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Strength

The nature of strength is always difficult to define. The strong runner, the strong
shot-putter and the strong jumper clearly have little in common and yet we
consistently group strength attributes together as if we are looking for the same
result for each event. Strength is a generic term used to describe many dissimilar
abilities. Examples of ‘strengths’ include the following:

� Strength endurance – the ability to move a light resistance for an extended
period of time

� Absolute dynamic strength – the maximum force that a muscle can
generate and apply to create movement

� Absolute static strength – the maximum force that a muscle can generate
and apply without producing movement

� Reactive strength – the maximum force that muscles can apply in response
to a force in the opposite direction

� Power – which most people confuse with ‘strength’, but is actually the
absolute dynamic strength multiplied by the speed it can be applied.

From these it is clear that different events/sports need different ‘strengths’, and
different ‘strengths’ need different training methods.

Overview of the articles
� Raphael Brandon in his article ‘Fish out of water: the land-lubbers’

strength program for swim competition’ provides a selection of land based
weight training exercises specific to swimmers

� Walt Reynolds explains the four basic types of strength training for
runners, identifies a strength program for runners and how to pinpoint
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your weaknesses in his article ‘If you want to benefit from strength
training, you must identify your weaknesses and work on them’

� Raphael Brandon in his article ‘Strength training is vital for women, but
the program depends on their event, not their sex’ explains how to devise
a strength training program for female athletes

� Brian Mackenzie provides an example strength test that can be used to
monitor upper body strength in his article ‘The Press-ups Test’.

The articles in this section are applicable to most sports

Fish out of water: the land-lubbers’ strength
program for swim competition

To optimise strength and power, competitive swimmers need to supplement
their pool training with land training in the gym. For best effect, swimmers need
to follow a program of exercises that replicate their actions in the water as closely
as possible.

Strength and conditioning experts around the world all agree that, for time spent
in the gym to have a positive impact on your sports performance, you must
ensure the exercises you perform, and the way you perform them, are related to
your sporting movements in competition. For example, Barbell Squats involve
ankle, knee and hip extensions in a vertical plane which are directly related to the
mechanics of a vertical jump; thus the squat is a useful exercise for developing
jump performance.

If we perform a basic analysis of the mechanics of the front crawl stroke, the
main actions that produce forward propulsion through the water are:

� the ‘arm pull down’ through the water, which propels the swimmer
forward

� the ‘leg kick’, which alternates hip flexion and extension of the legs.

In addition, competitive swimming involves:
� the ‘dive start and push off turn’, which involves dynamic ankle, knee and

hip extension.

When designing your strength program, you should focus mainly on exercises
related to these movements. Other exercises may use the same muscles as those
involved in swimming, but only exercises which use the right muscles in a
related mechanical movement will provide optimum training benefit.

A limitation of land training with weights for swimming is that the type of
resistance you encounter when moving in the water is different from the
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resistance occurring when you move a weight through the air. In the water, the
faster you pull or kick the greater the resistance applied back by the water; on
land, a given weight requires a constant force to move it, regardless of the speed
of movement.

Hydraulic-type resistance equipment that mimics aquatic resistance is expensive
and not widely available. The best compromise when using regular equipment is
to try to mimic the speed and nature of the swimming stroke. To this end, you
should aim to perform the strength exercises with a smooth and constant force
and select weights which allow the movement to be performed at a swimming-
related speed. For example, the leg-kicking motion during front crawl is quite
fast, so hip flexion and extension exercises which can be performed at a good
speed would be best.

The following exercises are related to the mechanics of the front crawl stroke.
For each component, the relevant exercises are described and their mechanical
relationship to the stroke explained.

Arm pull down exercises

1. Cable rotational front and back pulls

Front pull. This is the mechanical equivalent to the pulling-through-the-water action
in front crawl, as the hand comes diagonally across the body as it pulls down. For
this exercise you need a high pulley machine with a simple handle grip.

