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ABSTRACT

Objective To describe and categorise the injury-
inciting circumstances of sudden-onset hamstring
match injuries in professional football players using
systematic video analysis.

Methods Using a prospective injury surveillance
database, all sudden-onset hamstring match
injuries in male football players (18 years and older)
from the Qatar Stars League between September
2013 and August 2020 were reviewed and cross-
referenced with broadcasted match footage. Videos
with a clear observable painful event (ie, a player
grabbing their posterior thigh) were included.
Nine investigators independently analysed all
videos to describe and categorise injury-inciting
circumstances. We used three main categories:
playing situation (eg, time of injury), player action(s)
(eg, running) and other considerations (eg, contact).
Player action(s) and other considerations were not
mutually exclusive.

Results We included 63 sudden-onset hamstring
match injuries out of 295 registered injuries
between 2013 and 2020. Running was involved

in 86% of injuries. Hamstring injuries occurred
primarily during acceleration of 0-10 m (24% of

all injuries) and in general at different running
distances (0-50 m) and speeds (slow to fast). At 0-
10 m distance, indirect player-to-player contact
and inadequate balance were involved in 53% and
67% of the cases, respectively. Pressing occurred
in 46% of all injuries (injured player pressing
opponent: 25%; being pressed by opponent: 21%)
and frequently involved player-to-player contact
(69% of the cases when the injured player was
pressing vs 15% of the cases when the opponent
was pressing) and inadequate balance (82% vs
50%, respectively). Other player actions that did
not involve running (n=9, 14% of all injuries) were
kicking (n=6) and jumping (n=3).

Conclusion The injury-inciting circumstances of
sudden-onset hamstring match injuries in football
varied. The most common single-player action
(24%) was acceleration over a distance of <10 m.
Pressing, inadequate balance and indirect contact
were frequently seen player actions. Injury prevention
research in football should look beyond high-speed
running as the leading risk factor for sudden-onset
hamstring injuries.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Hamstring muscle injury is the most common
injury type in football.

= Sudden-onset hamstring injuries are reported to
happen during high-speed running or stretching
(hip flexion and knee extension).

WHAT THIS STUDY ADDS

= Sudden-onset hamstring injuries happen more
frequently at lower speeds and distances than
previously thought.

= Pressing, indirect contact and inadequate
balance are frequent factors involved in these
injury situations.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Research and application of prevention and
rehabilitation strategies may need to consider
injury mechanisms beyond high-speed running,
especially short accelerations.

= The complexity of movements inherent in sport
such as football is highlighted as a potential
risk factor for injury.

= Introducing sport-specific elements, such
as playing situations, indirect contact
and unexpected changes to demands for
performance may benefit injury prevention
programmes in the future.

INTRODUCTION

Sudden-onset (acute) hamstring muscle injuries
remain the most common type of injury in foot- ball
and carry a high burden for the player and their
team.1-5 Historically, hamstring injury mech-
anisms have been grouped into two main catego-
ries: high-speed running and stretching (hip flexion
and knee extension),® based on self-reporting/
history taking, witnessing of the event, or on esti-
mating the movement where the hamstring is at the
highestrisk of injury.” As a reflection of this, current
prevention and rehabilitation strategies emphasise
(return to) high-speed running capacity as a key
focus from a functional perspective.8-10 The effect of
this emphasis remains unclear with sudden-onset
hamstring injury rates continuing to



rise.11 12 Arguably, hamstring injury mechanisms beyond high-
speed running should therefore also be considered.

Injury-inciting circumstances in sport can be complex.13 14
Video analysis has proven to be a useful tool in investigating this
complexity. Three recent studies, using video analysis, examined
the mechanisms of hamstring injury in cohorts comprising 52
professional football players,15 13 professional football players16
and 17 professional rugby players.1” The results indicate that the
current classification may oversimplify our understanding of
these injuries.!5-17 These studies used expert opinion to deter-
mine the moment of injury (assumed injury frame in the videos)
and performed biomechanical analyses to describe injury kine-
matics.15-17 Two studies (in football and rugby) reported that
hamstring injuries seem to occur during various movements
with rapid high eccentric demands, often characterised by hip or
trunk flexion combined with active knee extension.!> 17 The
other study (in football) reported a mixed-type injury mecha-
nism: both sprint and stretch related.16 Other reported injury
mechanisms included sprinting, acceleration, deceleration,
change of direction, kicking, rucking and lunging.15 17 In rugby,
hamstring injuries most often appear to happen during running
acceleration instead of maximal velocity running.!” In football,
this is also seen in 14/25 sprint-related cases.15 This implies that
injury mechanisms other than high-speed running might be more
common than previously thought.

Using an assumed injury frame might provide biomechan- ical
insights but also lacks a larger situational context. In-depth
categorisation of the injury-inciting circumstances and playing
situations is not yet reported in football.15 Therefore, our objec-
tive was to describe and categorise injury-inciting circumstances:
player actions, playing situation and other considerations (eg,
contact) of sudden-onset hamstring injuries using systematic
video analysis.

