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Abstract

Background A comprehensive examination of the sport-specific activities performed around the time of injury is important
to hypothesise injury mechanisms, develop prevention strategies, improve management, and inform future investigations.
The aim of this systematic review is to summarise the current literature describing the activities performed around the time
of injury in football (soccer).

Methods A systematic search was carried out in PubMed, Web of Science, SPORTDiscus, and OpenGrey. Studies were
included if participants were football players aged > 13 years old and the activities performed at the time of injury were
reported together with the total number of injuries. Risk of bias was assessed using an adapted version of checklists devel-
oped for prevalence studies. The activities reported by the studies were grouped to account for inconsistent reporting, and
the proportion of each injury activity was calculated. Data were not meta-analysed due to high heterogeneity of methods
and classification criteria.

Results We included 64 studies reporting on 56,740 injuries in total. ACL injures were analysed by 12 studies, ankle/foot and
knee injuries were analysed by five studies, thigh injuries were analysed by four studies, hip/groin injuries were analysed by
three studies, and hamstring injuries were analysed by two studies. Five studies analysed more than one type of injury and
38 studies did not specify the type of injuries analysed. Running and kicking were the predominant activities leading to thigh
and hamstring injuries. Changing direction and kicking were the predominant activities leading to hip and groin injuries and
duels were the predominant activities leading to ankle injuries. Duels and pressing seem the predominant activities leading
to ACL injuries, while results for other knee and general injuries were inconsistent.

Conclusions A qualitative summary of the activities performed at the time of injury has been reported. The results need
to be interpreted carefully due to the risk of bias observed in the included studies. If we are to meaningfully progress our
knowledge in this area, it is paramount that future research uses consistent methods to record and classify injuries and activi-
ties leading up to and performed at the time of injury.

Registration The protocol of this systematic review was registered at the Open Science Framework (https://doi.org/10.
17605/0SF.IO/U96KV).

Key Points

High intensity running and kicking are reported as the most
prevalent activities leading up to thigh and groin injuries.

0< Alan McCall Most of the studies reporting activity of injuries showed
a.mccall@napier.ac.uk high risk of bias with the main limitation being methods

implemented to report injuries and inciting activities.
Arsenal Performance and Research Team, Arsenal Football

Club, London, UK The available literature does not allow for clear and reli-

2 School of Applied Sciences, Edinburgh Napier University, able practical recommendations.

Edinburgh, UK . .. .
g Future studies should define injuries using the most

recent guidelines and should report the inciting activities
using a standardised system which requires appropriate
development.

Faculty of Health, Sport and Exercise Discipline Group,
University of Technology Sydney, Sydney, Australia

4 FIFA Medical, Fédération Internationale de Football
Association, Zurich, Switzerland


http://orcid.org/0000-0002-4953-106X
http://orcid.org/0000-0002-1703-2573
http://orcid.org/0000-0003-2940-7763
http://orcid.org/0000-0003-4308-901X
http://orcid.org/0000-0003-3780-8153
https://doi.org/10.17605/OSF.IO/U96KV
https://doi.org/10.17605/OSF.IO/U96KV
http://crossmark.crossref.org/dialog/?doi=10.1007/s40279-022-01753-5&domain=pdf

152

F. Aiello et al.

1 Introduction

Understanding how injuries occur is essential to develop
meaningful preventive strategies [1]. The aetiology of
football injuries is multi-factorial and many models have
been developed to improve our understanding of internal
and external risk factors that predispose players and make
them more susceptible to injury [2]. A comprehensive
understanding of the sport-specific activities performed
before and at the time of injury is important for several
reasons. For example, it can guide the development of
playing rules that may help to reduce injury risk (e.g.,
changing the rules on the use of the upper extremity dur-
ing heading to reduce risk of head injuries [3]) or the
identification and selection of relevant activities to inves-
tigate from a biomechanical perspective in controlled
conditions (e.g., studies evaluating the biomechanics of
landing and impact on anterior cruciate ligament [ACL]
injury risk [4, 5]). Furthermore, it can help research-
ers and practitioners to hypothesise potential causes
and causal pathways that can be formally tested, and to
eventually develop and examine efficacy of preventive
interventions [1]. Finally, understanding whether there
are more common activities performed around the time
of injury can help in prioritising the areas of focus for
interventions and investigations.

While systematic reviews on the biomechanics of inju-
ries such as ACL [6, 7] and hamstring injuries [8] exist,
no systematic review has been performed on the football-
specific activities leading up to and performed at the time
of injury. Therefore, the aim of this systematic review is
to provide an overview of the activities leading up to and
performed at the time of injury in football (soccer) at all
levels in both males and females.

