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Abstract
Background  Hurling is a fast-paced contact sport that places players at risk of concussion. Given the consequences of 
repeated concussive impacts, it is imperative that concussion management guidelines are followed.
Hypothesis/Purpose.
The aim of this study is to determine if potential concussive events (PCEs) in elite Hurling are assessed in accordance with 
league management guidelines. The secondary objective is to investigate the effectiveness of current concussion training 
programs.
Methods  Investigators used a video analysis approach to identify PCEs throughout the 2018 and 2019 inter-county Hurling 
seasons and championships. Subsequent assessment, return to play (RTP) decision, and signs of concussion were evaluated 
based on previously validated methods. The results were then compared year-over-year with previous research in Gaelic 
Football (GF).
Results  A total of 183 PCEs were identified over 82 matches. PCEs were frequently assessed (86.3%, n = 158) by medical 
personnel. The majority of assessments were less than 1 min in duration (81.0%, n = 128). Thirteen (7.1%) players were 
removed following a PCE. There were 43 (23.5%) PCEs that resulted in one or more signs of concussion, of which 10 (23.3%) 
were removed from play. There was no difference in rate of assessment, duration of assessment, or rate of RTP between 2018 
and 2019 in both Hurling and GF, suggesting that current concussion training programs have had limited success.
Conclusion  In Hurling, players suspected of having sustained a concussion are frequently subject to a brief assessment, and 
are rarely removed from play. Affirmative action is needed to ensure the consistent application of standardized concussion 
assessment across the Gaelic Games.
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Introduction

In recent years, concussion has been identified as a major 
health concern in high-impact sports [1–3]. While the 
details and implications of this phenomenon are becoming 
increasingly well documented in the literature, there is little 
research addressing it in less globalized and amateur sports 
played around the world. The Gaelic Athletic Association 
(GAA) is the largest sporting organization in the Repub-
lic of Ireland. One of the most popular sports within their 
purview is Hurling, a fast-paced contact sport played on 
grass between two teams of 15 players, sometimes referred 
to as the fastest field sport on earth. Players are required 
to wear helmets, full metal faceguards, and mouthguards 
while using a wooden/composite hurling stick (hurley) to 
advance a small, hard leather ball (a sliotar) down the pitch. 
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The sliotar can be caught in the hand and carried for up to 
four steps, struck in the air, or struck on the ground with 
the hurley. To carry the sliotar for more than four steps, 
the player must balance or repeatedly bounce the sliotar on 
their hurley. This requires remarkable hand–eye coordina-
tion at high-speeds, as players advance the sliotar down the 
pitch and bat it either between the uprights or into the goal. 
While outright tackling is not permitted as it is in sports 
such as rugby, shoulder-to-shoulder contact is encouraged 
and high-velocity collisions are commonplace [4, 5]. Players 
frequently execute tackles with their hurley as they attempt 
to block, hook, and swat the sliotar from their opponents.

In 2017, a survey of 80 GAA athletes revealed that 54% 
reported a personal history of concussion, with 44% report-
ing more than one incidence [6]. Confirming this, a 2019 
survey suggested that while 57.5% of GAA athletes sus-
pected they had suffered a concussion in the past, many were 
undiagnosed [7]. Our recent research in Gaelic Football, 
another national sport in Ireland that is also governed by the 
GAA, reported 2.2 potential concussive events (PCEs) per 
match at the elite inter-county level [8]. While this evidence 
suggests that concussion may occur relatively frequently in 
the Gaelic Games, diagnosed injuries to the head and neck 
have been shown to be relatively rare in Hurling, compris-
ing of only 4.1% of all injuries [9]. It is possible that there 
is a mismatch between the number of concussions that are 
occurring and the number actually diagnosed. Although 
concussion awareness in the GAA has recently increased 
[10–12], there is little research investigating whether poten-
tial concussions are being appropriately identified and man-
aged in Hurling.

