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ten articles on the Technique before this 1959 MS for a book. It 
was never published. Here he aims to correlate developmental 
organisation of the organism with the Alexander Technique. The 
developmental physiology described is partly based on Charles 
Child’s axial gradient theory of development which was outdated 
already by the time of writing. To the general reader, these chap-
ters may appear very specialised. The second half deals with the 
Alexander Technique. The figures and Appendix 2 are missing. 
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IntroduCtIon
The theory of evolution defines the world of life as a succession in time 
of genetically related organisms, subjected to a continuous sequence of 
changes – variations and mutations passing into species and these again 
into genera and phyla – the whole in a state of flux and precession. Both 
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2 Posture and Allied Processes in Man

the flux and each event occurring in it have their functional significance. 
In the continuing process of change an individual organism represents an 
arbitrary point, a focus of temporary stability. By providing an inexhaust-
ible supply of mutations, biological instability is an a priori condition of 
evolution, the mechanism whereby a species or group secures adaptation 
to changes, inimical or favourable, in its surroundings. These adaptations 
or mutations affect both structure and function. The difference between 
structure and function may be only a difference in the speed of change or 
adaptation, as Sherrington has suggested, so that in the last analysis the 
distinction between structure and function vanishes, just as in physics the 
difference between matter and energy vanishes.1 This is probably true of 
the sub-microscopic elements concerned in metabolic activity, although 
in this aspect, as will be noted later, the speed of change is limited. Tele-
ologically, all adaptations are devices for survival, and an integral element 
in survival is the creation within the organism of an internal environment 
of its own, the milieu intérieur of Claude Bernard (1878), which, in con-
trast with and in opposition to the turbulent and inconstant forces of the 
external environment, preserves conditions of undeviating constancy for 
metabolism. The constancy of the internal environment [‘homeostasis’] 
is an exception to the general rule of biological instability. As the system 
of chemical processes which provides the organism with its energy and 
the materials for its growth, metabolism is the sign-manual of life; it is 
immanent in life distinguishing the living from the non-living. Metabolic 
reactions are roughly identical throughout the animal series, illustrating 
the stability of the internal environment once uniform and optimal con-
ditions for its operations have been achieved. The great, primary func-
tions, such as digestion and excretion, circulation and respiration, etc., 
are also fundamentally similar in all animal types and have remained rela-
tively unaltered throughout biological history. They serve metabolism as 
its handmaids, contributing to its activities and contributing also to the 
maintenance of the internal environment. With the creation of an internal 
environment there is evolved a closed system, a stable constant in the 
biological flux. Living matter becomes an organism, a separate and inde-
pendent entity. This may be regarded as perhaps the first critical step in 
animal evolution. Certain others will be considered later, of which two are 
important to our argument, viz. the development of an axiate pattern and 

1 ‘All structure is in action and the action of a structure is its function.’ Struc-
ture and function merge ‘into a space-time relation . . . structure in function.’ 
(Coghill)
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the acquirement of anti-gravity mechanisms.
Evolution is coeval with life. Schrödinger (1947) considers that the 

simplest organisms, essentially those which contain the smallest number 
of molecular units, are the most susceptible to mutation. Within limits 
complexity confers the attribute of resistance to mutation. That is to say, 
the higher organisms produce fewer mutations than the lower ones. In a 
sense, the experiments of evolution, and the expedients resulting there 
from, represent efforts, successful or otherwise, to keep intact and pre-
serve the inviolability of the milieu intérieur and of the primary functions 
under the stress of threats from a changeable environment. When adapta-
tion to novel conditions has been attained and is successful, secondary or 
daughter functions emerge. A successful mutation represents an increase 
in complexity. The new sub-functions, however, are not separate and 
independent entities, grafted on, as it were, but are always developments 
within the field or general pattern of one or more of the primary func-
tions. Even locomotion may be regarded as an extension of the function 
of digestion, designed, so to say, to facilitate the finding and utilization of 
food. Sub-functions, therefore, all originate and are organized as integral 
parts of the total pattern, proliferating repeatedly within its framework to 
meet the needs of a new situation. By virtue of its functional sub-divisions, 
each primary function enlarges its scope, but preserves its intrinsic nature 
unchanged. Finally, in their turn, the new functions initiate changes in 
structure that eventually emerge as definite organs or systems of organs 
for the fulfilment of their specific activities. It seems to be a law of animal 
development that changes in function precede changes in structure. 

In contrast with the fixity of the great primary functions, the struc-
tures which subserve function, primary and secondary, are comparatively 
labile. In the animal series they have undergone great and radical trans-
formations. The tissues of simple, multicellular organisms are generalized 
but, in response to outbursts of functional activity and their associated 
physical and chemical changes, they become modified and differentiated 
to form definite and established organs, each with a specialized function. 
Hence, every new group or phylum, which appeared in the fullness of 
time, has presented some structural departure from the ancestral organi-
zation. 

As a rule, these changes have been in the direction of greater complex-
ity. Exceptionally, certain species have adopted a reversed or retrogressive 
course, such as the simplification, degeneration or even complete loss of 
an organ, which may disappear in the adult stage of the animal after arriv-
ing at an advanced stage of development in its embryo. Many instances of 
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the degeneration of normal tissues are known to biologists.
The external environment has changed repeatedly during the course 

of geological time. The end of each major geological era has been marked 
by some great upheaval of the earth’s crust, and in comparatively recent 
times there have been recurrent Ice Ages, the last almost within the his-
torical period. Acting and reacting with the environment, various func-
tions and their correlated organs have become correspondingly modified 
in successive animal types. Thus, variation in one aspect or other of the 
structure of an organism, fluctuating in these two directions but mainly in 
that of complexity, gave rise in time to new species. Nevertheless, even in 
the formation of the highest types, the latest and more complex modifica-
tion of an organ or system was not necessarily a functional improvement 
on its predecessor, because the attainment of greater efficiency by any one 
organ might be frustrated, as it were, in the interest of the totality. It is in 
the totality, or organism as an integrated whole, that the great – and lesser 
– changes are initiated, and its constituent organs may be compelled to 
re-adapt themselves in conformity, often somewhat inadequately. In every 
mutation and new species there is probably at least one function that 
represents a compromise. There is always a tendency towards conserva-
tism. Either the new function is performed by an organ that formerly dis-
charged a different function and has become modified to effect the other, 
or it may continue to perform the old one under more difficult conditions, 
producing a certain amount of disharmony. Evidently, the doctrine of 
perfectionism has little relevance in the animal kingdom.

In confirmation of the foregoing, somewhat theoretical, interpretation, 
we learn from the geological record that each succeeding period of the 
earth’s history had in fact its own characteristic fauna and flora. In the 
earlier periods, animal forms were primitive and relatively simple, but even 
these exercised in elementary fashion all the fundamental functions. For 
the earliest stage of all we postulate unicellular organisms, forms probably 
not very dissimilar to the protozoa of the present day. In less remote peri-
ods, the characteristic remains indicate more complex and highly evolved 
varieties and, as the earth became progressively older, we find that an 
increasing number of new, more complicated, and more advanced animal 
types had arrived, partly or wholly replacing old ones. For example, dur-
ing the pre-Cambrian Age2 the highest type was the Annelid worm. Then, 
among fossils of the long Cambrian period we find not only Arthropods 
– crabs, scorpions, spiders, beetles, etc. – but also representatives of nearly 
all the major invertebrates groups. Later still, in Silurian and early Devo-
2 See Appendix to Introduction, “Divisions of Geological Time”.
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nian times, the first vertebrates appear in the form of primitive fishes. The 
fossil examples of Silurian and early Devonian fish are mostly of a type 
that suggest that the earliest fishes lived, not in salt water, but in inland 
waters,3 although some shark-like fish are found in late Devonian seas.

Although mammals are now the most conspicuous of living animals, 
they were not evolved until comparatively recent times. The most primitive 
mammals arose about the end of the Triassic era, but the group remained 
relatively static until the extinction of the great reptiles at the close of the 
Mesozoic epoch. Remains of all these diverse orders – worms, arthropods, 
fish, reptiles, mammals, etc. – are to be found preserved in overlying geo-
logical formations, constituting a time-series of specific groups of ever 
increasing complexity.

All organisms, whether unicellular or multicellular, have arisen from 
pre-existing organisms, and all species from pre-existing species. The 
mechanism of evolution may be obscure, but the fact is certain. Often it is 
difficult to follow the exact genetic relationship of one group to another, 
but in many cases intermediate links are known. For example, the soft-
bodied and limbless Annelid worms and the armour-plated Arthropods, 
which have jointed limbs appear very dissimilar. Nonetheless, their rela-
tionship is clearly indicated by a small animal, Peripatus, not unlike a 
leech, that still exists and is widely distributed throughout the Southern 
hemisphere. Other instances also are known, e.g. Archaeopteryx, interme-
diate between reptiles and birds, but long since extinct, and lung-fishes, 
several genera of which still survive south of the equator. 

Animal evolution has not followed a strictly linear course from the 
relatively simple to the relatively complex, or from the less to the more 
differentiated. Springing from the same stem, often far back in history, it 
has repeatedly radiated out along different and divergent lines, some of 
which, like that of the sponges, have come to a dead end, while others, 
such as insects and birds, have remained comparatively static. Many have 
become extinct. Other lines, notably that which culminated in Man, have 
proved to be growing points on the evolutionary tree. All the types associ-
ated with these growing points, however apparently dissimilar, have one 
outstanding character in common, viz. an irresistible tendency towards 
continuous brain development. Growing points are associated with grow-
ing brains.

Both mammals and birds are considered to have originated from rep-
tiles. Birds were evolved first. Gradually, or, more probably, by consecutive 
3 The seas of these early periods were much less saline than the oceans of the 

present day.
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mutations, they diverged more and more from the parent group. Mam-
mals are believed to have sprung from a group of Triassic reptiles and to 
have developed subsequently a variety of’ separate lines – the genera of 
Zoology – one of which ended in Man. The success of these advanced 
types depended primarily upon a progressive increase in brain capacity, 
a feature which explains the predominance of mammals in the modern 
world. There was a time, however, when the ruling factor of dominance 
or survival was not brain but bulk. During the Mesozoic era, between the 
Silurian and Cretaceous periods, reptiles of great size and strength were 
predominant. Such were the dinosaurs on land, ichthyosaurs and plesio-
saurs in the sea, and pterodactyls in the air. Dicynodon appears to have 
been one of the most numerous and successful of all land animals, appar-
ently for a very long period and over most of the world. Most of these 
reptiles were very large, the largest terrestrial animals known. Brontosau-
rus reached a length of some 67 feet and weighed 30 tons. Brachiosaurus 
was close to 80 feet long and 50 tons in weight. Diplodocus, including its 
whiplash tail, was 87 feet long. Triceratops weighed 10 tons, and Tyran-
nosaurus, which was bipedal, stood some 20 feet high when erect.

Brain weight may not be an entirely satisfactory measure of cerebral 
capacity, but it is easy to determine, and a comparison of the ratio of 
brain weight to body weight is instructive. Thus, Brontosaurus had a brain 
weight of about two pounds and Triceratops about the same. This works 
out at less than one ounce per ton of body weight for the former, and 
about three ounces per ton for the latter. The same ratio in the case of 
a dog is nearly twenty pounds to the ton, and in a man, weighing twelve 
stones, about half a hundredweight to the ton. It is evident that great size 
and massive power were not enough. These qualities failed to confer sur-
vival value on the great reptiles, most of which are long since extinct. The 
dinosaurs probably lived in swamps, where they were buoyed up by the 
water. By the beginning of the Caenozoic period they all vanished, at least 
the largest of them, coincidentally with continental elevation of the land 
and the resultant drying of their marshy haunts.

the AxIAte PAttern
Certain preparatory developments in structure, which facilitated a later, 
progressive increase in brain capacity, must have preceded brain evolu-
tion proper. An early and important instance occurred far back in pre-
vertebrate history, among Annelid worms, when animals for the first time 
acquired the habit of moving head-first. Among the older contemporaries 
of these worms the most advanced were the radially symmetrical forms, 
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such as sea-anemones and medusa, which were, and are, either sedentary 
of floating. In contrast, the new acquirement by worms opened the way 
to rapid movement in one, the head-first, direction, in itself a substantial 
advantage. But it did more. It was the first crucial step of a process known 
as cephalization, by which is meant a tendency to segregate the sense-
organs and the nervous system in the forepart of the body, a position of 
obvious advantage in the detection and pursuit of prey. Correlated with 
this innovation and developing parallel with it, there ensued other changes 
of shape and body design, both internal and external. The animal body 
acquired a physiological antero-posterior axis, around which the various 
organs, especially those of motion and special sense, became arranged in 
bilateral groups. At the same time there was established an arrangement 
of the body in a linear series of divisions more or less closely resembling 
one another. In some animals, e.g. the earthworm, this resemblance is 
exact. This is the device known as metameric segmentation or metamer-
ism. Both bilateral symmetry and metamerism were fore-shadowed, by 
the serial repetition of internal organs, in flatworms and roundworms, 
which represent connecting links between Annelid worms and the radial 
animals already mentioned.

The fundamental organization of animal structure is established by the 
three germ layers of the embryo, and the third germ layer, the mesoderm, 
first appeared in flatworms. The development of mesoderm rendered pos-
sible that greater complexity in tissues which was a necessary prelimi-
nary to their ultimate transformation into definite organs and systems. 
It is clear that at this period animal evolution underwent a revolution-
ary re-organization. Mesoderm appeared; and antero-posterior axis was 
established; and along with it, bilateral symmetry and metameric segmen-
tation. The combination of these characters, first manifested in worms, 
was destined to form the final, structural ground-plan of all animal types 
which subsequently evolved.

AntI-grAvIty MeChAnIsMs
Many other events of great evolutionary significance have since occurred 
and, like cephalization, have contributed to the continued development of 
a complicated brain structure. Bipedalism and the upright posture of man 
are intimately related to cerebral development. The first step in this direc-
tion occurred ages later among vertebrates with the transition of fish-like 
forms from an aquatic environment to one of air and dry land. Among 
others it presented the animal with the problem of organizing resistance to 
the effect of gravity. The emergence from the sea or inland waters resulted 
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in a modification of limbs and other organs without, however, producing 
any essential change in the ground-plan of body organization. By this 
time the axial, bilaterally symmetric, metameric design, coupled with 
dominance of the head end, had long been firmly established. Finally, at 
the end of the evolutionary scale bipedalism and the upright stance set 
the arms of man, or of his fore-runners, free from weight-bearing and 
locomotion, and made possible the acquisition of precise, finely graded 
and intricate functions through the mutual interaction of hand and brain. 
The hand in serving the brain, also stimulated it to explore wider ranges 
of function and, in turn, the realization of these by the hand powerfully 
promoted its own development. Each, the peripheral apparatus and the 
central, contributed to the development and complexity of the other.

The adoption of uprightness ushered in or coincided with a period of 
intense activity in the cerebral mantle. In man, the centres for voluntary, 
purposive movements of the hands, and for voluntary movements in gen-
eral, were transferred from a lower level in the brain (the corpus striatum) 
to a conscious level in the cerebral cortex – a further extension of cephali-
zation. But the fine modulation characteristic of human hand and finger 
movements could be fully developed only with the aid of other functions. 
For example, the nature of an object handled, control of its manipulation, 
the perception of movement and estimation of distances, all require sight 
and the ability to converge and accommodate the eyes. Added to this, cer-
tain functions tended to become concentrated in the left half of the cortex 
in right-handed individuals, establishing dominance of the left cerebral 
hemisphere in man. Right-handedness or ‘handedness’, for some are left-
handed, is peculiar to man. The higher apes are apparently ambidextrous. 
Now, in right-handed individuals the speech centre (Broca’s area) is situ-
ated in the left cerebral hemisphere. It is significant that the three cortical 
areas – those for hand movements, for eye movements and, on the left 
side, for speech – are placed in close apposition to each other.4 We may 
assume, therefore, that the development of speech implied a partnership 
between Broca’s area and the musculature of the larynx, tongue and lips 
similar to that between the hand and the corresponding centres in the 

4 Physiologists have constructed maps of the pre-motor cortical areas, so far 
as these are known. In the usual texts, the speech centre of Broca is area 44 
[Brodmann’s classification, MW.]; the lower part of area 4 is concerned with 
the performance of skilled, volitional movements of the digits and the frontal 
eye field corresponds with part of area 8 and, apparently, with some of 6 and 
9.
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cortex, the one stimulating the development of the resources of the other, 
and that, initially, these two mechanisms were not unrelated to each other. 
Gesture and sign-language are suggestive of this relationship. In any case, 
it is clear that these particular events must have exerted a profound influ-
ence upon the mental development of primitive man.

Despite these advantages, man’s upright posture undoubtedly sub-
jected him adversely, in comparison with quadrupeds, to the force of 
gravity, a phenomenon which will receive due attention in later chapters. 
At this stage it will suffice to note that the abandonment of an aquatic 
environment entailed a change in position of the centre of gravity of the 
body. In fishes, notwithstanding a long vertebral column, the true spine is 
quite short. There is little differentiation of a cervical region in the spine 
either of fish or of amphibia, although in most reptiles there is a true neck. 
In fishes the centre of gravity lies in a position just behind the head. The 
rest of the spine, posterior to this point, must be regarded as tail. In land 
animals, from amphibians onwards, the centre of gravity shifts progres-
sively towards the tail end in direct proportion to the degree of upright-
ness of the vertebral axis normal to the species. Thus, in man we find the 
maximum degree of shift. The centre of gravity is in the pelvis, so that the 
true vertebral axis has become lengthened from the condition in fishes, 
where it occupies a relatively minute part of the trunk, to that in man 
where it occupies the whole trunk. It is as if the head, during this phase of 
evolution, had thrust itself forwards and upwards from the centre of grav-
ity as a base, and so actively lengthened the spine.

In contrast with other and more spectacular evolutionary achieve-
ments, the two events, which we have here emphasized, may appear 
relatively insignificant. We now see that from the beginning they were 
endowed with latent possibilities of the highest order. Firstly, they deter-
mined functional dominance of the head end of organisms and, secondly, 
by establishing the path leading to an erect posture, they indirectly con-
verted general dominance of the head into specific dominance of the 
brain. The acquirement of the habit of moving head-first and the change 
of habitat from water to land, constitute critical periods in evolutionary 
history. Not only did they determine the amazing after-history of cerebral 
development in the higher vertebrates, but they established once for all 
a universal axial ground-plan of animal structure, and led to the forma-
tion of an extensive and complex organization for combating gravity. The 
progress of encephalization is inseparably blended with the elaboration of 
the anti-gravity mechanisms of the body. Although it began with worms, 
it advanced but little until vertebrates took to air and dry land. First, 
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the brain versus brawn struggle of the Reptilian Age had to be fought 
and decided. As we have seen, encephalization won, and parallel with it 
the contest against gravity proceeded. The central nervous system may 
be said to have developed around a core of anti-gravity reflexes, for the 
erect stance represents a triumph over gravity, and we have noted above 
how much the erect stance contributed to brain development. Further-
more, these events illustrate the tendency of biological change to follow 
an antero-posterior or cephalo-caudal direction of development.

APPendIx to IntroduCtIon

Divisions of Geological Time

Eras Periods Epochs

Proterozoic Pre-Cambrian Worms
Invertebrates

Palaeozoic

Cambrian
Silurian
Devonian
Permian

First Vertebrates
Land Animals and
Land Plants
Amphibia
Reptiles

Mesozoic
Triassic
Jurassic
Cretaceons

Birds
Mammals

Caenozoic Tertiary
Eocene
Oligocene
Miocene
Pliocene

Quaternary Pleistocene
Post-glacial

Man
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The Skeletal Axis

The spinal column in man and other vertebrates represents a crystal-
lization of certain developmental trends described in the introductory 
chapter. As was there indicated, the principal axis of the body in Annelid 
worms and in invertebrates generally is physiological. Morphological dif-
ferentiation occurs later and is the distinguishing character of vertebrates. 
Thus, in all members of the phylum Chordata, which comprises the ver-
tebrate animals, and in certain pro-chordates, such as Amphioxus or the 
Lancelet, the antero-posterior axis is represented by a definite structure. 
All these have developed either a backbone or the precursor of a back-
bone, the chorda dorsalis or notochord. The latter in the Lancelet consists 
of a slim, cylindrical rod, composed of soft, jelly-like material enclosed in 
a tough sheath. Pointed in front and behind, it runs from end to end of 
the animal and, rather like a whippy cane, provides a firm but flexible sup-
porting structure. In vertebrates proper, the notochord is replaced more 
or less completely in the adult by a segmented, bony or cartilaginous axis, 
the spinal or vertebral column, but it is always present to some degree in 
the embryo. The structure of the segmented spinal column of man, which 
in the adult supplants the embryonic notochord, must now be described.

The human axial skeleton consists of the vertebral column, the skull 
and jaws the sternum or breastbone, and the ribs. The appendicular skel-
eton includes the bones of the upper and lower limbs; the pelvis has a 
share in both. The vertebral column is composed of a series of distinct 
bones called vertebrae, thirty-three in number, placed one on the top of 
the other and subdivided from above downwards according to the five 
regions which they successively occupy. The sub-divisions and the num-
ber of vertebrae in each are as follows:

a) cervical in the neck – 7 C
b) dorsal or thoracic in the thorax – 12 D
c) lumbar in the loins or small of the back – 5 L
d) sacral in the pelvis – 5 S
e) coccygeal in the tail – 4 Co.

The five sacral and the four coccygeal vertebrae are fused together, 
forming one sacrum and one coccyx, and are known as false or fixed ver-
tebrae. Between each of the other or movable vertebrae, with two excep-

1
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tions which will be noted later, there is interposed an intervertebral disk. 
The vertebrae constitute a series of metameric bodies.

Although the vertebrae of different regions present diversities of form, 
all are built on the same general principle. Thus, a typical vertebra, e.g. 
one of the middle dorsal series (fig. 1) consists of a solid piece of bone of 
spongy texture, the body or centrum, in the form of a thick disk or squat 
cylinder. Bodies of adjacent vertebrae are connected with each other by 
a fibrous intervertebral disk, which forms the main union between the 
vertebrae. This series of disks, alternating with the bony bodies, acts as 
buffers which absorb jars and shocks which, without them, might damage 
or even fracture the vertebrae. Owing to the elasticity of the disks, the nor-
mal relations of one vertebra to another is restored, after they have been 
disturbed by muscular action.

From each side of the back surface of vertebral body there springs 
a bony process. The two processes meet in the middle line behind and 
together form an arch. The space within each arch, in continuity with cor-
responding spaces above and below, defines a canal running throughout 
the length of the vertebral column. This is known as the neural canal, 
because it contains the spinal cord or downward extension of the cen-
tral nervous system. The series of arches, containing the neural canal, lies 
behind the more solid column of bodies and disks. It will be seen from the 
diagram (fig. 1) that each arch is composed of two elements on each side, 
a thick posterior limb, called the pedicle, and a more compressed and flat-
tened part, the lamina. From the junction of the laminae of each side in 
the middle line behind, there rises the posterior spinous processes, which 
can be felt in the living subject as a series of projections, especially when 
the trunk is flexed forwards.

The arches support also a certain number of other bony projections, 
some of which act as levers to which muscles are attached, while others 
are articular, i.e. they provide surfaces for a series of small, mobile joints. 
There are four articular processes for each typical vertebra arranged in 
pairs, one above and one below, on each side at the site of union of pedi-
cles and laminae. These small joints with their capsules assist in uniting 
the different vertebrae together. Through them each neural arch articu-
lates with its fellows above and below, and by their size and particularly 
by their shape they help to regulate the degree of movement permitted in 
different parts of the vertebral column.

On both sides of each dorsal vertebral body, from the second to the 
ninth inclusive, there are two demi-facets which articulate with the heads 
of the ribs in such a way that the upper pair of the lower vertebra and 
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the lower pair of the higher vertebra, together with the intervening disk, 
form a cup into which the head of the rib is fitted. The ribs corresponding 
to the upper ten dorsal vertebrae, articulate in addition with one of the 
bony processes already described, that which projects from the junction 
of lamina and pedicle, viz. the transverse process. These dorsal vertebrae, 
therefore, have eight articular facets, and each neural arch supports seven 
processes, viz. one spinous process, two transverse processes, and four 
articulating processes, two on each side. These prominences serve for the 
support of the ribs, the attachment of muscles, and the interlocking of the 
various elements composing the spine.

The foregoing description, which should be studied carefully with the 
aid of the diagrams or, preferably, of a skeleton, represents a typical ver-
tebra, but there are in the different regions considerable variations from 
the type. For example, at the bottom of the spine, where it articulates with 
the bones of the pelvis and enters into its formation, we have the sacrum, 
a composite bone, roughly triangular in shape with the base upward, 
formed by the fusion of five vertebrae. The sacrum has a forward concave 
curve so as to enlarge the pelvic cavity. Attached to its lower end, at the 
apex of the triangle, is the coccyx or tail bone, which usually consists of 
four rudimentary vertebrae that tend to become fused. The coccygeal ver-
tebrae terminate the vertebral column.

The upper two cervical vertebrae, viz. the atlas or first cervical vertebra 
and the axis or second, are also atypical and require separate description 
(fig. 2). The atlas is so-called because it supports the globe of the skull. 
It is irregularly ring-shaped, the ring being formed by two lateral masses 
joined together by an anterior and a posterior arch. The interior of the 
ring is subdivided into two compartments by a transverse ligament. Of 
these the posterior portion is the larger; it corresponds with the upper-
most part of the neural canal. The smaller, anterior compartment lodges a 
bony process derived from the axis or second cervical vertebra, known as 
the odontoid process (fig. 2). The upper surface of each lateral mass of the 
atlas carries an elongated, oval facet, which is slightly concave and articu-
lates with a similar but slightly convex facet on the adjacent or occipital 
part of the skull.

The axis or second cervical vertebra is characterized by the tooth-like, 
odontoid process mentioned above. This projects upwards from the upper 
surface of its body. When the atlas and the axis are articulated together, 
the odontoid process occupies the anterior part of the ring of the atlas and 
is grasped by the transverse ligament of the latter. These two vertebrae, 
atlas and axis, are specially modified to form an apparatus for the security 
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and free movement of the head. The articular surfaces of the two upper 
facets of the atlas very nearly correspond with parts of the surface of a 
single, imaginary sphere. The head and the atlas rotate together upon the 
axis, the pivot of rotation being the odontoid process. Certain check liga-
ments serve to limit the amount of rotation. There is no rotation between 
the skull and the atlas or between the atlas and axis, only between the 
skull-atlas combination and the axis. The first intervertebral disk is repre-
sented by the transverse ligament of the atlas.

We must now describe the main features of the ligamentous appara-
tus of the spine. Each intervertebral disk, of which there are 23, is firmly 
adherent to the two vertebral bodies or centra between which it is placed. 
The vertical thickness of a disk varies according to the region of the spinal 
column, which it occupies. It is greater in front than behind in the cervical 
and lumbar regions, thereby assisting in forming the anterior convexity 
characteristic of these regions.

In structure each disk consists of a central core surrounded by a cap-
sule, the annulus fibrosus. The latter is composed of tough fibres or, more 
accurately, of lamellae of fibro-cartilage, very dense in texture. The out-
ermost lamellae run obliquely from one vertebra to the other, and are 
arranged in layers of parallel fibres which criss-cross those of the next 
layer. The fibres internal to these form a series of concentric rings sur-
rounding the central core, and are so disposed that those of each con-
centric layer are directed spirally, changing the direction of winding in 
alternate layers. The number of layers varies in different regions; in the 
lumbar region there are 10 or 12. Their form and arrangement indicate 
that they have to counteract stresses from all directions.

The core of the disk is an elastic, incompressible mass of yellowish 
pulp containing fluid in its meshes. It is called the nucleus pulposus and 
it represents in the adult vertebral column the remains of the embryonic 
notochord. Chemically, the nucleus pulposus is a polysaccharide-colla-
gen system, which has an affinity for water, facilitating the formation of a 
highly viscous gel. Mechanically, it may be regarded as a water-cushion or 
resistant ball within a fibro-cartilaginous socket, subjected to pressure by 
its surrounding capsule, somewhat after the manner of the semi-fluid cen-
tre of a golf-ball.5 The high and constant positive pressure exerted upon 
the nucleus by the tension of the elastic annulus fibrosus is responsible for 
the resilience of the disk. It has been demonstrated that the lower lumbar 

5 A golf-ball usually consists of a hard core of gutta-percha or some fluid or 
gelatinous substance, round which is wound India-rubber thread or strips at 
a high tension.
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intervertebral disks are thicker in the prone than in the erect position. In 
addition, the disk as a whole has the character of an amphiarthrosis or 
partly movable joint, permitting a variable degree of tilt of one vertebra 
upon another. Besides assisting in spinal mobility, the nuclei absorb and 
transmit the various pressures, tensions and stresses to which the spine is 
exposed in the movements and activities of daily life. They also distrib-
ute pressure uniformly over the intervertebral surfaces of the centra, thus 
promoting a series of large bearing surfaces during transmission of weight 
or other forces, through a wide range of spinal movements. One of their 
main functions is to minimize trauma, not only to the spine, but also to 
the brain. They have great elastic stability, being almost as incompressible 
as water, but their elastic properties vary with age. The turgor or expansile 
force which the nucleus exerts against its capsule is similar to that which 
enables a growing rootlet eventually to split a rock. At its maximum in 
youth, it diminishes in age in correspondence with diminution of the fluid 
content of the nucleus. The intervertebral disk is an organ of very great 
importance, for upon its health and integrity depend in large measure the 
proper performance of functions, derived from the primordial axis, which 
underlie and determine the complicated mechanism of human locomo-
tion and of much else besides.

The disks add considerably to the length of the spinal column – nearly 
a quarter of its total length – and they largely determine its shape. When 
the disks are removed, the cervical and dorsal curves merge into one con-
tinuous curve, concave forwards. When the disks atrophy through age, 
disease, or faulty use, we get the same effect, presenting the bowed back 
of old age. The lumbar curve, however, is not affected by age as much as 
the dorsal. The loss of elasticity begins in the fourth decade of life. From 
the fifth decade onward the biconvex disk usually becomes flattened and 
may even become biconcave.

Individual vertebrae are bound together by a variety of other struc-
tures in addition to the disks. The small joints whereby each neural arch 
articulates with its fellows above and below are provided with complete 
capsules, which together form a chain of short, interconnecting ligaments 
on each side of the column. In a similar manner interspinous ligaments 
bind together contiguous pairs of spinous processes. An associated liga-
ment, the supraspinous, related to the same processes, is continuous with 
the ligamentum nuchae, which in man is reduced to a fibrous septum 
between the muscular masses on each side of the neck, but in quadrupeds 
is a powerful elastic structure which assists the extensor muscles to hold 
up the head. In quadrupeds and even in anthropoid apes the head is sus-

The Skeletal Axis
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pended from the vertebral column; in man, on the contrary, the head is 
supported upon it.

Extending from the front of the axis to the front of the upper segment 
of the sacrum is the anterior common or longitudinal ligament. This is 
a broad band, narrow above, which lies in front of the vertebral centre 
and the intervertebral disks. Its opposite number is the posterior com-
mon or longitudinal ligament inside the neural canal. Beginning above 
at the occiput, where it is called the ligamentum tectorium, the posterior 
longitudinal ligament extends downward along the whole length of the 
movable vertebrae, lying upon the back surfaces of the centra and disks. 
It broadens out over each disk, with which it is intimately blended, being 
much narrower between. On the sides of the centra there are less defined 
lateral bands or thin sheets of fibrous tissue derived from muscle attach-
ments to the column. These serve to link together the anterior and pos-
terior longitudinal ligaments, so that the whole series of vertebral bodies 
is ensheathed in a fibrous cover of variable thickness. This, together with 
the disks, forms a flexible, organic column on its own, supplementing the 
inorganic columns of vertebral bodies and of arches, and is largely respon-
sible for the elasticity of the system. In the erect posture the longitudinal 
ligaments are tense. When they are divided, the spine elongates.

Lastly, there are the two important ligament subflava, which bind 
together the laminae of the column of neural arches throughout the 
length of the spine, one on each side. The ligament subflava are com-
posed of yellow elastic tissue, probably the only purely elastic tissue in 
the human body. Their main function is to resist flexion forwards of the 
spine, and maintain its vertical position and its curves. They supplement 
the action of muscles and relieve the latter of much of their work. These 
elastic ligaments are highly developed in the gibbon, particularly in the 
lumbar region, thereby increasing the bow-spring action of the vertebral 
column in the animal’s flights from tree to tree.

The curves of the spine have been mentioned from time to time and 
must now be described in more detail (fig. 3). In the erect posture, with 
the head placed so that the axis of vision is directed towards the hori-
zon, certain antero-posterior curves are apparent in the vertebral column. 
There are four curves: one convex forward in the neck; a backward one in 
the thorax, i.e. concave forwards; a forward on again in the lumbar region; 
and in the sacrum a short curve which is directed downwards as well as 
forwards.

The sacral curve is fixed and is not concerned with weight transmis-
sion. During foetal life only two curves are present – the thoracic and the 
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sacral. The thoracic or dorsal curve of the infant and adult represents 
the original curve of the embryonic axis. These two curves, therefore, are 
primary; the other two, which appear after birth, are secondary and com-
pensatory. According to Elliot Smith, Neanderthal Man had no cervical 
curve. The latter appears in the infant when the chin leaves the chest and 
the head becomes raised to bring the visual axes parallel to the horizon. As 
a rule, this occurs at the third month. In all animals the cervical curvature 
is entirely dependent upon the position of the head.

The height or thickness of the body of a lumbar vertebra is greater in 
front than behind, and much greater in the case of the fifth or lowest lum-
bar vertebra. This difference assists in the formation of the lumbar curve. 
It must, however, be regarded partly as a consequence and partly as the 
cause of the curve. The lumbar curve is more pronounced in the human 
female that in the male. The higher apes, such as the Chimpanzee and the 
Gorilla, also possess a lumbar curve, and so do some of the lower apes. 
Nevertheless, the lumbar curve has become more fixed and pronounced, 
and its flexibility more restricted in Europeans6 than in some other races. 
The flexibility of the column in this region, however, is considerable. 
Consequently the delicate balance between flexibility and stability is eas-
ily upset. It is probable that there are two types of lordosis, or exaggerated 
lumbar curve, a fixed and a mobile.

