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Introduction
Rugby league is a high intensity collision sport and, as a consequence, 
participation in the sport carries an inherent risk of injury [16]. Rugby 
league involves 2 teams of 13 on-field players each, with 4 inter-
change players who can be switched in and out of the game. Inter-
changes are limited to 12 per team (which was reduced to 8 in 2016). 
The game is played continuously in two 40-min halves [11]. The pub-
lished incidence rates of concussion in this sport might vary due to 
both risk factors (i. e., age and level of play) and methodological fac-
tors (i. e., differences in injury definitions used between different 
studies, differences in medical resources, and concussion expertise) 
[5]. At the National Rugby League (NRL) level, a video analysis of med-
ically diagnosed concussions in 3 clubs from the 2013 season re-
vealed an incidence rate of 14.8 concussions per 1 000 player match 
hours or one concussion every 4 games [6]. The incidence of concus-
sion at one NRL club over a 15-year period (1998–2012) was report-
ed to be 28.3 concussions per 1 000 player match hours [24].

The NRL implemented a new the concussion interchange rule 
(CIR) commencing in the 2014 season. The CIR requires the manda-
tory removal of any player suspected of having sustained a concus-
sion (i. e., observed signs suggestive of a concussion or self-reported 
symptoms; or the trainer or teammate reports signs, behaviors, or 
other differences not considered to be normal for the player) in line 
with the international consensus statement from the Concussion in 

Sport Group [21]. The teams are given a 15-min assessment window 
for a club medical officer to complete the Sports Concussion Assess-
ment Tool 3rd edition (SCAT-3) and any other assessment deemed 
necessary. If the player, following this assessment, is then cleared of 
concussion, then they are permitted to return to play. If they return 
within the 15-min assessment period, then the team has not used 
one of its interchanges (i. e., the team receives a free interchange). 
If the player is cleared to return to play outside of this 15-min assess-
ment window, then the team is charged with an interchange. If the 
athlete is not cleared to return to play, the interchange is not charged. 
In addition to the implementation of the CIR, the NRL facilitated the 
construction of a video booth on the sideline at every match for the 
purpose of reviewing incidences of injury during the match to assist 
club medical staff to determine whether a player should be removed 
under the CIR.

The use of video footage is a unique and objective method to an-
alyse mechanisms and characteristics of concussion. Video analysis 
of concussion has been conducted in a number of collision and con-
tact sports such as Australian Rules Football [2, 19, 20], boxing [23], 
soccer [1], taekwondo [17], ice hockey [12, 13], and lacrosse [18]. 
One of the most practical outcomes of such studies has been 
 improved sideline decision-making through the identification of 
video signs that should result in automatic removal from play [2]. 
How ever, video analysis is not considered an adequate replacement 
for clinical assessment [20].
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AbstrAct

A new concussion interchange rule (CIR) was introduced in 2014 for the 
National Rugby League and National Youth Competition (NYC). The CIR 
allows a player suspected of having sustained a concussion to be removed 
from play and assessed without an interchange being tallied against the 
player’s team. Participants included all NYC players who used the CIR dur-
ing the 2014 season. 2 raters completed video analysis of 131 (of a total of 
156 reported) uses of the CIR, describing injury characteristics, situational 
factors, and concussion signs. The incidence rate was 44.9 (95 % CI: 38.5–
52.3) uses of the CIR per 1 000 NYC player match hours, or approximately 
one CIR use every 1.3 games. Apparent loss of consciousness/unrespon-
siveness was observed in 13 % of cases, clutching the head in 65 %, unstead-
iness of gait in 60 %, and a vacant stare in 23 %. Most incidences occurred 
from a hit-up (82 %). There appeared to be some instances of video evi-
dence of injury but the athlete was cleared to return to play in the same 
game. Video review appears to be a useful adjunct for identifying players 
suffering possible concussion. Further research is required on the usefulness 
of video review for identifying signs of concussive injury.

71

mailto:andrew.gardner@neurogard.com.au


Gardner AJ et al. Usefulness of Video Review … Int J Sports Med 2017; 38: 71–75

Clinical Sciences Thieme

We recently reviewed the use of the concussion interchange rule 
(CIR) at the NRL level during the first season of its implementation 
and found an incidence of 24.0 (95 % CI: 20.7–27.9) uses of the CIR 
per 1 000 NRL player match hours, or approximately one CIR use 
every 2.4 games [7]. We further identified that most incidences 
 occurred from a hit-up (62 %) and occurred during a tackle where the 
initial contact was with the upper body (80 %). In addition, of the 70 
players who demonstrated 3 or more of the 4 primary observable 
signs of concussion, 43 % (30/70) returned to play in the same game.

