INDEPENDENT REVIEW INTO THE DEATH OF
PHILLIP JOEL HUGHES
1.

On Tuesday 25 November 2014, during a Sheffield Shield Match between New South
Wales and South Australia, being played at the Sydney Cricket Ground, Phillip Hughes
was batting for South Australia. In attempting a pull shot, he was struck by the cricket
ball in the vicinity of his vertebral artery. Relevantly, the ball which struck Phillip was
delivered by a fast bowler. He took two steps to his left, put his hands on his knees and,
shortly thereafter collapsed forward landing in an unprotected fall on his face and chest
on the ground.

He remained motionless for a period of time and received medical

assistance within a minute of the incident.

He was conveyed by Medicab to an

ambulance and by ambulance to St Vincent's Hospital.
2.

Despite medical treatment, his condition did not improve, and he passed away on
Thursday 27 November 2014.

3.

As a consequence, Cricket Australia commissioned this independent review into the
death of Phillip Hughes ("Phillip") to explore the circumstances of the incident and
consider ways to ensure that another similar tragedy will not occur.

4.

The terms of reference for this report are to found at Appendix 1.

The causes and circumstances which led to the injury and death of Phillip
5.

I am advised that in his report of 18 December 2014, the Chief Forensic Pathologist, J
Duflou, stated that Phillip Joel Hughes died on 27 November 2014 at St Vincent's
Hospital and the direct cause of death was traumatic basal subarachnoid haemorrhage.

6.

At the time he was struck, Phillip was wearing protective gear including a helmet (Masuri
brand). The helmet was compliant with an Australian Standard, which has since been
withdrawn, but was not compliant with the more recent British Standard. Essentially, the
difference between the helmet worn by Phillip and the more recent model (see for
example the Masuri BS7928 (Vision Series)) involves the grille protecting the face being
extended further to the rear of the helmet.

In any event, as advised, I do not believe

that the new helmet would have afforded additional protection against the blow given the
location of where Phillip was struck, as the protection to the neck, at the rear, is no
different.

7.

Phillip was struck below the helmet on what appears to be the left side of the upper
neck. The video footage of the incident was obtained via the Sydney Cricket Ground
Trust.

It records that he collapsed approximately 7 seconds post the incident and

remained motionless on the ground whilst assistance was sought.
8.

At 15 seconds post incident, he was rolled to his right side by players on the field and
one carefully removed his helmet.

His head was supported and he was assisted by

another player.
9.

At 42 seconds post incident, Dr John Orchard, the medical practitioner for the New
South Wales team, and John Porter, the South Australian team physiotherapist arrived
at the scene.

10.

Dr Orchard ascertained that Phillip was deeply unconscious and requested that a
Medicab and ambulance be called. It appears that the Medicab arrived at 2 minutes and
48 seconds after the initial incident and a stretcher was also obtained. At 3 minutes and
51 second after the incident, the stretcher was placed next to Phillip and five seconds
later he was moved onto the stretcher by Dr Orchard, Mr Porter and three players. The
stretcher was then lifted onto the Medicab at 4 minutes and 15 seconds post incident. At
5 minutes and 4 seconds after the incident, the Medicab left the centre of the ground
heading towards the boundary. Approximately 40 seconds later, it appeared to change
direction, and at 6 minutes and 10 seconds after the initial incident it arrived near the
entrance of the Noble Stand.

11.

It was apparent that Phillip's state was deteriorating, as he commenced to look cyanotic,
although Dr Orchard stated that his pulse remained strong.

12.

An ambulance arrived at the Noble Stand side of the field at 20 minutes and 10 seconds
after the initial incident.

13.

It is of note that an intensive care specialist, Dr Tim Stanley, had been in the crowd
watching the game, and came on to the field to offer any assistance to Dr Orchard that
he could.

14.

Steps were been taken using an oxygen bag and mask to assist Phillip by means of
artificial breathing, and it is estimated that this was 5 to 8 minutes after the initial
incident. Dr Stanley assisted by performing a jaw thrust manoeuvre to open Phillip's
airway completely as he observed a mild degree of partial airway obstruction.
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15.

Dr Stanley formed the view that Phillip had most likely suffered an intra cerebral bleed as
a result of a closed head injury after being struck around the head by a cricket ball and
that he had raised intra cranial pressure.

16.

He stated that Phillip was unconscious throughout and determined he had a Glasgow
Coma score of 3/15. Phillip's pupils were dilated and Dr Stanley thought this indicated a
critically raised intra cranial pressure.

17.

Although there was apparently a delay in the ambulance arriving, Phillip was being cared
for appropriately in the interim by Dr Orchard, using mouth-to-mouth resuscitation, and
later, after the Medicab arrived at the roadway near the Noble Stand, by Dr Stanley,
using a Guedel airway to assist breathing.

18.

Subsequently, ventilation was continued by Dr Stanley with an LMA (laryngeal mask
airways) supplied by ambulances officers, and Phillip was transferred, by ambulance to
hospital.

19.

Subject to the coronial enquiry, I am of the opinion that the attention received by Phillip
after being struck had no role whatsoever on his subsequent demise, due to the nature
and severity of his injury.

In my opinion Phillip's death was occasioned by a blow to the

back of the neck in the vicinity of the vertebrae, below the helmet line, such blow being
received at considerable force, and having the effect of causing a traumatic basal
subarachnoid haemorrhage.
The policies, practices or systems in place to prevent a similar accident from occurring
including those in relation to the prevention of traumatic injuries to the head and heart
Helmet protection
20.

Clearly the helmet being worn by him was not sufficient to prevent Phillip suffering the
fatal injury from being struck by the ball.

21.

Currently the standard for helmets providing the most protection is British Standard
BS7928:20/13 1 .

22.

This standard is intended to offer additional protection compared to previous standards
in preventing the ball striking the batter by penetrating the area between the peak of the
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helmet and the grille protecting the face, or penetrating the grille itself. In addition, the
grille is set further back than previous grilles.
23.

Studies have been done of head and facial injuries sustained to sports persons whilst
wearing protective helmets. A study published in the British Journalist Sports Medicine
by Craig Ranson, Nicholas Pierce and Mark Young, titled "Batting Head Injury in
Professional Cricket: A Systematic Video Analysis of Helmet Safety Characteristics"
details and analyses 35 batting helmet-related injuries sustained between 2003 and
201322 •

24.

Relevantly, of the 35 injuries, 5 were sustained to the back of the head, 6 to the non
dominant side of the head and 4 to the dominant side of the head.

25.

Whilst the study highlighted injuries penetrating the helmet face guard and/or the peak of
the helmet, it remains a concern that the back of the head is "another vulnerable area of
current batting helmets"3 with concussion injuries occurring following impacts to the
helmet shell covering the posterior temporal and occipital regions.

26.

Clearly the adequacy of helmets is a relevant matter in considering the injury suffered by
Phillip, but extends to a broader consideration in preventing head injuries generally to
cricketers from fast bowling, but sometimes from slow bowling, typically from a top edge
of the bat.

27.

Head injuries are also suffered by fielders colliding, and indeed close fielders, umpires
and even bowlers can be injured by a ball struck firmly by a batter.

28.

In addition to the statistics recorded in the report by Ranson et al., data has been
collated by Dr John Orchard, Chief Medical Office for Cricket Australia, from 2013 to
August 2015, in relation to concussion and head injury register cases in first class cricket
involving Australian cricketers4.

29.

This data indicates that blows to the head are relatively common, and that concussion is
either identified or suspected in many cases.

30.

In the circumstances, I am of the view that all first class cricketers should be required to
wear a helmet when batting against fast or medium pace bowling.
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31.

Cricket Australia should consider whether to require helmets to be worn against slow
bowling, but mitigating factors such as heat, and the relatively low risk of serious injury,
are relevant.

32.

The helmets worn should be to the highest standard, which is currently BS 7928:2013,
as noted above.

33.

However, as indicated above, the wearing of such a helmet would not have prevented
the injury Phillip suffered.

34.

Since his death, many batters have been wearing a device attached across the back of
the helmet to the grill on either side, known as a Stem Guard. This device seems to be
capable of being worn without unduly interfering with freedom of movement by a batter,
but at the time of writing this report, it has not been evaluated for efficacy and safety.

35.

I would recommend that this device be properly evaluated for functionality and comfort
as well as to determine if it materially increases player safety, before making any
recommendation as to its use.

36.

However, the fact that it is being worn by an increasing number of international
cricketers following Phillip's death is an indication, that even without evaluation, they see
it as providing additional safety to them.

37.

If it is evaluated as satisfactory, I recommend it, or an equivalent, be required to be worn
as part of the helmet.

38.

In the event that a cricketer wearing a helmet is struck, the helmet should be examined.
If there is any damage to it visible, it should be replaced. Even if there is not visible
damage, if the blow was forceful, the helmet should be replaced. This is consistent with
the manufacturer's recommendations. It follows that cricketers should include a spare
helmet, adjusted to the individual cricketer's head, as part of the cricketer's kit, or, if that
is not practicable, an appropriately sized replacement helmet be available.

Safety in the nets
39.

It is clear that the practice areas also constitute areas of risk for cricketers. Whilst in
theory pitches are separated by nets drawn tautly, anecdotal evidence suggests that in
many cases there is inadequate protection for batters and bowlers practicing in the nets
from balls being delivered or struck at significant pace.
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40.

In my opinion, batters facing fast or medium pace bowling in the nets should also wear
protective equipment, including helmets.

41.

If a machine is being used to deliver balls in the nets, the person operating that machine
should also be required to use a helmet, unless other appropriate protection, such as
safety netting is in place.

42.

Any other persons in the immediate vicinity of fast bowling in the nets, who are at risk of
being struck in the head should also be required to use a helmet. For the reasons set
out below, I do not believe this should include bowlers.

Wicketkeepers
43.

Wicketkeepers keeping up to the stumps should also wear head protection, as they are
vulnerable to be hit by a ball pitched up, a ball struck by a batter, or by a bat being
swung forcefully. I recommend that Cricket Australia evaluate appropriate protective
headwear for wicketkeepers, taking into account conditions, especially heat, and the
adequacy of protection.

44.

I also recommend that wicketkeepers keeping close to the stumps be required to wear
some form of protective eyewear. Currently there are a number of products capable of
providing protection for the eyes without impeding vision and I note that many fielders
wear sunglasses as a matter of course in bright conditions, some models of which afford
such protection.

Fielders close in
45.

Fielders fielding close in are also vulnerable to head injuries by being struck from a ball
hit by a batter.

I recommend Cricket Australia mandate wearing a helmet in certain

close positions, for example silly mid on and silly mid off. From my limited observations,
fielders in such positions tend to wear protective head equipment as a matter of course.
I do not intend this recommendation to extend to slips fielders.
Umpires
46.

Umpires are not immune from the risk of head injury from being struck by a batter during
play. There are currently very few cases of umpires being struck, but if the statistics
were to change, protective equipment for their heads should be considered.
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Bowlers
47.

Although bowlers are also at risk of head injury, it is a very rare occurrence. To mandate
protective headwear for bowlers would be a drastic step, and impact upon the way in
which the game is currently played.

Due to the rarity of such an injury, I do not

recommend any requirement regarding bowlers wearing protective equipment.
Concussion
48.

In many sports now an awareness is growing of the impact of concussion from a
seemingly innocuous blow to the head, and cricket is no exception to this.

49.

Cricket Australia has formulated a Concussion and Head Injury Policy5 which is
consistent with the current rules of cricket. The policy is sensible and commendable.

50.