The lumbar curve in man is associated with the use of the lower limb 
in the hyper-extended position necessitated by the assumption of an erect 

6 Among Hottentots and also among certain European races, lordosis, or an 
exaggerated lumbar curve is far from uncommon in women, and is consid-
ered a mark of beauty. Duchenne, writing in 1867, shares the latter opinion, 
‘I have seen Spanish ladies whose lumbar incurvation and mobility were so 
developed that they could bend backward to the point of touching the ground 
with their heads. . . . Lordosis in the lumbar region requires the formation of 
a mild opposite dorso-cervical curvature, called compensatory curve, which 
means that it owes its origin to efforts designed to compensate the incli-
nation of the skeleton for the conservation of balance. These curvatures, if 
they are not exaggerated, contribute much grace to the configuration of the 
trunk, the contours of which are ondulous [‘ondulado’ (Spanish) meaning 
‘undulating, curling or rippling’ (MW.)]. I have noticed also that, generally, 
there was a harmonious ensemble in the entire figure of women who show 
this form of the trunk; their hands and feet were small, well placed, the neck 
was gracefully modelled, they had beautiful shoulders and elegant stature. . . . 
beautiful black hair and big, lively eyes.’ Duchenne, G.B. Physiology of Motion: 
Demonstrated by Means of Electrical Stimulation and Clinical Observation and 
Applied to the Study of Paralysis and Deformities. Trans, Kaplan. J.B. Lippincott 
Company, Philadelphia, 1949.
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posture. The degree of curvature is directly proportional to the amount 
of extension of the hip-joint. The earliest appearance of the curve may be 
traced to the first attempts of the infant to sit up, but it is not very evident 
until he has begun to walk, roughly at the end of the first year. It does not 
become stable until adult life. In man, the transmission of the weight of 
the upper part of the trunk and of the upper limbs, downwards through 
the column of vertebral bodies, tends to increase the lumbar convexity.

By definition, the true axial curvature is not the outline of the anterior 
face of the column, but is conceived as a curved line determined by find-
ing the central points of all the vertebral bodies and interposed cartilagi-
nous disks and drawing the mean curve through these points. Whether the 
separate curves are strongly or feebly developed, the transition from one 
curve to the next is always at precisely the same spot. Thus, the cervico-
dorsal point of inflexion is in the disk between the second and third dorsal 
vertebrae. The lumbo-dorsal point apparently varies according to the sex. 
In the male the change of curvature takes place in the disk between the 
twelfth dorsal and first lumbar vertebrae. It is placed higher up in the 
female, viz. in the centre of the body of the twelfth dorsal vertebra. The 
last two dorsal vertebrae, on account of the shortness of their spinous and 
transverse processes and the freedom of the floating ribs, are in a favour-
able condition for mobility as compared with the upper members of the 
dorsal series, and partake of the movements of the more mobile lumbar 
vertebrae. In quadrupeds the last two dorsal vertebrae are separated from 
the true dorsal system. It should be noted that the sites of transition from 
one curve to the next, viz. the hinge-zones of the spine, always a weak 
point in the system, are mostly in disks.

When the spine is looked at as a whole it is apparent that the bony 
elements form two columns: an interrupted one of solid centra or bod-
ies in front, which is the axis of support for the head and trunk; and a 
hollowed column behind, formed by the pedicles and laminae in series, 
which contains and protects the spinal cord and it membranes. A special 
arrangement, which is in part weight bearing, is present in the vertebrae 
of the neck, where the articular processes collectively form a slender col-
umn or pilaster on each side, adapted to carrying to some extent the top 
load of the head. Finally, there is the column of fibrous tissue, composed 
of ligaments, disks, and the thin, lateral bands or sheets of connective tis-
sue, derived from various sources, which have been mentioned above. All 
the muscles that act upon the spinal column and most of its ligaments 
are attached to processes that spring from the column of arches. On the 
other hand, the great viscera of the chest and abdomen are attached to the 
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centra, which transmit their weight. The neural canal within the column 
of arches is widest in the cervical and lumbar regions, i.e. in those regions 
where movements of the column are most free. Both columns undergo 
changes in their direction as a result of movements of the head and trunk, 
but in all the positions which it assumes the vertebral column maintains 
dynamic equilibrium. The axis of rotation corresponds with the axis of 
curvature, therefore, the vertebral bodies disposed around the centre of 
motion, move least and are not displaced from one another during move-
ment. This ensures the mechanical stability of the column, which is fur-
ther safeguarded by the graduated increase in mass of the centra from the 
first cervical down to the last lumbar, in correspondence with the increase 
in dead weight which has to be borne.

The total average length of the adult spine is 27½ to 28¾ inches (71 
cm. approximately) in the male and about 23¾ inches (61 cm. approxi-
mately) in the female. Variations in length occur and are conditioned by 
posture. Steindler [Kinesiology of the Human Body (1955) MW] states that 
the difference between the reclining and the erect column may be from 
1.5 to 3 cm. [Georg Hermann] von Meyer has calculated that it requires a 
weight of twelve pounds to stretch the column to its reclining length from 
that of the standing position.

The Skeletal Axis
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The Mechanics of the Spine

Before discussing the mechanics of the spinal column, some note must 
be taken of the material of which it is composed. Certain parts, the 
intervertebral disks and principal ligaments, have already been described. 
It now remains to consider the properties of its main constituent, bone. 
Both organic and inorganic matter, the latter mainly calcium salts 
(phosphate and carbonate), enter into its composition, roughly in the 
proportion of one to two, so that in a sense bone may be described as 
calcified fibrous tissue. In calcified tissues, however, the calcium is 
distributed irregularly, whereas in true osseous tissue there is always a 
definite and regular structure, upon which the classification of bone into 
two main types, compact and cancellous, is based. Compact bone, which 
is hard and dense like ivory, consists of an assemblage of units known as 
Haversian systems. These units are long, slender pencils composed of a 
series of wafer-like, concentric plates or lamellae surrounding a central 
canal, after the manner of the concentric layers of the trunk of a tree. The 
central canal of each Haversian unit contains blood vessels and nerves, 
and the lamellae which enclose it vary in number from 4 to 20. The outer 
surfaces of bones are always composed of compact bone. In long bones 
the Haversian tubes lie along the axis.

Cancellous bone is confined to the interior of bones, is porous and 
spongy, and consists of bony septa, interlacing each other, lattice fashion, 
to form closely set spaces. In the cancellous tissue of the vertebral bodies, 
the chief septa run in nearly vertical curves, while secondary, horizontal 
lamellae are disposed parallel with the upper and lower surfaces. Thus, 
the vertical or axial elements bear the pressure of gravity and of muscular 
action, while the transverse and oblique elements bind them together and 
prevent of limit buckling. That is to say, the lamellae are so arranged as 
to meet effectively the stresses and strains normally imposed upon the 
vertebral bodies.

The weight borne by a vertebra is considerable. The load accumulates 
down the length of the spine and is concentrated upon a single area at 
each level. For example, a horizontal section through the middle of one of 
the lower lumbar vertebrae measures about 15 sq.cm.7 As this level is very 
near the centre of gravity of the human body, it is justifiable to assume 
7 The dimensions of the fourth lumbar vertebra (horizontal section) are 4.8 

cm. x 3.3 cm = 15.8 sq. cm. (Anderson, quoted by Piersol, 9th edition.)
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that in the erect attitude it bears half the body weight, i.e., roughly 35 
kilogrammes or 2.3 kilogrammes per sq.cm. In other words, 2.3 kg. of 
pressure per sq.cm. is normally borne in an axial direction by a vertebral 
body in this position. Compact bone is capable of withstanding even more 
– a pressure of about 15 kg. per cubic mm., and a disruptive force or trac-
tion of 10 kg. per cubic mm. Recent experiments in America indicate that 
bone of the compact type has about one-fourth the compressive strength 
of cast iron and more than twice that of hickory wood.

In addition to withstanding pressure, cancellous tissue also provides a 
certain amount of elasticity. Any block of material subjected to force tem-
porarily changes its shape in virtue of its elastic properties, and bone is no 
exception. In a recent lecture Sir Henry Souttar gave some particulars of 
the effects of a blow on the head. Supposing a stone, weighing 1 lb., falling 
a distance of 9 ft., drops upon a man’s head, his skull may or may not be 
broken. The possible limit to which the normal skull could be deformed 
without fracture is about a quarter of an inch. This would cause a serious 
rise of intracranial pressure, but the bone itself might recover its original 
shape in virtue of its resilience or elasticity. The average Young’s modulus 
of elasticity of healthy bone is approximately one-tenth that of steel or 
about equal to that of wood. Bone, in fact, closely resembles steel, pos-
sessing strength and rigidity to resist compression but yielding sufficiently 
to sustain shocks. Having an almost equal resistance to both crushing 
strain (compression) and tearing strain (tension), approximately as 3 to 4, 
it provides strength with a minimum of weight.

There is practically no compact layer on the upper and lower surfaces 
of the vertebral bodies, i.e., on the surfaces in contact with the interver-
tebral disks, in spite of the considerable pressure exerted by the disks in 
opposition to the force of gravity. Possibly a compact layer would dimin-
ish the elasticity of the vertebral body. Accordingly, there is present an 
alternative arrangement which in principle resembles a practice regularly 
used in stone masonry. In a stone column, e.g. of marble, the edges of the 
several, superimposed blocks or sections are not permitted to come in 
contact, otherwise the material would split or chip on the slightest vibra-
tion. They are always separated from each other by thin plates, usually 
of lead, sometimes of slate, called arrises, to prevent damage by jarring. 
Sir Charles Bell (1828) has suggested that the intervertebral disks, inter-
posed between successive vertebral bodies, serve a similar purpose.

The relationship of the spinal curves to the mechanical problems of the 
spine must be considered, but at this stage it is advisable to define more 
precisely certain mechanical terms. By stress is meant an intermolecular 
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reaction induce in any body to which a system of forces is applied. It is 
a state, not a force. There are three kinds of force – tensile, compressive 
and shear – which bring about this state. The stress of direct compression, 
if raised to high values, is complicated in a column by buckling. Further, 
if the load is applied suddenly, the resultant stress may reach as much 
as twice the value which would occur if it were applied gradually. In the 
spine compression is mainly a result of gravity, i.e. of the static pressure 
of the body weight, and of muscular action, which may cause stresses 
often exceeding in degree those of gravity. In simple tension and compres-
sion the direction of force on a given section is normal to the section. If 
inclined at an angle to the section, the force tends to cause sliding of one 
portion relative to another. This is known as tangential or sheering stress.8 

The four antero-posterior curves, present in the spinal column in the 
erect position, have been described in Chapter 1. Only three, those above 
the sacrum, are concerned in weight transmission. These curves are con-
tinuous and opposing, so that the column is S-shaped, with an additional 
short curve, convex forwards, in the region of the neck, i.e. a double-S. 
Mechanically, the curves serve a definite purpose, facilitating the sup-
port of weight in the upright position, and greatly increasing the elastic-
ity of the column as a whole. Their presence confers a higher resistance 
to weight than would be afforded by a single curve. Sir Charles Bell has 
pointed out that if a straight steel rod be pressed upon from its ends in the 
manner, for example, of a man leaning upon a cane, the rod will at first 
resist, notwithstanding its elasticity, then when, with increasing pressure, it 
does give way, it does so with a jerk – the so-called yield-point. The spine, 
however, yields smoothly in the direction of its curves, without a jerk and 
recoils when the pressure is decreased. Again, when a straight column is 
subjected lengthwise to a compressive load, which is steadily increased, a 
point is reached sooner or later when it will buckle sideways. The spinal 
curves, therefore, further promote stability by preventing buckling.

In resisting forces of various kinds, a segmented structure reacts differ-
ently from a continuous, homogeneous one. A straight column, whether 
segmented or otherwise, while capable of carrying a top or axial load, is 
not well designed to carry a lateral or eccentric load. Such side loads, 

8 The general mathematical problem of calculating stresses for given applied 
loads on a body of arbitrary shape, such as vertebra or the spine, is extremely 
difficult. Even in engineering practice it is achieved only by separating the 
component elements of a structure into more or less imaginary simplified 
units, e.g. beams, columns, shafts, etc., and applying the theory to the ‘ideal-
ized’ structure.
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especially when asymmetrically disposed, give rise to a tangential appli-
cation of force, i.e. tend to cause shearing stress. The most efficient load 
for a vertical column is a top load; the most inefficient is a side load near 
the top. The latter is held out of alignment and away from the axis of 
gravity of the body, tending to displace the segment mainly concerned 
in its support. This displacement involves movement of an opposing part 
in the opposite direction in order to restore the balance of the whole. 
Spinal curves, as it were, anticipate this adjustment, thereby minimizing 
the disadvantages of carrying an eccentric load. On the other hand, there 
must be a limit to the depth of the curves even when side weights, such as 
the thorax, are borne. The shallower the curves, the shorter the distance 
between the side load and the gravitational axis, and the less the effort 
required of muscles. In other words, the position of greatest mechanical 
advantage is determined by the mechanical law that the nearer to the cen-
tre that weight is maintained the less the expenditure of energy required 
to keep it in equilibrium. The effect of unbalanced adjustment of loads, 
especially loads off centre, falls upon the muscles which should not be 
called upon unnecessarily to support weight. Less weight can be borne at 
a distance from the axis than close to it. Compare the effect of carrying a 
weight by hand when the arm is outstretched with that of one of similar 
weight carried when the arm hangs by the side. One kilogramme at a dis-
tance of 60 cm. from the shoulder joint feels equal to two kilogrammes 
at 30 cm. Thus, the adjustment of the spinal curves assumes considerable 
importance, for even minor maladjustments can modify profoundly the 
ability of the multiple elements of the spine to withstand stress. Even bone, 
despite its strength and resilience, cannot bear an indefinite increase of 
weight or of shearing stress.

The ideal spinal column, adapted to bear a top load, the head, and 
side loads, the thorax, must have a long spinal axis and shallow curves, in 
order to ensure a centred control of the several weights that it has to carry. 
Since the column is flexible and its loads unevenly disposed, the optimal 
pattern of structure is multi-curved. The curves, moreover, must bear a 
definite relationship to the line of gravity. The last condition explains the 
statement made above, viz. that the spine functions best when its axis is 
long. The opposing curves are then closely set to the gravity line, so that 
weight travels down the vertebral segments in the most direct line. The 
longer the axis, therefore, the less the expenditure of energy at each level.

The movements of the vertebral column must now be considered. The 
functions of the spine as a whole demand not only great strength but also 
flexibility. The total range of movement is the sum of many small move-
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ments occurring at the joints between adjacent vertebrae, though not 
equally distributed among them. The inter-central joints, described in the 
previous chapter, are partly movable, and in any one joint the degree of 
movement is determined by the thickness of the disk, the shape of the ver-
tebral bodies, and the arrangement of the articular processes. The disks 
are thinnest in the dorsal region, particularly from the third to the seventh 
dorsal vertebra, hence the relative dorso-ventral immobility of this part of 
the spine. They are thickest in the relatively mobile lumbar region. As the 
vertebral centra are not circular in cross-section, e.g. the lumbar bodies 
are kidney-shaped, movement is easier in one direction than in others.

Finally, the arrangement of the articular processes exerts great influ-
ence on the kind and degree of movement. In a typical cervical vertebra, 
the superior facets of these processes face mainly upwards and the cor-
responding inferior facets mainly down. This ensures a gliding movement 
which permits free forward flexion and, particularly, free backward exten-
sion of the neck. In the thoracic region the superior articular surfaces are 
directed mainly backwards, while the inferior ones face mainly forwards. 
Consequently, both forward flexion and backward extension are limited 
in this region, and are still further restricted by the overlapping behind of 
the laminae and posterior spines in the thoracic column.

In the lumbar region the superior articular surfaces are vertical and 
in-turned, and the inferior out-turned. Further, the inferior articular sur-
faces are set closer together than the superior, so that the superior articu-
lar processes of the lower vertebra embrace the inferior processes of the 
upper one, thus      . Rotation, therefore, is very slight in the loins, but 
flexion and extension, and especially flexion, are free. Lateral flexion (side 
to side) is confined to the lumbar region. The articular processes, there-
fore, largely determine the directions in which movements are permitted. 
They prevent the vertebrae from slipping forwards and they bear some of 
the body weight during the act of straightening from a stooping position. 
The lower articular processes of the fifth lumbar vertebra bear weight 
even in the erect posture. To sum up, flexion and extension occur in the 
cervical and lumbar regions, backward extension being more pronounced 
in the neck and forward flexion in the loins. Both these movements are 
very limited in the thoracic portion, where they might interfere with res-
piration. Lateral flexion occurs only in the lumbar region. Rotation takes 
place in the dorsal region but not in the lumbar, nor in the cervical with 
the exception of the rotatory movement of the skull plus atlas combination 
around the odontoid process as a pivot. A combination of forward flexion, 
backward extension and side-to-side flexion – circumduction – is possible 
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in the lumbar region.
The axis of rotation passes through the vertebral centra and not through 

the arches, so that the centra are not displaced from one another during 
movement. The centra, situated around the centre of motion, move least. 
Thus, the mechanical stability of the column is safeguarded and even 
shearing stress is minimized. Finally, the size of the individual vertebrae, 
and the relatively large number present, produce a column which is more 
compact and of greater strength and greater flexibility than if the seg-
ments were fewer in number and larger in size.

The next problem to consider is the path of weight transmission from 
the lower end of the spinal column to a base which, in man, is narrow 
and consists of two supports that are adapted not only to weight-bearing 
but also to movement and locomotion. This is one of the functions of the 
pelvis.

The pelvic girdle is formed by the articulation of the two innominate 
(haunch) bones, one on each side, with the sacrum behind and with each 
other in front at a joint called the symphysis pubis. Each innominate bone 
[fig. 4] is large, flat and irregular in shape, and is formed by the fusion 
of three originally separate parts – the ilium above, the ischium below 
and behind, and the pubis below and in front. All three enter into the 
formation of the acetabulum, a circular hollow placed on the outer aspect 
of the innominate bone for the reception of the head of the femur or 
thigh-bone, thus constituting the hip-joint. The axis of the acetabulum 
is directed downwards and forwards as well as outwards. On the inner or 
pelvic surface of the ilium or uppermost part of the innominate bone, a 
prominent oblique ridge, the ilio-pectineal line or bar, curves obliquely 
downwards and forwards from the neighbourhood of the ilio-sacral joint 
to a point above and in front of the acetabulum. This ridge forms part 
of the boundary between the abdominal and pelvic cavities, the pelvic 
brim, and it also represents mechanically the line of direction along which 
weight is transferred from the sacral end of the spine to the two femora.

Below and behind the ilium is the ischium, which is irregularly 
U-shaped. It consists of a large bony mass, the tuberosity, placed below 
and behind the acetabulum at the angle formed by the rami or two limbs 
of the U. The two ischial tuberosities are the bony elements of the pelvis 
upon which the body rests in the sitting position. The fore-part of the 
innominate bone is the pubis, which joins its fellow of the opposite side in 
the front mid-line to complete the pelvic girdle. The pubis also consists of 
two rami, L –shaped, which meet at an angle – the body of the pubis. At 
the apex of this angle, it unites with its opposite number at a joint known 
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as the symphysis pubis. The pelvic girdle is so place that its posterior wall 
is higher than the anterior; hence the pelvic cavity opens forwards as well 
as upwards.

The weight of the head, trunk, and upper limbs, accumulating through 
the length of the spine, is finally concentrated upon the fifth lumbar ver-
tebra and transmitted to the sacrum. From the latter it is immediately 
distributed to the two sides of the pelvis through the sacro-iliac joints. The 
sacrum has been described as the keystone of the pelvic arch. Anatomi-
cally and mechanically, however, the sacrum does not act as a key-stone. 
Its anterior surface is broader than its posterior surface and, in fact, the 
sacrum is suspended between the two iliac bones by two powerful, short 
ligaments, one on each side – the posterior sacro-iliac ligaments. It is not 
wedged between the ilia after the manner of a keystone. Were it wedged 
or embedded, the pressure from above would tend to drive the ilia apart.

On the contrary, the posterior sacro-iliac ligaments, by transferring 
weight to the ilia, tend to draw them together.9 Actually, the sacrum 
plays a very limited role in weight transmission. And this arrangement, by 
enlisting the ligaments as weight-bearers, in spite of their great strength, 
constitutes a source of weakness at the sacro-iliac joints.

From the sacrum and the sacro-iliac ligaments the lines of weight 

9 Earlier types of lattice mast, as used for wireless and radar, had broad, splayed 
out bases firmly embedded in concrete. Modern types, on the contrary, have 
relatively narrow bases and are affixed to the ground by means of a movable 
joint. In one example, the cross section of the mast is an equilateral triangle 
right up to the top, each side or face measuring about 9-ft. The base, from 
10-ft. above the ground, is coned, apex downwards, with angled leg sup-
ports, which are fixed at their lower ends to a horizontal steel plate, three 
inches thick and about two feet in diameter. The lower surface of this plate is 
machined and contains a small hemispherical recess in its centre. It lies upon, 
but is not bolted to, a second steel plate which, omitting rather complicated 
technical details, is founded upon a bed of reinforced concrete. The upper 
surface of the second plate is also machined and is slightly convex upwards, 
and also contains in its centre a similar hemi-spherical recess. When both 
plates are in contact a hollow sphere is formed, in which a steel ball, 2-inches 
in diameter, is inserted. In effect, the result is a gliding joint containing a ball 
bearing, upon which the whole mast rests. The weight of the mast, which 
is supported by a series of steel stays, keeps the two plates in apposition, 
centred by the ball, but allows a certain amount of rocking and rotatory 
movement, owing to the convexity of one of the surfaces, in response to wind 
stresses, etc. This trend in recent lattice mast construction resembles in prin-
ciple the mode of insertion of the sacrum into its pelvic base. Both are based 
upon joints. The mechanism is different but the principle is the same.
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transmission in the standing position proceed through the ilio-pectineal 
ridges on each side to the neighbourhood of the acetabula, and thence 
to the heads of the two femoral bones in the hip-joints. These two strong 
bars, the ilio-pectineal lines, function as short, cantilever bridges, by 
means of which the weight delivered at one end is supported at the other. 
The femora press upwards against the acetabula, and this upward thrust 
at the fore-end of the ilio-pectineal ridges counteracts the downward 
pressure concentrated at the lumbo-sacral articulation and ligamentous 
attachments of the sacro-iliac joints. The weight becomes sub-divided in 
the process of being transferred to the two supports. It should be noted 
that the hip-joints, which are some six or seven inches apart, are set well 
forward towards the front of the pelvis, an arrangement which increases 
the length and efficiency of the ilio-pectineal cantilevers. The symphysis 
pubis is not concerned with carrying or transmitting weight, but if the 
femoral heads are rotated too far outwards, as in an exaggerated ‘toes-
out’ position, such as may be associated with flat-foot, the counter-thrust 
is directed towards the pubic rami. This tends to splay out the ilia at the 
sacro-iliac joints, thereby straining the sacro-iliac ligaments.

In the sitting position, the body weight is transferred directly to the 
ground or seat through the ischial tuberosities. The cantilever action exer-
cised by the ilio-pectineal ridges in the erect position is here less evident. 
Probably the lines of weight transmission from the sacrum or its neigh-
bourhood are more or less diffused through the stout posterior rami of the 
ischium, which act as compression members, while the great sacro-sciatic 
ligaments represent the tensor components.

Undue lordosis, causing the fourth and fifth lumbar vertebrae to slide 
forwards, tilts the front of the pelvis downwards and produces shear stress 
at the lumbo-sacral articulation. This tendency, however, is minimized by 
the arrangement of the lumbar articular processes, already described, and 
also by the general direction backwards of the superior facets on the sacral 
base. Moreover, the fifth lumbar vertebra is place at a lower level than the 
crests of the ilia. Consequently, it is well protected against side blows or 
pressure likely to cause shearing strain.

Besides bearing and transmitting weight, the spine constitutes the 
framework around which the rest of the body is built up, and supplies 
the outline of the general organization of the whole animal. Morphologi-
cally, the spine and its adnexa are the essential animal. It represents also 
the fundamental basis of support and movement for every structure of 
the vertebrate. The oldest and strongest associations between one part 
and another in the neuro-muscular mechanism of vertebrates are centred 
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along the spinal axis, and determine the orientation of the animal to the 
physical world. Man’s orthograde posture is maintained essentially by the 
disposition of the skeleton and its ligaments, so that under correct man-
agement only the smallest degree of muscular activity is required. The key 
structure of this mechanism is the spinal column. To sum up, the human 
spine constitutes:

1) a central supporting pillar, which ensures an upright position 
and caries and transmits the weight of the head and trunk – the 
compressor member of a mechanical structure in which much 
of the musculature of the body walls acts as tensor members;

2) a basis for the shoulder girdle and upper limbs;
3) an upright suspending the thoracic cage and the thoracic and 

abdominal viscera;
4) a protective device for the spinal cord;
5) a series of buffer springs to absorb shocks and jars: and
6) a mechanism of amazing flexibility. Still another property of 

the spine arising from the elastic energy inherent in the osmotic 
turgor of the intervertebral disks and its other ligamentous 
components, and of great importance in human locomotion, is 
reserved for consideration in a later chapter.

This concludes our survey of the structure and mechanical properties 
of the skeletal axis.
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Gradients in Embryonic Development

In the Introduction and first chapter we noted the presence in inverte-
brates from Annelid worms onwards of a physiological antero-posterior 
axis, that controls the bodily form of the organism, and also that in Pro-
chordates and in true vertebrates the axis has become differentiated into 
a definite structure, the notochord in the former and the spinal column 
in the latter. In this chapter we suggest that the origin of an axiate pattern 
during the development of individual organisms is a natural outcome of 
certain ultimate phenomena operative in the early embryo. An elementary 
description of the early stages of embryonic development is, therefore, 
necessary.

the Cell
The animal body with its varied tissues and organs is composed of struc-
tural units or cells, all of which originate by a process of repeated division 
from one cell, the fertilized ovum. Cells, however divers in size, shape 
and function, are basically similar in structure, and each cell constitutes 
an integrated system. Each consists of two elements, the nucleus and the 
cytoplasm, both contained within a thin, enveloping cell wall, the plasma 
membrane, which serves to isolate the cell from its surroundings. The 
cytoplasm, which is the larger element in area, is a viscous substance, 
containing as a rule some small globules and minute particles and, in the 
case of the ovum, yolk granules. Within it there lies a specially differenti-
ated part, the nucleus. This is a discrete, approximately spherical body, 
slightly denser than the cytoplasm, from which it is separated by a deli-
cate nuclear membrane. The most important constituent of the nucleus is 
chromatin. In the living cell the nucleus is more or less optically homoge-
neous, i.e. the chromatin has the same refractive index as the surrounding 
medium and is, therefore, invisible. When the cell is stained with basic 
dyes a meshwork of delicate fibrils incorporating some granules is appar-
ent, also one or more deeply staining, rounded bodies, the nucleoli. This 
description, however, applies only to the resting stage of the nucleus, i.e. 
the nucleus of a cell that is not dividing.

MItosIs
During active division or mitosis, the chromatin content of the nucleus 
becomes transformed into a group of visible bodies, the chromosomes. 

3
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In the preparatory stage of mitosis – the prophase –the chromosomes 
frequently appear as thick, V-shaped, short rods arranged in the plane 
of the cell equator. They contain the genes or physical bearers of heredi-
tary character, and their number is always a constant one for each spe-
cies. Thus, there are forty-eight chromosomes (24-pairs) in the somatic 
or body cells of man. The nucleoli are not independent cell organs but 
lateral expansions of special chromosomes.

As mitosis proceeds, each individual chromosome splits longitudi-
nally into two equal parts, forming double V’s, so that two equivalent 
sets of half-chromosomes or chromatids are formed. Next the two sets 
separate from each other and finally occupy opposite regions of the cell, 
from which the nuclear membrane has now disappeared. As they recede, 
lines of stress or, possibly, actual contractile fibrils, appear in the space 
between the two groups, giving rise to a spindle-like appearance. [fig. 5] 
Each group of half-chromosomes is destined to become the nucleus of 
a daughter cell, and when cell division is completed, each reverts to the 
conditions characteristic of the resting stage and becomes invisible. The 
division of the cytoplasm, first indicated by a surface constriction or fur-
row, follows that of the nucleus and is the final step in cell division. The 
end result is two complete cells, each possessing its own nucleus and also 
its own representative of every chromosome. This, briefly, is the method 
of cell formation by means of which growth, increase of number, and dif-
ferentiation are effected in multicellular organisms.

sPerMAtozoA
The germ cells, spermatozoa and ova, do not arise from somatic or body 
cells; they are derived only from previously formed germ cells. Male germ 
cells or spermatozoa are formed within the testes. During the final stage of 
their formation – spermatogenesis – the cells from which they are derived 
undergo two divisions, the maturation divisions, resulting in four cells of 
equal size. In the metaphase of the first division, the chromosomes are not 
split longitudinally as in somatic cells, but become disposed in groups of 
two. Therefore, the number of pairs is one-half the number of the original 
single chromosomes. The pairs next break up and the separated members 
recede from each other and pass as whole, unsplit chromosomes to oppo-
site poles of the spindle. This is called the reduction division, because 
each daughter cell receives only half the chromosomes of the parent cell, 
i.e. half the number present in a somatic cell. The purpose of this reduc-
tion will be apparent later. The second maturation division is an ordinary 
one, as in somatic cells, each spermatozoon receiving the reduced number 
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of chromosomes.

ovA
The ovum or egg, which is formed within the ovary, varies enormously 
in size according to the species. Thus, the human ovum, about 0.14 mm. 
in diameter, and the very large egg of the ostrich, are both single cells. 
During maturation, the ovum, like the spermatozoon, undergoes a reduc-
tion in number of chromosomes. The two daughter cells of the first or 
reduction division are unequal in size. The smaller of the two, known as 
the first polar body, degenerates and disappears. The larger one may not 
undergo the second maturation division until after fertilization, but the 
result is the same – a large cell and a small polar body (the second) – each 
of which receives the reduced number of chromosomes. The process of 
maturation, both in spermatogenesis and in ovogenesis, involves two cell 
divisions, but only one division of individual chromosomes. Therefore in 
both, the chromosomes are reduced in number to half that present in 
body cells. Fertilization, or the union of sperm and egg, restores the origi-
nal number.

The ovum contains within its cytoplasm a relatively large quantity of 
minute globules and yolk-granules and a large nucleus, the whole sur-
rounded by a cell wall, the vitelline membrane. In the interval between its 
two maturation divisions the ovum and its nucleus grow considerably in 
size, and the latter moves in the cytoplasm nearer to one pole of the ovum, 
and is known as the germinal vesicle.

FertIlIzAtIon
Fertilization occurs by penetration of the vitelline membrane by the head 
of a spermatozoon. After it has passed into the ovum, the sperm head rep-
resents a second nucleus, the male pro-nucleus. The original nucleus of 
the ovum which, like the head of the sperm, contains a reduced number, 
i.e. half, of chromosomes, is the female pro-nucleus. Union of the male 
and female pro-nuclei within the ovum forms one nucleus, and restores 
the full somatic complement of chromosomes, composed of an equal 
number of paternal and maternal origin. This reconstituted nucleus is 
the first cleavage nucleus and with its formation the act of fertilization is 
completed. Only one sperm unites with a single ovum. Unless fertilization 
occurs, both die.

CleAvAge (AMPhIoxus And the Frog)
Almost immediately after fertilization the ovum begins to show signs of 
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dividing into two cells. This begins the cleavage period of development, 
which is characterized by rapid sub-division of the fertilized egg into 
smaller and more numerous units. Normally, a cell tends to divide into 
equal parts and successive cell divisions are separated by a time interval 
during which the newly formed cells, which at first are necessarily small, 
grow in size. This interval is absent during the cleavage period; therefore, 
the resulting cells become successively smaller.

For many reasons these events and those immediately following have 
not been observed in the human ovum. Until recently, the earliest known 
human embryos were 11 to 14 days old. Lately, in America two have been 
described of an age estimated at 7½ to 8 days. Now, in certain mon-
keys the final stage of the cleavage period is reached in about 4 days. It 
is clear, therefore, that the gaps in our knowledge of events in the early 
human embryo must be bridged by reference to other species, especially 
the lower vertebrates, such as the frog, and the primitive chordates, such 
as Amphioxus, where material is abundant and fertilization outside the 
body facilitates observation. There is, however, no reason to suppose that 
data thus obtained do not represent fairly closely the nature of events at a 
corresponding stage in human development. Divergencies characteristic 
of different groups will be noted as occasion arises.

As the egg of Amphioxus and of most invertebrates contains an incon-
spicuous amount of yolk, and there are advantages in describing the cleav-
age of one that is relatively rich in yolk, that of the frog may be taken as 
typical. Yolk, being of higher specific gravity than the other constituents of 
the egg, is not distributed uniformly in the cytoplasm. One pole of the cell 
is comparatively free of yolk and is designated the animal pole, whereas 
the opposite pole contains abundant yolk and is called the vegetative pole. 
Even where there is very little yolk, these two poles can be distinguished, 
as the germinal vesicle is always situated near the animal pole. Further, 
the two polar bodies associated with the maturation divisions of the ovum 
are so called because they are extruded at the animal pole. The line con-
necting the animal and vegetative poles is the principal axis of the egg, and 
the first division after fertilization occurs in the plane of this axis. The two 
daughter products of this division are of equal size, and they establish the 
bilateral symmetry of the embryo and also of the adult, one producing the 
right side, and the other the left side of the animal. Further, the animal 
pole will form the future head end and the vegetative pole the hind end. 
Thus, the axis of the fertilized egg persists as the future antero-posterior 
axis of the adult organism. The principal axis of the egg, as expressed by 
the distribution of yolk in the cytoplasm, appears to be determined by the 
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formation of a primary physiological gradient in the latter, i.e., a gradu-
ated difference in rate of certain fundamental activities of its protoplasm, 
whereby the region of greatest activity, e.g. the rate of metabolism and 
particularly oxidation, determines the apical region or head end of the 
organism. The presence of yolk retards cell division. Consequently, dur-
ing the cleavage period the rate of cell division at the animal pole exceeds 
that at the vegetative pole, indicating a corresponding difference in meta-
bolic activity. This apico-basal axial gradient is the earliest indication of 
the existence of an axiate pattern that determines the future structural 
plan of the organism.

