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Power

Power is the rate at which mechanical work can be performed or the rate at which
energy is expended in a physical process. It is a measure of how much energy is
created in each second that passes, the size of the force applied and the velocity
at which it is applied. Power {(Force x Distance) / Time} represents the product
of strength and speed of movement, expressed in watts or joules per second.

Power is a measure of force being applied at speed and therefore is a fitting
commodity in the majority of sports requiring fast dynamic movements such as
sprinting, jumping, throwing, weightlifting and most field sports.

Overview of the articles
� John Shepherd in his article ‘Add power to your punch with plyometric

exercise’ explains how to plan appropriate plyometric exercises into your
annual training program

� Stephen Garland explains how to make your muscles more fatigue-
resistant in his article ‘How to increase speed and power by recruiting more
fast-twitch muscle fibres’

� Raphael Brandon in his article ‘Strength or power: which matters most for
peak athletic performance?’ explains the benefits of quality versus quantity
in weight training

� Brian Mackenzie provides an example of a power test that can be used to
monitor the explosive power of your legs in his article ‘The Jumps
Decathlon’.

The articles in this section are applicable to most sports.
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Add power to your punch with plyometric exercise

Do you ever look in awe at top sprinters and realise just how fast they are
running? Maurice Green (USA) would get a speeding ticket in built-up areas!
And what about the slam-dunk in basketball? How on earth do players like Kobe
Bryant leave planet earth and attain such height? And what of Matthew Pinsent
and James Cracknell? Unbridled, these rowers would seem to be able to tear
their boat apart! Wherever you look in the world of top-class sport, power
counts; and one of the best ways of developing this most precious commodity is
through plyometric training.

Plyometric exercises are based on the understanding that a concentric
(shortening) muscular contraction is much stronger if it immediately follows an
eccentric (lengthening) contraction of the same muscle. It is a bit like stretching
out a coiled spring to its fullest extent and then letting it go: immense levels of
energy are released in a split second as the spring recoils. Plyometric exercises
develop this recoil or, more technically, the stretch/reflex capacity in a muscle.
With regular exposure to this training stimulus, muscle fibre should be able to
store more elastic energy and transfer more quickly and powerfully from the
eccentric to the concentric phase.

Unlike traditional weight training, plyometric drills can closely mimic both the
movement pattern and the speed of execution of actual sports performance.
While a sprinter’s foot may be in contact with the ground for just 0.084 seconds,
and even running at a moderate pace can result in a foot strike time of 0.2
seconds, most standard weight-training lifts, performed at their quickest, take 0.5
to 0.7 seconds to complete. A plyometric drill will match runners’ ground
contact times, while at the same time generating a significant amount of force.

One piece of Soviet research showed that under certain conditions athletes could
display brief (in the range of 0.037 to 0.067 seconds) plyometrically induced
muscular tensions equivalent to 1,500 to 3,500kg, although it should be noted
that this example was probably based on eccentric (drop and hold depth jumps
from a great height) rather than the more familiar types of plyometric drills, of
which more later. So you can see why weight training for sport can be limiting
when it comes to specific training transference and why plyometrics is a great
way to address power needs.

To get the best out of plyometrics you should ensure adequate pre-conditioning.
Some authorities recommend that an athlete should be able to half squat at least
1.5 times their body weight before embarking on a plyometric program, but this
may be an excessive requirement, particularly if an athlete is planning to embark
on a progressive plyometric conditioning program, beginning with low-intensity
drills before progressing to the more intense (see table 1, opposite). As with all ‘new’
training experiences, progress should be incremental.
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Despite my seemingly dismissive comments about weight training, it should not be
discounted as a means of generating specific sports-related power. Weight training
still has a vital role to play in terms of laying the foundations for greater power and
pre-conditioning an athlete for plyometrics. A larger and stronger muscle (built up
by weight training) will be able to generate greater force plyometrically, and
strengthened tendons and muscles will be less prone to strains and pulls. It is also
possible to combine weight training with plyometrics for a heightened fast twitch
muscle fibre response. When it comes to selecting the right plyometric moves, the
coach or athlete needs to consider the specifics of their sport, the athlete’s maturity,
level of pre-conditioning and ability to pick up what can be a complex skill. Single
leg moves are often more complex and more stressful than double leg moves.
Compare squat jumps to alternate leg bounding over 20 metres, with either a single
or double arm shift or a 15 metre run-on. The complexity and speed component of
the latter is significantly greater than the former. It is likely that a beginner, or even
a moderately conditioned individual, would not be able to perform even the first
bound without collapsing, let alone a series over 20 metres.

