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OBJECTIVE

Concussions and frequent non-concussive head impacts in rugby may pose long-
term brain health risks. Most of these head impacts occur during tackles, making
tackle safety a top priority. While lowering the legal tackle-height is intended to
reduce head contact injuries, there is no research on how this change might affect
catastrophic injuries, especially to the head, neck, and spine. This study analysed 16
years of BokSmart catastrophic injury data to identify tackle-related risk patterns
and recommend safer practices within SA Rugby’s new, lowered tackle-height

framework.

METHODS

Data on catastrophic head, neck, and spine injuries were collected from 2008 to
2023 using BokSmart’s Serious Injury Protocol. Injuries were categorised into acute
spinal cord injuries (ASCI), catastrophic traumatic brain injuries (Cat-TBI), and
cardiac events. Each tackle-related incident was analysed using video footage
(where available), self-report, referee- and witness reports, and then coded across
8 core descriptive criteria and 12 key interactions per player role. Patterns and injury
mechanisms were visualised on a filled radar plot to assess the risks under different

tackle scenarios, particularly in relation to body positions and tackle-heights.
KEY FINDINGS

1 Tackle Involvement: 61% of all catastrophic injuries occurred during the
tackle, with 49 injuries (55%) affecting tacklers and 40 injuries (45%)

affecting ball carriers.

1 Catastrophic Brain Injuries: 23 of 29 Cat-TBIs (82%) were tackle-related,

with 87% resulting in permanent damage.

1 Tackle Type Risk: Front-on tackles posed the highest risk, accounting for

71% of tackler and 53% of ball carrier injuries.
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7 Height Risk: High tackles are seen as the main danger, but surprisingly, most
catastrophic injuries occurred during middle-height tackles (the zone
between the top of the chest down to the level of the hip and pelvis).
Tackling low-positioned ball carriers significantly increased risk, especially

due to knee or head-on contact.

7 Ball Carrier Posture: A low body position (fully bent at the waist or with
head down) increased injury severity for both players. For every non-
permanent injury where a ball carrier entered low, there were two

permanent injuries with residual damage remaining to tacklers.

1 Technique: Many tackler injuries stemmed from poor technique, particularly
direct head-on and head-to-knee contact. Ball carrier injuries often involve
unsafe posture, such as leading with the head or dipping too low into

contact.
CONCLUSIONS & RECOMMENDATIONS

1 Middle-height, front-on tackles and low ball-carrier entries are high-risk

scenarios for catastrophic injury.

1 Tackles targeting the ‘safe zone’ — between mid-torso and mid-thigh —

minimise injury risk for both players.

1 Tacklers need a clear, visible target, which is compromised when ball

carriers enter low into contact.

1 Ball carriers should be encouraged to enter contact with a braced,

slightly bent posture (head up) — not excessively low or head-down.

1 Leading low into contact raises the risk of permanent injury for both

tackler and ball carrier.

1 Coaching safe technique is critical: Focus must increase on head
placement, tackling form, and discouraging low contact — especially front-

on at the knees.
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Final Thought

Lowering tackle-height alone is not a silver bullet — it must be paired with clear
player behaviour guidelines and technique coaching for both roles to limit the risk

of concussion and catastrophic injury.

SUMMARY OF KEY FINDINGS - TACKLE-RELATED CATASTROPHIC INJURIES

Key Insight

Most catastrophic injuries occur in
middle-height, front-on tackles

Low body position by the ball
carrier increases risk

The tackle “safe zone” lies
between mid-torso and mid-thigh

Tacklers need a clear, visible
target

Excessive forward bending by ball
carriers increases risk

Ball carriers should lead with a
braced, head-up stance

Avoid head-down, low entries into
tackles

Poor technique remains a major
factor in injuries

Avoid very high (upright) or very
low (knee-level) front-on tackles

Recommendation / Risk

Monitor and refine tackle technigque at
this height

Avoid entering contact too low

Coaches should train players to target
this area

Ball carriers should maintain a more
upright, forward leaning, stable posture

Limit how far players can bend into
contact

Encouraged for safer contact and better
visibility

Increases risk of catastrophic head/spine
injuries

Emphasis and coaching on proper tackle
and contact form

Both extremes pose elevated injury risks
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Glossary of Terms

ACUTE SPINAL CORD INJURY (ASCI) - Acute Spinal Cord Injury (ASCI) refers to
sudden damage to the spinal cord that results in a rapid onset of symptoms such
as loss of movement, sensation, or automatic body functions below the level of
injury. ASCI can involve fractures or dislocations, or both, of the vertebrae,
compression or tearing of spinal cord tissue, and/or bleeding or swelling that
damages the spinal cord. The effects of an acute spinal cord injury can range from
temporary dysfunction to permanent paralysis (e.g., paraplegia or quadriplegia),
depending on the severity and location of the injury. ASCls in this study are grouped
into outcomes, based on their severity: (@) near miss (full recovery expected,
ambulant), (b) neurological deficit (some deficit remains, may walk with or without

the requirement of assistive devices), (¢) quadriplegic, and (d) fatal.