Kneel down on one knee to the side of the machine. Take the hand nearest the
pulley and grasp the handle with the hand high and slightly out to your side. Before
you start the exercise make sure your back is straight, your shoulders are wide and
your chin is tucked in. Pull the handle down and lower your arm across your body
in a rotational movement until your hand is next to the opposite hip. Smoothly
return the bar to the start position and continue performing sets of 5 to 8
repetitions for maximum strength or 12 to 15 repetitions for strength endurance.
Try to keep your posture solid throughout the movement. Maintain a slight bend
in the elbow as you pull, but focus your effort on the shoulder muscles only.

Rear pulls. This exercise involves the opposite movement to the front pull and is
useful for promoting a balanced strength about the shoulder joint. Specifically,
the front pull trains the internal rotator cuff muscles and the rear pull trains the
external muscles. To avoid shoulder injuries a balanced rotator cuff strength is
important. For this exercise you need a low pulley machine with the simple
handle grip.

Stand to the side of the machine and grasp the handle with the opposite hand.
Make sure your back is straight, your shoulders wide and your chin tucked in.
Start with your hand by the inside hip and fix a slight bend in the elbow. Pull the
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handle up and away from your body, rotating the arm up and out. Finish with the
handle high and out to the side, with the palm of the hand facing forwards.
Smoothly return the handle back and across to the opposite hip and continue.
Again go for sets of 5 to 8 repetitions for maximum strength or 12 to 15 repetitions
for strength endurance.

Keeping your posture solid during this exercise is quite difficult, as it is tempting
to use your trunk muscles to help the rotation movement. However, you can
train your core stability skills by keeping your navel pulled into your spine and
relaxing your upper body so there are no additional movements apart from the
arm raise and rotation.

In combination, the front and rear diagonal pulls train almost every muscle in the
shoulder joint and shoulder girdle. This makes them very useful exercises for
any sport.

2. Medicine ball single arm overhead throw

This exercise develops the power of the latissimus and pectoral muscles in a
functional manner for swimmers, involving a movement similar to the front
crawl stroke. The aim of the throw is to improve the rate of force development
in the shoulder by accelerating the arm hard to throw the ball. For this exercise
you need a partner and 2 to 4kg ball. The small rubber ones are best as they can
be held in one hand.

Because the ball is quite heavy for one hand you will not be able to throw it far
or move the arm very fast. This makes it ideal for swimming as the pull stroke is
not that fast. The training effect comes from your attempts to accelerate the arm
movement as fast as you can, thereby improving the power of the pull.

Lie on your back on the floor, with knees bent slightly so your lower back is
comfortable. Grasp the ball in one hand with your arm up and behind your head,
slightly bent at the elbow. Vigorously pull the arm up and down across your body,
throwing the ball over the opposite knee. Get your partner to return the ball, and
perform sets of 8 to 12 repetitions with each arm in turn.

Do not lift your head or pull up from the stomach as you throw. Focus on
producing the power from the shoulder and pulling across the body as you do in
front crawl.

3. Swiss ball body pulls

This is a ‘closed kinetic chain’ movement, where the moving limbs remain in
contact with a fixed object – in this case the hands with the floor. Such
movements are thought to be particularly functional for sports performance, so
offering greater training benefits.
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This exercise is performed in a horizontal prone position, with the arms pulling
down under the body, matching the position and action of a swimmer in the
pool. Position yourself face down, with your lower legs on the Swiss ball and
your hands on the floor supporting your weight, body parallel to the floor. This
is the equivalent of a press-up position with your feet up. Slowly roll the ball up
your legs while your arms extend out in front of you until you achieve a stretched
position, with a straight line through your arms, shoulders, back, hips and legs.
At this point your body will make a shallow angle with the floor and the ball will
be positioned on your thighs. Then, keeping this perfect alignment of your body,
push down through your hands into the floor and pull yourself back to the press-
up position. The ball should roll back down your legs as you do this. Perform
sets of 8 to 12 repetitions.

The difficult part of the exercise is the pull back up. At this point you must use
your stomach muscles to support your spine and focus on using a strong pull of
the shoulder muscles to raise your body back to the parallel position. This
exercise is not easy, but it is very beneficial for many sports, helping to develop
core and shoulder strength.

