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ABSTRACT
Video analysis is a useful tool for injury surveillance in 
rugby union. There are few video analysis studies in the 
professional female game, with most studies published in 
the male elite/professional settings. Moreover, there is a 
sparsity of literature in youth rugby settings. The following 
narrative review outlines the strengths and limitations of 
the current video analysis literature for injury surveillance 
in youth rugby union, highlights the importance of video 
analysis for youth rugby player safety and welfare, and 
discusses recommendations for using video analysis to 
inform player safety in youth rugby.

INTRODUCTION
Video analysis has been used to assess perfor-
mance outcomes and describe physical 
demands in professional, elite and non- elite 
team sports.1–3 Additionally, coaches have 
used video analysis as a training and feedback 
tool to inform player technique and knowl-
edge, such as tactical skill development in 
soccer and volleyball, learning a golf swing 
or improving a basketball set shot.4–9 Besides 
performance outcomes, such as tackle profi-
ciency, video analysis has extended to sports 
injury prevention research across multiple 
team sports (eg, rugby union, football, hand-
ball and ice hockey).10–12 Over the last two 
decades, it has been used to describe injury 
mechanisms and examine potential risk 
factors in many sports.10 11 13–16 For example, 
a consensus statement has been released on 
video signs of concussion in professional 
sports to identify the most useful video signs 
of sport- related concussion and operationally 
define these video signs across professional 
sports.17

Rugby union (hereafter rugby) has used 
video analysis extensively to evaluate perfor-
mance and injury epidemiology within elite 
cohorts.18 19 Moreover, it has provided the 
opportunity to add a unique and rich compo-
nent in evaluating injury and concussion 

prevention strategies alongside injury 
surveillance, such as tackle height law varia-
tions.10 11 20 21

Video analysis in rugby injury epidemiology 
research has been primarily focused on male 
professional and elite youth cohorts with 
some early representations of varsity (univer-
sity student) populations.3 10 11 21–25 Outside 
of these male elite contexts, youth, non- elite 
and community populations can benefit 
greatly from video analysis to inform injury 
epidemiology, including revealing mecha-
nisms of injury if there is no opportunity to 
implement a valid injury surveillance meth-
odology.26 Other sports injury video analysis 
research begins with an independent injury, 
identifies it on video, and breaks down the 
biomechanics of the injury, such as that of 
video review of Achilles tendon ruptures or 
medial collateral ligament knee injuries in 
professional football (soccer).27 28

Injury and concussion- specific rates in 
youth rugby players are amongst the highest 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Video analysis is a systematic approach to recording 
observed events and actions. It is a useful tool for 
injury surveillance and allows researchers to gain a 
deeper understanding of injury events and risk fac-
tors of injury.

WHAT THIS STUDY ADDS
 ⇒ The present narrative review outlines the strengths 
and limitations of the present youth rugby union 
video analysis field used for injury surveillance and 
provides opportunities to unify the video analysis 
methodology to improve video injury and character-
istic outcomes.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The present review suggests methods to build on 
and improve video analysis methodology in the 
youth rugby injury surveillance setting and beyond.
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in youth sport.29–31 For the present narrative review, 
youth rugby players include those 18 or younger. A Cana-
dian female high school cohort (age 15–18) reported 
the highest concussion rate in youth rugby at 37.5 
concussions/1000 match- hours.29 Considering the high 
concussion rate, a detailed understanding of injury and 
concussion mechanisms will provide better evidence to 
inform decision- making in the youth game. It may also 
enable a more targeted approach to mechanisms and 
risk factors that may be youth or gender- specific. To gain 
this understanding, video analysis methodology has been 
applied to advance the youth rugby injury and concussion 
prevention field.21 23 While the present narrative review is 
focused on video analysis methodology in youth rugby, 
similar strengths, limitations and recommendations can 
be made across non- elite and community rugby video 
analysis. The objectives of the present narrative review 
are to (1) summarise our understanding of the strengths 
and limitations of video analysis in youth rugby as used 
for injury surveillance, (2) highlight the importance of 
video analysis in relation to youth player safety and (3) 
discuss recommendations for the use of video analysis to 
inform player safety in youth rugby.

What does video analysis for injury surveillance research 
entail?
Video analysis studies apply a deterministic or diagnostic 
prescriptive approach21 32 33 and involve four distinct 
steps: (1) video footage and capture, (2) identifying 
events, actions and characteristics of interest, (3) variable 
labelling according to the defined events and actions and 
(4) statistical analyses. Video footage is obtained through 
self- capturing or publicly broadcasted matches. Video 
footage and capture require appropriate camera angles 
to ensure an optimal line of sight, frame focus for footage 
clarity, and steady frame movement to ensure footage 
observes the play to be coded and labelled accordingly. 
Additionally, video footage may require multiple camera 
angles and the ability to watch the captured footage at 
different speeds to simplify the coding and labelling 
processes. Identifying events involves generating a count 
of match events (eg, tackle, ruck, scrum, line- out) and 
identifying suspected injuries or concussions. Video 
labelling applies further event- specific characteristics 
and descriptors to match events. For example, once all 
tackles in a game are coded, tackle- specific descriptors 
(eg, body position, head position, tackle type) can be 
added.34 Further, statistical analyses involve descriptive 
and inferential statistics. Descriptive statistical analyses 
incorporate a description of all events and actions, which 
is typically reported as percentage frequency. If outcomes 
are known, inferential statistical analyses may include 
estimation of measures of association, such as odds, 
rate and risk of injury or concussion, based on labelled 
characteristics. Labelled characteristics could include 
playing position, such as tackler versus ball- carrier and 
back versus forward. To date, an important evaluation 
has included identification of the risk of injury between 

the ball- carrier (the player who is carrying the ball into 
contact; attacker) and tackler (the player that is actively 
tackling the individual with the ball; defender) within the 
tackle event. The strengths and limitations of using video 
analysis in rugby are present at all steps and are outlined 
in table 1.