BALL CARRIER - A ball carrier in rugby is the player who is in possession of the
ball and is actively running, moving, or attempting to gain ground or territory for
their team.

Key points about the ball carrier:

1 They are the target of the tackle by the defenders or the opposing team.

1 They can pass, kick, or run with the ball, depending on the situation.

1 Once tackled and brought to the ground, the ball carrier must release the
ball immediately, usually by placing or passing it, to allow for a fair contest
at the breakdown.

1 A ball carrier can attempt to break tackles using footwork, fends or hand-
offs, or using physical force or power in contact.

The ball carrier’s job is to move play towards the scoring tryline, find or create

space, either maintain possession or set up the next phase of attack, or score a try.

6|Page Hﬂﬂkgﬂ“ﬂf



BALL CARRIER CONTACT POINT - The ball carrier contact point is the part of the
tackler’s body (or another surface) that the ball carrier’s head or neck hits during
a tackle. While a ball carrier usually makes contact with a tackler's body first, in this
case, the term refers specifically to the contact that caused a catastrophic injury.
This could be contact with the tackler’s body, or with something else like the

ground or goalposts.

BALL CARRIER STANCE - In rugby, the ball carrier’'s stance refers to the body
position a player takes while carrying the ball into contact or during a run. A strong,
effective stance helps the ball carrier maintain balance, absorb impact, and retain
possession under pressure. The ball carrier’s stance is all about control, strength,
and preparation, helping the player carry the ball safely and effectively under
pressure.

Key features of a good ball carrier stance:

1 Ball secured - typically in two hands to keep the tackler guessing and when
scanning or about to pass; one arm wrapped tightly in contact situations to
prevent turnovers.

Knees slightly bent - for balance and power.
Hips low and stable - to stay grounded and resist tackles.

Head up and facing forward

=A =_ =4 =4

Upper body projected forward - with a slight forward lean to drive through
contact.

Head and shoulders above the hips into contact

=

1 Core engaged - to maintain control and absorb collisions.
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THE ACTIONS OF A
BALL CARRIER

1 Upright Ball Carrier - In rugby, an upright ball carrier (top position) is a
player who runs into or through contact while maintaining a high or vertical
body position, rather than lowering their body into a more compact,
powerful stance. Coaches typically encourage players to adopt a slightly
lower, more forward-bent, braced, and stronger body position to maximise
safety and effectiveness.

1 Forward-Bent Ball Carrier - A forward-bent ball carrier in rugby (middle
position) is a player who enters contact with their torso angled forward,
typically with their hips lower than their shoulders, and their knees and hips
flexed. This body position is often used to gain power, stability, and protect
the ball during contact. A forward-bent ball carrier uses a low, powerful
stance to drive into or through contact, improving performance and reducing
injury risk when done with good technique.

i1 Low-positioned Ball Carrier - A low-positioned ball carrier in rugby
(bottom position) is a player who enters contact with their torso leaning
significantly forward, often to the point where their back is horizontal, and
their hips are in line with their shoulders. This position is more extreme than
a typical forward-bent stance. If the player’s head is down, it increases the
risk of neck injuries or head clashes. If using a fully bent (low) stance, players
must keep their head up and eyes forward to see the contact area and

protect themselves.
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BOKSMART - BokSmart is a South African rugby safety and education
programme developed by the South African Rugby Union (SARU) in partnership
with the Chris Burger Petro Jackson Players’ Fund. Its main goal is to make rugby
safer for all participants, from grassroots to elite levels.

Key features of BokSmart:

1 Focuses on injury prevention, especially catastrophic injuries (like head,
neck, and spine injuries).

1 Provides training and certification for coaches, referees, and medical staff.

1 Promotes safe techniques in tackling, scrummaging, breakdown contests,
and contact play.

1 Educates players and support teams about concussion management,
return-to-play protocols, injury prevention strategies, minimum rugby safety
requirements, and general player welfare.

1 Includes age-appropriate guidelines, policy updates, and safety resources.

The name:

1 “Bok” refers to the Springboks, South Africa’s national rugby team.

7 “Smart” emphasizes informed, safe, and responsible participation in the
game.

In short: BokSmart is South Africa’s official rugby safety programme, aiming to
reduce catastrophic injuries and make the game safer through education,

awareness, and proper technique.