2 Methods

The study protocol was developed following the guide-
lines provided by the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses 2020 (PRISMA 2020)
and A MeaSurement Tool to Assess systematic Reviews 2
(AMSTAR 2) [9, 10]. The protocol was first registered at the
Open Science Framework in April 2020 and then updated in
July 2020 (https://doi.org/10.17605/0OSF.I0/U96KV) with
more detailed inclusion criteria for study selection.

2.1 Terminology
Sport-specific activities performed before and at the time of

injury are often described as injury mechanisms [11, 12].
However, this term may be confusing as it can also include

the biomechanical description of the inciting event [11]. The
term mechanism describes the mechanical deformations and
physiologic responses that cause an anatomic lesion or func-
tional change [13] and is used in epidemiology to describe
the scenario which includes all of the components which
contribute to the sufficient cause for a certain outcome [14].
Therefore, injury mechanism may not be the most appropri-
ate term to refer to the sport-specific activities performed
before and at the time of injury. Injury circumstance is a
term that indicates the environmental factors surrounding
an injury, such as the activity performed by the injured per-
son and the time and place of injury [15-17]. The term was
developed with a focus on health and safety, and not sports
injuries, and therefore there is no consensus on how to define
the sport-specific activity performed by the injured player
around the time of injury. We acknowledge that the injuries
would not be caused by the activity per se but by the sum of
the mechanical forces occurring during such activity which
exceeds the load tolerance of the tissue, and we therefore
propose the term (injury-) inciting activity defined as the
sport-specific activity during which injuries occur, and the
term (injury-) inciting circumstance defined as the environ-
mental factors which surround an injury (including several
aspects of the injury such as the inciting activity, playing
phase, and pitch position).

2.2 Eligibility Criteria

The following inclusion criteria were used to select the
studies: peer-reviewed articles and grey literature written
in English and reporting on competitive football players
(any level) age > 13 years old; number of injuries; inciting
activities during which lower limb injuries occurred. Studies
were excluded if they were reviews, meta-analyses, opin-
ion pieces, and reports with abstract only, as well as studies
involving recreational players, elderly, military, and clinical
populations because they may have used different playing
rules.

2.3 Search Strategy

A systematic search was carried out in PubMed (MED-
LINE), Web of Science, SPORTDiscus (EBSCO) and Open
Grey to include articles from inception to April 2020. Search
criteria were based on the Population, phenomena of Inter-
est, Context (PICo) framework [18] as follows: population
was considered as football players; phenomena of inter-
est were considered as inciting activities in which injuries
occurred; context was considered as any match or training
session. The following search strategy was used for all the
databases: (football OR soccer) AND (injur* AND (mecha-
nism* OR event* OR situation* OR circumstance®* OR
occasion* OR activit* OR characteristic*)) AND (training
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OR match* OR game* OR competition*) (Table S1, see
electronic supplementary material [ESM]). A second search
was performed after completion of data extraction (July
2020) to ensure the inclusion of the most recent studies
that may have not been available previously. Additionally,
to ensure the inclusion of all relevant studies, further stud-
ies have been searched by consulting research experts, hand
searching, and checking the references of articles obtained
in the original search. After the completion of the full-text
selection the web source Connected Papers (https://www.
connectedpapers.com/) was used to find additional relevant
studies. Finally, an updated search was performed in Decem-
ber 2021 to ensure the inclusion of the most recent studies
prior to analysis.

2.4 Study Selection

Independent screening of titles and abstracts of the studies
was performed by two researchers (FA and FMI) using End-
note X9.3.3 (Clavirate, Philadelphia, USA). One reviewer
had limited experience and one had extensive experience
(> 10 publications) and formal education training in system-
atic review and meta-analysis. A comprehensive selection
was applied as authors believed that inciting activities are
also reported as additional analyses in the full texts. To be
included for further assessment, titles had to specify a foot-
ball or soccer population and to include the word “injury”
or a synonym thereof, while abstracts had to report any
information relating to injuries, such as incidence or sever-
ity. Subsequently, one reviewer (FA) screened the full texts,
and another reviewer (FMI) checked a random selection of
the included studies (52%) and all the full texts with initial
inclusion uncertainty. Studies reporting data from a mixed
population (e.g., various sports and ages) were included if
it was possible to extract data for the specific population of
interest. To evaluate inter-rater reliability of the inclusion
process, Cohen’s kappa coefficient between the two review-
ers was separately calculated for selection of abstracts and
full texts [19]. Disagreements between the two reviewers
were solved by a third reviewer (AM, with experience in
systematic reviews and meta-analyses).