Plyometric drills ranked by intensity

Table 1

Type of plyometric move Examples Intensity

Standing-based jumps performed Tuck-jumps Low
on the spot Split-jumps

Squat-jumps

Jumps from standing Standing long jump Low-medium

Standing hop

Standing jump for height

Multiple jumps from standing 5 consecutive bounds Medium

2 x 6 bunny jumps

Double-footed jumps over 4 hurdles

Double-footed jumps up steps

Multiple jumps with run-up 3 x 2 hops and jump into sand pit with High
11 stride approach

2 x 10 bounds with a 7 stride run-up

Depth Jumping 2 x 6 jumps – down and up High
(Recommended drop height 40 to 100cm Run to hop off low box onto one leg
– the greater the height the greater the landing followed by three subsequent hops Very high
strength component, the lower the height,

Bounding uphill Very highthe greater the speed)

Eccentric drop and hold drills Hop and hold 5 times High

Bound/hop/bound/hop and hold over 30m
(To perform the above two examples the
athlete literally stops on each landing
before springing into the next move
where required.) High

Drop and hold from height above 1m Very high
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Always err on the side of caution when selecting your moves. Table 1 (p. 23) ranks
various plyometric lower limb drills in order of intensity. Those new to this type
of training should be sure to start with the low-intensity moves when
introducing plyometrics into their training program. You should wear well-
cushioned trainers and perform the drills on a yielding surface, such as a running
track or sprung floor.

Eccentric drop and hold jumps

These drills, although utilised in training and research from the 1960s onwards,
have not been as prevalent in training programs as the other drills referred to in
the table. Eccentric drills focus on the plant and absorption phase of a dynamic
movement and forsake the concentric phase in the stretch/reflex sequence. They
are advocated because of their huge force absorption potential and as a further
conditioner of the stretch/reflex.

Poor interpretation of the work done by Yuri Verhoshansky (the former Soviet
sports scientist, known as the ‘father’ of plyometric research) sometimes resulted
in subjects being asked to perform depth jumps (ie rebound on landing) from
very considerable heights (eg in excess of 3m) with obvious potential for injury.
(I myself was once asked to perform this form of eccentric training from a similar
height but refused on the grounds of sanity!) The height itself is a major fear
factor, let alone the landing!

However, if implemented sensibly and from lower heights, or in the form of
‘bound/hop and hold’ drills, eccentric power training can be an effective way of
further developing power. It is yet another way to overload muscles and thus
avoid stagnation, and maintain training progression in seasoned athletes. Both
coach and athlete need to be aware that eccentric training is likely to cause
muscular soreness even in the well-conditioned; but, as with other forms of
eccentric training, such as downhill running, one session may be all that is
needed to ‘inoculate’ the body against further soreness.

As with weight or endurance training, you can periodise your plyometric
training. Obviously the specific requirements of your sport and your competitive
aims for the forthcoming season need to be considered, but there are some
general guidelines for progression. The following recommendations are based
on the requirements of a power athlete with a single main competition period,
but occasional reference is made to the needs of endurance athletes.

Pre-season/early conditioning phase

Plyometric moves such as split squats, jump squats and straight leg jumps can all
be incorporated into a circuit. Normal circuit training protocols should be used
– ie high reps, short recoveries. At this stage of general conditioning they will
develop low-level power and general sports-specific movement pattern
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conditioning, as well as specific endurance. If you are an endurance athlete you
could continue this type of training beyond your pre-condition phase and
integrate it into your non-track/rowing/cycling sessions. Runners could also
incorporate plyometric drills into fartlek-type workouts.

Main power conditioning phase

Athletes who are sufficiently skilled should use drills from the medium-intensity
categories in Table 1 (p. 23) during this phase of training. Runners should progress
to single leg variants as these will have the greatest relevance to their sport. Do not
neglect lower leg drills such as straight leg jumps – where the athlete literally
‘bounces’ up and down on the spot. These will improve specific calf and Achilles
tendon power, leading to optimum foot-strike and force return when running.