METHODS

Study design

This is a single-centre observational cohort study. Using a
prospective injury surveillance database, all sudden-onset
hamstring match injuries in male football players from the Qatar
Stars League were reviewed and cross-referenced with match
footage.

Population and recruitment criteria

Medical staff from each club recorded all types of injuries
through the Aspetar Injury and Illness Surveillance Programme
using a standardised injury card.18 Information on the body part
injured, injury type, onset of injury, questions related to reinju-
ries and the injury mechanism, and occasion (training or a match)
were included.!® Using this database, we reviewed all sudden-
onset hamstring match injuries that occurred in male profes-
sional football players (18 years and older) competing in the
Qatar Stars League between September 2013 and August 2020.
Players could also be identified through one of three sudden-
onset hamstring injury studies that were previously conducted at
the study centre but were never included twice.% 20 21 Full inclu-
sion and exclusion criteria are listed in box 1.

Injury definition

A hamstring injury was defined as ‘sudden-onset’ pain in the
posterior thigh that occurred during training or match play and
resulted in termination of play and inability to participate in the
next training session or match.22 Sudden-onset hamstring inju-
ries were confirmed through clinical examination (identifying

Box 1 Inclusion and exclusion criteria

Inclusion criteria

= Football player in the Qatar Stars League

= 18 years or older

= Male

= Registered sudden-onset hamstring injury in the Aspetar
Injury and Illness Surveillance Programme database between
2013 and 2020 or registered in one of the three study centre
hamstring studies from the same institution.

Exclusion criteria

= Injuries occurring during training.

= Injuries without available footage.

= Injuries that could not be identified on the video footage (no
clear painful event).

pain on palpation, pain with isometric contraction and pain with
muscle lengthening) by the club medical team.

Video acquisition, processing and injury movement
assessment

We accessed television-broadcasted video footage of the football
matches through a local IPTV (Aspire Internet Protocol Televi-
sion) access, using Wyscout, a digital database of football matches
(Chiavari, Italy) or through STATSPERFORM (Stats LLC, Chicago,
[llinois), a sports data and analytics platform. Using the
prospective injury surveillance database, we cross-referenced the
date of injury of players with a sudden-onset hamstring injury
and the availability of video footage. If available, video footage
was downloaded to a local server. Initially, three investigators
(AS, RV and NvD) reviewed all videos (in separate batches) to
determine the moment of injury. We included only injury situ-
ations with a clear painful event (ie, the player grabbing their
posterior thigh).

The video footage was subsequently edited with Windows
Video Editor (Microsoft) and viewed by all investigators in VLC
media player (VideoLAN, Paris, France). To gain an impression
of the playing situation, the video was cut from the last break
in play prior to the injury, to the break in play immediately
following injury. The edited video was in MPEG4 file format.
It had a resolution of 1920:1080 and was encoded in a h.264
codec. Camera angles were varied throughout the videos and in
some cases slow motion was available.

Video analysis procedure

A standardised scoring form to assess the injury-inciting circum-
stances was developed, critically reviewed and tested by all nine
investigators prior to scoring. This scoring form was developed
using previous experience in video analysis of adductor longus
injuries and a consensus framework on hamstring injuries in
Rugby.23 24 The investigators were from different backgrounds
(three physiotherapists, three (sports medicine) doctors and
three sports scientists). Scoring variables included: playing situ-
ation (pitch position, team action, type of play, injury situation),
player actions (running (with subcategories: linear running,
curved running, running speed and running distance), ball
possession, change of direction, kicking, jumping, receiving
the ball, reaching, heading, screening, blocking, and pressing)
and other considerations (direct contact, indirect contact, type of
contact and balance) (see online supplemental table S1 for in-
depth definitions). An initial impression of overall mechanism



category (running, stretching or other type) was also scored in
‘playing situation’ to provide a simple categorisation at a quick
glance with reference to the previously reported hamstring injury
mechanism categories.6 Time of injury was scored separately by
the main investigator based on timestamps of the match. In most
cases, the scoring variables were not mutually exclusive and thus
multiple variables could be scored for an injury situation.
Injuries where only one player action could be determined were
defined as ‘single-player action’. Injuries where multiple-player
actions could be determined were defined as ‘multiple-player
actions’. All nine investigators were then given access to all
videos containing the determined injury situation. They scored
the videos independently, blinded to each other’s scoring. Per
variable, consensus was reached when a simple majority (at least
five of the nine investigators) agreed on scoring. Any variable
that did not reach consensus was discussed in online group meet-
ings, where videos were viewed again to see if consensus could
be reached. Scoring was recorded using Excel (Microsoft).