Why would researchers use video analysis for sports injury 
epidemiology research?
Within the sports injury epidemiology literature, video 
analysis allows a researcher to systematically measure 
and quantify injury and non- injury events with respect 
to injury mechanisms and potential risk factors. Descrip-
tive studies are useful for quantifying match situations 
and estimating incidence and/or propensity of injury 
and mechanisms associated with injury. Additionally, 
comparing injured and uninjured (control) events allows 
researchers to provide policy- makers and stakeholders 
with the opportunity to make evidence- informed deci-
sions surrounding player safety and welfare. For example, 
video analysis has been conducted in professional adult 
male settings to inform tackle- based risk factors for head 
injury assessments (HIA) and diagnosed concussions.11 22 
Tucker et al estimated that the tackle characteristics with 
the greatest propensity to cause an HIA were active 
shoulder tackles, front- on tackles, high- speed tackles and 
an accelerating tackler.22 Additionally, contact between 
a tackler’s head and a ball carrier’s head or shoulder 
significantly increased the risk of an HIA compared with 
contact below the level of the shoulder.22 Similarly, using 
a case–control study design on a comparable professional 
male rugby population, the tackle- related variables that 
were estimated to increase the odds of concussion were 
tackler speed, acceleration, head contact type and tackle 
type.11 The findings from the video analysis tackle charac-
teristics informed the Head Contact Process.35 Moreover, 
due to the higher concussive risk associated with an 
upright body position and head- to- head contact, it was 
hypothesised that lowering the tackle’s height could 
reduce the concussion rate.20 Based on this hypothesis, 
an evidence- informed policy change was implemented 
and evaluated.10 11 20

How can the limitations of video analysis be addressed?
Video capture
The scope of limitations spans all video analysis steps, as 
outlined in table 1. However, within youth and commu-
nity settings, video footage and capture encompass the 
primary observed limitations due to unpredictable video 
quality, which would result in an inability to label and code 
footage accurately. Video capture and footage are the 
most prominent limitations, given the lack of availability 
of professionally filmed or broadcasted video footage. 
Within youth settings, video capture would be the respon-
sibility of the researchers collaborating with the team, 
the coaching staff, or the tournament or league that the 
team partakes in. However, this could vary vastly across 
different youth teams and contexts. Importantly, due to 
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individual variability in a youth context, standardised 
directions and recommendations on capturing video 
(eg, number of cameras, width of frame) should be made 
to ensure consistently high video quality. Hendricks et al 
outline some recommendations, but further recommen-
dations to adequately quantify the injury event should 
be considered specific to a youth setting.34 Consent and 
storage are additional considerations when capturing 
video; however, these will be context- specific (ie, leagues, 
teams, ethics boards).

Video coding and labelling
One of the main limitations when identifying injury 
and concussion risk factors and mechanisms through 
video analysis across youth and professional video is the 
inability to find the injury- inducing event in the captured 
footage (table 1). Previously, within a professional male 
setting, only 74% (182/247) of reported concussions 
identified through injury surveillance had been identi-
fied on footage.11 The authors stated concussions were 
dropped due to insufficient video quality or inability to 
identify the inciting event in the footage.11 Without the 
ability to identify the injury or injury- inducing event on 
video, there may be an underestimation of the injury 
count or misrepresentation of the mechanisms of injury.

Several match events and multiple characteristics for 
each event can be obtained using rugby video analysis 
based on the 2020 video analysis consensus statement.34 
In addition to match events, injury events can provide 

further detailed characteristics such as injury location, 
injury type (eg, suspected concussion), and whether a 
player was removed from play. Reliability (ie, inter- rater 
reliability, intra- rater reliability) and validity (ie, content 
validity, face validity, criterion validity) across measures 
obtained in video analysis vary. This is partly due to the 
subjectivity of coding characteristics. Moreover, identi-
fying injury, specifically concussion, could be subjective, 
given a coder’s perception of the event as influenced by 
their previous clinical experience. Hence, video analysis- 
based operational definitions of suspected injury and 
concussion are crucial for video analysis research, such as 
those outlined by Davis et al.17

Identifying injury mechanisms and ensuring the 
validity and reliability of reporting injury outcomes could 
be improved using two methods: (1) linking video to 
injury surveillance data and (2) using validated injury 
and concussion definitions for video analysis.

The ability to link injury surveillance data based on self- 
reported or clinician- reported injuries is an opportunity 
to validate suspected video analysis- based injuries that 
meet a surveillance study injury definition, such as all 
physical complaints, time- loss, medical attention and/or 
physician- diagnosed concussion. Linking the two allows 
for comparison with other studies that have adopted 
similar injury definitions and can improve the validity of 
reported injury rates. In a youth male elite South African 
rugby tournament, injury reports from physicians were 

Table 1 Current strengths and limitations in rugby video analyses methodology based on current literature

Strengths Limitations

Video capture  ► Simple data collection process
 ► Can be linked to and add value to 
injury surveillance data21 23 33 36

 ► Video quality due to inexperienced 
recorder, wide angle and/or obstructed 
view

 ► Access to video footage at the youth and 
community level

Video coding and labelling  ► Systematic method to record observed 
events and actions (eg, injury risk 
factors, mechanisms of injury)

 ► Consensus statement present34

 ► Intra- rater reliability is completed 
frequently21 23 37

 ► Can review video footage for accuracy

 ► Inter- rater reliability is rarely 
completed21 23 37

 ► Potential for biased coding given 
knowledge of outcome (eg, concussion, 
non- concussion)

 ► Time- consuming
 ► Variables (eg, speed, acceleration, head 
impact) can be subjective without the use 
of external data sources

Statistical analysis  ► Quantifies risks, likelihoods and 
probabilities based on the relationship 
between action/events and outcomes

 ► Using a case–control study design can 
evaluate exposure to multiple event 
characteristics at one time11 36

 ► Individual and team- based matching 
for injury and non- injury events36

 ► No evaluations have considered baseline 
player covariates (eg, previous playing 
experience, age, sex)

 ► Descriptive analyses21 23

 ► Small sample sizes or no sample size 
calculations61

Other  ► Proficiency scoring criteria previously 
developed that demonstrate construct 
validity21 33