Leg kick exercises

Hip extension and flexion kick

These exercises mimic the upwards and downwards phases of the swimmer’s
kick action, where the glutes and hamstrings extend and the hip flexors flex the
leg at the hip. For these exercises you need a low pulley machine with an ankle
strap attachment. Each leg is worked independently to increase the specificity for
swimming, and the weights used should be relatively light so you can kick with
good speed, as in the pool.

Hip extension. Stand facing the low pulley machine, with the ankle strap
attached to one leg. Lift this leg off the floor, taking up the slack of the cable, and
place your balance solidly on the other leg. Hold onto the machine’s frame with
your hands to stabilise your upper body and check that your back is straight, with
shoulders relaxed.

Pull the cable back dynamically by extending the leg backwards until you feel
you need to lean forwards, then bring it back in a controlled manner to the start
position, retaining good posture. Continue pulling the leg back, focusing on the
gluteals and hamstrings to kick back powerfully.

Hip flexion. Stand with your back to the low pulley machine, with the ankle
strap attached to one leg. Lift this leg off the floor, taking up the slack of the cable,
and place your balance solidly on the other leg. Use a stick to support yourself,
and check that your back is straight with your shoulders relaxed.
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Pull the cable dynamically by kicking the leg forwards. Pull the weight, using
your hip flexor muscles at the top and front of the thigh, until your leg reaches
an angle of about 30° or you start to lean back. Smoothly return your leg to the
start position, retaining good posture, and continue.

Perform sets of 10 repetitions at a fast speed and build up to sets of 20 or 30
repetitions for power endurance of this movement.

‘Dive start and push-off turn’ exercise

Barbell squat jumps

This exercise involves dynamic extension of the ankle, knee and hip joints and
trains the calf, quadriceps and gluteal muscles to improve vertical jump
performance. The vertical jump is mechanically related to the dive start and
push-off turns involved in swimming: with the dive or turn, the ankle, knee and
hip extension propels you forwards in the horizontal plane, while with the jump
the leg extension propels you upwards in the vertical plane. Essentially, it is the
same movement rotated by 90°.

The point of using a barbell to add weight to the squat is to help you to generate
peak power. If you perform the jump squat with body weight only, the jump will
be very fast and high. With the addition of a moderate weight (about 30 to 40%
of the 1 repetition max weight for the squat exercise), the jump will not be as
high or fast, but the muscular power required to leave the ground will be
maximal. This is based on the knowledge that peak power is achieved when the
force used is about one third of the maximum force for that movement. Again,
your goal is to attempt to achieve the fastest extension of the legs to maximise
power production and training benefit. If you use 30 to 40% of 1RM weight,
I recommend 3 to 5 sets of 5 repetitions.

Stand with the barbell across the back of your shoulders. Squat down, bending at
the hips and knee, making sure the weight goes down through the back half of
your foot. When you reach the half squat position, drive up dynamically rapidly
extending your legs so that you leave the floor briefly. Absorb the landing with soft
knees and then go smoothly into the squat again. Continue for 5 repetitions.

The bottom line

In summary:

� Strength and power training is essential for elite swimming performance
� To optimise the benefit of land-based training, you must select exercises

with mechanical relevance to the swimming action, particularly those
movements which propel the swimmer through the water, such as the arm
pull and leg kick

Strength

Page 6



� As the resistance in the water is different from the resistance provided by
weight equipment on land, unless you have special hydraulic equipment,
you must also focus on mimicking the speed and smooth movement of the
swimming stroke when performing land-based exercises

� Various exercises for the arm pull, leg kick, dive and turn movements are
suggested, all with a good functional relationship to the swimming action.
While this is not a definitive or exhaustive selection of exercises, especially
as it focuses solely on front crawl, it involves highly specific swimming
movements in terms of mechanics, positions and speed. When you design
strength programs for swimming performance or any other sport, be sure
to think about each exercise in terms of its relevance to performance.

