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1 Saint Vincent and the Grenadines Rugby Union
At its recent Annual General Meeting, the following were elected or appointed
to posts of responsibility:

Jacqueline De Freitas President
Kelly Glass Vice President
John Townend Vice President
Donette Davis Secretary
Kevin Bailley Treasurer
Anthony Joseph Club Captain
Phillip Alvis Head Coach

My best wishes to all for a successful 2006.

2 Biomechanics
This week an article by Doug McClymont which has been sent to me by Lee
Smith.

Best wishes to all.

Tom Jones
Regional Development Manager
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Basic Principles of Biomechanics
Applied to Rugby

Doug McClymont
Christchurch College of Education
July 2005

Biomechanical Principles

Most of these Biomechanical Principles can be applied in almost every facet of the
rugby game. Each is presented with some examples but coaches are encouraged to
find other applications.

1. Apply forces in the direction in which you want the object to travel .

This is self-explanatory really, but often we fail to do this well with the result that things
do not actually move exactly as we would wish.

Line-out Throw: The player must position the body, and apply the propulsive forces, in
precisely the required direction of the throw. To do this the body must be stable and not
change position during the throw and the arms and hands must be aligned so that they
complete the application of force on the required line. By placing the hands on the ball
at different positions one elbow tends to be wider than the other, and so there must be a



conscious effort to keep the wide elbow in, to ensure the correct direction right through
the throw.

Jump/Lift: By standing close to the jumper the primary lifter is better able to apply the
lifting force straight up. While the real cause of off-line lifting may also be a balance
problem, the forces are more easily applied in the correct direction when standing close
to the lifted player.

Tackle: The player must position the body, and apply the propulsive forces, in precisely
the direction to achieve the best result. When approaching contact the tackler should
determine the line or point of rotation of the ball carrier and ensure that the impact is
made in the optimum direction. This requires that the tackler keeps his/her eyes open
until impact! (Further information on “optimum direction” later.)

Scrum: “Spine in Line”. The body position should be such that forces applied to the
ground through the legs are transferred directly through the required contact point of the
shoulders. Our body shape in the scrum makes this difficult but when the hips are
above (or in the worst case,

below), the line between the

feet and the shoulders then

some of the force will be

used in resisting the

“buckling” effect. This

application is more

important in positioning the

knees in relation to the line

of force. The push is most

effective when the line

between the ground contact

and the shoulders, passes

close to the midpoint of the

knee.

Scrum: Inefficient binding in the scrum can lead to the forces of each player being
applied as two separate entities, and perhaps in slightly different directions, rather than
as the combined application of force in the required direction. (Efficient binding requires
that there must be tension in the arms to hold the two bodies together.)

Pass: The force is applied to the ball in the direction it must travel to reach the intended
destination/receiver. That seems obvious, but a well directed pass begins with the
correct alignment of the body as well as with the follow through. (see concept 5).

Jump: The force is applied by the legs into the ground, but the position of the hips and
shoulders above the feet determines the effect of the force. If the hips and shoulders
are ahead of the feet then the player will jump forward; if they are behind, the player will
tend to jump back.



2. Position the body to best produce ground reaction f orces.

In principle this means both feet on the ground, but importantly also refers to the body
position of the player when producing these forces. To maximise the effect of the
ground reaction force the centre of mass of the body should be in line with the direction
of the force. When massive forces are not required — passing, throwing a ball — this is
not as essential.

Line-out Throw: Regardless of the choice of foot position, both feet must remain on the
ground until after the ball has left the hands.

Jumpl/Lift: The lifters are better able to apply optimal forces from a position close to the
jumper.

Tackle: Two feet on the ground and close to the tackled player, maximises the
application of force.

Scrum: Two feet on the ground maximises the application of force. Body position
maximises the effect.

Pass: If the pass is to be long then both feet should be in contact with the ground.



3. Generate the necessary ground reaction forces by ut  ilising the large
muscles of the body and the principles of counter-m ovement.

All force application starts with the large muscles of the body, usually around the hips,
and continues through a sequence (Principle 4). To maximise the effect of the force
begin with a small counter-movement.