CATASTROPHIC INJURY - A Catastrophic injury was defined as any head, neck,
spine, or brain injury that met the following criteria, and were reported to the
programme’s Serious Injury Case Manager or SICM:

1. The injury must be potentially life-threatening for the player.

2. The injury must be potentially debilitating or disabling.

3. The injury must result in the player being admitted to a hospital ward.

It was designed as an operational definition for predominantly non-medical people,
to open the net wider so that the programme would not miss any significant injuries
that might meet such a definition. The terminology includes all spinal injuries (neck
or otherwise), and head injuries (with and without brain injury) that meet the three
reporting criteria. Most ‘spinal’ injuries are cervical spine, which we then
differentiate as a ‘neck’ injury. All other spinal injuries, which are few, were classified

as ‘spinal’ for recording and analysis purposes.

9|Page




CATASTROPHIC TRAUMATIC BRAIN INJURY (CAT-TBI) - Catastrophic Traumatic
Brain Injury (Cat-TBI) refers to a severe and life-threatening brain injury caused
by a sudden impact or trauma. This type of injury can occur from direct head
impacts in sports such as rugby. Cat-TBI can typically involve moderate to severe
brain swelling or bleeding, loss of consciousness for extended periods, a coma or
vegetative state, or some level of brain damage remaining. It can also result in
significant and permanent damage to the brain, long-term disabilities, or death.
Cat-TBI in this study are grouped into outcomes, based on their severity: (a) fully

recovered, (b) with disability (remaining neurological deficit) and (c) fatal.

CARDIOVASCULAR INCIDENT (CVI) - In a sport setting, a catastrophic
cardiovascular incident is a sudden and life-threatening heart-related event that
occurs during training, competition, or other forms of physical activity. These
incidents are rare but extremely serious and often occur without warning, even in
apparently healthy athletes.
Common types in sport:
1 Sudden cardiac arrest (SCA): The heart suddenly stops beating, often due
to an electrical issue like ventricular fibrillation.
1 Sudden cardiac death (SCD): Death resulting from sudden cardiac arrest,
usually within minutes if not treated.
1 Hypertrophic cardiomyopathy (HCM): A common underlying cause in
young athletes; a thickened heart muscle can disrupt normal heart rhythm.
1 Commotio cordis: A rare event where a blunt blow to the chest (like from a
ball or a collision) during a vulnerable moment in the heart's rhythm causes
cardiac arrest.
Key points in sport:
1 Can affect athletes of any level, though more commonly reported in high-
intensity sports.
1 Often associated with undiagnosed heart conditions.

1 May occur with minimal or no prior symptoms.
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CONCUSSION - A concussion is an injury to the brain caused by a direct or indirect
blow to the head or by the head striking something else such as the ground. A
concussion can occur whether or not a person is “knocked out.” A concussion
typically causes the rapid onset of short-lived impairment of brain function that

resolves spontaneously with time.

CONTACT-COLLISION SPORTS - A contact-collision sport is a type of sport in
which players routinely make physical contact with each other as part of the game,
and where that contact often involves high-impact collisions. This includes
intentional physical engagement, such as tackling, blocking, or checking, and the
risk of injury from these impacts is relatively high compared to non-contact or
limited-contact sports.

Examples of contact-collision sports include:

Rugby

American football

Ice hockey

Martial arts (like judo or MMA)

=A =_ =4 =4

The term is often used in medical and safety contexts, such as in concussion
protocols, because these sports carry increased risks of head and bodily injuries

due to the frequent and forceful collisions.

CONTACT EFFICIENCY - Contact efficiency refers to how effectively a player
utilises physical contact situations, such as tackles, rucks, or collisions, to achieve a
desired outcome with minimal wasted effort or risk exposure. Contact efficiency is
about being smart, safe, and effective in physical confrontations, getting the most
out of every hit or contest without unnecessary risk or fatigue. In the context of
rugby, high contact efficiency means a player can:

1 Win or dominate collisions (e.g., drive the opponent back in a tackle)
Maintain body control and balance during impact
Minimise energy loss and stay ready for the next phase of play

Execute clean, legal techniques that reduce the chance of penalties or injury

=A =_ =_ =4

Influence the contest (e.g,, slow the ball, create turnovers, retain possession)
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FRONT-ON TACKLE - A front-on tackle in rugby is when the tackler approaches
and makes contact with the ball carrier from directly in front. This means the two
players are moving towards each other, usually face-to-face or chest-to-chest, as

opposed to a side-on tackle or a tackle made from behind.

Key features of a front-on tackle:
The tackler's chest faces the ball carrier's chest.
Often involves front-facing or near front-facing contact.

Requires strong body position and technique to stay safe and effective.