 ► Generalisability
 ► More studies on training settings are 
required61
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reviewed, and match footage was then analysed to identify 
the injury mechanism (ie, inciting match event).21 23 33 36 
When using validated injury surveillance to complement 
video analysis, it is important to ensure that the data 
linkage between the injury surveillance and the video of 
the inciting event is as close to the time of injury occur-
rence as possible. This will improve the accuracy of 
participant and clinician reports and minimise recall bias 
or ambiguity surrounding the injury event during video 
review. Within a South African youth elite rugby cohort, 
the ability to link video footage to the injury event has 
been estimated to be 55%–58%.21 37

While recommended, it is recognised that it might 
not be possible to link the two data sources due to a 
lack of resources for injury surveillance or because it is 
prohibited given ethical considerations for anonymity of 
participants (eg, video data needs to remain deidentified 
and anonymous). If linkage with an injury surveillance 
database is not possible, a consensus for methodology 
to validate video- based suspected injury and/or concus-
sions is an alternative option. This would allow for a 
standardised definition based only on observable signs of 
injury or concussion from collected video footage. Impor-
tantly, this definition consists of parameters validated 
for construct, content, and face validity to operationally 
define a video- based injury.24 Within adult professional 
and non- professional rugby union, both suspected injury 
and concussion have been validated to identify valuable 
video signs for these outcomes.17 24 Additionally, video 
signs of concussion have been studied extensively within 
professional rugby league competitions to understand 
the reliability, sensitivity and specificity of key concus-
sion signs.38–40 Such validations and definitions provide 
a robust video analysis measure to define injury and 
concussion outcomes operationally. The consensus guide-
lines by Hendricks et al consider injury characteristics to 
support the injury identification process during video 
coding, which suggests a medical attention definition.34 
Importantly, this identification would also capture those 
athletes who did not receive on- field attention regardless 
of whether they were removed from play permanently 
or temporarily. The validation of video- based suspected 
injury and concussion definitions allows researchers to 
conduct injury epidemiology research without surveil-
lance data based on collected video footage. This 
presents a feasible and practical alternative when injury 
surveillance is impossible (eg, resource limitations in 
youth rugby settings).

Technology (eg, instrumented mouthguards, global 
position system (GPS) units, ultra- wideband tracking) 
is an additional tool that has the potential to assist in 
providing more context surrounding the injury event 
and can improve video analysis outcomes, whether for 
injury or concussion definition or video labelling values. 
However, like the use of injury surveillance platforms in 
youth, it is important to recognise that such technolo-
gies can be cost- prohibitive and infeasible. The practice 
of using head impact sensors is rapidly developing, and 

their use and validation could present researchers with 
additional opportunities to validate suspected concus-
sion events and assist in concussion management.41 
Commonly critiqued subjective variables include player 
speed and acceleration. The ability for a coder to appro-
priately quantify the speed of the tackler or ball- carrier in 
a tackle event by categorical descriptors, such as ‘slow’, 
‘moderate’ and ‘fast’, or the acceleration of the tackler 
or ball- carrier as ‘accelerating’, ‘decelerating’ or ‘none’, 
is challenging. To increase the validity and reliability of 
these variables, external data sources, such as GPS units, 
video- based algorithms or ultra- wideband tracking to 
calculate speed may be utilised.42 43 As with developing 
technologies, technology outputs should be interpreted 
cautiously due to system validity, such as GPS unit output 
over short distances with change of direction.44

The use of technology may be limited in non- elite 
settings, so an opportunity to improve the validity of 
subjective variables in the youth rugby context would 
be the validation of ordinal labelling scales for variables 
such as player speed (eg, slow, moderate and fast).34 
Considering law changes related to the tackle height,20 45 
another important variable that could be captured with 
an ordinal scale is the level of head contact to supple-
ment the use of head impact sensors or other technology 
where resources are limited. The alignment of these 
scales with technology and using blind coders to validate 
the ordinal scales to understand the subjectivity of the 
perceived intensity, speed and acceleration of a head 
impact or a moving player is valuable for the video anal-
ysis literature.

While no scaling systems exist for youth rugby video 
analysis, research in youth ice hockey has quantified the 
intensity of physical contact through a five- point scale.46 
Similar scales could be developed for the variables 
mentioned above, where the validation of these scales 
could include alignment with head impact sensors, GPS 
units or ultra- wideband tracking data and blind coders 
using the developed scales to gain an understanding 
of the subjectivity of the perceived intensity, speed and 
acceleration of a head impact or a moving player.

As previously listed in table 1, another limitation when 
estimating injury and concussion risk factors and mech-
anisms through video analysis is the misclassification of 
characteristics between injured and uninjured events due 
to methodological limitations, such as previous knowl-
edge of the outcome (ie, concussive vs non- concussive 
tackle) affecting coder subjectivity. Ultimately, there is 
potential for differential misclassification bias away from 
the null, where the effect of a characteristic on injury 
would be overestimated due to coder knowledge of the 
outcome (eg, injury vs non- injury). Ideally, coders would 
be blinded to the injury outcome; however, this is not 
always feasible. Several options could be considered to 
mitigate this bias.

The first option could require coders to stop watching 
the footage before the outcome (or lack of outcome) 
occurs or stop the footage at the point of contact. 
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Stopping the footage before outcome occurrence is 
challenging because knowledge of when the inciting 
event occurred might be unknown. Additionally, stop-
ping footage at the point of contact limits the number 
of observable characteristics. Based on Hendricks et al’s 
consensus guidelines, characteristics of the tackle can 
be categorised into precontact, contact and postcontact 
phases. Thereby, some of the contact and all postcontact 
phases would be missed. This is particularly pertinent 
with emerging evidence around the head- to- ground 
mechanisms established in the postcontact phase of the 
tackle within the female game.25

The second option involves an independent coder who 
does not know injured or non- injured outcomes specific 
to the video footage being reviewed. The independent 
coder should have knowledge or previous experience of 
rugby match play and identifying concussions on video 
or in- person. By involving an additional coder, inter- rater 
reliability can be computed between the coders to under-
stand whether the coding has been biased by knowledge 
of the outcome.

