than any other player action; therefore, it 
would appear logical that when coaching the skill of heading, 
technique acquisition should include all skill-based attributes, 
such as spatial awareness, point of head contact, ball tracking, 
timing of runs, jumps, and other player movements in both 
contested and uncontested situations. Further, future research 
could explore the differences between aerial duels with differ
ent outcomes: no injury risk, potential head injury, potential 
head injury with on-pitch medical assessment, and diagnosed 
head injury (when sufficient incidents are detected through 
separate injury surveillance projects). Future research which 
explores the interactions of all these characteristics using a 
much larger sample size of potential head injury situations in 
both men and women and across a range of skill levels and 
ages is recommended to further extrapolate our initial findings 
and better inform injury prevention initiatives.

Limitations

As the data only include male professional players competing 
within a 64-match international tournament, generalisability is 
limited. It has been recognised that female players are at higher 
risk of sustaining a head injury across many contact sports 
including football (Prien et al. 2018), therefore, repeating this 
recording methodology at the 2023 FIFA Women’s World Cup™ 
would be an important addition to the literature. The detailed 
analysis in this study was made possible by the number of 
experienced analysts involved in data coding using high-defini
tion match footage from multiple camera angles which is not 
possible for most tournaments or leagues in lower levels of 
football, including those involving younger players. Despite the 
high level of expertise, there were a small number of missing 
data where variables could not be coded and while the inter- 
rater reliability of medical coding was moderate or above, it is 
acknowledged that some variables were more reliable to code 
than others such as injury outcome. Given that our analysts had 
access to high-definition match video footage, it is likely that 
some of these variables would be less accurate to code with 
poor quality footage. Finally, without access to medical records, 
actual head injuries for specific incidents could not be con
firmed. Therefore, the best indicator of the seriousness of 

potential head injury situations in the 2022 FIFA World Cup is 
provided by the number of situations where on-pitch medical 
assessment occurred, as well as the number of concussion 
substitutions used.

Conclusion

In the 2022 FIFA World Cup, players were more likely to be 
involved in a potential head injury situation through direct 
player-to-player contact when the ball was loose, usually when 
two players were jumping during an aerial duel (whereby increas
ing the risk of upper-body to head contact). Although the overall 
number of aerial duels across the tournament that lead to a 
potential head injury situation was very low, this injury mechan
ism highlights the need to further explore the characteristics that 
differentiate between an injurious and non-injurious aerial duel.
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