2.5 Data Extraction

Data regarding sample size, player characteristics, aim of the
studies, results, and methods implemented for injury data
collection and analysis were extracted by one reviewer (FA),
and a random sample was verified by a second reviewer
(AM) for accuracy. The percentage of agreement was cal-
culated to evaluate inter-rater agreement. When needed, data
from figures were obtained using a validated web-based app
(WebPlotDigitizer V4.3, https://automeris.io/WebPlotDig

itizer, Pacifica, California, USA) [20]. The percentage of
injuries which occurred during each inciting activity was
obtained from each study if it was reported, otherwise it
was determined by calculating the ratio between the number
of injuries that occurred during each inciting activity and
the total number of injuries that occurred. When both gen-
eral (e.g., contact with another player) and detailed inciting
activities (e.g., tackling and being tackled) were reported,
only the detailed activities were analysed.

During the extraction process we found that similar incit-
ing activities were described differently. We therefore agreed
on merging similar inciting activities into general catego-
risations to facilitate the analysis (Table 1). Data concern-
ing playing phases and pitch position at time of injury were
not merged and are presented as originally reported in the
studies.

2.6 Assessment of Risk of Bias

We selected the tool for the assessment of risk of bias (RoB)
based on the included studies. We modified a validated
assessment of RoB tool for prevalence studies developed by
Hoy et al. [21] to ensure the RoB tool addressed elements
related to studies on inciting activities in football.

We excluded two items from the previous checklist (items
2 and 3). Item 2 evaluates whether the sampling frame was
a true or close representation of the target population, and
item 3 evaluates whether some sort of random selection is
used to select the sample. Since sampling frames were not
used by the included studies, these items were not deemed
applicable and therefore removed. Furthermore, we believed
that descriptions of study samples should be as accurate as
possible to understand what population these results may
be applied to, therefore to evaluate this aspect, we included
one additional item from the NIH Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies [22].
The final RoB tool included the following items: (1) study
population representativeness of the target population; (2)
description of the study participants; (3) how missing data
were dealt with; (4) data collection methods; (5) injury defi-
nition; (6) instruments for the measurement of the param-
eter of interest; (7) homogeneity of data collection methods;
(8) length of shortest prevalence period; (9) reporting of
numerator(s) and denominator(s) for the parameter of inter-
est. A complete explanation of the adapted tool and of the
criteria used to evaluate the RoB is available in Table S2
(see ESM).

The RoB of the included studies was assessed scoring
each item as ‘Yes’, ‘Partially’, or ‘No’ if all, some, or none of
the scoring criteria were respected. When information was
not clear enough to score an item, it was rated as ‘Unclear’,
while items deemed as not applicable were rated as such.
Items scored as ‘Unclear’ and ‘No’ were rated as ‘high RoB’,
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Table 1 Categorisation of

.. Lo . Merged category
injury-inciting activities

Activity as originally reported by the included studies

Ball handling

Blocking

Changing direction

Duel

General running

High intensity running

Ball handling/dribbling

Ball handling/controlling
Ball recovery

Ball possession

Ball protection

Chasing a loose ball
Dribbling/shielding
Dribbling

Pass cutting
Passing/receiving pass
Regaining balance after reaching
Reaching

Receiving pass/blocking shot
Receiving

Stretching

Blocking

Blocking a shot or pass
Deflection

Changing direction

Cutting

Running, intention of turning
Twisting/turning

Contact/collision
Collision

Player—player contact (excluding slide tackle)
Contact with another player
Direct trauma

Duel

Foul

Impact

Stepped on/fallen/kicked
Kicked

Tackling/being tackled
Slide tackle

Receiving a charge
Kick/knee from opponents
Tackled

Tackling

Violent conduct

Use of elbow

Heading

Pressing

Stepped on

Distorting

Falling

Lateral movements

Lunging

Planting

Running or other individual activities
Running

Running/jumping

Slipping

Tilting

Accelerating
Acceleration/cutting
Conditioning

Decelerating

Running/sprint
Sprinting/high-speed running
Sprinting
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Table 1 (continued) Merged category

Activity as originally reported by the included studies

Jumping

Kicking

Other activities

Unspecified activities

Jumping/landing
Jumping
Landing
Clearing
Crossing

Regaining balance after kicking

Shooting/kicking
Kicking
Passing/shooting
Passing

Shooting

Atrtificial turf

Playing field conditions
Turf

Weather conditions

Attacking ball/opponent
Ball non-possession
Defending

General play

Set pieces

Specific action
Technique

Throwing

items scored as ‘Partially’ were rated as ‘medium RoB’, and
items scored as ‘Yes’ were rated as ‘low RoB’. Not applica-
ble items were not included in the rating.

The scoring criteria were discussed and refined by two
researchers (FA and FMI) until almost perfect agreement
was reached (K=0.87) (Table S3 in the ESM). The same
reviewers screened 52% (n=233) of the studies included
and one reviewer (FA) scored the remaining studies. Each
domain was assessed individually, and an overall rate of each
domain was calculated, without trying to collate an overall
score for each study [10]. Any disagreements between the
two reviewers were resolved by discussion and when agree-
ment was not achieved, a final decision was taken by a third
reviewer (AM).