Raphael Brandon

If you want to benefit from strength training, you
must identify your weaknesses and work on them

Most runners think that strength training is something carried out in a weight
room or gym utilising various pieces of equipment (barbells, dumbbells, weight
machines, etc.). However, the truth is that strength training is any physical
activity that emphasises the application of resistance to the muscular system. For
runners, these activities include conventional exercises (presses, squats, pull-ups,
etc.), running-specific strength exercises such as step-ups and one-leg squats,
plyometric or ‘jump’ training, calisthenics, injury-preventing gymnastic exercises
(walking on toes or heels), and throwing, twisting, and swinging activities with a
medicine ball.

Are these activities really beneficial for runners?

Scientific research strongly suggests that conventional strength workouts can
decrease the risk of injury in endurance athletes. This can promote higher
performances by fostering more consistent training. In addition, work carried
out by celebrated Finnish researcher Paavo Komi indicates that strength
programs can heighten maximal running speed, and more recent studies indicate
that strength training can enhance running economy by about 3%, enough to
shave about a minute from 10km times. We know also that plyometric training
can help strong runners become faster, eg utilise the strength in their legs more
quickly. Finally, strength routines help some runners add a few muscular
contours to their bodies and emerge from their ‘skinny-stick’ physiques.

Many runners fear that strength training has a ‘down side’ – large, undesirable
gains in muscle mass, which create more ‘dead weight’ to be lugged around
during running. This fear is based more on myth than reality. The truth is that
significant increases in muscle mass require specific training methods and a huge
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commitment of time and energy – far more than most runners are able to spend
on strength training alone.

A program to develop leg strength

Of course, the way to benefit from strength activities is to increase their
difficulty and specificity over time. For example, you could start developing
more leg strength for running by doing basic two-legged squats – with only
body weight for resistance – for two to three weeks. Then, you could
progressively increase the difficulty and specificity of the exercises in the
following manner: during weeks 4 to 6, you could carry out two-legged squats
with greater resistance (while holding a barbell or dumbbells). For weeks 6 to 8,
you could complete one-leg squats with light to moderate resistance (doing
one-leg squats is more specific to running than two-legged squats, since full
weight is on only one foot at a time, as it is during running). During weeks 9 to
12, you could move on to uphill runs while wearing a weighted vest to
strengthen the ‘push-off ’ phase of your running strides. During weeks 11 to 13
(overlapping the weight-vest period), you could add in two-legged forward
hopping, to enhance power production while landing/rebounding during
running. For weeks 13 to 15, you could move on to one-leg forward hops (since
you would be landing on only one foot at a time, the specificity would increase
and the intensity (difficulty) would double). During weeks 15 to 17, you could
emphasise downhill running to learn to control and enhance the rebound phase
of foot-strike.

A simple program like this will add some strength and power to your legs, but a
key problem is that there are nearly an infinite number of strength exercises and
almost as many workout programs. How do you select the exercises and program
which are perfect for you? How do you coordinate your strength program with
your running routine?

Pinpointing your weak links

Those are difficult questions to answer, because the truth is that there is not a
single set of strength exercises which is best for all runners; instead, there are a
few best strength-training exercises for YOU. That is because – if you are like
most runners – you have unique strengths and weaknesses. For each of your
weaknesses, there are a handful of strength-training exercises that will make you
stronger. Your job is to identify your weaknesses and strengthen them.

But how do you pinpoint your weak links? Certainly, if you are recurrently
injured in one part of your body, that area is unnecessarily weak and needs to be
bolstered. Or, if you find that you have decent foot speed but you are always
breaking down with a variety of different injuries, then you may need to develop
basic overall strength (and/or flexibility). On the other hand, if you are seldom
injured and have good endurance but little speed, your need is for a resistance
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program which will ‘teach’ those strong muscles of yours to function more
quickly (eg your program needs to emphasise power training). Sometimes,
working with a knowledgeable coach or trainer will help you identify things you
should stress during strength training.