Line-out Throw: Whatever foot configuration is adopted, the initial motion is made by the
larger segments/muscle of the body, followed in sequence by the smaller segments.
(The throw starts with the ground contact moving the hips forward, followed by the
chest, shoulders, arms and hands/fingers.)

Jump: The jumper begins the jumping action by dropping slightly and swinging the arms
before using the major muscles of the legs. The swing action of the arms increases the
force applied to the ground, and the slight drop utilises one of the major speed
characteristics of muscles. It is not necessary to crouch low, rather a short fast step into
the jump in conjunction with the arm swing.

Lift: The lifter starts from a semi crouched position — or may to choose to take a short
step - but begins the lift with a quick down-up movement followed by legs and arms
together. As the movement continues the lifter drops slightly to get the arms straight
then completes the movement with the large leg muscles.

Tackle: In applying force to another player use the whole body driven by the legs
against the ground, in preference to just the arms.

Scrum: In applying force use the legs in preference to the arms. For maximum effect
begin with a very quick counter-movement. (the same down-up, or counter-movement
referred to above.)

Pass: Begin the action of the long pass with the legs, and utilise a short backswing.

Note: while the backswing or counter-movement adds to the force, it also provides a
cue to the opposition that the athlete is about to apply force to the ball or another player.
In some cases — line-out throw - it may be more beneficial to dispense with the
backswing to hide the intention. The backswing also takes time, which may not always
be available — e.g. clearing pass from base of ruck/scrum — in which case the
backswing may be incorporated in the set-up for the pass with the passer stepping in
the direction of the pass and leaving the hands/ball behind to get the stretch or counter-
movement effect.



4. To produce a large speed of release use a large num  ber of joints in a
sequence from large (mass) to small

Line-out Throw: This relates to concept 2 and refers to the need to generate great
speed on the ball. If the ball is to be thrown a long way — e.g. beyond the back of the
line-out - then the whole body must be used.

Pass: In the modern game the pass is made from any number of positions. A long pass
requires a great speed of release so whatever the leg action used the force must be
applied to the ball right through to the fingers.

Note: The concept is not entirely appropriate in the tackle or scrum context.



5. Choose an appropriate combination of force and time to produce the
desired change in motion. (Impulse)

When a maximum force is required it will be more effective if applied through a full
range of motion. In a throw/pass this is “follow through” and increases the time over
which the force is applied and helps with accuracy. On occasions this concept is not
fully applicable as a final full extension position is not as strong as required. (scrum
example below).

Line-out Throw: Complete the throw through a full range of motion and point the fingers
toward the target at completion. This increases the release velocity of the ball and the
follow through ensures that direction is maintained.

Jump: Ensure that the force is applied through the full range of all three joints, hip, knee
and ankle.

Lift: Ensure that the combination of arm and leg lift is one continuous motion through the
full range of the movement, without any pauses.

Tackle: Continue to drive through a full range of motion at contact to maximise the effect
of the tackle or clean-out.

Scrum: To apply force for a longer period of time it may be necessary to adopt a
staggered stance, to apply two single leg forces in sequence, bring both feet together to
maximise the force required to resist the opposition.

Pass: For the long pass continue the passing action through a full range of motion.



6. Reduce impact forces by changing the motion over a long period of
time .

This concept is the reverse application of concept 5 and applies when external forces
are being applied to the player. By increasing the time over which the impact is applied,
- as in catching a high ball and slowing it down as it is pulled into the chest — the forces
applied to the body are reduced.

Tackle: The force of impact on the tackler may be reduced by allowing the impact of the
ball carrier to drive the tackler back as the two players fall, absorbing the impact. This is
a basic injury protection mechanism but must be traded off against the loss of field
position. (If it is important to stop the ball carrier where he is, or even drive him back,
then the forces on the tackler will be greater. Conversely allowing the ball carrier to
continue forward falling into the tackle he may be isolated in the following ruck
situation.)

Pass/catch: Bring the ball into the body as contact is made. (while this is obvious in
games like cricket the rugby ball is quite light and is rarely moving with great speed. On
many occasions the ball may be caught just in the hands.)