2.7 Data Analysis

Data were presented descriptively with the inciting activities
reported in tables and the proportion of the inciting activity
categories in figures. Due to high data heterogeneity of the
studies, performing a meta-analysis was not possible.

Data were analysed using RStudio version 1.3.1056 and
packages reshape2 and ggplot2 [23-25], and an interac-
tive dashboard was created with Tableau 2021.1 to allow
the reader to explore the inciting activities according to
injury location and by player characteristics reported by the
included studies (playing level and sex).

3 Results
3.1 Search Results

The systematic search provided 5734 articles, of which
1969 were duplicates, leaving 3765 for screening. After
abstract selection, 197 full texts were screened, 142 were
excluded (Table S4, see ESM), and 55 were deemed eli-
gible to be included in the review. Five additional studies
were retrieved by reference checking and hand searching,
and four were retrieved from Connected Papers. In total, 64
studies were included in the systematic review, all of which
were peer-reviewed (Fig. 1). Substantial agreement was
shown in titles and abstract screening (K= 0.69; percent-
age agreement=96%), and perfect agreement was shown
in full-text selection (K= 1; percentage agreement=100%).
We extracted data from five studies [26—30] using Web-
PlotDigitizer V4.3, and 87% agreement was shown for data
extraction. The PRISMA checklist is reported in Table S5
(see ESM).

3.2 Study Characteristics

Male participants only were included in 43 studies, females
only in 13 studies, and both males and females in eight stud-
ies. Players aged > 18 years old were included in 33 studies,
players aged < 18 years old were included in nine studies,
players of mixed ages were included in five studies and the
remaining 17 studies did not clearly report the age of the
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players. Elite players were included in 10 studies and profes-
sional players were involved in 28 studies.

Twenty-eight studies did not aim to analyse inciting
activities specifically, but nevertheless reported them in the
results. This supports the comprehensive approach applied
in the selection process. The method by which data on incit-
ing activities were collected were medical reports filled out
by Sports Medicine practitioners (32), video-based meth-
ods (20), questionnaires (12), and interviews (4). Sometimes
more than one method was used to collect injury data. The
injury definitions recommended for studies in football pro-
vided by Fuller et al. [31] were used by only 13 studies and
only three of the 20 studies that analysed inciting activi-
ties with video analysis classified them using a standardised
system. Inciting activities leading to general injuries were
analysed by 38 studies (Table S6, see ESM), while other
studies analysed the inciting activities leading to specific
injuries such as ACL (12 studies) (Table 2), ankle and foot
(5), knee (4), thigh (4), adductors/hip/groin (3), and ham-
string (2) injuries (Table 3). Five studies reported more than
one location/type of injury.

3.3 Inciting Activities (Global Perspective)
One hundred and seven different inciting activities were

reported by the included studies, with the most frequently
reported being tackling (reported by 38 studies), shooting

(34), running (33), being tackled (29), heading (25), and
passing (24). Additional information regarding the inciting
circumstances were player location on the pitch (reported
by 16 studies), playing phases (e.g., attacking or defensive
phase, 15 studies), ball location (4), team action before the
injury (2), and player focal attention (1).

The 64 studies included in the review reported inciting
activities of 49,845 injuries in total (32,357 occurred in
males, 17,488 occurred in females). Overall, 14,914 (30%)
injuries occurred during duels, 12,846 (26%) during unspec-
ified activities, 6376 (13%) during ball handling, 4089 (8%)
during kicking, 3807 (8%) during general running, 1950
(4%) during high-intensity running, 1184 (2%) during
changing direction, 1012 (2%) during jumping, 772 (1%)
during blocking, and 39 (< 1%) for playing field conditions.
Inciting activities of 2857 injuries (6%) were not described.

In males, the categories duels, general running, and
unspecified activities were the most prevalent (Fig. 2), and
more injuries occurred while the team was in the attack-
ing phase (Fig. 3). Considering pitch positions, results were
unclear as the studies implemented different pitch partitions
(Table S6, see ESM). Ten studies described the inciting
activities according to session type. In males, the propor-
tion of ball handling injuries was slightly higher in matches
than in training, while the proportion of unspecified activi-
ties and high-intensity running injuries was slightly higher
in training than in matches (Fig. 4).