After the completion of the first division of the fertilized egg, the two 
daughter cells, smaller than the parent cell but equal to each other in 
size, themselves divide into four, the four into eight, and this process 
is repeated throughout the cleavage period, until a mass of small cells, 
roughly spherical, the morula or mulberry mass, not much larger than 
the original ovum, is formed. [Fig.6] The second division – into four – is 
also meridional, at right angles to the first, and the third is equatorial. At 
this stage there are eight cells, of which four at the animal pole are slightly 
smaller than the others, and this disparity in size between the cells of the 
two poles continues during subsequent divisions. With the first cleavage 
the radial symmetry of the ovum is transformed into bilateral symmetry.

the BlAstulA
The cells comprising the morula are rather loosely adherent to each other 
with spaces, which contain a gelatinous fluid, here and there. The spaces 
tend to join up and eventually they form an internal cavity, which increases 
in volume until the relatively solid morula is converted into a hollow ball, 
known as the blastula. The cavity in its interior is the blastocoele, around 
which the blastular cells are arranged as a single layer. At the end of cleav-
age the protoplasm of the fertilized egg, including the genes present in 
its chromosomes, has become distributed into a large number of smaller 
cells, a process which ends when a definite size relation between nucleus 
and cytoplasm has been established for each individual cell. The number 
of cells required to reach this stage varies with the species. Its attainment 
marks the end of cleavage and henceforth the embryonic cells pause, as 
it were, in order to undergo a short stage of growth between successive 
mitoses. A blastular stage occurs in the embryos of all vertebrates, includ-
ing the primates and man.

Gradients in Embryonic Development
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BIrds
In the highly-yolked eggs of birds and some other animals the mass of yolk 
does not undergo division and remains outside the body proper. Instead 
of a spherical morula and blastula the animal pole cells during cleavage 
form a disk, the blastodisk, which lies on the top of the mass of yolk and 
is the true embryo. The blastodisk is lighter in colour at the centre than at 
the periphery, and this clear part is known as the area pellucida. It is in this 
central light area that cleavage furrows first appear; they extend into the 
marginal area opaca late in segmentation. The first cleavage furrow cuts 
into the blastodisk in a plane coinciding with the animal-vegetative axis, 
and cleavage continues until a morula is formed. The process begins in 
the centre of the disk and progresses outwards in all directions but stops 
short of the extreme margin. Several strata of cells are formed, except at 
the margin, and the deeper cells below the surface and parallel to it also 
undergo segmentation. The result is a discoidal, somewhat convex, but 
comparatively thin, cap of cells in contrast with the spherical morula of 
Amphioxus and the frog – a shape imposed on the cleavage cells of the 
bird embryo being forced to grow over the surface of a large yolk sphere. 
The central cells of the blastodisk represent the animal pole, and the mar-
ginal area, which, were the disk converted into a sphere, would represent 
the vegetative pole, remains thin and is known as the zone of junction. A 
further development, which now occurs, is the formation of a shallow cav-
ity, representing the blastocoele, as a result of the central cells of the blas-
todisk, which may now be termed the blastoderm, becoming detached 
from the yolk which is its floor.

MAMMAls
In true or placental mammals the relative absence of yolk is compen-
sated for by the development of additional structures, the trophoblast and 
the placenta together with its membranes, especially the amnion and the 
allantois, all designed for the nourishment of the embryo during gesta-
tion. In spite of the small size of the mammalian egg and the absence of 
yolk, the embryo is developed from a germ disk (blastodisk) analogous 
with that of the chick. This is an indication of the origin of mammals from 
large-yolked ancestors.

The morula is formed in the usual way. It develops an internal cav-
ity, a blastocoele, which is circumscribed by an outer, peripheral layer, 
the trophoblast, a device for attaching the embryo to the uterine wall. 
In other words, a blastocyst is formed, surrounded by a surface layer of 
trophoblast. The blastocyst expands in volume and at one point in its 
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interior a collection of cells, known as the inner cell mass, is adherent to 
the trophoblast. The embryo is developed from the inner cell mass, which 
corresponds to the blastoderm of the chick. Between the mass and that 
part of the trophoblast to which it is attached a new cavity is formed – the 
amniotic cavity. There are now two cavities, the amniotic above and the 
original blastocoele, which is the larger, below. The latter, although it does 
not contain any yolk, is the yolk-sac. Between these two cavities there is 
a partition or lamina of cells, the embryonic disk or embryonic shield, 
which will form the embryo proper.

the gAstrulA
We have now described in outline the cleavage period in Amphioxus and 
the frog, in birds, and in mammals. A new embryonic form, the gastrula, 
constitutes the next stage. The process of gastrulation varies in different 
animals. In Amphioxus and amphibians, the first sign is a thinning and 
flattening of an area of the blastular wall at one point, the future dorsal 
side of the embryo, a little below the equator, i.e. at the ventral edge of 
the animal hemisphere. The dorsal cells of this area by repeated division 
become heaped into a ridge that overlies a cleft or shallow depression on 
the surface of the blastula. The flattened area next becomes invaginated, 
sucked in, as it were, through this depression, and the invaginating pro-
cess continues until a second layer is introduced inside the blastular cav-
ity, in much the same way as one might push in a hollow rubber ball with 
the finger. The orifice of the depression, as invagination continues, alters 
in shape from a crescentic slit to a circular opening, through which the 
adjoining parts of the outer surface sink inwards until finally the invagi-
nated pouch lines the internal surface of the outside layer and obliterates 
the blastocoele. The end-result is that the original, single-layered hollow 
sphere is converted into a double-layered, cup-shaped structure. The inte-
rior of the cup constitutes a new cavity, which is the archenteron or primi-
tive gut of the embryo, while the rim of the cup, the site of the original 
depression, is the blastopore. The outer layer is now called ectoderm, and 
the inner, composed mainly of yolk-laden vegetative cells, is endoderm. 
These two cellular layers are the primary germ layers. At this stage the 
embryo is called a gastrula.

The inturning process of gastrulation is most active at the upper mar-
gin of the blastopore, i.e., the anterior or dorsal lip, which grows at a faster 
rate than the ventral lip. The lateral lips become compressed together, 
so that the diameter of the blastopore is again contracted. Eventually, it 
closes, but not for a considerable time. Largely as a result of the activity 
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of the dorsal lip, the embryo elongates. This structure, the dorsal lip of 
the blastopore, is one of cardinal importance in early development, not 
only as the primordium of the axial structures, viz. the notochord and 
somites, which along with the nerve-cord constitute the main part of the 
embryo, but also as the so-called ‘organizer’ influencing the development 
and differentiation of others. Its site is determined at a very early stage. 
In the frog’s egg the entrance of the spermatozoon at fertilization leads 
to the appearance of a grey crescent on the side of the egg diametrically 
opposite the point of entrance, as a result, probably, of streaming of yolk-
free cytoplasm towards the sperm. This crescent, which is of short dura-
tion, is the site of the future dorsal lip, hence the point of entrance of 
the sperm determines the position of the dorsal and ventral surface of 
the embryo, and the first cleavage furrow coincides with the sperm path. 
The dorsal lip also determines the position of the axial structures, which 
appear in the same meridian. Differentiation of these structures is at first 
dependent upon the dorsal lip, although, later, they become self-differen-
tiating. Further, after invagination during the process of gastrulation, the 
presumptive notochord and axial mesoderm underlie the ectoderm, and 
directly induce the latter to form the neural tube. Thus, the dorsal lip of 
the blastopore exercises a powerful influence upon the fate of neighbour-
ing tissues, hence its description as an organizer. Tissues which possess 
organizing properties are associated with the high end of axial gradients. 
Consequently, the position and functions of the organizer demonstrate 
the effect of gradients upon the form of the whole organism regardless, as 
de Beer states, of the actual substance at any place. Throughout gastrula-
tion the embryo elongates rapidly in the direction of its antero-posterior 
axis.

BIrds
During avian gastrulation, which in the chick is reached about the time 
that the egg is laid, one quadrant of the area pellucida, corresponding 
to the future tail end of the embryo, becomes definitely thicker than the 
rest. This thickened section assumes a somewhat linear form known as 
the primitive streak, which is the presumptive notochord and axial meso-
derm, i.e. the homologue of the blastoporal rim. This is a prominent fea-
ture in the embryo of birds. In reptiles, birds and mammals there is no 
open blastopore. At the head end of the primitive streak there arises a 
localized collection of cells – Hensen’s node, the homologue of the dorsal 
lip of amphibians [known as ‘Spemann’s organizer’ (MW)]. The differen-
tiation and forward growth of the notochord is from the node, which has 



37

organizing properties similar to those of the amphibian dorsal lip. At the 
same time the part of the area pellucida adjacent to the streak increases in 
thickness, forming the embryonal area, called sometimes the embryonic 
shield on account of its form, more or less pear-shaped. As the primitive 
streak elongates, so does the area pellucida, which at first was roughly cir-
cular. The long axis of the primitive streak establishes the antero-posterior 
axis of the future embryo.

Although invagination during gastrulation is negligible in animals later 
than fishes, nevertheless it does occur, but at a much later stage, espe-
cially in birds. Certain cells from the surface layer of the blastoderm move 
towards the primitive streak of the chick as those of amphibian embryos 
moved towards the blastopore, and these give rise to endoderm. There 
appears to be some migration of surface cells to a position deep in the 
thickened zone, and also active proliferation of the under part of the sur-
face layer.

From these sources a second layer, the primary endoderm, is formed 
beneath the surface layer or ectoderm, i.e. hidden in the depths of the 
blastoderm. This is the beginning of the archenteron. The blastoderm, 
therefore, is two-layered at this stage – primary ectoderm and primary 
endoderm – both layers remaining in cellular continuity at the zone of 
junction. The primitive streak soon becomes a groove, bordered on each 
side by a ridge. It is the homologue of the blastopore, which in birds, 
therefore, is not a real aperture but an elongated line, composed of lateral 
lips that are fused from the beginning.

MAMMAls
The gastrula stage of mammalia has already been described. It is reached 
with the formation of the embryonic disk, a horizontal plate consisting of 
ectoderm on its amniotic surface and endoderm on the ventral or yolk-
sac surface. The primitive streak, as in the chick, is represented by an area 
of ectoderm at the posterior end of the embryonic disk, where it forms a 
bulge protruding into the amniotic cavity.

the notoChord
Organ formation now proceeds rapidly in all vertebrate embryos. The pri-
mordial of the central nervous system, of mesoderm (the third germ layer), 
and of the notochord succeed primary endoderm formation after a very 
brief period, all three appearing almost simultaneously. In Amphioxus the 
notochord, whose origin can be traced to animal pole cells, first appears 
as a long median groove along the roof of the archenteron, its concavity 
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facing ventrally. The edges of this groove become fused together from 
before backwards, converting it into a solid rod. As the embryo grows in 
length, so does the notochord, apparently by cell proliferation in the zone 
of growth of the dorsal lip of the blastopore. Shortly after the establish-
ment in the chick of the primitive streak and the formation of primary 
endoderm, cells from the region of Hensen’s node push in to form the 
notochord in the mid-dorsal line just beneath the ectoderm and extend 
forwards towards the head. It will be recalled that the cephalic part of the 
primitive streak is equivalent to the region of the dorsal lip in primitive 
vertebrates. At this stage the embryo grows rapidly in length as a result of 
growth in the embryonic area anterior to the streak, and Hensen’s node 
is moved further back. The growth in embryonic length is associated with 
rapid elongation of the notochord. A similar pattern is followed in the 
development of the mammalian notochord, a very slender structure that 
is eventually replaced by clusters of cartilaginous cells which constitute 
the foundation of the skeletal axis.

MesoderM
The notochord is a specialized part of the mesoderm or third primary 
germ layer. In amphibian embryos this layer arises from the lips of the 
blastopore and insinuates itself between the ectoderm and the endoderm. 
Its origin in the chick is similar. Posteriorly to Hensen’s node in the floor 
of the primitive groove the ectoderm and endoderm form an indifferent 
mass of cells, which continue in active growth, especially in its cephalic 
part, and contribute to the expansion of all three germ layers. The meso-
derm emerges from the two sides of this mass and grows into the space 
between ectoderm and endoderm. In this situation the various layers are 
continuous with one another. In mammals, a primitive streak appears in 
the centre of the embryonic disk and proliferates mesodermic cells to 
each side and in the midline forms the notochord. The lateral portion of 
the mesoderm grows in two directions, inwards into the disk between its 
two laminae, so that the latter becomes trilaminar, and outwards between 
the external trophoblast and the ectoderm which lines the amniotic cav-
ity. It also extends down to occupy the space between the trophoblast 
and the endoderm of the yolk-sac. The origin of mesoderm is essentially 
the same in all vertebrates, but in the higher amniotes (birds and mam-
mals), it is somewhat complicated by the presence of the primitive streak. 
Fundamentally, the latter is a device for the production of mesoderm. 
The further differentiation of mesoderm in Amphioxus may be regarded 
as typical in general outline of vertebrates as a whole. A shallow groove 
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appears in the dorso-lateral wall of the archenteron on each side, and 
becomes divided by transverse partitions into a bilateral series of pouches, 
which are the primordial of the somites. On each side the somites increase 
in number progressively from before backwards, become detached from 
the archenteron, and form segmentally paired blocks, which are a promi-
nent feature of the embryo at this stage. Finally, the somites split into two 
layers, one of which grows ventrally in order ultimately to surround the 
primitive gut, while the other resolves into plates of muscle or myotomes, 
from which the musculature of the antero-posterior axis is derived.

the neurAl PlAte
Meanwhile, immediately dorsal to the notochord the ectoderm is being 
transformed into the central nervous system. In Amphioxus and the frog 
the surface of the dorsal ectoderm in this situation becomes flattened. 
This area, the neural plate, next becomes depressed to form a longitu-
dinal groove. A ridge appears on each side of the groove, and the two 
ridges arch upwards and meet in the middle line, where they fuse together 
and thus roof over the neural plate. The result is the neural tube, which 
remains throughout life. Its anterior end is relatively wide and is soon 
characterized by certain expansions corresponding to the three primary 
divisions of the brain – the fore-brain, mid-brain, and hind-brain. The 
neural tube extends over the entire dorsal part of the embryo. In birds 
and mammals the primordium of the nervous system lies anterior to the 
primitive streak and above the cephalic end of the notochord. The whole 
of the nervous system is developed from the neural plate. Only the inner 
layer of the folds which give rise to the tube enters into its formation. The 
outer sheets fuse together and form a separate layer which is transformed 
later into skin and other surface coverings of the animal.

With the formation of the neural plate, notochord and mesoderm the 
purposes of gastrulation have been fulfilled. Essentially, gastrulation is a 
process by means of which localized areas of the blastula, each with its 
own developmental potentialities, execute an orderly, progressive series 
of movements whereby they become spatially redistributed as three pri-
mary cell aggregates, the classical germ layers, into positions of vantage 
for future transformation into adult tissues and organs. By means of local 
vital staining with non-toxic dyes, [Walter] Vogt (1925) succeeded in map-
ping out a pattern of presumptive or prospective areas in the amphibian 
blastula. The presence of the stain makes it possible to trace the course of 
individual areas, comprising whole groups of cells, right through a com-
plex of streaming, infoldings, re-arrangements and migrations, by means 
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of which they are conveyed from the surface of the blastula to their final 
positions in its interior. At first the embryo consists of a single, then of 
two, and finally of three primary germ layers, the segregation and final 
establishment of which, during gastrulation, are fundamentally the same 
in all vertebrate embryos. It is not possible to explain the highly integrated 
mass movements by which this is accomplished by such factors as local-
ized cell enlargement, denoting fluid absorption, or by local differences 
in rate of growth. Gastrulation involves cell division but is independent 
of it. Throughout the regional changes in position the individual cells 
are passive. The successive stages of gastrulation constitute a continuous 
dynamic process and not a series of static forms.

The main lines of body organization have now been laid down. So 
far only the actual antero-posterior axis of the embryo has developed. 
Roughly, this consists of three superimposed, dorsal longitudinal tubes – 
the neural tube most dorsally, the primitive gut ventrally, and in between 
the notochord, already transformed into a rod. All three have developed 
in the same meridian as the blastopore. This system of tubes is flanked 
on each side by mesodermal blocks the somites, which are the primordial 
of sclerotomes and myotomes, and represent the future vertebral column 
and its associated musculature. It is evident that much growth, differentia-
tion and development still remain to be done. The vascular system – heart 
and blood vessels; the large glands associated with the digestive system; 
the brain and sense organs; the renal, respiratory and other great systems; 
the further differentiation of mesoderm into bones, muscles, etc., and the 
production of limbs – all these have yet to originate and mature. Ventral 
development, completing the closure of the body wall, occurs late. For 
example, in the chick, which is hatched on the 21st day of incubation, the 
umbilicus does not close until the 17th to the 19th day.

grAdIents
Here and there throughout these pages there have been intimations that 
growth and differentiation tend to follow a cephalo-caudal direction. In 
both the effective factor is metabolism, which is a fundamental character-
istic of living protoplasm and increases in rate as development progresses. 
States of metabolic activity in developing organisms are not distributed 
uniformly nor randomly as links in a chain of events, but, as indicated 
by several lines of experiment, occur in a definite, graded disposition, 
both spatially and chronologically, along the antero-posterior axis of the 
embryo. The highest rate of activity is present in the head end, the low-
est in the tail end, and intermediate rates, decreasing progressively from 
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before backwards, in between. This is the gradient theory, first recognized 
and noted by [Theodor] Boveri, but now more particularly associated 
with the name of Professor C. M. Child, who realized its full implications 
and has in several works emphasized its importance. Child conceives the 
primary cephalo-caudal gradient as one of intensity of metabolism, i.e. he 
regards the gradient pattern as essentially a quantitative one transmitted 
from a region of high energies in a given direction with a decrement in 
intensity. If the energy involved in the metabolic activity of an organism 
is a finite and indivisible whole, and if the rate of metabolism is not the 
same in all parts of the developing organism, the question arises whether 
it functions in the gradient field as a continuously flowing quantity, as 
in gross transformations of energy, or whether it may be conceived as a 
correlated set of variables, perhaps propograted as pulses or quanta of 
energy at spatially successive points of decreasing intensity? The latter 
conception is consistent with the modern theory of the essential disconti-
nuity of energy, a fact deduced from experimental observations and now 
well established in theoretical physics, e.g. in light, electro-magnetism 
and nuclear energy and in chemistry. It seems legitimate to infer that 
the apparently continuous physico-chemical series of changes, designated 
metabolic activity, both in the developing embryo and in mature organ-
isms, may be expressed in terms of finite magnitudes or quanta, which are 
not divisible, and form a discrete series of energy levels. One quantum is 
probably associated with one protein molecule, and the number of quanta 
is always a whole number, never a factional number, just as in an atom 
an electron moves on a 1-quantum, 2-quantum, 3-quantum orbit, and so 
on. The number of quanta at a given point in a living tissue is an expres-
sion of the local intensity of metabolic activity. By definition, each point 
of intensity in the gradient, other than the highest, suffers an effect of 
retardation, each high point in the series dominating the next lower point 
in orderly sequence. The relationship between any two contiguous points 
is, as Child puts it, one of dominance and subordination, i.e. of control-
ling and of being controlled. The principle of dominance – one part of the 
system dominating the other parts – is one of the regulatory mechanisms 
of growth and development. Considered in this way, dominance may 
be explained as the capacity to induce excitation of successive points of 
intensity along a linear field, accompanied by some degree of energy loss 
in the form of separate quanta at each induction. 10 Finally, this hypothesis 
– a gradient of quanta of metabolic energy – would explain, or at least be 
10 In fairness to Professor Child it should be said that he nowhere indulges in 

these speculations, which are the author’s. See Appendix II.
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consonant with, the phenomenon of metamerism.
We must now consider some of the evidence that substantiates the 

existence of gradients. It is well known that growth in plants and also in 
certain invertebrates, e.g. hydroids, in which budding takes place, pro-
ceeds from growing points in a definite direction. The growing point or 
apical meristem in plants inhibits for a certain distance the development 
of buds lower down on the same stem, i.e. the growing point is the domi-
nant region. If the latter is destroyed, the buds immediately below devel-
op.11 In the earthworm, growth follows a cephalo-caudal course, by add-
ing new metameres at its tail end. When a worm is cut into two, each part 
retains dominance at the head end, so that the front piece grows a new tail 
at its posterior cut end, and the hind piece a new head at its anterior cut 
end. This holds good irrespective of the level of the section. In general, the 
high region of a gradient is the chief dominant region, but a given gradi-
ent level, when isolated from more anterior levels, as in these examples, 
may to some extent dominate lower levels.

Some gradients have already been noted in the description of the early 
embryo. Thus, there is a yolk gradient in the fertilized egg, followed by a 
gradient of cleavage, the animal pole being active and the vegetative less 
active. In some forms the increase in surface area during enlargement 
of the gastrula begins apically and progresses basipetally. Closure of the 
blastopore, e.g. in elasmobranch embryos, takes place from before back-
wards, the edge growing back over the yolk. The formation of the arch-
enteron is one of development from the anterior end in a posterior direc-
tion. The edges of the notochordal groove fuse from before backwards, 
and the somites on each side increase in number in the same direction. 
The order of closure of the neural groove is from the future neck region 
tailwards. The rudiment of the fore-brain is the first to appear; the rest 
of the brain, the spinal cord, and also the protovertebrae are added later, 
cephalo-caudally, in regular succession. The neural crests on each side, 
from which are derived the ganglia of the spinal cord, both dorsal root 
and sympathetic; parts of the nerve trunks; and certain other elements, 
appear first in the anterior region and, as the embryo grows, are added 
to posteriorly. At the beginning of the formation of the neural plate there 
is evident a gradient in cell size in the antero-posterior dimension, which 

11 ‘That an apical lateral branch of, for example, the Douglas fir, becomes the 
stem apex in a decapitated tree and assumes the positive electrical domi-
nance of the tree, indicates the existence of a continuously active inhibitory 
mechanism in the dominant (most actively growing) region.’ (A. R. Shrank, 
1947)
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persists throughout this stage. The smaller cells are anterior and the larger 
ones posterior.

Graded differences of metabolic activity from one region to another 
along the longitudinal axes of the embryo have been demonstrated in a 
number of ways, for the most part in invertebrates. Experimentally, dif-
ferent levels have been found to differ in susceptibility to many chemical 
and physical agents which are toxic to living protoplasm. For example, 
on placing an embryo in a dilute solution of a protoplasmic poison, such 
as cyanide, cytolysis, indicating cell disintegration, begins at the highest 
point of the gradient and continues with progressively diminished effect 
towards the caudal end, where the rate of metabolism is low. This differ-
ential susceptibility is revealed by a wide variety of chemical compounds, 
e.g., magnesium and lithium salts, alcohol, anaesthetics, acids, etc., and 
by some physical agents, such as ultra-violet light and X-rays. The regions 
of high metabolic rate break down earlier than those of lower rate, and 
the development of parts originating at high gradient levels is inhibited 
by more dilute solutions than are those arising from lower levels. In the 
cleavage stage, differential inhibition appears first as an alteration of the 
cleavage ratio, i.e. there is a graded decrease in the rate of cleavage, most 
effective apically, where it may cease altogether, and less effective towards 
the base. The dorsal lip of the blastopore at the beginning of gastrula-
tion is highly susceptible and more so in its median region than laterally. 
Apparently, the initial stages of differentiation depend upon the position 
of a part relative to the whole, i.e. upon the levels which the several regions 
occupy along the antero-posterior axis.

Similarly, if an embryo is placed in a dilute solution of potassium per-
manganate, the latter is reduced by oxidation, and a gradation of colour 
along the axis indicates the activity of the oxidising process in successive 
regions. Vital stains, such as methylene blue or Janus green, under anaero-
bic conditions, also cause decolouration, beginning at the highest point 
of the gradient.

It has been established that the cephalic end of the embryo consumes 
more oxygen than the caudal half, in the proportion of 2.7 to 1 (Fischer 
and Hartwig [1936]). This is direct evidence of a higher rate of metabolic 
activity in the head end. Destruction of the dorsal lip region, the ‘organ-
izer’ of early development, causes oxygen consumption to be lowered by 
30% as compared with controls. The determination of oxygen consump-
tion is a procedure of considerable technical difficulty and the methods 
used, involving the use of microrespirometers, the Tashiro-biometer and 
other delicate devices, have been criticized. In the Winkler process pieces 
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cut at different levels along the embryonic axis are placed in a closed 
container filled with water, the oxygen content of which has been esti-
mated beforehand. The amount of oxygen consumed after a specified 
interval is then determined. It suffices to say that the data relating to oxy-
gen consumption and carbon dioxide production, accumulated in numer-
ous experiments, lend support to the theory of a descending gradient of 
respiratory rates in the tissues from apex to base. Thus, gastrulae, from 
which the dorsal lip region has been removed, have, in addition to the 
lowered oxygen consumption already noted, a lowered carbon dioxide 
production. The high CO2 production in the dorsal lip is partly due to 
a higher absolute metabolic rate, and partly to a higher respiratory quo-
tient, indicating increased carbohydrate metabolism.

The presence of carbohydrate in the form of glycogen or animal starch 
is significant. [M. W.] Woerdeman has shown that the glycogen content 
in the animal hemisphere of the amphibian blastula is high and more or 
less uniform. Later, this special type of metabolism becomes concentrated 
in the region of the dorsal lip of the blastopore. In all cells which are 
especially active during gastrulation we find a remarkable high content of 
glycogen. In general, all areas in process of active development are rich 
in glycogen during the active period. Additional support to the gradient 
theory is provided by the presence of electric phenomena in association 
with metabolic activity. Areas of high rate are electro-negative to others in 
the external circuit and reveal a gradient of electrical potential along the 
head-tail axis. These lines of evidence indicate that the rate of metabolism 
is not the same all over a developing embryo. The animal pole of the egg, 
the growing point of a plant, and the anterior end of the embryo coincide 
with regions of high activity, from which the rate decreases progressively 
towards the base or posterior end, constituting a gradient which follows 
the main axis of the embryo and embraces the whole organism.

It is evident from this selection of experimental results that at every 
stage of development the embryo is a fully integrated organism and not a 
random mosaic of relatively independent parts. The entire series of events 
constitutes a completely unified pattern, in which the several elements 
are inter-related physiologically on a basis of dominance and subordina-
tion, and integrated into a single whole by virtue of a gradient of rates of 
intensity of metabolic energy. This gradient is the unifying principle in 
relation to which developmental events occur. In correspondence with 
it, graded morphological differentiations, resulting in an axiate pattern, 
appear in the same axis in later stages. In other words, a spatial pattern of 
metabolism is essential to axiate development. That pattern persists and 
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is effective from the beginning of development to maturity.
So far we have described only the primary or archetypal gradient. Sec-

ondary gradients also exist, the most important being the dorso-ventral. 
Each budding limb and developing organ has its own specific gradients, 
which possess characteristics similar to those of the primary one. In all 
cases, a gradient precedes differentiation; metabolism determines struc-
ture. Specific regional differences culminating in structural differentiation 
follow gradually. Thus, a metabolic gradient with dominance of the head 
determines the configuration of the pattern of axiate structure and, if we 
assume the hypothesis of quanta of metabolic energy, herein suggested, is 
also responsible for the phenomenon of metamerism.

Gradients in Embryonic Development



46 Posture and Allied Processes in Man

The Mechanism of Posture

An animal, either by instinct or experience or both, must learn to adjust 
itself to the physical conditions of its environment, in as much as physical 
laws apply to the living body as to inanimate bodies and structures. The 
most important external force exerted upon it is gravity. A land animal 
contends with gravity throughout its life and even before its birth. An 
aquatic animal, on the other hand, while it must solve the cognate prob-
lem of balance, can ignore that of gravity, because protoplasm has practi-
cally the same specific gravity as water. For a land animal the problem is 
essentially comparable with the allied phenomenon in plants, in that plant 
growth is orientated to the line of gravity. It follows that all land animals 
have been compelled to develop anti-gravity mechanisms. Each species 
has evolved its own specific, habitual position or attitude of symmetry, 
during action and in repose, which has been imposed upon it by its shape, 
weight and other bodily characteristics, with reference to the lines of grav-
itational force. This basic position or orientation represents the normal 
posture of the animal and is that from which active movement starts.

Posture, therefore, is primarily an expression or resultant of all the 
anti-gravity measures used by an organism. These measures combine to 
oppose with a minimum of expended energy the constant pull of gravita-
tion and adjust the body to changes in position of its centre of gravity and 
to its movements or displacements in space; i.e. they regulate the spatial 
relations of the organism to the outside world. Excluding for the moment 
the finer adjustments, the concept of posture embraces the position and 
movements in space of the body as a whole; the pattern assumed by its 
main segments; the proper relationship to each other of its several parts; 
and the active neuro-muscular mechanism which initiates and maintains 
it.

Correlated with the evolution of a specific bodily posture, there has 
developed a postural sense. We are aware of our position in space relative 
to the direction of gravity, i.e. of being right side up; of the way the several 
parts of the body are disposed, e.g. of the position of our limbs in the dark 
immediately after hours in sleep; of active movements and their direction 
and amplitude; and of the progress and extent of passive movements.

The erect, bipedal stance, which is a late acquirement in animal evolu-
tion, not only accentuates the effects of gravity but also demands a deli-
cate balancing and stabilizing mechanism operating in close relationship 

4
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with postural functions. The sense of equilibrium or compensated bal-
ance is allied to the sense of posture but is not identical with it. It main-
tains the body in spatial positions, both static and dynamic; responds to 
indications of loss of balance; and resists external forces with appropriate 
adjustments. This sense constitutes an important component of the com-
plex of sensory processes whereby posture is maintained.

The relation of the weight centre of an object to its area of support 
determines its stability. In man, owing to his very high centre of gravity 
(situated in the pelvis minor) and relatively small base of support, the erect 
stance is one of mechanical instability. In standing, the centre of gravity 
shifts incessantly, inducing sway, and every shift, however small, demands 
a corresponding adjustment of posture. Jointed limbs help to limit the 
amplitude of sway, but the actual adjustments are made by reflexes. The 
due coordination of these relatively minute muscular contractions and 
of others of greater range concerned with major postural adaptations, 
implies a controlling central mechanism. Accordingly, in the nervous sys-
tem various centres or groups of centres, often very far apart, each with its 
specialized function, are linked together to form a complex organization, 
which pervades almost every part of the brain and spinal cord, indicating 
the fundamental importance of posture to the organism. These centres 
correlate data derived from sense organs, and thereafter transmit to the 
muscles appropriate nerve impulses, which cause the latter to contract 
and execute adaptive reactions. Hence, every position assumed by the 
body, even the supine and the prone, whether to maintain an attitude 
or to execute a movement, is regulated by and dependent upon reflexes. 
Posture is always reflex in origin, and without postural reflexes the animal 
would succumb to the pull of gravity and sink to the ground. The char-
acteristic posture of an animal, therefore, is the outward sign of forces 
operating within; in other words, an orientation of forces opposing gravity. 
And the mechanism of posture is a mechanism of reflexes.

The following analysis of this extremely complicated mechanism is pos-
sible as a result of a series of brilliant experimental investigations under-
taken by the late Professor Rudolf Magnus of Utrecht and his associates, 
particularly Drs. A. de Kleijn and G. G. J. Rademaker. The work of this 
school was a direct continuation of the pioneer researches of the late Sir 
Charles Sherrington, conducted over a number of years, particularly in 
relation to problems of decerebrate rigidity, the stretch reflex and spinal 
mechanisms in general. The combined labours of these great physiolo-
gists and their followers have completely revolutionized our knowledge of 
muscle tone and postural reflexes.

The Mechanism of Posture

4
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In broad outline the organs of the postural system comprise three 
anatomical groups: 1) ingoing conductors, viz. a receptive field of sense 
organs with their nerves; 2) central switch stations, i.e. integrating and 
relay centres and association tracts within the central nervous system; and 
3) outgoing conductors or motor nerve pathways supplying the postural 
muscles. It will be seen presently that these are the components of a sim-
ple reflex arc, and it is theoretically possible to resolve the postural sys-
tem into an assemblage of individual reflexes.12 At this stage, therefore, it 
is necessary to define the properties and composition of a single reflex, 
preferably one of relatively simple type, such as that involved in the quick 
withdrawal of a limb from a painful stimulus.

the reFlex ArC
On pinching the toe of a frog, from which the brain has been removed, 
thereby abolishing the sensation of pain and the possibility of voluntary 
movements, the leg is instantly withdrawn by contractions of the [flexor] 
muscles that act upon its joints. This primitive reaction, which is a spinal 
flexor reflex, implies the following structures:

1) a nerve-ending in the skin of the toe, the sensory receptor of the 
stimulus;

2) an ingoing or afferent nerve proceeding from the receptor to 
nerve cells in the dorsal part of the spinal cord, known as the 
posterior horn;

3) at least one intercalary neurone, or nerve cell with its fibres, con-
necting the posterior horn cells with anterior horn cells in the 
ventral part of the cord;

4) an outgoing or efferent nerve proceeding from the anterior horn 
cells (lower motor neurones) to nerve-endings in the flexor mus-
cles of the leg;

5) a nerve-ending in the fibres or cells of the flexor muscles. The 
complete circuit, traversed by a nerve impulse from skin to spi-
nal cord and back to muscle, constitutes a reflex arc, which, 
therefore, is composed of a receptive element or sensory unit, 
and a reacting element or motor unit, linked together within the 

12 Single reflex arcs as such do not exist in mammals. Every neurone is in syn-
aptic association with one or more other neurones, and a reflex arc is never 
an independent reaction system but is correlated with other arcs, the whole 
forming an apparatus of great complexity and range of action. The single arc 
is an idealized simplification useful for purposes of analysis.
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spinal cord by one or more interposed neurones. The pathway 
of a reflex is irreversible, i.e. it permits the passage of a nerve 
impulse in one direction only (the law of forward direction), 
although an isolated nerve fibre can conduct impulses equally 
well in both directions.

the neurone
This means a nerve cell with its processes – dendrites and axon. Although 
highly specialized, a nerve cell has the fundamental structural character-
istics of a typical animal cell. Usually the cell body has one long process, 
the axis cylinder or axon, which may be several feet in length13 and is 
unbranched until near its end, and one or many short, profusely branched 
processes, the dendrites. By means of these processes functional connec-
tions are made between different nerve cells, linking them together in 
relays to form conducting pathways for a nerve impulse. The junction of 
an axon end of one cell with a dendrite of another is by contact – there 
is no direct continuity – and is termed a synapse. In this manner nerve 
impulses are transmitted over chains of neurones. Each neurone is related 
to many others by its numerous dendritic twigs, somewhat like a complex 
shunting system, permitting a continuous interaction between them, so 
that the activity of one can be distributed to many others.