In various sports, repeated concussive and sub-concussive 
blows to the head have been shown to produce a variety of 
neuro-cognitive and emotional deficits in players [13–15]. 
In the long-term, chronic progressive neurodegenerative 
diseases such as chronic traumatic encephalopathy (CTE) 
may affect athletes who suffer repeated blows to the head 
[16, 17]. In the acute phase, players who suffer a second 
head injury before a primary concussion has resolved are at 
risk of a severe condition called second-impact syndrome, 
marked by dysautoregulation, catastrophic cerebral swelling, 
and death [18, 19]. While this phenomenon has never been 
officially documented in the Gaelic Games, it is extremely 
dangerous, and documented cases in other sports are worth 
considering [19, 20]. It is important that players are made 
aware of these risks and feel reassured by the systems in 
place to protect them. While it is impossible to eliminate 
concussion from sports entirely, it is imperative that sporting 
leagues take measures to optimize the identification, assess-
ment and substitution of athletes suspected of having sus-
tained a concussion [21]. Previous peer-reviewed research 
has applied video-analysis of PCEs and subsequent manage-
ment to investigate this topic [8, 22]. While a PCE may not 

necessarily result in clinical diagnosis, the definition encom-
passes a broad spectrum of head impacts that place players 
at risk of concussion [8, 22]. Therefore, PCEs may serve 
as a good proxy for investigating concussion management.

The 5th International Conference on Concussion in Sport 
(ICCS) recommended that all players suspected of having 
sustained a concussion should be removed from play and 
assessed using an accepted international standardized pro-
tocol, such as the Sports Concussion Assessment Tool 5 
(SCAT-5). The GAA has integrated these recommenda-
tions independently through the Concussion Management 
Guidelines for Gaelic Games [10], and through a concus-
sion training event held in November 2018 at Croke Park 
in Dublin, in conjunction with the UPMC Concussion 
Network [12]. However, little research exists on whether 
or not these measures have been effective in encouraging 
adherence to concussion management guidelines on the 
pitch. Recently, we investigated the assessment of PCEs in 
inter-county Gaelic Football, and concluded that there was 
limited adherence to league concussion guidelines over two 
seasons [8]. Despite the obvious differences between the 
two sports, the GAA concussion management guidelines 
are generalized and applicable to both Gaelic Football and 
Hurling. Thus, comparing PCE assessment data from both 
sports may provide a more accurate measure of adherence 
to these guidelines across the organization. Therefore, the 
current study will use video incident analysis to investigate 
PCEs that occurred during 2018 and 2019 elite inter-county 
Hurling. The primary objective is to determine if PCEs in 
Hurling are assessed in accordance with ICCS and GAA 
concussion guidelines. The findings will then be compared 
with previous findings in Gaelic Football to determine if 
there is any difference between the sports, and analyzed 
year-over-year to suggest whether current GAA concussion 
training programs have affected assessment practices across 
the organization.

Methods

Video analysis has proven to be a valid method of analyzing 
situational factors, mechanisms, and signs of injury related 
to concussion [23–25]. Consistent with prior work, a PCE 
is defined as any event in which a player is unable to resume 
play in a meaningful capacity within 5 s of a direct and 
visible head contact [8, 22, 26]. In other words, the player 
was either down on the ground, staggering and/or bent over, 
therefore not participating purposefully or efficaciously in 
the gameplay around them. It is important to emphasize 
that the term PCE is not synonymous with concussion; the 
definition is intentionally broad to capture all events that 
have the potential to produce a concussion. Ambiguous 
events were excluded, such as those involving clear player 
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embellishment, questionable head contact, or minor contact 
where the blow could not possibly produce a concussive 
force.