Of concern to some is the fact that players who have been struck on the head and have
suffered some symptoms may not admit to this as they would not want to prejudice the
team by leaving it effectively a man short in batting and/or bowling.

51.

In some quarters, there is agitation for the rules to be changed to accommodate a
substitute who can bat and/or bowl, in contrast with the existing rules.

52.

As my terms of reference do not extend to matters involving the rules of the game, I
have no suggestions to make in this regard, but merely draw it to Cricket Australia's
attention that this may be a matter requiring ongoing consideration, and is a relevant
issue for Occupational Health and Safety.

Injuries to the heart
53.

I have been provided with a paper, as yet unpublished, by Dr John Orchard et al.
headed "The Prevention of Sudden Cardiac Death in Cricketers"6• A study has been
made of the incidents of sudden cardiac death in cricketers. Of those identified, aside
from pre-existing disease or disorder and lightning strikes, traumatic cardiac death can
arise from traumatic-origin arrhythmia (commotio cordis).
apparently very low and the paper indicates it is a "small risk".
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The incidents of this are

54.

Commotio cordis when it occurs is likely to be best managed by cardio pulmonary
resuscitation, and the presence of a defibrillator at a match is likely to have life saving
potential in such circumstances.

55.

Whilst chest protection lessens the pain inflicted on a batter by being struck in that area
by a ball at speed, there is no evidence that it reduces the incidents of commotio cordis
or indeed cardiac injury generally.

56.

Thus, consistent with my recommendation that a defibrillator be available at all first class
matches, this risk of commotio cordis is best addressed by such action.

Medical services provided by Cricket Australia
57.

I have been provided with the current medical matrix which has recently been endorsed
by Cricket Australia and will be implemented in the coming season. The document
covers many levels of service over each of the cricket activities conducted by Cricket
Australia from International Test Cricket to under age National Championships.

58.

It is evident that the matrix has undergone considerable analysis and, it seems to me,
emphasises meeting needs rather than limiting itself by budgetary constraints.

The

matrix should be revised at least annually, and if any particular circumstances arise,
appropriate alterations be made.
59.

I believe that the document is a reasonable and well considered plan and, in the
circumstances, I endorse it.

Cricket Australia's approach to the medical screening of contracted players (especially
players with particular vulnerabilities)
60.

After discussion with various medical personnel, as well as representatives of the
players, I have come to the view that it is not appropriate that screening of contracted
players be undertaken.

In many cases medical screening is not an efficient action.

Indeed, it is likely to be of no use in identifying the potential of commotio cordis. Without
it being intrusive, it is unlikely to identify any particular vulnerabilities to head injuries,
and indeed may be of no assistance whatsoever.
61.

The question of players with known vulnerabilities, particularly in relation to head
injuries, is one that arises very rarely.
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62.

If Cricket Australia's medical representatives become aware of a player with a particular
vulnerability which places him or her at risk of being seriously injured, I recommend that
the medical practitioner discuss the matter with the player.

Agreement should be

capable of being reached that the player will not continue to place himself or herself at
risk of serious injury by continuing to play. lf the player wishes that the reason for such
vulnerability not be disclosed, the medical practitioner should respect the player's
wishes. ln such circumstances, the medical practitioner should advise Cricket Australia
that the player has decided not to continue to play for medical reasons, unspecified.
63.

ln the event that the player does not agree not to play, in my opinion the medical
practitioner should advise Cricket Australia that the player should not continue to play,
for unspecified medical reasons.

The medical practitioner would thus respect the

medical privilege of the player but also discharge his or her obligations to Cricket
Australia to report on any impediment to the cricket continuing to play.
64.

I do not recommend that players be screened generally.

Conclusion
65.

As indicated earlier in this Report, I do not believe any lack of medical attention
contributed to Phillip's death. It is fair to say, however, that it is readily conceivable that
there will circumstances where the care provided under the matrix proves inadequate for
a particular occurrence. However, I believe that the level of care provided pursuant to
the matrix is of a high standard and commend it.

DATED: 4 November 2015

D. E. CURTAIN Q.C.
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CRICKET AUSTRALIA

CONFIDENTIAL

Independent Review into the Death of Phillip Joel Hughes - Terms of Reference
Context
At approximately 2:23pm on Tuesday 25 November 2014, South Australian batsman Phillip Hughes
(Hughes) was struck on the head/upper-neck by a 'short-ball' bowled by NSW fast bowler Sean Abbott.
Hughes had attempted to play a 'pull-shot' but missed the ball with his bat and was struck below the
helmet on the left side of the head/upper-neck.
The blow almost immediately rendered Hughes unconscious, causing him to fall face-first into the ground,
having made no attempt to break his fall with his arms.
Hughes received on-field emergency medical treatment from NSW Team Doctor and Cricket Australia Chief
Medical Officer, Dr John Orchard, and an emergency medicine physician who was in the crowd during the
game and who volunteered his assistance during the incident, Dr Tim Stanley, and was transported to St
Vincent's hospital by ambulance. On arrival at St Vincent's, Hughes was admitted, assessed and required
two emergency neuro-surgical interventions. He never regained consciousness and subsequently passed
away on 27 November 2014.
At the time of the incident, Hughes was wearing protective gear including an Original Series Masuri Test
helmet.
Cricket Australia now wishes to establish a review led by an independent party to explore the
'circumstances of this incident and consider ways to ensure that another similar tragedy will not occur.
Independent Review
The Board of Cricket Australia has resolved that an independent review be undertaken and has appointed
David Curtain QC to be the Chairperson of this review.
1. The Chairperson is requested to examine and report on the following matters in so far as they relate to
Cricket Australia sanctioned tournaments, competitions, matches and official training sessions:
a. the causes and circumstances which led to the injury and ultimate death of Hughes;
b. the policies, practices or systems in place to prevent a similar accident from occurring including
those in relation to the prevention of traumatic injuries to the head and heart;
c. Cricket Australia's approach to mandating, and enforcing the use and wearing of personal
protective equipment in order to protect the head and heart;
d. Cricket Australia's approach to the provision and use of cricket helmets, including consideration of
helmet certification standards and suitability;
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e. Cricket Australia's approach to the medical screening of contracted players - especially those
players with particular vulnerabilities;
f.

Cricket Australia's approach to the provision of a safe working environment at venues for both
matches and training, including management of participants who suffer (or may be perceived to
have suffered) head and heart injuries, and specifically the extent and appropriateness of CA's
concussion and head trauma policy and reporting mechanisms; and

g. the extent and appropriateness of the medical support and coverage afforded to players and on
field support staff, including match officials, at matches and training.
2. The independent review is requested. to make such recommendations in relation to each of the above
matters (if any) as he considers reasonably appropriate, taking into account the inherent risk involved in
playing cricket based on statistical evidence. The recommendations are to include if appropriate
recommendations in relation to reducing the likelihood of recurrence and/or reducing the consequence
of traumatic injury as far as is reasonably practicable.
3. The Chairperson is requested to exclude the following from his review:
a. The laws of cricket and playing regulations (unless the playing regulations specifically relate to
protective equipment or to the management of participants who suffer (or may be perceived to
have suffered) head and heart injuries);
b. Pitch, prevailing light or weather conditions, other than acknowledging the role of the Match
Referee and Match Officials in approving the pitch for play;
c.

Medical support for any persons other than on-field staff at Cricket Australia sanctioned events
including matches and training;

d. Consideration of funeral arrangements or compensation arrangements. for Hughes; and
e. Consideration of cricketing injuries other than to the head and heart.
It is anticipated that the Chairperson will need to meet and consult with, and gather all relevant
information from, those individuals involved in cricket he considers appropriate, for the purposes of the
review. No stakeholder will be compelled to participate in the review and the Chairperson will be mindful
at all times (and in the final report) to protect the anonymity of each individual participant insofar as not
attributing any specific comment or recommendation to a specific or identifiable person. Cricket Australia
will make available other resources and personnel as the Chairperson may reasonably require .
The Chairperson is asked to deliver an interim report to Cricket Australia for feedback by Cricket Australia
including any recommendations requiring urgent or prompt attention. Thereafter the Chairperson is
requested to deliver a final report (based on feedback and consultation with Cricket Australia) by the end of
August 2015 as otherwise agreed.
In my capacity as General Counsel and Company Secretary I will provide the Chairperson with secretariat
support including:

•

arranging for the attendance of appropriate Cricket Australia representatives at interviews for the

•

developing the requested reports; and

e

providing the independent review and Cricket Australia with any preliminary advice that is

purposes of obtaining information in relation to the independent review;

required.
With this in mind, all communications on or related to the independent review should be clearly marked
"CONFIDENTIAL".

CHRISTINE HARMAN
GENERAL COUNSEL & COMPANY SECRETARY
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Foreword
Publishing information

This British Standard is published by BSI Standards Limited, under licence from The British
Standards Institution, to come into effect on 1 July 2014. It was prepared by Subcommittee
PH/6/6, Protective helmets for sport and leisure, under the authority of Technical Committee
PH/6, Head protection. A list of organizations represented on this committee can be obtained
on request to its secretary.
Supersession

This British Standard supersedes BS 7928:1998, which is to be withdrawn on 30 June 2014.
Information about this document

This is a full revision of the standard, and introduces the following principal changes;
the scope has been widened to cover head protectors for use against men's and junior
sized cricket balls (a five-and-a-half ounce ball and a four-and-three-quarter ounce ball,
respectively);
a projectile test for facial impacts has been included.
Presentational conventions

The provisions of this standard are presented in roman (i.e. upright) type. Its requirements
are expressed in sentences in which the principal auxiliary verb is "shall".
Commentary, explanation and general informative material is presented in smaller italic type,
and does not constitute a normative element.
Requirements in this standard are drafted in accordance with The BS/ guide to
standardization - Section 2: Rules for the structure, drafting and presentation of British
Standards, subclause 11.3.1, which states, "Requirements should be expressed using
wording such as: When tested as described in Annex A, the product shall ..."'. This means
that only those products that are capable of passing the specified test will be deemed to
conform to this standard.
Contractual and legal considerations

This publication does not purport to include all the necessary provisions of a contract. Users
are responsible for its correct application.
Compliance with a British Standard cannot confer immunity from legal obligations.
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Introduction
With fast bowlers capable of bowling cricket balls at speeds of over 90 mph (140 km/h),
head protectors for cricketers are an essential part of a cricket player's kit.
The intention of head and face protection is to reduce the frequency and severity of localized
injuries to the head and that part of the face surrounded by the head protector. The
protective function is such that the force from impacts against the head protector is
distributed and dampened and the penetration of objects is counteracted.
The protection given by a head protector depends on the circumstances of the accident and
wearing a helmet and faceguard cannot always prevent death or long-term disability. A
proportion of the impact energy is absorbed by the head protector, thereby reducing the
force of the blow sustained by the head or face. The structure of the head protector might be
damaged when absorbing this energy and any helmet that sustains a severe blow needs to
be replaced even if damage is not apparent.
The helmet shell impact attenuation drop test records the impact of a moving helmeted
headform on a hemispherical (simulated cricket ball shaped) anvil. The facial contact
projectile test records whether a practice cricket ball fired from a ball launching mechanism
results in either faceguard or ball contact with a specified "no contact zone" of the face. The
15 J impact for the impact attenuation test, and the ball speeds of 23 mis (for junior helmets
tested against a four-and-three-quarter ounce ball) and 28 mis (for adult helmets tested
against a five-and-a-half ounce ball) for the facial contact test are used as they are
theoretically equivalent to realistic cricket ball speeds faced by cricketers.
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1 Scope
This British Standard specifies the requirements for the materials, construction, markings
and information to be supplied for head protectors to be worn by cricketers in adult and
junior cricket.
NOTE 1 It is important to stress that this Standard does not cover specific testing against a women's size ball
(five ounces).
NOTE 2 This British Standard does not consider head protectors for use in kwik cricket, incrediball, street
cricket, etc. or any other variant of the game.
NOTE 3 Head protectors for cricketers can also be worn by close fielders and wicket-keepers. However, the
testing protocol is designed for protection against batting related ball impacts, rather than those encountered in
these fielding positions.