Data analysis

Descriptive data were analysed using SPSS (V.26.0, IBM). Clas-
sification tree analysis was used to explore and identify player
actions that were commonly involved with each other. Classifi-
cation tree analysis is a method used to categorise things based
on specific attributes or characteristics they possess (in our case,
player actions). It is similar to sorting items into distinct groups
using their properties. This classification tree analysis was
performed in Orange (Bioinformatics Lab at University of
Ljubljana, Slovenia).25

Equity, diversity and inclusion statement

Our study population consisted of players from different socio-
economic and ethnic backgrounds in the male professional foot-
ball league in Qatar. Author disciplines include sports science,
physiotherapy and medicine and include four early career
researchers.
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Figure 1  Flow chart of injury and video identification.

RESULTS

A total of 295 sudden-onset hamstring match injuries were regis-
tered during the study period. Video footage was available for
131 injuries, and in 63 videos we identified a clear painful event
consistent with the recorded hamstring injury (see figure 1). No
additional players were identified through the other three
hamstring injury studies conducted at the study centre.

Player demographic information

The age of the players was 28.5 (+3.8) years (mean (SD), height
177 (* 5.6) cm and body mass 74 (* 9.5) kg). Playing positions
were goalkeeper (n=2), defender (n=21), midfielder (n=21)
and forward (n=19). Five players had partially missing demo-
graphic data (missing: body mass n=3, height n=1, height and
body mass n=1).

Scoring consensus

We scored 1227 items in 63 videos. Of these, 142 (12%) items
needed additional discussions to reach consensus. The assess-
ment of subcategories in the ‘balance’ item often did not have
agreement. It was therefore decided to change the balance
subcategories to only ‘adequate’ or ‘inadequate’ (as an aggregate

Table 1 Description of the playing situation when the injury occurred
in 63 sudden-onset hamstring injuries

Time of injury (min)

0-15 10 16%
16-30 10 16%
31-45 8 13%
45+ (extra time) 0 0%
46-60 14 22%
61-75 5 8%
76-90 13 20%
90+ (extra time) 3 5%
Pitch position: end of pitch
Own third 21 33%
Mid third (own side) 13 21%
Mid third (opponent side) 13 21%
Opponent third 16 25%
Unclear 0 0%
Pitch position: side of pitch
Right 18 29%
Left 18 29%
Central 27 43%
Unclear 0 0%
Team action
Defensive 83 52%
Offensive 30 48%
Free ball (no possession) 0 0%
Unclear 0 0%
Type of play
In play 59 94%
Set play 4 6%
Unclear 0 0%
Injury situation
Clear player action(s) 52 83%
Unclear player action(s) 11 17%
Initial impression of category (n=62, 1 missing)
Running type 43 68%
Stretching type 9 14%
Other 10 16%



Original research

Table 2 Player action(s) in 63 sudden-onset hamstring injuries Table 2 Continued
N % of category % of all injuries N % of category % of all injuries

Running (linear) (n=41, 66%) Backwards 2 15% 3%
Acceleration 24 59% 38% To the side 3 23% 5%
At speed 10 24% 16% Diagonal 2 15% 3%
Deceleration 2 5% 3% Unclear 1 8% 2%
Unclear 5 12% 8% Ball impact:

Running (curved) (n=13, 21%) Side-foot B 39% 8%
Acceleration 7 54% 11% Instep 3 23% 5%
At speed 2 15% 3% Toe kick 1 8% 2%
Deceleration 2 15% 3% Heel kick 2 15% 3%
Unclear 2 15% 3% Volley 1 8% 2%
Turning from injured leg 6 46% 10% Half-volley 0 0% 0%
Turning towards injured leg 7 54% 11% Unclear 1 8% 2%
Unclear 0 0% 0% Jumping (n=7, 11%)

Running speed (n=54, 86%) Take-off phase leg:

Fast 18 33% 29% Injured leg 1 14% 2%

Moderate 33 61% 52% Uninjured leg 3 43% 5%

Slow 2 4% 3% Both legs 3 43% 5%

Unclear 1 2% 2% Unclear 0 0% 0%

Running distance (in metres) (n=54, 86%) Landing phase leg:

0-10 24 44% 38% Injured leg 8 43% 5%

10-20 8 15% 13% Uninjured leg 3 43% 5%

20-30 14 26% 22% Both legs 0 0% 0%

30-40 5 9% 8% Unclear 1 14% 2%

40-50 2 4% 3% Landing position:

>50 1 2% 2% Good 1 14% 2%

Ball possession (n=54, 86%) Bad 4 57% 6%
Injured player running with ball 16 30% 25% Fall 1 14% 2%
Injured player running without ball 38 70% 60% Unclear 1 14% 2%

Change of direction (n=9, 14%) Receiving the ball (n=10, 16%)

Angle: With injured leg 5 8% 8%
0-45° 2 22% 3% With uninjured leg 3 5% 5%
45-90° 5 56% 8% Other 2 3% 3%
>90° 1 11% 2% No receiving 53  84% 84%
Unclear 1 11% 2% Unclear 0 0% 0%

Type: Reaching (n=11, 17%)