Reviewers were trained in video analysis at the Injury 
Prevention Lab at St Michael’s Hospital in Toronto, Ontario, 
Canada. The authors have previously published PCE 
research in professional soccer and Gaelic Football [8, 22, 
26]. Match footage was retrieved from the GAAGO online 
streaming service and was analyzed using QuickTime Player 
v10.5 which enables frame-by-frame viewing at 720–1080p 
resolution. Reviewers were permitted to re-watch and pan 
the footage at their discretion. In player-to-player contact, 
we defined “Player 1” (P1) as the player who sustained head 
contact and “Player 2” (P2) as an involved player who did 
not. If both players sustained head contact during the PCE, 
P1 was defined as the one who was assessed for a longer 
period of time. Reviewers recorded whether the injured 
player was assessed by medical personnel, the duration of 
assessment and subsequent RTP decision. In light of the 
GAA “blood-sub” rule requiring that all players with visible 
bleeding be temporarily removed, reviewers also recorded 
whether or not each PCE produced blood. The time of the 
match at which each PCE occurred was also recorded to 
search for a relationship with the RTP decision. Finally, 
consistent with our prior work and a recent international 
consensus statement, reviewers searched for visible signs of 
concussion, including lying motionless, impact seizure, tonic 
posturing, motor incoordination — ataxia, no protective 
action—floppy, and blank/vacant look [18–20]. However, 
given the usage of helmets and faceguards, it sometimes 
proved challenging to evaluate for blank/vacant look. A PCE 
assessment spreadsheet, used in previous peer-reviewed 
research, was used to collect the data [8, 22]. Data from 
previous research in Gaelic Football [8] was also compared 
to data collected in the current study. Ethical approval was 
granted by the Social Research Ethics Committee of the 
Cork Teaching Hospitals (Ref: 10/09/2019/02).

To test for reliability, five non-2018/2019 matches were 
analyzed independently by both reviewers for raw agree-
ment in the identification of PCEs. Second, each reviewer 
analyzed 30 PCEs identified from exhibition and All-Ireland 
club matches (not included in data analysis) using the PCE 
assessment spreadsheet. Agreement was 100.0% for the 
identification of PCEs. For the PCE assessment spreadsheet, 
raw agreement was 96.5% with a Cohen’s kappa coefficient 
of 0.93 (95% CI 0.884 to 0.969). A Cohen’s Kappa value 
greater than 0.8 is indicative of almost perfect agreement 
[21, 22]. All discrepancies from the inter-rater reliability 
were discussed and resolved.

In summary, after achieving a favorable inter-rater reli-
ability result, two reviewers independently identified PCEs 
throughout 82 matches of the 2018 and 2019 GAA inter-
county Hurling seasons and championships. Each PCE was 

evaluated based on the parameters outlined above, and data 
was recorded for statistical analysis. Reviewers consulted 
each other and collaborated if any questions or difficulties 
arose during the analysis. The results were compared to 
identical data collected in Gaelic Football [8], and stratified 
by year.

Descriptive statistics were reported as means, counts, 
or frequencies and their associated percentages. A Fisher’s 
exact test was used to confirm a relationship between the 
duration of assessment and multiple signs of concussion. 
In addition, Fisher’s exact test was used to search for an 
association between RTP decision and visible bleeding by 
varying number of concussion signs. A chi-squared test was 
used to analyze the two samples of independent variables 
from each year to determine if rate of assessment, duration 
of assessment, or rate of removal was significantly different 
between 2018 and 2019. Statistical significance was set at 
p < 0.05 for all statistical analyses.

Results

Throughout the 2018 and 2019 GAA inter-county hurling 
seasons and championships, we identified a total of 176 
incidents over 82 matches. Seven of these involved both P1 
and P2 sustaining a PCE, resulting in 183 PCEs (2.2 per 
match, 59.5 per 1000 match hours of exposure) (Table 1). 
Of the 183 PCEs, 158 (86.3%) were assessed by a doctor 
and/or physiotherapist, identifiable by the lettering on their 
attire. The majority of these assessments were under 1 min 
in length (81.0%, n = 128). All assessment duration data is 
summarized in Table 1. Considering all on-pitch assess-
ments, there was a significant association between the num-
ber of concussion signs and duration of assessment. Players 
displaying multiple signs of concussion were significantly 
more likely to receive a longer assessment (p < 0.05).

We observed 140 (76.5%) PCEs that displayed 0 signs 
of concussion and 43 (23.5%) that displayed 1 or more. Of 
the 43 PCEs that produced 1 or more sign of concussion, 10 
(23.3%) were removed from play. This data is summarized 
in Table 1. Players displaying multiple signs of concussion 
were significantly more likely to be removed from play than 
players with 0 signs (p < 0.01).