If more than one coder assesses the video footage, the 
final proposed strategy is to perform a ‘partial’ blinding 
methodology. Traditionally, within rugby video analysis, 
initial coding is done to estimate a count of all match 
events that occurred. This is followed by video labelling 
to add characteristics that describe the events. While 
match events count the number of tackles, rucks, line- 
outs, scrums, etc, the characteristics could be biased 
based on knowledge of the injury or concussion outcome. 
Therefore, if more than one coder is present, the coder 
who initially coded all match events and is aware of the 
injury outcome would not code the characteristics for 
that event. Additional coders could code the characteris-
tics without knowledge of the outcome. Figure 1 displays 
a flow chart of this ‘partial’ blinding methodology that 

could be applied to future rugby injury video analysis 
studies. While the proposed methodology attempts to 
limit bias during labelling, there will be certain scenarios 
where video signs are more obvious, which may make the 
blinding process impossible regardless of initial coder 
knowledge.

Growing video analysis injury surveillance research in youth 
rugby
The consensus on a video analysis framework on descrip-
tors and definitions by the Rugby Union Video Analysis 
Consensus group has made an important contribution to 
the rugby video analysis literature.34 The consensus state-
ment provides structure and uniformity for capturing 
and coding study variables, enhancing comparability 
across studies and rugby- playing populations. However, 
this structure and uniformity are only observed when the 
consensus is followed and considered during protocol 
development of a video analysis study.

Despite the number of events and characteristics that 
the consensus statement outlines, the statement provides 
minimal guidance in the context of injury event charac-
teristics, with no operational injury definitions. Within 
the consensus statement, the injury characteristic used 
is a medical attention injury where a ‘player received 
medical attention and either continued playing or was 
removed permanently or temporarily’ or a no medical 
attention injury where a ‘coder observed a possible 
injury to a player but said player did not receive medical 
attention during the match’.34 In addition, coders can 
report whether the player was removed from play, if it 
was a possible head injury, who the injured player was 
(eg, defender vs attacker, tackler vs ball- carrier), and the 
injury location on the player.34

West et al undertook a rigorous suspected injury and 
concussion validation process using video analysis.24 

Figure 1 Flow chart of a ‘partial’ blinding methodology for rugby video analysis using two coders.

by copyright.
 on A

pril 28, 2024 by guest. P
rotected

http://bm
jopensem

.bm
j.com

/
B

M
J O

pen S
port E

xerc M
ed: first published as 10.1136/bm

jsem
-2023-001645 on 27 S

eptem
ber 2023. D

ow
nloaded from

 

http://bmjopensem.bmj.com/


6 Shill IJ, et al. BMJ Open Sp Ex Med 2023;9:e001645. doi:10.1136/bmjsem-2023-001645

Open access

An expert group of sports medicine physicians, physio-
therapists, athletic therapists and rugby researchers was 
assembled to validate all suspected injuries and concus-
sions identified from video analysis.24 For suspected 
injury, the group modified the criteria Arnason et al used 
to identify an injury- risk event in professional soccer.24 47 
Arnason et al’s criteria included an injury event where ‘the 
match was interrupted by the referee, a player lay on the 
pitch for more than 15 seconds, the player appeared to 
be in pain, or the player received medical attention’.24 47 
The original criteria were modified as part of the content 
validation process and in consultation with the expert 
group. The modification included altering the time a 
player laid on the pitch from 15 seconds to 10 seconds as 
it was more representative of a rugby population and as 
inclusive as possible. Additionally, West et al24 used several 
different concussion resources (ie, the Pocket Concus-
sion Recognition Tool,48 clear indicators and signs from 
the World Rugby guidelines,49 the HIA criteria50 and 
the international consensus of video signs17 of concus-
sion in professional sports) to validate all suspected 
concussions observed in the match footage. Given the 
potential limitations surrounding linking or setting up 
injury surveillance in youth populations, a rigorous and 
validated injury definition for video analysis, similar to 
that outlined previously, is an opportunity to appropri-
ately inform injury rates, mechanisms of injury and risk 
factors.17 24

Considerations for male and female differences in youth video 
analysis outcomes
Evidence exists across non- elite to elite adult female 
playing populations.51–53 However, minimal evidence is 
available regarding youth female rugby injury rates, risk 
factors and prevention. Some initial representations of 
youth female rugby in the literature suggest that injury 
and concussion rates are amongst the highest reported 
in youth rugby.29 31 Given these initial findings, sex- 
related differences in youth rugby must be considered to 
inform safety recommendations, such as policy develop-
ment or prevention training programmes. Video analysis 
can be used to understand the different injury mecha-
nisms between males and females. When approaching 
sex- related differences in video analysis, there are two 
distinct areas to consider: match event frequency and 
injury mechanism.

Match event frequency has yet to be analysed in youth 
female rugby. Some initial performance analyses beyond 
that of women’s international rugby have been completed 
in a female varsity population.3 Presently, no sex- specific 
differences in match event occurrence could be antici-
pated; however, we would expect an overall lower event 
count (eg, fewer tackles) in a youth rugby context, given 
shorter game length and different pitch sizes. As such, 
researchers should consider reporting rates and counts 
to allow for comparison between the different levels.

Differences could also be anticipated due to differ-
ences in game pace and collision intensity at the younger 

and non- elite levels. When comparing U12, U14, U16, 
U18 and senior male rugby union across amateur and 
elite settings, significant differences were found for 
match event frequency between age groups, where older 
age groups had a higher event frequency.54 Similar trends 
could be anticipated for the female game.

Sex- related injury mechanisms should be evaluated at 
the event characteristic level. Within a female high school 
rugby setting (age 14–18 years), the tackle accounted for 
70% of match injuries.29 Conversely, 55%–57% of match 
injuries in male high school populations have been esti-
mated to result from the tackle.55 56 When dividing the 
tackle event into ball- carrier and tackler mechanisms, the 
tackler accounted for 40% of injuries (ball- carrier: 30%) 
among high school females and 25%–28% among males 
(ball- carrier: 27%–32%).29 55 56 Given the higher propor-
tion of injuries to the tackler in the female context, we 
could speculate that different mechanisms might be 
observed between youth males and females. While no 
video analysis has been performed on youth female rugby 
players to date, Williams et al25 estimated that 85% of head 
impacts at a female varsity level were within the tackle 
event, where 61% were to the tackler and 39% to the ball- 
carrier.25 Male varsity players had 74% of head impacts 
observed in a tackle, with 53% to the tackler and 48% to 
the ball- carrier.25 Additionally, 50% of all recorded female 
head impact events resulted from uncontrolled whiplash 
actions compared with less than 0.5% among males.25 
Given these differences within an older and more elite 
population, we could hypothesise that the frequency of 
head impacts to the tackler would vary between female 
and male youth players. Moreover, if a head contact is 
present, we might anticipate different tackler head 
contact locations on the ball- carrier’s body or elsewhere. 
Youth females could have higher uncontrolled whiplash 
mechanisms than males because of a higher head- to- 
body or head- to- ground contact frequency. Besides the 
head contact, differences in the tackler’s body and head 
position might be observed, given the higher number of 
injuries to the tackler in a youth female context.