=A =_ = =4

Common in situations where the defender is directly in the ball carrier's path,
such as near the try line or in tight defensive structures.
Because of the direct nature of the contact, proper technique, like keeping the head

to the side and using the correct shoulder, is especially important to avoid injury.
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HEAD ACCELERATION EVENTS (HAE) - Head Acceleration Events (HAE) refer to
any incidents where the head experiences sudden movement or forceful motion.
These movements can be caused by impacts to the head or body that result in the
head rapidly accelerating or decelerating, which can potentially affect the brain. It
includes both direct head impacts (e.g., a tackle to the head) and indirect forces
(e.g., whiplash from a hit to the body that causes the head to snap back). It can
occur with or without concussion symptoms and involves linear acceleration
(straight-line movement) and/or rotational/angular acceleration (twisting
motion), both of which can influence brain injury risk. HAEs can happen during

tackles, rucks, scrums, collisions, or falls.

HEAD DYNAMICS - Head dynamics is the study of the forces and torques that drive
or result from head movement. While head kinematics focuses on how the head
moves, head dynamics explores why it moves, specifically:
1 The forces (linear) acting on the head (e.g., from impacts or tackles)
1 The torques or rotational (angular) forces that cause the head to spin or
twist
1 The relationship between these loads and the head’s linear and angular
acceleration
Understanding head dynamics is vital in areas like injury biomechanics, as it helps

identify how external forces can lead to head injuries such as concussions.

HEAD IMPACT - A head impact in rugby refers to any direct or indirect contact
to the head, whether from another player, the ground, or an object (like the ball or
goalposts). It can occur during tackles, collisions, falls, or accidental contact and is
a concern due to the risk of concussion, accumulated subthreshold head contacts
(those that do not lead to concussion), and other head injuries.
Key points about head impact in rugby:
! It includes blows to the face, skull, or jaw, whether intentional or accidental.
1 Can result from:
o Tackles (especially high or poorly executed ones)
o Accidental clashes (e.g., heads colliding)
o Falls to the ground

o Contact with elbows, knees, or shoulders
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1 Not all head impacts cause a concussion, but all should be taken seriously

and monitored.

HEAD KINEMATICS - Head kinematics refers to the study and description of the
motion of the head without considering the forces that cause it. It involves
measuring and analysing aspects such as:
1 Linear acceleration - the rate at which the head's speed changes in a
straight line.
1 Angular acceleration - how quickly the head's rotation speed changes
around an axis.
1 Velocity - how fast and in what direction the head is moving.
1 Displacement - the change in position of the head over time.
1 Orientation - the direction the head is facing.
Head kinematics is a key focus in fields like biomechanics, sports science, and injury
prevention, especially in understanding how head impacts occur during events like
falls, tackles, or collisions, and how those impacts might lead to concussions or

other traumatic brain injuries.

HEAD-PLAYER CONTACT - Head-player contact refers to any situation in rugby
where a player's head makes contact with another player’s body, head, or limbs
during play, whether intentional or accidental. Examples of head-player contact:
1 A tackler’s head hitting the ball carrier’s head, shoulder, torso, hip, or knee
during a tackle.
1 A ball carrier’s head colliding with a tackler’s body or head when running
into contact.

1 Two players’' heads accidentally clashing in a ruck or maul.

HIA (HEAD INJURY ASSESSMENT) - An HIA (Head Injury Assessment) is a
standardised process used in rugby to assess players for a concussion or
suspected concussion after a head impact or suspicious event. HIAs are a
sequence of clinical evaluations used by healthcare professionals in professional
rugby to diagnose concussion. HIAs only apply to World Rugby-approved
tournaments and matches in elite-level rugby, where temporary substitutions are
allowed, and these off-field medical evaluations can be made. The HIA process

includes four stages:
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Stage 1: HIA 1 - Sideline Assessment (Immediate)
1 Conducted during the match, after a potential head impact or
suspicious event.
1 Player is temporarily removed (for up to 12 minutes) for a medical
assessment.
1 Includes:
o Symptom check
o Memory and balance tests
o Neurological screening
1 If any signs of concussion are found, the player does not return to play.
Stage 2: HIA 2 - Post-Game Medical Assessment
1 Completed within 3 hours of the match ending.
A more detailed evaluation to confirm or rule out concussion.
Stage 3: HIA 3 - Follow-Up Assessment
7 Occurs within 36-48 hours after the game.
1 Ensures no delayed symptoms appear and helps determine return-to-
play timelines.
Stage 4: HIA 4 - If concussion is confirmed
1 Clearance to return to full play following completion of the individualised

rehabilitation which includes the use of the HIA4 form.

INCIDENCE - The incidence of injury in rugby is a statistical measure of how often
injuries occur and refers to the number of injuries that occur over a specific
amount of exposure time, usually expressed as the number of injuries per 1,000
player-hours of match play or training. It is frequently used to assess and manage
player safety considerations.