Side-step 4 45% 6% With injured leg 8 13% 13%
Crossover 3 33% 5% With uninjured leg 3 5% 5%
Split step 0 0% 0% No reaching 52 83% 83%
Other 1 11% 2% Unclear 0 0% 0%
Unclear 1 11% 2% Heading (n=3, 5%)

Direction: Heading 3 5% 5%
Towards injured leg 8) 33% 5% No heading 60 95% 95%
Away from injured leg 6 67% 10% Unclear 0 0% 0%
Unclear 0 0% 0% Screening (n=0)

Kicking (n=13, 21%) Screening for teammate 0 0% 0%
Leg: Being screened by opponent 0 0% 0%

Kicking leg 10 7% 16% No screening 63 100% 100%
Supporting leg 3 23% 5% Unclear 0 0% 0%
Unclear 0 0% 0% Blocking (n=1, 2%)

Type of kick: Blocking ball from opponent 1 2% 2%
Pass 7 54% 11% No blocking 62  98% 98%
Long pass 1 8% 2% Pressing (n=29, 46%)

Cross 2 15% 3% Pressing opponent 16 25% 25%

Shot on goal 1 8% 2% Pressed by opponent 13 21% 21%

Clearing 2 15% 3% No pressing 34 54% 54%

Unclear 0 0% 0% Unclear 0 0% 0%
Direction:

Forwards 5) 39% 8%

Continued



Figure 2 Examples of sudden-onset hamstring injuries and the identification of injury-inciting circumstances. (A.1) Injured player (blue dot)
defending attacking player (orange dot). Running directions are illustrated by blue and orange arrows. (A.2) Attacking player repositions to attempt
shot on goal, injured player accelerates to follow. (A.3) Attacking player attempts to score (ball trajectory dotted blue line) and injured player attempts
to intercept ball with right leg. (A.4) Injured player immediately goes down after attempt to intercept ball (hamstring injury right leg). (B.1) injured
player (orange dot) accelerates (direction orange arrow) to receive cross from teammate (ball trajectory dotted blue line). (B.2) After receiving ball,
injured player is pressed by opponent (blue dot) and kicks ball forward with right foot (ball trajectory dotted blue line). (B.3) Immediately after kicking
ball forward, injured player loses balance and stumbles forward on left leg and sustains injury. (B.4) Injured player walking off while grabbing left
posterior thigh. (C.1) Opponent (orange dot) receives ball from teammate (off-screen) and lets it pass through his legs. Injured player (blue dot) is
pressing. (C.2) Injured player accelerates and changes direction (first time). (C.3) Injured player is still accelerating and changes direction (second
time), grabs opponent. (C.4) injured player goes down with hamstring injury (right leg) after second change of direction. (D.1) Injured player (orange
dot) getting pressed by opponent (blue dot), prepares to a backward pass (‘heelie’) with right leg. (D.2) Injured player makes contact with ball. (D.3)
Injured player immediately sustains injury after backwards pass and grabs right posterior thigh. (Images from figure 2 are owned by Alkass Sports

Channels and were accessed through a local IPTV (Aspire Internet Protocol Television) access.)

of the original subcategories), during the subsequent consensus
discussions.

Injury-inciting circumstances

28 (44%) injuries occurred in the first half and 35 (56%) in the
second half of the match (table 1). Injuries happened in different
areas of the pitch, with 41% in the mid-field (mid-third own side
and opponent side) and nearly all occurred in play (table 1).
There was no difference in team action at the moment of injury
(defensive 52% vs offensive 48%) (table 1).

Player actions

A single-player action was observed in 44 (70%) injuries, whereas
multiple-player actions were observed in 19 (30%) injuries. An
overview of all player actions can be found in table 2. Specific
single-player actions and multiple-player actions can be found in
online supplemental tables S1 and S2. Figure 2 illustrates diverse
instances of sudden-onset hamstring injuries, providing a visual
representation for understanding the injury-inciting circum-
stances and playing situations.

Running as an action was part of most injury situations (86%
of all injuries). It was a single-player action in 35 injuries (56%
of all injuries, 80% of injuries with a single-player action) and
combined with other player actions in 19 injuries (30% of all
injuries, 100% of injuries with multiple-player actions). Kicking
(with varying kicking types) accounted for two-thirds of the inju-
ries not involving running (6/9) and jumping for one-third (3/9).
Change of direction only occurred as a part of multiple-player
actions (14% of all injuries).

Linear and curved running

Hamstring injuries during linear running occurred during accel-
eration at 0-10 m (n=15, 24% of all injuries), and at different
running distances and running speeds (see figure 3, table 2).
Player-to-player contact and inadequate balance (table 3) were
frequently involved (53% and 67%, respectively) in short-range
acceleration-type injuries. Moderate to fast ‘at speed’ running of
20 m or more occurred in 10 injuries (16% of all injuries), with
player-to-player contact or inadequate balance not frequently
involved.
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Table 3 Other considerations

Contact'® (n=62, 1 unclear)

No contact 45 73%

Direct contact 0 0%

Indirect contact: 17 27%
Intentional contact by injured player 7 11%
Intentional contact by opponent 2 3%
Unintentional contact 8 13%

Type of indirect contact:
Sliding tackle 1 6%
Shoulder tackle 3 17%
Collision 8 17%
Push (with arms) 4 22%
Other 5 28%
Unclear 2 11%

Balance (n=63)
Adequate 37 59%
Inadequate 26 41%

Hamstring injuries during curved running also occurred at
different distances and running speeds. Curved running decel-
eration was seen in two cases (3% of all injuries). Both deceler-
ation injuries had an overstep or overstride component. Linear
running deceleration was also seen in two cases (3% of all inju-
ries), and one had an overstep component.

