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The accuracy and reproducibility of video assessment in the pitch-side management of concussion in

elite rugby

Abstract

Objectives: To investigate the accuracy and reliability of side-line video review of head impact events to

aid identification of concussion in elite sport

Design: Diagnostic accuracy and inter-rater agreement study

Methods: Immediate care, match day and team doctors involved in the 2015 Rugby Union World Cup
viewed 20 video clips showing broadcaster’s footage of head impact events occurring during elite Rugby
matches. Subjects subsequently recorded whether any criteria warranting permanent removal from play
or medical room head injury assessment were present. The accuracy of these ratings were compared to
consensus expert opinion by calculating mean sensitivity and specificity across raters. The
reproducibility of doctor’s decisions was additionally assessed using raw agreement and Gwets AC1

chance corrected agreement coefficient.

Results: Forty rugby medicine doctors were included in the study. Compared to the expert reference
standard overall sensitivity and specificity of doctors decisions were 77.5% (95%Cl 73.1-81.5%) and
53.3% (95%Cl 48.2-58.2%) respectively. Overall there was raw agreement of 67.8% (95% Cl 57.9-77.7%)
between doctors across all video clips. Chance corrected Gwets AC1 agreement coefficient was 0.39

(95% Cl1 0.17-0.62), indicating fair agreement.

Conclusions: Rugby World Cup doctors’ demonstrated moderate accuracy and fair reproducibility in

head injury event decision making when assessing video clips of head impact events. The use of real-
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time video may improve the identification, decision making and management of concussion in elite

sports.

Key Words: Brain concussion, Rugby, Video analysis, Reproducibility of results, Sensitivity and specificity
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Introduction

Concussion is a common injury in elite sport, with concussion rates of 10.5 concussions per 1000 player-
match-hours reported in professional Rugby UnionContinued participation following concussion may

risk further injuries, exacerbate concussive symptoms, or predispose to second impact syndromel?

The in-game assessment and management of head impact events has been a contentious issueMedia
attention has focused on high profile incidents where players clearly demonstrating symptoms or signs
of concussion have controversially been allowed to continue playing by the player’s medical teamlj
Conversely, inaccurate evaluation and incorrect withdrawal of non-injured players could have

detrimental effects on team performance.

Elite adult Rugby Union, in common with other collision sports, has introduced systems to improve the
in-game management of head impact events with the potential to cause concussion. The World Rugby
Head Injury Assessment (HIA) process (formally the pitch-side concussion assessment, or PSCA, process)
was developed by a working group of international concussion specialists and was informed by expert
opinion, recent consensus statements, and review of scientific literature. The HIA process, recently

updated for the 2015 Rugby World Cup, has been described previously and is summarised in the web

appendix

Side-line video review of head impact events has been introduced in several elite sports, including
American Football, Rugby Union and Ice Hockey, to identify possible concussions and inform removal
from play decisionsﬂVideo has three main roles in the World Rugby HIA process — identification of
suspicious head impact events that warrant off-field assessment, identification of signs that confirm a
concussion leading to a permanent removal, and a final video review prior to a decision that clears a

player to return to play.
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Despite the introduction of video review into side-line concussion assessment by many sports little is
known about the accuracy or reliability of these assessments. This study aimed to characterise the
performance of rugby medicine doctors when evaluating video clips of head impact events. Specific
objectives were to determine the accuracy of match day and team doctors opinions against an expert
reference standard, and to describe the reproducibility of video clip assessments in the World Rugby HIA

process.
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Methods

This was a cross-sectional diagnostic accuracy and inter-rater agreement study investigating the
assessment of head impact event video clips in elite Rugby. The study population consisted of all
immediate care, match day and team doctors involved in game day concussion management during the
2015 Rugby World Cup. All participants were rugby medicine doctors, experienced in providing pitch-
side medical care in elite Rugby, who had completed World Rugby’s on-line course in concussion

management, and accreditation in immediate care in Rugby

The study was performed immediately prior to the October 2015 Rugby World Cup. In preparation for
this tournament a face-to-face training session was conducted to re-inforce HIA protocols, including the
identification of suspicious head impact events, criteria for immediate and permanent removal, and
indications for a medical room head injury assessment. This study was performed immediately after the

training session.