Key points and future directions
This narrative review outlines the strengths and limita-
tions of the current video analysis literature. We 
recommend improving research to prioritise video assess-
ment of injury and concussion outcomes to inform youth 
rugby player safety and welfare. Given video analysis for 
sports injury epidemiology research was discussed in the 
narrative review, it is important to highlight the value of 
the analysis of performance outcomes when completing 
video assessment of injury and concussion. Ultimately, this 
guides the development of targeted injury and concus-
sion prevention strategies and aids in implementing and 
disseminating these strategies to players, coaches and key 
stakeholders.57–60

Future studies should consider some of the recom-
mendations outlined in the present narrative review to 
minimise bias, improve study methodology and increase 
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researchers’ capacity to provide evidence to community 
stakeholders to inform their player welfare recommen-
dations. Currently, there is no video analysis framework 
consensus specific to youth rugby, but this should be 
prioritised given the lack of resources and differences in 
study populations compared with a professional or elite 
playing population.

CONCLUSION
Video analysis is a useful tool to provide detailed descrip-
tions of the mechanisms of injury and concussion and 
to identify risk factors for their occurrence. Given its 
emerging success in professional populations, video anal-
ysis may be a methodology to improve youth rugby and 
sports injury prevention research, particularly to improve 
player safety and welfare. While the present paper focuses 
on youth rugby, the presented recommendations could 
be useful in advancing video analysis across all non- elite 
rugby levels to align with injury surveillance. The issues 
identified and potential solutions are not limited to video 
analysis completed in youth rugby union. Still, they could 
improve sports video analysis broadly and maximise anal-
yses and understanding of injury outcomes, evaluation 
and management in youth sports.

Author affiliations
1Sport Injury Prevention Research Centre, Faculty of Kinesiology, University of 
Calgary, Calgary, Alberta, Canada
2Hotchkiss Brain Institute, University of Calgary, Calgary, AB, Canada
3Centre for Health, and Injury & Illness Prevention in Sport, Department of Health, 
University of Bath, Bath, UK
4UK Collaborating Centre on Injury and Illness Prevention in Sport, University of 
Bath, Bath, UK
5Carnegie Applied Rugby Research (CARR) centre, Carnegie School of Sport, Leeds 
Beckett University, Leeds, UK
6Institute of Sport and Exercise Medicine (ISEM), Department of Exercise, Sport 
and Lifestyle Medicine, Faculty of Medicine and Health Sciences, Stellenbosch 
University, Stellenbosch, South Africa
7Division of Physiological Sciences, Department of Human Biology, Faculty of Health 
Sciences, University of Cape Town and the Sports Science Institute of South Africa, 
Cape Town, South Africa
8School of Medicine, Discipline of Physiotherapy, Trinity College Dublin, Trinity 
College Dublin, Dublin, Ireland
9UK Collaborating Centre on Injury and Illness Prevention in Sport, University of 
Edinburgh, Edinburgh, UK
10Edinburgh Sports Medicine Research Network, Institute for Sport, PE and Health 
Sciences, University of Edinburgh, Edinburgh, UK
11Department of Pediatrics, The University of British Columbia, Vancouver, British 
Columbia, Canada
12BC Injury Research and Prevention Unit, BC Children’s Hospital Research Institute, 
Vancouver, British Columbia, Canada
13Rugby Football Union, Twickenham, UK
14Alberta Children’s Hospital Research Institute, University of Calgary, Calgary, 
Alberta, Canada
15Department of Community Health Sciences, Cumming School of Medicine, 
University of Calgary, Calgary, Alberta, Canada
16Department of Pediatrics, Cumming School of Medicine, University of Calgary, 
Calgary, AB, Canada
17O’Brien Institute for Public Health, University of Calgary, Calgary, AB, Canada

Twitter Isla J Shill @isla_j_s, Stephen W West @westy1609, Fiona Wilson @
fionawilsonf, Debbie Palmer @DebbiePalmerOLY, Sharief Hendricks @Sharief_H, 
Keith A Stokes @drkeithstokes and Carolyn A Emery @CarolynAEmery

Acknowledgements The Sport Injury Prevention Research Centre is one of the 
International Olympic Committee Research Centers for the Prevention of Injury and 
Protection of Athlete Health.

Contributors IS contributed to initial manuscript draft. All authors critically 
reviewed manuscript for submission.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests Funding and disclosures: JB’s salary is partially funded by 
World Rugby, the international governing body of rugby union. In addition, JB has 
previously received research grants from World Rugby. KAS is employed by the 
Rugby Football Union, the national governing body for rugby union in England. SH 
is a BMJ Open Sport and Exercise Medicine Editorial Board Member. IJS would like 
to acknowledge the support of CIHR- Vanier Canada Graduate Scholarships (NSERC/
SSHRC/CIHR Vanier CGS) program.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Isla J Shill http://orcid.org/0000-0003-0175-2354
Stephen W West http://orcid.org/0000-0001-5800-7000
James Brown http://orcid.org/0000-0002-7778-7783
Fiona Wilson http://orcid.org/0000-0002-0292-1087
Debbie Palmer http://orcid.org/0000-0002-4676-217X
Sharief Hendricks http://orcid.org/0000-0002-3416-6266
Keith A Stokes http://orcid.org/0000-0002-5049-2838
Carolyn A Emery http://orcid.org/0000-0002-9499-6691

REFERENCES
 1 den Hollander S, Jones B, Lambert M, et al. The what and how of 

video analysis research in rugby union: a critical review. Sports Med 
- Open 2018;4. 