Twenty-five (13.7%) players suffering a PCE received 
no assessment before RTP, while 139 (76.0%) players were 
assessed on pitch before RTP. Six (3.3%) players were taken 
to the sideline before RTP (Table 1),three of these six play-
ers (50.0%) were visibly bleeding following the associated 
PCE (Table 2), and 1 (16.7%) was treated for a hand injury. 
Thirteen (7.1%) players were removed from play and did 
not RTP for the rest of the game (Table 1), two of these 
13 (15.4%) players were visibly bleeding (Table 2), and 1 
(7.7%) suffered the associated PCE in the final 5 min of 
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the match. Overall, 7 (3.8%) PCEs produced visible signs 
of bleeding, and 5 (71.4%) of these players were removed 
either temporarily or permanently (Table 2). Players were 
significantly more likely to be removed if bleeding was pre-
sent (p < 0.05).

Our findings in Hurling were compared to previous 
research performed in Gaelic Football and stratified by year 
(Table 3). In both Gaelic Football and Hurling, there was no 
difference in the rate of assessment, duration of assessment, 
or rate of player removal between 2018 and 2019 (p > 0.1) 
(Table 3).

Discussion

In GAA elite inter-county Hurling, players suffering a PCE 
were frequently assessed (86.3%). However, most of these 
assessments were under 1 min in duration (81.0%, n = 128). 
The GAA’s Concussion Management Guidelines recom-
mend that athletes suspected of having sustained a con-
cussion be removed from play immediately and medically 
assessed using the SCAT-5 protocol, which takes a minimum 
of 10 min to complete [27]. Unfortunately, throughout the 
2018 and 2019 Hurling seasons, we were unable to identify 
any assessments that resembled the SCAT-5. Players are 
not receiving standardized assessment following PCEs and 
RTP at a high rate, even when visible signs of concussion 
are present. Those returning to play without being properly 
screened for concussion are at risk of further strikes to the 
head and more severe post-concussive symptoms and com-
plications [14, 18, 28, 29]. Despite the wishes of the players, 
manager, or fans, medical staff must err on the side of cau-
tion when deciding whether to allow a player to RTP. The 
use of a standardized assessment protocol must be enforced 
to ensure that concussions are not missed, and that players 
only RTP if it is safe to do so.

We have previously discussed various barriers that medi-
cal personnel face with regard to PCE assessment in Gaelic 
Football, [8] and many of the same points also apply to Hurl-
ing. However, the current study has elucidated a number 
of additional challenges that medical personnel may face. 
First, since 2010, all Hurling players have been required to 
wear a helmet with faceguard, which may contribute to both Ta

bl
e 

1  
N

um
be

r o
f c

on
cu

ss
io

n 
si

gn
s b

y 
nu

m
be

r o
f P

C
Es

, a
ss

es
sm

en
t d

ur
at

io
n,

 p
la

ye
r o

ut
co

m
e,

 a
nd

 v
is

ib
le

 b
le

ed
in

g 
(%

) i
n 

G
A

A
 e

lit
e 

in
te

r-c
ou

nt
y 

H
ur

lin
g

N
um

be
r o

f P
C

Es
A

ss
es

sm
en

t d
ur

at
io

n
Pl

ay
er

 o
ut

co
m

e
B

le
ed

in
g

N
um

be
r o

f 
co

nc
us

si
on

 
si

gn
s

20
18

–2
01

9 
Se

as
on

s
0–

29
 s

30
–5

9 
s

1:
00

–1
:2

9
1:

30
–1

.5
9

2:
00

 +
 

Re
m

ov
ed

To
ta

l n
o.

 
(%

)
RT

P 
w

ith
 n

o 
as

se
ss

m
en

t 
no

. (
%

)

RT
P 

af
te

r 
on

-p
itc

h 
as

se
ss

m
en

t 
no

. (
%

)

RT
P 

af
te

r 
re

m
ov

al
 to

 
SL

 n
o.

 (%
)

Re
m

ov
ed

 
no

. (
%

)
To

ta
l n

o.
 

(%
)

B
le

ed
in

g 
no

. 
(%

)

0
14

0 
(7

6.
5)

65
 (8

3.
3)

38
 (7

6.
0)

9 
(9

0.
0)

0 
(0

.0
)

0 
(0

.0
)

6 
(3

1.
6)

11
8 

(7
4.

7)
22

 (1
5.

7)
11

2 
(8

0.
0)

3 
(2

.1
)

3 
(2

.1
)

14
0 

(7
6.