Middle and long distance runners could incorporate bounding and hopping into
the warm-up stages of their track sessions; they could also carry out hill training
to develop running-specific power as well as maintaining plyometric drills
within their circuit training.

Pre-competition phase

During this period athletes should concentrate on quality plyometric drills that
replicate the speed and movement patterns of their chosen sport. Select drills
from the high-intensity examples in the table, but ensure quality and do not
allow fatigue to impair performance.

Competition phase

In power sports the activity itself will act as the prime conditioner: nothing beats
a competitive situation for optimum power expression. But in training, athletes
should perform high-quality plyometric drills in low numbers, well away (7 to
10 days) from important competitions. Endurance athletes could continue with
medium/high-quality drills as part of their warm ups or as part of their low-
intensity workouts.

Volume and intensity guidelines

The recommended volume of specific jumps in any one session will vary with
intensity and progression goals. For jumps on the spot or from standing, measure
the volume in terms of foot contacts. As a guide, a beginner in a single pre-season
workout could perform 60 to 100 foot contacts of low-intensity exercises.

The intermediate plyometrics exponent might be able to do 100 to 150 foot
contacts of low-intensity exercises in one workout and 100 of moderate-intensity
exercises in another, while an advanced exerciser might be capable of 150 to 200
foot contacts of low-to-moderate intensity exercises in a single session.
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Intensity is the key: the more dynamic the move and the greater the power
generated, the fewer foot contacts are required. As training phases progress,
maintaining quality is crucial and the number of foot contacts should be reduced,
as optimum power and speed need to govern performance. Bounding and hops
are best measured in terms of sets and repetitions, distance covered and whether
they are performed from a standing start or with a run-on. Verhoshansky
recommended incorporating a maximum of 5 to 10 bounds per set into a session,
with no more than 50 to 75 ground contacts. If a run-on is used, the number of
reps should be reduced.

For optimum sports-specific training effect performers should not allow
themselves to become fatigued. Rest between sets should be in the region of 1 to
2 minutes; successive depth jumps or drop jumps should be separated by
intervals of at least 15 to 30 seconds – or even longer if very intense multiple hops
and jumps routines are being performed. Such recovery intervals will allow the
stretch reflex mechanism to return to optimum capability.

In terms of number of sessions, 2 to 3 per week should suffice – but they should
not be performed on consecutive days or 7 to 10 days before important
competitions. Those new to this form of training may experience an initial decline
in their performance until they become accustomed to the training method.

John Shepherd

How to increase speed and power by recruiting
more fast-twitch muscle fibres

Slow and fast twitch muscle fibres are adapted, both structurally and
biomechanically, to enable them to perform specific functions. It is common
sense that athletes should want to enhance these adaptations, thus making their
muscles more fatigue-resistant (slow twitch type), or powerful (fast twitch).

It is often said that people are born with speed, whereas endurance can be
trained. To some extent this may be true, and the difficulty in training for speed
can only help to reinforce the belief. Nevertheless, real improvements in speed
are possible, and this article attempts to suggest ways to overcome some of the
training difficulties.

One problem with training fast-twitch motor units is that the units are
recruited in an orderly fashion. Imagine a muscle slowly developing tension.
As tension increases, units are recruited according to Henneman’s size
principle – those with the smallest-diameter motor neurones are recruited first,
and these tend to be slow-twitch (ST) fibres. As force increases, more and
more fast-twitch (FT) units are recruited. So fast-twitch fibres for such a

Power

Page 6



contraction are only recruited when the neural stimulus is high – at high
forces. For sub-maximal contractions, the muscle fibres that are not recruited
will thus most likely be FT.

Fast-twitch fibres are also, of course, recruited during high-velocity contractions.
But, similarly, only the absolute maximum velocity of contractions will guarantee
a maximal activation of the fastest fibres – the preference will always be to recruit
the ST first.