This British Standard specifies the methods to assess the impact attenuation properties
during a drop test of the helmet and the protection provided against a ball or faceguard
contacting a specified no contact zone of the face during a projectile test.
2 Normative references
The following normative documents contain provisions, which, through reference in this text,
constitute provisions of this British Standard. For dated references, subsequent amendments
to, or revisions of, any of these publications do not apply. For undated references, the latest
edition of the publication referred to applies.
BS EN 960:2006, Headforms for use in the testing of protective helmets
BS EN 1078:2012+A1:2012, Helmets for pedal cyclists and for users of skateboards and
roller skates
BS EN 13087-2:2012, Protective helmets - Test methods - Part 2: Shock absorption
BS ISO 6487:2012, Road vehicles - Measurement techniques in impact tests Instrumentation
3 Terms and definitions
For the purposes of this British Standard, in addition to the definitions given by BS EN
960:2006, the following terms and definitions apply.
3.1 chin strap
strap that passes under the cricketer's chin or lower jaw
3.2 faceguard
extension of, or an attachment to, the helmet intended to give protection to the face and
ears against impacts
3.3 head protector
complete assembly of helmet and faceguard
3.4 helmet
headwear primarily intended to protect against a blow to the part of the cricketer's head that
lies above the ears and eyes
3.5 peak
extension from the basic form of the helmet above the eyes
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3.6 positioning index

dimension that defines the position in which the helmet is intended to be placed on the
appropriate headform for testing
NOTE 1 The index is equal to the vertical distance measured in the central longitudinal vertical plane between
the basic plane of the headform and the edge of the shell above the eyes.
NOTE 2 This index should be furnished to any person who requests the information, with respect to a helmet
identified by manufacturer, model designation and size.

3. 7 retention system

retention system complete assembly by means of which the helmet is maintained in position
on the head including any devices for adjustment of the system or to enhance the wearer's
comfort
[SOURCE: BS EN 1078:2012+A1:2012, 3.4]
3.8 shell

material that provides the general outer form of the helmet
3.9 size (of a helmet)

size of the head which the inner parts and retention system of the head protector are
designed to fit
NOTE Several different sizes of helmet may be manufactured from one size of outer shell.

4 Materials

If the shell is made of any material that is known to be adversely affected by contact with
hydrocarbons, cleaning fluids, paints, transfers or other extraneous additions, then the
helmet shall carry an appropriate warning as specified in 9.4.
For those parts of the head protector coming into contact with skin, the material used shall
be known not to undergo appreciable alteration from contact with sweat or from substances
likely to be found in toiletries. Materials that are known to cause skin disorders shall not be
used.
5 Construction
5.1 Helmet

There shall be no sharp edge, roughness or projection on any part of the helmet, its
accessories or attachment devices, which are in contact, or potential contact, with the
wearer during use (including fitting, removal, cleaning, etc.), such as is likely to cause injury
to the wearer.
NOTE 1 Any irregularity in the internal or external surface should blend into the surrounding surface in a curve,
the radius of which is more than half the thickness of the shell at that point. This recommendation need not be
applied to holes for fasteners, or to the edges of the shell or to a rigid projection or peak in accordance with the
above.
NOTE 2

The helmet may be pierced by ventilation holes.

5.2 Faceguards
5.2.1 General

The faceguard shall be designed so that it:
a) has no sharp edges;
b) can be firmly fixed to the helmet for which it is designed and without the need for the
consumer to modify the helmet or faceguard.
7
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NOTE

The faceguard should be designed so that it can be readily removed in case of an injury.

5.2.2 Attachment systems

The means of attaching the faceguard to the helmet shall be specified by the manufacturer
of the faceguard (see 9.3e)).
5.3 Retention system

Means shall be provided for retaining the head protector on the cricketer's head. All parts of
the retention system shall be permanently attached to the system or to the head protector.
Any chin strap shall be between 15 mm wide and 26 mm wide and shall be able to maintain
tension in the strap.
Any retention system shall not inhibit easy removal of the head protector in case of injury to
the cricketer.
6 Performance
6.1 Impact attenuation

When tested in accordance with Annex C, the peak acceleration shall not exceed 250 9n ·
NOTE The symbol gn signifies a deceleration of 9.81 m/s2.
6.2 Facial contact

When the head protector is tested in accordance with Annex D, facial contact (by the ball or
the head protector) shall not occur in the zone described by Figure D.2.
7 Test report
NOTE A test report should be provided according to an agreement between the test laboratory and the
customer.

As a minimum, a test report detailing a pass/fail for each head protector tested shall be
provided.
8 Marking

Each head protector shall be marked on the helmet in such a way that the following
information is easily legible to the user and is likely to remain legible throughout the life of
the helmet:
a) the number and date of this British Standard 1 >;
b) the name or trademark of the manufacturer;
c) the size or size range of the helmet, quoted as the circumference (in cm) of the head
which the helmet is intended to fit;
d) the designation of the model;
e) the serial number of the head protector, or the manufacturer's identification of its
production batch, and the year of manufacture;
f) the following words shall be used:
"IMPORTANT-FOR USE ONLY WHEN PLAYING CRICKET."
1l Marking BS 7928:2013 on or in relation to a product represents a manufacturer's declaration of
conformity, i.e. a claim by or on behalf of the manufacturer that the product meets the requirements of
the standard. The accuracy of the clai m is solely the claimant's responsibility. Such a declaration is
not to be confused with third-party certification of conformity.

8
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g) depending on the test conducted, one of the following phrases shall be used:
"THIS HELMET AND FACEGUARD HAS BEEN TESTED FOR USE WITH A 4 %
OUNCE BALL ONLY"; or
"THIS HELMET AND FACEGUARD HAS BEEN TESTED FOR USE WITH A 5 %
OUNCE BALL ONLY"; or
"THIS HELMET AND FACEGUARD HAS BEEN TESTED FOR USE WITH A 4 %
AND 5 % OUNCE BALL".
The font size of the text used shall conform to BS EN 1078:2012+A1 :2012.
9 Information to be supplied to the user
9.1 Outer packaging
Any box or outer wrapper in which the head protector is offered for sale shall carry the
words:
"Your Head Protector can only protect you if it fits well. Try different sizes and choose
the size which feels secure and comfortable on your head."
"IMPORTANT- FOR USE ONLY WHEN PLAYING CRICKET."
Depending on the test conducted, one of the following phrases shall be used:
"THIS HELMET AND FACEGUARD HAS BEEN TESTED FOR USE WITH A 4 %
OUNCE BALL ONLY"; or
"THIS HELMET AND FACEGUARD HAS BEEN TESTED FOR USE WITH A 5 %
OUNCE BALL ONLY"; or
"THIS HELMET AND FACEGUARD HAS BEEN TESTED FOR USE WITH A 4 %
AND 5 % OUNCE BALL".
9.2 Information label
Every head protector shall bear on a single label attached to it the name and address of the
manufacturer or importer and the following words:
"IMPORTANT- FOR YOUR SAFETY"
"CHOOSING YOUR HEAD PROTECTOR
Your head protector can only protect you if it fits well. Try different sizes and choose
the size which feels secure and comfortable on your head.
Position any straps so that they do not cover your ears, and adjust straps and
fastener to be both comfortable and firm."
"USING YOUR HEAD PROTECTOR
Only use your head protector when playing cricket. It is not designed for other sports
or motor vehicle use.
Every time you use your head protector, check that nothing is badly worn, torn,
cracked, or missing."
"ATTACHMENT OF FACEGUARD
For your protection, ensure that the faceguard is attached in accordance with the
manufacturer's instructions."
"MAINTENANCE OF HEAD PROTECTOR

9
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Keep your head protector away from chemicals, for example, detergents, petrol,
glues and sticky labels.
Store it away from heat and sunlight. Chemicals, heat and sunlight can all reduce the
strength of your head protector."
"REPLACING YOUR FACEGUARD ONLY
If a new faceguard is required, use only the original manufacturer's approved
replacement faceguards, correctly fitted to their instructions."
"IF YOU NEED ADVICE
If you are ever in any doubt about your head protector, ask your local cricket
equipment dealer for advice, or write to the head protector manufacturer or importer."
Words to the following effect shall be displayed on the information label:
REPLACING YOUR HEAD PROTECTOR
Get a new head protector:
a) after a severe impact from a cricket ball;
b) if you can see or feel any damage to any part of the head protector;
c) after a hard knock, or squashing it;
d) if it gets badly scratched;
e) after [X] years;2
f) if it doesn't fit you anymore.
You cannot always see when it is damaged.
9.3 Information label for the faceguard only
Every faceguard shall bear on a single label attached to it the name and address of the
manufacturer or importer and words to the following effect:
a) the number and date of this British Standard;
b) the name or trademark of the manufacturer;
c) the models and size/size range of the helmet for which the faceguard is intended to fit;
d) the serial number of the faceguard or the manufacturer's identification of its production
batch, and the year of manufacture;
e) the manufacturer's fitting instructions for the attachment of the faceguard to the head
protector;
f)

examine faceguards for damage, for example broken welds or bent wires, and replace
them as necessary;

g) the following words shall be included on the label:
"For use only with models [INSERT MODEL NUMBER(S) HERE]".
9.4 Warning label
Every helmet that has a shell made of a material known to be adversely affected by contact
with hydrocarbons, cleaning fluids, paints, transfers or other extraneous additions shall bear
a warning label attached to the chin strap or to a suitable stud. The label shall consist of stiff
card measuring at least 45 mm by 120 mm. The lettering shall be red on white background
and shall consist of the following legend, in 24 point bold capitals:
2 This information is to be supplied by the manufacturer.
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"DO NOT PAINT OR APPLY SOLVENTS, GLUES OR STICKY LABELS"
No other inscription or mark shall be placed on the same side of the card as this warning.
NOTE The requirements of 9.2 and 9.4 for two types of label may be achieved by a single label conforming to
both sets of requirements.
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Annex A (normative)
Number of samples and sequence of tests
A.1 Each head protector shall, unless otherwise directed by the manufacturer, be subject to
all necessary non-destructive tests and examinations before being subjected to any
destructive test. The suggested order should be:
a) helmet impact attenuation drop test, in accordance with Annex C;
b) facial contact projectile test, in accordance with Annex D.
A head protector that has been tested shall neither be offered for sale nor worn.
A.2 A minimum of six head protectors shall be supplied, including one head protector of
each size offered for sale, evenly distributed across the size range, all incorporating systems
for adjusting their size. They shall be supplied for testing in the condition in which they are
offered for sale.
NOTE 1 The test house may test the head protector at the size that is likely to give the poorest performance in
that test.
NOTE 2 The submitting manufacturer may specify whether a previously untested new helmet be tested at each
testing site or not.

Annex 8 (normative)
Conditioning
8.1 Ambient temperature
Expose the head protector to a temperature of (20 ±5) °C for a period of not less than 4 h.

8.2 High temperature
Place the head protector in a conditioning enclosure with effective circulation so that it just
touches the support on which it rests. Maintain the temperature in the enclosure at
(50 ±2) °C for a period of not less than 4 h and not more than 24 h.