Pressing

Pressing was seen with player-to-player contact. In injuries
without pressing, there was also no contact 88% of the time.
Contact was seen in 12% of injuries without pressing and the
type of contact was ‘unintentional’ in all cases.

The injured player intending to intercept the ball was seen in
25% of all injuries. Contact was seen in 69% of these situations
and balance was inadequate in 82% of the time.

The opponent intending to intercept the ball was seen in 21%
of all injuries. Contact was seen in 15% of these situations and
balance was inadequate 50% of the time. See also online supple-
mental figure S1 and table S3.

Pressing occurred relatively more frequently during multiple-
player actions than as a single-player action (86% vs 36%).

DISCUSSION

In this video-analysis study, 63 sudden-onset hamstring injuries
in professional football match-play were analysed. Our primary
finding was that one in four hamstring injuries occurred during
acceleration at short distances (0-10 m). Player pressure (on the
opponent or by the opponent), inadequate balance and indirect
contact moments were also factors involved with many of the
injuries.

Running-type injuries

Acceleration-type hamstring injuries over distances of 0-10 m
(24%) occurred one-and-a-half times more often than a ‘typical’
(16%) sprinting hamstring injuries (ie, high-speed running over
a longer distance).6 Acceleration was also found to be a frequent
action in a recent video analysis study in professional football.15
However, the ratio of acceleration versus high-speed running
injuries was nearly equal and no distances were described.15 In
another recent video analysis study in professional football, it
was reported that horizontal speeds were classified as ‘very high
(sprinting)’ in 43% of cases and ‘moderate to high (high-intensity

running below sprinting)’ in 36% of the total 14 cases.!¢ In rugby,
acceleration has been found to occur in 67% of the hamstring
injuries involving running.1” Distances were also not reported in
the rugby study. Deceleration was a new, but minor factor
reported for hamstring injuries in rugby.l” We also found that
a minority of sudden-onset hamstring injuries occurred during
deceleration, frequently involving an overstep/overstride. The
trend in the literature that high-speed running exposure could
reduce hamstring injury risk is supported by evidence of an
exponential increase in workload of the hamstrings at higher
speeds.26-29 In light of the current evidence, injury prevention
and rehabilitation should likely not be focused solely on high-
speed running, but rather on increasing a player’s capacity to
handle different situations, including shorter distance acceler-
ations with a pressing component (with and without indirect
contact). Small-sided games are a frequently used training format
covering these types of situations, but direct evidence related to
injury prevention is lacking.30

Factors during running

Contact with another player, inadequate balance and/or pressing
were most frequently seen during running at short distances. Fast
running at higher distances also frequently displayed inadequate
balance at the suspected moment of injury. Contact with another
player was a less frequent factor here compared with short runs.
In our study, there was no direct contact seen, unlike the 20
direct contact injuries reported by Gronwald et al, although they
excluded these injuries.!5 Indirect contact was involved in 33% of
all hamstring injuries, compared with 27% in our study. In contrast,
only 12% of the sprinting injuries in their study involved indirect

contact, compared with 30% of the running injuries in our study.
Indirect contact hamstring injuries are rarely described in the litera-
ture, where non-contact (strain) injuries or direct contact (contusion)
injuries are more common.31-33 In our study, 40% of the running

injuries that occurred within 10m involved indirect contact. These
differences may be explained by playing positions, though a direct
comparison could not be made as data were not reported.1>

Change of direction was another factor seen during running
although less frequently. Change of direction happened mostly while
turning away from the injured side (67%), similar to the change of
direction injuries described by Kerin et al (100%).17 Change of direc-
tion occurred in 41% of their injuries versus 14% in our cohort. This
is likely due to difference in sports or the relatively low sample size
in their study.!” The involvement of change of direction in sudden-
onset hamstring injuries is rarely described, being more common in
groin injuries and anterior cruciate ligament injuries.3435
Lastly, reaching with the injured leg was seen in 13% (8) of all

injuries and only during running. However, there was no direct
connection seen with other player actions besides running in general
(ie, various speeds and types of running), making it hard to discern
a pattern. In contrast, Gronwald et al have seen a lunging pattern
(similar to reaching) in 31% (16) of their injuries and Jokela et al
described only 1 injury (7% of their injuries) as reaching.15 16

Injuries that did not involve running

Sudden-onset hamstring injuries that did not involve running were a
minority in our study, occurring in only 14% of all injuries. Kicking
accounted for 67% of these (10% of all injuries) compared with the
15% of all hamstring injuries reported by Gronwald et al.!> Another
similar incidence of kicking injuries (11%) was seen in a recent
rehabilitation study (with mostly football players).? Kicking is also a
reported player action for sudden-onset hamstring injuries in other
sports, accounting for 10%-19% of sudden-onset hamstring injuries



in Australian rules football and English rugby union.? 3¢ Lastly,
reaching with the injured leg as a single-player action was seen in
only 6% of all injuries.

