
2 PE Review  April 2017

Strength and conditioning 
for long-distance runners
Olympic marathon runner Sonia Samuels explains the crucial weights, core exercises and 
plyometric exercises she uses to develop her strength as a marathon runner
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Strength and conditioning refers 
to any training activities outside 
of your programme, in my case as 

an elite marathon runner. It has three 
main goals: 

 ■ Improving performance: strength 
training results in adaptations to the 
nervous and muscular systems, which 
directly impact on your running 
performance. This is due to the improved 
ability to generate force with each stride, 
more effective use of elastic energy from 
tendons and a resultant more efficient 
running style.

 ■ Increasing the capacity to train: by 
developing a general base of robustness 
and physical competence, your basic 
movement skills and physical capacities 
will improve, allowing you to tolerate 
higher volumes of running.

 ■ Decreasing the risk of injury: 
endurance running has a high occurrence 
of overuse-type injuries due to the 
repetitive loading on the body and the 
joints of the lower limbs. The use of 
specific strengthening exercises for these 
injury-prone areas will improve tolerance 
to the repetitive stresses of running. 

It is essential for a runner to develop 
several different types of strength. 
As an endurance athlete it is important 
to get stronger without putting on 
muscle  mass. 

Relative strength

Relative strength is the maximum force 
that you can generate per kilogram 
of body weight. Therefore a specific 
maximum strength training programme 
is recommended, which includes 
performing resistance-training exercises 
that use relatively heavy loads for a low 
number of repetitions.

Research has shown that including two 
or three resistance training sessions per 
week for an 8–12 week period can greatly 
benefit endurance running performance. 
This is because the adaptations gained 
from the training include a longer stride 
length, an improved running economy 
and stronger bones and tendons.

The squat is a core exercise in a 
runner’s resistance training programme. 
The squat improves a variety of essential 

physical qualities including strength 
through a triple extension pattern, 
posture and mobility. A triple extension 
pattern means extending at the ankle, 
knee and hip simultaneously (like when 
squatting) and allows you to develop the 
highest levels of force.

There are several principal consid-
erations and guidelines to think about 
when performing resistance training:

 ■ Mastering the technique is hugely 
important when performing resistance 
training. Simply going through the 
motions or adding weight too quickly 
can lead to poor posture or incorrect 
movement pattern and could therefore 
result in injury or suboptimal adaptation. 

 ■ Performing the full range of 
movement will recruit a greater 
proportion of muscle fibres. Connective 
tissue comes under more strain at the 
end of its range, so important structures 
will be sufficiently stressed.

 ■ Repetition ranges of 8–12 are 
suitable for learning the technique and 
improving strength. Once technique 
improves and becomes more consistent, 
strength is best developed at a lower 
repetition range (5–7 reps). Performing 
three sets on each exercise has been 
proven by research to be optimal.

 ■ When starting out, working at an 
intensity (load) that is challenging but 
allows good technique is recommended. 
For a runner more experienced at lifting 
weights, a load that is calculated as a 
percentage of the maximum weight (one 
rep max) you can lift is a good strategy. 
One rep max is a popular method of 
calculating working intensities for 
optimal gains.

 ■ The tempo or speed of movement 
is key. For example, the downward 
movement, or eccentric phase, of the 
squat should be performed relatively 
slowly and under control. The concentric 
or upward phase should be explosive 
with the intent to move quickly. 
Eccentric contractions occur when the 
muscle is lengthening under tension or 
acting like a brake.

Explosive strength

Running performance is enhanced by our 
ability to generate a high level of force 
against the ground. However, each time 
our foot strikes the ground it spends only 
a small fraction of time in contact and 
therefore has a limited amount of time 
to generate this force. In order to produce 
this strength quickly and explosively, 
it is important for runners to develop 
through weightlifting. Weightlifting 
involves raising a bar from the ground in 
an explosive movement. The hang clean 
and progression to the power clean are 
great ways to achieve this in training.

Squat jumping and medicine ball 
throwing are simpler versions of the 
weightlifting exercises but use light loads 
that can be accelerated more rapidly. 
Box jumping is another alternative 
for developing explosive strength. 
Unlike weightlifting, squat jumping and 
medicine ball throwing do not involve 
lifting a load as such but require you 
to lift your own bodyweight against 
gravity, like when running. As these 
exercises are mainly hip dominant, they 
are all valuable to a runner in developing 
explosive strength. They aim to develop 
rapid recruitment of the gluteal muscles 
during the hip extension pattern, which 
is designed to maximise the force 
delivered at push-off during running.