8.3 Artificial aging
Expose the crown of the head protector to ultraviolet irradiation by a 125 W xenon-filled
quartz lamp for (48 ±2) h at a range of 250 mm.

8.4 Samples
Two or more head protectors shall be conditioned for each of the three conditions given in
B.1 to B.3.
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Annex C (normative)
Helmet shell impact attenuation drop test
C.1 Principle
This test assesses the risk that a cricket ball delivered by a bowler might cause injury when
impacting the helmet of a cricketer. The helmet is dropped onto a cricket ball shaped
hemispheric anvil from a height that creates an impact force comparable with a fast bowler's
delivery. The amount of energy absorbed and any damage to the helmet is noted.
Every step of the test is replicated for both adult and junior head protectors.

C.2 Apparatus
C.2.1 A base, that shall be solid, made of steel or a combination of steel and concrete and
have a mass of not less than 500 kg. At least the uppermost 25 mm shall consist of steel,
which shall be firmly attached to the concrete if present. No part of the base and anvil
assembly shall have a resonant frequency liable to affect the measurements.
C.2.2 A steel anvil, with a hemispherical striking face with a diameter of (73 ±1) mm.
C.2.3 A free fall guidance system, as shown in Figure C.1. The guidance system shall
provide for the positioning of any impact point on the helmet vertically above the anvil, within
a radius of 10 mm. It shall be such as to ensure that the headform/helmet assembly falls on
to the anvil with an impact speed of not less than 95 % of that which would theoretically
obtain for a free fall. Its characteristics shall not affect the measurement of acceleration of
the headform/helmet assembly.
C.2.4 A metal headform, conforming to BS EN 960:2006, sizes 495, 535, 575, 605 or 625,
and fitted with a tri-axial accelerometer, conforming to BS EN 13087-2:2012.
C.2.5 A tri-axial accelerometer, conforming to BS EN 13087-2:2012, which shall be firmly
attached to the headform near to its centre of gravity.
NOTE BS ISO 6487 recommends that the Z axis of the accelerometer should coincide with the vertical axis
passing through the centre of gravity of the headform, whilst the X axis corresponds with the longitudinal axis and
the Y axis with the transverse axis.

The mass of the accelerometer and its mounting shall not exceed 50 g.
The accelerometer shall be capable of withstanding a maximum acceleration of 2 000 gn
without damage.
C.2.6 Signal conditioning instrumentation, which shall provide for each complete measuring
channel to have a frequency response in accordance with channel frequency class (CFC)
1000 of BS ISO 6487. If digital sampling is employed, a sample rate of at least 6 kHz per
channel shall be used. The required low pass filters may be included within the computer
software.
Means shall be provided to record the maximum deceleration during impact versus time, to
the nearest 1 gn and 0.1 ms, respectively.
C.2.7 A means to measure. impact speed, unless free fall is employed, which shall measure
the striker speed at a distance of no more than 60 mm prior to impact, to within an accuracy
of ±1 %.
The impact speed shall be measured during the commissioning of the apparatus. It need not
be done for each impact, but has to be sufficiently regular to comply with C.2.3.
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Figure C.1 - Principle of apparatus for determination of impact attenuation
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C.3 Procedure
C.3.1 Sample preparation
C.3.1.1 Helmet test area
C.3.1.1.1 Take a headform in accordance with BS EN960:2006,sizes 495, 535,575,605 or
625.
C.3.1.1.2 Place the head protector on the headform.
C.3.1.1.3 Apply a vertical load of (50 ±5) Non the crown of the helmet in order to stabilise
the helmet on the headform.
C.3.1.1.4 Position the front edge of the helmet, using the manufacturers positioning index if
appropriate.
C.3.1.1.5 If the positioning index (3.6) is not specified, position the front edge of the helmet
midway between the AA' line on the headform and the reference plane.
°

C.3.1.1.6 Draw the AA' line (in the AA ) plane on the helmet in accordance with Figure C.2.
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Figure C.2 - Definition of helmet test area
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C.3.2 Testing
C.3.2.1 Position and secure the conditioned head protector on the appropriate test headform
in accordance with Annex B.
Except in the case of artificially aged samples, make the first impact within 1 min of removal
of the head protector from the conditioning chamber. The artificially aged samples should be
returned to ambient conditioning before testing.

C.3.2.2 Impact each head protector on four sites, including an impact in the:
a) frontal region (Figure C.3);
b) occipital ("back") region (Figure C.3) on the AA' line;
c) temporal ("side") region (Figure C.3);
d) an area of perceived weakness (e.g. ventilation features, retention anchorages or
webbing supports).

15
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Figure C.3 - Overhead view of helmet indicating areas for impact sites C.3.2.2a) to
C.3.2.2c)

Back

Front

Side
C.3.2.3 Carry out one impact on each site for the helmet.
C.3.2.4 In the circumstances where the testing house determines that a head protector has
been damaged in a test which adversely affects further tests, then a new untested head
protector shall be used.
C.3.2.5 In each series of tests on a model, conduct impacts on each perceived weak area
[(see C.3.2.2d)] that fall within the test area.
C.3.2.6 Ensure impact sites on each sample are no closer than 80 mm to each other,
measured along the surface of the helmet. Position the impact site over the centre of the
anvil.
C.3.2.7 Ensure the headform is never turned crown upwards such that its vertical axis
comes below the horizontal plane, even if the test area allows for this.
C.3.2.8 In the event of there being no material at the impact site, ensure the adjacent
material manages the energy of such impact.
C.3.2.9 Measure the velocity of the headform and head protector at a distance not
exceeding 60 mm prior to impact to an accuracy of 2 %. Use a drop height so that the impact
velocity is in accordance to Table C.1.
Table C.1 - Impact velocity for each headform size
Headform
495
535

Impact velocity
m/s
+0 1
3.11 -0
2.71

575

+0

1
·

-0

+0.1
2.53
-0
+ 1
2.31 0.
-0

6 05
625

2.22

+0 -1
-0

C.4 Expression of results
C.4.1 Pass or fail for each head protector tested.
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Annex D (normative)
Facial contact projectile test
0.1 Principle
This test assesses the risk that a cricket ball delivered by a bowler might cause injury by
either contacting the face or causing the faceguard to contact the face after impact.
Appropriately sized balls are fired at specified areas of a designated no contact zone of the
face and any contact of the ball or the faceguard with that region is noted.
Every step of the test is replicated for both adult and junior head protectors and the
appropriate sized balls, as stated in D.2.2, shall be used.

D.2 Apparatus
NOTE The apparatus is shown in Figure D. 1.

Figure D.1 - Projectile facial Impact test apparatus
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D.2.1 A headform mounting, permitting independent rotation of the headform in the central
longitudinal vertical plane and about the central vertical axis by the angle specified in
Figure 8.4.
NOTE The mass or stiffness of the base structure to which the mounting is attached is not required to meet any
specification.

D.2.2 A solid synthetic cricket training ball, that has experienced no more than 20 impacts.
The ball shall have a diameter of between 71 mm and 73 mm for adult helmets and of
between 68 mm and 70 mm for junior helmets. The mass of the ball shall be between 140 g
and 150 g for adult helmets and between 80 g and 90 g for junior helmets. The ball hardness
(shore hardness A, "ShA") shall be 85 ShA to 90 ShA for adult helmets and 80 ShA to 85
ShA for junior helmets.
NO TE 1 The measurements and weights of the balls defined above relate to a five-and-a-half ounce ball for
testing adult helmets and a four-and-three-quarter ounce ball for testing junior helmets
NOTE 2 The ball surface may be smooth or dimpled but, if the latter, the dimples should be uniformly
distributed and no bigger in diameter than 10 mm and no deeper than 1 mm.
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D.2.3 A ball launching mechanism, with the ability to launch cricket balls at velocities up to

(28 ±3) m/s. The ball launching mechanism shall be set up so that the impact location is no
greater than 10 mm from the expected target location.
D.2.4 A headform, conforming to BS EN 960:2006, sizes 495, 535, 575, 605 or 625.
D.2.5 A witness or contact indicator, (e.g. developer spray) used to determine whether an
impact has been made between the ball and the headform or the faceguard and the
headform.
D.2.6 Equipment to measure the velocity of the ball, which shall be accurate to ±2 %.

D.3 Conditioning
Condition the head protector in accordance with Annex B.

D.4 Procedure
D.4.1 Sample preparation
D.4.1.1 Helmet test area
The helmet test area is set up in accordance with Figure D.2.

D.4.1.2 Faceguard adjustment
D.4.1.2.1 For the gap test, adjust the faceguard such that any gap between the faceguard
and underside of the peak is as wide as possible or in a position that the testing house
determines is most likely to fail.
D.4.1.2.2 For the direct impact test, adjust the faceguard as close to the face as possible or

in a position that the testing house determines is most likely to fail.

D.4.1.3 No contact zone
The no contact zone is defined in accordance with Figure D.2 and Table D.1.
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Figure D.2 - Contact assessment zone
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Table D.1 - Dimensions of the facial no contact zone for different sized head forms
Dimension

Headform

Size
designation

495
535
575
605
625

1

3

2

4

mm

mm

mm

mm

5
5
5
5
5

50
54
57
60
62

52
55
59
61
63

19
21
22
23
24
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D.4.2 Testing
D.4.2.1 Remove the head protector from the conditioning chamber.
D.4.2.2 Position and secure the conditioned head protector on the appropriate test headform
in accordance with Annex B, C.3.1.1 and D.4.1.2.
D.4.2.3 Adjust the headform base such that the centre line of the ball path from the
launching mechanism coincides with the centre of the point of impact.
D.4.2.4 Apply the contact indicator (developer spray) over the no contact zone of the
headform defined in Figure D.2 to a maximum thickness of 1 mm.
D.4.2.5 Fire the ball launcher from a distance not more than 1.5 m (end of barrel to closest
point of helmet).
D.4.2.6 Make the first impact within 1 min of removal of the head protector from the
conditioning chamber.
D.4.2.7 Impact the head protector at five sites:
a) central: with the ball impacting in the central longitudinal vertical plane in a direction
normal to a line connecting the forward-most point of the helmet or its peak and the
forward-most point of the faceguard, equidistant between the two points (Figure D.1 );
b) central: with the ball impacting in the central longitudinal vertical plane, parallel to the
basic plane at a height midway between the lowermost point of the helmet or its peak
and the uppermost point of the faceguard (Figure D.3);
c) central: with the ball impacting a point defined by the intersection of the central
longitudinal vertical plane and a horizontal plane parallel to the basic plane at 50 % of
the distance between the basic plane and the bottom of the chin (see Table D.2 for
distances);
d) lateral: with the ball impacting in a plane at an angle of 30 ° (around the main vertical axis
in either direction) to the central longitudinal vertical plane at a height midway between
the lowermost point of the helmet or its peak and the uppermost point of the faceguard
(Figure D.4);
e) lateral: with the ball impacting a point defined by the intersection of a plane at an angle of
30 ° (around the main vertical axis in either direction) and a horizontal plane parallel to
the basic plane at 50 % of the distance between the basic plane and the bottom of the
chin (see Table D.2 for distances).
Table D.2 - Distance from the basic plane to the point of impact for the faceguard
tests
Headform

Distance

mm
�

�5
535

5�

600
625

37

�

�
43
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Figure D.3 - Projectile facial impact test apparatus alignment as described in D.4.2.7
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Figure D.4 - Rotation about vertical plane
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D.4.2.8 Discard the ball if there is any damage that alters its shape and thereby adversely
effects its ability to penetrate.
D.4.2.9 Abort the test following failure of any single impact test (see 6.2).
D.4.2.10 Subject each site to one impact: first, test site D.4.2. 7a) and then the other sites

(which may be tested in any order).

