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2. Gravity and levers, muscles and nerves 
'The design is perfect, physiology 
reeks with purpose and design. ' 
John Stewart Collis! 

We are apt to imagine that the study of human movement, known 
as kinesiology, and the re-education of muscle are modern sciences, 
but this is not so. Aristotle, Leonardo da Vinci, Michelangelo and 
Vesalius are only a few of those throughout the centuries who were 
deeply interested in this aspect of the human body.2 But in recent 
years knowledge ofliving human movement has advanced on many 
fronts. Specialists of all kinds, from anatomists, physiologists, 
engineers and mathematicians, to biologists, physicists and psycho
logists have added their quota and professionalism, so that the ama
teur, and indeed the teacher, has more and more knowledge to draw 
upon.3 We are in good company when we take the matter seriously, 
probe about to get at the scientific foundations of movement, and 
are not just content with vague notions of what might be useful or 
'good for us' . So let us try to utilize this great flood oflearning. Even 
if some of the specialized information is beyond our complete com
prehension, it is good to realize how much research has been and 
is being done. 

Gravity 
The human body is ruled by those physical laws that affect every

thing in the world. For example the earth exerts attraction on every
thing within its gravitational field , i.e. pull, and thus produces what 
we feel as weight. If you put your hand under the tummy of a kitten 
and lift it up, you will find you can do so very easily, but if you 
put your hand under the tummy of a large cat you might not be 
able to lift it at all. You would say it was too heavy ; in other words, 
it was attracted to the earth perhaps ten times more than the kitten. 
And even this attraction is not constant. If you took the cat to the 
North or South Pole it would weigh heavier, and if you took it to 
the Equator, it would weigh less. 4 We are even told by botanists 
that it is gravity that helps the roots of plants grow into the earth. 
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It is generally accepted that we don' t quite understand the nature 
of gravity, but like many laws of the universe we may not fully under
stand, it still works and influences us all. 

People are not surprised when they stand on the scales and it 
registers their weight as so many pounds, yet when I tell them their 
head weighs about 121bs (5 kg) they are often amazed. Normally 
authorities list the parts as a percentage of the whole body weight. 
But this is difficult to grasp. Here is a list of the approximate weights 
of all your various parts , assuming you weighed 150 Ibs. 5 

2 Feet 31bs each 61bs 
2 Lower legs 7 14 " 
2 Thighs 15 30 " 
1 Trunk 70 70 " 
2 Upper arms 5 10 " 
2 Forearms 4 8 " 
2 Hands 1 2 " 
1 Head 10 10 " 

150lbs 

Of course all weights of parts vary with the individual; we have 
only to look at a crowd of people to be sure of this . Here is a table 
of weight distribution done on the basis of materials rather than 
finished structure, for a man weighing 1541bs (70 kg). 6 

ORGANS OR TISSUES PERCENTAGE OF BODY WEIGHT 

Muscles 43 
Fat 14 
Bone and marrow 14 
Viscera 12 
Connective tissue and skin 9 
Blood 8 

100 

One must remember that all figures are variable and that 65 per cent 
of adult body weight is water. You may be amused to hear that the 
adult brain, of which we are apt to be so proud, is about 2 per cent 
of body weight. 

R. D . Lockhart in his book Living Anatomy7 suggests the follow-
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ing differences between men and women. Men's muscles are 42 per 
cent of body weight and their fat is 18 per cent of body weight. 
Women's muscles are 36 per cent of body weight and their fat is 
28 per cent of body weight. This is important to realize. I have some
times found that some women, who are imbued with the idea of male 
and female equality, forget little fundamental details like this.8 But 
facts are facts - so when your boy friend offers to carry the heavy 
suitcase he is being sensible, and you are only being silly if you don't 
let him. His muscles are naturally bigger and stronger - vive la dif
jerence. Also the female body is naturally rounded by the extra little 
layer of fat. Beware of too drastic slimming. 

All parts of you are being pulled towards the earth by the force 
of gravity registered as their own weight all day long. So no wonder 
you get tired and want 'to take the weight off your feet'. Given the 
sedentary lives we lead, exercise is not only the concern of the sports
man or the slimmer these days; you need to exercise just to keep 
your muscles able to do the job of lifting bits of yourself, and indeed 
your whole weight, from place to place. Alan Moorehead in his book 
The White Nile 9 tells of Bug and an women so fat, because their men 
so preferred them, that they had to be rolled from place to place. 
At least most of us have not reached that stage yet. 

If you are a typist and lean the ten or twelve pounds of your head 
forward all day long, it has to be supported and held by the muscles 
at the back of your neck, just as a little boy holds a fishing rod with 
a fish at the end of the line. If he let go, the fish would fall. If the 
muscles at the back of your neck are not in good health and strength 
and able to work well, they, too, want to let go the weight. If you 
continue to make them work so inconveniently, they become 
strained, uncomfortable, and sodden with their own waste products, 
through lack of proper blood flow (see p. 42). Eventually some area 
will give way, and result in headaches or displaced discs, or worn 
neck joints, or fibrositis (which is inflammation of the fibrous parts 
of muscle), or localized muscle spasm, swelling, etc. All these condi
tions are frequently found . Pain will sooner or later scream at you 
that all is not well. 