Injury incidence = Number of injuries + Total exposure hours x 1,000

LEGAL TACKLE-HEIGHT - In rugby union, the legal tackle-height refers to the
highest point on the ball carrier’s body where a tackler is allowed to make contact
when attempting a legal tackle. Prior to the implementation of the lowered tackle-
height laws, the legal tackle-height in rugby union was below the line of the
shoulders. World Rugby and many national unions have since experimented with

variations of lowered tackle-height laws in the community game.
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The South African lowered tackle-height has been adjusted since 2024 to the
base of the sternum and below, with some additional laws related to ball carriers.

More information can be found here: https://www.sarugby.co.za/news-

features/articles/2023/12/08/tackle-safety-law-changes-for-school-and-club-

rugby-agreed.

MOMENT OF INERTIA - Moment of inertia describes how resistant an object is in
rotating around a particular axis. In biomechanics, especially in head dynamics,
moment of inertia helps explain how the head reacts to rotational forces, an
important factor in understanding injuries caused by twisting motions, such as
concussions. It depends on two key factors: the object's mass and how that mass
is distributed about the axis of rotation. Put simply: The more mass an object has,
and the further away that mass is from the axis, the more difficult it is to start or
stop its rotation. This results in a higher moment of inertia. For example, it's easier
to swing a hammer when you hold it closer to the head than at the end of the
handle. That’s because at the head, the mass is distributed closer to the axis of

rotation, reducing its moment of inertia.

PERMANENT VS. NON-PERMANENT INJURY - ASCIs and Cat-TBIs are broadly
grouped into ‘non-permanent’ outcomes (near misses/fully recovered) and

‘opermanent’ outcomes (with residual disability, including fatalities).

PROPENSITY - Propensity is the rate or frequency of an event, like a head injury,
high tackle, or penalty, based on a standardised number of similar events, e.g.
tackles of the same kind. This helps compare risk or occurrence across different
players, positions, teams, tournaments, or matches. So, "propensity per 1000
tackles” would be a statistical measure used in rugby to describe how often a
specific event occurs relative to every 1,000 tackles made of a similar kind, for
example, there are 1.4 HIAs performed for every 1,000 upright tackles made. This

can also be expressed as 1 HIA performed in every 88 upright tackles.
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SAFE ZONE - The GREEN zone on the body of the ball carrier where the tackler
makes contact and where both the tackler and ball carrier interactions pose the
lowest risk of concussions to both players during the tackle contest. This zone

stretches between the mid-thigh and the base of the sternum of the ball carrier.

PLAYER WELFARE
CONSIDERATIONS

RED
ZONE

* Highest danger
*+ Head-on-head and
head-on-shoulder

]

GREEN
ZONE

« Lowest danger
« Tackler head to Ball Carrier
torso/upper body

ORANGE
ZONE

* Medium danger
« Head-on-knee highest risk
* Head-to-hip and head

to upper leg are low risk
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SERIOUS INJURY CASE MANAGER OR SICM - The BokSmart Serious Injury Case
Manager or SICM strategically sits as the Injured Player Welfare Officer or IPWO at
the Chris Burger Petro Jackson Players’ Fund. The SICM is responsible for assisting
with the follow-up management of catastrophic rugby-related injuries and
collecting data on these cases. The SICM also serves as a direct link to the Chris
Burger Petro Jackson Players’' Fund, which provides support to rugby players who

sustain catastrophic injuries.

SIDE-ON TACKLE - A side-on tackle in rugby is when the tackler approaches the
ball carrier from an angle, usually from the side, rather than front-on or from
behind. In this situation, the ball carrier is typically running across or slightly away
from the tackler's path, and the tackler comes in at a diagonal or lateral angle.
Key features of a side-on tackle:
1 The tackler makes contact with the ball carrier from the side, often
targeting the hips, thighs, or midsection.
1 The tackler usually wraps their arms around the waist or legs and drives
through with their shoulder.
1 It often allows for better visibility and control compared to a front-on tackle.
1 It can be a safer position for both players when performed with good
technique, as it reduces the chance of head-on collisions.
1 Tacklers must aim to get their heads behind the ball carrier to mitigate the
risk to their heads and necks.
Side-on tackles are common in open play when a defender is tracking across the

field or covering a line break.
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STERNUM HEIGHT - The sternum is a flat bone in the centre of the chest. The base
of the sternum height refers to the lower end of the sternum (breastbone), which
sits at the bottom of the chest, just above the upper belly. The base of the sternum
height in rugby serves as a safe, recommended tackle target zone, helping players

avoid high contact and promoting safer rugby tackles.