[ Identification of studies via databases and registers [ Identification of studies via other methods ]
—
-
S Records identified from: Records identified from:
§ PubMed (n = 1872) ?;(;Zﬁf\égmoved before Connectedpapers.com (n =
= SPORTDiscus (n = 1654) > R 936)
t Web of Science (n = 2203) E)L:%Ig;a)te records removed (n Handsearching (n = 3)
5 OpenGrey (n =5) - Citation searching (n = 3)
—
_ ! !
Records screened Records excluded Records screened Records excluded
——>
(n=3765) (n = 3568) (n=942) (n=879)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval o| Reports not retrieved
2 (n=197) (n=5) (n=63) “l (n=0)
™
5 ! !
@
Reports assessed for eligibility Reports excluded (n = 137): Reports assessed for eligibility .
(n=192) plnjury circumstgnces ngt (n=63) ”| Reports excluded (n = 54):
reported (n = 106) Population (n = 3)
Population (n = 19) Injury circumstances not
Design (n = 8) reported (n = 50)
Others (n = 4) Language (n = 1)
—
v
§ Studies included in review
3| | m=64
g

Fig.1 PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers, and other sources
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Fig.2 Percentage of injuries occurred during specific inciting activities by sex. Size of the dot represents the amount of injuries. Number of
injuries reported: Females = 17,488, Males =32,357
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Fig.3 Percentage of injuries occurred in different playing phases by sex. Size of the dot represents the amount of injuries. Number of injuries
reported: Males =802, Females =693. Art. attacking, Def. defensive, Off. offensive
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Fig.4 Percentage of injuries occurred during specific inciting activi-
ties by sex and session type reported separately for females and
males, with division of match and training injuries for both. Size

4 Discussion

Due to methodological heterogeneity of the studies, sum-
marising the available literature to provide information
about the proportion of inciting activities is challenging.
Therefore, the following discussion provides a summary and
qualitative comparisons among studies and injury-inciting
activities.

4.1 Injury-Inciting Activities in General

Duels and unspecified activities appeared to represent higher
risk activities, while blocking and changing direction were
reported as inciting activities leading to a small percentage
of injuries in both males and females (Fig. 2). It seems that,
in the included studies, running activities may have con-
tributed to a higher percentage of injuries in males than in
females. Although some differences in inciting activities of
injuries between males and females could be expected due to
differences in injury characteristics, anthropometric, physi-
ological, and physical performance aspects [66—70], com-
parisons are currently difficult based on the limited literature
available on inciting activities in females’ football. Small
differences appear when considering only the studies which

T T T
60% 80% 100%

of the dot represents the amount of injuries. Number of injuries
reported: Females-match=11,457, Females-training=_8937, Males-
match = 13,589, Males-training =9979

analysed the inciting activities through video analysis. Duels
clearly represent the riskiest activity and the results for ball
handling and blocking activities seem more consistent than
those reported by studies which analysed the inciting activi-
ties with other methods. However, results with reference to
general and high-intensity running remain heterogeneous.

Due to inconsistencies in reporting and to the limited
number of studies reporting inciting activities for training
and matches separately, data should be interpreted carefully.

Information regarding playing phases in which injuries
occurred were reported by eight studies. These studies
reported that injuries in males occurred more frequently
during the attacking phase than during the defensive phase.
It has been observed that players' physical performance
changes depending on ball possession [71], which may
explain the higher number of injuries occurring during
the attacking phase. However, this information has been
reported only in a few studies and usually in a generic way,
and therefore needs to be further investigated.
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4.2 Injury-Inciting Activities for Specific Injury
Locations

The inciting activities leading to ACL injuries were ana-
lysed by 12 studies (n=6 for male, n=3 for female, n =3 for

25%

Medium risk

T T T
60% 80% 100%

ries reported: ACL=1716, Ankle=593, Hip-groin=947, Knee (no

ACL)=353, Thigh=3040

50% 75% 100%

High risk

both), but the results were heterogeneous both in categories
used to classify inciting activities and in the original activi-
ties reported by the studies. Results appear slightly more
consistent when considering only studies which analysed
the inciting activities using video analysis. Duels clearly
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appear as the riskiest activities for ACL injuries followed
by kicking. Changing direction, general running, and jump-
ing account for a small percentage of ACL injuries, while
data concerning ball handling remain heterogenous. Con-
sidering the activities originally reported by the included
studies, four studies [40—43] reported pressing as the riskiest
inciting activity, followed by regaining balance after kicking,
being tackled, and dribbling. The remaining studies which
analysed the inciting activities through video analysis [38,
39] did not report any injury occurring during pressing or
regaining balance after kicking, but reported ball recovery,
tackling, and cutting as the most prevalent inciting activi-
ties. It has been largely reported in the literature that the
load at which the ACL is exposed to increases when the
knee is in valgus, intra-rotated, and extended position [5,
72, 73], which could occur during changes of direction [74]
and when players perform a tackle [75]. Therefore, it would
be expected to observe that these inciting activities contrib-
ute to a high percentage of ACL injuries, but this was not
always the case. Indeed, duel activities and changing direc-
tion contributed to a high percentage of injuries in some
of the included studies, but in others no injuries occurred
during these activities. This may be caused by the different
classifications used to report the inciting activities. Even if
changing direction and tackling are expected to be among
the main inciting activities of ACL injuries, the results cur-
rently available in males and females cannot confirm this
hypothesis, and it therefore needs to be investigated further.