This is what is meant by the high threshold of FT motor units – they require a
large stimulation to be activated. The stimulation originates in the brain and is
transferred by motor neurones to the muscles. It appears that the best and,
perhaps, only strategy for speed training is therefore to train maximally (whether
that be force, speed, or a combination of the two), which puts a great burden on
the athlete’s body and mind.

Complex training

Complex training aims to reduce this high threshold of FT motor units by first
performing resistance exercises in order to ‘sensitise’ the FT fibres, and then
carrying out more sports-specific exercises (in terms of technique and speed)
such as sprinting or bounding.

In a recent study (1998), Trimble and Harp (4) asked 10 young male and female
subjects to perform a vigorous bout (80 activations at maximum intensity) of
prone concentric-eccentric (calf press). Before and after the exercise, while the
subjects were relaxed, the researchers electrically stimulated the nerves leading to
the gastrocnemius and soleus muscles, which led to a contraction. The electrical
activity of the muscles (which is known as the Hoffman or H-reflex) in response
to this stimulus was measured using electromyography.

The scientists found that, immediately following the exercise bout, for the same
electrical stimulation as before, there was less electrical activity of the
contracting muscle. That is, the muscle was less sensitive to stimulation – its
threshold had increased. This could be due to depletion of the nerve-to-muscle
chemical transmitter, because of the repeated contractions. However, a couple
of minutes later this H-reflex was enhanced in some cases – the phenomenon
known as post-exercise potentiation, which is not often seen for volitional
contractions. So here we have an intense exercise bout leading to an increase in
the ability of the muscle to contract forcefully – the principle on which complex
training is based.

Reducing the inhibition

But what might the mechanism be? In order to control muscle contractions,
perhaps in an effort to protect the muscle from damage, the nervous system is
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designed so that for every stimulatory nervous input causing a muscle to
contract, there is a corresponding inhibitory input. It is thus logical to suppose
that you can increase the force of a contraction either by increasing the
stimulatory input or by decreasing the inhibitory input. It has been shown in
other studies that the inhibitory input is reduced when an isometric contraction
is sustained. Similarly, Trimble and Harp suggest that their intense exercise bout
caused an increase in excitability of the muscle fibres due to the removal of this
inhibition. So rather than a muscular change, we thus have a neural change
which may lead to the ability to recruit and hence to train the high-threshold
muscle fibres. This may become a long-term effect – studies of other systems in
the brain such as memory demonstrate that these short-term charge effects
become long-term. If you can train your brain neurones to have a low threshold
for activation, why not motor units? In fact, the early strength gains seen in
previously untrained individuals before muscle-mass increases are usually
attributed to nerve rather than muscle-fibre adaptations.

Maximise strength, minimise mass

Weight (and hence strength) training is a necessary part of the speed athlete’s
development, as muscle needs to move quickly against a resistance. However,
another issue for the speed athlete is his power/weight ratio, so athletes should
maximise the strength gain while minimising mass gain. Hypertrophy due to an
increased content of contractile proteins is an obvious and necessary product of
resistance training. But it is often found that subjects cannot voluntarily activate
all of their motor units, so rather than developing more muscle, a sensible
strategy might be to activate these unused fibres, hence reducing the so-called
‘strength-deficit’.

A study by Burle and Werner (1) in 1984 tackles these issues as well as those
raised by Trimble and Harp (4). They compared three different strength-training
methods. The ‘Max’ group performed repeated maximal strength efforts by
lifting for 8 sets of 1 to 3 repetitions at >90% 1RM. The high forces required
will lead to maximal stimulation of nearly every muscle fibre, including the
high-power fast twitchers. The ‘Power’ group performed their movements as
rapidly as possible, with resistance at only 45% of 1RM, in 5 sets of 7 repetitions.
Again, this would lead to intense activation of the fast fibres for every
repetition. The third group, ‘Rep’, carried out a program which is perhaps
typical of body-builders – repeated efforts to failure, which usually means 3
sets of about 12 repetitions at 70% of 1RM. This session is based on the notion
that metabolic depletion causes hypertrophy, which is indeed exactly what
happens. After 12 weeks of training, all three groups showed a similar increase
in isometric maximal strength (about 20% increase), but the ‘Rep’ group
showed about twice as much of an increase in muscle cross-sectional area as
did the ‘Max’ and ‘Power’ groups.
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The researchers attributed this increase in strength in the ‘Max’ and ‘Power’
groups to an increase in the subjects’ ability to voluntarily stimulate fibres that
they already possess by increasing the number and frequency of discharging
motor neurones. We are seeing an adaptation of the nervous system here. An
increase in the ability to exploit previously difficult-to-recruit fibres may have
important implications when it comes to producing high-velocity movements,
because not only is there increased fibre recruitment but these newly-
recruitable fibres are likely to be high-power ones. The stimulation and
adaptation of the nervous system is the key to producing and improving speed
and power.