This study was designed to replicate and extend our previous 
work at the NRL level [7]. The aim of this study was to provide both 
an identical description and evaluation of the use of the CIR at the 
National Youth Competition (NYC, the under-20 s competition) level 
as that conducted at the NRL level [7]. A further objective was to de-
scribe the match situational factors (i. e., location on the field, play-
ing position, type of play, and foul play) involving the use of the CIR 
at the NYC level. In addition, we evaluated the use of the CIR and its 
association with video evidence of possible concussion signs.

Methods & Materials
Participants
Participants for this study were NYC players who used the CIR dur-
ing the 2014 season. Each use of the CIR during the 2014 National 
Youth Competition season was included in the study.

Procedure
This study conducted a video analysis of 131 uses of the concussion 
interchange rule in the National Rugby League’s National Youth Com-
petition during the 2014 season. There was no video analysis con-
ducted on any event that was not logged and assessed by club med-
ical staff. The lead researcher obtained information on the use of the 
CIR (i. e., the player’s name and round in which the CIR was used). All 
uses of the CIR (where video of the events was available; 131/156 
events or 84 %) were independently reviewed by 2 raters. Both raters 
have experience in the identification of concussion on the sideline. 
The 2 raters determined whether any of 5 signs [loss of conscious-
ness (usually inferred by evidence of unresponsiveness, evidence of 
player’s body going limp, and often including eyes being closed and 
body going limp immediately after being struck); seizures; clutching 
of the head; unsteadiness of gait; or possible impairment in cogni-
tion or awareness as evidenced by a blank or vacant stare] were pres-
ent, absent, or indeterminable based on the available footage of the 
incident for every case. When there was disagreement between the 
2 raters, both raters reviewed and discussed those cases in an effort 
to reach a consensus. In the cases where consensus could not be 
achieved, ratings from a third rater were used. The final consensus 
decision data were used in the frequency data described in the Re-
sults section below. This study was approved by the University of 
Newcastle Human Ethics Committee. The methodology used was in 
compliance with the ethical standards of the International Journal of 
Sports Medicine [10].

The digital records of events leading to the use of the CIR were 
independently reviewed by 2 raters using the Quicktime Multimedia 
Player V.7.7.5. Full match replays were reviewed. However, not all 
videos that were reviewed were captured by a professional broad-
caster, so the quality of the video footage varied considerably de-

pending on the provider. Many games were reviewed using only a 
single, wide-angled camera that was fixed on the field and did not 
provide any replay of an incident. The only circumstances that ren-
dered a reported use of the CIR ineligible for inclusion were: (i) any 
event where the video of the player was obstructed by other players 
or the match official(s), or (ii) where the incidence was unable to be 
located following a full match review. The coding taxonomy and field 
locations used to analyze each application of the CIR video were 
pre-determined and adopted an identical methodology to previous 
studies in this setting [7, 8] (▶table 1).

Statistical analysis
Most of the analyses in this paper are descriptive (i. e., frequency sta-
tistics). Inter-rater reliability analyses using Cohen’s kappa (κ) statis-
tics [9] were used to determine consistency among the 2 raters for 
(i) the overall rating of all concussion signs, and (ii) each of the 5 indi-
vidual signs. Unlike the total percent agreement, Cohen’s kappa con-
siders the proportional agreement that could occur simply by chance. 
The κ coefficients are calculated by considering the proportion of rater 
agreement and the expected proportion [9]. Using the interpreta-
tions of κ described by McHugh [22], κ agreement was categorized 
as almost perfect ( > 0.90), strong (0.80–0.90), moderate (0.60–
0.79), weak (0.40–0.59), minimal (0.21–0.39), and none (0–0.20). 
All analyses were performed using IBM SPSS Statistics V.23.0 [14] and 
used 2-sided tests for significance at the 0.05 level, with 95 % CIs.

Results
The CIR was used 156 times in the NYC during the 2014 season. There 
were 25 cases in which an incident leading to the use of the CIR could 

▶table 1   Definition of terms.

term Definition

Ball Carrier The player in possession of the ball.

Tackler The defensive player making the tackle on 
the ball carrier.

Hit-up A type of play where the ball carrier charges 
directly into an organized defensive line.

Possible Loss of 
Consciousness

Inferred by evidence of unresponsiveness, 
loss of muscle tone (body going limp) 
immediately after being struck, or not 
bracing for the fall and impacting with the 
playing surface.