D.4.2.11 Measure the ball velocity at a distance not greater than 600 mm from the site of
impact. The measured ball velocity shall be (28 ±3) mis for the testing of adult helmets with
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five-and-a-half ounce balls and (23 ±3) mis for junior helmets with four-and-three-quarter
ounce balls.
D.4.2.12 After impact, inspect the faceguard, ball and head protector to determine whether

ball or faceguard contact has been made with the non-contact area.

D.5 Expression of results
D.5.1 lf there is one, the maximum size (mm) of the faceguard to peak gap at which the
helmet was tested.
D.5.2 Pass or fail for each head protector tested.
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ABSTRACT
Background Batters in cricket are continuing to
sustain head and facial injuries despite wearing
protective helmets.
Objective To gain an understanding of the types and
mechanisms of head injuries sustained by batters
wearing a helmet.
Methods Injury type, location and mechanism were
categorised via analysis of 35 videos of National or
International cricketers sustaining a head injury while
batting.
Results 53% of the injuries occurred following ball
impact to either the helmet faceguard and peak, or the
faceguard alone. Ten injuries (29%) resulted from the
ball penetrating the gap between the helmet peak and
faceguard. 29% of the injuries involved the ball
contacting the face following penetration of the gap
between the helmet peak and faceguard. Fractures,
lacerations and contusions were the most common
injuries associated with face or faceguard impacts while
concussion was more commonly associated with impacts
to the side or rear of the helmet shell. Many of the
injuries described resulted in prolonged or permanent
absence from cricket.
Conclusions Significant head and facial injuries occur
in cricket batters despite wearing of helmets. Cricket
helmet design and associated National and International
Safety Standards should be improved to provide
increased protection against head injury related to ball
impact to the faceguard and shell of the helmet.

INTRODUCTION
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Cricket is a sport played with a hard ball delivered
at high speeds by bowlers who sometimes aim directly at the batter. The potential for injury is well
recognised.' Batting helmets in cricket are designed
to protect against impact from the ball, which can
be bowled towards the batter from a distance of
20 m at speeds exceeding 145 km/h. Two primary
components generally make up the helmet; the
helmet shell and a detachable faceguard usually in
the form of a metal 'grill'. Helmets have now
become a universally accepted protective item for
the modern professional batter and they rarely take
the field without wearing one. Further, in the UK it
is compulsory for cricketers under 18 years of age
to wear a helmet while batting.
Owing to a lack of coordinated international
cricket injury surveillance2 the incidence and prevalence of head injuries sustained by batters, and
therefore effectiveness of helmets, remains relatively
unknown. Nevertheless, the England and Wales
Cricket Board (ECB) injury surveillance programme

has documented a number of helmet-related facial
and head injuries. Furthermore, in recent years,
there have been a considerable number of highprofile examples of international and first-class professional batters who have suffered serious head and
facial injuries while wearing a helmet. This raises the
question as to whether batting helmets are of sufficient standard to prevent, or minimise the severity
of these types of injuries.
There are British/European and Australian/New
Zealand standards in place for cricket helmets;
however, they were published and remain unrevised
since 1998 and 1997, respectively. In the only
study of its kind, McIntosh and Janda3 published
'Evaluation of cricket helmet performance and
comparison with baseball and ice hockey helmets'
in which drop and projectile impact tests were conducted on a variety of cricket, baseball and ice
hockey helmets. The authors concluded that the
projectile test method used for baseball helmets
may be superior to drop tests employed within
cricket helmet standards, and that cricket helmet
performance was not satisfactory at realistic impact
speeds.
A recent sporting helmet review paper commented that although many sports helmets have been
shown to be effective in preventing moderate to
severe traumatic brain injury, questions were raised
regarding the robustness and appropriateness of
cricket helmet evaluation procedures, particularly
with regard to protection against facial injuries.'
Thus, there appears to be a need to clarify the
nature of potential cricket helmet failures.
Video analysis of sports head injury mechanisms
has been used to good effect in at least two recent
papers. Caswell and colleaguess classified the
mechanisms and game characteristics of 14 head
injuries in high-school girls' lacrosse and Athiviraham
and coworkers6 analysed the Major League Baseball
video footage to investigate the location of the ball to
batting helmet impacts in relation to concussive
injury incidence and severity The aim of this project
is to gain a more thorough appreciation of the most
vulnerable areas of cricket helmets by analysing highquality video footage of a collection of cases of
batters injured by being struck on the head while
wearing a helmet. This information is vital to inform
improvement of cricket helmet design and associated
safety testing standards.
METHODS
Data collection
The cases analysed in this study were taken from
an expanding database of over 50 batting
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Original article
helmet-related injuries collected by the authors as part of a
wider International Cricket Council (ICC) project aimed at
improving batting helmet safety standards. The database emanated from a series of helmet-related injuries documented in the
2008 ECB injury surveillance report. Further examples were
added from a variety of sources including the ongoing ECB
injury surveillance programme, canvassing of the medical staff
of all ICC full test playing nations, internet searches using
keyword combinations such as cricket—batting—helmet—head—
injury, injury incidence reporting by the ECB performance analysis staff when coding match footage, and examples provided
by ICC umpires and members of the international cricket community, who have been asked to report potentially relevant cases
to the ICC Medical Committee.
ICC and ECB footage archives were then searched to retrieve
any available video clips of injuries held in the database.
Thirty-five video clips of international- or national-level professional batters injured by being struck by the ball on the helmet,
face, head or neck while wearing a helmet were subsequently
analysed. To be included in the analysis, clips were required to
meet the following criteria:
0. The site of impact of the ball on the batter's helmet shell,
faceguard, neck, face or head must have been clearly
visible.
0. Footage must have been from an international or firstclass/list A match or practice session that took place after
January 1, 2002.
0- The bowler and batter must have been identifiable.
*. Footage was of sufficient duration to determine whether
the batter needed immediate medical attention, and
whether they were able to continue to bat without having
to leave the field 'retired hurt'.
0. The researchers must have had knowledge that an injury
had been sustained and were able to obtain details such as
the injury diagnoses, type, location, management and
sequelae, via either first-hand involvement with the case or
via direct communication with the injured player or the
responsible team medical staff.
0. The broad injury details and diagnosis, for example, concussion, laceration, fracture, contusion, must have been
available via public domain reporting of the injury details.
An analysis template was then developed using an electronic
spreadsheet that allowed recording of the standardised categorical data enlisted in table 1.
Categorisation of each element was made by each of the three
researchers. When differences occurred, the clip in question was
viewed together by all the three researchers with categorisation
agreed upon by consensus.

Table 1 Categorical data collected for each injury
Category Description
1

The date, type and location of the match or training

2

Whether the batter and bowler were left- or right-handed

3

The type of bowler (fast, medium-fast or slow)*

4

The area of the ball contact with the helmet shell, faceguard, neck,
face or head

5

Whether there was a ball contact (direct or indirect):
(a) Only with the helmet shell or faceguard
(b) With the helmet shell or faceguard and the face, neck or head
(c) Only with the face, neck or head

6

Whether an injury was immediately obvious

7

The site of any injury (part of skull, face, mandible, eye, mouth or
neck)

8

The broad diagnosis of any primary or secondary injury

9

Whether the batter was able to continue batting without having to
'retire hurt'

10

The helmet manufacturer and nature of any visible helmet damage

*Fast and medium-fast bowlers were classified as such if the usual positioning of the
wicket keeper was to stand back to their bowling. For slow bowlers, the wicket
keeper was known to normally stand-up to the stumps. Fast bowlers were categorised
as such if they were known to regularly bowl at speeds exceeding 135km/h.

helmet, that is, the gap was wider than the ball width. The
other six (17%) occurred when the ball penetrated the peak
and/or faceguard onto the nose, orbit or maxilla, despite the
gap being set to less than the ball width.
The primary injury types are shown in table 3 with fracture
(10 injuries, 29%) being the most common, followed by concussion (eight injuries, 23%) laceration and contusion, each contributing seven injuries (20%). The fracture locations were
confined to the face and mandible (table 4), whereas the concussion injuries resulted from impacts to the temporal or occipital
regions. Primary laceration and contusion injuries were evenly
spread over the face and side of the head. While these were the
primary injury types, many also had concurrent injuries, for
example, fractures with lacerations, concussion with contusions
and/or lacerations.

Data analysis

Descriptive data pertaining to the categories described above
were obtained via the electronic spreadsheet's analysis features.
RESULTS

The details of 35 batting helmet-related injuries sustained
between 2003 and 2012 were recorded. The locations of the
impacts and types of resultant injuries are shown in figure 1.
Eighteen injuries (52% of the sample) occurred following the
ball impact to either the helmet faceguard and peak (nine injuries, 26%), or the faceguard alone (nine injuries, 26%) (table 2).
Ten injuries (29%) resulted from the ball penetrating the gap
between the helmet peak and faceguard, four (11%) of these
occurred when the ball was able to penetrate the gap between
the peak and the faceguard without touching either part of the
2

Figure 1 Impact locations and primary injury types (A) face, (B) back
of head, (C) non-dominant side of the head, (D) dominant side of the
head. Injury symbols; triangle—concussion, cross—laceration, star—
haematoma, circle—eye, square—fracture.
Ranson C, at al. Br] Sports Med 2013;0:1-5. doi:10.1136Thjsports-2012-091898
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The number and percentage of injuries associated with
each area of helmet ball impact

Table 2

Injuries

Area of impact
Faceguard
Peak and faceguard
Back of shell
Temple-protector
Through peak-faceguard gap
Occiput/neck—no helmet contact
Total

% Injuries
26
26

Fracture injury location

Fracture location
Mandible

9
9
6

17

Orbit and nose
Orbit
Nose

5
4

14
11

Maxilla
Total

2
35

6

Injuries
3
2
2
2
10

100

In 20 cases (56%) the batters were unable to continue, that is,
they 'retired hurt', with 10 fractures and 5 lacerations accounting for the majority. In several of the examples where the batter
did continue it is known that, owing to the injury, they then
missed cricket within the same or subsequent matches. Five
injuries (14%) required extensive surgical treatment, two to
repair combined orbit and maxillary fractures, one to fix
unstable maxillary fractures (figure 2), another required restorative dental surgery and one of the mandibular fractures was
internally fixated. All of these resulted in significant time out of
the game and contributed to the retirement of at least three of
these batters owing to sequelae such as ongoing visual disturbances and loss of confidence facing high-speed or short-pitched
deliveries.
Thirty-four of the 35 injuries (97%) occurred when the ball
impacted the helmet and/or head without first contacting any
other part of the batsman or the bat, that is, they were direct
impacts. The fast bowlers delivered the ball during 32 (91%) of
the injury occurrences, with two (6%) and one (3%) associated
with medium-fast and slow bowlers, respectively. Interestingly,
two of the fastest bowlers were associated with four injuries
each, accounting for 23% of the injuries in this sample.
Five different brands of helmets were worn when the injuries
occurred, although the majority (29 injuries, 83%) happened
when wearing two brands that accounted for 51.5% and
31.5%, respectively.
DISCUSSION

The aim of this study was to gain a thorough appreciation of
the most vulnerable areas of cricket helmets by analysing the
video footage of 35 cases whereby professional batters sustained
head injuries while wearing a helmet. Although concerns about
cricket helmet safety standards have been raised previously,3
this is the first paper to document the mechanism and nature of
batting helmet-related injuries, with several severe enough to
result in prolonged or permanent absence from cricket.