CutAneous sensory reCePtors
The sensory nerve-endings or receptor organs in the skin, which receive 
stimuli (touch, pain, etc.) from outside and initiate a nerve impulse, are 
relatively simple in structure. There are several kinds, mostly variants of a 
terminal arborescence of a sensory nerve axon, which is enclosed within 
a capsule of connective tissue. They are present as a rule in the papillae of 
skin, notably those of the finger pulps.

Motor end PlAtes
At the other end of the reflex arc, motor nerve-endings in skeletal muscle 
are formed from a number of secondary branches into which the axon of a 
motor nerve divides after it enters the muscle. The axon of a single motor 
neurone, derived from a cell in the anterior horn of the spinal cord, sup-
plies by means of its terminal branches several muscle fibres. Each branch 
enters directly into the substance of one muscle fibre – the elongated, 
multi-nucleated cell of which muscle is composed is usually termed a 
13 A long axis cylinder may contain a thousand times as much protoplasm as its 

cell body.
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fibre – forming a specialized junction with the latter, the motor end plate. 
The nuclei of the muscle cell are clustered around the ends of the nerve 
twigs. Through the motor end plate the impulse to contract is transmitted 
to all muscle fibres supplied by the end twigs of the axon. Muscles capable 
of precise and delicate movements are more richly provided with motor 
neurone axons in proportion to the number of muscle fibres present than, 
for example, the anti-gravity muscles, which have large numbers of mus-
cle fibres but relatively few nerve fibres.

the neuro-MusCulAr sPIndle
In contrast with the intimate relation of motor end plate to muscle fibre is 
the comparative isolation of another receptor organ found within muscles. 
This is the proprioceptive end organ of muscular sense, which is distrib-
uted mainly in the tendons and at the zone of junction between tendinous 
fibres and true muscle-fibres, where it lies between the bundles of fibres 
and parallel with them. The neuro-muscular spindle, as it is called, is sen-
sory, the receptor of muscular sense, and is the site of origin of a reflex 
arc that is of great importance in the maintenance of muscle tone and of 
posture. The spindle consists of a fusiform, lamellated capsule, composed 
of both ordinary connective tissue and elastic fibres, which encloses an 
arborescence derived from several sensory axons. The nerve twigs wind 
around certain minute, specialized muscle fibres (intrafusal) that also 
occupy the interior of the spindle. This receptor is stimulated primarily 
by the tension produced in a tendon by the contraction or stretching of its 
muscle and, secondarily, partly by contraction of the intrafused muscle in 
response to that tension and partly by the subsequent elastic rebound of 
the spindle capsule. Other types of proprioceptive receptors of this order 
are found in the ligaments surrounding movable joints, where they serve 
to register changes of position during movements. Neuro-muscular spin-
dles are not found in the muscles of invertebrates; also they are more 
numerous in animals in which the muscular sense is highly developed, 
particularly in anti-gravity muscles. The nerve impulses generated by 
their stimulation travel along the sensory components of motor nerves to 
the spinal cord, and the reflex arc is completed by an impulse back to the 
muscles, which contracts the muscle fibre groups. This system is some-
times called the musculo-tendinous apparatus, and constitutes the true 
proprioceptive system.

the AntI-grAvIty MusCles
These muscles, which are mainly extensors of the limbs and of the spine, 
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constitute, as the name implies, the mechanism in living animals devised 
to resist the pull of gravity upon the body as a whole, and to align in their 
proper relations its different parts to the direction of gravitational force. 
Although they are responsible chiefly for the maintenance of posture, they 
also execute movements. Like most of the muscles in man they are com-
posed of two kinds of muscle fibre, red and pale, the proportion of each 
present varying with the speed of contraction of the muscle as a whole. 
Red fibres contract more slowly and fatigue less easily; pale fibres contract 
more rapidly and fatigue more readily. The duration of the contraction of 
a red fibre is about three times that of a pale fibre. Fatigue decreases the 
efficiency of muscular action and, obviously, the longer the duration of 
contraction the more economical in energy expenditure the contraction 
becomes. Hence the value of the red fibres in the sustained maintenance 
of posture. Slowness of contraction is a primitive characteristic; it is dis-
tinctive of the movements of newly-born animals. Rapidity of contraction 
is a later acquirement.

All muscles concerned with the maintenance of posture contain a large 
proportion of red fibres and, in the case of multiple muscle groups, these 
are often collected together as a separate head, which as a rule is further 
equipped with a tendon shorter than that of the others. There is an obvi-
ous advantage in grouping together fibres of similar speed of contrac-
tion. Thus, the calf muscles of the leg, which extend the ankle joint, are 
the gastrocnemius and the soleus. Of the two, the soleus is a red, slow 
head, and the gastrocnemius a pale, rapid one. In the quadriceps exten-
sor of the knee, the crureus is red while the vastus externus is pale. The 
other two components, viz. the vastus internus and the rectus femoris, 
are intermediate in composition. In general, slow red fibres are present in 
the extensors of the ankle, knee, hip, elbow (especially the short head of 
the triceps), shoulder, and in all the extensors of the back, where neuro-
muscular spindles are abundant in the large fasciae. Red fibres also pre-
dominate in the masseter, a muscle of mastication which also closes the 
lower jaw against gravity. Anti-gravity muscles possess a special property, 
viz. the stretch reflex, which, together with certain other neuro-muscular 
phenomena, such as tonus and inhibition, will now be considered in more 
detail.

tonus
Normally a muscle is not fully relaxed even at rest but is maintained in a 
steady state of mild contraction as a result of a stream of weak stimuli aris-
ing from its own proprioceptors, i.e. by a muscle-back-to-muscle reflex. 
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This state, in which voluntary innervation is absent, is known as tonus or 
muscle tone. The contractile elements of muscle remain in a set, mobile 
phase intermediate and delicately balanced between two extremes – flac-
cidity and rigidity. Pathologically, the extremes are paralysis and spas-
ticity. Muscle tonus is a necessary pre-condition to the quick response 
of muscle to stimulation, either voluntary or reflex. The muscle thereby 
passes instantly into active contraction without an interval for ‘hauling in 
the slack.’ Tonus permits a smooth gradation of movement in rate and in 
strength, and is an important factor in muscular coordination and steadi-
ness of action. Usually a muscle can contract to an amount slightly less 
than one-half of the length of its fibres, but the amount of contraction in 
normal tonus is only a small fraction of the maximum which the muscle 
is capable of. Thus, tonus is relatively indefatigable. Excessive muscular 
contraction – hypertonus or spasm – restricts free movement and pre-
vents its smooth execution and precision. As will be noted later, it also 
grossly disturbs nervous and vascular balances. The property of muscle 
tone maintains the body erect and constitutes the minimum threshold or 
lowest level of posture, by virtue of its general distribution throughout the 
body musculature and particularly in the anti-gravity system. It is a reflex 
phenomenon, mainly based upon local musculo-tendinous reflexes, and 
is reduced during sleep. It enhances the smooth interaction of antagonis-
tic muscle groups, e.g. associated pairs of flexors and extensors, balancing 
the reciprocal contraction of each set in accordance with the nature of the 
movement. In short, muscle tonus constitutes the physiological substra-
tum of attitude and of action.

the stretCh reFlex
This reflex is confined mainly to the anti-gravity muscles and is evoked by 
a constant, gradual stretch applied to the muscle fibres themselves. It is a 
spinal reflex and may be elicited by a stretch of less than 1% of the total 
muscle length. The response is graded by the degree of stretch and ceases 
immediately the stretch stimulus is over. Its function is the maintenance 
of posture. In the upright position, gravity provides the stretch that pro-
duces the reflex. Reflex standing is a composite resultant of many single 
stretch reflexes. In stepping, flexion at the ankle, knee and hip stretches 
the extensors. This stimulates the fibres of the latter muscles and causes 
their contraction. In all other reflexes the resulting contraction implicates 
whole groups of limb muscles, but in the case of the stretch reflex only 
the muscle or muscles stretched are excited. Although essentially spinal in 
mechanism, it is subject to modification by influences descending to the 
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spinal cord from higher nervous levels.

InhIBItIon
During the evolution of the central nervous system the phenomenon of 
inhibition appears whenever a function previously performed by the brain 
stem is shifted to a higher cerebral level. The older mechanism is inhibited 
by the more recently acquired one. Inhibition has developed also parallel 
with excitation as a property of the nervous apparatus and has an equally 
wide connotation. It enters the field of consciousness and is related to 
the phenomenon of conditioned reflexes and to the process of learning. 
In all neural functions there is present the simultaneous cooperation of 
a large number of mechanisms, involving the restraint or elimination of 
some processes and the facilitation or reinforcement of others. One path 
can be switched off [checked, withheld] as another is switched on [set in 
motion]. In this manner we achieve a high degree of flexibility combined 
with an elaborate variety of activities. Types of inhibition are active in cer-
ebral function, e.g. stimulation of one cerebral area is known to suppress 
activity in others. Voluntary movements may consist almost entirely of 
release of the lower motor neurones from control by higher ones, which 
normally inhibit them. In the reciprocal action of associated flexor and 
extensor muscles, relaxation or inhibition of the antagonists proceeds 
simultaneously with contraction of the protagonists. In general, the influ-
ence of higher levels is inhibitory and, when removed, the loss of restraint 
increases the activity of the lower areas. A grasshopper from which the 
brain is removed is much more active than a normal one.

the vestIBulAr APPArAtus or lAByrInth
We must now consider the part played in the maintenance of posture by 
sense organs other than those of the musculo-tendinous apparatus, begin-
ning with the labyrinth. The vestibular system, which is bilateral, occupies 
a position within a complex cavity in the substance of the petrous-temporal 
bone in intimate relation with the inner ear. Although its associated nerve 
is the eighth or acoustic nerve, it is not connected with hearing, being 
solely concerned with the position and movements of the head and the 
maintenance of balance. The inner ear consists of the following parts: 1) 
the cochlea, which is the organ of hearing; 2) the system of semi-circular 
canals; and 3) the otolith organ (utricle and saccule) which lies between 
the cochlea and the canals within a bony case known as the vestibule.
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A. The Semi-circular Canals.
There are three inter-communicating canals within each side of the skull, 
arranged nearly at right angles to each other to represent the three dimen-
sions of space. The canals of the two sides are so disposed that a canal 
on one side is parallel with a fellow on the opposite side, forming a pair 
in each plane. Thus, one is horizontal on both the right and left side; 
another, the superior, lies in a plane parallel with the posterior canal of the 
other side, and vice versa. That is to say, each member of a pair is a mir-
ror image of the other, and the two sets of three rectangular planes define 
a complete system of coordinates. At one of its ends each canal expands 
into a localized swelling the ampulla. Within the bony canals there are 
corresponding membranous canals which contain a fluid, the endolymph, 
and in each membranous ampulla there is a projecting ridge, furnished 
with a specialized epithelial layer, the crista. This is the sense receptor. Its 
main characteristic is the possession of cylindrical cells, which have arbo-
rizations of nerve fibres around their bases and stiff, hair-like processes, 
like antennae, projecting from their free ends.

The semi-circular canals are stimulated by rotation of the head in their 
own planes and by changes in the rate of movement. When the head is 
turned suddenly, the inertia of the endolymph in the membranous canals 
tends to make this fluid lag behind the movement of the head, creating 
a difference of hydrostatic pressure, positive or negative, i.e. a pressure 
either towards or away from the cristae. In this way, the hair cells in one 
or more cristae are stimulated. Impluses are set up in the nerve termi-
nals and are transmitted to centres in the brain-stem, and there relayed 
to motor neurones of the cervical region of the spinal cord, and also to 
centres of the extrinsic muscles of the eyes. During continued movement 
of the head the fluid pressures become readjusted and equalized so that 
the hair cells are no longer stimulated. This explains why movement at 
a uniform rate is not appreciated, as, for example, while travelling in an 
aeroplane or smoothly running train. When the motion ceases or the rate 
is altered, the changes in endolymph pressure are reversed, and we are 
again conscious of movement. This sequence of events is very evident in 
the sensations experienced while travelling up or down in a fast lift. In 
other words, movements in a straight line at constant speed do not pro-
duce labyrinthine stimulation; the labyrinth reacts only to acceleration 
or the reverse, i.e. to sudden starts and stops. Abnormal stimulation may 
cause severe subjective sensations, such as vertigo, nausea and vomiting 
as in sea-sickness. In man, the anterior end of the horizontal canal is tilted 
upwards about 30º above the horizon. In order to bring it into the hori-
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zontal plane, the chin must be tilted down towards the chest about 30º, a 
point of some significance in determining the optimal posture of the head 
and its association with the neck righting reflex.

B The Saccule and Utricle
These two minute sacs together constitute the otolith or statolith organ. 
The saccule communicates with the membranous canal of the cochlea, 
and the utricle with the ends of the membranous semi-circular canals. 
As the cavities of the saccule and utricle are also connected indirectly, 
all parts of the vestibular apparatus communicate with each other and 
share a common endolymph. All parts also contain sense receptors. In 
the cochlea the organ of Corti is concerned with the reception of sound 
waves. The cristae within the ampullae of the semi-circular canals have 
been described. The corresponding receptor in both utricle and saccule is 
called a macula. Like the other sense receptors of the vestibular apparatus 
the maculae are epithelial structures with hair cells. The utricular maculae 
in man lies in the horizontal plane when the head is erect; the saccula in 
the vertical plane. Overlying each macula and adherent to the hair cells 
there is a glutinous mass of mucus, in which is embedded a collection of 
small, rhombic crystals of carbonate of lime, the otoliths, which are sensi-
tive to and affected by gravity. Owing to its horizontal position the macula 
of the utricle is stimulated by ventral flexion and dorsal extension of the 
head, and the saccular macula, which is placed vertically, by lateral tilting. 
Therefore, the maculae of both combined are sensitive to any position 
which the head may occupy in space – not to the movements which effect 
the attitude but to the final position assumed. That is to say, they are con-
cerned with static relations to gravity rather than with the appreciation 
of movement, although the stimulation is proportional to the intensity of 
the acting force. They help to maintain the new position of the head. A 
change in position initiates reflexes which produce sustained contractions 
of the postural muscles, and these contractions persist as long as the new 
position of the head is maintained. Similar contractions are set up in the 
external muscles of the eyes, thus tending to keep the eyes in a fixed direc-
tion in spite of the change in the position of the head.

The two maculae are not stimulated by pressure of the otoliths on 
the hair cells, but by a pull upon them exerted by the sticky mucus in 
which the otoliths are embedded. A similar though more primitive device 
is found in some invertebrates. In molluscs, such as the snail, balance is 
regulated by an organ known as the otocyst, which is a minute, membra-
nous sac, lined by cells provided with cilia and sense hairs, and containing 
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a fluid in which there floats a grain of carbonate of lime. According to the 
position of the animal this particle moves and affects different parts of 
the otocyst wall, stimulating by contact the hair cells and the nerve which 
supplies them. To sum up, the reflexes which arise from the vestibular 
apparatus as a whole serve to correlate changes in position of the head, 
both with respect to gravity and to movement through space, with adjust-
ments of bodily posture and with movements of the eyes, which fix their 
gaze in a determined position and thus assist in orientation.

the eyes
It is common experience that vision is an important agent in determining 
and maintaining our position in space. In man and the higher animals it 
is relatively more important than sensations derived from the labyrinth, 
although, as mentioned above, the latter normally supplement and guide 
impulses from the eyes. Each semi-circular canal is associated with the 
pair of extrinsic ocular muscles that rotate the eyes in the plane of the par-
ticular canal. Further, the eyes constantly adjust themselves in response 
to stimuli arriving from the otolith organ, that register the position of the 
head in relation to gravity. But righting of the head, i.e. restoring the right 
way up, can be effected reflexly by impulses from the eyes, even when 
both labyrinths are destroyed. A cat, after bilateral extirpation of the laby-
rinths, can right itself when falling but not if the eyes are covered. So long 
as an animal can fix an object with its eyes, it can maintain itself in a nor-
mal position and achieve postural orientation. A head movement causes 
compensatory eye movements in the opposite direction so that the same 
field of vision is preserved in spite of the head movement. For instance, 
at whatever angle the head is inclined, an upright object, such as a tree, 
appears upright. These reflex eye movements precede the act of percep-
tion. They can be observed in young rabbits before their eyes are open. 
So long, therefore, as the animal preserves its relationship to the object 
seen, it is able to orientate itself correctly. Vision is especially important in 
maintaining equilibrium. While executing the pirouette in ballet dancing 
every ballerina selects a fixation point for her eyes. Consequently her head 
oscillates first with a primary slow, then a rapid component. As she spins, 
the head in order to keep the fixation point in sight, continues to move 
in the opposite direction to the spin. When the fixation point is almost 
at the limit of her peripheral field of vision, the head is rapidly brought 
back in the direction of rotation of the body in order to keep the fixation 
point in view throughout. It is significant that certain positions are bet-
ter than others for the performance of delicate visual and tactile tasks, 
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especially those involving unilateral movements and those which must be 
consciously directed. For example, surgeons, painters, some musicians, 
and others prefer to stand at their work.14

Pressure reCePtors
Finally, the pressure sense organs of the body surface also function as 
receptors of postural reflexes. When an animal lies on its side, there is 
{text missing} determining the space values of the retina. The parts of the 
human body mainly concerned with pressure reactions are the soles of the 
feet, but tension of the skin all over the body, such as accompanies move-
ments, also provides a steady stream of stimuli. It may be that surface 
pressure stimulates mainly as a result of skin deformation.

the rIghtIng reFlexes
Having now reviewed the principal sources of proprioceptive and labyrin-
thine stimulation of the anti-gravity system, it is necessary to examine the 
mechanism whereby an animal rights itself, i.e. assumes a normal posture 
from an abnormal one, as analysed by Magnus and de Kleijn. The cru-
cial agent in the process of righting is the important proprioceptive reflex 
associated with the deep muscles of the neck. The proprioceptive endings 
present in the intervertebral ligaments of the neck are even more impor-
tant than those in the muscles. The afferent nerves enter the spinal cord 
through the small dorsal roots of the upper cervical nerves, and influence 
the distribution of tone in the limbs as well as in the neck muscles. More 
14 Incidentally, it should be noted that the indiscriminate practice of physical 

culture exercises, in comparison with games, tends to encourage bilateral use 
of the upper limbs at the expense of unilateral skill. Physical culture exercises 
consist mainly of simultaneous bilateral movements, whereas light, precise 
and finely coordinated actions are mainly unilateral. Bilaterality is not the 
same as ambidexterity. In the case of the latter, although the left hand may 
be as skilful, or approximately as skilful, as the right, the two do not perform 
simultaneously, except, perhaps, in certain feats of juggling. Thus, there is a 
certain amount of antagonism between the two patterns. To take an example, 
a bilaterally conditioned individual, learning to drive a motor car, may be 
perfectly at ease with both hands on the steering wheel, but on removing one, 
in order to make signals or manipulate gears, might find that the other also 
tended to make an involuntary, simultaneous movement and perhaps cause 
a dangerous swerve. Consequently, the practice of physical culture, particu-
larly resistance exercises, not only violates the basic principle of minimal 
effort, but also tends to condition muscular reactions to a bilateral pattern to 
the detriment of the acquirement of skill. Bilaterality of the lower limbs is less 
harmful.
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than any other this particular reflex is the guarantor of normal posture. 
The otolith organ indicates the attitude of the head in space; the semi-
circular canals’ movements in space; and the tonic neck reflexes orien-
tate the body in relation to the position of the head. That is to say, the 
reflexes of the semi-circular canals initiate the movement and the otolithic 
and neck reflexes maintain the new position. Both the otolithic and neck 
reflexes act upon the eye muscles and tend to compensate for the change 
in position of the head. The righting reflexes bring space into the right 
position in relation to the animal. The reflexes are called ‘tonic’ because 
they last as long as the head keeps a certain position; they are practi-
cally indefatigable. They are all complementary to each other. The whole 
vestibular apparatus, the receptors of vision, and the musculo-tendinous 
apparatus of the neck may be regarded as functional units of one organ, 
the proprioceptive organ of the head. Changes of position of the head in 
relation to the body, i.e. flexing, bending or twisting of the neck, excites 
the proprioceptive sense organs in the neck muscles and ligaments, so 
that a chain of righting reflexes is evoked. First, the thorax is rotated into 
the horizontal position following the head, then the lumbar region, and 
finally the hind quarters, until the whole body stands in a normal posture 
following the lead of the head. Thus, it is possible to impress upon the 
animal different attitudes, normal or abnormal, by altering the position of 
the head. The sequence of righting movements follows a cephalo-caudal 
direction.

Below the cervical level of the spinal cord most of the reflex arcs give 
flexor responses, and the muscles concerned relax between successive 
stimuli. While it is true that some spinal movements are more highly 
integrated and are capable of maintaining simple postures of a limb, the 
action, however, is a local one and concerned only with the disposition 
of the particular limb, and the duration of maintenance is brief. In the 
cervical region, on the contrary, the reflexes are of an extensor type, indi-
cating unequal stimulation of the pressure organs of the side in contact 
with the ground as compared with the other side in the air. In this posi-
tion the head reflexly rights itself even though both labyrinths have been 
destroyed. If, however, symmetrical stimulation of the receptors of both 
sides is arranged, as when a weighted board is placed on the upper surface 
of the body, the head then falls back to the lateral position. These pres-
sure sensations from the body surface combine with otolithic impressions 
to help in the importance of this region and of its reflexes in the regula-
tion of posture. Further, observations on the movements of foetal sheep 
(Barcroft and Barron) show that impulses arising from endings in the 
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neck ligaments enable the animals to right their heads before the laby-
rinths become functional. This is also true of kittens. To sum up, the data 
indicate that

1) the neck righting reflex is the first to develop;
2) the trunk and limbs are subordinate to the dominant head seg-

ments; and
3) that the neck righting reflexes are concerned, not with local 

responses as in the greater part of the spinal cord, but with a 
mass response of the whole animal body.

From all the sources described above, i.e. from sense receptors in the 
skin; in the musculo-tendinous apparatus, especially that of the cervical 
muscles and ligaments in the labyrinth; and in the eyes, a continuous 
stream of nervous impulses travels inwards at all times to the central nerv-
ous system. In the cell and fibre forest of the brain, as Sherrington called 
it, the ingrowing stream of impulses enters the heart of the anti-gravity 
system, a network not only of surface but also of depth, composed of cell 
groups, fibre tracts and axon-dendritic synapses.15 There, the impulses 
are received and enter into a system of relationships – switched, shunted, 
relayed, reinforced, inhibited, coordinated, integrated and in some way 
interpreted. There, in a word, they are unified, translated into motor 
impulses, and so complete the reflex arc.

The central phase of anti-gravity activity, however, consists of pro-
cesses even more complex than this description implies. Every impulse 
or group of impulses, destined to effect movement, is regulated and con-
trolled during the actual process of execution by a sequence of ‘feed-
back’ modifications. A pattern of the proposed movement appears to be 
shaped and projected at sub-cortical perceptual levels, but the movement 
actually performed may fall short of the standard of the pattern. The dif-
ference between the two, i.e. between the ideal pattern and the realized 
movement, acts as a new stimulus in order to bring the motor action into 
closer conformity with the pattern. This reference back and the conse-
quent minor adjustments continue until the movement is completed, so 
that a movement that is not fully successful at once is checked repeatedly 

15 It has been calculated that the nervous system in man contains 10,000 mil-
lion nerve cells. ‘During a few minutes of intense cortical activity the number 
of inter-neuronic connections actually made (counting also those that are 
activated more than once in different associational patterns) may well be as 
great as the total number of atoms in the solar system.’ (C. Judson Herrick, 
Brains of Rats and Men., 1926) Eddington’s estimate of the number of parti-
cles in the universe is 2.36 x 1079.
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against a series of sensory back-reports until the ideal set by the pattern 
is achieved or approximated to more closely. In other words, central pos-
tural activities embrace much more than the receipt of ingoing sensory 
reports and their discharge, after various relays, etc., into the muscles.

Impulses on their way to muscles re-enter the central nervous system, 
mainly through collaterals of the afferent fibres of the stretch-reflex, which 
stream into the reticular formation situated centrally in the brain stem 
– apparently the site of the feed-back mechanism. There they become 
involved in a maze of interconnecting neuronic paths, mostly short, and 
cell clusters, with cortical, spinal and cerebellar relations, wherein they 
undergo processes designed to perfect and refine the movement. Diverse, 
selective influences, some facilitating, others inhibiting, in some subtle 
way rapidly regulate the stream of impulses until an appropriate level of 
tonus is attained, and until, after many adaptations, the critical stand-
ard of neuro-muscular performance, previously idealized, is firmly estab-
lished. These processes, familiar to modern engineers under the general 
term of servo-mechanisms, are an important factor in achieving precision 
in muscle group movements generally.

It has been said above that the postural system occupies a large part 
of the brain and spinal cord.16 It follows, therefore, that a high proportion 
of nervous activity is expended upon the maintenance of posture. The 
latter is best described as one phase of a three-phase process comprised 
of tonus, posture and movement; in other words, a generalized impulse 
to movement in relation to the orientation of the body. It is unfortunate 
that the word ‘posture’ is used in more than one sense. In popular speech 
and writings it means almost any attitude or momentary pose, one out of 
a large number of possible attitudes, more or less equal in value, which 
the body can be made to assume. Physiologically, posture is a definite 
entity, the dynamic product of a great, organized system with specific and 
characteristic functions, which bear a defined relation to external forces 
and to internal needs. Only one given alignment of the body, together 
16 The functions of the cerebellum have not been discussed in the text because, 

although it is known to be an organ of coordination and of equilibrium – the 
vestibular nerve ends in cerebellar nuclei – it is uncertain how these functions 
are performed. It functions below the level of consciousness. Apparently, it 
coordinates movements resulting from cortical stimuli with the activities of 
the central postural mechanism, checking excessive movement and ensur-
ing more exact and balanced control. When injured or diseased, posture is 
unsteady; movements lose their smoothness and precision; the limbs are not 
under full control; and balance is affected. Clearly, it occupies an important 
position within the central anti-gravity system.
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with the associated disposition and optimal physiological state of its parts, 
is correct posture, i.e. posture functioning at its optimal level, and any 
departure from this norm is dysfunction or abnormality. Posture is in no 
sense static; it is essentially dynamic. We have seen that the relationship 
of the body to external forces and to internal needs is mediated through 
a complex, highly integrated mechanism, involving alert sense organs; a 
manifold coordinating system in the brain and spinal cord; psychological 
awareness (to be discussed in the next chapter); neural processes, such as 
excitation, inhibition and other phenomena of reflex action; and certain 
properties of muscle, including a due proportion of slowly contracting red 
fibres and the state of tonus. Normal posture implies tonus flowing into 
posture and posture into movement. Dysfunction implies interference at 
one or more points with the natural flow of energy through this elaborate 
and closely integrated mechanism. The symptoms of interference, or the 
manifestations of dysfunction, can be deduced from the results of experi-
mental procedures; from the lesions that occur after injury or in disease; 
and from the more common minor disorders, which differ only in degree 
from the disruptive results of animal experiment, and represent failure 
to adapt successfully to the stresses of modern life. As the symptoms of 
the last, the minor dysfunctions, do not differ, except quantitatively, from 
those of experimental procedures, an outline of the latter, selected more 
or less at random, may be of value in suggesting the trends of postural 
dysfunction, whether mild or grave.

When the sensory component of a motor nerve is severed, thus inter-
rupting the proprioceptive arc, muscle tone is abolished in the corre-
sponding muscles and the affected limb can be placed in unnatural posi-
tions; movements, including gait, are clumsy; and the sense of the position 
of the limb is lost. Again, after transection of the spinal cord, contrac-
tion is confined mainly to flexors, resulting in dorsi-flexion at the ankle 
and flexion at the knee – a state in which the body weight can no longer 
be supported against the influence of gravity. Further, in the condition 
known as decerebrate rigidity – a result of experimental transection of the 
lower part of the mid-brain – all the anti-gravity muscles are excessively 
contracted, causing rigid extension at the ankle and knee of all four limbs. 
A decerebrate cat stands rigidly on all fours. If pushed over it falls to the 
ground and is unable to regain the standing position. Finally, unilateral 
extirpation of a labyrinth interferes with the coordination of eye move-
ments; causes lateral flexion and rotation of the head in such a way that 
the occiput is turned to the side of the lesion; and induces spiral rotation 
of the trunk. In man, disease or injury produces very similar deforma-

The Mechanism of Posture



62 Posture and Allied Processes in Man

tions, which are described in text books of neurology. To give an example, 
certain lesions of the brain stem cause decerebrate or decorticate rigidity, 
in which all the limbs are extended – in some lesions the arms assume a 
different and distinctive attitude – and the distribution of muscle tone in 
the limbs can be changed by rotating the head. A similar re-distribution 
of tonus in the limbs is seen in spastic hemiplegia. Passive rotation of the 
head to one side increases extensor tone in the limbs of the side to which 
the chin points, and flexes the opposite arm. It is not necessary in this 
place to interpret these results. A common denominator in all is the re-
distribution and alteration of tonus. Similar though less dramatic effects 
accompany postural abnormalities due to faulty habits and use.

High organization in itself carries an inherent tendency to breakdown. 
This possibility is the price paid for the possession of a mechanism of 
great refinement and delicate adjustment. The unity of function of the 
anti-gravity system comprises an extensive series of isolated events, and 
its multiflex aspect favours incoordination of action by one or more of its 
component elements, resulting in physiological inefficiency. This is also 
true of the nervous apparatus in general. Head long ago pointed out that 
the central nervous system is capable of reacting as a whole or in part with 
different degrees of efficiency, and the anti-gravity system is no exception. 
Another disturbing factor is that posture in man, in comparison with that 
of quadrupeds, is profoundly influenced by certain disharmonies inherent 
in the directional alignment of his spine. The question arises, therefore, 
whether there exists a mechanism whereby this tendency is controlled. 
The answer will be discussed in ensuing chapters. Briefly, however, the 
explanation is as follows: posture, operating upon a background of mus-
cle tonus, insensibly passes into movement; posture and movement are 
phases of a single process. On the subconscious level, the proprioceptive 
and labyrinthine sense organs, which function far below consciousness, 
are the watch-dogs of posture. But on the conscious level, the watch-dog 
of posture and, therefore, of movement, is the mind or conscious control.

note on neurAl grAdIents
The presence of neural gradients in the nervous apparatus of the adult is 
masked to some extent by the extreme complexity of the system, but their 
influence can be trace in the general direction of neuronic development 
and particularly of axon growth, and in the times of maturation of 
individual elements. Before a nervous system appears in the early embryo, 
physiological gradients are present. These represent the pre-neural 
integrating forces of the organism, and upon these the future nervous 
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system is superimposed. The differentiation of nervous structure begins 
at the highest level of the main gradient, the cephalo-caudal, and from 
that it progresses posteriorly.

In the mid-brain and fore-brain the general pattern of conduction 
paths appears along the lines of action of pre-existing gradients. 
Following a direction thus determined, the growth of axons, especially in 
the higher animals, is mainly from central to peripheral regions. Nervous 
impulses are transmitted from regions of higher excitability and more 
active metabolism towards less active regions. The axon of a pyramidal 
cell, which is the typical cell of the cortex, springs from the side of the 
cell furthest from the surface, i.e. down the gradient. This arrangement 
also applies to the Purkinje cell of the human cerebellum. More obvious 
examples of this trend are the components of the great nerve plexuses 
which supply the limbs, and also certain long cranial nerves. The vagus 
nerve, for instance, arises from dorsal nuclei in the medulla oblongata 
and proceeds downwards to supply the oesophagus, lungs, heart, stomach 
and intestines. The spinal accessory nerve, derived partly from the brain 
and partly from the upper portion of the spinal cord, courses down as low 
as the twelfth dorsal vertebra, supplying on the way the sterno-mastoid 
muscle in the neck and the trapezius in the back. The phrenic nerve which, 
however, is wholly spinal, being derived from cervical roots, extends as far 
as the diaphragm. Both in the sensory and motor systems the distribution 
of the peripheral nerves can be interpreted in terms of gradients. Cephalo-
caudal gradient influence is also shown indirectly. Thus, upward paths 
within the central nervous system usually consist of several neurones, 
whereas downward paths have fewer neurones or only one, so that the 
latter, corresponding in direction with the gradient, present less resistance 
to the passage of impulses.

Maturation in the developing nervous system does not proceed at a 
uniform rate. Some areas develop earlier and faster than others; at a given 
time anterior organs are further differentiated than those at a more pos-
terior level. Myelinization is well advanced in the primary motor cortex 
and in the primary sensory projection areas at birth, but absent in large 
parts of the parietal, occipital and frontal lobes – the so-called silent areas. 
The pyramidal cell of the cortex has a rich dendritic arborization, and the 
extent of dendritic development at a given time provides a useful criterion 
of the structural maturation of a particular area. Thus, we find that the 
somatic motor neuroblasts, which are the precursors of the adult cell, dif-
ferentiate early and begin to send forth their axons at an early date. The 
motor area of the cortex, especially that part associated with the func-
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tions of the spinal muscles of the neck, is the most advanced at birth, 
and retains its lead after birth. Control of the cervical muscles enables 
the infant to hold the head in the plane of the body against the force of 
gravity. Head balance precedes body balance. The inverted position of the 
foetus in utero favours the dominance of flexion. Nonetheless, extensor 
activity is manifest long before birth, at first in brief extensor movements 
confined to the cervical spine, which gradually advance posteriorly until 
the whole vertebral column is included. The nervous pathways which 
conduct impulses originated by the stimulus of gravitation are among 
the first to be myelinated.17 The exteroceptive reactions are built upon 
the foundation already established in the proprioceptive patterns. That 
is to say, postural mechanisms precede those of other movements. Simi-
larly, the structural organization of the nervous controls of respiration in 
the new-born progresses unmistakeably in an antero-posterior direction. 
That the motor nerves are the first to become functional, and the sensory 
elements of the reflex arc the last, is a consequence of their respective 
directions of growth, down the gradient in the first case and against it in 
the second. For the same reason, motor fibres become medullated earlier 
than sensory fibres and, in general, the myelination of motor pathways 
during the later months of intra-uterine life and the early weeks of post-
natal life proceeds in a definite sequence along gradient paths according 
to the order of phylogenetic development.