Do not neglect skill training

There is another aspect of muscle-fibre recruitment which needs to be borne in
mind when designing speed training protocols – speed training must be integrated
with skill training. Performance of highly technical and coordinated movements
requires fine control of the timing and levels of muscle recruitment. This can be
learned, producing a ‘motor-control program’ in the brain, which is the
‘memory’ of the movement. However, if the control program for a high jump,
for example, tells the slow-twitch fibres to contract, then while the jump may be
technically perfect, it will not be the maximum that the athlete has the potential
to achieve. So the athlete must train his control program using those muscle
fibres which he/she will want to use in a competitive situation – the principle of
training specificity. Indeed, it is more difficult to produce technically correct
high-speed movements – imagine dribbling a football at walking pace and then
at Michael Owen pace. Every time an athlete performs a technical exercise at a
level below that expected in competition, he/she is training the wrong fibres. In
fact, almost all day-to-day activity counteracts the effects of power training
because it is the slow fibres that are being used. If athletes think they can take it
easy in training, going slowly to make sure they ‘hit the positions’, then they run
the risk of disaster in competition when they hope to speed the movements up.

To sum up, power athletes need lots of well-trained FT fibres producing high
forces at high velocities, which are recruited not only in training but also in
competition. To do this, they must train at high intensities to produce the
required nervous stimulation and subsequent nervous and muscular adaptation.

You can see that it is not an easy life for a power athlete. Too often the worth of
a training session is measured in terms of the amount of time the session lasted,
or feelings of ‘muscle burn’ or breathlessness. But what really counts is the
intensity of each individual movement. Endurance athletes take note – when you
see a shot-putter apparently taking it easy because he/she is not breathing hard or
sweating, just watch how much effort he/she puts into each throw.
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Stephen Garland

Strength or power: which matters most for peak
athletic performance?

Do you strength train for your chosen sport? And do you believe it makes you
faster as well as stronger? If so, you could be barking up the wrong tree and
might be better advised to work on your power.

Let me explain why. Figure 1 (below) represents the theoretical relationship
between concentric muscular force and muscle contraction velocity, or speed.
Maximum force is generated by a maximal voluntary isometric contraction
(MVIC), which has zero velocity. In theoretical terms, strength is defined as the
maximum force of a certain movement. In practice, it is defined by the 1 repetition
maximum (RM) load of an exercise in the gym.

The 1RM of a movement will produce slightly less force than the MVIC, as the
1RM is dynamic rather than static. To illustrate this by example, an athlete’s
maximum squat may be 200kg, this being the weight he/she can lift, just once,
with a maximum effort. At 201kg, the athlete would not be able to move the bar;
however, if he/she applied max effort the MVIC force would be slightly greater
than the force produced during the successful 1RM lift. Nevertheless, for the
purposes of most coaches and athletes, it is fair to assume that 1RM is highly
correlated with maximum isometric force.

Figure 1: The force-velocity curve

Force

Velocity
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In many cases, the aim of a strength program is simply to increase maximum
strength. Athletes typically train with weights between 75% and 95% of 1RM,
and after a few weeks their 1RM scores go up, which is great because it means
they are stronger. Or is it so great? Look at the force-velocity curve again and
note that at the high force end of the curve the velocity of movement is at its
slowest. Now think about how an athlete lifts very heavy weights – slowly. This
is because it takes time – more than 400m/sec – to develop maximal force within
the muscle: it cannot be switched on like a light.

Most athletic movements do not involve slow contractions at near maximum
force, but are characterised by mid-to-high velocity. For example, the contact
time of the foot during sprinting is about 100m/sec – not long enough to produce
half of maximum force. This leads you to think about the benefits of strength
training in relation to athletic performance a little more critically. What, you
might ask, is the point of being stronger at slow speeds when most athletic
movements involve high velocities?