,‘,»
THE \
STERNUM
Guards vital thoracic
organs, including

the heart, lungs
and esophagus.

BASE OF THE STERNUM

SUBTHRESHOLD IMPACTS - Subthreshold head impacts are blows or forces to
the head (or body, causing head movement) that are not strong enough to cause
visible signs of concussion or reach the clinical threshold for diagnosis, but still
result in head acceleration and brain movement or brain strain. Subthreshold
head impacts are important because accumulated exposure may affect brain

health, even without any single, noticeable injury.
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TACKLE-HEIGHT:
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1 High Tackle-Height - The RED zone from the top of the chest and above is
considered a High Tackle-Height.

1 Middle Tackle-Height - The GREEN zone between the top of the chest down
to the level of the hip and pelvis is considered a Middle Tackle-Height.

1 Low Tackle-Height - The ORANGE zone from the level of the hip and pelvis
and below is considered a Low Tackle-Height.

1 Diving/Falling Tackler - A tackler who makes a Low Tackle-Height tackle
but does so by diving off their feet and/or falling towards the ground in doing

SO.
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TACKLER - A tackler in rugby is the player who brings the ball carrier to the

ground by making physical contact, using their arms and body to stop the

opponent’s progress.

Key points about the tackler:

il

il

They must use their arms in the tackle — shoulder-only contact without
wrapping is illegal.

Once the tackle is made and the ball carrier is on the ground, the tackler must
release the player and roll away or get to their feet before contesting for
the ball.

A tackler can be the only person involved, or part of a group effort (though
only the first to make contact and bring the player down is the official

tackler).

Good tackling technique involves:

|l
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Low body position

Shoulders above hips and angled upwards

Targeting the ‘safe zone’

Head up and forward and to the side of the ball carrier (not in front)
Driving with the legs after contact

Wrapping the arms securely and pulling in the ball carrier

The tackler’s role is key in both stopping attacking momentum and potentially

creating turnover opportunities.
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TACKLER CONTACT POINT ON THE BALL CARRIER - The tackler contact point

on the ball carrier refers to the specific area of the ball carrier’'s body where the

tackler makes initial physical contact during a tackle.

TECHNICAL CAPACITY (TACKLER EXAMPLE) - ‘Tackler’ technical capacity refers

to a player’s ability to consistently perform tackles with correct technique, control,

and effectiveness. It involves the physical and technical skills needed to execute

safe, legal, and efficient tackles under various conditions.

Key elements of tackle technical capacity include:

|l

Body positioning - maintaining a low, balanced stance with proper
alignment

Timing and decision-making - choosing the right moment to engage in
making the tackle

Target accuracy - aiming for the legal and effective tackle zone (e.g., mid-
torso)

Footwork and approach speed - closing space safely and under control
Grip and follow-through - wrapping and finishing the tackle properly
Fitness - The ability to manage fatigue improves a tacklers ability to focus

and execute correct and accurate tackles more regularly and effectively.

Developing strong tackle technical capacity not only improves defensive

performance but also reduces the risk of injury for both the tackler and the ball

carrier.
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Participating in sports offers numerous holistic benefits, whether social, physical, or
psychological. Due to the physical, dynamic, and contact-collision nature of Rugby
Union, the sport has a higher risk of injury [1][2]. There is also a risk, albeit very rare,
of catastrophic injury [31[41[5]1[6]1[7]. Catastrophic acute spinal cord- (ASCI) and -
traumatic brain injuries (Cat-TBI) are uncommon but are undoubtedly the most
devastating injuries that can occur because of playing rugby [31[81[9]1[10]. Few of
those who sustain Cat-TBI or ASCI come out completely unscathed. Not all have
complete recoveries, many have long-term disabilities, not everyone can return to
work, and several have shortened lifespans, regardless of their outcomes [5]. These
traumatic injuries, which usually result from direct contact [5], have unfortunately
always been part of a range of sports (diving, trampolining, equestrian sports), and
also the game of rugby [91[111[121[13]1[14]. Over the last few decades, in rugby, these
injuries have been given the respect they were due with the emergence of rugby
safety initiatives such as the BokSmart programme in South Africa [15] [16],
RugbySmart in New Zealand [17], Smart Rugby in Australia [18], Rugby Safe in the
United Kingdom [19], Rugby Seguro in Argentina [20], and World Rugby’s Rugby
Ready [21]. Programmes of this nature have been successful in reducing
catastrophic head, neck, and spinal injury numbers [22]1[111[23]. While extremely
rare, because of the huge consequences to the individual, their local community
and family support-base [5]1[6]1[8]1[9]1[24], it must therefore never be deemed
acceptable that someone ends up catastrophically injured or passes away because
of playing this wonderful game [25][26]. One of these injury events is simply one

too many.