17 It is significant that the strongest innate fear of the infant is dread of not 
being adequately supported or of its mode of support being about to fail.
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The Organization of Reflexes

The mode of organization of the nervous system during its early develop-
ment is still a subject of controversy. The older view was that the embry-
onic system consisted of more or less isolated, simple reflex arcs, in which 
nervous function of a primitive type began; that, later, these became inter-
linked into chains of larger units; and that the effective stimulus to com-
plete development was use. The modern view, however, inclines to the 
conclusions formulated by the late Professor George E. Coghill of the 
Wistar Institute, USA, one of the founders of neuro-embryology, and is 
based on his classic studies of the development of Amblystoma, a species 
of large American newt.18 The sequence of events recorded by Coghill in 
a series of detailed and exhaustive investigations has since been confirmed 
in other vertebrates, including the human foetus (Minkowski in Switzer-
land, Bolaffio and Artom in Italy, and Daveport Hooker and his associates 
at the University of Pittsburg). The gist of Coghill’s discoveries is that 
even in its beginnings the vertebrate nervous system is not an aggregate 
of reflex arcs. On the contrary, the neural pattern at first is generalized, 
and the earliest movements are mass movements involving the whole axial 
musculature or, at least, as much of it as is then innervated by motor 
nerves; in short, a mass reaction of the whole functioning organism. The 
earliest true reflexes involve the whole functional neuro-muscular mecha-
nism available at that stage. As development proceeds, parts of the gen-
eralized pattern become specialized or individuated and, to some extent, 
segregated as local reflexes. Teleologically, the aim is the improvement of 
function through division of labour and physiological specialization. The 
primary function, so to speak, delegates specific functions to its parts, and 
by specializing its parts extends its own functional range. The parts are 
latent in the general pattern from the first; in due time they emerge into 
activity and assume semi-independence. Even then they are integrated 
with and remain as constituent elements of the parent pattern. Coghill 
was the first to emphasize the primacy of the total pattern and, as a corol-
lary, the secondary character of reflexes of local provenance.

18 Anatomy and the Problem of Behaviour, G.E. Coghill.  Cambridge University 
Press 1929. (Despite minor differences in interpretation, Coghill wrote that 
he could not “make too generous acknowledgement” (p. ix) to Child for the 
use made of his conception of physiological gradients. MW.)

5



66 Posture and Allied Processes in Man

The skeletal muscle of the embryo of Amblystoma consists of a bilateral 
series of muscle segments or myomeres. In a notable series of researches, 
which are models of rigorous scientific method, Coghill described the first 
muscular act performed in the motile stage of its life, viz. a bending of 
the head to one side. This movement is performed by the contraction of 
myomeres situated immediately caudal to the head. Up to this time only 
these – the most anterior or neck myomeres – are supplied with motor 
nerve roots, but the latter soon afterwards supply the remainder, one pair 
of myomeres after another, proceeding in the antero-posterior direction. 
The appendages or limbs do not function at this stage, but branches are 
sent out from the same nerve roots into the limbs, and later establish 
connections with the limb muscles. As the embryo grows, the muscular 
contractions at its anterior end, which produce the bend, extend further 
tailwards until the entire trunk is involved. By this proceeding the bend 
becomes a coil. In the next step the bend is interrupted at the point 
where normally a coil would form, thus reversing the anterior part of the 
flexure. There are now two bends, one to the right and the other to the 
left, both of which advance tailwards at the same time, and give the body a 
sigmoid instead of a coil shape. This double movement propels the animal 
forwards, so that it swims.

The forelimbs of Amblystoma develop long before the hind-limbs. The 
first movements of a forelimb occur only as part of a trunk movement, 
and the later separation of the two actions is gradual. Therefore, the first 
limb movement is an integral part of the total movement. Further, the 
first independent limb movements are postural in character, i.e. the limb 
begins to function by responding to stimuli arising within the body before 
it responds to stimuli from outside, thus furnishing additional evidence 
of its integration within the total pattern. Proprioceptive reflexes always 
ante-date exteroceptive ones, i.e. reflexes stimulated from without. For 
example, the primary relation of the vestibular system in the salamander 
is with the total reaction, not with local reflexes. Lastly, the motor nerve 
fibres reach the region of the limb muscles long before muscle tissue has 
been formed. Consequently, the earliest limb movements are necessarily 
integrated with action of the trunk. Movement of the trunk always pre-
cedes movement of a limb. Similar developments in the hind-limbs follow 
the same order that has been described above for the forelimbs.

It is evident that early movements all begin in the head end of the 
animal and pass tailwards along the axial musculature, and then into the 
appendages. Before a limb can act on its own, it must first act as an integral 
part of the whole, which includes both the axial and the appendicular ele-
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ments. Later, by a process of individuation within the total action pattern, 
the limb acquires the power of acting independently, but it never becomes 
physiologically disconnected. By means of this integrated relation of trunk 
and limbs, aquatic locomotion or swimming is accomplished, and by vir-
tue of the same mechanism terrestrial locomotion also. The movements 
of walking are founded upon the movements of swimming. Walking is not 
effected by the coordination of local reflexes confined to the limbs. At first 
it is performed by alternating movements of the forelimbs only, and these 
bear the same relation to trunk movements as swimming movements do. 
Primarily, there is no direct coordination between the forelimbs of each 
side in walking; each limb is directly integrated with its own side of the 
trunk. Both in swimming and in walking the primary locomotor factor is 
the cephalo-caudal progression of muscular contraction. It is significant 
that flexure in response to a touch on the tail bud begins in the head 
region, progresses caudally, and is identical with the flexure that follows 
stimulation of the head. That is to say, all movements, regardless of the 
point of stimulation, must emanate from the same centre.

It is reasonable to suppose that, first of all, the nervous system should 
be concerned with the maintenance of the integrity of the organism-as-
a-whole, and only later provide for local needs by developing specific 
reflexes. The latter, however, may be supplied in advance. Processes of 
growth within the central nervous system have two aspects – firstly, cel-
lular proliferation, forming the material of nerve centres, and, later, cel-
lular differentiation within these centres, whereby the individual neurones 
become modified and specialized to perform a specific function. We have 
seen the cellular proliferation is associated with high gradient levels. These 
are pre-neural. Rates of differentiation also are expressions of gradients. 
The latter, however, are post-neural, appearing first at the medullary plate 
stage. To some extent, proliferation and differentiation are antagonistic 
to each other – special instance of the dominance exhibited by growing 
points. As one process in a localized region is accelerated, the other is 
retarded. Both processes advance in pulses of activity through the brain 
and spinal cord, independently of each other, but in the same cephalo-
caudal direction. Now, cell division or proliferation ceases in the central 
nervous system at or soon after birth, but individual cells and their pro-
cesses continue to grow and enlarge until after puberty. Since proliferation 
in nerve centres ends long before body growth ceases, a continued growth 
of individual neurones is necessary in order to meet the demands of the 
enlarging periphery, and is also a pre-condition of the process of learning. 
It might be inferred, therefore, that the continued differentiation of the 
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cells of nerve centres is dependent upon the influence of ingoing stimuli, 
but it is clear from various lines of evidence that this is not so. Many 
nerve cells begin to function, i.e. have become differentiated, long before 
they are structurally mature. Neuronic changes are often very active even 
before peripheral connections are established. For example, optic nerve 
fibres invade the brain before bipolar cells or rods and cones can be recog-
nized as such in the retina; the system of rods and cones is the last element 
to appear in the path from retina to brain (Coghill). In Selachian fishes 
(dogfish, sharks, etc.) nerves are laid down long before any trace of nerve 
cells can be discovered. Lane (1917) showed that association paths in the 
brain of the embryo rat were extensively developed before sensori-motor 
responses could be excited, indicating that a mechanism for the asso-
ciation of stimuli is provided before stimuli can reach the motor system 
from the sensory field. The growth and termination of motor axons are 
determined by factors which exist and are operative before the nervous 
system assumes its functions as a conducting mechanism. The relative 
independence of cells and fibres suggests that the former, which continue 
to grow and function after they cease to proliferate, also differentiate 
independently of the stimulus of function. And not only does increased 
proliferation of great activity occur in localized areas before ingrowing 
fibres are present to stimulate them, but coordinating processes may be 
elaborated while the neurones concerned are completely quiescent. Thus, 
Harrison kept frog embryos narcotized in a bath of chloretone solution 
for five to seven days at a stage in their development when movement 
in response to tactile stimulation was just becoming evident. At the end 
of the period the larvae recovered in the course of about fifteen min-
utes after their removal from the chloretone, and were able to complete 
perfectly coordinated swimming movements. During the period in which 
function was in abeyance, the swimming pattern had passed through a 
succession of developmental stages. Coghill’s experiments on embryos 
of the Killifish (Fundulus Heteroclitus) with curare gave similar results. 
Lashley reports that rats kept from birth in the dark can jump from one 
platform to another and make a good landing as soon as they are allowed 
to see. Their visual guiding system must be well organized, before they 
have to use it. Lastly, Barcroft and Barron observed in foetal sheep, weeks 
before the end of normal gestation, movements anticipatory of locomo-
tion, and even movements closely resembling those of normal respiration, 
e.g. rhythmic descent of the diaphragm and in-drawing of the chest wall. 
Similar movements have been observed in the rabbit, cat and guinea-pig. 
We may rule out, therefore, use as the effective stimulus, a conclusion also 
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confirmed by the growth of nerve cells in vitro. As Barcroft says, there is a 
‘tendency for something to be formed not at the time when it is required 
but definitely in advance of that time.’ This phenomenon is sometimes 
termed ‘anticipation’’. Anticipatory pre-formation appears to rule out the 
influence of use as a stimulus to differentiation, and also to reinforce the 
evidence that the organism at every stage of its development behaves as 
an integrated whole, which originates from pre-existing elements, other 
elements [emerging] by individuation and not by accretion or addition of 
new formations.

The facts, therefore, amply support Coghill’s thesis that the organiza-
tion of the nervous system is from the whole to the parts and not vice 
versa. The dominant principle or constant that emerges is the unvary-
ing unity of the organism at all stages of its development. Organization 
as such implies unity of a kind, but only as an end-product, the final 
consolidation of an assemblage of components, part added to part, as 
in constructing a machine. It is true also that the integrative action of 
the nervous system is needed to give the unity of the organism its final 
completeness. But the unity of a living organism is very different from the 
final unity achieved in assembling a machine. It is unity ab initio, and is 
dominant at every stage throughout animal development. The problem 
of biological unity involves wide issues. Many of its aspects, philosophical 
and otherwise, including the organism’s awareness of it, viz. the sense of 
unity, are beyond our present scope, though some will be glanced at in the 
final chapter. Nevertheless, disunity can creep in and its harmful effects in 
all degrees, great and small, necessitate, without prejudice to these wider 
aspects, some consideration here of the concept of unity as a creative fac-
tor in establishing the pattern of human behaviour.

The primary receptors, such as the eyes, as well as the nervous system 
itself, are derived from the surface layer or ectoderm, which is the most 
active of the germ-layers in early development and the first to undergo 
differentiation. The ectoderm of the head end of the embryo, i.e. the high-
est point of the antero-posterior gradient, is an area of great potential 
significance. Not only does it provide the material from which the primary 
cerebral vesicles, the primordia of the brain, are straightway formed, but 
it also contains within it the latent source of the vast development of fore-
brain characteristic of the higher mammals. During the course of verte-
brate evolution the principle of encephalization is continuously operative. 
From fish to man combined functional and structural changes expand 
the cerebral cortex; create new hierarchic levels; integrate and centralize 
the entire nervous apparatus; and complete its virtual dominance over all 
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bodily systems other than the purely vegetative. At the top of the evolu-
tionary scale and at the highest level, cephalization eventually perfects the 
instrument of man’s intellectual powers. By some transcendent metamor-
phosis, incredibly vast in quality and extent, nervous function generates 
mental function with its endless possibilities. Whereas vegetative or auto-
nomic functions and the emotions are related to the more ancient brain 
stem, mental qualities are exclusively correlated with the development of 
the convoluted cerebral cortex, a recent acquirement.

Henceforth, mind is in control, intensifying individuality in human 
behaviour, realizing the capacity for abstract thought, for detached and 
critical judgement, and for many other states and disciplines of mind, 
including imagination, intuition and the supreme human accomplish-
ment of discerning aspects of reality other than the material.

We have seen that in the cerebral cortex proprioceptive impulses reach 
psychological levels, and that, consequently, we become aware of our bod-
ies as independent existents in three-dimensional space and of their rela-
tion thereto. By virtue of this awareness we construct in consciousness an 
image of our body as a unified whole, a simulacrum or shadowy counter-
part of our real body. The body image is a product not only of propriocep-
tive data proper, but also of other feelings, many of them vague and ill-
defined, including hunger, thirst and fatigue, and various other peripheral 
and visceral sensations. Therefore, it is a symbol, not of motor unity only, 
but of body unity, i.e. of the organism-as-a-whole. In some degree this 
image is present in the new-born, and phylogenetically it is very ancient. 
It may represent the first dim manifestation of consciousness, or at least 
of self-consciousness, in animal evolution. Self-consciousness in man 
has developed into a rich complex of personal feelings, perceptions and 
thoughts, forever varying, a true Heraclitean flux that somehow confers 
upon the mind the power of knowing itself. It is possible that this quality 
of mind is conditional upon the persistence in consciousness of the body 
image as the one changeless component amidst a flux of changing ele-
ments. If so, the body image may be said to define the identity and unity 
of consciousness as, more indirectly, it defines the unity and solidarity of 
the body. In this respect, it may be the psychological basis of that elusive 
abstraction, the conscious ego. Further, as an enduring link between past 
and present, it serves to integrate innate cognitions and memories with 
present events. The body image, therefore, is a mode of knowing, whereby 
we acquire a sense of unity of the total psycho-physical organism, and 
correlate the apperception of unity with the experiences of life. Thus, it 
promotes the art of knowing and using our bodies under the direction 
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and controlling influence of conscious mind, inasmuch as the faculty of 
self-consciousness is equivalent to the power of perceiving oneself, the 
ultimate subject of all experience, also as an object that may be judged and 
changed and improved. As someone has said, Nature largely finishes other 
creatures; man must finish himself.19 Unity begets multiplicity without 
sacrificing unity. Initially, motor unity is generalized and undifferentiated. 
Its parts are late differentiations, developing from within, like buds on a 
plant. None is added from without, and none impairs its unity. Conse-
quently, movement, which is motor function, is one, embracing in a three-
fold manifest muscle tonus and posture as well as movement proper. The 
unity of movement is not mere participation of many muscular contrac-
tions in a common purpose. It is a unity carried over from singleness at its 
source. Although most evident in the early embryo, the intrinsic unity of 
movement persists throughout life. In the adult also muscular action, as 
defined above, is one. The primordial mass reaction is never superseded; 
it remains throughout the dominant factor. That which appears to be an 
isolated movement, voluntary or involuntary, confined, for instance, to a 
small localized muscle group in a limb, may more properly be interpreted 
as a local increase or peak of excitation, arising in the general level of 
tonus throughout the axial musculature. Although no longer recogniz-
able as observed movement, the total reaction is, nevertheless, present as 
an invisible ripple of animated tonus flowing from its source in the neck 
down the axial gradients into subordinate gradients in the limb. Individ-
ual movements emerge from a neuro-muscular field, which participates in 
and is altered during the execution of the smallest local movement. In the 
language of Gestalt psychology, a muscular contraction is a ‘quality upon 
a ground.’ As in the first response of the embryo of Amblystoma, move-
ment begins as a re-distribution of general muscle tone. The process starts 
in the head region; progresses caudally along old physiological gradients; 
controlled and perfected by a series of ‘feed-back’ devices; raising or low-
ering muscle tone along the way as the occasion demands; and finally rises 
to a peak of intensity, focussing its energy, as light is focused by a convex 
lens, in the distal muscle groups, which then contract and implement the 
action. As Coghill has said, each individual movement recapitulates the 
history of its development.

19 ‘The nature of all other creatures is defined and restricted within laws which 
God has laid down; you [mankind], by contrast, impeded by no such restric-
tions, may . . . as the free and proud shaper of your own being, fashion your-
self in the form you may prefer.’ Oration on the Dignity of Man, Pico della 
Mirandola (15th C.), MW.
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The Mechanism of Disintegration

Without sensory impulses the brain could not function. Nor could mind. 
Thinking has no content apart from sensation. All knowledge is derived 
from sense data – knowledge of the external world, of the states and con-
ditions of man’s own organism, and of the experiences and thoughts of 
other minds. Physical forces of the objective world – waves of light, vibra-
tions of air, physical and mechanical energy, chemical processes – stimu-
late organs of sense. From the latter nervous impulses arrive at the cer-
ebral cortex and sensations are experienced. Not all sensory impressions 
arouse sensations; many remain below the level of consciousness. Sensa-
tion is a conscious experience; it is awareness of the stimulus. Thus, physi-
cal stimuli, e.g. radiations, vibrations, mechanical forces, chemical reac-
tions, etc., proceeding from objects in the external environment, become 
translated centrally into sensation such as seeing, hearing, testing, touch, 
warmth and many others. The translation from objective physical forces 
to subjective impressions is radical; the two worlds, the objective world 
of physics and the subjective world of sense, bear little resemblance to 
one another, yet both are aspects of the same reality. In the process there 
is much more than mere passive reception of physical stimuli from the 
receptors. Every sense impression becomes modified and reinforced by 
the inherited experience of the species enhanced by the past experience of 
the individual, and by some degree of selection, reduction and synthesis 
whereby 

the total sensory field is organized into meaningful wholes or patterns, 
in order that its significant elements may be clearly and promptly 
appreciated. The senses do not apprehend all the stimuli arising from 
the external environment; receptor specificity determines the first of a 
series of abstractions. Further, the data from all the sense organs together 
are associated in a common sensory field, in which particular features, 
significant to the occasion, receive selective emphasis. There is evidence 
that much of this is accomplished in the reticular formation of the brain 
stem. Finally, the data from separate sensory receptors by a similar 
process of abstraction are organized into a pattern, which emerges as a 
meaningful whole from the general sensory background, and constitutes 
the specific stimulus. To recognize a thing is to react to it, therefore 
effective observation and valid judgements based thereon are necessary 
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conditions of efficient motor reaction and are biologically important. This 
capacity to organize sensory data with previous experience increases from 
childhood onwards, but it is not equally developed in all persons, even in 
maturity.

The structured whole which is achieved by the organization of sensa-
tions is carried a step further in the act of perception. Sensations are more 
elementary than perceptions. Sensation is awareness of the stimulus, but 
perception is awareness of the object that caused the sensation, i.e. it is 
the process of understanding the sensation, a process that is continued 
at higher level. If percepts interpret the sensation, concepts study the 
interpretation. Both sensation and perception are subjective translations 
of physical stimuli received by sense organs, but perception represents a 
higher level, and conception a level higher still. Like sensation, percep-
tion is a phenomenon of consciousness but, transcending sensation, the 
perceptual field constitutes a unity which embodies new properties of its 
own. For not only does a perceptual response embrace all parts of the sen-
sory field at the time of stimulation, fusing and unifying into a single pat-
tern sensations of different kind and quality from more than one sensory 
channel, including the postural sense, but it embraces also sensory atten-
tion and interpretation; affective influences or emotional attitudes – these 
also accompany sensations; judgements, based not only on immediate 
discrimination but also on the revival of past experiences and on inher-
ited predispositions; and qualities derived from intimate linkages with 
the motor system on the one hand and with concepts representing the 
proximate elements of mind on the other. One sensory process influences 
others. ‘’It is the pattern and not the element that counts’ (Lashly). Per-
ception, however, is not built up of individual sensations like a mosaic, in 
which the properties of the whole are a sum of the properties of the parts. 
It is, on the contrary, a gestalt, a structured whole or configuration, which 
is perceived first as a whole, then analyzed, although not consciously nor 
completely, into parts.

In this articulated complex of attributes, experiences and activities 
there resides a power of generalization or abstraction, whereby the act 
of perception detects some common property or general relationship 
of objects present in the sensory field, and, by virtue of memory traces, 
enables us to classify them and fit them into their appropriate frames of 
reference. The power of generalization, which reaches its acme in man, 
is the ability to discern similarities masked by differences and to appreci-
ate accurately the relative significance, the engram of relevance of each. 
Graded degrees of abstraction and interpretation appear to occur at all 
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levels – sensational, perceptual and conceptual. Lashly suggests that gen-
eralization is one of the primitive basic functions of organized nervous tis-
sue. Moreover, just as all forms of life on the evolutionary tree have created 
something beyond themselves, so each level in the nervous system acts in 
such a way as to anticipate or foreshadow functions characteristic of the 
next higher level. Consequently, abstraction of a kind must be accepted 
as a property of functions that operate below the level of consciousness, 
e.g. those of the postural centres. In effect, the latter abstract or isolate 
the significant elements of the sensory pattern, the others sinking into 
the background, and so ensure a precise adaptation of the final muscular 
reaction to the urgency of the stimulus. It is evident that, without some 
capacity for abstraction, the total sensory field, whether configured or not, 
would be too general or diffuse to undergo instant conversion into a con-
crete movement. Perception and action are closely linked together. The 
interval between the two is short in children. It is longer in adults to allow 
time for deliberation and change, in order to prevent too precipitate or 
impulsive action. The operation of the principle of abstraction indicates 
that accurate interpretation of sensory data depends as much upon inner 
organization as upon outer stimulation.

The unifying agent or bond which binds together into a continuum the 
diverse elements of the perceptual act is the postural sense. In the galaxy 
of the senses the postural sense occupies a central position. We have seen 
that vision is an important component of the sensory processes which reg-
ulate posture. In addition, vision, associated with other senses, especially 
those of the otolith organ and of touch, is the main source of our power 
of spatial localization, and binocular vision of the complex perception of 
tri-dimensional space or stereopsis. The interpretation of physical space, 
however, can be traced further back to a mechanism that is more primi-
tive even than vision, and which has profoundly influenced evolutionary 
development. Primarily, its source is the postural sense. ‘Virtually every 
human action and conception is permeated by spatial characteristics. It 
seems as if the postural orientation is a fundamental part of all neural inte-
gration’ (K. S. Lashley, 1952). Awareness of the relation of the organism 
to the lines of gravitational force, and awareness of translations in space 
of the organism and its parts in motion, define the coordinates of space 
localization and supply a framework of spatial knowledge into which the 
evidence of all the other senses, including stereoscopic vision, is fitted. We 
construct this framework, firstly, by the gravitational vertical coordinate 
and then add the horizontal at right angles to it. The former is primary 
and more important in that it is directly derived from the proprioceptive-
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labyrinthine receptors. Thus, space and time are frames of reference for 
all sensory data, and both these concepts stem from postural orientation. 
Posture is the bond which links the sum of sensory impressions to reality. 
Space perception is a labyrinthine-proprioceptive deduction; time-values 
an inference from the succession of movements; and spatial extension and 
continuity a consequence of the continuity of experience in movement. In 
such manner we create subjectively a conception of objective reality.

We must now consider a problem of great practical importance, viz., 
the general validity of our sensory experiences. Physical and physiologi-
cal illusions of the senses are well known and cover a wide range. A few 
examples only need be mentioned, for the study of illusions has given rise 
to an extensive and easily accessible literature. Optical illusions are the 
most striking. Certain geometrical diagrams invariably give rise to erro-
neous visual perception, e.g., the apparent irregularity of vertical lines in 
a chequer board pattern; the Poggendorff and Zöllner figures, which are 
illusions of direction; the Müller-Lyer diagram, an illusion of extent; and 
many variants. The Müller-Lyer illusion (Fig.7) is interesting in that it 
persists in spite of our awareness of the error. It consists of two diagram-
matic arrows of equal size side by side, i.e. lines with wings attached to 
each end. When the wings extend the figure by making obtuse angles with 
the principal line (arrow-feathered), then that line is judged the longer. 
When the wings return on the line (arrow-headed), the line seems to be 
shorter. Again, if a square is ruled in parallel diagonal lines, these cease to 
appear parallel if short vertical and horizontal lines are drawn alternately 
upon them. Always, a horizontal line appears shorter than a vertical line. 
Contrast is responsible for another class of optical illusion. If a black wafer 
on a white ground and a white wafer on a black ground be looked at side 
by side, the latter will appear larger than the former. A black wafer placed 
on a white ground seems to be a deeper black than if place on a grey 
ground, and a red wafer looks redder against a green background. Visual 
outlines, heightened by colour contrast, either simultaneous or succes-
sive, may be grossly misinterpreted. Accurate valuations of intensity, e.g. 
degrees of brightness of light or loudness of sound, are almost impossible 
to assess. Similarly, the sense of touch can mislead us, as in the ‘illusion of 
Aristotle.’ When a marble is placed between two crossed fingers in such a 
way that it touches both fingers simultaneously, the impression received is 
that of being in contact with two marbles. Estimates of weight and other 
comparisons of our sensations against actual physical measurements are 
equally subject to error, and so with many other illusions of volume and 
area. There is also the phenomenon of sensory suppression, which may 
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be consciously or unconsciously acquired – consciously, when looking 
down a microscope with both eyes open, and unconsciously, as in a child 
suffering from squint. Finally, in certain diseases of the nervous system, 
the power of sensory synthesis may be impaired or partly lost, although 
the sensory mechanism and the mental powers remain intact. We learn 
to make allowances for most of the sense illusions unconsciously, but 
it is clear that erroneous judgements under normal and under abnor-
mal conditions do occur, as a consequence of modified perceptions or 
false interpretations of sensory data, particularly if there is defective 
correspondence between patterns registered in different sensory fields. 
The labyrinthine-proprioceptive mechanism is not exempt from these 
aberrations. Every complex organization is liable to disintegration, and 
the postural apparatus, in virtue of its complexity, is probably more highly 
susceptible to error than any. We have indicated in preceding chapters a 
series of predisposing causes, some innate in its structure, others acquired 
through disease, injury or stress, any one of which may be the source 
of serious physiological inefficiency. There is also the possibility of psy-
chological inefficiency. Even the simplest perceptual pattern is complex, 
and the process of abstraction at the levels both of sensation and of per-
ception, probably as a result of initial physiological failure, can become 
perverted and alter the relative significance of elements in the normal 
pattern. In other words, the inner organization breaks down. As indicated 
at the end of Chapter 4, misuse of the righting reflexes, which, fortu-
nately, are responsive to conscious control, is the main source of postural 
dysfunctions, apart from injury or disease. Therefore, constant conscious 
control is the key to postural efficiency. It has been truly said in another 
context that the price of freedom is eternal vigilance. The price of postural 
efficiency, which is physiological freedom, also is eternal vigilance.

False interpretations of sensory data and modified perceptions, i.e. 
defects of outer stimulation and of inner organization, impugn the validity 
of our sensory experiences, particularly those of the labyrinthine-propri-
oceptive system. Thus the accuracy or otherwise of the faculty of sensory 
appreciation assumes great practical importance. We owe this concept 
entirely to the teaching of Mr. F. Matthias Alexander, who enunciated 
it first some fifty years ago, and still remains the only one to stress its 
importance. Clearly, accurate sensory appreciation is a sine qua non of 
optimal functioning of the great, widespread postural mechanism, and it 
provides the clue to the restoration of true function when that is abnormal 
or lost. We have seen that certain characteristics inherent in the postural 
system expose it to instability, and that this necessarily leads to incorrect 
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interpretation, but in modern life the main factor lies in a tendency to 
substitute the use of secondary reflexes for the primary reflex, which alone 
is a response to the whole situation, and to side-track the righting reflexes 
of the neck, which initiate the latter, and which is called by Alexander 
the primary control. This hypothesis must be considered in some detail, 
although the facts upon which it is based have been enumerated for the 
most part in the argument of preceding pages.

In the course of our argument we indicated that tonus, posture and 
movement are phases of a single activity – the means whereby an end is 
reached. Essentially, movement is never purposeless; it presupposes an 
end. But the end may be arrived at by more than one path. There is, for 
example, the normal physiological path, based upon and recapitulating 
the development of muscular function, deriving from the primary mass 
reaction of the embryo, and like the latter travelling along axial gradients 
in a cephalo-caudal direction to accomplish its end. There is also a sec-
ondary, emergency or shortened path, which is based upon subsidiary 
and local reflexes, that have developed from the former and are later in 
time. The latter represents a short cut to action; it suppresses a series of 
intermediate steps, and constitutes an instinctive response in an emer-
gency, permissible, as it were, in exceptional circumstances where speed 
of reaction is an urgent necessity. Although it effects rapid reaction of a 
kind, it is open to question whether true physiological speed is in fact 
attained. For instance, haste causes incoordination and an imperfect reac-
tion – more haste, less speed. In all human situations only two kinds of 
response are possible – the impulsive and the reasoning. The former is 
charged with emotion, which is irrational and inhibits reason. It reverts to 
automatic, unconscious and instinctive measures, devoid of thought and 
will. Increase of emotion is accompanied by decrease of reasoning. Emo-
tion, or excitement, may be so strong that all action is paralyzed. There-
fore, thought or reason may be said to imply inhibited impulse. Opposed 
to the illogical response of instinct and emotion we have the conscious, 
rational response of intelligence, which deliberately surveys the situation 
as whole and deliberately chooses the most appropriate action. Precipi-
tate action deprives the mind of some of the information available in the 
sensory field, i.e. in the situation as a whole. There is no time to take it 
all in. Slow adaptation, the normal response of the proprioceptors, allows 
all the information to be registered. Consequently, precipitate action, i.e. 
the response by way of secondary reflexes, leads to wrong interpretations 
because, based upon insufficient information, it inhibits free associations 
and promotes false sensory appreciation. Moreover, an habitual use of 
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what we have called the emergency path inevitably induces the formation 
of conditioned reflexes (Pavlov) or, more accurately, conditioned reac-
tions. For that individual, the abnormal becomes the normal. As Alexan-
der puts it: his sensory appreciation is debauched. This phenomenon will 
be discussed further in later chapters.

It is appropriate to consider now two other aspects of this problem:- 1) 
whether the use of the emergency path in the behaviour of modern man 
has replaced, more or less, the habitual use of the true, physiological path, 
and 2) if so, why? Lines of evidence, derived from the study of the postural 
mechanism pursued in earlier chapters, support a priori the former prop-
osition, which will be re-examined at a later stage. At present, it is more 
convenient to consider the latter. Alexander has provided an explanation 
of great interest, which is adequately discussed in his books,20 and is based 
upon historical evidence. He points out that in modern times, e. g. in 
Great Britain from the period of the industrial revolution up to the pre-
sent day, man has emerged from a social environment that had remained 
relatively static for thousands of years into one of increasingly rapid 
change.21 The food-gatherers of Palaeolithic times were nomads, hunters 
and fishers organized in groups or tribes, the size of which, together with 
the extent of territory which each occupied, being automatically regulated 
by the available food supply. All social units are essentially food groups; in 
the Palaeolithic period the groups were small. The craft of a food-gatherer 
led to the leisurely evolution of a technique adequate to meet all situ-
ations and incidents likely to confront him, and to these, therefore, he 
reacted promptly and instinctively. All his reactions tended to become 
more or less standardized. Neither his environment nor his adaptation 
to it changed or only, as a rule, slowly. There was, therefore, little occa-
sion to experiment; there is no evidence even that Palaeolithic man ever 
practised any form of warfare. In the following period, the Neolithic Age, 
agriculture or food-production was invented, apparently first of all on 
the banks of the Nile in pre-dynastic Egypt,22 and the nomads adopted 
village or settlement life. While this represented a major revolution in the 
life of primitive man, the new technique of food-production, gradually 
diffusing from one tribe to another evolved comparatively slowly, from its 
elementary beginnings. The new reactions to continually recurring situ-
ations also become standardized, and for most men thereafter remained 

20 F. Matthias Alexander, Man’s Supreme Inheritance. Edition 1943. Chapter 1; 
Constructive Conscious Control of the Individual. Edition 1943. Part I.

21 Man’s Supreme Inheritance, pp. 7-9 and 28. Edition 1943. 
22 A. Rugg-Gunn, Osiris and Odin, The Origin of Kingship. 1940. p.16.
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comparatively static throughout the rise and fall of many empires, and in 
spite of the subsequent introduction of the practice of warfare, until the 
advent of the industrial revolution. With the industrial revolution there 
began the Age of Speed.

In a recent discussion at a Medical Society23 Dr. Macdonald Critch-
ley stated: ‘There can be little doubt but that this modern age of speed 
has out-run human adaptation,’’ and he mentioned ‘two facts: 1) that 
when a succession of stimuli follow too quickly the nervous system fails 
to respond, or else responds in a highly abnormal fashion, and 2) that 
when a succession of dissimilar stimuli are offered, the subject fails to 
respond, and becomes distressed, inefficient and helpless.’’ These state-
ments by a distinguished neurologist appear to be a succinct summary of 
the argument advanced in this chapter. Human adaptation has been out-
run because the conditions inherent in an Age of Speed call for reactions 
other than those which sufficed in the more static preceding ages. Set pat-
terns are not enough for the Age of Speed. But mankind has continued to 
use the instinctive reactions of the emergency path, with resultant wrong-
ful sensory appreciation, culminating in a vicious circle. The endeavour to 
react sufficiently quickly to increased speed leads to the state described in 
Dr. Macdonald Critchley’s remarks, and the sensory conflicts and general 
perversion of sensory appreciation that ensues lead again to imperfect 
adaptation. It follows that the habitual use of emergency paths is abnor-
mal and is the main factor in creating human maladjustment to modern 
conditions, i.e. the main factor that determines disintegration. Whereas 
the total pattern reflex is constant and predictable, the part pattern reflex 
is variable and unpredictable. It is, therefore, unreliable as a mechanism 
of behaviour (Coghill). The obvious corollary is that adaptation to the 
tempo of modern life can only be achieved, as was indicated at the end 
of Chapter 4, by reverting consciously to the use of the old, gradient-
conditioned path of neuro-muscular development, directed by the neck 
righting reflexes or, to use Alexander’s term, by the primary control. 