5)
4 

(2
.9

)
1

31
 (1

6.
9)

13
 (1

6.
7)

10
 (2

0.
0)

0 
(0

.0
)

0 
(0

.0
)

0 
(0

.0
)

5 
(2

6.
3)

28
 (1

7.
7)

3 
(9

.7
)

23
 (7

4.
2)

3 
(9

.7
)

2 
(6

.5
)

31
 (1

6.
9)

2 
(6

.7
)

2
6 

(3
.3

)
0 

(0
.0

)
1 

(2
.0

)
1 

(1
0.

0)
1 

(1
00

.0
)

0 
(0

.0
)

3 
(1

5.
8)

6 
(3

.8
)

0 
(0

.0
)

3 
(5

0.
0)

0 
(0

.0
)

3 
(5

0.
0)

6 
(3

.3
)

1 
(1

6.
7)

3
3 

(1
.6

)
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)
3 

(1
5.

8)
3 

(1
.9

)
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)
3 

(1
00

.0
)

3 
(1

.6
)

0 
(0

.0
)

4  +
 

3 
(1

.6
)

0 
(0

.0
)

1 
(2

.0
)

0 
(0

.0
)

0 
(0

.0
)

0 
(0

.0
)

2 
(1

0.
5)

3 
(1

.9
)

0 
(0

.0
)

1 
(3

3.
3)

0 
(0

.0
)

2 
(6

6.
7)

3 
(1

.6
)

0 
(0

.0
)

To
ta

l
18

3 
(1

00
.0

)
78

 (4
9.

4)
50

 (3
1.

6)
10

 (6
.3

)
1 

(0
.6

)
0 

(0
.0

)
19

 (1
2.

0)
15

8 
(1

00
.0

)
25

 (1
3.

7)
13

9 
(7

6.
0)

6 
(3

.3
)

13
 (7

.1
)

18
3 

(1
00

.0
)

7 
(3

.8
)

Table 2   RTP decision and bleeding (%)

RTP decision No. of players Bleeding

RTP with no assessment 25 0 (0.0)
RTP after on-pitch assessment 138 2 (28.6)
RTP after removal to SL 6 3 (42.9)
Removed 13 2 (28.6)
Total 182 7 (3.8)
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the incidence and assessment of PCE. This legislation was 
intended to reduce the number of serious facial injuries in 
the sport, and research has demonstrated that this measure 
has been successful [34, 35]. Our data demonstrated that 
a lower proportion of Hurling players demonstrated bleed-
ing following a PCE compared to Gaelic Football (Table 3), 
and players with multiple signs of concussion were not sig-
nificantly more likely to bleed as they were in Gaelic Foot-
ball [8]. This favorable effect could be related to the use of 
helmets and faceguards. However, while helmets and other 
forms of protective equipment have long been theorized to 
be protective against concussion, this may not necessarily 
be the case [36–38]. In rugby, it was discovered that the 
use of headgear has no effect on concussion risk [39]. In 
fact, there is evidence to suggest that headgear may increase 
concussion risk via a phenomenon known as risk compensa-
tion, which postulates that helmets confer their wearer with 
a false sense of security [40]. If a player perceives that his 
risk of injury is reduced by using a helmet, he may be more 
likely to take excessive and unwarranted risks during game-
play [40]. A survey of young rugby players suggested that 
67.0% of players felt more confident when wearing headgear, 
and were able to tackle harder than they could without it 
[41]. This is especially relevant given that the helmets used 
in Hurling are not designed to defend against concussive 
impacts, as modern American football helmets are [42]. It 
is possible that this perceived reduction in risk extends to 
sideline medical staff, increasing their threshold for deliv-
ering a full assessment and ordering removal from play. 
If doctors and physiotherapists hold an implicit bias that 
helmets protect players from concussion, they may assume 
that players are not concussed and forego a full assessment 
when confronted with clinical ambiguity. In addition, the use 
of helmets may hinder the ability of sideline medical staff 

to both identify and assess PCEs, as they may disguise the 
nature and severity of an impact, as well as transient signs 
of concussion which are already notoriously difficult to see 
[21]. Our data supported this in that there was less adherence 
to the blood-sub rule in Hurling (71.4%) when compared to 
Gaelic Football (92.9%), possibly due to the disguising effect 
of the helmet. This reinforces the need for comprehensive, 
mandatory training programs for medical staff to develop an 
awareness of biases such as risk compensation and the effect 
of helmets on concussion risk [43]. It also underscores the 
importance of removing players suspected of having sus-
tained a concussion, so they may remove their helmet and 
be thoroughly assessed.