Relentless gravity was pulling your head more than the support
ing muscles could comfortably control. So, since you can't change 
the gravitational pull (i.e. the weight of your head) you have to 
strengthen the muscles doing the job and deal with any other changes 



22 GRA VITY AND LEVERS, MUSCLES AND NERVES 

that may have resulted, e.g. poor blood supply, squashed joints, etc. 
(See chap. 5 for safe neck exercises). 

CENTRE OF GRAVITY 

This example leads us to pay some attention to the centre of 
gravity of anything - ourselves, parts of ourselves, or anything else. 
The centre of gravity of an object is the point of balance, that means 
the imaginary point about which all the surrounding masses are 
equal. In the body this is considered to be towards the upper part 
of the back of the pelvis (second sacral) when standing, but of course 
it will vary with the shape of the person. Anyone with a very heavy 
top half or carrying a heavy object in their arms would cause their 
centre of gravity to become higher in order to get the weight above 
and below the point equal. Any weight added to the lower half will 
bring the centre of gravity lower. The nearer the centre of gravity 
gets to the base, the more stable an object is. 

The base is that part of any object that is on the ground. In the 
standing human being it is the part of the ground on which the two 
feet rest and the part of the ground between. In sitting it is the area 
enclosed by the legs of the chair plus the area of the feet. The line 
of gravity is a vertical line from the ground which passes through 
the centre of gravity. The more central the position of this line within 
the base, the more stable is the object. The more it nears the edge 
of the base, the more unstable and, if it goes outside the base, the 
object falls over. In the human being muscles start working imme
diately this danger threatens so as to prevent this (see chap. 4), and 
thus we regain our balance. 

Small children have a high centre of gravity as their top half is 
much heavier than their lower half, since the muscles of the legs are 
relatively undeveloped till they walk and run . 1 0 How often has one 
watched the tottering gait of the toddler as he swayed around and 
finally fell. He was trying to cope with his line of gravity falling out
side the small base of his little foot as he transferred his weight from 
one to the other, and with his high centre of gravity this was very 
difficult. But up he got again for another try, and thus he developed 
his muscles for balancing, and his balance control system. 

All balance exercises, dancing and sports, are of value in maintain
ing this muscular power and control. The smaller the base the greater 
the muscular power and co-ordination needed to keep the line of 
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gravity within it. Think of the control of a ballet dancer performing 
a pirouette on point, or an acrobat balancing on one hand for an 
instant as he turns cartwheels. Think of the beauty of a woman carry
ing a water pot on her head: she looks delightful because her body 
has not become distorted in any way. The extra weight has been 
added at the top of her line of gravity and, as it were, become part 
of her. She has developed her muscular skill to cope with the raised 
centre of gravity. 

When we carry a heavy suitcase in one hand , we have to compen
sate for the extra weight at one side by bending to the other side, 
or sometimes by raising the opposite arm, to maintain balance. If 
our work , whether it be lifting bundles in a shop or our own children 
at home, demands that we do this often, we will be forcing our 
muscles to work in a very tiring way. Due thought should be given 
to any repetitive action as to whether it is being happily and healthily 
coped with by the working muscles or whether these are liable to 
break down under the strain and further damage result. The law of 
gravity is inexorable. 

Levers 
If you are only vaguely interested in exercise you may find what 

follows a bit complicated, but I hope you will read on, because it 
is essential to understand a little of the laws which govern you, if 
you want to get full benefit from Chapters 5 and 6. I must also incl ude 
some basic information for teachers, and for those who are going 
to perform professionally, e.g. ballet students. 

The other physical law governing all muscle work, as well as 
gravity, is the law of leveragell which, although you are probably 
quite unaware of it, you use all day long. Everyone, I am sure, has 
applied this law to get the top off a tin which has become stuck. 
You push some strong piece of metal like a coin, under the stiff lid, 
and, as we say ' lever it up'. Suppose it comes up immediately, that 
means the power you exerted downwards was greater than the gravi
tational pull (weight) of the stuck lid . Now, suppose the lid didn' t 
come up or the metal you were using bent or slipped, you would 
immediately look for a longer, stronger piece of metal, a safer 'ful
crum', i.e. resting place, and then applying it as before, you could 
lift the lid. 
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As Archimedes, the Greek scientist who discovered the principle 
of leverage, said, 'Give me but one firm spot on which to stand, and 
I will move the earth.'12 The other requirement apart from the firm 
spot , in the operation of this law, is that you must have a rigid bar 
of some kind, and power or force applied to that bar. You can then 
lift weight with it. 

weight 
downward 

power 

fulcrum 

We have all seen this principle applied to a see-saw. Tiny little 
Toby can lift big fat brother, on the other end. Why? Because he 
has applied Archimedes' principle. The 'firm spot' is the fulcrum on 
which the see-saw rests and about which it can move. The rigid bar 
is the see-saw. Toby is the power or force and his big brother is the 
weight registered through his line of gravity. Now the reason he can 
lift big brother is because he has a longer bit of the see-saw on his 
side of the fulcrum than big brother has on his side. This length mul
tiplied by Toby's weight will be greater than big brother's weight 
multiplied by his short piece of see-saw. 

downward power 
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And so we have arrived at the laws of leverage. The Power Arm 
is that bit of the rigid bar from the fulcrum to the point where power 
is applied (Toby). The Weight Arm is that bit of the rigid bar from 
the fulcrum to the point where weight is registered (big brother). 
The formula is Power Arm x Power= Weight Arm x Weight. 