This conception has very far-reaching implications. It is not an exagger-
ation to say that in modern England the old virtues, on which our national 
greatness was built, are in a state of decay. Love of freedom, patriotism, 
the sense of duty and of personal responsibility, the spirit of emulation 
and endeavour, and respect for the rule of law, are waning. We witness an 
increase in crimes of violence, in juvenile delinquency, in embitterment 
of social relations and, in the world at large, in international anarchy. In 
many quarters treason is no longer dishonourable nor vice blameworthy. 
23 Transactions Hunterian Society, 1951-2. vol. X, p.34.
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The influence of religion in contemporary thought, in character training 
and in conduct is fast declining. The morals of the underworld have dif-
fused upwards and threaten to infiltrate all classes. More or less rational-
ized they colour the writings and policies, overtly or implicitly, of many 
dignitaries of the Church, members of Parliament; writers in the Press 
and, particularly, of the zealous Anglophobes of the BBC – le trahison 
des clercs [the treason of the intellectuals]. Both mental and moral develop-
ment, excepting in a remnant of the elect, have lagged behind the advance 
in material culture, in spite of the opportunity for individual expression 
which was once confidently anticipated for the latter. In short, the people 
have lost their morale; the nation has lost its soul. While it is true that both 
in Church and State we lack leaders capable of interpreting the nation’s 
soul to its people, as Sir Winston Churchill did so effectively during the 
last war, the English people have lost their morale mainly because, indi-
vidually, they have lost confidence in themselves. In the integration of 
individuals to form an organized society the bonds are psychological, as 
[Wilfred] Trotter recognized. Man is never solitary and is constantly being 
influenced by those immediately surrounding him, whose morals he tends 
to adopt. Disintegration is contagious. Few can resist social pressure, and 
in the end defeatism or low morale, affecting one ill-coordinated individ-
ual after another, becomes the prevailing fashion. Without a high average 
of personal efficiency, collective efficiency is unattainable. Individual dis-
integration conditions that individual to accept and adopt perverse poli-
cies of national or, more probably, international origin, and leads to social 
disorganization. A well-led and well-organized community maintains its 
morale when each individual in it is well integrated in his own person, and 
can interpret national ideals by a traditional scale of values, by means of 
which he judges the rightness or wrongness of any proposal. Ignoble val-
ues make ignoble men; the reverse is equally true. The validity of a scale of 
values is fortified by inspiring leadership, but ultimately it depends upon 
the validity of each individual’s sensory judgements. In other words, if the 
individual’s sensory appreciation is faulty, his judgements also are faulty, 
and faulty judgements lead to confusion, to loss of confidence and to low 
morale.

Validity of judgement depends upon accurate sensory data. In this Age 
of Speed and Anxiety the sensory data are no longer accurate, because 
the nervous system of modern man ‘responds in a highly abnormal fash-
ion,’ as a direct consequence of his habitual use of the emergency path 
of response instead of the path fore-determined by the circumstances of 
his embryonic development. Other things being equal, physiological effi-
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ciency is the ultimate basis of high morale, because it underlies sound 
judgement, which is the practical, application of sound values. As we act, 
so we live and think. The theme of the remaining chapters, therefore, is to 
suggest that the technique of re-integration to that end, discovered, devel-
oped and taught by Matthias Alexander, is competent to restore efficiency 
and to impart renewed accuracy to sensory experience.

The Mechanism of Disintegration
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The Technique of Re-Integration

The art of the sculptor, like all the great arts, embodies many mysteries 
and subtleties in the quest for perfection, among which two, the mystery 
of shape and the mystery of surface, are cognate to our theme. It has been 
said that while colour is an emotional apprehension, form is an intellec-
tual perception ([James] March Phillips). The appreciation of shape and 
of the attributes of surface is partly an innate gift and partly a product of 
specialized training. Shape or form is perceptible to, and is appraised by 
the eye supplemented by touch; surface texture by touch supplemented 
by the eye. Both eye end touch must be trained. The trained eye is a famil-
iar concept, but the trained touch, the tactus eruditus, is more ambiguous. 
It involves the sense of touch, but it includes much more and is more ade-
quately described, as in clinical medicine, by the word ‘palpation’’, which 
is undoubtedly an intellectual perception. Much of the effect of great 
sculpture lies in the treatment of surfaces, not only in the formal relation-
ship of balanced masses but also in the minutiae of modelling which may 
be detected by the play of light and shade, or the angle of view, but often 
are susceptible only to the sense of touch. Similarly, certain secrets of the 
living body are revealed only through palpation by the educated hand. For 
in the living body there is an individual organic consistency, the proper 
elasticity and spring of the organism as a working whole, which reveals 
to the experienced hand its state of internal equilibrium and adjustment, 
the quality of its functioning, and its general organic well-being, i.e. its 
integration as a whole or the reverse. This natural resiliency or plasticity 
is an expression of the distribution of parts, particularly of the axial ele-
ments of the body; of the free play of elastic structures; of the optimal (or 
sub-optimal) level of muscle tonus and its substratum of nervous energy; 
and of the physiological coordination and integration of the entire neuro-
muscular apparatus subserving posture and movement. It is an index of 
the dynamic state of the organism, a tactile sign of an indwelling harmony 
and grace. It is an index, however, which few possess the ability to assess. 
Much knowledge and experience underlie the correct interpretation of 
these rare and delicate perceptions. 

Closely correlated with the feel of the body by perceptive hands is its 
objective shape, which also is an index of importance not only for the 
individual but for the species. Sir Gavin de Beer sums up the significance 
of shape concisely: ‘the living matter of a species is only in equilibrium 
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with its normal environment when it is in the specific form and shape 
of that species,’ and he goes on to say that ‘the processes whereby this 
regulation (of equilibrium) is effected depend largely on axial gradients 
of metabolic rate from a dominant region.’ Form follows function. It is 
evident, therefore, that the shape characteristic of any species is a norm 
around which individual variations fluctuate, and that there is an optimal 
shape for the individual within this range. It follows, further, that a tech-
nique of individual reintegration must restore both the inner consistency 
and the outer shape which is optimal for that individual, a technique of 
individuals and not of groups. 

It is a curious fact that, although sculpture in the round has been prac-
tised by man continuously from Palaeolithic times, and by practically all 
races, sculptors of outstanding genius, as compared with painters, have 
been comparatively few. The epochs during which sculpture reached 
unparalleled heights were the fifth century BC, the great age of Attic 
sculpture; round about the thirteenth century in mediaeval Europe, the 
age of early Gothic; and to a lesser degree the final phase of the Renais-
sance, of which Michelangelo was the chief exemplar. The great tem-
ple statues of ancient Greece, the long Parthenon frieze, the Theseus of 
Phidias, the twelfth century figure sculptures at Chartres, and the Pieta 
of Michelangelo express, as no other works have expressed, the highest 
ideals of human beauty and dignity and of more than human majesty. 
But the makers of these great works are a class apart. It may be said of 
all, known and unknown, as Ariosto said of Michelangelo: ‘Nature made 
him, then broke the mould.’ Beside these few, other sculptors with justifi-
ably great reputations, while achieving noble beauties of form, fall short of 
that supreme genius, which conceives and re-creates ‘the beauty and the 
abiding value of the sensible appearance of things’ (Helen Waddell). Now 
this appreciation of ‘the sensible appearance of things’ in great sculpture 
is closely akin to the appreciation of the plastic beauty of the human body 
by palpation or manipulation; i.e., the art of recognizing the living ‘feel’ 
or characteristic expressiveness of a body, in which all parts and all func-
tions, working in harmony, contribute to the perfection of the whole or, 
conversely, where disharmony of parts and functions interferes with and 
mars its proper plasticity. And not only are they akin, but genius in the 
one is as rare as genius in the other. The common denominator of both 
is the quality of perceptive and highly discriminative tactile sensibility. In 
possessing this quality to a supreme degree Matthias Alexander far sur-
passes any other before or since. His insight into the wisdom of the living 
body, or empathy, has the quality of genius, the product of natural endow-
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ment and great experience. Alexander’s mode of palpation must not be 
misunderstood. His aim is not the exploration of anatomical structures 
but an assessment of physical and physiological forces, their distribution 
within the body and their collective coöperation to one end. This end is 
the integration of the whole man, and is based ultimately on the efficient 
use of man’s complex anti-gravity mechanism. Alexander’s conception of 
the body as an indivisible unity with function as the unitary life thereof, 
and the tactus eruditus which defines it, underlie his technique and explain 
his success as a re-educator. Alexander is the Phidias of living sculpture. 

The following description of Alexander’s technique is concerned with 
one or two general principles, not with details. In so far as the latter can be 
communicated in writing they are to be found in his books.24 The aim of 
the technique is quite definite; it is integration of the human individual as 
a whole, body and mind as one indivisible unity, and an improved use of 
the self, which is the means whereby integration is accomplished, to that 
end. In Chapter 5 it was suggested that all motor phenomena, under nerv-
ous control, fall roughly into two groups: primary or innate and secondary 
or acquired. The latter, although abnormal and unnatural, has become 
universal in modern man for reasons detailed in the previous chapter. 
The primary is the normal and natural motor response to stimulation but, 
although deeply rooted in our nature, its use has become a lost art. The 
acquired, which has replaced it, is a perverted use of the emergency path 
through secondary reflexes. The primary is the use, or restoration of the 
use, of the older path of reflex activity, which coincides with the gradients 
characteristic of embryonic development from the stage of the fertilized 
ovum to that of the adult, and which, therefore, determines at all periods 
of life the directional route along which normal movement and neural 
energy are properly canalized. Even now there are some individuals, natu-
ral geniuses at games and other skilled performances, who, unconsciously 
for the most part and in varying degrees, use the true physiological path. 
The problem, therefore, is to teach its habitual use to all, i.e. to wean a 
pupil from activities, usually deeply ingrained in his behaviour, conducted 
through secondary reflexes in the mistaken belief that this facilitates and 
speeds the gaining of his end, and in its stead substituting a reversion to 
the older, primary path. It follows that the first task of a pupil is to learn to 
inhibit the impulse to perform an act by the customary but wrong method 
which he has used most of his life, and which has become second nature 
to him. This is no easy task. It is notoriously more difficult to refrain from 
24 Man’s Supreme Inheritance (1943) pp. 283-286 and Constructive Conscious 

Control of the Individual (1946) pp. 108-120.
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doing a thing than it is to do a thing, and to relapse is easier than to 
reform. The pupil must learn to use a new method and, naturally, must 
first of all unlearn or inhibit the old one.

This implies that he must realize and conform to the conception that 
method is more important than result. Alexander uses in his lessons certain 
key words or phrases, some of which are apt and picturesque, designed to 
convey to the pupil ideas actually inexpressible in words because descrip-
tive of a sensation. Examples are: the use of the self, including right use 
and wrong use; end-gaining; the means whereby; head forward and up; 
keep your length; broaden the back; etc. Such directions are helpful in 
showing the pupil where he goes wrong and in acquiring the right sen-
sory experience. Many of them can only be understood when the latter 
has reached a certain stage of improvement. Words are meaningless until 
allied to and identified with an experience. The phrase, the use of the self, 
which is the title of one of Alexander’s more recent books, however, is self-
explanatory; it means exactly what it says. The self is the conscious body-
mind as a single integrated instrument, not a congeries of inter-woven 
tissues exercising many and manifold functions, but an integral working 
tool, the use of which has to be learnt and perfected like that of any other 
tool. The self is the instrument of the self; its use involves the whole, just 
as growth involves the whole child. Use of the self, unlike growth, is a vol-
untary function, and skill in its performance must be acquired. No instru-
ment can survive unimpaired for long its use by a faulty technique.25 In so 
far as this particular instrument is concerned, the correct method of use 
is dictated not by its mechanism only but by its development.

During a lesson, therefore, certain directions or orders are conveyed 
to the pupil for his guidance, stage by stage during the performance of 
a particular movement. These orders are issued in series corresponding 
with the progress of the movement, and are projected, as it were, into 
the moving process by the pupil.26 Most functional acts are not single 
events but a process of chained events. Therefore, directions must be pro-
jected ‘in their right relationship one to another, the coordinate series of 
orders resulting in a coordinated use of the organism.’27 The first order is 
designed to prohibit the pupil’s habitual reflex response and, then, ‘to take 

25 A bad workman has been defined as one who ‘does bad work with any tools 
and, in additions, spoils good tools.’ In the craft of living the self is the tool, 
which modern man systematically spoils.

26 Constructive Conscious Control of the Individual (1946) p. 164. The Use of the 
Self (1931) p. 59.

27 Constructive Conscious Control of the Individual (1946) p. 165.
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care of the means and the end will take care of itself.’ Only when he suc-
cessfully inhibits his customary response can the pupil go on to obey the 
further directions designed to effect a given performance correctly. First 
there is an arrest, then movement. Inhibition, therefore, is of paramount 
importance; it is the essential pre-condition of projecting and potentializ-
ing orders accurately. It is perhaps the most difficult obstacle that a pupil 
must surmount, because, like all of us, he has hitherto always been a 
confirmed end-gainer, insisting all unknowingly on gaining his end by any 
means, rather than take time to consider the means whereby that end can 
be gained so as to ensure the best possible result.28 The end-gaining habit 
of a life time causes him, as is well exemplified in the case of a stammerer, 
to over-run constantly one or more in the series of messages that he has 
been asked to project.

Another source of difficulty in accomplishing initial inhibition success-
fully is associated more directly with defective sensory appreciation. How-
ever unreliable a pupil’s sensory experience may be, it feels right to him. 
Our sense of what is right is merely that which is familiar or which we feel 
to be familiar from habit, and the familiar inspires sensory confidence. 
If, however, the sensation of being right or doing right is associated with 
product or result and not with method of operation, then the confidence 
it inspires is fallacious. Consequently, it is a sine qua non of improvement 
that he should acquire a new and different sensory experience, and that it 
should be associated with the means and not with the end. As Alexander-
puts it, the known must be replaced by the unknown, the familiar by the 
unfamiliar.29 Old ingrained sensory experiences must be discarded and 
new and strange ones accepted. The pupil is faced with a paradox – he 
must do what he feels to be wrong and is conscious of being deprived of 
the customary sensory confidence. The result is conflict, born of fear of 
change or fear of the unknown. The new and unfamiliar may be poten-
tially harmful, hence the fear of the unknown. ‘The very essence of change 
demands coming into contact with the unknown; therefore, their past 
experiences (the known) will not help but rather impede them.’30 The fear 
of the unknown, which is largely unconscious or felt only vaguely but is, 
nonetheless, powerful as a motive, must be overcome, and this is a step 
that involves more than physical behaviour. It involves a decision. In a 
sense it is a moral decision in that it decides whether one should do right 
or do wrong. In everyone’s life there occur times when certain decisions 

28 Constructive Conscious Control of the Individual (1946) pp. 95-107.
29 The Universal Constant in Living (1942) pp. 209-211.
30 The Universal Constant in Living (1942) p. 193.
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seem to be made independently of intellectual processes. They are made 
independently of arguments about pros and cons or alternatives or even 
whether one is right or wrong. They are acts of faith, leaps in the dark like 
Kierkegaard’s leap of faith. The essence of great experience is penetration 
into the unknown, the inexperienced. All human progress and civiliza-
tion are based upon exploration of the unknown, i.e. upon courage and 
the leap of faith. Decision precedes the leap, and once taken solves for 
the pupil the ageless question of Pythagoras: what kind of life should a 
man live? Inhibition is difficult intrinsically and also indirectly in that it 
involves an encounter with the unknown. The main difficulty in teaching 
arises from the fact that sensory experience is not susceptible to what 
is usually called ‘descriptive meaning’. The mystic, for example, cannot 
express in language his mystic vision. But ultimately the unknown that is 
felt to be wrong becomes the known that is felt to be right, and then sen-
sory experience becomes a reliable guide. 

When the pupil has learnt to inhibit his habitual mode of response, he 
ceases to be an end-gainer and, helped by appropriate directions, which 
he projects inwardly, and by certain manipulations designed to give him 
the right sensory experience and the optimal degree of muscle tension for 
any given act, he embarks upon the new way of performing movement, 
which is the old gradient path described at length in previous pages. It will 
be recalled that this is initiated and controlled by, neck-righting reflexes; 
that it involves the correct alignment of the head to the trunk; and that it 
is the only part of the postural mechanism that is susceptible to conscious 
control. Alexander, long before it was experimentally demonstrated by 
Magnus and his school, called it the primary control [‘the true primary 
movement in each and every act.’ MSI (1910), p. 158; (1943), p. 194. 
See p. 93 ‘If it were possible to analyze minutely the successive transient 
phases of a muscular act, . . . it would be found that every movement 
begins, or should begin, with a counter-response to gravity.’ MW.]. And 
such it is. 

The full meaning of this term, which describes the regulating mecha-
nism of a wide variety of forces, must be appreciated. The primary control 
of use of the self is so called because it is the initial step in the process 
of resisting the force of gravity, following immediately upon the act of 
willing. It sets going the spinal mechanism of ‘lift’,31 which is the proper 

31 See p. 57. A practical application of the stretch reflexes of the neck has been 
known for ages; a sudden twist of an animal’s head may set in motion such 
powerful righting reflexes as to bring a large animal on to its side, as in throw-
ing a steer.
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stimulus of the stretch reflexes of the neck muscles. It is therefore, the 
determining factor in setting at a given time the right level of muscle tone 
throughout the body, and directing all aspects of the tri-phasic process 
which embraces tonus, posture and movement, including locomotion and 
muscular acts in general. It arises in a region of high dominance and 
is propagated in a cephalo-caudal direction, i.e. down the primary gra-
dient. Phylogenetically, it stems directly from the first manifestation of’ 
encephalization in Annelid worms. The primary control determines also 
the accuracy of sensory appreciation, and is the link between conscious 
mind and the effective elements of behaviour. The correct use of the pri-
mary control is the key to proper function. Once the pupil has learnt this 
lesson and incorporated it in all his activities, the rest follows. His every 
act and movement then become switched over from the path of second-
ary reflexes to that of the primary, parent reflex. This is not accomplished 
and is not possible until the sensory content ceases to be untrustworthy. 
But the education of the one helps the education of the other, and certain 
replacements, correcting by gentle manipulation defects of habit, such as 
abnormal muscular pulls and thrusts and unnecessary contractions and 
other acquired maladjustments, are used during a lesson in order to assist 
in re-establishing correct sensory appreciation and achieving the shape, 
proportions and grace of a well-integrated body. A fuller discussion of 
the end-results of Alexander’s technique is reserved for the next chapter. 
Two comments, however, must be made. Firstly, throughout the whole 
technique there is no teaching of so-called correct positions or postures. 
‘A correct position or posture indicates a fixed position, and a person held 
to a fixed position cannot grow, as we understand growth.’32 On the con-
trary, the effect is one, of freedom and release. Nervous energy, dammed 
and obstructed by opposing local contractions, pseudo-adjustments and 
other postural defects, flows freely, and is, as it were, polarized along the 
lines of gravitational force, just as a heap of iron filings, lying anyhow 
upon a card, as soon as the card is placed between the poles of a mag-
net immediately springs into life and re-arranges its particles until each 
lies end to end in conformity with the lines of electro-magnetic force. 
A static and chaotic pattern is transformed into one of symmetry and 
dynamic order. In a similar manner the re-integrated pupil achieves that 
true spontaneity of form and motion which, in Dewey’s words, ‘is the 
consummated conquest of an art.’ Secondly, the part played by directions 
and orders in the education of a pupil must not be misunderstood. The 
pupil does not in any sense delegate his responsibilities to the control of 
32 Constructive Conscious Control of the Individual (1946) p. 110.
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his teacher, as a patient does or is apt to do to a psychiatrist. He does not 
become dependent upon external authority but, on the contrary, learns to 
substitute positive control through forethought and intelligence – his own 
intelligence – in place of the negative principle of no control, and not only 
at lessons but in all the activities of conscious life.

The Technique of Re-integration
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The Integrated Organism

Phylogenetically, excluding pre-Annelid forms, and ontogenetically, 
at least in vertebrates, the first movements mediated by muscle or by 
myomeres are locomotor. It is significant that both the first appearance 
of the third germ layer, the mesoderm from which muscle is developed, 
and the habit of moving head first, occurred at about the same period of 
evolutionary history and in closely allied animal groups, the former in 
flatworms and the latter, rather later, in Annelid worms. It is justifiable to 
infer that, in a teleological sense, muscle was expressly designed for loco-
motion in the head first direction. Anti-gravity functions developed later, 
and by degrees the muscular system in new end more advanced types 
assumed a great variety of additional functions but remained predomi-
nantly locomotor until the development of the prehensile hand. 

Locomotion is the self-transport or self-projection of an organism 
in space. In aspherical moving objects there are two properties that are 
essential to efficient flight: a leading point or spearhead, comparable to 
the shoot apex of plants, and an axis, relatively rigid, of motion. Both are 
equally essential in living organisms – parts or organs which lack them, 
e.g. the headless and boneless tongue, have little sense of direction. Among 
vertebrates these two attributes are represented by the animal’s head and 
the vertebral axis: the head leads the way and the axis coincides with the 
direction of motion. This holds true for fishes, reptiles, birds and quad-
rupeds. In man, however, the erect stance has introduced a complication.

The alignment of the human spine and the axis of motion no longer 
coincide, and the disharmony thus produced must be recomposed. Human 
locomotion is a compromise between the forward or horizontal direction 
of movement and the actual direction of the spinal axis. It is the resultant 
of two concurrent forces, a single force exerting the same effect as the two 
acting jointly, and is equal to them in magnitude.33 To counterbalance 
that of forward motion, a second force of sufficient magnitude must be 

33 The Parallelogram [of Forces] Law. The resultant of two forces is represented 
by the diagonal of a parallelogram of which the two adjacent sides represent 
the forces both in magnitude and direction. Further, the resultant of two 
forces may be greater or less in magnitude than either of them, depending 
upon the angle between them. The resultant or total force increases as the 
angle becomes smaller. Thus, if the angle between the forces F1 and F2 is u, 
the resultant F is found by the equation F1

2 + F2
2 + 2F1F2 cos u  = F2.

8
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transmitted along the line of the spine, the whole being in opposition to 
the force of gravity, which is of constant magnitude. The two lines of force 
form an angle at the centre of gravity in the pelvis. The normal angle is 
always less than 90°, and may be much less on occasion. The horizontal 
component is parallel to the ground. The problem of human locomotion 
is identical with that of the flight of an aeroplane. Flight is governed by 
four forces – lift, thrust, air resistance and gravity. Lift is conditioned by 
wing-shape, which forces the air above the wings to move faster than the 
air below, and so diminishes the air pressure. The slower movement of 
air beneath the wings causes increased air pressure, and the aeroplane 
achieves lift. Thrust is provided by the forward pull or propellers or the 
reaction of the jet. In human locomotion thrust is the horizontal force of 
motion provided by the leg muscles, and lift is provided by force directed 
axially along the line of the spine. Gravity and air resistance or drag are 
similar in man and aeroplane. The maintenance or this complementary 
force or lift, which is directed axially, implies a mechanism involving both 
spearhead and axis, acting as a single unit. This force provides the steady-
ing element, without which forward movement would be disorderly and 
incoordinated, as in Parkinsonism, a disease in which the patient’s gait 
has been described as ‘running after his centre of gravity’. Lift promotes 
lengthening of the spine, diminishing its normal curves, so that the oppos-
ing curves are more closely set to the line of gravity, permitting weight to 
travel down the vertebral segments in the most direct line, and the force of 
lift, opposing gravity, to pass up. Subjectively, these conditions are associ-
ated with a sensation of upward growth or positive thrust in the headward 
direction, the origin of which is the release of multiple compressive pro-
cesses, which cause the head to sink between the shoulders, as shown by a 
low back hair line,34 and shorten the spine. When freed from compression 
the osmotic turgor of the intervertebral disks, and other elastic structures 
of the spine, stretches and lengthens the spine functionally and, led by the 
head, provides the complementary force that coordinates human loco-
motion. The dynamic state of the spine achieved under these conditions 
is fundamental to adequate re-integration of the organism. Initiated by 
the primary control, it converts a multi-curved column of superimposed 
segments, the curves of which otherwise tend to increase and sway under 
the influence of gravity, and the segments to jolt and jar one another at 
every step, into a relatively rigid rod, taut like a tuned string or a sail 
close-hauled to the wind. Rigidity and tautness are far from identical, but 
34 In severe cases of bad use the back hair line may lie as low as the level of the 

upper margin of the shoulder-blades.
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tautness does confer a special kind of rigidity. For example, when a stone 
is attached to a string and whirled round rapidly, the slack and inexten-
sible string acquires rigidity from centrifugal force. Without the primary 
control, or by reason of its misdirection, the principle of impact, familiar 
in Mechanics, applies to the elements of the spinal column, particularly 
during locomotion. All impacts are more or less elastic, and have the com-
mon property of deforming matter and developing reactions in it. It is one 
of the functions of the ‘lift’ mechanism to minimize impact and prevent 
injurious reactions. It is clear that a sagging spine is mechanically most 
inefficient as the directional axis of a moving body, whether self-moved 
or propelled, although it is always possible in animals for the legs with 
sufficient force to push forwards in some way almost any kind or shape 
of trunk. It is possible, though difficult, to shoot an arrow, the shaft of 
which is constructed of multiple segments, alternately hard and soft like 
the spine, but its performance would be vastly inferior to that of one with 
a rigid shaft. Further, to achieve even mediocre results the sagging spine 
would operate with a wasteful expenditure of muscular effort and nervous 
energy. This would apply were the spinal axis coincident with the direc-
tion of motion, as in quadrupeds; it is much more serious in man where 
the spinal component is required to counterbalance the force of horizon-
tal progression. 

The conversion of the multi-curved, segmented spine into a taut, 
stretched axis of motion is attained primarily by the free play of its elas-
tic and collagenous components. This, however, does not define the full 
effect. Another factor emerges, a property dependent upon elasticity as a 
mode of motion. The behaviour of this accessory force is remarkable and 
may be illustrated by the following examples. Rapid rotation confers upon 
a spinning top, or a gyrostat, or a bicycle wheel, unstable without rotation, 
a stability and rigid strength which maintains them in upright positions 
and persists for a time even after the impulse is spent. Thus, a flexible 
endless chain behaves as a rigid body while turning rapidly around a pul-
ley, and when made to jump off the pulley, it stands stiffly upright for an 
appreciable time until impact with the floor and friction ultimately cause 
its collapse.35 The sudden transformation from flexibility to rigidity, and 
conversely, observed in the behaviour of the chain, is accurately descrip-
tive of the rapid assumption of similar states by the spinal column and its 
accessories.

The effect of re-education by Alexander’s technique is analogous; it 
does more than straighten out the spinal curves and release the pressure 
35 Lord Kelvin, Proc. Royal Institution of Gt. Britain, vol. IX, p.520.
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upon the intervertebral disks. Some force parallel to that manifested in 
the spin of a top is invoked and animates the whole column, imparting 
to it the firmness, spring and stability required to enable it to function as 
an adequate counterpart to that of horizontal motion. This force is not 
essentially structural; it is a function of the latent elasticity of the axial 
body in all its parts from the centre of gravity in the pelvis to the leading 
point in the head, including the axial muscles, for skeletal muscle pos-
sesses not only contractile but also elastic qualities. Unlike spinning, this 
force is not rotational. It is a rectilinear motion, a by-product of the power 
of elasticity, comparable to that conferring upright stability on the top, a 
function, not of the top, but of the spin. It is primarily due to the tensile 
stretch of the disks, but the end-result, which is stability, is super-added 
and in a sense independent of the stretch per se, but yet is conferred by the 
stretch and accompanies it. It should be noted, incidentally, that elasticity 
as a force does not draw upon organic energy. 

Essentially, the axially directed rectilinear force, which we are discuss-
ing, represents in its end-results the persistence in the segmented verte-
bral column of the primitive functions of the notochord. Functionally, it is 
a direct expression of the precedence of the apical end or head in locomo-
tion, and demonstrates the influence throughout life or the primary axial 
gradient. In early development the axial gradient determines the spatial 
succession of embryonic events; in the adult it has become adapted to 
integrate into one the whole assemblage of anti-gravity activities. If it were 
possible to analyze minutely the successive transient phases of a mus-
cular act, as opposed to the contraction of a single muscle or individual 
fibre, it would be found that every movement begins, or should begin, 
with a counter-response to gravity. Logically, that should be the very first 
response, and should apply to all muscular acts without exception. On this 
hypothesis we suggest that this initial response in opposition to gravity is 
the actual force which we have been describing, viz., that [force] directed 
axially along the line of the spine, which provides the lift in human loco-
motion, and operates also in lesser muscular actions. Although almost 
completely ignored by modern man in his muscular reactions, this force 
is one of the most important of the great primary forces of the body. 
It is the final determinant of the resultant of two components – that of 
spinal direction and that of horizontal progression – equal to them in 
magnitude and direction, and the effective counter-balance of the force 
of gravity. Practically all reflexes concerned in posture and equilibration 
share in permitting free play to this force, and in regulating it direction-
ally, both on unconscious and on conscious levels. The conscious level 
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is represented by control through neck righting reflexes, and in man the 
rectilinear motion, derived from the axial gradient, and the primary con-
trol, are inextricably blended. The correct performance of both depends 
upon accurate sensory appreciation and results in integration of the whole 
organism. 

High organization of these forces, which are pre-neural and pre-mus-
cular in origin, produces changes in outward form and carriage, which 
must be described in order that the signs of aberration maybe recognize. 
To do so, however, is not without its dangers, in that it may convey to the 
beginner the erroneous impression that correct form may be assumed by 
a voluntary, piecemeal operation, whereby part after part is adjusted more 
or less until a fixed posture is reached, which may satisfy the pupil but is, 
in reality, merely a caricature of the ideal. Not only is this impression erro-
neous in that it ignores the factors of faulty sensory appreciation and the 
primary control, and substitutes the attainment of an end for the choice of 
the right means, but it overlooks the principle that correct outward form 
is not an end in itself but is a sequel of the proper deployment of forces 
that operate within. The regulation of these forces is a dynamic process, 
which integrates the whole organism, and in its execution spontaneously 
and involuntarily alters the relative position of anatomical parts. A sin-
gle element cannot in itself be integrated; integration is a biological total 
process that transforms a multiplicity of forces into a unity and cannot be 
divided into phases. In other words, integration is not a summation of dis-
crete elements but a continuous flow from source (the primary control) to 
end or approximate end. All the resultant forces together form one texture 
of forces or unified field. The method of a pupil is to change the positions 
of anatomical parts; the method of Alexander is to alter the forces, and 
then the anatomical parts fall into line. In other words, the free action of 
integrated, internal forces is primary; the adjustment and position of ana-
tomical parts is secondary.

With this caution, therefore, we may say that in a well-integrated indi-
vidual the head conforms to the general direction of the axis, otherwise 
the latter, especially the cervical spine, would be out of alignment. The 
head precedes not merely positionally but dynamically. It must spring for-
ward and up from the shoulder region – the ‘lift’ reaction – neither flexed 
forwards nor extended backwards, particularly not the latter. The head 
is not forced; it rises spontaneously as if actuated by the even pressure 
of an internal spring. The chin becomes depressed automatically, so that 
the cervical spine is straightened and extended, and the horizontal semi-
circular canals brought approximately parallel to the plane of the hori-
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zon.36 It must be emphasized again that the chin position is not attained 
by an independent voluntary act. When the head is not pulled back or the 
neck muscles tensed or otherwise interfered with, all parts concerned fall 
spontaneously into their proper relative positions by the operation of the 
axially directed force whereby life is achieved. The successive phases are 
relations, not events.

So far we have described the attitude of the head in space and one only 
of the forces involved in maintaining it. But, as a result of the stimula-
tion of the proprioceptive reflex associated with the deep muscles and 
ligaments of the neck, the whole body becomes orientated in relation to 
the position of the head. As described in Chapter 4, a chain of righting 
reflexes, in which the vestibular apparatus, the receptors of vision as well 
as the musculo-tendinous apparatus of the neck take part, re-establishes 
in continuous sequence the proper orientation of the body and its parts.

When this state has been reached under the guidance of the primary 
control, other phenomena become apparent. Directly or indirectly the 
great organs of the thorax and abdomen are attached to or suspended 
from the column of vertebral bodies. As the spine lengthens, the pressures 
within the peritoneal cavity of the abdomen and within the pleural cavity of 
the chest tend to decrease, and the more mobile organs, particularly in the 
abdomen, are retracted. The abdominal viscera can be raised voluntarily 
by drawing in the anterior abdominal wall and forcing up the ribs, as 
in the act of expanding the chest. In the re-integrated state achieved by 
Alexander’s technique, however, the ribs are flattened while remaining 
mobile, and the anterior abdominal wall tends to be sucked in, as it were, 
by the negative pressure developed within its cavity and the consequent 
apposition of its organs towards the posterior abdominal wall, and not by 
an effort of will directed locally. The abdominal contents cease to lie upon 
and press outwards the anterior abdominal wall; instead they are drawn 
in and retained in contact with the posterior wall. It is recognized that 
atrophy of the intervertebral disks and increasing curvature of the spine 
in middle life and after tend to increase intra-abdominal pressure and that 
a frequent result is the development of hernia. In the very old, more in 
males then in females, bowing of the thoracic curve causes a characteristic 
compensatory backward curve in the cervical spine, associated with a 
forced upward tilt of the chin. The lumbar curve is also exaggerated and 
the abdominal organs crowded down towards the pelvis. Portraits of the 
very old often show these characteristics and in their histories operations 
for hernia are often reported. 
36 See p. 54.
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Incidentally, a raised or tip-tilted chin is sometimes con sciously affected 
by women especially the middle-aged, in the mistaken belief that it pre-
vents or masks the formation of a double chin. In fact it has the reverse 
effect, as it lengthens and slackens the throat muscles and encourages 
the very condition it is thought to prevent. Apart from this, however, the 
chin-up position increases the normal cervical curve and in compensation 
the lumbar curve also, and is an extremely harmful practice indicative of 
and conducive to wrong use. Disabilities and practices such as these can 
be prevented or overcome by acquiring correct use through the Alexander 
technique. Its effect on the figure is quite remarkable – the waist meas-
urement is reduced and the back widened and straightened, so that new 
clothes are necessary. 