Video recordings of all Elite Rugby matches are reviewed for head impact events by World Rugby as part
of the HIA process. A selection of 20 video clips were identified a priori by World Rugby’s Chief Medical

Officer. The clips included a range of head injury severities, in addition to trivial head impact events with
no evidence or suspicion of concussion. Twenty clips were chosen to provide a sufficient range of clinical

presentations within realistic time constraints.

Videos showed the incident in real time with the relevant player identified by jersey colour and number.
Slow motion replays were then shown from various angles according to the availability of broadcaster’s
footage. Sound and commentary was removed. Clips lasted a mean of 61.5 seconds (range 21-129). The

resulting clips therefore mimicked the availability of video within the HIA process as much as possible.

The clips were then evaluated by a team of 7 international concussion experts in a web-based consensus

process. All experts were established academics in the field of sports concussion and held national-level
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positions in Sports Medicine. Expert opinion on each video clip was determined by consensus. In cases
where a majority consensus of greater than 70% was not reached the World Rugby Chief Medical Officer

held a casting vote.

Following the training session, clips were then shown to Rugby World Cup doctors with each participant
rating the clips individually without conferring. A single replay was available on request. The first 10 clips
simulated the side-line identification of suspicious head injury events. Participants were asked whether
the clip showed any HIA process criteria for removal from play (either permanent removal or medical
room head injury assessment), or if the head impact event was not significant. The remaining 10 videos
simulated post-removal medical room video review and asked participants to indicate whether
permanent removal or further head injury assessment was indicated. For each clip participants were
also asked to identify which HIA process criterion for permanent removal or head injury assessment was
the most important in influencing their decision. HIA process criteria for permanent removal and head

injury assessment are presented in the web appendix.

The statistical analysis proceeded in 2 stages. Firstly, the accuracy of match and team doctors decisions
were compared to the consensus expert opinion. Participant responses were pooled across video clips
and classified according to the reference standard. Mean sensitivity and specificity was then calculated
across raters. Secondly, the reproducibility of doctor’s decisions was assessed. Raw agreement was
initially determined, but to account for the fact that some agreement would be expected even if the
participants were guessing, a chance corrected agreement coefficient was also calculated. Gwets AC1
coefficient was calculated as the preferred measure of agreement due to theoretical considerations of
increased stability, robustness to marginal probabilities, and lack of dependence on rating prevalence
12 andis and Koch’s benchmark values were used to interpret the magnitude of agreement coefficients
with: 0-0.20 indicating slight, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61—0.80 substantial, and 0.81-1

almost perfect agreementResuIts were calculated with their 95% confidence intervals (Cl), both
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overall, and separately for each stage of the HIA video process. Statistical analyses were carried out in
Stata version 13 (StataCorp, College Station, USA) and AgreeStat 2011.3 (advanced Analytics,

Gaithersburg, MD, USA).

A study protocol defining an a priori analysis plan received ethical approval from the University of
Sheffield. Prior consent was available for the use of each video clip and individual consent was obtained
from all participants prior to the study. Research funding was provided by the World Rugby. Reporting is

in accordance with EQUATOR guidelines for reliability studies
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Results

All forty immediate care, match day and team doctors involved in the 2015 Rugby World Cup

participated in the study, rating all videos with no missing data.

Expert consensus was reached on 16 of the 20 videos. A casting vote from the World Rugby Chief
Medical Officer was therefore necessary for 4 videos where agreement amongst experts ranged from

43-57%.

Compared to the expert reference standard overall sensitivity and specificity of doctors decisions were
77.5% (95%Cl 73.1-81.5%) and 53.3% (95%Cl 48.2-58.2%) respectively. For the side-line identification of
suspicious head impact events sensitivity was 87.0% (95%Cl 81.5-91.3%) and specificity: 39.0% (95%ClI
32-46%). Sensitivity was relatively lower for medical room video review, determining whether
permanent removal or head injury assessment was appropriate, at 68.0% (95%Cl 61.1-74.4%), but with
higher specificity of 67.5% (95%Cl 60.5-73.9%). 2x2 contingency tables, pooling participants responses
across relevant video clips and classifying them according to the reference standard, are presented

separately for the accuracy of side-line and medical room video review in Tables 1 and 2.