Research implications

Given our study findings, it seems that injuries involving short runs
(with contact and inadequate balance) and injuries involving change
of direction might be largely under-reported hamstring injury situa-
tions. Kicking appears to consistently account for a smaller propor-
tion of injuries (around 1 in 10 injuries)? 3¢ and may therefore also
need to be considered in preventative efforts. In the often time-
constrained environment of prevention and rehabilitation, it is key
to select the most appropriate intervention(s). Superiority of using
interventions specifically focusing on prevention of sprinting-type
injuries or kicking-type injuries or using a multifactorial approach is
still debated.8 37 Hamstring-strengthening exercise may represent a
valuable approach to mitigate hamstring injury risk, yet the effects of
adding interventions incorporating the varied player actions deserve
further clinical investigation.3 38-41

Limitations

One of the main limitations of video studies is that it is impos-
sible to determine when a sudden-onset hamstring injury happens
exactly. Although we used a clear painful event combined with injury
surveillance data, actions leading up to injury were still determined
by opinion of the analysts. Furthermore, no formal rater reliability
testing was performed.

Injury-reporting forms were constructed based on similar previous
studies.24 Video quality and angles may have influenced scoring;
however, this was unavoidable as video data were from a third party
and consisted of broadcasted footage only. This study only included
male professional football players; therefore, generalisability to
female players, different levels, age groups and other sports are
uncertain.

In this study, we analysed 63 clear sudden-onset hamstring injuries.
However, this is only 48% of the diagnosed injuries which had an
available video. The remaining injuries could not be clearly identified
on the video and may be a result of these players continuing to play
despite pain, which subsequently caused time-loss. Minor hamstring
pain or ‘niggles’ could be a considerable contributor to diminished
training and/or match availability,*2 and their mechanisms may be
different than those reported here.

Lastly, our video analysis procedure was a synthesis of available
evidence. However, our framework was largely based on a video
analysis consensus study in rugby. This underpins the fact that a
similar consensus for hamstring injuries in football is yet to be
conducted. A consensus on a standardised system to classify injury-
inciting circumstances for any injury in football was published after
this study was conducted.1* There are therefore differences in our
analysis approach, which will limit future comparisons.

CONCLUSION

Sudden-onset hamstring injuries in professional football happened at
varying running phases, speeds and distances, but the most common
single-player action (one in four injuries) was acceleration over a
distance of <10m. Pressing, inadequate balance and indirect contact
were frequently involved. Injury prevention (research) in foot-
ball should look beyond high-speed running as a causal factor for
sudden-onset hamstring injuries.

Author affiliations
'Aspetar Orthopaedic and Sports Medicine Hospital, Doha, Qatar

*Amsterdam University Medical Centers, Academic Medical Center, Amsterdam
Movement Sciences, Academic Center for Evidence Based Sports Medicine,
Amsterdam I0C Center, ACHSS, Amsterdam, The Netherlands

%School of Public Health, Physiotherapy and Sport Science, University College Dublin,
Dublin, Ireland

“Section Sports Medicine, Faculty of Health Sciences, University of Pretoria, Pretoria,
South Africa

SNaufar, Wellness and Recovery Center, Doha, Qatar

SFootball Performance and Science Department, Aspire Academy, Doha, Qatar
"Department of Sport and Exercise Sciences, Manchester Metropolitan University
Institute of Sport, Manchester, UK

®Department of Sports Medicine, Oslo Sports Trauma Research Center, Norwegian
School of Sports Sciences, Oslo, Norway

°FIFA Medical, Fédération Internationale de Foothall Association, Zurich, Switzerland

X Robin Vermeulen @rbnvrmin, Nicol van Dyk @NicolvanDyk, Rod Whiteley
@RodWhiteley, Karim Chamari @ProfChamari, Warren Gregson @spswgreg, Lorenzo
Lolli @Lorenzo_Lolli90 and Andreas Serner @aserner

Acknowledgements The authors would like to thank Abdulla Al-Jabri for
graciously acquiring the required footage for analysis.

Contributors All authors were involved in the data collection, drafting of the
manuscript and study design. RV is guarantor.

Funding This study was internally funded by Aspire Zone Foundation (AZF)
Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval Aspire Zone Foundation Institutional Review Board (AZF IRB No:
E202007003).

Provenance and peer review Not commissioned; internally peer reviewed.