Contact-collision sports contribute to around 45% of youth sport-related traumatic
brain injuries in the United States, and around 10% of all sports athletes sustain a
concussion annually [27]. Concussion is the most common injury reported in
professional rugby union matches [28]. Recently, contact sports have again come
into the spotlight, but for different reasons. There has been an enormous amount
of attention placed on acute and accumulated head trauma in contact-collision

sports such as rugby [24].
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In addition to this, rugby players accumulate multiple subthreshold impacts to their
heads and necks throughout their playing careers, either directly or indirectly,
which often do not manifest in symptoms. Consequently, an accelerated decline in
brain function with ageing, potential adverse neurological effects, and possible
long-term sequelae have been associated with playing rugby [29][30]. A direct
causal link to head contacts alone is yet to be established, however, the individual,
family and public health burden of the one to two permanent catastrophic
traumatic brain injuries (Cat-TBI) and several acute spinal cord injuries (ASCI) that
have been recorded yearly in South African Rugby Union, provide enough

‘evidence’ that something more needs to be done about the tackle contest.

No game is without some level of risk. Still, concussions, catastrophic traumatic
brain injuries (Cat-TBI), and -acute spinal cord injuries (ASCI), are the three biggest
threats to players and the game of rugby and therefore require further, deeper
consideration for a better understanding of the real-world risks to these players. A
better understanding of these injuries and their patterns is critical to guiding

prevention efforts [5].

The tackle contest is the highest injury-causing contact event in rugby and has the
highest incidence of injuries [31][2]. A hot topic of debate in the tackle, which has
recently resurfaced and gained huge traction, is the concept of changing the
existing legal tackle-height to limit the risk of head-to-head contact and
concussions. There has been a resurgent drive to lower the tackle-height, a
conversation that has been around since the 1970’s [32]1[14], albeit that during those
earlier days, this was largely around the increasing number of permanent
catastrophic spinal cord injuries related to high tackles rather than a focus on

concussion [13][14].

The average number of match tackles (tackled and tackling) ranges between 114
and 270 per match, which can lead to substantial inertial loading of both the head
and neck over a player’s rugby career [33]. For more context on player-specific
exposure to tackles and ball carries, Burger et al. [2] provide a succinct synthesis
of tackle-related injury prevention and performance research, which also highlights
key tackle-frequencies, injury rates, tackle rates, risk factors, and performance

measures.
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A FOCUS ON REDUCING HIAs (HEAD INJURY ASSESSMENTS) AND
CONCUSSIONS

Newer research, largely driven by World Rugby and several tertiary education
institutions [30][32]1[341[35]1[36]1[371[28][381[39], has largely focused on better
understanding, defining, and monitoring concussions. In the professional game, the
HIA (Head Injury Assessment), has evolved from such research. The HIA is a
sequence of clinical evaluations used by healthcare professionals to diagnose a
concussion. The scientific evidence following review of the HIA outcomes has
identified a few central issues that need to be addressed if one wants to minimise
the risk of sustaining unnecessary head contact, subthreshold blows to the head,
concussions, or, from our data, potentially Cat-TBI. The overriding impression is that
there is an express need to lower the legal tackle-height and to remove the tackler
and ball carrier from situations where these two role players share head space in
contact [40].

To address those components of the game that are available for intervention, the
focus over the last decade has been on penalising and sanctioning head contacts.
There have been great initiatives such as the High Tackle Sanction Framework
(HTSF) and the currently utilised Head Contact Process (HCP) [36][41]. These
interventions have increased the sanctions, i.e., penalties, yellow cards, and red
cards issued, regarding dangerous high tackles, shoulder charges, and cleanouts.
The 2019 Rugby World Cup showcased 74% and 138% increases in Yellow and Red

Cards, respectively, and lowered tackle-concussion rates by 37% [36].

These procedures have significantly improved decision-making compared to what
was historically available to referees to base their decisions on before these
interventions. Both processes provide an open and systematic approach to
reviewing and deciding on the appropriate penalty or sanction, using specific
decision-making matrices. For this, however, to drive effective behaviour change,
the sanctions, especially for the high-risk, more dangerous, illegal acts, must be
harsh, and Yellow- and Red Cards must be used more frequently [36]. Red Cards
and Yellow cards are still important deterrents but affect only a few high-risk
elements [41]. It has nonetheless been shown that Red Card tackle-events are 271.5

times more likely to cause a concussion than legal tackles[41].
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Most of the concussion risk in foul play events, however, lies with the ball carriers,
whose risk is 133.7 times higher, compared to tacklers, who are 28.5 times higher,
respectively, in a sanctioned high tackle event [41]. It must also then be
acknowledged that practically, these in-game high-tackle penalties might have
failed to change overall player tackle-behaviour sufficiently [39] for the simple
reason that these sanctions are applied infrequently and because there are levels
of leniency built into the system with sanction-lowering, mitigation considerations

[41], as well as Law amendments such as the 20-minute Red Card trial.