In the body exactly the same principle is applied in pulling the 
head backwards (extending). 

direction of 
movement 

downward 
A\I-~i'!c--power 

spinal column 
(fulcrum) 

This is called a first-class lever because the fulcrum is always some
where between the weight , in this case, the head, and the power. The 
great advantage, therefore, is that it is very stable. The previous 
example of the see-saw was also a first-class lever. 

Of course in the body the rigid bar is not always a convenient 
rigid bit of bone like the skull. It is an arm, leg, foot, or the trunk, 
and often it is made shorter or longer by bending up a limb, or 
straightening it out. Convenient muscles will work to maintain the 
rigidity, for example over the elbow or knee joint. This is true also 
of the trunk or foot, when they are supposed to be acting as rigid 
bars held firmly by muscles . If these muscles give way the rigid bar 
collapses, and so we have a damaged spine or foot. It is to help to 
prevent this kind of accident that we are bothering with all this. We 
saw in the stuck lid experiment that the rigid bar might bend or the 
fulcrum slip if the weight or the power applied was greater than they 
could bear. And so it is in the human body. 

In the arm and leg the leverage arrangement is different from that 
in the neck. Let us consider drinking a cup of coffee. This time the 
fulcrum is the elbow joint because that is where the rigid bar, which 
is the lower arm, is tied on by ligaments but in such a way as to 



26 GRAVITY AND LEVERS, MUSCLES AND NERVES 

allow it to move. The fulcrum is therefore found to be at one end 
while the weight is at the other end. The weight is not merely the 
cup of coffee but the forearm and hand as well. The power is obvi
ously the flexor muscles of the elbow because they are pulling up 
the forearm so that you can put the coffee cup to your mouth. Notice, 
it is not the position of the main bulk of the working muscles which 
matters, but the point at which their tendons attach to the lever. 
The power of the working muscles is being exerted where they attach 
to the bones of the forearm. This is just below the elbow onto both 
bones (biceps into radius , and brachialis into ulna) . The power is 
therefore applied between the fulcrum and the weight. If we want 
to relate this movement to the law of leverage, then the power arm 
is the bit of the forearm between the elbow and the point where the 
working muscles attach to the forearm , and the weight arm is the 
whole forearm from elbow to cup . 

fulcrum 1+-------,.......,--,---.1 
weight 

This arrangement is called a third-class lever and most work in 
the body is carried out in this way. It is a good bargain. Every time 
we eat or drink, our hand reaches our mouth with only a small move
ment at the elbow joint and a relatively small muscle shortening. 
Because we are using a third-class lever we shift the weight a much 
larger distance than the movement in the joint involved.13 

The same performance takes place with shoulder movements 
when we move things in our hands and even more so if we attach 
added length of lever by holding a stick , racquet or fishing rod. 14 
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Just think of the distance an experienced fisherman can throw the 
fly with only a small movement of his shoulder joint. The Aborigines 
use a throwing stick in which they have a hole which houses the end 
of their spear. They can then throw the spear a much greater distance 
than would have been possible with the spear in the hand, because 
they have lengthened the lever. Moving down the body, when you 
kick with a straight leg, the foot describes a much larger part of a 
circle than the top of the leg bone (femur) at the hip joint. 

The leverage principle can also be applied with the fulcrum at one 
end, the power at the other end, and the weight between them. This 
is a second-class lever and kinesiologists are divided as to whether 
any are found in the body. Some say they are used in raising the 
body on the toes or pulling the jaw down .ls 

Applying the laws of gravity and leverage 
Suppose you have weak or damaged muscles or joints that you 

are trying to make strong. If you give them heavy work, too early, 
they will not respond by strengthening, but instead something will 
be damaged, as in the beginning of the lid experiment. You cannot 
change the placing of the joint and muscle attachments ; the only 
thing you can change in training is the weight arm, by making it 
longer or shorter, and/or by adding or taking away weight. If you 
bend up the arm at the elbow so that the fingers rest on the shoulder 
you have literally halved the length, and this is the same as reducing 
the weight, because the law is 

Power x power arm = Weight x weight arm 

By exercising in this position the weak muscles all round the shoulder 
can be strengthened gradually . When this is achieved you then per
form the same movements with the whole arm stretched out, thus 
increasing the work to be done, by increasing the length of the weight 
arm. This is easy to do in the body : you simply hold intermediate 
joints firm with other muscles. 

Finally you can hold carefully graduated weights in the hand to 
increase the work still more ; or if more convenient, add length by 
holding a cane, racquet, or hockey stick ; or both length and weight 
can be increased. 

As the muscles gain power you can safely increase their capacity 
for work from A ...... B ...... C ...... D ...... E. If, however, you had begun at E 
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A 

B 

Five variations on one exercise , gradually increasing muscle work by applying 
the laws of leverage 

A exercise halving the length of the weight arm 
B the same exercise as A, but with the weight arm lengthened 
C with added weight 
D with added length 
E with added length and weight 
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c 

D 

E 
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you might have damaged the tendons , or muscles, or joint, and so 
caused harm instead of the increased muscle power and efficiency 
you had hoped for. Every day hundreds of people damage them
selves by doing just this . If someone lifts a weight - perhaps one of 
his children - and swings him around, he will be using a third-class 
lever with added weight and length at the end of the weight arm. 
This then becomes a formidable task and unless the joints of his arms 
and spine are stable enough, and the muscles of his arms and back 
strong enough to sustain it , either the muscles or some joints will 
give way and be damaged. Instead of a child the object might be 
a heavy axe suddenly used by a week-end gardener , or a large suitcase 
being swung into the boot of a car. These are common causes of 
damage to muscles or discs or joints of the spinal column. 