And it helps to know that there are really just four basic types of strength training
for runners, each of which can assist you in accomplishing a specific goal. The
four types are described below:

1. General strength and conditioning exercises

These activities include many of the conventional weight-training exercises such
as presses, squats, pull-ups, push-ups, abdominal crunches, bar dips, various
rowing movements, and the like. Also included in this category are some of the
less conventional exercises like medicine ball throws and twists and various
activities for the ‘core’ muscles (abdominals and low back). These conventional
exercises provide ‘generalised’ strength – strength throughout your body to
protect your muscles and connective tissues from the repetitive stresses and
impacts of running.

2. Running-specific strength training

This category includes exercises that more closely imitate the biomechanics and
motor patterns required for running. The exercises include step-ups, speed
squats, one-leg squats, jumping lunges, hill running, weighted runs (while
wearing a weight vest) and resistance runs (with rubber tubing, a parachute, or a
weight sledge providing the resistance). This specific type of strength training,
less familiar than general strength training to many athletes, is becoming
increasingly popular in the sports-training community because it provides
‘specific strength’ – more strength to carry out the actual movements needed in
a particular sport. When you carry out running-specific strength training, you get
stronger while running – not just while seated at a weight machine.

3. Reactive or speed-strength training

This type of training, often referred to as plyometrics, includes various types of
hopping, bounding, and jumping exercises which teach your muscles to generate
more force and generate the force more quickly. The goal, of course, is to
develop more powerful ‘push-offs’ when you are running. Reactive training
fosters a high degree of strength in the muscles, tendons, ligaments, and bones,
since the impact forces are usually higher than they are during regular running
workouts. Reactive training also stretches muscles, tendons, and ligaments
vigorously, promoting greater elasticity and efficiency of movement. A key point
to remember, though, is that reactive training cannot simply be plopped into
your training routine without preparation; it is built on a foundation of general
and running-specific strength training and must start slowly with low-level
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hopping and jumping. Otherwise, the forces generated during reactive training
will create injured – not more powerful – parts of your body.

4. Preventive gymnastics exercises

This is no doubt a new area of training for you. When most Americans hear the
term gymnastics, they think of gymnasts performing dangerous flips, twists, and
stunts on the balance beam, parallel bars, or rings. In the European training
community, however, the term gymnastics is synonymous with strengthening,
rehabilitative, or restorative exercise or therapy. For runners, the function of
preventive gymnastics is to strengthen the feet and lower parts of the legs in
order to minimise the risk of injury in those areas. Gymnastics exercises differ
from general and running-specific strength exercises in that their effects are
more localised, their intensity is lower, and they are actually carried out more
frequently than other forms of strength training. A number of gymnastics
exercises, including walking on toes and heels, skipping on toes forward and
backward, toe pulls, zigzag bounding on the toes, and running barefooted on
sand, grass, or hills, can be carried out nearly every training day, often as part of
your warm-up or cool-down.

Coordinate your training

Obviously, it is not enough to throw a few exercises together, slap some weight
on a bar, and start lifting. A comprehensive, optimal strength programme will
include work in each of the four categories described above, with an emphasis on
your weak points. At the same time, your strength program needs to be
coordinated with all of the other training that you do, and it must complement
– not detract from – your running. After all, you are training to run better, not
lift weights better.

For example, let us say that you plan to start serious strength training this March
and that your most important races of the year will take place in September. In
March and April, you can simply focus on general strength and conditioning
exercises. In mid-April you would begin to add in some running-specific
strength training, which would continue through mid-June. In early June, you
would start up your reactive (speed-strength) training as the racing season gets
into full swing, and in mid June you would make your running-specific work
more difficult. This combination of running-specific and speed-strength work
would continue through the end of July. In August, you would ‘fine-tune’ your
strength training, bolster any remaining weak links, and continue to focus on the
speed-strength work which will help ‘sharpen’ you for your key September races.
Throughout this period, from March to September, you would carry out your
injury-preventing ‘gymnastic’ exercises.