Second, it is important to consider the needs of the medi-
cal professionals. Medical roles on GAA club teams are typi-
cally filled on a volunteer basis, meaning that many team 
physicians and physiotherapists generously donate their 
personal time to look after athletes. The implications of this 
must be investigated in more detail, especially with regard 
to time commitment, travel requirements, financial compen-
sation, and burnout [30–33], all of which might impact a 
practitioner’s ability to administer high-quality care. Fur-
thermore, concussion management is a fledgling field. Many 
professionals, despite years of experience, may not be fully 
up to date on recent developments in knowledge and proto-
col. It may be prudent for the league to provide increased 
support to its medical staff to ensure their ability to consist-
ently and effectively perform their duties at training sessions 
and matches.

In recent years, the GAA has attempted to increase con-
cussion awareness among its medical staff. Two concussion 
symposiums were hosted by the league in 2016 and 2017, 
and in November 2018, the GAA held its first concussion 
training event in conjunction with the UPMC Concussion 

Table 3   Major assessment and RTP findings in GAA elite inter-county Hurling and Gaelic Football, over the 2018 and 2019 seasons

Category Hurling Gaelic Football

YEAR 2018 2019 TOTAL 2018 2019 TOTAL

Number of PCEs 75 108 183 79 163 242
PCE incidence (per 1000 match hours) 48.8 70.2 59.5 35.71 83.59 58.1
PCEs assessed (%) 66 (88.0) 92 (85.2) 158 (86.3) 71 (89.9) 140 (85.9) 211 (87.2)
PCEs not assessed (%) 9 (12.0) 16 (14.8) 25 (13.7) 8 (10.1) 23 (14.1) 31 (12.8)
Assessments < 1 m in duration (%) 54 (81.8) 74 (80.4) 128 (81.0) 57 (80.3) 116 (82.9) 173 (82.0)
Assessments > 1 m in duration (%) 12 (18.2) 18 (19.6) 30 (19.0) 14 (19.7) 24 (17.1) 38 (18.0)
RTP after assessment on pitch (%) 57 (76.0) 82 (75.9) 139 (76.0) 61 (77.2) 128 (78.5) 189 (78.1)
RTP after assessment on SL/off-pitch (%) 2 (2.7) 4 (3.7) 6 (3.3) 7 (8.9) 3 (1.8) 10 (4.1)
Removed from play (%) 7 (9.3) 6 (5.6) 13 (7.1) 3 (3.8) 9 (5.5) 12 (5.0)
1 + Signs of Concussion (%) 20 (26.7) 23 (30.7) 43 (23.5) 20 (25.3) 41 (25.2) 61 (25.2)
Players with 1 + signs of concussion, removed 

from play (%)
6 (30.0) 4 (17.4) 10 (23.3) 3 (15.0) 6 (14.6) 9 (14.8)

% adherence to blood-sub rule 100.0 50.0 71.4 100.0 90.0 92.9
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Network. This program, designed for doctors and physio-
therapists at the elite level, provided information and work-
shops on concussion diagnosis and assessment, as well as 
treatment and rehabilitation [12], based on the GAA’s uni-
versal set of concussion management guidelines. Given that 
the league presides over both sports, it was unsurprising to 
find that in both Gaelic Football and Hurling, assessment 
practices were relatively similar (Table 3). Unfortunately, 
our research suggests that the aforementioned concussion 
training events have had a limited effect on assessment prac-
tices. There was no significant difference in the rate and 
duration of assessment, or rate of player removal in 2019 
compared to 2018 (Table 3). In both Gaelic Football and 
Hurling, players continue to RTP without adequate standard-
ized assessment at an unacceptably high rate, often despite 
the presence of visible signs of concussion [8]. While the 
GAA commendably intends to “… grow a national network 
of support for the management and treatment of concussion 
injuries within the GAA” [12], our findings suggests that 
action must be taken to accelerate this process.