Table 3

Table 4

The results highlight some areas of particular concern including the number and severity of injuries occurring after the ball
impact with the helmet faceguard and/or peak of the helmet.
Two central faceguard impacts resulted in two particularly
severe cases of facial fracture, while the faceguard impacting the
face resulted in several facial laceration and contusion injuries.
This ability of the faceguard to be forcefully pushed onto the
face and mouth indicates that some faceguards are insufficiently
strong, and/or inadequately designed or fixed.
Equally concerning are the ten cases where the ball was able
to penetrate the gap between the helmet peak and faceguard,
often resulting in orbital, nose and maxilla fracture, laceration
and contusion. The current British/European standard specification for head protectors for cricketers7 recommends that the
faceguard to peak gap be set to 55 mm or less. Senior-level
cricket balls have a diameter of approximately 73 mm and it is
evident that with some helmets, even when the faceguard to
peak gap is set to less than the ball diameter they are still able to
penetrate the gap with potential to cause serious injury. This
may be partly owing to compression of the ball during impact;
however, analysis of the game and preliminary laboratory video
footage suggests that a bigger contributor is likely to be excessive upward flexion of the helmet peak and downward flexion
of the faceguard allowing the ball to force through the gap
(figure 3). Further investigation of this phenomenon via
laboratory-based projectile testing is required to inform
improved helmet design and production so that there is a strong
resistance to the ball penetrating the faceguard to peak gap.8
Most, if not all, current helmets can be adjusted such that the
faceguard to peak gap is greater than the ball width. The four
injury examples in this paper of the ball passing unimpeded
though a gap wider than ball width, causing severe injury, is evidence that this is a dangerous feature,9 especially as research

The number and percentage of each primary injury type

Type of injury

Injuries

% Injuries

Fracture

10
8
7
7

29

2

6
3

Concussion
Laceration
Contusion
Eye damage
Dental damage
Total

23
20
20

35
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Figure 2 (A) Three-dimensional CT showing maxillary fractures (short
arrow) and associated dental disruption (long arrow) following ball
impact through faceguard of a batting helmet; (B) postoperative
x-radiograph showing dental hardware.
3
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Figure 3 High-speed laboratory
footage showing how a ball can force
through what appears to be a narrow
gap owing to the flexible peak and
faceguard.

into the impact attenuation ability of faceguards in similar
sports such as baseba11,10 suggests that effective faceguards can
be highly protective against impact forces.
These examples indicate that ideally, the faceguard and peak
should prevent the ball, or faceguard itself, contacting the face,
jaw or mouth following the ball impact. This ability is a requirement of a comparable product, the baseball or softball catchers
mask, whereby the standard performance specification published
by the North American National Operating Committee on
Standards for Athletic Equipment (NOCSAE) states that during
rigorous projectile testing; no contact of the ball with the ocular
region is permitted, and that only non-structural components of
the headgear that are designed/intended to rest on, or come in
contact with the wearer's face, are allowed to contact a delimited facial area." The two most commonly attained cricket
helmet standards are the 1998 British/European (BS 7928) and
1997 Australian/New Zealand (AS/NZS 4499.1-3) standards,
both of which include only faceguard impact attenuation tests,
and do not assess the ability of cricket helmets to resist ball
contact with the face, or faceguard contact with the face.7 12
Another vulnerable area of current batting helmets seems to
be the area over the back of the head, with concussion injuries,
in particular, occurring following impacts to the helmet shell
covering the posterior temporal and occipital regions. A similar
video analysis study of the ball to helmet impacts in baseball
also reported concussion diagnoses to be more frequent for posterior versus anterior helmet impacts.s Prevention might be
achieved via improved shock attenuation and by extending the
shell of the helmet to cover the entire occipital region. This is
because in some instances the ball partially struck the helmet
and partially directly struck the underlying occiput, an area of
the head that does not seem to be completely assessed within
the current cricket helmet standard impact attenuation test
specifications.7 12
As also cited in the aforementioned baseball study,s the vast
majority of injury examples in this study occurred when facing
very fast bowling, which might indicate that this type of injury
risk predominates within elite cricket. Therefore, an option may
be to make highly protective bespoke helmets for elite players.
However, the wide availability of high-speed bowling machines
now used during practice sessions at all levels of the game
suggest that mass market helmets should also protect against the
types of injuries detailed in this paper.
4

There are several limitations of this study. Although a thorough search was undertaken, the sample is one of convenience
and we are not able to determine the actual incidence and
prevalence of injury from being struck on the head while
batting in professional cricket. However, this, high-quality video
database of 35 potentially preventable injuries indicates that
action is required to improve the protection afforded by batting
helmets. While there are examples available of cricket ball to
helmet impacts that have not resulted in injury, the wide variety
of helmet makes, models, materials and adjustment settings
means that comparing the injury impacts to valid 'case-controls'
is not possible. A further limitation is that the exact severity of
injury (in terms of compromised performance, cricket time-loss
and treatment required) suffered in each case was not available
for all injury examples, however the primary injury type and
immediate effect of the injury (whether the player could continue to bat or not) was always known, with follow-up details
available in most of the cases.
Concerns regarding head injury in other sports have also led
to changes in helmet use and design. In ice hockey, the emergence of a significant number of catastrophic head injuries lead
to compulsory use of helmets in Sweden in 1963." Subsequent
improvements such as face protectors (1978)14 and throat protectors (1987)15 were added to helmet design in response to an
increase in face, eye and dental injuries identified through injury
surveillance data. Helmet improvements have also occurred in
response to identified issues in sports such as baseball's and
lacrosse.17 The finding that the vast majority of injury examples
occurred while wearing only two brands of helmet is likely to
be proportional to the number of batters who wear them,
however it does indicate that at the very least, improving these
helmets might significantly reduce the risk of injury.
CONCLUSION

This novel analysis of a video database of 35 head injury occurrences in cricket batters indicates that some current helmets
used in elite cricket do not adequately protect them against
head and facial injury. The common failings appear to be, inability to resist the ball penetrating the gap between the helmet
peak and faceguard, injurious impact of the faceguard onto the
face following ball impact, and potentially inadequate or incomplete helmet coverage of the back of batters' heads. It is recommended that the apparently out-dated testing standards
Ranson C, etal. Br Sports Med 2013;0:1-5. doi:10.1136/bjsports-2012-091898
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use should be revised to incorporate projectile tests
that preclude ball and faceguard facial contact, and rigorously
assess impact attenuation particularly of the lower rear of the
cricket batting helmet shell. Further research that informs
improved design and material quality is also recommended. The
aim being to reduce the likelihood and severity of the types of
facial and orbital fractures, concussion, laceration and contusion
injuries detailed in this study.
currently in
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CONCUSSION AND HEAD INJURY POLICY

1 PURPOSE
Concussion and head injuries, along with the associated potential long-term consequences,
are a significant issue in the majority of sports, including cricket.
The purpose of this policy is to outline CA's position on the management of concussion and
head injuries arising in the course of playing in CA-sanctioned matches.
Cricket Australia endorses the latest version of the Zurich Expert Consensus Statement
and aims for this policy to be consistent with this Statement.
2 SCOPE
This policy applies to all:
•

game participants (players and umpires) participating in any CA-sanctioned
competition or training. This includes Sheffield Shield, Matador Cup, KFC T20
BBL, WNCL, WT20, Futures League and Under Age matches; and

•

who receive a blow to the head or neck, whether by ball or otherwise, in the course
of the match or training.

3 RELATED DOCUMENTS
Zurich Expert Consensus Statement (Zurich Guidelines)
4

POLICY DETAIL

4.1 Prevention
CA considers it critical to pursue best practice in prevention of concussion and head injuries
and mandates the following preventative strategies:
•

Use of helmets and faceguards: Helmets and faceguards are able to reduce the
risk of head injuries in cricketi and properly fitted, properly worn high quality helmets
and faceguards that are compliant with (and independently certified to be compliant
with) any product standards notified by CA from time to time should be used in
cricket by:
o batsmen at all times when facing pace bowlers;
o wicketkeepers when keeping up to the stumps to any pace bowlers and, at a
minimum, eye protection when keeping to spin bowlers; and
o very close in fielders (e.g. "bat-pad", silly mid-on, silly mid-off, silly point);
Helmets and/or faceguards should be replaced immediately in accordance with the
manufacturer's recommendations following a significant impact;

1 Ranson C, Young M. Putting a lid on it: prevention of batting helmet related injuries in cricket. British
Journal of Sport Medicine. 2013;47:609-10.
© Cricket Australia 2014
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Boundary rope: A boundary rope should be used at all grounds to prevent playerfence collisions2; and
Secondary injury prevention: If a participant is diagnosed with concussion then
cognitive function is usually impaired and the participant is potentially more
vulnerable to receiving another injury. Therefore removal from exposure to a
second injury, in accordance with this policy, is also a preventative measure.

4.2 Diagnosis
If a participant is struck on the head/helmet/faceguard/neck by the ball (or via any other
mechanism such as a head clash of fielders, collision with a fixture such as a boundary
fence) and there are any symptoms or signs resulting then head injury/concussion should
be suspected.
Symptoms are generally subjective to the individual (e.g. dizziness, headache, nausea)
and signs are generally objective (e.g. loss of consciousness, altered balance, amnesia,
disorientation).
If head injury/concussion is suspected by any of (i) an umpire or (ii) a qualified medical
staff member and/or (iii) a team-mate then the participant must leave the field or training
area for full assessment by the most suitably qualified medical staff member present. The
current laws of cricket and applicable playing conditions allow for a batsman to retire hurt, a
fieldsman to be substituted and an umpire to be replaced by another member of the match
control team. The participant should not attempt to influence the decision of the umpire,
medical staff member or their team-mate. The match situation is not relevant in the
diagnosis and management of the participant and whether they are required to leave the
field of play. The primary and only concern in any assessment, shall be the health, safety
and welfare of the participant suspected of having suffered a head injury/concussion.
Participants are required to retire to the dressing room for a full assessment as a
standardised objective assessment of the injury is critical in determining medical
management decisions for the participant. Serious head injury cannot be ruled out by a 30
second assessment on the field of play due to the variability of the presentation of
symptoms, delay in evolution of presentation of symptoms, difficulty in making a timely
diagnosis and the specificity and sensitivity of sideline assessment tools.
At all games and training sessions where there is a qualified doctor on duty (such as
Sheffield Shield, Matador Cup, KFC T20 Big Bash and international tour games) the doctor
will make this assessment. At lower level games (e.g. Futures League) and at training
sessions where a qualified doctor is not present a physiotherapist, sports trainer or
paramedic will be present (who should err on the side of caution and refer to hospital/doctor
if in any doubt).
More serious co-existing diagnoses (e.g. fractured skull, neck injury) should be managed as
an emergency priority and once these are excluded then diagnosis of concussion can be
considered.
2

Orchard J, James T, Alcott E, et al. Injuries in Australian cricket at first class level 1995/1996 to 2000/2001.