Unsteadiness of Gait Gait ataxia, unable to stand steadily unaided, 
or walk normally. Upon standing and walking 
the player has unsteadiness, wobbly legs, 
balance problems, stumbles or falls over, or 
cannot walk straight independently.

Clutching Head The player holds his head or face in the palm 
of his hand or hands, or the player rubs his 
head in a manner that appears to demon-
strate that he is experiencing discomfort.

Vacant Stare The player is not visually focused on the 
doctor/trainer when being spoken to, or 
assessed and asked to attend, and/or the 
player appears to be looking off into the 
distance.

Seizure Tonic posturing – stiffening of limbs or 
convulsions
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not be identified on review of the video footage available, or the 
video quality was so poor that conducting a review was not possible. 
This resulted in a total of 131 cases in the current study. The CIR was 
used for 88 players on one occasion, 18 players on 2 occasions, and 
2 players on 3 or more occasions throughout the season. The CIR was 
not used more than once in the same match for any player. Taking 
into account the players with multiple CIR use, data were available 
on a total of 129 individual players. The incidence rate was 44.9 (95 % 
CI: 38.5–52.3) uses of the CIR per 1 000 NYC player match hours, or 
approximately one CIR use every 1.3 games.

Observable signs of possible concussion
The proportion of players with possible signs of concussion on video 
analysis in the entire sample was as follows: LOC or unresponsive-
ness = 13 %, clutching of the head = 65 %, unsteadiness of gait = 60 %, 
vacant stare = 23 %, and possible seizure = 5 %. Having 3 or more signs 
of possible concussion occurred in 19 %. Overall, there were 61 play-
ers (47 %) who returned to play in the same game. Of these, 7 % (n = 4) 
had video evidence of possible LOC or unresponsiveness, 67 % (n = 41) 
clutched their head following contact, 61 % (n = 37) had video evi-
dence of gait ataxia, 16 % (n = 10) had video evidence of a blank or va-
cant stare, 3 % (n = 2) had video evidence of a seizure-like activity, and 
11.5 % had 3 or more signs of possible concussion (n = 7); ▶table 2). 
Those who did not return to play had higher rates of possible LOC than 
those who returned to play in the same game (18.6 % vs. 6.6 %; χ2(1, 
131) = 4.17, p = 0.041, RR = 2.8, 90 % CI: 1.07–8.51). 4 of the 17 play-
ers with video evidence of possible LOC returned to play in the same 
game. Overall, there were 25 cases showing video evidence of 3 or 
more signs of injury, and 7 of those athletes (28 %) returned to play 
in the same game. There were 12 players who had no observable signs 
of concussion on review of the video footage of the incident that led 
to the player being removed from play under the CIR. For this group, 
33 % (4/12) returned to play in the same game.

Circumstances when the CIR was used
There were 91 (69 %) uses of the rule that occurred in the middle cor-
ridor, whereas 40 (31 %) were observed in the side corridor. There 
were 22 (17 %) uses of the rule that occurred in the defensive quar-
ter, 47 (36 %) in the midfield defensive quarter, 33 (25 %) in the mid-
field attacking quarter, and 29 (22 %) in the attacking quarter of the 
field.

The CIR was used to remove 86 players that were in the forward 
positions (66 %) compared to 45 (34 %) backline players (χ2 = 12.8, 
p < 0.001; expected frequencies set to be equal even though there 

are 6 forwards and 7 backs on the field). The CIR was used to remove 
the ball carrier on 50 (38 %) occasions compared to 80 times (61 %) 
for a tackler (χ2 = 6.9, p < 0.009). There were 41 (31 %) uses of the CIR 
when there was only one player involved in the tackle. There were 
68 (52 %) uses where 2 tacklers were involved, 19 (15 %) where 3 tack-
lers were involved, and 2 (2 %) when there were 4 tacklers involved.

The large majority (82 %, 107/131 cases) of players removed from 
play under the CIR were struck in the head/face. Secondary contact 
was observed in 27 % (36/131) of cases, with most of these cases in-
volving impact with the playing surface (78 %, 28/36). Referee-iden-
tified and -reported foul play accounted for 8 % (11/131) of injuries, 
with 64 % (7/11) of these players being placed on report by the match 
official (i. e., referred to the match review committee for potential 
citing and further disciplinary action as determined by the league’s 
judiciary). There were 6 different plays or situations that were coded 
for the 131 uses of the CIR. The hit-up was the most common play 
that resulted in using the CIR, accounting for 82 % of instances; no 
other play accounted for more than 10 % of the CIR use.