Power – how to generate rapid force

A separate quality quite distinct from strength, which can be developed with
training, is power. In simple terms, power is the ability to generate force quickly;
it is defined mathematically as force x velocity. If you look at the force-velocity
curve (Figure 1) once again, you will see that high levels of power will occur in
the mid-range of either force or velocity. If an athlete develops greater power,
this, in turn, enhances his ability to generate both force (strength) and velocity
(speed). This combination of speed and strength may be more useful for athletic
performance than strength alone.

The above explanations of the force-velocity curve and the difference between
strength and power raise two important questions:

1. Would an athlete benefit more from developing maximum strength or
power?

2. What are the key differences between max strength training and power
training?

For athletes who are inexperienced in strength training, any increase in
maximum strength will tend to increase force across the whole velocity range
of the force-velocity curve (1). This means that increases in maximum strength
(greater 1RMs in the gym) will also lead to increases in power and the ability
to generate more force at fast speeds. Indeed, research shows that maximum
strength is strongly correlated with power, especially in less experienced
athletes (2). This endorses traditional heavy weight training (75 to 95% of 1RM)
as a way to improve athletic performance.

But research also shows that max strength development becomes limited beyond
a certain point. Once an athlete has reached a high level of strength, any further
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increases will lead to improvement only at the high force/slow velocity end of the
curve. This means no increases in power or force at fast speeds, which, as
mentioned, is not necessarily desirable for most athletic movements. In a
nutshell, as the athlete becomes more advanced and experienced in strength
training, the effects of maximum strength training become increasingly specific
to slow muscle contractions.

By contrast, power or ‘ballistic’ training has been shown to increase power and
rate of force production and is more highly correlated with athletic performance
than strength training. Power training methods can vary in terms of force and
velocity characteristics, since the description embraces a number of different
approaches. Plyometric jumping or throwing exercises tend to use higher
velocity and lower force, whereas Olympic lifting exercises – eg power cleans –
use higher force and lower velocity. Between these two extremes lie ballistic
weight exercises, such as barbell squat jump and bench press throw, which
employ moderate forces and velocity.

The benefits of each method differ slightly:

� Plyometric exercises promote high movement speed, fast twitch fibre
recruitment and elastic tendon energy release

� Olympic lifts involve very high power outputs, high rates of force
production and increases in muscular co-ordination of whole-body
movements, such as combined ankle, knee and hip extension

� Ballistic weight exercises are very useful for developing high power in
specific areas of the body – eg arm extension power with bench press
throws – and will result in high rates of force production and muscle
activity in the specific muscle groups involved.

There is a good logical argument for training with exercises at specific loads that
produce the maximum amount of power for that particular movement. Power
has been shown by research to be highly correlated with level of performance,
and training which develops the maximum power output will increase force
levels at the mid-to-high velocity end of the force-velocity curve.

Exercises of this type that I recommend frequently to athletes include power
snatch, power clean, barbell squat jump, bench press throw and heavy bag
rotation throw. These are all functional movements that involve moving
moderately heavy loads as fast as possible. To generate maximum muscular
power, a reasonable amount of load is required, and so these exercises involve
greater power output than plyometric jumps, which use no additional load, or
medicine ball throws, which are relatively light. Max power training is a distinct
discipline and should be performed in addition to plyometric training, not
instead of it.
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Research has shown that the maximum power produced on a bench press throw
or squat jump occurs with loads of around 50 to 60% of 1RM for the bench press
or squat exercises. To develop max power levels in the legs and upper body, you
can use 1RM test scores to determine the power training loads. For example, an
athlete with 1RM scores of 200kg squat and 120kg bench press would produce
max power on the squat jump exercise with a 100 to 120kg barbell and on the
bench press throw with a 60 to 70kg barbell. Women may produce max power at
slightly lower levels.