Walt Reynolds
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Strength training is vital for women, but the
program depends on their event, not their sex

A survey of US schoolchildren in 1985 comprising various motor tests showed
that the average 18-year-old girl could perform only one pull-up. It also showed
that the sit-up-in-one-minute score peaked for girls at 14 years, with abdominal
strength endurance declining from then on. The standing long jump test also
indicated that on average girls peak at 14 years. In comparison, the average boy
scored significantly higher on the test and improved until 18 years old.

These statistics merely illustrate what everyone knows, that women naturally
develop less strength than men. The differences can be explained by the fact that
at puberty boys have increased testosterone levels which promotes muscle
development and bone growth over the next few years, whereas girls have
increased oestrogen which promotes quite fast pelvic bone growth and fat
storage around the hips and thighs.

After puberty, boys’ relative fat mass decreases from 16 to 13%, while girls’
relative fat mass increases from 18 to 26%. Indeed, research has shown that most
of the differences in strength between men and women can be explained in
terms of differences in lean body mass and muscle and fat distribution. Women
have smaller arm girth and greater arm skinfold thickness than men, similar leg
girth but greater leg skinfold thickness than men. This different distribution of
extra fat and smaller muscle mass accounts for much of the disparity in strength
between the sexes, women being about 66 to 75% as strong in the legs and 50 to
60% as strong in the arms.

Nevertheless, research has shown that normalising for lean body mass, which
takes out the overall differences in muscle and fat, muscle pound to muscle
pound women are similar in strength to men.

Can women respond to strength-training?

In the past, it was believed that strength training was unsuitable for women
because they were ‘incapable’ of improving their strength. But more recent
research has put paid to this theory. Professor Jack Wilmore from the University
of Texas showed that after 10-week training program women showed a 29%
improvement on the bench press and 30% improvement on the leg press,
compared to a 17% and 26% improvement from men. However, while the men
showed hypertrophy (enlargement) in the leg and arm muscles, the women did
not. Wilmore hypothesised that the reason for the increased strength in women
must be due to an increased ability to recruit muscle fibres and coordinate the
movements. Later research has been equivocal – some has shown that women
can increase muscle mass significantly, some has not. The tentative conclusion
must be that in general most women find it more difficult to gain muscle mass.
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Recently an official summary of all the research regarding strength training for
women was presented in the US by the Women’s Committee of the National
Strength and Conditioning Association. They reported that:

1. Women improve fitness, athletic performance and reduce injuries through
strength training, just as men do

2. Physiological responses of males and females to the use of weight training
and resistance exercise are similar

3. Women should train for strength using the same exercises and techniques
as men

4. There is no significant difference between the sexes in the ability to
generate force per unit of cross-sectional muscle. Men display greater
absolute strength than women largely because they have a greater body size
and higher lean-body-mass-to-fat ratio

5. Women do experience muscle hypertrophy in response to resistance
exercise, but the absolute degree is smaller than in men.

The conclusion to be drawn is that women are equally as strength-trainable as
men. If female athletes want to achieve elite performances they must ensure that
comprehensive strength training is fully covered in their training schedules.
Competitions, unlike laboratory research, do not compensate for lean body mass.
It is the fastest who wins, and that is the end of it. If you want to be that winner,
you have to optimise your strength. In my opinion, that is a training priority.

What sort of training?

That being said, the next question is, what is the best form of strength training
for women? The answer is not a matter of gender but more a matter of the
particular requirements of the athlete’s event, being the same for both men and
women. Looked at from this point of view, any athlete must improve her (or his)
strength if their profile is less than the strength demands of their event.

To devise the best strength program based on the event’s requirements, we have
to analyse the event in terms of muscle use, the type of contractions each muscle
uses, the biomechanics of the movement and whether maximum strength or
strength endurance is the goal. This kind of ‘needs analysis’ should govern the
design of any strength program. As an illustration of such an analysis, let us look
at running the 10km.

In the 10km event, the major leg muscles all work dynamically, such as the
quadriceps, the hamstrings, gluteus maximus, hip flexors, calf and dorsi flexors.
All these muscles are active at some point during the gait cycle and so it makes
sense to strengthen them. However, they must all be strengthened in the right
way to maximise 10km performance and injury prevention.