 2 Kolstad AT, Nadeau L, Eliason PH, et al. Does disallowing body 
checking impact offensive performance in non- elite Under- 15 
and Under- 18 youth ice hockey leagues? A Video- analysis 
study. International Journal of Sports Science & Coaching 
2022:174795412211129. 

 3 West SW, Shill IJ, Clermont C, et al. Same name, same game, but is 
it different? an investigation of female rugby union match events in 
Canadian varsity players. International Journal of Sports Science & 
Coaching 2022;17:1119–27. 

 4 O’Donoghue P. The use of feedback videos in sport. International 
Journal of Performance Analysis in Sport 2006;6:1–14. 

 5 Guadagnoli M, Holcomb W, Davis M. The efficacy of video feedback 
for learning the golf swing. J Sports Sci 2002;20:615–22. 

 6 Gil- Arias A, Del Villar F, García- González L, et al. Effectiveness of 
video feedback and interactive questioning in improving tactical 
knowledge in volleyball. Percept Mot Skills 2015;121:635–53. 

 7 Perla M, Moreno A, García- González L, et al. An intervention 
based on video feedback and questioning to improve tactical 
knowledge in expert female volleyball players. Percept Mot Skills 
2016;122:911–32. 

 8 Aiken CA, Fairbrother JT, Post PG. The effects of self- controlled 
video feedback on the learning of the basketball set shot. Front 
Psychol 2012;3:338. 

 9 van Maarseveen MJJ, Oudejans RRD, Savelsbergh GJP. Self- 
controlled video feedback on tactical skills for soccer teams 
results in more active involvement of players. Hum Mov Sci 
2018;57:194–204. 

 10 Tucker R, Raftery M, Fuller GW, et al. A Video analysis of head 
injuries satisfying the criteria for a head injury assessment in 
professional rugby union: a prospective cohort study. Br J Sports 
Med 2017;51:1147–51. 

 11 Cross MJ, Tucker R, Raftery M, et al. Tackling concussion in 
professional rugby union: a case- control study of tackle- based risk 
factors and recommendations for primary prevention. Br J Sports 
Med 2019;53:1021–5. 

by copyright.
 on A

pril 28, 2024 by guest. P
rotected

http://bm
jopensem

.bm
j.com

/
B

M
J O

pen S
port E

xerc M
ed: first published as 10.1136/bm

jsem
-2023-001645 on 27 S

eptem
ber 2023. D

ow
nloaded from

 

https://twitter.com/isla_j_s
https://twitter.com/westy1609
https://twitter.com/fionawilsonf
https://twitter.com/fionawilsonf
https://twitter.com/DebbiePalmerOLY
https://twitter.com/Sharief_H
https://twitter.com/drkeithstokes
https://twitter.com/CarolynAEmery
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-0175-2354
http://orcid.org/0000-0001-5800-7000
http://orcid.org/0000-0002-7778-7783
http://orcid.org/0000-0002-0292-1087
http://orcid.org/0000-0002-4676-217X
http://orcid.org/0000-0002-3416-6266
http://orcid.org/0000-0002-5049-2838
http://orcid.org/0000-0002-9499-6691
http://dx.doi.org/10.1186/s40798-018-0142-3
http://dx.doi.org/10.1186/s40798-018-0142-3
http://dx.doi.org/10.1177/17479541221112916
http://dx.doi.org/10.1177/17479541211051961
http://dx.doi.org/10.1177/17479541211051961
http://dx.doi.org/10.1080/24748668.2006.11868368
http://dx.doi.org/10.1080/24748668.2006.11868368
http://dx.doi.org/10.1080/026404102320183176
http://dx.doi.org/10.2466/30.PMS.121c23x9
http://dx.doi.org/10.1177/0031512516650628
http://dx.doi.org/10.3389/fpsyg.2012.00338
http://dx.doi.org/10.3389/fpsyg.2012.00338
http://dx.doi.org/10.1016/j.humov.2017.12.005
http://dx.doi.org/10.1136/bjsports-2017-097883
http://dx.doi.org/10.1136/bjsports-2017-097883
http://dx.doi.org/10.1136/bjsports-2017-097912
http://dx.doi.org/10.1136/bjsports-2017-097912
http://bmjopensem.bmj.com/


8 Shill IJ, et al. BMJ Open Sp Ex Med 2023;9:e001645. doi:10.1136/bmjsem-2023-001645

Open access

 12 Hutchison MG, Comper P, Meeuwisse WH, et al. A systematic video 
analysis of national hockey league (NHL) concussions, part I: who, 
when, where and what Br J Sports Med 2015;49:547–51. 

 13 Andersen TE, Floerenes TW, Arnason A, et al. Video analysis of 
the mechanisms for ankle injuries in football. Am J Sports Med 
2004;32(1 Suppl):69S–79S. 

 14 Olsen OE, Myklebust G, Engebretsen L, et al. Injury mechanisms 
for anterior cruciate ligament injuries in team handball: a systematic 
Video analysis. Am J Sports Med 2004;32:1002–12. 

 15 Hutchison MG, Comper P, Meeuwisse WH, et al. An observational 
method to code concussions in the national hockey league (NHL): 
the heads- up checklist. Br J Sports Med 2014;48:125–9. 

 16 Theilen TM, Mueller- Eising W, Bettink PW, et al. Video analysis of 
acute injuries in elite field hockey. Clin J Sport Med 2021;31:448–52. 

 17 Davis GA, Makdissi M, Bloomfield P, et al. International consensus 
definitions of video signs of concussion in professional sports. Br J 
Sports Med 2019;53:1264–7. 

 18 Paul L, Naughton M, Jones B, et al. Quantifying collision frequency 
and intensity in rugby union and rugby sevens: a systematic review 
(sports medicine - open. Sports Med - Open 2022;8. 

 19 Paul L, Naughton M, Jones B, et al. Quantifying collision frequency 
and intensity in rugby union and rugby sevens: a systematic review. 
Sports Med - Open 2022;8. 

 20 Stokes KA, Locke D, Roberts S, et al. Does reducing the height 
of the tackle through law change in elite men’s rugby union (the 
championship, England) reduce the incidence of concussion? A 
controlled study in 126 games. Br J Sports Med 2021;55:220–5. 