The inciting activities of thigh injuries were reported
by four studies, and two studies specifically reported the
inciting activities leading to hamstring injuries. Running
activities were the most reported inciting activities of these
injuries, accounting for more than half of the total number
of injuries. Kicking activities seem to be the second main
inciting activities of thigh and hamstring injuries. This par-
tially aligns with the results reported by two studies that used
video analysis to evaluate the inciting activities of thigh [60]
and specifically hamstring injuries [59], reporting that gen-
eral and high-intensity running are the most prevalent activ-
ities leading to thigh injuries. Of the activities originally
reported by the included studies, sprinting and running were
the most prevalent activities leading to thigh injuries while
lunging and accelerating were the most prevalent activities
leading to hamstring injuries. These results are partially in
accordance with what has previously been hypothesised for
football injuries and reported in other sports for hamstring
[76-78] and rectus femoris injuries [79]. Running activities
are believed to be the main cause of hamstring injuries fol-
lowed by kicking activities [80]. However, Gronwald et al.
[59] reported that lunging was the most prevalent activity
leading to hamstring injury followed by accelerating, high-
speed running, and kicking. For rectus femoris injuries,
it has been hypothesised that kicking and high-intensity

activities such as accelerating, decelerating, and running at
high speed may put the rectus femoris at risk of injury [79].
This is partly supported by the results reported by Klein
et al. [60], which suggested that sprinting, running, and
lunging are the most prevalent activities leading to thigh
injuries, although the investigators did not report the specific
injury location (e.g., rectus femoris, hamstring).

Even if the results of this review seem to confirm what has
been hypothesised in football and reported in other sports,
they should be interpreted carefully given several limitations
of the included studies. While Cross et al. [49] and Gron-
wald et al. [59] clearly defined the injuries analysed (i.e.,
hamstring), the remaining studies reported inciting activities
of thigh injuries in general, which could include different
muscle groups (e.g., hamstring, quadriceps), and therefore
it is not clear which injuries occurred during the reported
inciting activities. Furthermore, the number of studies which
analysed such injuries is limited and they only reported
generic descriptions of their inciting activities (e.g., running,
kicking), which provide limited information. For example,
it would be useful to analyse the running phase and the run-
ning speed at which injuries occur. In runners, it has been
reported that hamstring injuries occur while the athletes are
running near their maximal speed [82], but such informa-
tion has been reported by only four studies here [50, 58—60],
reporting high-intensity running without specifying the run-
ning speed. Furthermore, there is debate on whether running
injuries occur during the early stance or the swing phase of
running [80, 83]. Similarly, generic information was also
reported for injuries which occurred during kicking activi-
ties. Indeed, only the activities performed were evidenced
(e.g., shooting, passing), but no details were presented on
the kicking phase in which injuries occurred. These details
may be important to achieve a more complete understand-
ing of the injury-inciting activities because, as reported by
Mendiguchia et al. [79], rectus femoris injuries may occur
during one of the three phases of kicking (i.e., swing phase,
ball contact phase, ground contact phase). Providing such
detailed information would be helpful for football practi-
tioners, who could use them to plan training sessions and
to develop injury prevention strategies [84], although we
recognise that gathering this information could be difficult
unless it is provided by the injured players themselves.

Inciting activities of hip/groin injuries were described by
four studies. In the studies included in this review, high-
intensity running, kicking, and duel activities were reported
as the inciting activities for 15% of hip/groin injuries each,
while results of the other inciting activities (e.g., changing
direction, general running) were unclear. Serner et al. [44]
analysed the activities leading to adductor longus injuries
through video analysis and reported that changing direc-
tion and kicking were the most prevalent activities lead-
ing to injury. These results are partially consistent with the
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available literature on the biomechanics of adductor injuries.
Indeed, the adductor longus, reported as having a higher
incidence compared with the other adductor muscles [44,
85], achieves its peak eccentric activation when the hip
is close to its maximal extension [86], thought to put the
adductor longus at high risk of injury [81, 86]. Considering
that this position is achieved during kicking and running
activities [86, 87], they are expected to be the most common
inciting activities of the adductors injuries.

In addition to kicking and running at high intensity, it is
believed that changing direction may be another injury activ-
ity of adductor injuries. This type of injury seems to be more
common in sports involving accelerations, decelerations, and
changes of direction [88, 89], and it is thought to be linked to
this muscle group experiencing high eccentric load when the
leg is abducted and externally rotated [85], as seen during
execution of changes of direction [90]. However, the studies
included in the current review reported inconsistent results
regarding this activity. Serner et al. [44] reported that 35%
of adductor injuries occurred during changing direction, but
this was the reported inciting activity in only 6% of the inju-
ries in the study conducted by Lundgérdh et al. [51] and was
not reported for any other football study involving hip/groin
injuries [52, 56]. These differences could be due to differ-
ent injury types analysed by the included studies; however
further investigations are needed.