If the arm and trunk muscles are gradually strengthened and the 
shoulder and spinal joints kept mobile by simple movements, then 
we can attempt to handle a\1 kinds of heavy objects with ease 
and safety. The same principles of training can be applied to each 
segment of the body. 

All activities involving balance make body muscles work . Just 
standing on one leg can be a difficult and useful exercise for some 
people, due to the smallness of the base and the constant adjustments 
required to keep the line of gravity within the base. Performing exer
cises or dance movements with the hands above the head increases 
the muscle work and co-ordination because of the rise in the centre 
of gravity. Work can be gradua\1y increased by standing with feet 
apart to begin with, then together, then on one foot, then rising on 
the toes . Control of momentum can be added by moving the whole 
body on the toes in various directions . Children enjoy balancing, 
so climbing trees, ladders, frames and onto each other, as in pyramid 
building, are a\1 very useful forms of training. 

Nowadays, since the laws of gravity and leverage have come to 
be so much appreciated in training muscles, all kinds of devices are 
used to diminish or increase the effect of gravity, i.e. weight , and 
length of lever. 

Weightless exercises arean exce\1ent way of reducing muscle work. 
Of course there is no such thing as a completely weightless move
ment. There is always some friction , water resistance, or air pressure, 
but it is a useful term. It means the weight of the moving part has 
been transferred to something else as in swimming, or exercises in 
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suspension, or by pulleys. Gradually weight can be increased. 
Weight or lever length can be added in a ll sorts of ways : holding 
balls , hoops, scarves, flags of various sizes on flag poles of graduated 
length etc. All these, children love using. For adults, spring resist
ance, measured and increasing weights and levers are recom
mended. 16 All forms of dancing, sports , and ball games call for con
trol of weight, leverage, and momentum. 1 7 

Muscle 
Muscle can do extraordinary things: change its shape, get bigger, 

smaller, pull bones about, open up spaces, close spaces - like opening 
and shutting your mouth - and even move your whole body at any 
pace you choose. Various groups of muscles work together in dif
ferent ways to meet some particular demand that you may make. 
If you decide to drive a large nail into a tough piece of wood with 
a big hammer, you unconsciously get a quite different muscle pro
gramme activity from your nervous system for the performance, 
than if you wish to use a tiny hammer for hammering jewellery. You 
also get a change of heart beat, blood pressure, diversity of blood 
circulation and type of breathing as you continue with each opera
tion. So when we are studying muscle we are investigating other sys
tems of the body at the same time. They all work together. 

There are three types of muscle in the body - cardiac in the heart, 
involuntary in blood vessels, stomach and intestines, and voluntary 
attached to bones. The last is the one which particularly concerns 
us here, and we can leave the other two types. Voluntary is so called 
from the Latin word voluntas meaning 'will' , because the action of 
these muscles is under the control of the will . Voluntary muscle is 
made up of fibres in varying formations to promote strength or 
exactness of performance. There may be hundreds in small muscles 
or thousands in large muscles . To function muscle must have sufficient 
blood circulation and an intact nerve containing hundreds of fibres . 
One nerve fibre may control anything from one muscle fibre , as in 
the eye, to hundreds of fibres, depending on the function of the 
muscles concerned ; the small muscles of the thumb have far fewer 
muscle fibres per nerve fibre than the gross muscles moving the hip 
joint. So we can expect minute movements in the eye, exact move
ments from the thumb such as directing a pencil , threading a needle, 
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etc. and only very large movements at the hip joint. The diagram 
below shows the amounts of the motor area of the conscious brain 
devoted to different parts of the body. The lips and the hands have 
by far the greatest areas. The trunk has rather less than the toes, 
while the whole long legs have less than the arms and hands. We 
should use this knowledge when trying to direct our own or other 
people's exercises. 

/1.~C~ 
Il~~ ',""Itl.\\\ ~wrist h hip ankle I ~ 
~J • IUS oulder toes ra. I hand 

little } 
- nng finger 

middle 
- index 

thumb 

~ I neci( 

D-I - brow 

iii eyelid and eyeball 

tr1-l- face 

III-I;" 
Gl--iaw 

~ tongue 

P.1-I swallowing 

Movement control in the brain. The amounts of the motor area of the con
scious brain devoted to different parts of the body 
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Muscle fibres are only about 1 cm to 4 cms in length, bound 
together in bundles. Fibrous tissue covers the bundles and lies 
between them, and eventually joins together to form the tendon 
which usually inserts into bone to lever it about. 18 Some muscles 
do not insert into bone but into fibrous tissues, e.g. the mouth, or 
midline ofthe abdomen, or pelvic floor (see chap. 3 p. 54). The result 
of contraction of muscle is determined by the direction of the muscle 
fibres, and the placing of its attachments into fibrous tissue or bone. 
The shape of the joints involved also rules what movement is poss
ible. In ball and socket joints, like the hip and shoulder, movement 
in all directions is possible, but in hinge joints like the elbow and 
fingers, only movement in two directions (flexion and extension) can 
be produced by the muscles. No other movement should be 
attempted by forcible manipulation or harm may be done. 