The importance of quality training

When performing a max power workout, 3 to 5 sets of 3 to 5 repetitions for each
exercise would be effective. Power training must be high quality, as the aim is to
recruit fast twitch fibres. For this reason, it is important to take at least three
minutes rest between sets and to focus on moving the bar as quickly as possible.
Max power training performed at less than max power simply does not work;
coaches must encourage their athletes to hit each lift with max effort, while
athletes must learn to focus on high-quality execution of the exercises. Power
training is not like endurance training, where it is enough just to complete the
session; it is how well you train for power that makes the difference.

With the Olympic lifts, such as power snatch and power clean, I have found that,
for most athletes, maximum power occurs at slightly less than the maximum
load. For example, if an athlete has a 1RM power clean of 100kg, then maximum
power will be produced around 85kg. This is probably because most athletes do
not have the time to develop the perfect technique and timing of elite
weightlifters and tend to produce a better speed of movement and co-ordination
at less than maximum load. However, as technique improves the difference is
likely to diminish.

There are great transferable benefits for athletes using loads for the Olympic lifts
that produce maximum power for that lift. The athletes learn to feel the effort
required for max power and speed of the lift and take this increased power into
the sporting movement. This is my personal experience of the neural and co-
ordination effects of max power training. Again 2 to 4 sets of 2 to 5 repetitions
with long rests are recommended.

Many athletic movements, particularly throwing and kicking, involve trunk
rotation. Rotational movements are not possible with barbell or weight
machines, but standing rotation throws of a heavy bag (15 to 30kg depending
on the strength of the athlete) are very effective at producing maximum
rotation power, as they involve greater muscular force than medicine ball
exercises. The same sets, repetitions and rest as above are recommended for
effective training.
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To summarise

The main difference between traditional heavy weight training and power
training lies in the load and speed of the exercises. Loads of 75 to 95% of 1RM
will result in increased maximum strength, while loads of 50 to 60% of 1RM,
performed ballistically, will result in increased maximum power. Once an athlete
has reached high strength levels, maximum power training may be more
conducive to peak athletic performance than further increases in max strength.

How strong does an athlete need to be before the benefits of further strength
training become limited? This depends on the individual athlete and his or her
chosen event. For example, the shot put is significantly heavier than the javelin
and may require higher max strength levels for success. As a guideline, elite levels
of strength for a male athlete are 1RM squat of 2.5 to 3 x body weight and 1RM
bench press of 1.5 to 2 x bodyweight, while those for a female are 2 and 1.25 x
body weight respectively.

Once these levels have been reached, any athlete would probably benefit more from
maximum power training than strength training. Having said that, there seems to
be considerable benefit in combining the two methods within a periodised
program. A phase of maximum strength training followed by, or combined with, a
phase of maximum power training is an approach supported by the literature.

Some researchers support the continued use of maximum strength training for
power development. For example, Ditmar Schmidtbleicher, a German
biochemist who has worked with Olympic athletes, advocates using high-
intensity weight training for increased rate of force development, and claims that
the results are as transferable across the whole range of the force velocity curve,
as they are for novice athletes (3).

However, the quality of performance of the exercise is fundamental to the
training benefit. When using near maximal loads for rate of force development
training, athletes must attempt to move the bar as quickly as possible, even
though the actual lift will be quite slow. That is because it is the voluntary effort
of attempting to ‘hit the bar hard’ with each repetition that produces the
neuromuscular benefit of increased rate of force development, even at high loads
that are normally associated with slow speeds.

This argument is supported by recent research suggesting there is no difference
between the sprint performance benefits derived from strength training slowly
with heavy loads or fast with moderate loads (4).

Further research suggests that for ‘stretch-shorten cycle’ movements, where an
eccentric contraction precedes a concentric contraction, maximum strength is
highly correlated with initial rate of force production in the concentric phase. By
contrast, for concentric-only movements maximum strength is not significantly
correlated with initial rate of force production (5). Given that many sporting
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movements are stretch-shorten cycle in nature it would seem that maximum
strength is important.

In writing this article, my aim has not been to diminish the importance of
maximum strength training for athletic performance, but to make athletes and
coaches think about a more complete approach to strength and power training in
order to optimise performance. Remember that the purpose of strength training
for athletes is not to increase 1RMs but to run faster, jump higher or tackle harder.

Improved performance is the ultimate goal, and power is highly correlated with
performance – possibly more so than strength. It is logical to assume that training
with exercises that produce maximum power outputs must produce
improvements in rate of force production, muscle activation and functional co-
ordination that are transferable to athletic performance.