 21 Hendricks S, O’connor S, Lambert M, et al. Contact technique and 
concussions in the South African under- 18 coca- cola craven week 
rugby tournament. Eur J Sport Sci 2015;15:557–64. 

 22 Tucker R, Raftery M, Kemp S, et al. Risk factors for head injury 
events in professional rugby union: a video analysis of 464 head 
injury events to inform proposed injury prevention strategies. Br J 
Sports Med 2017;51:1152–7. 

 23 Hendricks S, O’Connor S, Lambert M, et al. Video analysis of 
concussion injury mechanism in Under- 18 rugby. BMJ Open Sport 
Exerc Med 2016;2:e000053. 

 24 West SW, Shill IJ, Sutter B, et al. Caught on camera: a video 
assessment of suspected concussion and other injury events in 
women's Rugby Union. J Sci Med Sport 2022;25:805–9. 

 25 Williams EMP, Petrie FJ, Pennington TN, et al. Sex differences in 
neck strength and head impact kinematics in university Rugby Union 
players. Eur J Sport Sci 2022;22:1649–58. 

 26 Emery CA, Meeuwisse WH, Hartmann SE. Evaluation of risk factors 
for injury in adolescent soccer: implementation and validation of an 
injury surveillance system. Am J Sports Med 2005;33:1882–91. 

 27 Buckthorpe M, Pisoni D, Tosarelli F, et al. Three main mechanisms 
characterize medial collateral ligament injuries in professional male 
soccer- blow to the knee, contact to the leg or foot, and sliding: 
video analysis of 37 consecutive injuries. J Orthop Sports Phys Ther 
2021;51:611–8. 

 28 Della Villa F, Buckthorpe M, Tosarelli F, et al. Video analysis of 
achilles tendon rupture in male professional football (soccer) players: 
injury mechanisms, patterns and biomechanics. BMJ Open Sport 
Exerc Med 2022;8:e001419. 

 29 Shill IJ, West SW, Sick S, et al. Injuries and concussions in female 
high school rugby: prevention is worth a try. Clin J Sport Med 
2022;32:508–16. 

 30 Pfister T, Pfister K, Hagel B, et al. The incidence of concussion in 
youth sports: a systematic review and meta- analysis. Br J Sports 
Med 2016;50:292–7. 

 31 Barden C, Quarrie KL, McKay C, et al. Employing standardised 
methods to compare injury risk across seven youth team sports. Int 
J Sports Med 2021;42:1019–26. 

 32 Chow JW, Knudson DV. Use of deterministic models in sports and 
exercise biomechanics research. Sports Biomech 2011;10:219–33. 

 33 Burger N, Lambert MI, Viljoen W, et al. Tackle- related injury rates 
and nature of injuries in South African youth week tournament rugby 
union players (Under- 13 to Under- 18): an observational cohort study. 
BMJ Open 2014;4:e005556. 

 34 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. 

 35 Rugby W. Head contact process. 2021.

 36 Burger N, Lambert MI, Viljoen W, et al. Mechanisms and factors 
associated with tackle- related injuries in South African youth rugby 
union players. Am J Sports Med 2017;45:278–85. 

 37 Burger N, Lambert MI, Viljoen W, et al. Tackle technique and tackle- 
related injuries in high- level South African rugby union under- 18 
players: real- match video analysis. Br J Sports Med 2016;50:932–8. 

 38 Gardner A, Kohler R, Levi C, et al. Usefulness of Video review of 
possible concussions in national youth rugby league. Int J Sports 
Med 2016;38:71–5. 

 39 Gardner AJ, Howell DR, Levi CR, et al. Evidence of concussion signs 
in national rugby league match play: a video review and validation 
study. Sports Med Open 2017;3:29. 

 40 Gardner AJ, Howell DR, Iverson GL. A Video review of multiple 
concussion signs in national rugby league match play. Sports Med - 
Open 2018;4:0–7. 

 41 Jones B, Tooby J, Weaving D, et al. Ready for impact? A validity and 
feasibility study of Instrumented mouthguards (iMGs). Br J Sports 
Med 2022:bjsports- 2022- 105523. 

 42 Hendricks S, Karpul D, Nicolls F, et al. Velocity and acceleration 
before contact in the tackle during rugby union matches union 
matches. J Sports Sci 2012;30:1215–24. 

 43 Bastida- Castillo A, Gómez- Carmona C, De la Cruz- Sánchez E, et al. 
n.d. Accuracy and inter- unit reliability of ultra- wide- band tracking 
system in indoor exercise. Applied Sciences;9:939. 

 44 Jennings D, Cormack S, Coutts AJ, et al. Variability of GPS units for 
measuring distance in team sport movements. Int J Sports Physiol 
Perform 2010;5:565–9. 

 45 van Tonder R, Starling L, Surmon S, et al. Tackling sport- related 
concussion: effectiveness of lowering the maximum legal height 
of the tackle in amateur male Rugby – a cross- sectional analytical 
study. Inj Prev 2023;29:56–61. 

 46 Malenfant S, Goulet C, Nadeau L, et al. The incidence of behaviours 
associated with body checking among youth ice hockey players. J 
Sci Med Sport 2012;15:463–7. 

 47 Arnason A, Tenga A, Engebretsen L, et al. A prospective video- 
based analysis of injury situations in elite male football: football 
incident analysis. Am J Sports Med 2004;32:1459–65. 

 48 Concussion in Sport Group. Pocket concussion recognition tool™ . 
Br J Sports Med 2013;47:267.

 49 Rugby W. Concussion guidance introduction concussion guidance 
concussion information. 2017;2015:1–12. 

 50 Rugby W. HIA Protocol 2021:1–19.
 51 King D, Hume P, Cummins C, et al. Match and training injuries in 

women’s rugby Union: a systematic review of published studies. 
Sports Med 2019;49:1559–74. 

 52 King D, Hume PA, Hardaker N, et al. Female rugby union injuries 
in New Zealand: a review of five years (2013- 2017) of accident 
compensation corporation moderate to severe claims and costs. J 
Sci Med Sport 2019;22:532–7. 