As a result of cards and heightened implementation of the dangerous tackle laws,
dangerous tackles and cleanouts already happen less frequently in the game
[42][35], and the consequences and impact of punitive cards are therefore felt less
by the players, coaching teams, and management. Even though the impact of these
sanctions is perceived to be quite substantial at the time and a lot is said about
them, due to their infrequent occurrence, they don’t appear to have as positive an
influence on changing the overall tackle behaviour and risk that one might expect.
Players’ actions across all levels of the game still regularly result in heads sharing
the same airspace in contact and tackle-behaviour might not have changed enough
to sufficiently alleviate the risk of dangerous head contacts or spinal injuries. For
wholesale behaviour change to take place in players, a larger shift in the game’s

laws may need to be considered.

The most recent initiative, in the community game, aimed at reducing the risk of
sharing head space and therefore the propensity for head contact, is to lower the
legal tackle-height. Tackles made above sternum height increase the chances of
needing an HIA substantially in both tacklers and ball carriers [41]. Referee-
determined high tackles are roughly 36.5 times more likely to lead to a concussion.
Head-to-head contact, head-to-ground contact, and head-to-knee contact in the
tackle has a 39.9-, 21.8-, and 20.3-times greater risk of concussion than any of the
other head-contact locations on the ball carrier’s body, more commonly the trunk
or torso; 70% of these concussions are to the tackler [35]. It is also the tackler who

receives more head injuries and concussions than the ball carrier [43][35][36].
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Tacklers at all tackle-heights and with their heads more commonly placed near the
ball carriers, are at greater risk of making head contact with some part of the ball
carrier’'s body during the tackle-contest [41]. Lowering the legal tackle-height is
aimed at decreasing head-on-head contact, especially during front-on tackles [34],
thereby lowering head injury risk for both tacklers and ball carriers. This tackle-
height change is potentially the next evolution in the game when it comes to safety,

while not altering the fabric of the game of which the tackle forms an integral part.

By driving tackles towards the more frequently occurring ‘lower concussion-risk’
areas, such as the middle-height trunk or torso tackles [32], one can potentially
have a greater influence on improving contact safety, as head-to-head contacts and
concussive events will happen less often. Nevertheless, these ‘lower’ or ‘moderate’
risk contact areas, even with lower propensities for head contact, can still
contribute to absolute concussion and head contact numbers, simply by their
higher frequency of occurrence in the game. Since these higher frequency events
can still increase the physical number of concussions and head contacts recorded,
there is a need to intervene here and address tackles at these lower risk areas too
[35]. Again, this is where changing the legal tackle-height addresses the risk of
head-on-head contact, but correct tackle technique, head position, and head
placement [43], become even more critical for improved safety at these lowered

tackle-heights.

WHAT ABOUT CATASTROPHIC HEAD, NECK, AND SPINE INJURIES?

There is no doubt that concussions and the tackle are key injury prevention
priorities at all levels of the game of rugby right now [44]. However, something that
needs more consideration is the unintended consequences that might arise due to
lowering the legal tackle-height. The tackle is also a leading threat for acute cervical
spinal cord injuries or ASCI [10][24]. Different to the concussion prevention
argument, traumatic spinal injuries, although rare, present a much larger challenge
due to their potential for permanent life-long consequences and physical

complications [27].

The literature focusing on lowered tackle-heights, does not discuss the potential
effect on catastrophic head, neck, and spine injuries because of the lowered tackle-

height and its altered influence on the tackle contest [1]. By lowering the legal
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tackle-height, more tackles will theoretically be made in the mid- to lower-torso
regions, but if pushed downwards even further, it would lead to more tackle events
with head and/or neck making contact more frequently with the hip, upper leg,
knees, and lower limbs. It has previously also been noted that tacklers are at higher

risk for catastrophic injury, when tackling too low [11].

Where catastrophic injuries used to be more prevalent in the scrum, following law
changes governing scrum engagement, this has now shifted towards more
originating from the tackle-contest [11]. So, as much as we talk about concussions
and head contacts, one must contemplate the potential outcomes of badly
executed tackles and ball carries on catastrophic head, neck, and spine injuries.
Historically, in South African Rugby, albeit in small numbers, Cat-TBI have mostly
been permanent and fatal, and those where the spinal cord is involved, provide

mixed outcomes, for both tacklers and ball carriers.

Rugby’s governing bodies, including the South African Rugby Union, have || GGz
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heights.
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