Inter-rater reliability (IRR)
The overall IRR for the identification of concussion signs between the 
2 raters was κ = 0.69 (95 % CI: 0.67–0.70), which is considered to be 
moderate agreement [22]. The IRRs for each individual sign are pre-
sented in ▶table 3. Rater agreement was minimal for possible LOC. 
Possible LOC was coded 17 times in total. One rater was more con-
servative in coding LOC and coded 11 of these instances as not pres-
ent and one as indeterminate. Rater agreement was weak to mod-
erate for most of the other signs. After the first round of ratings, the 
2 primary raters were able to agree on all but 14 cases involving dis-
crepancies. Therefore, a third rater was used to facilitate a consen-
sus decision for the frequency calculations in 14 cases.

Discussion
This paper provides a video analysis of uses of the CIR in the NYC dur-
ing its first season of use. It summarizes antecedent events and con-
textual factors associated with the implementation of the CIR. The 
CIR was used a total of 156 times, which corresponds to approximate-
ly one CIR use every 1.3 games. At the professional level during the 
2014 season, the CIR was used 167 times, which corresponds to ap-
proximately one CIR use every 2.4 games [7]. The concussion inter-
change rule was used much more frequently with forwards than 
backs. This result is similar to previous findings from rugby league 
studies that examined tackling exposure and playing position (i. e., 

▶table 2   Summary of video analysis findings.

Total Sample (N = 131) No Return to Play (n = 70) Returned to Play (n = 61)

Yes No Missing Yes No Missing Yes No Missing

 % (n)  % (n)  % (n)  % (n)  % (n)  % (n)  % (n)  % (n)  % (n)

Unresponsive/Loss of 
Consciousness

13.0 (17) 72.5 (95) 14.5 (19) 18.6 (13) 64.3 (45) 17.1 (12) 6.6 (4) 82.0 (50) 11.5 (7)

Clutching Head 64.9 (85) 26.0 (34) 9.1 (12) 62.9 (44) 27.1 (19) 10.0 (7) 67.2 (41) 24.6 (15) 8.2 (5)

Unsteadiness of Gait 60.3 (79) 26.0 (34) 13.7 (18) 60.0 (42) 28.6 (20) 11.4 (8) 60.7 (37) 23.0 (14) 16.4 (10)

Vacant Stare 22.9 (30) 29.8 (39) 47.3 (62) 28.6 (20) 31.4 (22) 40.0 (28) 16.4 (10) 27.9 (17) 55.7 (34)

Possible Seizure 4.6 (6) 93.1 (122) 2.3 (3) 18.6 (13) 64.3 (45) 17.1 (12) 3.3 (2) 96.7 (59) 0 (0)
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frequency of tackles each playing position was involved in) [3, 4, 15]. 
Of the 6 coded plays or situations in which the CIR was used, the hit-
up (82 % of cases) was the only play that accounted for more than 
10 % of the CIR use. Previous studies have shown that forwards are 
involved in tackles more frequently than other playing positions 
[3, 15]. Both of these findings were also consistent with the prior 
video analysis of NRL players [7]. The frequencies with which players 
clutched their heads or had unsteadiness of gait were similar to the 
frequencies found in NRL players. However, the rates of LOC (13.0 % 
vs. 30.9 %; χ2(1, 293) = 13.1, p < 0.001, RR = 2.4, 90 % CI = 1.5–3.8) 
and vacant stare (22.9 % vs. 58.6 %; χ2(1, 293) = 37.8, p < 0.001, 
RR = 2.6, 90 % CI = 1.9–3.5) in the NYC were much lower than that re-
ported in our past study of professional NRL players [7]. The discrep-
ancy observed for the vacant stare likely reflects, at least in part, our 
reduced ability to code that sign at the NYC level compared with the 
NRL level due to the video quality (i. e., a lack of footage with suffi-
cient zoom-in on the player to determine the presence or absence 
of a vacant stare). The reasons for the lower rate of possible LOC in 
the NYC compared with the NRL are unknown but could also be due 
in part to video quality. They could also be related to the lower body 
weight, strength, and power of the younger NYC athletes.

The rates in which the CIR was used in specific locations of the 
field corresponded well to the rates at which tackles occurred in those 
locations of the field. King and colleagues examined the locations on 
the field in which tackles occurred during NYC matches (i. e., a total 
of 18 084 tackles). The percentages of tackles that occurred in play-
ing zones were as follows: midfield defensive quarter = 39 %, defen-
sive quarter = 14 %, midfield attacking quarter = 27 %, and attacking 
quarter = 18 % [15]. The field locations in the present study in which 
the CIR was used were as follows: midfield defensive quarter = 36 %, 
defensive quarter = 17 %, midfield attacking quarter = 25 %, and at-
tacking quarter = 22 %.