Landings: On occasion a rugby player may land from a height without the presence of
other players to absorb the forces of the fall. In this case the forces at landing should be
absorbed by bending the knees as contact is made with the ground.

Assisted landings: In the line-out or at kick-off when a player has been lifted the
catchers should also assist with the landing. Don't drop the player.

Scrum: In this case it is rare that any ground should be willingly given!



7. Select an appropriate speed of release, angle of re  lease, and relative
height of release to produce the desired result.

The trajectory of any object moving through the air is determined by three
characteristics.

a. Relative height of release, which refers to the difference between the height
of take-off and the height of landing and is not often utilised in rugby, as the
field is flat.

b. Angle of release, which determines the precise combination of height and
length of the trajectory.

C. Speed of release — how fast the object is travelling as it is released.

Line-out Throw: The thrower learns to select the appropriate combination by practising
at various distances with various heights to be cleared on the way.

Pass: If the ball is to travel a great distance then it must go higher, and faster, in an
appropriate combination of these two.

Kick: If the ball is to travel a specific distance — to allow another player to be there when
it lands - then the combination of angle and speed must be an appropriate combination.

Tackle and Scrum: Not entirely appropriate in this context.
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8a.  Stability is increased by increasing the area of th e base of support
and lowering the centre of gravity.

Line-out Lift:

a. While the base of support may be widened to provide increased stability by
the two lifters standing further apart, the increased stability must be traded off
against principles 1 and 2. With a wide base in the line of the line-out the
three player combination may be more stable but the lifters are unable to
apply maximum force in an upward direction, so increased stability is traded
off against maximum height.

b. The base of support, and stability, may also be increased by the lifters
standing with legs wide apart but the increased stability this time must be
traded off against the ability of the lifter to shift his feet to accommodate any
unexpected movement of the man in the air. Reality is that when the lifted
player is in the air it is common for the lifter to have to shift his feet to maintain
balance and this is difficult if feet are wide apart.

Clean-out: The base of support of the cleaner may be widened to provide side-to-side
stability, and weight on the hands/elbows while retrieving the ball provides stability in
the forward/backward direction.

Scrum: Stability in the scrum is enhanced by having feet apart to resist eccentric forces,
but not too wide as this reduces effective force application.

Pass: For the long pass stepping into a wide feet-apart stance will maximise the force
applied to the ball. (includes elements of concept 10).

Line-out Throw: there is no reference to this concept in this context.

8b.  Stability in contact is enhanced by moving the cent re of gravity
towards an expected perturbing force

The player can shift weight toward the expected contact to reduce the disruptive effect
of the contact.

Clean-out: By shifting the weight forward, leaning on the hands/elbows, the cleaner may
better resist the force of an opposing player approaching from the front.

Tackle: In anticipation of being tackled high the attacking player may move his balance
forward to reduce the effectiveness of the contact. The tackier, in anticipation of the
contact, may move his balance forward to increase the effectiveness of the contact.

Scrum: In preparing to engage, the scrum may be off-balance in the direction of the
expected contact. This facilitates a faster movement and greater application of force at
contact.
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9. To produce rotation, apply the force away from the axis of rotation .

The axis/line about which a player rotates depends on whether he/she is on the ground
or in the air. In contact with the ground or another player he/she rotates about the point
of contact. Like the ball, a player free in the air rotates about the centre of mass of the
body/ball. To cause that rotation force must be applied away from the axis of rotation.

Line-out Throw: To spin the ball there must be an “off-centre” force applied. Hand
position on the ball with one on each side and one further back facilitates this.

Lift: If there is an eccentric (off centre) force applied during the lift there will be
unwanted rotation and the lifted player my fall. The force must be applied through the
centre of mass of the jumper. This implies that both lifters are applying a similar force at
the same time, or the lifted player is leaning toward the initial lift.

Tackle: An eccentric (off centre) force applied in the tackle will cause rotation. The
further that force is applied from the axis of rotation the greater the turning effect. If the
tackled player is in contact with the ground and is tackled at the midriff he will rotate
about the point of contact. If however there is some vertical force in the contact he will
be lifted off the ground and will then rotate about the point of contact. Players in the air
rotate much faster than when attached to the ground. Care must be taken by the tackler
not to rotate the tackled player too vigorously and create a “spear” tackle situation.