By virtue of correct use of the primary control and all that this implies, 
the type of respiration is insensibly altered. So-called chest breathing, 
once universal in women as a result of tight-lacing, and also abdominal 
breathing are replaced by breathing in which expansion is effected mainly 
by the mobile floating ribs. It is significant that the posterior section of 
the peripheral musculature of the diaphragm, including the two crura, is 
stronger and, in area, larger than the rest, and, consequently, is the part 
chiefly concerned in promoting descent of the diaphragm in inspiration, 
while the basal lobe of the lung in contact with it is the most capacious 
of the lobes. This type of respiration, which is sometimes called tubular 
breathing, is very efficient. It is performed with minimal effort, without 
strain or sucking or expanding. The ribs are not raised anteriorly. On the 
contrary, the manubrium sterni feels as if in-drawn, but this is probably 
an illusion due to slight readjustment of the spine somewhere about the 
junction of the cervical and dorsal curves.37 Nor is the anterior abdominal 

37 It is most difficult to describe this and similar sensations adequately or to 
locate them with any accuracy. In Constructive Conscious Control of the Indi-
vidual (1946) Alexander describes certain ‘positions of mechanical advan-
tage’, which he uses in teaching to give a pupil the correct sensory feel and 
minimum muscular tension, which characterize the integrated state in all 
positions and during all movements. That described in pp. 110-117 is an 
important example, and appears to involve, along with much else, a loosening 
and resettlement of the vertebrae in relation to each other, as described above 
and also, perhaps, a resettlement of the last lumbar on the sacrum. At one 
stage of the process, which is essentially continuous and indivisible, the posi-
tion attained may be described as approximately the stand of one of the Man-
like Apes (Simiidae) e.g. an erect gorilla. The thighs are slightly abducted; 
the elbows turned out and associate with a sensation of positive widening of 
the back; the fingers grasp the back of the chair so lightly as barely to make 
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wall protruded or only very little. The effect is as if the air passages were 
widened, and certainly breathing is deeper, calmer and more satisfactory. 
Some idea of this type of breathing may be experienced by adopting a 
squatting position, such as ‘blue children’ resort to automatically in order 
to recover from the effects of insufficient oxidation.38 This fact alone is 
proof of the superior efficiency of tubular breathing.

The dependence of this type of breathing on the action of the floating 
ribs is easily demonstrated on one’s own person by going down on hands 
and knees, naked, and observing the respiratory movements through the 
arch of the arms. It will then be apparent that the lowermost part of the 
abdomen hardly moves at all during quiet or even forced breathing, which 
in this attitude is seen to be performed entirely by lateral expansion. As in 
squatting, spinal aberrations are diminished and, as this position is very 
rarely adopted, bad habits of use have not been acquired.

Badly coordinated and tense individuals, especially sufferers from anx-
iety neuroses, severe or mild, tend to develop shallow breathing and a 

contact with it; and the back from occiput to pelvis as nearly as possible rep-
resents the surface of a plane. When correctly achieved the effect is extraor-
dinarily light. One feels that the chair could be removed without affecting 
balance or the distribution of tonus, because the attitude is carefully planned 
to deploy forces within the body so as to build a structure of equilibrium and 
stability.

The simioid attitude thus attained constitutes a system of forces in equi-
librium. The line of action of the body-weight passes vertically downwards 
through the centre of gravity, and falls within the area of the base; the line 
of reaction, which always acts in the same vertical line as the weight, passes 
upwards through the same point. Internal forces, i.e., interactions between 
different parts of the system, operate as thrusts from the extreme points of 
the body and diverge from a common point, the centre of gravity – in prin-
ciple, like the stays of an open umbrella. These low-tension thrusts in this 
attitude are induced by abduction at the hip-joints, by widening the back by 
means of light outward tension at the shoulders and elbows, and by length-
ening the spine. They combine to release antagonistic muscular contractions 
and to promote an optimal level of tonus. In other words, they remove obsta-
cles to the upward impulse of the force of reaction, thus achieving effective 
equilibrium.

38 Some ‘blue children’ can walk only a few yards without squatting. Some years 
ago during the Lawn Tennis Championships at Wimbledon one of the com-
petitors, a tall and rather lean American, aware of its value in promoting 
quick recovery and relief, wisely squatted in order to rest. This was too much 
for the spectators. Either he was praying, which was not sportsmanlike or, if 
only resting, his attitude was not compatible with good form. Consequently, 
they barracked until in the end he was forced to discontinue the practice.
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harmful habit of ‘holding the breath’, not only in acts against resistance, 
but even when performing light or trivial movements. Physical tension 
and associated mental tension tend to cause thoracic rigidity with lack of 
respiratory control.39 When, however, the primary control is active under 
conscious direction and adequate co-ordination has been restored, cor-
rect respiratory use by tubular breathing follows automatically and with-
out constraint or interference. It should now be obvious that exercises in 
deep breathing, such as are favoured and taught by physical culturists, are 
expressly harmful, especially in the elderly. Whether or no these exercises 
encourage the onset of emphysema, there is no doubt that they cause 
certain side-effects, such as a transient alkalosis, and also by increasing 
the spinal curves and ignoring the primary control, they promote and 
implant wrong use in all its aspects. Moreover, excessive inflation of the 
lungs compresses the heart between the thoracic cage on the outside and 
the counter pressure of the distended and unyielding lungs inside.

Continuous conflict between the two modes of muscular activity, viz. 
the cephalo-caudal gradient path and the emergency paths, raises the 
question of the importance of this factor in nervous and psychological 
disorders, and will receive further attention at a later stage. There is, 
however, no question about the respective effects of the two modes upon 
muscular coordination. A high degree of coordination is a product of an 
optimal level of general muscle tonus and of the unimpeded flow of neu-
ral energy which determines or accompanies it. A great improvement in 
accuracy, delicacy and precision of movement of the body as a whole, of 
the hands, and of gait is an outstanding result of the educative process 
of Alexander’s technique. The carriage and motions of the body acquire 
poise and dignity and grace. Movement is confined to the effective opera-
tive area; it does not spread over to neighbouring joints and involve a 
large part of the body musculature, as is the rule in the badly integrated. 
Effort is at a minimum – an important principle in animal economy. The 
head, for example, does not move up and down in walking or running but 
keeps a steady, horizontal level, tracing a parallel line between itself and 
the ground. The body feels lighter. Leg movements are free; the feet tread 
lightly as if unconcerned with bearing the body weight, which seems to be 
lifted from them by the forward and upward urge of the head. That is to 
say, in walking, running, etc. it is not the foot which should lead but the 
head, the supero-anterior pole of the spinal axis. The subjective sensation 
is one of progression not unlike that of a marionette in a puppet show, 
where the top of the head is attached to a wire which carries its weight, 
39 Constructive Conscious Control of the Individual (1946) p. 122.
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and the jointed limbs are worked independently to simulate movement. It 
must be emphasized, however, that there is nothing artificial or unnatural 
about this gait and tread. It looks as right as it feels because it is right – the 
graceful result of right use by a well-integrated organism. It is the natural 
gait of all great record-breaking runners.40

Similarly, with the hand. There develops here also an economy of effort. 
Fumbling and unnecessary movements are eliminated, an end important 
in industry, as is apparent in the efforts of psychologists to analyze and 
time the separate components of manual processes and to reduce the 
excess of movement usually practised to bare essentials. The industrial 
psychologist’s methods, however, are based upon wrong conceptions. He 
concentrates upon the part instead of the whole; he tries to improve the 
use of the part when he should transform the use of the self, the individual 
workman as a totality, and so correct the sensory aberrations which are 
the root cause of fussy, unnecessary and maladjusted movements. It is 
generally recognised also that some persons are more accident-prone than 
others. Accidents in industry are not evenly distributed among employees. 
A small percentage of the latter incur a high percentage of the accidents 
that occur, irrespective of the kind of work in which they are engaged, and 
the same individuals have the worst accident records outside the factory 
or workshop. These accident-prone workmen are not the unlucky but the 
ill-coordinated ones. In short, in all activities, whether delicate surgery, 
fine engraving, or any other where accurate and precise execution is essen-
tial, Alexander’s technique of ‘righting’ the whole organism will confer the 
economy, precision and manual skill that characterise beautiful workman-
ship. The last are specialized activities, but all the moment-to-moment 
actions of daily living are likewise transformed. This has been noted by 
Sherrington: ‘Breathing, standing, walking, sitting, although innate, along 
with our growth, are apt as movements to suffer from defects in our ways 
of doing them. . . . In urbanized and industrial communities bad habits 
in our motor acts are especially common. . . . Mr. Alexander has done 
a service to the subject by insistently treating each act as involving the 
whole integrated individual, the whole psycho-physical man. To take a 
step is an affair, not of this or that limb solely, but of the total neuro-

40 Readers must not be misled by the attitude of race competitors in action, 
depicted in press photographs. These almost always show the finish, at a time 
when the competitors have reached the limit of effort. The falling back of 
the head, the disturbance of spinal curves, and other signs not apparent in 
photographs, show that disintegration – the prelude to collapse – has already 
begun.
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muscular activity of the moment – not least of the head and the neck.’41 
Some concrete examples, which could be multiplied indefinitely, may be 
instanced in order to emphasize that the practice of right use, i.e. the use 
of the whole integrated psycho-physical self, is not confined to difficult 
and special tasks, but applies without exception to every act of living, 
ordinary and extraordinary. Thus, a well integrated pupil rises from the 
sitting position to on upright one, without wriggling or undue effort. The 
lightest touch of the teacher’s finger on the occiput is sufficient to lift him, 
because the act of rising, when correctly performed, is effected almost 
wholly mechanically by a system of levers, which are set in motion by the 
stimulation of the muscular mechanisms of the whole body including as 
the proximate cause those which abduct the thighs at the hip-joints. The 
femoral heads in their acetabula are about six or seven inches apart and 
placed well forwards in the pelvis, while the lower ends of the femora are 
close together at the knees. The neck of the femur forms an angle of about 
125° with the upper end of its long shaft, rather less in women, and is 
directed upwards, inwards and a little forwards. Examination of an articu-
lated skeleton will show that the act of separating the knees, or abduction, 
pulls the acetabula downwards and slightly forwards, and with them the 
anterior ends of the two ilio-pectineal bars. This has the effect in a well 
integrated body, and can be demonstrated even on the skeleton, of raising 
the posterior ends of the bars, which in turn thrust upwards the sacral end 
of the spine and the whole trunk. The complete action, although an issue 
of the integrated use of the self, is largely mechanical and involves a mini-
mum of muscular effort. But civilized man, whose abductor muscles are 
to a great extent disused, because squatting has been replaced by sitting, 
undergoes a whole series of body wrigglings and distortions and expends 
con siderable muscular effort in rising from a chair, especially if the seat 
is rather low and upholstered. After e certain amount of training in right 
use a pupil can he made to rise lightly from such a seat with the aid of a 
finger’s uplift to the occiput, or even by passive abduction of the knees. 
Later, of course, he rises in the same manner without help of any sort. 
Exactly the same happens in the reverse act of sitting down by obeying 
the cardinal precept – take care of the means and the end will take care 
of itself; he maintains his length, automatically abducts the knees, and 
subsides lightly on to the chair.

It should be noted that the act of sitting by an average individual is 
accompanied by the following events: the diaphragm descends; the 
abdominal organs are pressed against the anterior abdominal wall, bulg-
41 Sir Charles Sherrington, O.M. The Endeavour of Jean Fernel (1946) pp. 88-89.
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ing it forwards, owing to the shortening of the spinal column; and each 
separate vertebral body sinks on to the next below, compressing the inter-
vertebral disks. In a well-integrated individual, on the contrary, the spine 
maintains its length and neither diaphragm nor viscera are displaced.

The act of abduction, as an integral part of the process of integrated 
use, can even diminish intra-abdominal pressure as, for example, in 
lifting up from the ground two buckets of water, one in each hand. In 
the ordinary way the weight is in part transferred to the muscles of the 
anterior abdominal wall, which can be felt to undergo considerable strain, 
the degree of strain being proportioned to the weight and an indication of 
increase in intra-abdominal pressure. If, however, at the moment of lifting 
the buckets the knees are abducted, no such strain on the abdominal 
wall is experienced, unless the level of integration is unusually low. The 
mechanical system of levers takes the weight and pushes upwards the 
body and the buckets as one unit.

Perhaps nothing shows so clearly the perfection of integrated use as the 
following experiment. While the pupil sits on the side of a chair, a light 
touch to the head can move the torso forwards and backwards without 
disturbing the relative position of its parts, so that it moves smoothly as a 
whole at the hip-joints just as a door moves to and fro on its hinges.42 This 
bodily state is not achieved by bracing the torso by muscular contraction, 
which would have the opposite effect. The muscles are not contracted; 
they are in a state of resting tonus,43 so that passive movements can flex 
or extend the head on the neck and execute other movements also. The 
spinal column is taut, pliant, and poised with the tensor and compres-
sor components of its musculature in easy, reciprocal antagonism. The 
result is an effect of complete dynamic polarization of the neuro-muscular 
forces that act upon the elastic properties of muscle and other tissues of 
the axis. By polarization is meant the rearrangement of forces, so that 
from a state in which they conflict with one another, they come to work in 
definite relation with one another, and together achieve complete integra-
tion not only of those tissues but of the whole psycho-physical ensemble.

One other example may be mentioned in order to help to complete 

42 Constructive Conscious Control of the Individual (1946) p. 112.
43 Bracing is usually understood as supporting the spine or some part of it 

by contracting the spine or neck muscles or both. The effect is to shorten 
the spine and compress the intervertebral disks. Both compressor and tensor 
muscles are contracted. The spinal and neck muscles are not braced when 
Africans and Orientals carry heavy loads on the head, nor are they braced in 
the outstretched neck of a duck in flight: extended but not braced.
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the mental picture of what is implied in the integrated state. An average 
pupil leans slightly forwards towards a horizontal bar – say, the back of a 
chair – and rests his hands lightly on the top, with the observer standing 
behind. When the latter tells the pupil to raise the right knee by flexing the 
hip, so that the left foot alone supports the body weight, the pelvis will be 
seen to tilt downwards on the left. If next he replaces the right foot on the 
floor and raises the left knee, the pelvis tilts downwards on the right, and 
this see-saw movement of the pelvis continues as the pupil raises his knees 
alternately. When this is done by an advanced pupil, the pelvis does not 
tilt but remains in the horizontal position throughout. This manoeuvre 
illustrates in a convincing fashion the role of the anti-gravity spinal ‘lift’. It 
shows that the thrust of the spinal uplift has complete command over the 
centre of gravity of the body; controls the distribution of muscle tonus; 
limits the contraction of muscles to actual working parts; and achieves 
the beautiful economy of movement and energy that characterizes the 
integrated state.

The same principle applies also to more strenuous tasks. Amateur 
gardeners, for instance, who find that certain operations, such as dig-
ging, hoeing, etc., cause undue fatigue and backache, soon discover that 
right use neutralizes the one and prevents the other.44 It is necessary to 
acknowledge that the average, fairly coordinated individual does at times 
approximate to right use. The habitual use of many men and women is 
consistently bad, but perhaps no one relies entirely on emergency paths 
in all their reactions. Unconsciously, the better integrated at times avail 
themselves to some extent of the path of cephalo-caudal gradients. One 
sometimes sees young people, while climbing a steep hill, turn round and 
walk up the slope backwards for a few steps. This relieves their strain 
temporarily, because walking backwards, which is not a habitual action, 
for that reason is not associated with perverted use and is, therefore, per-
formed relatively correctly. Inhibition of the wrong ‘means whereby’ is not 
called for or is exercised unconsciously. The exceptional golfer or batsman 
or billiards player can, by the same token, be detected by the trained eye; 
other things being equal the competitor who keeps his length is the one 
who excels. Other notable illustrations of the general rule can be observed 

44 Gardeners may glean some useful things about the handling and the use of 
tools from W. J. Malden’s Physical Culture in Farm Work, if these are applied in 
practice in conformity with the principles taught by Alexander, which were 
unknown to its author. Malden, formerly Principal of an Agricultural Col-
lege, states that £40 million sterling of farm wages are lost yearly through 
inefficient work.
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in ballet dancing. For example, a dancer performing the movement of 
abduction at the hip-joint, whether poised on the points, e.g. développé à 
la seconde, or held in the air by her partner, while extending a leg sideways 
in a gracefully controlled and deceptively effortless, unfolding movement, 
is at the same time lengthening the spine. The whole effort of the dancer is 
to keep the body in the vertical mid-line and lengthen the spine whatever 
it is doing. To ensure this, directions such as ‘loosen your neck’, ‘lengthen 
your back’ are familiar injunctions in the [ballet] schools. Again in the pir-
ouette the truly great ballerina seems actually to grow in height, tapering 
upwards in an elongating spiral, suggestive of the long, slender, flicker-
ing bodies of an El Greco painting, while the less great, on the contrary, 
appear to shrink as they pirouette. These effects can be observed also in 
the performance of skilled skaters on ice.

Some very common habitual attitudes, often cultivated consciously in 
the fond belief that they give a certain characteristic touch to the person-
ality, impede a natural tendency towards better use. Examples are: sitting 
with the legs crossed; slumping in easy chairs with the chest contracted; 
tilting the chair; throwing back the head to blow out smoke; throwing up 
the arms and arching the back (lordosis) to stretch oneself after prolonged 
sitting in a cramped position; hunching up the shoulders; puffing out the 
chest; standing with the weight on one leg; elbows on the table at meals; 
etc. Many people walk all the time in a semi-crouched attitude; they spring 
from a chair in order to cross a room with the spine still crouched in the 
same bad attitude in which they sat. Few are aware of the part of the body 
which should lead the rest in walking. As a result of this uncertainty the 
whole structure tends to be incoordinated and therefore unsteady. The 
primary movement in all progressive animal groups is propulsion in the 
direction of the head end. Other movements of skeletal muscles are sec-
ondary and derivative. A priori, therefore, any movement that begins at a 
crouch or retraction is wrong, i.e., it does not conform with the sequence 
established by evolution. The old military stance, which involved aber-
rations not only of the spinal column but also of all four limbs, required 
the shoulders to be pressed back, thus approximating the vertebral bor-
ders of the two scapulae. Right use of the self, on the contrary, tends to 
widen slightly the gap between the two vertebral borders. Others, while 
walking or standing, almost lean over backwards. These contrive to make 
the abdomen, instead of the head, the leading point, relying upon the 
Y-shaped ligament of Bigelow at the hip-joint and, perhaps, the anterior 
longitudinal ligament of the spine, to bear the strain. In a well-integrated 
individual, on the contrary, the back in a sense may be said to precede 
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the front even in forward locomotion – a justifiable deduction from the 
facts of axial development. The process termed by Alexander ‘widening 
the back’ is an integral and important part of the primary control and not 
a separate movement. Nearly every pupil in the early stages of his train-
ing crouches when first asked to widen the back. Alexander emphasized 
this point in his lessons by placing a book between the pupil’s back, while 
sitting, and the back of the chair, demonstrating that the book is lightly 
held, not by pushing the body against it, but by the backward set and 
re-adjustment of the spine when the latter, as part of the whole self, is 
properly integrated. All the tricks of attitude, detailed above, and many 
others also, distort and shorten the spine, and make correct, physiological 
posture and movement impossible. With right use under the direction of 
the primary control, the spine is elongated whether sitting or standing, 
as already explained; displacements, distortions and aberrant muscular 
contractions are ironed out; the body as a whole is narrowed (actually the 
back is widened); and ribs and soft parts all fall into place relative to the 
spinal axis, like the ribs of a closing umbrella when the catch is released. 
The facial expression also falls into line – expressions of anxiety and of 
tension are smoothed away, not by an effort of conscious will but as part 
of the general assumption of right function. These are not static products 
of right use, but a continuing amendment of form as a process. ‘Righting’ 
is never static; it does not freeze into attitudes or achieve its results part by 
part. The body is a thing that is a whole, and as an active whole it responds 
to right use. In such manner it is streamlined as to form, perfected as to 
function, and conditioned as to accurate sensory perception.

The correlate subjective sensation is resistant to description. It can 
only be conveyed analogically, and the analogy that appeals to the under-
standing of one may fail to evoke a response in that of another – a per-
ennial problem in the art of teaching at all levels. At the very least, and 
normally, an enhanced comfort, ease and calm are certain concomitants; 
at the most, and perhaps rarely, these sensations are exalted into a feel-
ing of physical blessedness, wherein we experience the oneness of Nature 
and realize our self identity with the continuum of life that underlies and 
forever creates the diverse manifestations of being.



105

Background to Disease

It seems desirable to preface this chapter with a brief review of certain 
principles which we have attempted to establish in the preceding pages. 
We have noted especially three significant or critical steps in evolutionary 
history and some developments that have accrued from them. In chrono-
logical order these are:

1) the achievement of a milieu intérieur;
2) the appearance of an axiate pattern of structure; and
3) the origin and subsequent development of anti-gravity mecha-

nisms.

The creation of the milieu intérieur represents the first great triumph of 
multicellular organisms in the struggle for survival. In its attainment it 
transformed living matter into an autonomous organism, an ordered 
unity or whole, and in essentials it has remained unchanged through 
the ages. The axiate pattern, however, revolutionized animal structure. 
Henceforth, the spinal axis is not only the foundation, but also the pre-
dominant element, of bodily organization. In a sense the spinal axis is 
the essential body; everything else is an accessory. Axis formation (neural 
tube and notochord} is first in time and first in importance. Almost the 
first formation of the fertilised egg is an antero-posterior axis, followed by 
the notochord, somites, vertebrae and spinal muscles. It occupies a large 
part of embryonic time, and is attended by the highest metabolic activity, 
the latter strictly organised in accordance with s system of axial gradients, 
which at every stage maintains the embryo in an integrated state, so that 
the organism as a whole controls the formative processes taking place in 
each part. Every cell is an integrated system. For example, in the ovum 
before fertilization an apico-basal gradient from the animal to the vegeta-
tive pole is determined by the distribution in the cytoplasm of relatively 
inert yolk, and, by establishing the principal axis of the ovum, serves as the 
basis of its integration. During the act of fertilization a point diametrically 
opposite the site of entrance of the spermatozoon determines the position 
of the future dorsal lip of the blastopore the most active region of the early 
embryo, and decides the position of its dorsal and ventral surfaces. The 
first cleavage furrow, which establishes the bilateral symmetry of both 
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embryo and adult, coincides with the sperm path. In birds the long axis of 
the primitive streak, the homologue of the blastopore, like the dorsal lip of 
the latter, determines the antero-posterior axis of the future embryo. The 
inertia of yoke; the determination of the site of the blastopore by forces 
introduced by the sperm head; and the dominant influence of the dorsal 
lip in embryonic development, are instances of the general truth that inte-
grating forces, expressed as gradients of metabolic intensity, successively 
precede differentiation and regulate the pattern of development. Later, a 
remarkable sequence of movements of an intricate and obscure charac-
ter occurs during gastrulation. These movements are associated with cell 
proliferation but are not entirely explicable by the latter especially those 
of mass migration. Doubtless, with the advance of knowledge, these also 
will be found to conform to Child’s hypothesis. They are referred to here 
as a reminder that much of the business of the body, in the adult as well 
as in the embryo, is effected by certain autonomous forces that are not 
readily classified nor well understood. They probably represent a basic 
property common in some degree to all living tissues, and resident in the 
highest degree in the spinal axis and its adnexa. Their existence demon-
strates the necessity of thinking of axial function in terms of general forces 
rather than of isolated functions of individual parts, These pre-neural and 
pre-muscular energies of the embryo are largely or wholly canalized as 
gradients of metabolic activity, directed almost invariably cephalo-cau-
dally. The gradient is, therefore, in the unifying or integrating principle in 
relation to which the entire series of developmental events occur. In cor-
respondence with it, as we have already remarked, graded morphological 
differentia tions, resulting in an axiate pattern, appear in the same axis in 
later stages. In other words, a spatial pattern of metabolism is essential to 
axiate development. That pattern persists and is effective from the begin-
ning of development to maturity. Child, in his studies of the gradient con-
cept; Coghill, in demonstrating the mode of organization of reflexes; and 
Matthias Alexander, in his discovery of the primary control of reflexes 
by the neck-righting proprioceptors, later confirmed experimentally by 
Magnus and his school, have laid the foundation of our knowledge of the 
mechanism of integration.

The importance of the neck region in this mechanism is primarily an 
expression of the dominance of the head end of organisms and, phyloge-
netically, is specifically associated with the original seat of the vertebrate 
centre of gravity.45 Primitively, the neck-righting reflexes acted directly 
upon the centre itself or its neighbourhood, but, later, adoption of semi-
45 See p. 9.
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erect and erect postures led to their separation. Indirectly, however, the 
association is still maintained by means of the interposed spine in its 
taut and dynamically lengthening state, viz. that state of free, rectilinear 
motion, generated by the force resident in organic elasticity, which is an 
effective resultant of anti-gravity measures evolved to overcome bodily 
inertia. Unless this state of free, elastic movement is realized in the spinal 
axis, the neck-righting reflexes operate at a disadvantage. Correct func-
tioning of the spinal axis, therefore, assumes great practical importance. 
One or two other properties elaborated by the antigravity system may 
be summarized briefly. They include the correlated postural sense, which 
confers an awareness of orientation in space relative to the force of gravity. 
A by-product of its complex structure.

Interference with the course of the cephalo-caudal gradient deranges 
function, and dysfunction of posture and dysfunction of movement are 
clearly one and the same condition. Neither is found without the other, 
although shifts of emphasis from one symptom group to another may 
occur, in different individuals. The general effect is best summed up in 
Alexander’s phrase – wrong use of the self, by which is meant self-activity 
along paths other than those determined by the cephalo-caudal gradient; 
in other words, imperfect integration. The gradient or physiological use 
is that which recapitulates in every muscular act the history of neuro-
muscular development. The unphysiological alternative is one which fol-
lows shortened, secondary paths or side-tracks, which may or may not be 
permissible in emergencies. As emergencies in any case are exceptional 
occurrences, the use of emergency paths, in whole or in part, should also 
be exceptional. That is to say, the physiological path of self-activity, dic-
tated by directive, development trends, is the normal path of normal life. 
But in attempting to adapt himself to the conditions implicit in an Age 
of Speed, the ordinary man feels unconsciously and instinctively that a 
shortened path must be quicker and, therefore, more appropriate, and 
uses it excessively. He tries to attune his pace to the necessities of speed 
and, obsessed by the end in view, he selects the wrong means.

Speed occasions stress, and long-continued exposure to stress induces 
unfavourable reactions over a wide field. For example, the response of 
the body to noxious agents, such as injuries, burns, excessive muscular 
exercise, etc., i.e. the state of stress, is known to involve among others 
the sympathetic nervous system and important ductless glands, such as 
the anterior pituitary and the adrenals. Consequently, by the unthink-
ing use of shortened paths man exposes himself to stress and its effects, 
and thus fails to adapt successfully and fails in the struggle to master his 
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environment. Adaptation to environment is the first principle of animal 
behaviour.

We have emphasised more than once that posture is not passive and 
static but active and dynamic. In resting tonus the metabolic activity of 
skeletal muscle cells does not differ from that of the active, contracting 
state except quantitatively. Posture is never a completed static state; it 
is an activity. In this sense the word is a misnomer; it covers much more 
than is usually understood by the term, and embraces muscle tonus and 
all the acts of skeletal muscle. The ordinary use of the word suggests 
something frozen and static. In reality posture is a dynamic response to 
the impact of gravitational force, continued in all positions of the body 
and during translation from one position to another. As such it constitutes 
an important aspect of our perceptual experience of the outer physical 
world, which may be misleading if the response to gravity is misaligned. 
It is safe to assume, therefore, that conformity with the correct norms of 
posture in this wider sense is equivalent to conformity of the integrating 
mechanism with that which it integrates, viz. the entire system-complex 
that constitutes the organism.

It is of prime importance, especially in the management of chronic states 
of ill-health, that the syndrome of symptoms which accompanies defec-
tive integration should be recognized by the physician and the underlying 
cause remedied. This, fortunately, is not difficult. The signs of adequate 
and the results of inadequate integration have been discussed above. A 
sagging spine, neglect of the primary control, disturbances of muscle 
tonus, precipitate and abnormal movements and gait, etc., all point to 
wrong use of the self, changes in the pattern of muscle tonus distribution 
upset nervous and vascular balances, and influence adversely the general 
behaviour. Tonus is no longer distributed in an orderly and equable man-
ner along defined gradients to reach its term in precision and economy 
of movement. Tonic levels become irregular and disorderly. Contractions 
or spasms in one group of muscles and loss of tone in another predispose 
to tremulous and imprecise execution of voluntary acts. Usually, affected 
individuals are popularly described as tense, highly strung, a bundle of 
nerves, etc., and not uncommonly receive prolonged treatment with bar-
biturates and other sedatives. They often suffer from insomnia and from 
emotional or anxiety states, for which they are treated in the same way, or 
else by psycho therapy or by the techniques of psychosomatic medicine. 
The last, although directed only to symptoms and not to the primary 
cause, has at least the merit of implying the recognition of the human 
being as a concrete unit. Techniques of relaxation have also been devised 
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and applied, For the reason given above, viz. that relaxation is a treat-
ment of parts and not of the primary dysfunction, and also because it is 
in essence a mode of disintegration – a fully relaxed individual is in a state 
of collapse – the results are unsatisfactory. On emerging from a state of 
induced relaxation, the patient immediately resumes his habitual wrong 
use, and his last state, therefore, is no better than the first, because he has 
not received expert tuition in correct use, without which lasting improve-
ment is impossible. The same objection applies to other techniques, such 
as osteopathy, chiropractic, and methods of manipulation.46 Even If some 
local aberration is temporarily remedied, the patient, unless instructed 
prophylactically, continues on leaving the consulting-room to use himself 
in the identical way that caused his disabilities in the first place.

It is not improbable that many chronic disorders of the collagenous 
system, labelled as lumbago, fibrositis and allied conditions, are in the 
beginning of postural origin, resulting from spasms of lumbar muscles 
and fascia induced by lordosis and other sequelae of wrong use. Vascular 
balances also may be affected. Abnormal rises of blood-pressure – periph-
eral vaso-constriction can be demonstrated clinically – leading ultimately 
to degenerative processes in the arteries and to cardiac complications, are 
not infrequently associated with a disturbance of muscle tonus, such as 
heightened tension and irregularly distributed spasm brought about by 
wrong use.

Diseases of the digestive system are far from uncommon in this coun-
try, and a considerable proportion of these, particularly conditions arising 
from disturbed coordination of smooth muscle action, such as cardios-
pasm, spastic colon and other disorders of motility, owe their aetiology, at 
least in part, to postural inefficiency. The importance of psychic factors 
in promoting peptic ulceration is generally admitted and now receives 
considerable attention in the literature of psychosomatic medicine and 
elsewhere, but these factors are themselves secondary to a general neuro-
muscular disintegration, induced by postural dysfunction. Other factors, 
such as unsuitable diet and perverse dietetic habits, are also present, but 

46 These remarks must not be interpreted as reflecting in any way upon the 
excellent work of present day practitioners of physical medicine, who have 
made considerable advances in diagnosis and method in recent years. In all 
departments of medicine, however, progress is discontinuous; new growing 
points succeed old, and the latter for a period appear to remain sterile and 
relatively static. It may be, therefore, that in the near future treatment of the 
individual-as-a-whole, as indicated by Alexander’s work, may come to domi-
nate treatment of parts.
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unsuccessful adaptation to the increased pace of modern life is character-
istic of a high proportion of cases.

Visceroptosis or dropping of the viscera receives much less attention 
in current medical practice than it did in the early days of radiological 
investigation, probably because increased experience has disclosed the 
unexpectedly free mobility of normal abdominal viscera. Now-a-days a 
physician is not unduly concerned when an X-ray negative or the fluo-
rescent screen reveals a transverse colon hanging down in the pelvis. On 
the other hand, these organs all develop from the posterior aspect of the 
embryo in close association with the notochord, and this association is 
maintained through life. Functionally, the anterior abdominal wall is of 
minor importance. Its muscles are undoubtedly utilized as tensor com-
ponents in opposition to the compressors of the axial column, and for 
other muscular activities. But its primary role is a passive rather than an 
active one. The anterior abdominal wall in effect, is little more than a veil 
hiding and covering the entrails and limiting their wanderings. Hence, 
its late appearance in intra-uterine development. Anatomically, ‘all the 
abdominal viscera are either directly fixed by connective tissue to the pos-
terior abdominal wall, or suspending by blood-vessels from it.’47 Exam-
ples of these attachments are the mesenteries especially the mesentery 
proper, which connects the small intestine, except the duodenum, i.e. 
some twenty feet or so, to the posterior abdominal wall, and the transverse 
and sigmoid mesocolons of the large intestine. Undue stretching of these 
attachments permitting abnormally low positions of important parts of 
the gastro-intestinal tract, and of solid organs also, has been blamed for 
the development at certain points of the gut of kinks, which interfere with 
the normal and regular propulsion of its contents. It is now believed, how-
ever, that the latter effect is due to the general condition rather than to the 
presence of kinks. Visceroptosis is a symptom of a subnormal standard of 
use. The abdominal viscera are in their proper position when applied to 
the posterior abdominal wall and suspended therefrom without traction 
on their mesenteries and ligaments. As already indicated this position is 
ensured by an actively lengthening spinal column owing to the diminished 
intra-abdominal pressure thereby produced.