A considerable number of players returned to play in the same 
game despite demonstrating evidence of one or more observable 
signs of concussion on post-hoc video analysis, which was also the 
case in the prior NRL study [7]. For example, at the professional level, 
there was video evidence of possible LOC in 50 players and 19 (i. e., 
38 %) returned to play in the same game [7]. In the present study, 
there was video evidence of possible LOC in 17 players, and 4 (i. e., 
23.5 %) returned to play in the same game. It is possible that this 
trend reflects a more conservative approach taken by the medical 

staff at the NYC level, compared with the NRL, in regards to return-
to-play decision-making. There were 2 instances at the NYC level, 
where players who appeared to have subtle video evidence of 
post-impact tonic posturing in one of their upper limbs were re-
turned to play. It is not known, however, whether those players ac-
tually experienced a brief post-traumatic seizure. A limitation of this 
study was that we were not able to determine which players removed 
under the CIR actually had a medically diagnosed concussion and 
which players had the diagnosis of concussion excluded. Moreover, 
we could not determine how many players were initially removed 
from play, returned to play in the same game, and were then later 
diagnosed with a concussion.

It is important to note that the video quality and identification of 
events at the NYC level was poorer than the video quality at the NRL 
level, which resulted in considerably more missing data for the NYC 
cases compared to cases from the NRL data (n = 114; 17.4 % vs. n = 39; 
4.8 %). Access to a professionally recorded full-match replay at this 
level was not always available, so the quality of the video footage var-
ied considerably depending on the provider. Most of the games at 
the NYC level were reviewed using only one wide-angled camera that 
was fixed to the field of play, without any zoom-in, and no replay of 
any incident. This was the catalyst to a large portion of missing data 
in this study and could also have influenced the rate at which signs 
could be identified – especially brief LOC and a vacant stare.

The inter-rater reliabilities for the concussion signs in this study 
ranged from weak to very high [22] depending on the specific sign. 
The overall inter-rater reliability for all signs coded in this study was 
moderate. A factor influencing inter-rater reliability is restricted rang-
es (e. g., coding video evidence of overt signs of concussion as pres-
ent, absent, or indeterminable, 3 possible values). Having well quan-
tified constructs of interest (i. e., well defined concussive signs) is also 
an important factor for improving inter-rater reliability [7].

The new concussion interchange rule was used frequently during 
the first season at the NYC level. Many players were removed under 
the CIR and then cleared to return to play in the same game, suggest-
ing that the CIR was being used as intended when there was a suspi-
cion of injury. Moreover, many players were removed and not re-
turned to play, suggesting that the CIR has benefit for player health 
and welfare. In some cases, however, there appeared to be video ev-
idence of injury but the athlete was cleared to return to play. It is rea-
sonable to assume that some injuries were not identified during the 
sideline assessment, but we have no way of determining the clinical 
status of the athlete during the sideline assessment. It is possible that 
an athlete can appear to be concussed on slow-motion video analy-
sis, or actually be concussed, but not show overt clinical evidence of 
the injury on the sideline, during the remainder of the game (if re-
turned to play), or in the days following the game. More research is 
needed on the inter- and intra-rater reliability, accuracy, and predic-
tive usefulness of video analyses in sports. Future rugby league video 
analysis could conduct a more comprehensive examination of all tack-
les throughout the entire season to establish base rates of certain at-
risk plays and provide a clearer picture of the incidence of injury by 
type of play. Examining base rates of these signs in rugby league 
match play would improve our understanding of the reliability of 
these signs for making in-play decisions from the sideline and of using 
video review to remove a player from play for further assessment.

▶table 3   Inter-rater reliability for each concussion sign.

Concussion Sign f sign raw 
Agree-

ment (n)

Irr 
(κ)

95 % cI

Unresponsive/Loss of 
Consciousness

17 5 0.29 0.23–0.35

Clutching Head 96 68 0.54 0.18–0.90

Unsteadiness of Gait 89 64 0.62 0.59–0.65

Vacant Stare 36 20 0.62 0.37–0.88

Possible Seizure 6 4 0.87 N/A

Overall (all signs) 244 167 0.69 0.67–0.70

f: frequency that the concussion sign was rated by at least one rater; 
n: number; N/A: not applicable due to low frequency of data
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