Scrum: Any force applied “off-line” will cause rotation. The scrum may be screwed if the
total force is applied in this manner.

Pass: To spin the ball there must be an “off-centre” force applied. Hand position on the
ball facilitates this.

Jump: If the line of force is directly
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Appendix A
Tension

The human body is made up of a number of segments, bone connected to bone at
joints, with contraction muscle providing the forces that generate motion at the joints. All
human motion is generated in this manner and from the day a small child begins to
move under it's own power the jointed human system learns to use muscle tension
across the joints to stabilise the body segments in resistance to the forces that tend to
disrupt motion. The major disrupting force in the first instance is gravity and the child
soon learns to maintain sufficient tension across the appropriate joints to walk and run
efficiently. As more advanced locomotor skills are learned, the learner is exposed to the
requirements of more complex motion, and learns to use muscular tension across the
joints to maintain integrity of the whole body unit in the particular advanced skills
environment.

Young gymnasts learn that to maintain and control body position while performing basic
balance activity it is necessary to maintain tension across the joints. They learn that to
perform handsprings and cartwheels and similar activity it is necessary to maintain full
extension at the joints to enable the body to respond to reaction forces at take-off and
landing, and maintain body position in the air during flight. Similarly skaters, dancers,
divers, and trampolinists learn that to keep the joints extended at take-off and landings,
and to maintain tension during the movements between, is the major component not
only of form, but of control of the movement.

The thrower/jumper in athletics learns that the one essential feature of all of the events
in the field is to maintain tension in the whole body while applying force to the projectile
being launched, whether it be a discus, or the human body. Like the gymnast, the pole
vaulter learns to store energy in the apparatus by maintaining tension during the storage
phase, then again in the rockback and flight phase to ensure the full return of the stored
energy. If the body is allowed to behave as a series of floppy segments at any stage the
performance founders.

At the other end of the sports skill scale the billiards player adopts a stance with feet in
line and buttocks pushed back, with back straight and forearm vertical below the elbow,
and plays the shot with conscious attention to the maintenance of tension in each of the
joints involved in the action.

In effect the athlete in every one of these activities learns that for the body to act as an
efficient unit there must be stability, and transfer of forces through the body utilising
tension at the joints during the activity. The body must maintain its integrity as a single
unit. Beginners and inefficient performers often have not learned this basic principle and
allow the body to behave rather as a series of independent segments, with disastrous
results.
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The very same principles apply in rugby. When the player learns to tackle he learns to
maximise the application of force to the opposition by maintaining tension in the body
during the activity. During the scrum or ruck or maul the player learns to apply force to
the opposition in the most efficient direction and through the most efficient joint angles,
while using tension to maintain body shape and integrity during the process. Similarly
the line-out jumper maintains his body position at peak flight, and his lifters their
stability, by using tension across the joints to resist disruptive forces and maintain
accuracy.

These examples may seem obvious, but in moving from the gymnast in flight using
tension across all of the joints of the body to maintain body integrity, to the rugby player
placing his hands in exactly the right position at the right time, we have made the point
that whether the activity be whole body motion, or a simple accuracy task, there is
always present tension across the joints at every joint in the body.
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Tension*

During the throwing action it is essential that the ball maintain its orientation, and that
the line of force application remains as aimed. Players may learn to maintain stability
and direction of the force by consciously using the principles of tension as follows:

Whatever stance is used stability is maximised by keeping both feet on the
ground and consciously using the muscles of the central pillar (abdomen) with
the intention of keeping the hips “facing the front.” This will minimise rotation
about the long axis of the body.

Position of the ball during the pull back behind the head after aiming may be
maintained by “pulling in” the elbow of the dominant hand to stop that hand going
too far back. The coach may readily observe this as even/uneven elbow
separation.

Line of force is determined firstly by the contraction of muscles in the legs as the
throw is initiated, then the central pillar as it continues. Hips “facing the front” is
the important aspect. Care must be taken that there is little or no hip flexion
during the release action.

Final line of force of the throw is maintained by the use of tension in the hands
and wrists as the ball is projected into the air.

* see Appendix A