The squat is a core exercise in a runner’s 
resistance training programme (posed by 
a model)
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Reactive or plyometric strength
A plyometric action involves rapid 
muscle lengthening (eccentric 
contraction) followed rapidly by a 
shortening contraction (concentric 
contraction). This action occurs during 
every stride of running and can be 
improved with plyometric training by 
overloading the stretch-shortening cycle. 
This stretch-shortening cycle is what 
propels us along the ground. Selected 
overloading-training exercises that focus 
on improving both the velocity and force 
of this cycle can aid the improvement of 
running performance.

Rebound jump exercises can enhance 
the function of your achilles tendon, 
while horizontal hopping and bounding 
can help develop hip strength and 
single leg stability. Stepping off a box 
and rebounding onto another box is 
a great way to improve your elasticity. 
Maintaining short ground-contact 
times as you progressively increase the 
intensity of your plyometric training is 
crucial. This type of training is stressful, 
so it is vital to keep the quality high and 
focus on technique.

Conditioning 

Conditioning exercises aim to expose 
specific muscles or connective tissue to 
a load or stimulus as a way of building 
up a higher tolerance to repeated stress. 
Improving mobility around a joint, 
posture and rectifying imbalances with 
stretching and strengthening exercises 
will help to lower the risk of injury. 
Conditioning exercises for endurance 
athletes are largely targeted around 
the trunk, feet and ankles, hamstrings 
and  gluteals.

Trunk training

Trunk training (also referred to as core 
stability) is concerned with the correct 
positioning of the spine as a function 
of multiple muscles and joints working 
together effectively. The trunk muscles 
function to resist excessive bending 
and rotation movements and also pass 
energy from the lower to the upper 
body. Trunk training exercises require 
no equipment, only your bodyweight as 

resistance. The plank exercise is a perfect 
example of an exercise used to develop 
trunk capacity.

Feet and ankles

The foot and ankle contain numerous 
joints and muscles that are critical 
to helping you run efficiently. 
When running, your foot and ankle must 
achieve several important positions and 
movements prior to and during ground 
contact. Learning how to use your feet 
and strengthening the muscles in this area 
will reduce the risk of injury and improve 
performance. Barefoot drills involve 
walking over a distance of 10–15 metres 
on different parts of the  foot. Calf raise 
exercises and resisted movements in 
other directions will help develop the 
capacity and strength of the ankle and 
Achilles tendon, which are subject to high 
levels of stress during  running.

Hamstrings and gluteals

Running drills will improve your 
coordination and skill through 
neurological adaptation, making you a 
more efficient runner. These drills are 
grouped based upon the phase of the 
running stride, and they mainly work 
on the area of the body they overload. 
Ground contact drills include low-
level jumping and aim to improve 

ground contact time and develop calf 
and Achilles tendon strength. A-drills 
improve the proficiency of your leg to 
recover into a high knee position with 
good posture, while B-drills work on your 
ability to position your foot beneath your 
hip as it strikes the ground. These drills 
particularly work your hamstrings and 
gluteals hard so they become better at 
controlling your leg as it swings through 
and contribute more towards developing 
force at ground  contact.

Aside from the strength and 
conditioning exercises, it is also 
imperative to include mobility and 
stretches in your programme. Without 
mobility and flexibility, excessive 
tightness causes poor posture, resulting in 
compensations elsewhere in the body and 
ultimately compromising performance.

Periodisation

Periodisation means dividing the training 
year into specific sections for specific 
purposes. Planning your strength and 
conditioning training requires dividing 
your programme into blocks of time and 
setting yourself a clear objective for each 
period. This should be carefully planned 
around the running you are carrying 
out and take into account your racing 
goals. It is important that you include 
some exercises that target all areas each 
week: resistance training, plyometrics, 
conditioning exercises and running drills.

Running drills and mobilisations 
can be included as part of the running 
warm-up. Conditioning training can 
be done after runs, as with stretching. 
Resistance training should be completed 
separately when your muscles are fresh 
to ensure quality of technique and a 
reduced risk of injury.

In summary, being a good endurance 
runner is not just about running miles. 
A well-planned and executed strength 
and conditioning programme will pay 
dividends in not only avoiding injury but 
strengthening your body and ultimately 
making you a faster runner.

Sonia Samuels competed for Team GB  
in the women’s marathon at the 2016 
Rio Olympics.

Sonia performing a rebound 
jumping exercise
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Fluid mechanics can be used 
to improve performance in 
a wide range of events, from 
swimming and cycling to 
table tennis. Adam Morton 
explains the key principles 
from the specification and 
applies them to a range of 
sporting events

T he term fluid mechanics is used 
to describe the flow of liquids and 
gases, how these are affected by 

an object, such as a ball or cyclist, and the 
forces involved. More specifically, in focusing 
on air and water we are discussing some 
of the basic principles of aerodynamics and 
hydrodynamics.