In 10km running 97% of the energy for muscle contractions comes from
aerobic metabolism. Thus the predominant muscle-fibre units recruited at

Strength

Page 12



10km pace will be the aerobic type I and IIa units. The more anaerobic type IIa
and IIb units may only be recruited towards the end of the race as the muscles
tire and glycogen is depleted. (type IIa fibre units can utilise both aerobic and
anaerobic metabolism.)

For this reason, the 10km strength program must have a strength endurance
emphasis which targets mainly the type I and type IIa fibre units. It has been
shown that strength athletes who perform a few sets of a few repetitions of very
heavy weights, eg 4 sets of 5 reps, have selective hypertrophy in the type IIb fibres,
which would not necessarily benefit the 10km runner, whereas bodybuilders
who perform higher volumes of lighter weights, eg 6 sets of 12 reps, show
hypertrophy in the whole range of muscle fibres.

Although 10km athletes do not want to start bodybuilding, it could be argued
that for the leg muscles a strength endurance training program of high
repetitions and lighter weights would be the most suitable for a 10km athlete
since the type I and IIa fibres will be targeted effectively. To improve strength
endurance, 3 to 5 sets of 12 to 20 repetitions with 45 second rest periods are
recommended.

The choice of leg exercises must reflect the biomechanics involved in the running
movement. For example, since most thigh muscle activity occurs when one foot
is in contact with the ground, single-legged exercises with the foot in contact with
the ground or equipment will be most relevant. Single-legged leg press, lunges or
one-legged squats are all exercises of this nature which target the muscles in the
thigh and bum areas. The range of movement of the joints is also relevant.

For example, as the foot strikes the ground, the knee joint is slightly bent (about
20º). Then the knee flexes to absorb the impact (to around 40º) and then extends
again before toe-off. The quadriceps muscles act to control the shock-absorbing
knee flexion movement. Certain strength exercises should be chosen to focus on
this range of movement, eg limited-range leg press, especially to help prevent the
anterior knee pain which women are prone to because of a greater femur Q angle
causing more inward rotation of the knee.

Do not overlook the trunk and hips

The other major body part that requires strength training for running is the
trunk and hip area. Here the major muscles involved during running are the
erector spinae (back), abdominals (stomach), obliques (side) and abductors
(top of the bum). These muscles are not so obviously involved with running as
the leg muscles, yet nonetheless serve a very important role in pelvis and trunk
stabilisation and posture control. Biomechanical research has shown that for
the legs to work effectively in propelling the body, the pelvis and trunk area
must be rigid and supported by its muscles, otherwise the drive from the legs
will be wasted.
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These hip and trunk muscles must also be trained for strength endurance, for
similar reasons. However, since they do not work as dynamically as the leg
muscles, the exercises chosen should reflect their more static, supporting role.
These muscles are best trained with a combination of isometric or static exercises
and slow, controlled dynamic exercises of small, specific range.

For example, lying on one’s front over the end of a bench and extending the arms
out into a Superman position and maintaining it is an isometric exercise for the
back muscles. Three sets of 10 x 10 seconds holding a straight line from the back
to the hands will help maintain an upright posture as the muscles must hold the
back and shoulder girdle in a rigid extended position.

An example of a slow and controlled exercise which targets a small range is the
reverse curl or reverse crunch exercise for the stomach. This involves lying on
one’s back with legs fully bent. Then, raise the hips an inch off the floor by
pulling with the lower abdominals and lower again, keeping the legs completely
still. Here the abdominal muscles have to work continually to raise the pelvis and
then lower it again, even though it is a small range of movement. This kind of
exercise is more relevant to posture control than the more conventional sit-up.
After all, when we run we keep our upper bodies still, so being very strong at
flexing the trunk forwards is not necessarily related to efficient running.

In general, the hip and trunk muscles must be trained for strength endurance
(low resistance/high volume) using static exercises and exercises with specific
ranges of movement for posture control. The choice of exercises must reflect the
need to maintain a rigid back with a level pelvis to be able to push off with the
legs. Balanced strength in this area also helps prevent lower back and hamstring
injuries. In my opinion, the trunk and hip area is very important for 10km
strength-training programs; strong legs will only do so much if the trunk is not
a well-supported, rigid structure. Would a motor racing team put a Formula 1
engine in a car with a Formula 3 chassis?