Smaller body segments can move faster than larger ones. Here is 
an interesting comparative list of wing beats which illustrates this .19 

Humming bird 
Sparrow 
Pigeon 

200 per second 
13 

8 " 
2 Stork 

Contractions of mouth muscles in eating also decrease as the mouth 
gets bigger : 

White mouse 
Human 
Ox 

350 per minute 
90-100 per minute 
70 

Therefore you would expect to be able to perform quicker move
ments with your fingers or hands, than with your whole arm or whole 
leg. You are also able to perform different kinds of exercise using 
the same joints because you have various types of muscles surround
ing each joint. 

FUNCTION OF MUSCLE 

Look in a mirror and tell your mouth to make as small a circle 
as possible. Now tell it to remain small. Now tell your mouth to 
become as wide a circle as possible. Again you will see it do so imme
diately. Now tell it to remain large and then to STOP. It will perform 



34 GRA VITY AND LEVERS, MUSCLES AND NERVES 

all this easily, and when you say stop it will return to its original 
shape. Now tell your nose to become smaller and then bigger. Of 
course it won' t. Your mouth is mainly composed of muscle but your 
nose is just a blob of fibrous tissue and fat, with a few short muscles 
at either side to twitch it about. 

As you moved your mouth you have proved to yourself the func
tions of muscle which are unique-

I. It can carry out instructions for a finished performance, 
although you are not aware exactly how you do this. 

2. It can become smaller and return to its original shape. 
3. It can be stretched and return to its original shape. 
4. It can work both when it is getting smaller and also when it 

has been stretched. 
5. It can hold a chosen position. 
6. It can stop all activity, i.e. relax. 20 

Muscles occasionally work separately but usually do so in groups 
for a purpose: moving bones, stabilizing joints, or pulling on fibrous 
tissue. As you have just proved, muscles have special jobs that they 
will perform. Some muscles have more than one action : the biceps 
first turns over the forearm (supination) so that the palm of the hand 
is directed upwards and will then help to bend up (flex) the elbow 
with the rest of the group of elbow flexors. 

TYPES OF MUSCLE WORK 

Nerve impulses pass along nerves in rapid succession, frequently 
at speeds up to 100 metres per second (about the distance ofa football 
field) . When they are received by the muscular tissue they cause a 
chemical change; this causes an electrical change and then an electri
cal current to flow. This in turn causes the muscle material to change 
in shape, that is, to contract. This is muscle work. 21 

Muscles work in three ways :22 

1. Concentric (Isotonic). They work and shorten. 
2. Eccentric (Isotonic). They work as they are gradually stretched 

by the weight of the part (gravity) or something else, e.g. a 
spring, but they control the rate of movement. 

3. Static (Isometric) . They work and remain the same length. 
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Take as an example, the muscles at your shoulder joint. 

Concentric. Muscles (abductors of shoulder joint) shorten to take 
arm up sideways to shoulder level. 

Eccentric. The same muscles work to control the rate at which the 
arm is lowered, against the pull of gravity. If they did not work, 
the arm would just fall down. 
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Static. The same muscles work, but without getting shorter or 
longer, to hold the arm in a selected position against gravity.23 

In all three instances the opposing muscles (adductors of shoulder 
joint) are completely relaxed. 24 

Eccentric muscle work is the easiest to perform. It is most used 
in the body to control the weight of our limbs against the pull of 
gravity. Concentric is next, then static, which is the most tiring. The 
number of fibres working is decided by the work to be done : the 
more work either by weight or leverage, the more fibres working. 
Each fibre works fully or not at all ; this is the All or None Law. 
We now know by experiment, that if a muscle is not given any work 
to do , it relaxes completely. We used to think it always remained 
in slight contraction (see Ref. 20). The bulk of each muscle depends 
upon the individual's personal physique and also upon use. Use de
velops the size of muscle fibres , although there is no increase in the 
number of fibres. Working against resistance makes muscles 
stronger, static muscle work especially builds bulk. Short sharp 
bursts of varied activity with suitable rests are preferable to longer 
sessions of gentle performance. 

C OLOUR OF MUS C LE 

Some muscles are capable of strong movements and of sustaining 
a part of the body in a particular posture, other muscles are particu
larly designed for quick activity. Thus we use the deep muscle of 
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the calf (soleus) when standing, as it is attached above to the bones 
of the lower leg and below onto the heel by the Achilles tendon, while 
we use the muscle which forms the curved bulk of the calf (gastro
cnemius) to perform strong, quick movements as in jumping and 
dancing. It is attached above the knee onto the femur, and at its 
lower end also into the heel by the Achilles tendon. The soleus has 
closely packed bundles of fibres , more blood cells and is therefore 
dark reddish in colour whereas the gastrocnemius, although larger, 
is finer in texture and whiter. These correspond to the dark and white 
meat in a chicken. My wise old Siamese cat would only eat dark meat 
so there must be a vast difference in substance. In exercising the 
muscles around the ankle one should be sure to include both slow, 
sustained, and quick activity. 