Overall there was raw agreement of 67.8% (95% Cl 57.9-77.7) between doctors across all video clips.
Chance corrected Gwets AC1 agreement coefficient was 0.39 (95% Cl 0.17-0.62), indicating fair

agreement. Figure 1 presents the level of agreement across each video clip.

Agreement was relatively higher for the side-line identification of suspicious head impact events with
raw agreement of 71.2% (95%Cl 54.5-88.0%), and a Gwets AC1 coefficient of 0.53 (95%Cl 0.14-0.93),
denoting moderate agreement. Less agreement was observed for medical room video review
determining whether permanent removal or head injury assessment was indicated. Raw agreement was
64.3% (95%Cl 50.1-78.0), with a Gwets AC1 coefficient of 0.29 (95%Cl 0.015-0.56) demonstrating fair

agreement.
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There was similarly lower agreement on which of the HIA process criterion was most important in each
scenario, with a mean raw agreement between participants of 30.6% (95%Cl 25.9-35.3%) across the
clips, and a Gwets AC1 coefficient of 0.26 (95%Cl 0.2-0.31). No discernible association was evident
between the specific criterion and the degree of agreement. Notably, only one of the five videos with
the lowest inter-rater agreement corresponded to a clip where a firm expert consensus was not

reached.
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Discussion

Rugby World Cup doctors’ demonstrated moderate accuracy and fair reproducibility when assessing
video clips of head impact events. There was high sensitivity (87%) and moderate agreement (Gwets
AC1 coefficient 0.53) when detecting suspicious head injury events. Sensitivity for identifying permanent
removal criteria in the medical room was lower (68%) with fair reproducibility evident (Gwets AC1

coefficient 0.29).

There are a number of limitations that could adversely affect the validity of the results. Firstly, it is
guestionable whether a true reference standard can be defined for each video clip, challenging
calculation of diagnostic accuracy metrics. Video clips of head impact events are inherently subjective as
illustrated by the minority of video clips where considerable disagreement was present amongst the
expert panel. However, derivation of a reference standard through a formal consensus process is an
established method to obtain a credible gold standard in the absence of an objective reaIitySecondIy,
although comparing favourably to other published reproducibility studies, the sample size is relatively
low, resulting in imprecise results consistent with either poor or moderate agreement. These findings
should therefore be considered as preliminary, requiring confirmation in larger studies. Thirdly, although
every effort was taken to imitate the HIA video review process, controlled study procedures cannot fully
simulate the real-life application of video technology. On-field observations, competitive pressures or
crowd distractions could all conceivably influence actual performance of video review. Finally, we pre-
specified the relatively liberal Landis and Koch scale for benchmarking agreement coefficients. Although

well established and widely used, this may overstate agreement compared to other benchmarks e.g.

Fleiss’ or McHugh'’s proposed scales|'®{*’

The accuracy and reproducibility of video review in sports concussion assessment has not been

extensively studied. Makdissi and Davis (2016) examined video clips of 82 concussion cases sustained

10
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during professional Australian Football matches, demonstrating a similar level of fair to poor inter-rater
agreement for a range of clinical signs indicating head injury (kappa statistics 0.13 to 0.37)Gardner
and colleagues (2016) evaluated 162 video clips where players were temporarily substituted for
assessment of suspected concussion during the 2014 Australian National Rugby League season
Reported agreement between two raters was relatively higher, both overall (kappa 0.6, 95% Cl 0.56-
0.64) and for specific observable signs (kappa statistics 0.36 — 0.7). However, the comparability of these

results, with videos scrutinised by two researchers and multiple replays allowed, is uncertain.

In the World Rugby HIA process, independent match-day doctors can supplement side-line observation
with video reviews of incidents to identify any suspicious head impact events. The finding of favourable
sensitivity and moderate agreement for this stage of side-line recognition is reassuring, suggesting that a
real-time video review process integrated into the HIA process has the potential to identify head injuries
or incidents requiring removal from play or further assessment. The high media profile of the Rugby
World Cup and the potential consequences to practitioners for not removing players who are
subsequently deemed to be concussed may be associated with a reduced threshold for further off-pitch

evaluation. This could explain the lower specificity for identifying non-significant head impact events.