British Journal of Sport Medicine. 2002;36:270-4
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In some cases, diagnoses of concussion/head injury is clearcut. If a mechanism (e.g.
struck in head by ball) and any of the following are present:
•
•
•
•
•

loss of consciousness for any time;
amnesia — inability to remember recent details;
inability to keep balance;
vomiting not explained by another cause, such as known gastroenteritis; and/or
tonic posturing or fitting,

then the diagnosis of concussion (or more serious head injury) is established.
More subtle symptoms (e.g. headache, dizziness, feeling of vagueness) are less
conclusive. In these scenarios a standardised assessment of concussion, such as a SCAT3 assessment, should be performed by a doctor to assess whether concussion is the likely
diagnosis or whether the diagnosis is not established (e.g. hit on helmet grill over ear and
local pain but no other symptoms may not be "concussion").
If there is television coverage being able to review the incident and the participant's
responses may be useful in making the diagnosis.
The medical officer will make the final diagnosis of whether a concussion has occurred. If
no concussion has been diagnosed and no other symptoms are present the medical officer
will make the final determination on whether a participant may return to the field, and if so,
when.
4.3 Return to Play
The Zurich Guidelines shall be used to help determine return to play.
The participant will not return to play on the same day (i.e. for the match in a limited overs
match) if the diagnosis of concussion is established. The medical officer should not be
influenced by the player, coach or support staff or others suggesting an early return to play.
For established diagnoses of concussion, regular medical reviews are required (e.g. daily
or every second day). Physical activity should be upgraded on a graduated basis with
progression through stages without symptoms required to upgrade to the next stage. A
participant may be required to sit out the duration of a multi-day match and/or further
matches if required through the medical review.
Return to match play following a diagnosed concussion or head injury should only be
recommended by the doctor when the participant is completely asymptomatic. In case of
uncertainty, the medical officer should always adopt a conservative approach to return to
play.
4.4 Documentation
All cases of concussion or suspected concussion (and all other head injuries) should be
documented on the AMS. The case notes should record any difficulties in diagnosis
(including whether the participant complied with the policy requirements to come off for
assessment).

© Cricket Australia 2010
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The prevention of sudden cardiac death in cricketers
John Orchard, Cricket Australia; University of Sydney, Raj Puranik, Alfred Cardiology;
University of Sydney; Chris Semsarian, Centenary Institute; University of Sydney,
Jessica Orchard, University of Sydney David Samra University of Sydney, Johan
Duflou University of Sydney, Patrick Groenstein Alfred Cardiology, Mark Young
Cricket Australia, Peter Brukner Cricket Australia
Journal of Postgraduate Medicine and Research
http_://www paler corridnstructions.aspx
http://wwwjpmer.com/Defaultaspx
Invited paper for special cricket issue, Draft 2.0 August 12, 2015
Aims: Sudden death in cricketers is rare, with the most common causes being cardiac,
neurological (head/neck trauma, mainly from ball impact) and environmental (e.g. lightning strike,
heat stroke). The aim of this study was to review possible prevention of sudden cardiac death and
make recommendations.
Methods: A literature review of possible causes of sudden cardiac death amongst cricketers was
performed, along with evaluation of evidence for existing preventative measures. The method for
evaluation was panel (cardiology and sports medicine) consensus recommendations based on
the published evidence base.
Results: Potential cardiac causes of sudden death whilst playing cricket can be divided into the
following categories: (1) atraumatic-origin pre-existing arrhythmias, cardiomyopathies and valve
disorders (2) traumatic-origin arrhythmia (commotio cordis) (3) acquired coronary vascular
disease (4) viral cardiomyopathies (5) Lightning strike. Preventive measures can be divided into
pre-season (e.g. cardiovascular screening), pre-match (e.g. assessment of viral illness),
protective equipment (e.g. chest guards) and post-event (presence of first aid response including
defibrillators). Our panel agreed that there was strong evidence that (1) trained and planned
emergency response particularly with a defibrillator is effective at preventing sudden cardiac
death and (2) ceasing play in the presence of lightning strikes prevents lightning death (3) players
with symptoms, risk factors or history suggestive of possible cardiac disease should undertake
specific individual workup. There are other potential methods to prevent sudden cardiac death,
with expert level recommendations made in the absence of strong evidence.
Discussion and Conclusions: The most controversial aspect of prevention of sudden cardiac
death is ECG screening of asymptomatic players. The clear increase in diagnosis of potentially
life-threatening cases needs to be balanced against the significant risk of false positive results
which may lead to discussion of exclusion from cricket. Cardiac workup is clearly of net benefit to
symptomatic individuals (e.g. history of syncope, chest pain) or any player at higher than usual
baseline risk (e.g. positive family history). Basic life support including access to defibrillators
should be available with trained personnel wherever they can be afforded.

Sudden cardiac death (SOD) is a tragic outcome for young people playing sport
(athletes), their families and the entire community, resulting in many years of life
lost 1. Although relatively rare, SOD is the leading cause of death for people
playing sport 2. In the US the rate is about 2 per 100,000 athletes per year 3
which is 2.5-fold higher than that of the age-matched non-athlete population 4
although much lower than the risk of 1 per 1000 per year in the general
population (all ages) 5.The population rate of SOD in young athletes is fairly
similar in Australia (population=22 million), with about 10 deaths per year.
Despite a higher risk for SOD during exercise, there is no doubt of the overall
benefit of exercise and physical activity 6, including in healthy people under the
age of 35 years where the overall risk of SOD remains low. However, playing
competitive sport may be a significant risk factor for young people with genetic
(inherited) heart diseases, such as hypertrophic cardiomyopathy (HCM), and
familial long QT syndrome (LQTS) that can lead to SOD without the athlete
having any prior symptoms.
In most countries, asymptomatic athletes are not routinely screened for these
conditions, which traditionally require a full 12-lead ECG (for arrhythmogenic
abnormalities including long QT syndrome, Brugada syndrome and HCM) or an
echocardiograph (for HCM and other cardiomyopathies). Both ECG and
echocardiography are costly in a mass screening setting and are timeconsuming. However, elite athletes in many sports are now routinely screened,
although this is done more according to expert guidelines rather than a clear
evidence-based approach that the benefits of screening exceed the harms.
There is some evidence of increased risk of SOD during sport in Australian
indigenous populations. For example, one study by Young et al reported that
between 1982 and 1996, the estimated incidence of SOD (related to ischaemic
heart disease) among Aboriginal Australian football players in the Northern
Territory was 19-24 per 100,000 player-years: a high figure compared with a
reported incidence of 0.54 per 100,000 player-years among Australian Rules
Football players of similar ages in Victoria There is currently no widespread
screening program in Australia. The Australasian College of Sports Physicians
position statement recommends screening with a 12-lead ECG and history and
physical examination for elite athletes only, but notes that indigenous populations
should be prioritised 8.

Previous reviews of prevention of sudden cardiac death in sport have been
written 9.10, although the focus is generally on sports with moderately high or
greater risk such as football 11-13. Cricket is current listed in category 1A (the most
sedentary of all sports, along with billiards, golf, and shooting) by a Bethesda
Conference Taskforce which attempted to categorise sports by cardiac risk 14.
Cricketers have an overall rate of sudden cardiac death during cricket of 2 per
100,000 15 which is similar to other sports, although this rate has a different

distribution to higher risk sports. That is, cricket almost certainly has a lower rate
of sudden cardiac death in junior players than more intense sports such as the
football codes, but a higher percentage of players aged over 35 years which
increase the overall rate of sudden cardiac death 15. The discussion of the
Bethesda Conference Taskforce emphasised that there could be variation by
position and level and that risk classification should not be seen as rigid. For
example, a spin bowler playing a low standard of cricket may truly be in a very
low cardiac risk stratum, but a fast bowler playing at international level would
have a higher risk, equivalent at the very least to sports such as baseball.
However, the reality that cardiac output in cricket is lower than that of football
codes, basketball, rowing and other high intensity sports does affect the risk to
benefit ratio of screening. False positives are considered the major downside of
screening (that is, unnecessary anxiety and even exclusion from sport).
Methods
A review of possible causes of sudden cardiac death amongst cricketers was
performed, both of the scientific literature via Pubmed and general publications
via Google. Causes of death that involved cardiac arrest as the specific cause of
death were included as part of this review, including traumatic (commotio cordis),
following lightning strike and secondary to myocarditis due to viral illness.
Causes of death that were not included as part of this review included heat
stroke, vascular pathology (e.g. deep vein thrombosis and pulmonary embolus)
or vascular trauma outside the cardiac system (e.g. traumatic vertebral artery
dissection).
For each of the possible causes of cardiac death, an evaluation was made of the
evidence for existing preventative measures. The method for evaluation was
expert panel review and agreement to form recommendations. The panel
consisted of three cardiologists, three sports physicians, a sports medicine
registrar, a public health lawyer and a forensic pathologist. The conclusions &
recommendations made were categorised in a binary fashion as unanimous
(consensus) recommendations (i.e. where there was strong evidence) or
qualified panel recommendations (i.e. low-moderate expert evidence that was not
fully established according to published evidence).

Results
The potential cardiac causes of sudden death whilst playing cricket can be
divided into the following categories:
(1) acquired (atherosclerotic) coronary vascular disease;
(2) arrhythmias (a) atraumatic-origin (congenital/pre-existing);
(b) traumatic-origin arrhythmia (commotio cordis);
(c) arrhythmia due to lightning strike;
(3) cardiomyopathies (a) congenital/pre-existing;

(b) post-viral cardiomyopathies
(4) valve disorders
Atherosclerotic coronary vascular disease
The most frequent category of sudden cardiac death in cricket is due to acquired
coronary vascular disease. This is particularly a risk in players over the age of 35
1
6, although it can occur before this age.
Recommendation 1: (strong evidence-based consensus) - all players with
suspicious symptoms (chest pain on exercise, palpitations, presyncope or
syncope on exercise), examination findings worthy of further investigation (high
blood pressure, heart murmur) or family/past history of significant cardiac
disease or sudden death should have a specialist cardiology workupr
Recommendation 2: (strong evidence-based consensus) - there is strong
evidence that cardiac defibrillators can improve survival after cardiac arrest 5• 17.
Cardiac defibrillators are therefore one of the best methods for prevention of
sudden death and should be implemented where budget allows 18· 19 .I
Recommendation 3: (strong evidence-based consensus) - Emergency response
is also not limited to purchase of cardiac defibrillators 5. All of the following factors
contribute to best possible response (1) regular first aid/CPR training for staff
members such as umpires and players (2) pre-event check of facilities &
equipment (medical time out, see Appendix A) (3) venue layout planning to
optimise ambulance access & best possible response (e.g. medical room in close
proximity to playing field) (4) preparation of written emergency response plan
being clearly posted at playing and training venues (5) an appropriately located
and clearly signposted defibrillator allowing it to be readily accessible to sports
participants!
Recommendation 4: (majority expert view) - there is some evidence that use of
performance-enhancing drugs can increase the risk of sudden cardiac death 20,
so their use must be discouraged (as is the current stance of WADA-affiliated
sports like cricket). Although high quality trials are hard to conduct, there is
evidence from case series reports that performance-enhancing drugs such as
blood boosting products, stimulants and anabolic agents can increase the risk of
sudden cardiac death 20· 21. The sport of cycling, which has been associated with
a high incidence of doping, also has a higher than expected rate of sudden
death, notwithstanding that it is also in the highest risk category 3C with respect
to cardiac output 14./
[Recommendation 5: (strong consensus) - general risk factors that apply to the
population also apply to cricketers, particularly those aged over 35 years who are
entering the age bracket for which acquired coronary vascular disease is a
foreseeable condition. This risk factors to avoid, if possible, include smoking,