The organizational structure of the GAA confers a great 
advantage in that education and training programs for medi-
cal personnel can be standardized and disseminated across 
multiple sports from a centralized body. While the GAA’s 
existing training events are predominantly directed towards 
the elite level of Gaelic Football and Hurling, there are 
hundreds of other teams at all age groups across the coun-
try to consider. Although resources and manpower may be 
understandably limited across different levels of play, per-
haps there is a practical way to overcome this challenge. 
A recent survey found that over 90% of adolescent GAA 
players and parents would value further education on sport-
related concussion [7]. We recommend that educational 
training programs for players, coaches, volunteers, and par-
ents are promoted and made available at all levels of play. 
The 2018 GAA concussion training event was based on a 
“train-the-trainer” model; perhaps, this can be applied at 
the club level as well. Representatives from each club who 
attend the GAA’s official annual training sessions might be 
tasked with delivering educational workshops locally. We 
would encourage leaders to take advantage of the revolution 
in remote educational strategies that have emerged during 
the COVID-19 pandemic, which facilitate group education 
across long distances. This can be delivered in conjunction 
with existing research on concussion education programs for 
adolescent GAA athletes [44], and would promote a grass-
roots change in the way concussions are perceived and man-
aged in the Gaelic Games.

Finally, a league-wide quality assurance program at the 
elite level should occur throughout each season to ensure 
that an appropriate level of concussion care is being offered 
to players. This can be achieved through a video surveillance 
operation using a protocol similar to the current study. In the 

same way, medical staff in healthcare systems are responsi-
ble for delivering a certain standard of care; staff in sports 
leagues such as the GAA must also be held to a standard. 
This is especially relevant at the elite level, which is highly 
publicized and sets the standard for other levels of play to 
emulate. Increased oversight from the GAA is necessary to 
ensure that its training events are producing the intended 
effects, and that its concussion management guidelines are 
actually reaching players on the pitch.

Limitations

This study relied upon broadcaster game replays. Thus, 
reviewers were unable to control camera views, angles, and 
quality, impacting their ability to evaluate PCEs. It was also 
more difficult to note the presence of the blank/vacant look, 
given the visual obstruction of a helmet and faceguard. The 
statistics of PCE incidence and signs of concussion pre-
sented in this study likely represent a minimum estimate; 
the true incidence of PCE with transient signs of concussion 
may be higher. Additionally, reviewers had no access to in-
game audio information to integrate into the analysis. It is 
also possible that players occasionally exaggerate or feign 
injury to gain ball possession or a freekick/penalty for their 
team. We made every effort to exclude these events. We had 
no access to medical reports from the games so we cannot 
infer which PCEs were actually associated with medically 
diagnosed concussion. Future research will help to elucidate 
this relationship.

Little is known about the reliability and validity of 
reviewers observing concussion signs on video analysis. 
Although the specific signs have been well defined through 
international consensus, it is difficult to infer the sensitivity 
of our analysis as there is no accepted “gold standard” iden-
tification system. Thus, there was inevitably an element of 
subjectivity in our analysis. Finally, as with any video review 
study involving more than one reviewer, we acknowledge 
the possibility that inter-reviewer bias may have played a 
role in data collection and analysis. However, we attempted 
to mitigate this by achieving both a high raw agreement and 
Cohen’s kappa coefficient.

Conclusion

Our study demonstrates that elite GAA Hurling players fre-
quently receive a brief assessment and almost always RTP 
following PCE. Assessment practices in Hurling did not 
appear to comply with GAA concussion guidelines, consist-
ent with prior research in Gaelic Football. It is important that 
the GAA as an organization continues its efforts to stand-
ardize concussion assessment and RTP protocol across the 
Gaelic Games, at all levels of play. Medical staff providing 
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cover for matches must be sufficiently supported and empow-
ered to provide effective in-game concussion management. 
Ongoing training, education, and quality assurance programs 
are required to ensure coaches, referees, players, and par-
ents appreciate the importance of concussion management, 
thereby supporting a more informed safety culture when it 
comes to head injury. We hope that increased collaboration 
amongst medical staff and the community will facilitate a 
collective improvement in concussion care for years to come.
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