MUSCLE RA NGES 

What is called the full ran&e of a muscle is from its most stretched 
point to its most contracted. The outer range is from the most 
stretched to midpoint , and the inner range from midpoint to its most 
contracted. A muscle works best after it has been stretched 25 but 
not overstretched. This weakens muscle. It is therefore at its most 
efficient ifit can be fully stretched and then fully contracted, its most 
powerful moment being at midpoint in this excursion. 

midpoint 

0\...\... R,.q~ 
'" G{:' 

Inner range work is most satisfactory and has a helpful squeezing 
action on the local circulation. It squeezes out capillary blood for
ward towards the veins and thus helps to get rid of waste products 
(see p. 42) . It is thus not tiring and can continue happily for some 
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time. Conveying food to the mouth is inner range muscle work for 
the flexors of the elbow, and we find this quite pleasant work. 

Outer range work is the most tiring, and if the muscle work is 
also static, it is very tiring indeed (see p. 36). We are all aware of 
this when we carry a suitcase or shopping with a slightly bent elbow 
to keep it away from the body. This is performed by static muscle 
work in the outer range of the flexors of the elbow to hold up the 
weight and the abductors of the shoulder to hold the arm away from 
the side, with a long weight lever and gravity pulling the weight of 
the arm plus the weight in the hand. The working muscles are in 
every way disadvantaged ; they will soon tire and strain may result. 
Hence the advantage of shopping and luggage trolleys. 

When planning any form of muscle work, the type of muscle work 
and the range in which it will be performed should always be con
sidered, and care taken to vary it at every session. In retraining weak 
muscles, gentle inner range work, progressing to full range as far 
as is possible, should be encouraged. Muscles are found in the body 
in groups. In all types of muscle work, in any range, the opposite 
group of muscles to that working is always relaxed by the central 
nervous system. 26 

NER VOUS CONTROL OF MUSCULAR ACTIVITY 

Voluntary muscular activity - under the control of the will - is set 
off from the motor area of the conscious brain. 2 7 The results of this 
activity, as registered in skin and fine joint sensation, are sent back 
to the sensory area of consciousness where they can be appreciated, 
and are consciously registered. Other joint sensations, tendon 
feeling and muscular stretch during the activity do not reach the con
sciousness, but go to the spinal cord and centres in the lower, mid 
and hind brain (cerebellum). From there appropriate orders to help 
the activity are sent to muscles - either to relax or to contract. These 
are called 'reflex actions' although they take place in voluntary 
muscle and are part of the movement pattern. These are not under 
the control of the will. The cerebellum has overall control of the 
co-ordination of muscular activity. 

It has been known since the middle of the last century that the 
cortex of the brain controls activity, not detailed muscle work. Kine
siologists, 28 anatomists,29 and physiologists30 agree on this point. 
Yet one still sees teachers trying to teach students to perform exact 
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muscle control. Jackson said in 1903 'nervous centres know nothing 
of muscle; they only know of movement'. 31 Dancers know this in
stinctively. I want to stress this as I have found it so helpful in trying 
to teach exercises to different kinds of people . The teacher may think 
of the muscles requi ring training, but must transform the thoughts 
into directions for movement of the whole body, or the part involved . 
That movement will have, as its result , the required effect on the 
muscles in question. 

front 
back 

(muscle co·ordination) 

The areas of the brain 

Let us take a very simple example. When trying to strengthen the 
buttock muscles, the old-fashioned way was to say 'pull your bottom 
tight, try to imagine you are holding a coin between your buttocks' . 
As there is so much loose fat there, the person can certainly pull 
this slightly tighter, and if you put your hand under his buttocks 
as he is sitting you, too, will feel the muscle tighten slightly. 
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Now what the buttock muscles (gluteus maximus) are really there 
for , is to pull the thighs backwards at the hip joints and turn them 
outwards, not lift coins up. Put your hand again under the person 's 
buttocks and tell him to press his thighs onto the seat of the chair, 
and roll them outwards . You will immediately feel a very strong hard 
contraction of both his buttock muscles (see p. 131). The person per
forming the movement will also be easily able to feel the pressure 
of the skin of his thighs on the chair, and the movements in his hip 
joints, and so can effectively repeat the performance (skin and joint 
sensations go directly to the cortex). Or he can perform heel raising, 
knee bending, with the knees turned outward . Even if he only lowers 
and raises himself a little way he can feel his joints moving, and if 
you put your hands on his buttocks, and the front of his thighs , you 
can feel very strong contractions in both sets of muscles. 

Most activities of course have much more complicated muscle 
work of various kinds , including relaxation of other groups. These 
can only be taught as a performance, the central nervous system 
programming the muscle work desired. 

Patterns of movement 
Patterns of movement is the term given to any activity , whether 

an apparently simple one like a child sucking his thumb or the amaz
ingly complex one of playing any ball game, where every part of 
the body is involved. We learn patterns of movement by doing and 
so we gradually build up a large repertoire of performances. The 
first activity after birth is based on a reflex that takes the hand to 
the mouth and upon this the child gradually builds up his knowledge 
of shape, size, roughness , smoothness, texture, etc. by mouthing and 
savouring everything within reach. Voluntary movements begin to 
take shape as his desires increase - ' I want to shake the rattle' - and 
so for the rest of life, all activities will be a mixture of these two, 
reflex and voluntary. 

The result of voluntary movement - a pattern - is stored in the sen
sory area of the brain. This final result is called an Engram. M uscu
lar patterns of great complexity and rapidity such as sports, typing, 
or dancing, can be registered in the sensory area and finally stored 
in the motor area.3 2 Nowadays the sensory and motor areas are 
believed to be so closely linked that they are sometimes called the 
senso-motor area. 