Data availability statement Data are available upon reasonable request. Data
may be obtained from a third party and are not publicly available. Not applicable.

Supplemental material This content has been supplied by the author(s).

It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not
have been peer-reviewed. Any opinions or recommendations discussed are

solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all
liability and responsibility arising from any reliance placed on the content.
Where the content includes any translated material, BMJ does not warrant the
accuracy and reliability of the translations (including but not limited to local
regulations, clinical guidelines, terminology, drug names and drug dosages), and
is not responsible for any error and/or omissions arising from translation and
adaptation or otherwise.

ORCID iDs

Robin Vermeulen http://orcid.org/0000-0001-9456-8892
Nicol van Dyk http://orcid.org/0000-0002-0724-5997
Rod Whiteley http://orcid.org/0000-0002-1452-6228
Karim Chamari http://orcid.org/0000-0001-9178-7678
Warren Gregson http://orcid.org/0000-0001-9820-5925
Lorenzo Lolli http://orcid.org/0000-0001-8670-3361
Roald Bahr http://orcid.org/0000-0001-5725-4237
Andreas Serner http://orcid.org/0000-0003-4308-901X

REFERENCES

1 Bahr R, Clarsen B, Ekstrand J. Why we should focus on the burden of injuries and
ilinesses, not just their incidence. Br J Sports Med 2018;52:1018-21.

2 Hagglund M, Waldén M, Magnusson H, et al. Injuries affect team performance
negatively in professional football: an 11-year follow-up of the UEFA Champions
League injury study. Br J Sports Med 2013;47:738-42.

3 Ekstrand J, Bengtsson H, Walden M, et al. Still poorly adopted in male professional
football: but teams that used the Nordic Hamstring Exercise in team training had
fewer hamstring injuries - a retrospective survey of 17 teams of the UEFA Elite
Club Injury Study during the 2020-2021 season. BMJ Open Sport Exerc Med
2022;8:001368.

4 Ekstrand J, Gillquist J, Mdller M, et al. Incidence of soccer injuries and their relation to
training and team success. Am J Sports Med 1983;11:63-7.

5 Diemer WM, Winters M, Tol JL, et al. Incidence of Acute Hamstring Injuries in Soccer:
A Systematic Review of 13 Studies Involving More Than 3800 Athletes With 2 Million
Sport Exposure Hours. J Orthop Sports Phys Ther 2021;51:27-36.

6 Askling CM, Malliaropoulos N, Karlsson J. High-speed running type or stretching-type
of hamstring injuries makes a difference to treatment and prognosis. Br J Sports Med
2012;46:86-7.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Danielsson A, Horvath A, Senorski C, et al. The mechanism of hamstring injuries - a
systematic review. BMC Musculoskelet Disord 2020;21:641.

Mendiguchia J, Martinez-Ruiz E, Edouard P, et al. A Multifactorial, Criteria-based
Progressive Algorithm for Hamstring Injury Treatment. Med Sci Sports Exerc
2017;49:1482-92.

Vermeulen R, Whiteley R, van der Made AD, et al. Early versus delayed lengthening
exercises for acute hamstring injury in male athletes: a randomised controlled clinical
trial. Br J Sports Med 2022;56:792-800.

Bourne MN, Timmins RG, Opar DA, et al. An Evidence-Based Framework for
Strengthening Exercises to Prevent Hamstring Injury. Sports Med 2018;48:251-67.
Ekstrand J, Waldén M, Hagglund M. Hamstring injuries have increased by 4% annually in
men’s professional football, since 2001: a 13-year longitudinal analysis of the UEFA Elite
Club injury study. Br J Sports Med 2016;50:731-7.

Ekstrand J, Bengtsson H, Waldén M, et al. Hamstring injury rates have increased
during recent seasons and now constitute 24% of all injuries in men’s professional
football: the UEFA Elite Club Injury Study from 2001/02 to 2021/22. Br J Sports Med
2022;57:292-8.

Bittencourt NFN, Meeuwisse WH, Mendonca LD, et al. Complex systems approach
for sports injuries: moving from risk factor identification to injury pattern recognition-
narrative review and new concept. Br J Sports Med 2016;50:1309-14.

Aiello F, McCall A, Brown SJ, et al. Development of a Standardised System to Classify
Injury-Inciting Circumstances in Football: the Football Injury Inciting Circumstances
Classification System (FIICCS). Sports Med 2023;53:1805-18.

Gronwald T, Klein C, Hoenig T, et al. Hamstring injury patterns in professional

male football (soccer): a systematic video analysis of 52 cases. Br J Sports Med
2022;56:165-71.

Jokela A, Valle X, Kosola J, et al. Mechanisms of Hamstring Injury in Professional
Soccer Players: Video Analysis and Magnetic Resonance Imaging Findings. Clin J Sport
Med 2023;33:217-24.

Kerin F, Farrell G, Tierney P, et al. Its not all about sprinting: mechanisms of acute
hamstring strain injuries in professional male rugby union-a systematic visual video
analysis. Br J Sports Med 2022;56:608-15.