Once a suspicious head impact event has been identified, the HIA process includes a second video
review undertaken off-field in the medical room with the match-day and team doctors. This decides
whether the player should be immediately and permanently removed (without a further head injury
assessment) or the player should have a HIA1 screening head injury assessment. The less favourable
accuracy and reproducibility apparent for medical room video review may be of lesser concern, as the
player has already been removed from the field of play. The minority of players who were not identified
for permanent removal (video false negative) will all undergo a head injury assessment and a final
further review of the video as additional safeguard prior to any return to play. Previous research has

demonstrated the high sensitivity of the head injury assessment as a triage process suggesting it is

11
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unlikely that such cases would return to pIayFurthermore, permanent removal of play for a minority of
incidents where a HIA screening assessment was indicated (video false positive) may be acceptable in

the context of a ‘safety first” approach.

The lack of reproducibility on the single most prominent HIA process criterion present in each scenario is
unsurprising as agreement tends to decrease as the number of rating categories increases. Furthermore,
more than one HIA process criteria was evident in several clips. Ultimately, the final decision may
matter more than the exact underlying reason. Conversely, the lack of conformity in decision making
highlights the importance of robust training of doctor in the video review process, specifically focusing

on definitions of each assessment criterion.

The sample of World Cup match-day and team doctors should ensure good external validity. However, it
is possible that accuracy and agreement could be lower in other tournaments utilising less experienced
medical staff, if specific concussion education is not provided to video-reviewing medical personnel, or if
the effects of concussion management training wane. Furthermore, an advanced ‘Hawk-Eye/Smart
Replay’ video system was recently integrated into the HIA process during certain competitions
(including the RWC)This technology allows the user to fully control replays from 20-30 camera feeds,
which might be expected to increase the sensitivity of head impact evaluation compared to the standard
video review with limited broadcaster feeds investigated here. Generalizability to other sports
implementing differing systems for reviewing video, using non-medical practitioners and exhibiting

other patterns of play is less certain.
Conclusion

Elite contact and collision sports are played at a fast pace in a disorganised environment, where the view
of medical staff is often obscured, challenging the evaluation of head impact events. This study suggests

that Rugby medicine doctors who have received specific training show moderate accuracy and fair

12
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reproducibility in head injury event decision making when reviewing video footage. Despite these
encouraging results it is likely that further improvement in identification and decision making could be
achieved with development of education resources and greater operational clarification of permanent

removal from play criteria.
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Practical Implications

e Side-line video review is an additional modality to help in the identification and assessment of
potential concussive episodes

e Sports physicians show moderate accuracy and fair reliability when reviewing video clips of head
impact events

e Introduction of side-line video review could improve the management of concussion in elite

sport
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Table 1. 2x2 contingency table summarising the accuracy of Rugby World Cup doctors’ for suspicious

head impact events

Reference standard Total
Doctors’ assessment Suspicious head impact event* Not suspicious
Suspicious head impact event 174 [TP] 122 [FP] 296
Not suspicious 26 [FN] 78 [TN] 104
Total 200 200 400

*A suspicious head impact event exhibited a HIA process criterion for permanent removal or off-pitch head injury

assessment. TNon-suspicious head impact events exhibited no HIA process criteria. TP: True positive, FP: False

positive, FN: False negative, TN: True negative

18



Table 2. 2x2 contingency table summarising the accuracy of Rugby World Cup doctors’ for permanent

removal criteria

Reference standard Total
Doctors’ assessment Permanent removal* Head injury assessmentt
Permanent removal 136 [TP] 65 [FP] 201
Head injury assessment 64 [TN] 135 [TN] 199
Total 200 200 400

*0One or more HIA permanent removal criteria present (see web appendix) tNo HIA permanent removal criteria

present and one or more medical room Head Injury Assessment criteria present.

19



Figure 1. Overall agreement across each of the 20 video clips.

Light grey shading represent the percentage majority opinion. Dark grey shading represents the percentage
minority opinion. The dashed black line indicates the 50% agreement that would be expected if participants were

rating video clips randomly.
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