Fluid friction and air resistance

As an object, be it a tennis ball, swimmer 
or cyclist, moves through air or water, the 
particles of gas or liquid (both are referred 
to as fluids) provide a form of fluid friction 
known as air resistance or drag. This acts 
in the opposite direction to the movement 
of the object. The nature of the fluid plays 
a significant part in determining the level of 
fluid friction. Water is denser than air and so 
offers greater resistance.

Likewise, environmental conditions 
that alter the density of air can change air 
resistance. In track cycling, for example, high 
temperatures and low atmospheric pressure 
both lead to less air resistance and quicker 
times. Similarly, at high altitudes, where the 
air is less dense, objects such as golf balls 
and rugby balls travel much further than they 
do at sea level.

As well as the environment, several key 
characteristics of an object determine the 
level of resistance it experiences as it moves 
through a fluid:

 ■ Velocity: the greater the velocity of the 
object, the greater the resistance. If you have 
ever cycled into a strong wind you will be 
familiar with this concept.

 ■ Streamlining: the less streamlined an 
object, the greater the resistance. The cross-
sectional area of the front of the object 
is particularly important. A cyclist will 
experience greater air resistance when sitting 

up than when leaning forward in a more 
aerodynamic position.

 ■ Surface characteristics: the surface 
of an object affects the way a fluid moves 
past it, changing the level of resistance. 
Swimmers, for example, shave their body hair 
to provide a smoother surface. Conversely, 
some track cycling suits have fine ridges in 
the material to direct the flow of air and 
reduce overall air resistance.

 ■ Mass: unlike velocity and the 
aerodynamic properties of an object 
(streamlining and surface characteristics), 
mass does not directly affect fluid resistance. 
If you are not convinced of this, research 
Galileo’s Leaning Tower of Pisa experiment. 
However, mass can slow an object by 
increasing friction due to gravity and, in 
the example of a rowing boat or kayak, by 
changing its hydrodynamic profile. A heavier 
boat will sit lower in the water and therefore 
experience greater fluid friction. 

Lift forces

As well as affecting the speed of an object, 
air resistance can generate upward or 
downward lift forces on it. Both the shape 
of an object and its ‘angle of attack’ can 
create a difference in the distance the air 
has to travel either side of it. This leads to 
a difference in the speed at which air flows 
over each side. This difference in air speed 
creates a difference in pressure (faster air 
= lower pressure) between the two sides. 
This pressure differential causes lift forces in 
what is known as the Bernoulli effect.

A lift force is generated as the pressure 
attempts to equalise, pushing the object 

from an area of high pressure (lower air 
speed) to low pressure (higher air speed). 
In the case of an aeroplane, lift forces are 
strong enough to keep the object in flight. 
In sport, a discus or javelin, if thrown at the 
correct angle, will generate lift forces that 
prolong the flight of the object. 

However, ‘lift forces’ do not always act 
in an upwards direction. Formula 1 cars are 
perhaps the best example of the application 
of such ‘downforces’. Unlike an aircraft 
wing, the wings of a Formula One car are 
designed to cause air to flow more slowly 
(higher pressure) across the top of the wing 
than under it (lower pressure). This pressure 
differential pushes the wing in a downward 
direction. This downforce, or negative lift, 
presses the car onto the track, helping it to 
corner at high speeds.

Formula One cars are also a good example 
of how a change in the ‘angle of attack’ can 
alter the lift forces generated and the level 
of air resistance. The Drag Reduction System 
(DRS) allows drivers to change the angle of 
the rear wing, creating less air resistance on 
high-speed straight. Engineers will change the 
aerodynamic profile of the car according to 
the nature of the circuit — cornering at high 
speeds on tracks like Monaco requires a lot of 
downforce. 

Types of spin

The movement of a spinning object through 
the air has a similar explanation and is known 
as the Magnus effect.

In table tennis, for example, top spin, back 
spin and side spin are all explained by this. 
As the ball spins through the air, the particles 
closest to the ball spin with it, forming a layer 
of particles rotating in the same direction 
as the ball. This is called a ‘boundary layer’. 
This boundary layer reduces the flow of 
air past one side of the ball as it collides 
with oncoming air particles. The difference 
in speed of airflow creates a difference in 
pressure between one side and the other and 
thus a force known as a Magnus force.

The faster the airflow, the lower the 
pressure, and therefore the ball moves in 
the direction of the lower pressure. This can 
cause it to swerve (side spin), dip (top spin) 
or lift (back spin). In much the same way 
that the Bernoulli effect causes lift forces, 
the Magnus effect causes a ball to deviate 

Fluid friction  The level of resistance 
offered by a fluid to a moving object. This 
depends on the velocity of the object, its 
streamlining and surface characteristics.