inactivity (which is a net risk factor for sudden cardiac death 4), hypertension 22,
high blood lipids, poor diet and poorly controlled diabetes. I
Congenital or pre-existing arrhythmias, cardiomyopathies or valve disorders
In younger players(< 30 years old), pre-existing or congenital conditions are
possible causes of sudden death. Some of these are arrhythmias (long QT
syndrome, Brugada syndrome), while some are cardiomyopathies(the most
common being hypertrophic cardiomyopathy) 1. Some of these conditions may
give rise to prodromal symptoms although there are cases of sudden death
without any previous symptoms. Consideration of routine cardiac workup for high
level asymptomatic young athletes is one of the most controversial topics in
sports medicine and cardiology at the current time 23-29_
All of recommendations 1, 2, 3, 4 and 5 also apply to the category of pre-existing
cardiac conditions.
Recommendation 6: (majority expert view) - Elite(professional and national level
junior) cricketers should be screened with at least a basic history to determine
whether they have a higher than baseline cardiac risk (e.g. positive family history
of cardiac disease; personal history of exercise-onset chest pain, syncope or
palpitations). Players who are at higher than baseline risk should undertake full
specialist cardiology assessment, including ECG and echocardiography. Elite
players at baseline risk who are asymptomatic should be offered(but not
mandated) full cardiac non-invasive screening(ECG/echo) after being informed
of the benefits(increased detection of cardiac abnormalities) and risks (mainly
false positive findings on these tests which potentially could lead to interventions
or even exclusion from playing sport, which may not be justified). Amateur(non
elite) cricketers who are asymptomatic and at baseline risk do not need routine
specialist cardiac workup in order to be cleared to play although should report
relevant symptoms and history to their usual health practitione�
Recommendation 7: (majority expert view) - Modern affordable and highly
portable devices(e.g. rhythm strip devices attached to smart phones that can
give readings within 30 seconds) have the potential clinical applications of an on
field portable event-recording device, e.g. for a player suffering dizziness during
play, with much quicker access to a rhythm strip output(e.g. including on the
actual playing field, figure 1(a) and(b)) than even a sideline ECG. Therefore
assessment of cardiac rhythm in situations of non-specific symptoms(e.g.
dizziness) can be added to preventive measures. Players with more specific
symptoms on-field(e.g. chest pain, palpitations) should immediately come off the
field for immediate medical care.I

Figure 1 (a) and(b) - Taking a reading on the AliveCor iECG device
Infective myocarditis
Another possible cause of sudden cardiac death is infective(usual viral)
myocarditis 30. This is certainly recognised as a possible cause of death in higher
risk activities such as marathons, triathlons and iron man events. There is strong
advice in these events to avoid competition on occasions where a competitor has
a febrile illness, in case myocarditis is associated with the fever. It is unknown
how significant the potential risk increase is for cricket, which is classified as low
risk Bethesda category IA(ref). Cricket is also unique amongst team sports being
often played over multiple days and without allowing full substitutes for players. It
would be problematic to completely exclude all febrile players from play in multi
day games on all occasions.
Recommendation 8: (majority expert view) - Cricketers who are unwell with fever
should be medically assessed before being cleared to return to play. Illness with
high fever(> 38 C) or fever in association with symptoms or signs which could
involve the cardiac system (chest pain, shortness of breath, dizziness,
palpitations, heart murmur) should be absolute contraindications to participation
in all sport, including cricket. i

•
Commotio cordis
Cricket is one of the sports which presents a risk for commotio cordis (cardiac
arrest from arrhythmia after direct blow to the chest wall), particularly in junior
players 31. There have been previously described cases and even deaths in high
level players 32.
The major recommendation to prevent against death is again good emergency
response including availability of defibrillator.
Recommendation 9: (majority expert view) - chest guards are often considered
as a potential method for protection against commotio cordis. In theory they
could reduce the incidence of this condition, but there is insufficient evidence to
demonstrate that this actually is the case 33-35_ There are certainly recorded
cases (e.g. up to 40%) of commotio cordis that have occurred despite the use of
chest protectors 36. Chest guards cannot be recommended as routine protective
equipment in light of lack of supportive evidence. Further research on the
potential protective role of chest guards could be undertaken.I
Recommendation 10: (majority expert view) - there is also a small risk of
suffering commotio cordis at training sessions as well as matches. A risk factor,
in theory, at cricket net sessions, is a player or spectator being struck by a ball
that he or she does not pay due attention to. Cricket "net" training sessions
should therefore be conducted in a setup which reduces the risk, as much as
possible, of other persons (besides the net batsman and bowler, who are giving
attention to the ball used in that particular net) being struck by a ball of which
they are unaware.
Softer baseballs have been pro�osed and are used to prevent commotio cordis
in very young baseball players 7. In cricket, very young players will often learn to
play with a tennis ball which would probably have a similar or even greater
protective effect, although this has not specifically been studied to our
knowledge.
Lightning strikes
Lightning strike is an under-recognised but clear danger in certain sports,
including cricket 38. There is a commonly held view that lightning strikes only
occur during rain; in fact lightning strikes can and do occur when it is not raining,
and this may make cricket particularly susceptible, as there could be a prevailing
view that rain-rules for cricket may in themselves be protective. There have been
multiple deaths recording from lightning strikes in cricketers in Australia during
the previous decade and in past years 15. There has been a recorded case of two
cricketers in the same first-class game in Jamaica 39 being struck by lightning
and fortunately neither was seriously injured. Disturbingly the game was not

•
stopped after the first lightning strike because it was not raining 39. We are
unaware of any recorded case of lightning strike in a major stadium with
complete grandstand coverage around the perimeter of the ground. It is not
known however whether the circumferential presence of grandstands confers
absolute immunity to lightning strike on the playing field or whether this
occurrence has not yet been reported because only a small number of games
are played at stadiums in this category.
Recommendation 11: (strong consensus) - Cricket is a sport where risk of
sudden death by lightning strike is real even in situations where it is not raining.
Cricket should adopt the 30/30 Lightning Rule (suspend play if a lightning strike
occurs within 30 seconds of thunder and do not recommence until 30 minutes
after the last observed lightning strike) 38. Off-field officials and even spectators at
lower levels of play should have the ability to act on the 30/30 rule (i.e. insist on
suspension of play) rather than rely only on the on-field umpires, whose duties on
the field may prevent them from acutely observing and counting seconds around
lightning[
Recommendation 12: (majority expert view) - In stadiums where there is
circumferential coverage of grandstands providing an effective shelter for players
and spectators, it may be possible to ignore the 30/30 lightning rule. However
certificate of lightning safety for such a venue should be provided by a structural
building engineer or meteorologist expert in lightning safety.

l

Discussion

Preventive measures can be divided into pre-season (cardiovascular screening),
pre-match (assessment of viral illness), protective equipment (chest guards) and
post-event (presence of first aid response including defibrillators). With respect to
prevention of sudden cardiac death in sport, optimal emergency response is
critical to reducing number of deaths17, given that prediction of cardiac arrest is
an inexact science. If best wactice emergency response is available (including
rapid onset of defibrillation 8), then survival rates (and ultimately "normal"
outcome) are much higher than less rapid response. Defibrillation can be
potentially effective in many of the potential causes of cardiac arrest in cricket,
including acquired coronary occlusion, pre-existing or viral cardiomyopathy,
arrhythmia, commotio cordis and even after lightning strike. Therefore purchase
of defibrillators for cricket grounds should be a priority (e.g.
www.projectdefib.com.au) as it should be for all sporting venues.
The sporting environment also needs regular safety checks and review of
practices to make sure that in the unlikely event of an emergency that there is
adequate preparation. Whereas hospital, emergency department and ambulance
staff will routinely witness cardiac arrests from time to time; in sporting
environments the events are rare enough that many team physicians or

physiotherapist might only witness such an event at a sporting ground once or
twice in their career, if at all. Regular emergency medicine refresher courses for
staff, physical checks that all equipment is in place and routine pre-game medical
meetings and checks before the start of play can help make the best possible
response likely for a very unlikely event. A good analogy is the safety check and
demonstration at the start of a plane flight, which is accepted by passengers and
crew alike despite the intentions that hopefully none of them will ever be involved
in an emergency evacuation of the plane.
ECG screening in cricketers is likely to provide beneficial information to decrease
the risk of sudden cardiac events. This needs to be balanced against the risk of
false positive results and hence best offered to those symptomatic individuals
(e.g. history of syncope) or any player at higher than usual baseline risk (e.g.
positive family history). Recent improvements to ECG interpretation (particularly
the 'Seattle Criteria' 2) for athletes have dramatically improved the sensitivity and
specificity of 12-lead ECG screening, particularly in identifying abnormalities
leading to a later diagnosis of HCM. Greater numbers of expert panels are
recommending routine ECG (÷/- echocardiogram) for screening of asymptomatic
young athletes. The equation is almost certainly a positive one in the sporting
environments which are the highest risk (e.g. NBA basketball, Olympic triathlon,
cycling and rowing, UEFA level football). However, as background risk of sudden
cardiac death decreases, Bayes theorem dictates that the not only does the
number of true positives drops, but the number of false positives also rises.
Elite cricket is perhaps rated too low in Bethesda Taskforce 8 category 1A 14 but
nonetheless is certainly lower risk than the sports previously listed. Some experts
in cricket would already advocate routine screening (for example the England
and Wales Cricket Board already mandates routine ECG screening for
contracted players). However, we would caution in mandating compulsory
screening as the true rate of both sudden cardiac death in asymptomatic elite
cricketers and false positive ECGs in this population are not known. There are
also precedents from areas like population based PSA testing for prostate cancer
where screening was initially advocated as it was thought to be in the category of
"unlikely to be of any harm" when evidence now is that it probably is of net harm.
Even cardiac screening for the middle aged person prior to an exercise program
was previously embraced but is now thought to be as potentially harmful as
helpful. That is, the benefits of exercise are so strong that any screening that
might lead to less exercise being undertaken could paradoxically put a person
into a higher cardiac risk category.

Basic life support including access to defibrillators should be available with
trained personnel wherever they can be afforded. For levels of cricket where
medical personnel are not present, first aid courses including defibrillator use are
recommended for players and officials.

Appendix A — Possible agenda for pre-match medical safety meeting:
1. Communication check. Officials at the match responsible for safety should meet
to check what communication can be made amongst them and externally in the
event of an emergency. The nearest hospitals and their phone numbers along with
ambulance phone number should be known.
2. Facilities check. The location of the following items (if present) must be pointed
out in sequence and someone must confirm that they have checked that they are
operational that day. Those present should state whether they have had recent
training in the use of each item:
a. Defibrillator(s). Including one which is dedicated to on-field personnel (if
in a large stadium) and which has had a battery check at the start of the
game.
b. Oxygen cylinder, regulator and oxygen mask, along with giving bag set,
which can be easily turned on (usually set in off position to prevent leak)
c. Stretcher and neck collar (or motorised vehicle at high level games).
d. Medical bag (if doctor present) with check for Adrenaline/Epipen, Asthma
inhaler, Glucose injection, Anti-Epileptic drugs, IV fluids.
Special
needs check. One representative from each team should alert if there are
3.
any players who are at higher risk of requiring emergency intervention. This may
include any player who:
a. Is Asthmatic
b. Is Diabetic
c. Is Epileptic
d. Is Pregnant (for female athletes)
e. Has a history of Anaphylaxis (e.g. peanut allergy) that requires Epipen
f. Has a history of Exertional Heat Stroke
g. Has a history of Cardiac compromise or Sudden Collapse
h. Has a recent history of Concussion or Head injury.
4. Weather forecast. The current and forecast Ambient Temperature, Wet Bulb
Global Temperature (based on Heat/Humidity/Wind) and risk of
lightning/thunderstorms must be stated with a discussion of whether this is likely
or possible to exceed thresholds which could result in special conditions or
cancellation.
5. Emergency plan & signals. All present should confirm the location of all
medical areas (players and crowd), ambulance access point and Emergency OnField signals to be used.
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