Regarding other specific injury locations, five studies
reported the inciting activities of ankle and foot injuries;
however, the reported inciting activities were mainly
inconsistent, although the risk of incurring this type of
injury seems to be slightly higher in duel activities. Three
studies analysed ankle injuries using video analysis and
they all reported duel activities (i.e., contact with another
player, being tackled, and tackling) as the activities lead-
ing to more than half of the injuries analysed [45, 46, 48].
Kofotolis et al. [45] and Andersen et al. [46] reported that
around 8% of injuries occurred during landing but Krutsch
et al. [48] did not report any injury occurring during land-
ing. These results seem to be in contrast with the litera-
ture available for ankle injuries in other sports. Within a
systematic review, it has been reported that these injuries
occur mainly during non-contact activities [91]. Specifi-
cally, studies suggest that ankle sprains, which constitute
the majority of ankle injuries, occur with the foot in plantar
flexion commonly occurring during activities such as land-
ing and changing direction [92, 93]. In basketball, such
injuries seem to occur mainly during landing (45%) and
changing direction (30%), while only 10% of these injuries
occur in contact activities [94].

4.3 Methodological Considerations on the Selected
Studies and Recommendations for Future
Research

Several methodological limitations were observed in the
studies included in this review, 76% and 36% of the items
evaluating external and internal validity, respectively, were
scored as medium or high RoB. The external validity was
mainly influenced by the fact that 73% of the studies did
not clearly and explicitly specify the target population (i.e.,
population to which the researchers would like to apply the
results) and hence it is difficult to understand whether the
study population was a close representation of the target
population (or acceptable for scientific inference and hence
for generalisation). Fifty-five percent of studies did not
clearly report information such as age, country of competi-
tion, competitive level, and number of teams and participants
included in the study. This makes it difficult to understand
which population the results could be applied to. For exam-
ple, it has been reported that physical performance changes
according to age [95-97] and competitive level [98], and
therefore the proportion of the inciting activities may change
according to such player characteristics.

The internal validity of the studies was mainly influ-
enced by methods for collecting and reporting injury data.
Firstly, 45% of the included studies which analysed ACL
injuries, 24% of studies which analysed other specific inju-
ries, and 11% of studies which analysed general injuries
collected data from databases or online platforms and had
limited or no access to reliable medical information being
directly provided by the medical staff, which, except for
severe injuries (e.g., ACL) for which this method seems
reliable, may limit the validity of the results [12, 99,
100]. This approach is being increasingly used, but we
suggest consideration of its limitations before doing so,
because some injuries may not be captured on video and
online information may not be reliable. Krosshaug et al.
[12] reported that studies which analysed injuries through
video analysis only may have missed up to 70% of the
non-contact injuries and up to half of the total injuries
that occurred. This may happen because some injuries,
especially non-contact injuries, may occur far from the
ball and are therefore not being captured by the footage, or
because players keep playing for some time before report-
ing the injury to the medical staff and therefore locating
the inciting activity is difficult. Furthermore, Krutsch et al.
[99] suggested that non-severe injury data reported online
have low validity and recommended using these data only
after verification.

Secondly, most of the studies included in the review
did not implement an appropriate definition of injury and/
or a validated or standardised classification system for the
inciting activities. As reported by other systematic reviews
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[101-105], many studies analysing football injuries do not
follow the guidelines on injury definition provided by con-
sensus statements such as Fuller et al. [31]. These guide-
lines are not necessarily the best way to classify injuries,
but the heterogeneity of injury classification could substan-
tially influence the total number of injuries and therefore
the number of injuries occurring during each inciting activ-
ity. For example, the number of injuries occurring during
activities that lead mainly to minimal and mild injuries
(i.e., lasting < 8 days) may change significantly according
to the injury definition implemented, as these injuries may
not be considered in studies which consider players injured
only if they miss a match [106]. However, the main limita-
tion observed in the included studies was the use of non-
standardised systems to classify the inciting activities. This
led the researchers to classify and report such data using
arbitrary classifications, which is among the main causes of
the heterogeneous results making the comparisons difficult
between studies. Indeed, more than 100 different inciting
activities have been reported, with some being used only
by a few studies. Additionally, some of the inciting activi-
ties reported, such as general play and contact with another
player, are quite generic and provide limited information.
To reduce such heterogeneity and compare the results of
the studies, it was necessary to (arbitrarily) group inciting
activities into categories, which limited the level of detail
of the analysis.