Summary 
This discussion suggests that in learning any skill involving muscle 

control , from jogging to dancing, or any sport , you apply this know
ledge to your own chosen activity.4 3 

a. Choose an activity that really fits in with your way of life, and 
go on to a variety of others. 

b . Review your diet for adequate balanced requirements , weighing 
yourself and counting calories if necessary. 

c. Begin activity gently and build up gradually, monitoring your 
pulse rate if necessary. 

d . Develop a mental picture of what you want to achieve in your 
chosen activity, wholly and in parts, and practise the activity both 
wholly and in parts . 
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e. Do not attempt to register muscle work as you practise. Register 
joint activity and skin sensitivity, and body shape as you move. 

f. Practise frequently , not being put offby lack of achievement. Give 
nerve controls time to learn the pattern for success. 

g. Have short sharp bouts of activity interspersed with adequate 
periods of rest, and change of occupation. 

h. Enjoy what you are doing and stop when you get bored or 
annoyed, and try again later. 

1. Get yourself comfortably breathless by exercise, while still able 
to talk, once a day. This stimulates breathing capacity. 

J. Continually review your picture of what you are trying to achieve 
by watching top-class performers, by being clearly taught, and 
by experiencing/success. 

k. Continue practice with only the final clear picture of the activity 
in mind, making no attempt to direct each single part of it. 

1. Practise relaxation (seep. 167) as well as activity, as this is a rule 
of the body. Remember, if you live 100 years, your heart will have 
rested more than 50 years . 

m. Discontinue all exercise during any acute infections or when 
overtired. If you have any doubt about your general fitness for 
exercise, consult your doctor. 
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Eyes (sight), ears because of the fluid in the semicircular canals which 
indicate the position of the head, muscle stretch, joint and tendon 
sensation, pressure on the soles offeet, all send messages to the spinal 
cord, middle, low, and hind brain. The incoming messages are co
ordinated and then suitable messages are sent out to the exact muscle 
pattern that will retain the upright posture or any required balance. 
The incoming messages do not reach the conscious brain, they are 
much too quick for that. So they require practice. Only repetition 
keeps the mechanism performing smoothly. It is quite easy to keep 
it going, so do try. 

Watch a child training his balance when he is learning to walk . 
No matter how often he falls over, up he gets again till he can control 
changing his weight from one leg to the other. Then he practises 
turning, and later he will practise climbing, walking along narrow 
or high walls . If he has a wise mother she will allow him freedom 
to do all this natural training, except perhaps for really dangerous 
balancing, over basement steps, for instance. In fact , if she joins in 
balancing games, her own muscles all over her body will respond 
to the stimulation of skin, joints, tendons , muscles, eyes, and ears 
registering her changes of weight as she sways. This is excellent 
natural training of body control in response to body sensation. From 
middle age onwards it is vital to maintain your 'sense of balance' 
in good trim. Fractures from falls are common in old age and may 
be prevented by maintaining postural control. 

The correct upright posture, first described in 1889, had the line 
of gravity through the ankle, knee, hip, and shoulder joints to a point 
just behind the ear. 4 This alignment is still taught by some people 
but modern ideas are not so rigid . The line is now considered usually 
to pass in front of the ankles, through the knees and behind the 
shoulders, up to just behind the ear. 5 See the picture of the skeleton 
in profile on p. 50. The accepted idea is that good upright posture 
is one which allows every part of the body to function well. Good 
health and good posture are reciprocally related - that is each de
pends upon the other. So what must we do to preserve good posture? 
Here is a very easy way to register your own posture and therefore 
to be able to adjust it at will. 

Stand with your feet just slightly apart and you will find they 
naturally turn out very slightly. Now sway gently forwards and you 
will feel the pressure of your weight on your toes - this is too far 
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forward . Now gently sway backwards and you will feel the pressure 
going through your heels - which is too far back. Now adjust your 
weight so that it falls through to your feet just in front of your ankles. 
This is easy to do and is the position in which your feet are made 
to receive it. The result is that your weight now goes from the point 
just in front of your ankles, through your feet , partly downwards 
at the heel, and partly spread across the middle of your feet onto 
the toes. This is why the foot is arranged in arches from back to 
front , and from side to side, so that our weight may spring forward 
as we walk. It is designed for movement, not like an arch in a build
ing, which is merely for static support. 6 When standing you sway 
slightly forwards and backwards continuously although you are un
aware of it. The sway gives alternate muscle work to the muscles in 
the front and back of the lower leg, and thus allows them rest periods 
as well as work periods. 7 

f 

j 
arches 

Now, keeping your weight in front of your ankles, just gently 
wiggle your knee-caps up and down ; you should find this quite easy. 
This demonstrates that the knees are not being held in a rigid straight 
line by the quadriceps muscles in front , which we used to think was 
the case. They are in fact kept, along with the hips, in an easy position 
by action of the hamstrings at the back of the thigh which control 
both joints, knee, and hip.8 

Now we have reached your pelvis and many people wonder what 
position it is meant to be in. So tryout the four possibilities. Place 
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your hands on the protruding knobs of bone on either side of your 
tummy, thrust your pelvis forwards , and you will immediately feel 
that it is out of body alignment. Then thrust it far back, and you 
will also feel it to be uncomfortable. Now tilt it downwards in front 
and you will feel your bottom is protruding at the back-obviously 
wrong. Try reversing the tilt - up in front and so down at the back. 
This may feel better but still odd and out of balance, so release it 
and feel the pelvis in balance in mid position so that your weight 
line (line of gravity) is passing through your knees, and just in 
front of your ankles. 9 

.. 