Bernoulli effect  The shape or angle of an 
object can cause air to travel at different 
speeds either side of it. A difference in 
pressure results, creating either a positive 
lift force or a negative downforce.

Magnus effect  A spinning object causes a 
difference in air speed and hence pressure 
either side of it. Bernoulli’s principle applies 
and the object will deviate from its original 
path in the direction of the spin.

Key terms 
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from its original flight path according to 
the direction of spin. The same principle 
accounts for the movement of a swerving 
football, or a draw or fade shot in golf.

Furthermore, the spin on a ball will 
affect the way it bounces. A golf ball with 
top spin will continue to roll forward, 
whereas back spin will cause it to ‘grip’ the 
green and, if there is sufficient spin, stop 
upon pitching or even roll backwards. Spin 
bowlers in cricket use the same principle to 
deceive batsmen.

Fluid mechanics and technology

‘ All I could see when I looked at the 
lovely, fluid shapes of the carbon 
framed bikes was free speed. It was 
speed that didn’t depend on being fitter 
or stronger or mentally more resilient.

 ’Michael Hutchinson, elite British cyclist

The principles of fluid mechanics can 
be used to improve performance in a 
number of sports. In events such as cycling 
(Box 1) where success can be measured in 
thousandths of a second, the understanding 
and application of fluid mechanics is used to 
continually seek advancements in technique, 
clothing and equipment. These developments 
are often tested in wind tunnels or using 
a form of computer modelling known as 
computational fluid dynamics.

Another sport where fluid dynamics plays 
a significant role in performance is swimming. 
Here, the greater density of water means that 
fluid resistance is even more problematic. 
As a result, the modification of technique 
and the development of more advanced 
clothing and equipment can lead to significant 

improvements in performance. Swimmers 
seek to refine their technique to improve their 
body position in the water and reduce drag.

Similarly, clothing manufacturers are 
constantly refining swimwear to improve 
hydrodynamics. At the 2009 World Aquatics 
Championships, a revolution in swimsuit 
design led to 29 world records being broken 
in 5 days. One feature of these suits was 
that they aided buoyancy and reduced drag 
by improving the hydrodynamic profile of 
the swimmer. The suits were banned shortly 
after and new regulations were introduced 
stipulating the materials that could be used 
and suit length — shoulder to knee for 
women and waist to knee for men. In this 
case, technology had been taken too far.

Too much technology?

The principles of fluid mechanics and their 
application have increasingly influenced 
technological advancements in sport. 
Developments in technique, clothing, 
equipment and apparatus have all led to 
improvements in performance. However, 
some argue that the cost of researching 
and developing these innovations leads 
to an uneven playing field, and that elite 
sport is now more about technology than 
talent. Seeking a competitive advantage 
in this way is sometimes referred to as 
‘technological doping’. In Formula One, for 
example, the recurring question is whether 
it is the best driver or the best car that wins. 

There is even a constructors’ championship, 
recognising success as a feat of engineering. 
While you may want to see the best athlete 
win, rather than the athlete with the best 
sports science team, an understanding of 
the principles of fluid mechanics is vital for 
success in many sports.

Adam Morton teaches PE at Mill Hill 
School.

1  Explain the term ‘fluid friction’ and 
outline the three main factors affecting 
the degree to which an object in motion 
experiences this.   (4 marks)

2  Using the example of an athlete 
throwing a discus, explain the Bernoulli 
effect and its impact on performance.  
 (6 marks)

3  Explain what causes a spinning ball 
to move through the air, and how this 
can be used by a table tennis player to 
outwit their opponent. (6 marks)

4  Name and explain two examples of 
how fluid mechanics can be applied to 
improve sporting performance through 
advancements in equipment and 
technique. (4 marks)

Test your understanding 

Check your answers at  
www.hoddereducation.
co.uk/pereviewextras

PEReviewExtras

Box 1 
Fluid mechanics and cycling

Fluid mechanics play an important role in 
cycling. The British women’s team pursuit 
cyclists adopt aerodynamic body positions 
to reduce air resistance. Tested in a wind 
tunnel, this position will be individually 
tailored for optimal streamlining. Each 
cyclist will have a specific way of setting up 
their bike, with their seat and handle set 
in precise positions. Their equipment, from 
clothing and shoes to helmet and bike, are 
also engineered to reduce air resistance.

Swimmers focus on refining 
their technique in training 
to ensure that their body 
positions are as streamlined 
as possible 

PERev 12.3 Press.indd   20 14/02/2017   18:05