Thirdly, most of the included studies did not specify
whether the injured players were performing more than one
activity when the injuries occurred. For example, kicking
injuries can occur with the players running at high speed
(e.g., player kicking the ball with the first touch after a long
pass) or in a more static situation (e.g., penalty or corner
kick). It is unclear how injuries that occurred in mixed
activities (e.g., kicking while running at high speed) were
reported; however, it would be appropriate to report all the
activities performed at the time of injury as the combination
of different activities may help to better understand why the
injury occurred.

Finally, most of the studies did not specify for each incit-
ing activity how many injuries occurred during contact and
non-contact circumstances, which is another important limi-
tation. The few studies that reported such information did
not identify the nature of the contact (i.e., direct or indirect
contact). These limitations could have led to a misclassifica-
tion of the injuries and could have influenced the analysis of
proportion [107].

Future research on inciting activities should try to avoid
the limitations mentioned above. First of all, it is paramount
that studies implement standardised injury definitions and
standardised systems to classify the inciting activities in
order to have consistent data that can be compared among
studies. Fuller et al. [31] provided guidelines for injury

definitions to implement in football. To the best of our
knowledge, the only standardised system to classify inciting
activities currently available is the football incident analysis
developed by Andersen et al. [62]. However, this method has
been developed specifically for video analysis and may be
time demanding, which could be a barrier to its implementa-
tion, particularly in the practical setting of football teams.
Indeed, to our knowledge it has been implemented by only
three studies since its development in 2003 [28, 30, 62].
Therefore, it may be appropriate to consider the develop-
ment of alternative methods for the classification of incit-
ing circumstances in football using report forms and video
analysis, which despite some limitations are considered the
most practical approaches for the analysis of inciting cir-
cumstances [12].

Additionally, reporting details on the session in which
the injury occurred and on injury type would allow more
detailed analyses to be performed. Specifically, reporting the
inciting activities according to the injury type (e.g., ACL,
hamstring, ankle) could allow the readers to understand the
activities that can lead to specific injuries. Furthermore,
specifying whether the injuries occurred during training or
matches could allow a comparison among inciting activi-
ties during these two types of session and could inform on
the activities and circumstances which need to be limited
or further trained to reduce the risk of injury. Finally, also
including details on the nature of contact (i.e., direct con-
tact, indirect contact, non-contact) as suggested by existing
reporting guidelines [31, 107], which is sometimes referred
to as injury mechanism, would allow even more detailed
analyses.

4.4 Limitations

Despite following the PRISMA 2020 guidelines as well
as addressing the AMSTAR 2 domains, this review is
not exempt from limitations. Although a comprehensive
research strategy was implemented, it is possible that some
studies which reported inciting activities were not identi-
fied in this systematic review. This may be due to the fact
that such information is usually reported in the full text
as additional analysis, without being cited in the title or
abstract. The exclusion of studies that were not written
in English might be an additional cause. The inclusion
of studies that analysed inciting activities without this
being their main aim (i.e., as additional analysis) might
be seen as a limitation. However, we believe that practi-
tioners and researchers also use additional analyses from
scientific studies to inform their practice, and we therefore
deemed it necessary to include such studies in the present
review. Nevertheless, not being the main outcome, the
accuracy of these results may be inferior and this should
be considered when interpreting the results. Despite our
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attempt to group similar inciting activities, this categorisa-
tion remains arbitrary, and their interpretation could have
been affected by the heterogeneity of the methods imple-
mented by the included studies. The lack of standardised
methods and of studies on specific injuries did not allow
us to perform a meta-analysis. For the same reasons, it
was not possible to analyse the results according to age
and playing level. Finally, the tool to assess the RoB in
the studies had to be adapted from existing instruments,
as there were none available that allowed us to address the
domains deemed relevant. Therefore, the cut-off values
between low, medium, and high risk of bias are not vali-
dated, and thus come with some uncertainty.

5 Conclusions

Duels and unspecified activities accounted for the highest
proportion of injury-inciting activities in general. High-
intensity running and kicking activities might be the main
inciting activities of thigh and groin injuries, while duels
may be the most common inciting activities of ankle inju-
ries. Duel activities and pressing may be the most common
inciting activities leading to ACL injuries, but there is not
complete agreement within the literature.

These results need to be interpreted carefully, as the
available evidence is limited and as most of the included
studies implemented non-validated methods for the col-
lection of injury data and for the analysis of the inciting
activities, which led to heterogeneous results among stud-
ies. In turn, recommendations for injury prevention strate-
gies based on inciting events are difficult.

Further studies should collect and analyse injury data
using standardised methods and should report more details
on the injuries and the activities and circumstances lead-
ing to injury. This would increase the consistency of
data and allow a comparison between studies and help
the understanding of inciting activities within football. It
seems necessary to develop a classification system to allow
practitioners and researchers to systematically report and
analyse injury-inciting activities in football.
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