 53 Taylor AE, Fuller CW, Molloy MG. Injury surveillance during the 2010 
IRB women’s rugby world cup. Br J Sports Med 2011;45:1243–5. 

 54 Till K, Hendricks S, Scantlebury S, et al. A global perspective on 
collision and non- collision match characteristics in male rugby 
union: comparisons by age and playing standard. Eur J Sport Sci 
2023;23:1131–45. 

 55 Palmer- Green DS, Stokes KA, Fuller CW, et al. Match injuries in 
English youth academy and schools rugby union: an epidemiological 
study. Am J Sports Med 2013;41:749–55. 

 56 Leung FT, Franettovich Smith MM, Brown M, et al. Epidemiology 
of injuries in australian school level rugby Union. J Sci Med Sport 
2017;20:740–4. 

 57 Hendricks S, den Hollander S, Tam N, et al. The relationships 
between rugby players' tackle training attitudes and behaviour and 
their match tackle attitudes and behaviour. BMJ Open Sport Exerc 
Med 2015;1:e000046. 

 58 Hendricks S, Jordaan E, Lambert M. Attitude and behaviour of junior 
rugby union players towards tackling during training and match play. 
Safety Science 2012;50:266–84. 

 59 Finch CF. Getting sports injury prevention on to public health 
agendas - addressing the shortfalls in current information sources. 
Br J Sports Med 2012;46:70–4. 

 60 Fuller CW, Drawer Scott. The application of risk management in 
sport. Sports Med 2004;34:349–56. 

 61 Den Hollander S, Ponce C, Lambert M, et al. Tackle and ruck 
technical proficiency in rugby union and rugby league: a systematic 
scoping review. Int J Sports Sci Coach 2021;16:421–34. 

by copyright.
 on A

pril 28, 2024 by guest. P
rotected

http://bm
jopensem

.bm
j.com

/
B

M
J O

pen S
port E

xerc M
ed: first published as 10.1136/bm

jsem
-2023-001645 on 27 S

eptem
ber 2023. D

ow
nloaded from

 

http://dx.doi.org/10.1136/bjsports-2013-092234
http://dx.doi.org/10.1177/0363546503262023
http://dx.doi.org/10.1177/0363546503261724
http://dx.doi.org/10.1136/bjsports-2012-092059
http://dx.doi.org/10.1097/JSM.0000000000000785
http://dx.doi.org/10.1136/bjsports-2019-100628
http://dx.doi.org/10.1136/bjsports-2019-100628
http://dx.doi.org/10.1186/s40798-022-00494-z
http://dx.doi.org/10.1186/s40798-021-00398-4
http://dx.doi.org/10.1136/bjsports-2019-101557
http://dx.doi.org/10.1080/17461391.2015.1046192
http://dx.doi.org/10.1136/bjsports-2017-097895
http://dx.doi.org/10.1136/bjsports-2017-097895
http://dx.doi.org/10.1136/bmjsem-2015-000053
http://dx.doi.org/10.1136/bmjsem-2015-000053
http://dx.doi.org/10.1016/j.jsams.2022.07.008
http://dx.doi.org/10.1080/17461391.2021.1973573
http://dx.doi.org/10.1177/0363546505279576
http://dx.doi.org/10.2519/jospt.2021.10529
http://dx.doi.org/10.1136/bmjsem-2022-001419
http://dx.doi.org/10.1136/bmjsem-2022-001419
http://dx.doi.org/10.1097/JSM.0000000000000993
http://dx.doi.org/10.1136/bjsports-2015-094978
http://dx.doi.org/10.1136/bjsports-2015-094978
http://dx.doi.org/10.1055/a-1327-3009
http://dx.doi.org/10.1055/a-1327-3009
http://dx.doi.org/10.1080/14763141.2011.592212
http://dx.doi.org/10.1136/bmjopen-2014-005556
http://dx.doi.org/10.1136/bjsports-2019-101293
http://dx.doi.org/10.1177/0363546516677548
http://dx.doi.org/10.1136/bjsports-2015-095295
http://dx.doi.org/10.1055/s-0042-116072
http://dx.doi.org/10.1055/s-0042-116072
http://dx.doi.org/10.1186/s40798-017-0097-9
http://dx.doi.org/10.1186/s40798-017-0117-9
http://dx.doi.org/10.1186/s40798-017-0117-9
http://dx.doi.org/10.1136/bjsports-2022-105523
http://dx.doi.org/10.1136/bjsports-2022-105523
http://dx.doi.org/10.1080/02640414.2012.707328
http://dx.doi.org/10.3390/app9050939
http://dx.doi.org/10.1123/ijspp.5.4.565
http://dx.doi.org/10.1123/ijspp.5.4.565
http://dx.doi.org/10.1136/ip-2022-044714
http://dx.doi.org/10.1016/j.jsams.2012.03.003
http://dx.doi.org/10.1016/j.jsams.2012.03.003
http://dx.doi.org/10.1177/0363546504262973
http://dx.doi.org/10.1007/s40279-019-01151-4
http://dx.doi.org/10.1016/j.jsams.2018.10.015
http://dx.doi.org/10.1016/j.jsams.2018.10.015
http://dx.doi.org/10.1136/bjsports-2011-090024
http://dx.doi.org/10.1080/17461391.2022.2160938
http://dx.doi.org/10.1177/0363546512473818
http://dx.doi.org/10.1016/j.jsams.2017.03.006
http://dx.doi.org/10.1136/bmjsem-2015-000046
http://dx.doi.org/10.1136/bmjsem-2015-000046
http://dx.doi.org/10.1016/j.ssci.2011.08.061
http://dx.doi.org/10.1136/bjsports-2011-090329
http://dx.doi.org/10.2165/00007256-200434060-00001
http://dx.doi.org/10.1177/1747954120976943
http://bmjopensem.bmj.com/

	How to harness and improve on video analysis for youth rugby player safety: a narrative review
	Abstract
	Introduction
	What does video analysis for injury surveillance research entail?
	Why would researchers use video analysis for sports injury epidemiology research?
	How can the limitations of video analysis be addressed?
	Video capture
	Video coding and labelling

	Growing video analysis injury surveillance research in youth rugby
	Considerations for male and female differences in youth video analysis outcomes
	Key points and future directions

	Conclusion
	References