Training the upper body

To complete the strength analysis, we must consider the upper body. This area is
less important for 10km running, but for an all-body, balanced strength program
some upper-body exercises should be included. Upper-body strength will also
help with posture and an effective, easy arm action. Once again, I would
recommend a strength endurance emphasis.

A practical way to train the upper body without devoting too much time to it
would be to cover most of the major upper body muscles in two or three
exercises – for example, seated row together with bench press, or pull-ups
together with dips, would target most of the chest, shoulder, upper back and
arm muscles.

Strength
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Summary

To summarise the strength training program for the 10km, all the major muscles
involved in running need to be trained with a strength-endurance emphasis. The
exercises chosen also need to be biomechanically relevant in terms of movement,
single-legged and foot-fixed, and any important joint ranges of movement. This
will improve the power and efficiency of running action and help reduce knee
injury risks.

Training the trunk muscles for endurance, using static and postural-specific
exercises will increase efficiency by improving the rigidity and support of the
trunk. It will also help reduce low back and hamstring injury risks. Exercises
covering the upper-body muscles will complete a balanced strength program that
is specifically targeted to the athlete’s event.

This kind of analysis can be done for any event or sport. First, the correct
muscles and movements have to be pinpointed and the role they play in the
sport determined. From this the relevant strength-training exercise protocols
can be designed for the muscles involved. Women athletes should definitely
use this method as the starting point for their essential strength training
requirements.

Further reading
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Raphael Brandon
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The Press-ups test

The objective of this test is to assess the athlete’s upper body strength.

Required resources

To undertake this test you will require:
� Flat surface
� Mat
� A partner.

How to conduct the test

The Press-ups test is conducted as follows:
� Lie on the mat, hands shoulder-width apart

& fully extend the arms – see Figure 1
� Lower the body until the elbows reach 90° –

see Figure 2
� Return to the starting position with the arms

fully extended – see Figure 1
� The feet are not to be held
� The push-up action is to be continuous with

no rest
� Complete as many press-ups as possible
� Record the total number of full body

press-ups.

Female athletes tend to have less relative strength in the upper body and
therefore can use the modified press-up position to assess their upper body
strength. The test is then performed as follows:

� Lie on the mat, hands shoulder-width apart,
bent knee position & fully extend the arms –
see Figure 3

� Lower the upper body until the elbows reach
90° – see Figure 4

� Return to the starting position with the arms
fully extended – see Figure 3

� The feet are not to be held
� The push-up action is to be continuous with

no rest
� Complete as many modified press-ups as

possible
� Record the total number of modified

press-ups.
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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.

Assessment

The table below provide standards for scoring the full body push-up and the
modified push-up test.

Number push-ups completed

Age
Rating

2O-29 30-39 4O-49 50-59 6O+

Full body push-up

Excellent >54 >44 >39 >34 >29

Good 45-54 35-44 30-39 25-34 20-29

Average 35-44 25-34 20-29 15-24 10-19

Fair 20-34 15-24 12-19 8-14 5-9

Poor <20 <15 <12 <8 <5

Modified push-up

Excellent >48 >39 >34 >29 >19

Good 34-48 25-39 20-34 15-29 5-19

Average 17-33 12-24 8-19 6-14 3-4

Fair 6-16 4-11 3-7 2-5 1-2

Poor <6 <4 <3 <2 <1

From Pollock, M.L., et al: Health and Fitness Through Physical Activity. New York: John Wiley & Sons, 1984.

Target Group

This test is suitable for active individuals but not for those where the test would
be contraindicated.

Strength

Page 17



Reliability

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

How much weight are you pressing?

When you perform the full press-up (Figure 1) you are lifting approximately 75%
of your body weight and in the modified press-up position (Figure 3) you are
lifting approximately 60% of your body weight.

Brian Mackenzie
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