Having said that, however, maximum strength is a precursor to power and needs
to be developed to a sufficient level to maximise power production, particularly
in stretch-shorten cycle movements.

Athletes who wish to continue to benefit from training programs must vary their
training. By incorporating both max strength and max power training into a
training cycle, or periodisation, athletes can present their neuromuscular systems
with a variety of different stimuli, so enhancing the adaptations.

Table 1 (below) sets out an example workout for an elite jumper, used during the
summer competition phase. The split squats were used to maintain max leg
strength levels, while the clean and squat jump were used to develop max power.
After following this program of developing power and maintaining maximum
strength for 10 weeks, the athlete increased power output on the power clean by
as much as 10% (from 2600W to 2900W at 90 kg).

Finally, the quality of exercise performance has a crucial impact on the benefits
gained.

Table 1: competition-phase workout for an elite jumper

Cleans 4x3 80% of 1RM 3 minutes rest

Squat jumps 4x4 50% of 1RM squat 3 minutes rest

Split squats 4x5 80% of 1RM 2 minutes rest

Athletes must learn to make maximum efforts, recruiting as many muscle fibres
as possible. It is also important for athletes to ensure sufficient recovery between
workouts and to plan max power training sessions at times when they are fresh
and capable of high-quality lifting.
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Raphael Brandon

The Jumps Decathlon

The Jumps Decathlon is easy to carry out and is an excellent way to test an
athlete’s elastic strength and can used for developing jumping skills as well as
specific strength. The Jumps Decathlon comprises of 10 events:

1. Standing long jump
2. Standing triple jump
3. 2 hops, step and jump
4. 2 hops, 2 steps and jump
5. 2 hops, 2 steps and 2 jumps
6. 5 spring jumps (Bunny hops)
7. Standing 4 hops and jump
8. Running 4 hops and jump
9. 25 metre hop for time

10. 5 stride long jump.

Practical uses

The Jumps Decathlon can be used to gauge whether an athlete is becoming more
powerful. The benefits are threefold:

1. If the athlete’s scores increase, then their power has increased
2. Weakness can be identified if the athlete underscores and these areas can be

worked on
3. Motivational help during the long winter months.

How to conduct the test

For each event allow two three successful attempts recording the best distance/time.
1. Standing long jump – place feet over the edge of the sandpit. The athlete

crouches, leans forward, swings their arms backwards, the jumps
horizontally as far as possible, jumping with both feet into the sandpit.
Measure from the edge of the sandpit to the nearest point of contact. The
start of the jump must be from a static position
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2. Standing triple jump – take off foot to remain in flat contact with the
ground and free swinging of the non contact leg can be used

3. 2 hops, step and jump – as per standing triple jump
4. 2 hops, 2 steps and jump – as per standing triple jump
5. 2 hops, 2 steps and 2 jumps – the second jump is a two-footed take off
6. 5 spring jumps (Bunny hops) – 5 successive two-footed bounds (bunny

hops) with the feet kept together in a continuous movement
7. Standing 4 hops and a jump – as per standing triple jump – repeat test

for each leg and record the mean distance
8. Running 4 hops and jump – length of run unlimited – repeat test for

each leg and record the mean distance
9. 25 metre hop – start from a standing position – repeat test for each leg and

record the mean time
10. 5 stride long jump – normal long jump rules apply.

Analysis

Analysis of the result is by comparing it with the results of previous tests. It is
expected that, with appropriate training between each test, the analysis would
indicate an improvement.

Jumps Decathlon tables

Points are allocated from the Jumps Decathlon tables depending on the distance
or time achieved. Scores should be compared with the athlete’s previous scores
to determine the level of improvement. Competition can be based on the
improvement from the previous test for each event. The Jumps Decathlon
tables are not included here but an Excel calculator can be obtained from
www.brianmac.demon.co.uk/excel/jumpsdec.xls

Target group

This test is suitable for jumpers (eg long jump, high jump) but not for individuals
where the test would be contraindicated.

Reliability

Reliability would depend upon how strict the test is conducted and the
individual’s level of motivation to perform the test.

Brian Mackenzie
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