Tabben M, Eirale C, Singh G, et al. Injury and illness epidemiology in professional
Asian football: lower general incidence and burden but higher ACL and hamstring
injury burden compared with Europe. Br J Sports Med 2022;56:18-23.

Bakken A, Targett S, Bere T, et al. Muscle Strength Is A Poor Screening Test for
Predicting Lower Extremity Injuries in Professional Male Soccer Players: A 2-Year
Prospective Cohort Study. Am J Sports Med 2018;46:1481-91.

Hamilton B, Tol JL, Almusa E, et al. Platelet-rich plasma does not enhance return

to play in hamstring injuries: a randomised controlled trial. Br J Sports Med
2015;49:943-50.

Wangensteen A, Almusa E, Boukarroum S, et al. MRI does not add value over and
above patient history and clinical examination in predicting time to return to sport
after acute hamstring injuries: a prospective cohort of 180 male athletes. Br J Sports
Med 2015;49:1579-87.

Eirale C, Farooq A, Smiley FA, et al. Epidemiology of football injuries in Asia: a
prospective study in Qatar. J Sci Med Sport 2013;16:113-7.

Serner A, Mosler AB, Tol JL, et al. Mechanisms of acute adductor longus injuries

in male football players: a systematic visual video analysis. Br J Sports Med
2019;53:158-64.

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Hendricks S, Till K, den Hollander S, et al. Consensus on a video analysis framework of
descriptors and definitions by the Rugby Union Video Analysis Consensus group. Br J
Sports Med 2020;54:566-72.

Demdar J, Curk T, Erjavec A, et al. Orange: Data Mining Toolbox in Python. J Mach
Learn Res 2013;14:2349-53.

Mendiguchia J, Conceigéo F, Edouard P, et al. Sprint versus isolated eccentric training:
Comparative effects on hamstring architecture and performance in soccer players.
PLOS ONE 2020;15:e0228283.

Chumanov ES, Heiderscheit BC, Thelen DG. The effect of speed and influence of
individual muscles on hamstring mechanics during the swing phase of sprinting.

J Biomech 2007;40:3555-62.

Schache AG, Dorn TW, Wrigley TV, et al. Stretch and activation of the human biarticular
hamstrings across a range of running speeds. Eur J Appl Physiol 2013;113:2813-28.
McNally T, Edwards S, Halaki M, et al. Quantifying demands on the hamstrings during
high-speed running: A systematic review and meta-analysis. Scand J Med Sci Sports
2023;33:2423-43.

Clemente FM, Sarmento H. Combining small-sided soccer games and running-based
methods: A systematic review. Biol Sport 2021;38:617-27.

Petersen J, HoImich P. Evidence based prevention of hamstring injuries in sport. Br J
Sports Med 2005;39:319-23.

Ekstrand J, Hagglund M, Waldén M. Injury incidence and injury patterns in
professional foothall: the UEFA injury study. Br J Sports Med 2011;45:553-8.

Ekstrand J, Askling C, Magnusson H, et al. Return to play after thigh muscle injury

in elite foothall players: implementation and validation of the Munich muscle injury
classification. Br J Sports Med 2013;47:769-74.

Serner A, Tol JL, Jomaah N, et al. Diagnosis of Acute Groin Injuries: A Prospective
Study of 110 Athletes. Am J Sports Med 2015;43:1857-64.

Waldén M, Krosshaug T, Bjgrneboe J, et al. Three distinct mechanisms predominate
in non-contact anterior cruciate ligament injuries in male professional

football players: a systematic video analysis of 39 cases. Br J Sports Med
2015;49:1452-60.

Liu H, Garrett WE, Moorman CT, et al. Injury rate, mechanism, and risk factors of
hamstring strain injuries in sports: A review of the literature. J Sport Health Sci
2012;1:92-101.

Hickey JT, Opar DA, Weiss LJ, et al. Hamstring Strain Injury Rehabilitation. J Athl Train
2022;57:125-35.

van Dyk N, Behan FP, Whiteley R. Including the Nordic hamstring exercise in injury
prevention programmes halves the rate of hamstring injuries: a systematic review and
meta-analysis of 8459 athletes. Br J Sports Med 2019;53:1362-70.

Impellizzeri FM, McCall A, van Smeden M. Why methods matter in a meta-analysis: a
reappraisal showed inconclusive injury preventive effect of Nordic hamstring exercise.
J Clin Epidemiol 2021;140:111-24.

Ishai L, Thorborg K. Why clinical context and relevant protocols matter: response to
Impellizzeri etal. J Clin Epidemiol 2022;144:206-8.

Impellizzeri FM, McCall A, van Smeden M. Why clinical context and relevant protocols
matter: author’s reply. J Clin Epidemiol 2022;144:209-10.

Whalan M, Lovell R, Sampson JA. Do Niggles Matter? - Increased injury risk following
physical complaints in football (soccer). Sci Med Football 2020;4:216-24.