The three-point pull 

You are learning to feel your weight and to control its passage 
through your body. Now from this stable foundation, stretch your 
spine so that your breast-bone tilts up slightly, carrying your whole 
chest to a slightly uplifted position. Keep breathing gently, feeling 
your lower ribs lift up sideways and then drop. Continue this stretch 
through your neck to your head, keeping your eyes facing forwards 
and your chin at a right angle to your neck. Your ears should be 
just above your shoulders. As you stretch the top of your head up, 
pull your shoulders straight down towards the floor . I call this the 
three-point pull. Your arms fall easily at your sides. Retain this posi
tion without any effort, just conscious of your erect head, your easy 
breathing, and the slight sway at the ankles. This stretching reduces 
somewhat the three curves of the spine (see p. 50) which is a very 
helpful movement to make several times a day for a moment or two, 
whether you are standing or sitting. When weight is being carried 
through any curve the brunt of it go~s onto the concavity. So by 



POSTURE, BALANCE, BREATHING AND CIRCULATION 71 

stretching the curve this burden is eased temporarily. This may save 
ligamentous or bony damage from accumulating. No-one wants 
osteo-arthritis. 

You are now in a corrected balanced standing position with the 
minimum of muscles working, no undue strain on ligaments or bones, 
and a helpful position of the chest for easy breathing ; the abdominal 
organs are not cramped while they continue to digest your last meal , 
and your huge liver gets on with its essential multiple jobs. You will 
probably feel more alert and happy. Now that you have felt these 
easy adjustments, try facing a long mirror and repeat them , then 
stand sideways to the mirror and repeat them. It is quite surprising 
to watch your shape altering for the better with each small joint con
trol , but do keep on feeling what you are doing. Remember also 
that you must never hold yourself rigidly. You will become adept 
at making such small adjustments that no-one else will know that 
you are doing so. No spectacular heaving up of the chest is necessary, 
or over-exaggeration of any kind. You simply adjust the way in 
which your weight passes through your joints. This is easy to do 
with a little practice. Do keep breathing easily as you make the joint 
changes, and do not try to retain the corrected position for very long. 
Learn to take it and leave it, remembering that the natural body 
sway forwards and backwards, or from side to side, although imper
ceptible, makes your muscles have bursts of activity automatically.! 0 

When you feel part of your body sagging, or being distorted , it is 
good that you should know how to adjust it readily and comfort
ably.!! See Corrected Standing p. 165. 

There are really no such things as arm exercises, leg exercises, etc. , 
although we use the term, as it is useful to indicate whereabouts the 
emphasis in each exercise will fall. But the body is not like a jointed 
doll , made up of separate sections, that you can move quite indepen
dently of the rest. Just by raising your arms above your head, your 
centre of gravity moves upwards and so changes the muscular pat
terns needed to control your balance . The body is an integrated 
whole and must be respected as such. 

When you are training your posture and balance you may find 
some part that is difficult to control , e.g. your pelvic balance. Turn 
to Chapters 6 and 7 and you will find exercises you may care to do 
which will loosen any joints involved, strengthen weak muscles or 
stretch shortened ones, and help you get control of the exact area. 
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Total fitness in 30 minutes a week 
This system has been composed by Dr Laurence E. Morehouse, 

Professor of Exercise Physiology and director of the Human Per
formance Laboratory at the University of California in Los Angeles. 
He has been working in this field for over forty years and was respon
sible, with others, for the studies of all kinds of body activity which 
enabled astronauts to work successfully on the Moon and return 
fit. He says, 'We wanted our money's worth.' The present pro
gramme is based on that experience. 
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SIMPLE MOVEMENT 

Exercise is a vital ingredient of life . If this is the first time that 
you have faced up to the need for it SIMPLE MOVEMENT 
will give you a firm grounding in the theory before leading 
you through a sequence of carefully graded exercises. If you 
have already tried yoga, modern dance, gymnastics or ad 
vanced keep-fit and found them difficult, SIMPLE MOVE
MENT will help to get you off the mark again . The emphasis 
throughout is on a thorough, professional approach , making 
a start from first principles and tackling the simple yet vital 
routines. 

It starts with your most fundamental movements--'-the 
flow of messages through your brain and nerves, the circula 
tion of blood , the rhythm of breathing , the movement of 
muscles and bones beneath the skin , the continual mass of 
small adjustments that keep your standing or sitting posture 
correct. The basi c physical laws of gravity, leverage and 
atmospheric pressure that dictate to the body are explained . 
Only once the reasons that lie behind- the Why of exercise 
- have been discussed, does the book open out into the 
How, its own sequence of thirty exercises . Nearly all these 
simple movements are performed in a sitting or lying 
position . While not spectacular, they are safe and if done 
conscientiously , make a satisfying course in themselves as 
well as providing a firm foundation for any more complex 
and demanding activity that you might go on to . 

The final chapters fit movement into the pattern of every
day life and describe exercises to be done in the bath or 
shower or bed, office, kitchen and garden, as well as offering 
hints for the o ld and disabled . 
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