With regard to the respiratory system, there is not as yet sufficient 
knowledge to substantiate definite claims. A priori, it is reasonable to sus-
pect that deformities of the chest and thoracic spine and physiological 
inefficiency of pulmonary function may predispose to the acquirement 
of at least some pulmonary infections. These are very common and of 
47 Cunningham’s Text-book of Anatomy, 1st. edition, p. 999.
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great social importance, but the subject is vast and involved and very little 
explored. It may well be that other factors are of much greater signifi-
cance and overshadow such effects as defective integration may contrib-
ute. It is known, however, that the change in the mode of breathing, which 
accompanies functional integration, is of great value in the management 
of asthma and the early stages of emphysema. It is of especial value in 
problems of voice production, e.g. in singers, and in the treatment of 
stammering. In the last it achieves conspicuous success in proportion to 
the degree of integration attained.

We shall now consider briefly a group of maladjustments and deformi-
ties, which collectively constitute a series of affections of the axis, and are 
admittedly with the exception or apparent exception of those secondary 
to congenital defects, a direct consequence of faulty posture. Alterations 
in the normal alignment of the spine are common in growing children 
– mild degrees of lateral curvature or scoliosis being the most common. 
This deformity usually appears in the age period of eight to fifteen years, 
and is characterized by deviation from the middle line of the body of some 
or all of the vertebrae. Each displaced vertebra is also in some degree 
rotated. One hip is more prominent than the other and one shoulder 
higher than its fellow. The ribs on the concave side may actually touch 
the pelvic brim in severe cases. Scoliosis may be secondary to disease, to 
congenital defects of the vertebrae or ribs, or to differences in the length 
of the two legs. Most cases, however, are due to faulty use, and are com-
paratively easily remedied by Alexander’s educative technique, which is 
equally effective whether the leg lengths are the same or different. Some 
of these deformities, e.g. lordosis and kyphosis, are exaggerations of the 
normal anatomical curves of the vertebral column, i.e., antero-posterior 
defects. Kyphosis or round shoulders, an abnormal exaggeration of the 
thoracic curve, is far from uncommon in adolescents. It is associated with 
clumsy movements, and once acquired is apt to persist throughout life. 
The familiar senile form tends to set up spinal osteo-arthritis. Both the 
adolescent and the senile types may cause embarrassment or displace-
ment of the internal organs of the chest and even of those of the abdomen. 
Lordosis or an exaggerated lumbar curve is also fairly common, especially 
in women, in whom it is sometimes secondary to congenital dislocation 
of one or both hip-joints, or to spondylolisthesis, a deformity in which a 
lumbar vertebra, usually the fifth, is displaced forward, or to coxa vara, 
which is not as a rule congenital but acquired. Coxa vara is often a sequela 
of rickets and other diseases of bone, which diminish resistance to the 
force of body weight, so that the neck of the femur gives way and approxi-
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mates to a right angle with the shaft, instead of the normal 125°. The 
power of adduction of the thigh at the hip-joint is correspondingly limited 
and may even be lost, and the gait is waddling. Lordosis usually develops 
during the age period of six to twelve years, at a time when, owing to rapid 
growth, the conditions are favourable to disturbances of use. The impor-
tance of correct axial function in relation to prolapse of an intervertebral 
disk need not be stressed. It should be obvious that the sagging spine of 
imperfect integration allows at each step in walking the vertebral bod-
ies to approximate closely to each other, narrowing the interval between 
adjacent centra, and compressing the intervening disks. It favours also an 
increase of the normal curves, so that during acts involving spinal move-
ments, the column is placed in a position of mechanical disadvantage in 
the presence of shearing strain. Under these conditions protrusion of a 
disk, atrophied by constant jars, is a probable consequence. Prolapse may 
occur at any level, but it is most commonly found in the space between 
the fourth, and fifth lumber vertebrae or between the fifth lumber and 
first sacral, and it is more frequent in tall persons than in short. Posterior 
displacement of the nucleus into the spinal canal may compress neigh-
bouring nerve roots and cause sciatica and low back pain. It is difficult to 
imagine herniation of an intervertebral disk occurring in a well-integrated 
individual, in whom the disks are free from compression owing to the con-
tinuous dynamic lengthening of the spine, so that the osmotic turgor of 
their nuclei and the diminution of the anatomical curves combine to pull 
apart the vertebral bodies instead of allowing them to knock against each 
other, as is the case with a sagging spine. When the whole vertebral col-
umn is transformed into a taut, elastic shaft, movements are transmitted 
as a function of the whole and do not affect, or only minimally, individual 
segments acting independently. In this state the intervertebral disks effi-
ciently perform their main task of absorbing shocks and assisting spinal 
mobility, so that mutual jarring by adjacent vertebral bodies is prevented.

Persistent backache, or low back pain, is very common, especially 
in women, owing to the comparative laxity of the sacro-iliac ligaments 
associated with child-bearing, and also as an occupational disability. The 
chronic strain of body weight and body flexion, brought about by long-
sustained standing in faulty attitudes, is referred to the lumbar region, 
upon which the greater part of the body weight is concentrated. Some 
cases are due to herniation of an intervertebral disk. The pain is aggra-
vated by walking or by flexions of the spine, and is relieved on lying down. 
It is permanently relieved by establishing proper axial function. Many 
other conditions, which are either wholly or partly results of wrong use 
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of the self, e. g. certain forms of torticollis or wryneck, flat-foot, varicose 
veins in different situations, etc., are either prevented or relieved by the 
same means. It is of interest that even the disabilities associated with the 
spastic paralyses of children, such as spastic paraplegia, a condition appar-
ently sometimes caused by birth injuries, and characterized by excessive 
rigidity and extension of the limbs, pointing of the toes, spasm of the 
adductors of the thighs, and involuntary movements, are often materially 
improved by the Alexander technique of re-education. In noting this, the 
tendency of some of these cases to improve spontaneously is not over-
looked. With few exceptions, all these axial abnormalities are in essence 
special symptom-complexes of one general condition, viz., faulty use of 
the self. In other words, they represent the more severe forms of a single 
disorder of function which in less spectacular degrees is present in almost 
everyone, constituting a ‘pandemic condition of malposture amongst 
urbanized mankind’ (Professor Raymond Dart). Scoliosis, kyphosis, lor-
dosis and the rest, in mild or severe degrees, are universal abnormalities, 
stress syndromes ultimately referable to the demands of an Age of Speed, 
to which we react in wrongful ways.

The instrument of self-activity is muscle, together with the complex 
nervous apparatus which controls it, and the influence of muscle in the 
body extends far beyond its immediate effects. Muscle is not only a 
mover of levers and upholder of weight. It has also important relations 
with metabolism, i.e. with the milieu intérieur. Thus, the cell membrane or 
plasma membrane of the muscle cell is not a merely passive structure par-
titioning individual fibres from one another, but is the seat of important 
physico-chemical changes, an interphase between living and non-living 
matter. It admits nutritive substances into the cell interior and eliminates 
excretory ones. It prevents vital elements of the cytoplasm passing out 
of the cell and prevents noxious elements from entering into it. Hence, 
it is said to be semi-permeable, i.e. it is permeable to certain substances 
but not to others. The membrane surface is the site of action of certain 
groups of drugs as well as of normal ionic exchanges. The membrane 
of muscle fibre is impermeable to sodium and anions and permeable to 
potassium. Changes of functional activity are accompanied by transient 
changes of permeability, and interference with normal permeability may 
diminish the excitability of the muscle and cause swelling or shrinkage of 
the fibres. For example, loss of tonus, as in denervated muscle, causes a 
loss of semi-permeability, and this in turn is followed by changes in cell 
metabolism, and ultimately in cell structure. Therefore, if the change of 
tonus caused by the flaccidly of denervation can produce alterations of 
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permeability, it is legitimate to assume that changes of tonus due to other 
causes will do so also.

Further, metabolic processes of extreme complexity occur within the 
cell. The enzymatic chain-reactions and cyclic processes of endocellu-
lar molecules and their constituent parts, proceeding side by side and 
in orderly succession, utilize and build up out of food elements mate-
rial for growth and repair, and produce energy in the form of heat and 
for the performance of external work. It is calculated that in a relatively 
simple type of cell, such as the human red blood corpuscle, which has 
no nucleus, there are about 288 million molecules of haemoglobin alone 
in one cell, and millions also of other kinds, e. g. glucose, serving other 
activities. Therefore, interference with normal muscle function (tonus, 
posture, and contraction) may influence the whole of body metabolism, 
for metabolism is dominated by muscle. Muscular activity accounts for 
about half of the entire metabolism of the body during rest and more than 
three-quarters during exertion. It is obvious, therefore, that the regulatory 
effect of the integrated neuro-muscular apparatus, which is the instru-
ment of behaviour of the organism as a working unit, applies not only to 
the great systems of the body but dominates also the physico-chemical 
processes of the major part of cell metabolism. That this regulatory func-
tion, otherwise termed the use of the self, should operate at its optimal 
level, is clearly of paramount importance. Hence, the claim that use of the 
self, physiological or unphysiological, is an ever-present background of 
high consequence in health and in disease, for both health and ill-health 
are states, not of parts, but of the organism-as-a whole.

Health is a concept that is difficult to define. Health or haleness is 
derived from an Anglo-Saxon root, meaning ‘wholeness’. Now ‘hale’ and 
‘haul’ have the very same root, so that haleness is associated with the idea 
of being drawn taut. ‘The two meanings of the English ‘whole’ are linked. 
Something is whole, i.e. wholesome or healthy, because it is whole, i. e. full 
or complete’ (van der Mensbrugghe). A living organism is an assemblage 
of systems, i.e. a whole in which the constituent systems ere integrated, 
primarily, to maintain the integrity of the milieu intérieur. Every system has 
relations with every other system, and all have relations with the assem-
blage. The latter constitutes one term of each member of the collectiv-
ity, and is in causal relation with it. The relations are functional. Each of 
the systems has its own characteristic functions. The assemblage also has 
characteristic functions, which are distinctive, and which it exercises as a 
unit. Its functions are not a sum-total of the functions of its systems. It 
functions on a higher level, and its relationship to lower systemic levels is 
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one of dominance and subordination, such as we have found to operate 
in the gradient principle of embryonic development. The whole exercises 
dominance over the parts because, qua survival, it is more important than 
the parts. Survival is vital for the organism, but less vital for the organs. 
Without this relationship we should have, not an organism, but a kind of 
plasmodium. The organism, in short, is a relational system so constructed 
that it can work best only when dominance is at an optimal level. Self-
integration, or the use of the self, is an expression of the causal relation-
ship of the assemblage to its systems, and is effective in proportion to the 
degree of dominance. Its efficiency, which is the health of the organism, 
is a product of dominance. Health, therefore, is a relationship, the kind of 
relationship proper to a whole. The functions of wholeness are the deter-
minants of health. True recovery from disease is a restoration of whole-
ness, an exercise in integration.

A necessary aspect of the relationship of parts to the whole in a liv-
ing organism is concerned with the distribution or polarization of forces. 
Complex types of order tend to pass automatically into a less ordered 
state, as a result of the influence of the second law of thermos-dynamics 
or law of entropy, unless an active counter-process is maintained. The lat-
ter is adequate only when its components are consistently congruous, i.e. 
have unity of direction. For example, the gravitational field is pervaded 
by a single unifying force. In ontogenesis the pervasive unifying factor 
consists of a system of metabolic gradients; similarly the anti-gravitational 
field of the mature organism is one of gradients which not only oppose 
gravity but determine, under conscious direction, an integrating, as con-
trasted with a random, application of energy. In opposing the tendency to 
entropy, consciousness and integration are closely allied. ‘In the long run 
any complex physical system which is psychically uncontrolled suffers a 
decline or loss of organization’ ([R. S.] Lillie).

The way of integration, and all that it implies, is equivalent to faultless 
execution of neuro-muscular function. In man, however, integration is 
under the control of the mind, and control by mind is subject to aber-
rations and perversions – the personal equation. We have seen to what 
extent this obtains in modern man. Commenting on Shakespeare’s ‘Mind 
is the slave of life,’48 Sherrington says, ‘That is profoundly so; but of all 
life’s slaves, mind, though the most enlightened, is the most prone to tru-
ant.’ Nevertheless, conscious control can be applied in the proper way and 
self-integration regained by Alexander’s methods. Nor is there any other 
way Based upon defined evolutionary trends and processes of individual 
48 ‘But thoughts the slave of life . . .’ (King Henry IV, Part 1) MW.
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development, conforming to strict physical and physiological require-
ments, and firmly supported by the practical experience of a lifetime of 
teaching, Alexander’s technique is able to restore to the individual man 
the lost sovereignty of self. The task he sets is not an easy one. Life is a 
never-ceasing training to do things the right way and not the wrong way. 
This is the aim of his technique, and as such it has moral implications. 
And this is as it should be, for disciplined man is a moral animal and liv-
ing is a moral event.
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The Philosophy of a Technique

Few of Alexander’s pupils, or readers, can long remain unaware that a 
working philosophy, embodying an explicit theory of his practical atti-
tude to life, has emerged from the principles underlying his technique. 
This philosophy is a logical derivation of the latter raised to the level of 
universal significance and application, and is of great interest. Alexander 
has never formally developed this aspect of his teaching, leaving it to be 
inferred from his methods and their result; nonetheless it has not failed to 
attract the interest and approval of several distinguished authorities, e.g., 
Aldous Huxley and the great American philosopher, the late Professor 
John Dewey. Clearly the subject has a valid claim for inclusion in a study 
of the principles of human action, and some time no doubt the task will 
be undertaken by competent hands. For the present, however, we con-
fine our comments to two propositions only, viz. the implications of ‘the 
means whereby’ and the unity of the organism or its wholeness. 

The concept, the means-whereby, is a special case of the general cat-
egory of means and end, defining the latter as ‘a good to be achieved by 
action’ (Aristotle).49 As such it affects all aspects of behaviour, physical, 
mental and moral. Philosophically, there is a conflict between means and 
ends, but not ethically. The pursuit of the right end by the right means, 
and not the immoral doctrine that the end justifies the means, is the 
supreme moral law. Reason is competent to discover means only and not 
to select the ends of conduct (Hume).50 A conscious endeavour, or will, to 
use the right means is the essence of morality. By a man’s habitual choice 
of means i.e., his consistent policy, he reveals his character, and the spirit 
by which he is imbued. Similarly, by his choice of means he reveals the 
quality of his intellectual judgement, whether good or bad, and sound 
judgement, which is the root of wisdom, is at all levels of intelligence one 
49 Aristotle (Nicomachean Ethics) assumes that all our actions aim at some end 

or good. The ultimate good involves the proper function of human life as a 
whole; happiness gained through genuine virtue – ‘virtue is its own reward’ 
– or excellence, and a character appropriately balanced between reasons and 
desires. MW.

50 Hume’s view (Human Nature) is that our ends are given us by passions 
(desires) and that reason is in the business of producing beliefs. But our 
beliefs are relevant only to the means by which we seek to obtain those ends; 
they do not determine the ends themselves. So, reason has only an instru-
mental use, i.e. in our choice of the ‘means-whereby’. MW.

10
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of the rarest of the powers of mind. By continually refining his capacity to 
select the right means, a man enhances his wisdom. Thought and knowl-
edge in their origin were themselves means whereby the environment was 
mastered, and survival depended upon their appropriateness to that end. 
Moreover, the antithesis of good and bad, or right and wrong, is not con-
fined to morals or to mind: it covers also that of perfect and imperfect in 
the physical sense. Means to an end embody a train of actions that begin 
with willing; therefore, will is a kind of action. Further, it is an action of 
the whole person, for what we will, we will as an indivisible whole, and the 
acts in which will finds expression are also acts of the whole. The working 
of the mind, like the working of the body, is a ‘total-working’ process.

Action is a response to a situation and is always an alteration of a situ-
ation, i.e. it is consummated in an end. Enlightened choice of the means 
necessarily includes inhibition or exclusion of the wrong or alternative 
means. This implies deliberation and a decision, which is qualitative. In 
mere impulse there is neither means nor end, but only a blind tendency 
towards action. Sudden situations are met by sudden, irrational responses, 
devoid of will and of deliberate choice of the appropriate means, and 
this implies, as it serves to implant, mis-use of the self. Whatever is done 
should be done in a way that is universally applicable to all situations, 
sudden or otherwise, satisfying all conditions, negative as well as positive, 
as to how it should be done. This rule is absolute. It imposes consistency 
in action, for an act is well done, or right, only by consistent observation 
of a fundamental principle – that of strict coherence to the right means.

The right ‘means whereby’, therefore, is a ‘good’ in the universal or 
Platonic sense, surpassing that of the remote end. It is prior to the end 
and has the first claim on the operation of the will. In a sense the means 
become the object to the exclusion of the ultimate end. Kant held that 
the absolute imperative of duty had no reference to any external ends to 
which the will is directed, but simply to the right direction of the will itself 
– ‘so act as to make thine action on the basis of universal law’. Compare 
Alexander’s formula: take care of the means and the end will take care of 
itself. Consequently, in the physical sphere, as in the moral, the princi-
ple of strict coherence to the right means approximates to a categorical 
imperative. In addition, the use of the right means has values other than 
the capacity to attain an end, or its appropriateness to that end, or even its 
ethical status. For the right means also promote the process of integration, 
and consummated integration approximates to psycho-physical perfec-
tion. It is this principle of integration that confers the stamp of rightness 
upon the means, and makes the life of action rational at every stage from 
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the initial act of will to the accomplished end. When we will the right 
means, we integrate the whole existent individual. Culture of the self is 
right use of the self.

The concept of unity, which is implicit in Alexander’s teaching, has 
received considerable attention in recent years, not only in philosophy, 
but also in physics and in biology. A notable contribution, covering a wide 
field, is that of General Smuts in his book, Holism and Evolution (1926). 
The idea, however, has not as yet become firmly incorporated in the body 
of current biological and physiological systems. Experimental methods, 
by means of which certain factors are selected one after the other in order 
to see how they work in isolation, have yielded fruitful results, and the 
tendency still is to regard an individual simply as an aggregate of func-
tions. Further, what is now called the climate of opinion51 has altered 
in the present generation, and is hostile to the concept of personalism, 
i.e. the unique value of human personality. Marxist materialism on the 
one hand and Freudian theories on the other have combined to restrict 
and depersonalize the concept of man. But, as Bergson emphasized, life 
eludes mechanistic explanations for the very reason that the latter always 
separate things into elements, while life is totality. The true conception is 
well summed up by Smuts: ‘Wholes of various grades are the real units of 
Nature.’ A glaring example of current usage is the assumption that body 
and mind are separate entities, a false conception that derives from the 
dualism of Descartes. While, as Smuts says, it is possible to conceive of 
a disembodied mind, a dis-minded body is an impossible concept. Body 
and mind together form a psycho-physical whole, a unity with a double 
aspect, a fact emphasised in all Alexander’s books. The body has a mind 
or the mind has a body. The two constitute a single, dynamic unity, in 
which matter, life and conscious mind are inseparably blended (Smuts).

A proper whole is not the summation of the many into the one, nor 
is it explained by adding a new factor to a numerical aggregate. Wholes 
are not explained by the study of their parts. In contrast with the simple 
relationship of parts and whole in non-organismal systems, the specialized 
relationship in holistic organizations, such as living organisms, is inte-
grative value. Complete integration makes the organism a unit. A living 
organism, therefore, is not an organism plus mind or even plus life. It is an 
organic unity as opposed to an aggregate unity, a single ordered totality 
with a reference to a limit or whole. We cannot sum differences and the 
organism is a unity of differences.
51 Professor A. N. Whitehead states that this phrase was first used by a 17th 

century writer.
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Union is not unity. Hegel distinguished ‘Einheit’, or unity proper, from 
‘Anzahl’, a sum or total number, as in physical mixtures. The living man 
is one fact, body-mind, in which wholeness transcends its various parts, 
and possesses a new qualitative value. The parts are immanent in the tran-
scendence of the whole, for immanence is the corollary of transcendence. 
Nor is the unitary aspect a unity of apperception but a characteristic of 
the individual himself, an inner necessity of his construction. According 
to Smuts, holism is a process of creative synthesis, and proper wholes are 
not static but dynamic, evolutionary and creative. Although the proper-
ties of wholes are different from the sum of the properties of their parts, 
there are laws which relate them to each other, but in the present state 
of knowledge these are still imperfectly understood. The whole, however, 
does condition the parts, not only in function, but also in genesis. Many 
of the processes that occur in an organism bring wholeness and restore it 
when disturbed, e.g., the restoration of form by regeneration of parts. All 
processes that lead to wholeness are purposeful and teleological in that 
they lead thereto as if the existence of wholeness were their purpose.

The characteristic and dominant feature of a whole is function, not 
structure. The unity of an organism is a unity of functions and, function-
ally, the whole is the sphere of influence of wholeness. A living psycho-
physical organism in action, i.e. a living agent, is a union of functions 
welded into a unity, which is the dynamic life of the collective body. Inte-
gration into a single system must be effected by some mechanism that 
acts in the conservation of the whole, and determines central regulation 
and coordination of all its functions. By virtue of this master factor of self-
mediating activity the organism-as-a-whole functions at its best when its 
energies and its organization are directed in a certain, specific way, and 
that is the way that recapitulates its historical development, and manifests 
itself under many names. But all roads lead to Rome; the way of develop-
ment, faithful to its origins; the way of growth; the way of true sensori-
motor experience; the way of integration; the way leading to wholeness 
– these are all one, and that is the way laid down and traversed in Alexan-
der’s re-educative technique.

Wholeness has significance for man far surpassing that for other 
organisms. Human personality involves essentially the idea of wholeness, 
for life and its fulfilment are imparted only to wholes. The sense of being 
an individual, still more of being a person, is not just a concept of mind, 
but is a qualitative construct of psycho-physical integration. The more 
completely integrated the whole, the more individuated is the person, and 
the more he stands out from the herd and the group life of the herd. 
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Conversely, the more disintegrated the whole, the less differentiated the 
person, until finally he merges into one with the herd (Smuts). The average 
of the herd stifles the person – he remains an individual but loses his 
personality. He speaks with the voice of the social group and is restricted 
mentally to the habits and needs of the group.

It may be argued, however, that conformity with the herd is one of 
the essential bases of social life. Man’s relations with man in an organ-
ized community are determined by many factors and needs, which vary 
according to the type of community and the activities and qualities of 
members. Nevertheless, there are certain factors common to all, some 
impersonal, such as general environmental conditions, problems of food 
supply, the division of labour, multiplicity of effort, and, an epiphenom-
enon of the last, the increment of association (Major C. H. Douglas52), 
which, in an integrated society, alters the total momentum of the system 
and accelerates the rate of change in contrast with the stagnation and 
irregular activity of a herd aggregate. Other factors, numerous and rather 
subtle, are personal and more difficult to summarize. Among them are 
the potent stimuli of personal intercourse, coöperation and competitive 
endeavour, the influence of religion and its ritual, and other tribal cus-
toms. All these, and others in varying degrees, combine to promote indi-
viduation and the flowering of personality even in primitive and relatively 
static communities; in free and progressive communities, which permit 
the use of individual variability, they are correspondingly enhanced. For a 
free community is a culture, not a herd. It is a cradle of human personal-
ity, not a shroud. A residue in each may represent the herd element, which 
has evolved least and from time to time receives recruits from the least 
able of higher ranks. Progress, therefore, depends, not upon conform-
ity with the herd, but upon non-conformity, and the more advanced the 
community the higher is the general average of the group, and the greater 
is its share of non-conforming personalities.

Disintegration is not motor only; it is more sensory than motor; and it 
afflicts mind more than body. For sense data are misinterpreted; knowl-
edge is falsified at its source. Intellectual power may be retained relatively 
intact, but is deteriorated in its application, because it lacks a chart and 
mariner’s compass. There tends to develop a bias towards abnormality 
and perversion; in extreme cases towards even more sinister qualities, 
such as destructiveness and cruelty. Consequently, with values, judge-
ment and opinions perverted, disintegrated man in modern communities 
tends to succumb to the illogical rationalizations of aberrant propaganda, 
52 Pioneer of the Social Credit economic reform movement. MW.
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and to embrace false doctrines, such as Statism (including the so-called 
Welfare State), Pacificism, One-World-Government and other totalitar-
ian heresies. Almost invariably he gravitates to the following of some 
would-be dictator, and adds his support to a reckless quest for absolute 
and destructive power. Facilis descensus Averno [‘(The) decent into hell is 
easy’]. The present state of the world is a result, in a measure at least, of the 
increasing prevalence of disintegrates in our midst. Disintegration is the 
mode. Evil sweeps the world like an epidemic, and broken totalities every-
where submit to the contagion with enthusiasm. Even the West European 
stronghold of high, ethical ideals, except for s fast-diminishing remnant of 
the elect, lies under the sway of disintegrates and the philosophy of disin-
tegration. Ironically, this philosophy nowadays is known to its advocates 
as ‘group integration’ or conformity with the consensus, i.e. the voice of 
the herd; in other words, group integration is a Fabian euphemism for 
tyranny. By the same token, true integration, the philosophy of completely 
integrated personality, or wholeness, is dismissed as ‘dissidence’. Against 
this evil a vigorous policy of positive resistance is urgent. Only a return to 
wholeness in its widest sense can save mankind. Fundamentally, the way 
to wholeness is the right use of our anti-gravity mechanism, and that is 
the way discovered and taught by Matthias Alexander and by him alone. 
Wholeness is an absolute precondition to the adoption of high and non-
materialistic values. But a return is not always possible. Unfortunately, 
there is a limit to the saving power of re-integration. Beyond this limit 
disintegration is irreversible, but short of it there is hope.
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Appendix 1 
The Reticular Formation [of the brain stem]

The following remarks, which are by no means complete, may serve as an 
introduction to recent work on the reticular formation. This area occu-
pies a considerable part of the brain stem, forming in the medulla oblon-
gata a network of gray and white matter, which extends forwards in the 
tegmental areas of the pons and midbrain, and caudally in the cervical 
region of the spinal cord. The gray matter is proportionally less in the 
pons, where it is divided by the median raphe, and is much reduced in 
the mid-brain where it contains no nuclei. A similar formation is found 
in the thalami and hypothalamic region, but it is uncertain whether this is 
functionally homologous. The true reticular formation is said to develop 
from an embryonic area distinct from that which originates the dorsal 
thalamic nuclei (Rose, 1942). Anatomically, it constitutes one system, 
which in man and the primates appears to be en important constitu-
ent of the extra-pyramidal system. The whole area is composed of very 
numerous intermingled fibres and nerve cells, the former running in all 
directions, but mostly longitudinous and transverse, and the latter, many 
of which are large, resembling motor cells. The main collection of large 
cells is in the medulla, dorsal to the olive, and some of these give rise to 
fibres, mostly uncrossed, with ascending and descending branches, the 
latter – reticulospinal – destined for the spinal cord, where they synapse 
with cells of the anterior gray column, and the former – reticulobulbar – 
to the motor nuclei of the cranial nerves, including the oculomotor nuclei. 
Other nerve fibres have reflex connections with the red nucleus and nuclei 
of the brain stem, and by means of collateral or terminal twigs from affer-
ent neurones with the corpus striatum and the cerebral cortex. All direct 
thalamocortical end corticothalamic fibres pass through the reticular for-
mation. Long efferent fibres pass from the reticular formation not only to 
the spinal cord but also to higher levels of the brain and to the cerebellum, 
while long afferent fibres reach the reticular formation from these regions. 
Descending fibres (corticoreticular) end in those areas of the reticular 
formation which give rise to the reticulospinal axons, forming in effect a 
corticospinal pathway. They arise mainly from the motor area of the cor-
tex and a few from the temporal and occipital regions. Some are crossed. 
Tectoreticular fibres from the superior colliculus are both crossed end 



124 Posture and Allied Processes in Man

uncrossed. The great complexity of possible paths for nervous impulses is 
increased by the presence of ‘association’ cells of various types, together 
with numerous dendrites end axon collaterals.

Three of the so-called nuclei of the reticular formation have connec-
tions with the cerebellum – the nucleus tegmenti pontis, the paramed-
ian and the lateral. Only the first two receive fibres from the cerebellum. 
Probably the lateral regions have associative functions, whereas the medial 
regions are directly involved in effects upon the cord and higher regions, 
and form part of the feed-back circuits.

Stimulation of a ventro-medial area in the lower part of the medulla 
causes active inhibition of spinal reflexes, of decerebrate rigidity and of 
cortically induced movements. Granit and his collaborators (1955) have 
shown that the muscle spindles are under reticular control and are prob-
ably influenced by the cerebral cortex as well as by the cerebellum. Again, 
stimulation of a lateral area that reaches up into the tegmentum facilitates 
reflexes of the lower centres and augments the effects of stimulating the 
motor area. For example, the cephalic end enhances knee jerks; the cau-
dal end inhibits them. Both facilitation and inhibition act upon sensory 
as well as upon motor impulses (Magoun and Rhines, 1947; Megoun, 
1949).

In brief, it appears that the reticular formation is an activating system 
essential for alertness, attention, wakefulness end consciousness. Action 
potentials have been recorded in the reticular formation following stimu-
lation of almost very type of receptor – optic, auditory, olfactory, vagal, 
splanchnic and peripheral sensory nerves (Magoun). The neurones which 
induce wakefulness end attention – the arousal reaction – are influenced 
by the cerebral cortex. Further, the reticular formation is important in 
regulating movement and muscle tone, respiration and blood pressure, 
the maintenance of consciousness and the control of sleep, and the tonic 
neck reflexes of the cranial and cervical nerves. Afferent stimuli alone do 
not induce the wakeful state directly, but only by means of stimulation of 
the reticular ascending system, with which they are related by collaterals. 
At the cephalic level it activates and regulates those cortical activities that 
underly the state of wakefulness and concentration upon which the higher 
functions of the brain largely depend. It is said also to be the site of action 
of certain drugs, e.g., antidotes to narcotics.
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GLOSSARY

Allantois: a sac-like outgrowth of endoderm covered by a layer of meso-
derm, which carries blood-vessels, and develops from the hinder 
end of the primitive gut in reptile, bird and mammal embryos. It 
enters into the formation of the placenta, and subserves respira-
tion, nutrition and excretion. It soon degenerates in man. Like the 
yolk sac the allantois is contained within the body stalk or primitive 
umbilical cord.

Amnion: originates in mammals as a space in the inner (ectodermal) cell 
mass – the amniotic cavity – which fills with fluid and increases in 
size, finally enfolding the embryo in a protective membrane. Dur-
ing pregnancy the foetus is suspended by the umbilical cord in the 
amniotic fluid.

Archenteron: the new cavity formed at the gastrula stage of the early 
embryo by invagination of the wall of the blastula. It consists of 
endodermal cells and communicates with the exterior at the blas-
topore. The archenteron is the primitive gut cavity.

Area opaca and area pellucida: the marginal zone of the blastodisk, which in 
the highly-yolked eggs of birds and some other animals represents 
the blastula of Amphioxus and the frog, is termed the area opaca in 
contrast with the clear central part of the blastodisk, known as the 
area pellucida. Cleavage first begins in the latter, and in it too the 
primitive streak develops.

Blastocoele: the cavity which appears within the blastula towards the end 
of cleavage.

Blastocyst: the mammalian equivalent of the blastula. It is circumscribed 
by the trophoblast.

Blastoderm: a name given to the central cells of the blastodisk after the 
blastocoele has appeared.

Blastodisk: a discoidal cap of animal pole cells, equivalent to the spheri-
cal morula of Amphioxus and the frog, which is formed in highly 
yolked eggs during cleavage, and which constitutes the embryo. Its 
characteristic shape is the result of having to grow over the surface 
of a large yolk sphere.

Blastopore: the mouth of the double-layered, cup-like structure, known 
as the gastrula, whereby the archenteron communicates with the 
exterior. Its dorsal lip is of great importance in early development.

Blastula: the name given to the morula after its internal cavity has formed 
at the end of the cleavage period.



126 Posture and Allied Processes in Man

Cephalo-caudal direction: head-to-tail direction.
Corpus striatum: the brain-stem of the human brain represents the primi-

tive vertebrate brain prior to the evolution of the cerebral hemi-
spheres. It consists of the medulla oblongata, the pons, the isthmus, 
the mid-brain, the inter-brain and the end-brain, i.e. all the brain 
except the cerebrum and the cerebellum. The corpus striatum con-
sists of two, partly conjoined nuclei of the end-brain, separated 
dorsally by delicate gray stripes (hence its name) embedded in the 
basal part of each cerebral hemisphere. In sub-mammalian verte-
brates, especially birds, it is the highest centre for the correlation 
of sensory impulses. Lesions of the corpus striatum are found in 
certain diseases, some of which are hereditary, characterized by 
disorders of voluntary movement, tremor and muscular rigidity, 
due to overaction of the stretch reflex, e. g. paralysis agitans and 
Kinnier Wilson’s Disease.

Ectoderm: the primary germ-layer of the embryo, from which skin and 
nervous tissues are developed. It is first differentiated during gas-
trulation as the superficial layer of the gastrula.

Embryonic disk or shield: a lamina of cells, constituting the embryo proper, 
which lies between the amniotic cavity and the yolk-sac in mamma-
lian embryos. The primitive streak is developed at its posterior end.

Endoderm: the second germ-layer of the embryo, which ultimately forms 
the epithelial lining of the digestive system including that of all the 
glands which open into it; Of the lungs; and of the urinary bladder 
and urethra. It is composed of cells which have moved from the 
surface of the embryo into its interior during gastrulation.

Gastrula: the stage of embryonic development which succeeds cleavege 
and the blastula. As a result of a series of complicated and progres-
sive movements, regional masses of surface cells become invagi-
nated into the interior of the blastula, converting the latter into a 
double-layered, cup-like structure.

Gestalt theory: emphasizes the part played by form or pattern in percep-
tion. The act of perception is responsiveness to configurations, i.e. 
to the relationships of the elements of the stimulating situation 
rather than to the isolated elements; even a collection of dots is 
perceived as a figure and not one by one as separate units. A per-
ception is ‘a quality upon a ground’, a total unity from the first. The 
distinction of figure and ground is a fundamental principle in the 
organization of experience and behaviour. Apprehension is always 
and primarily an apprehension of the form quality which trans-
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forms the collectivity of elements into en organized whole.
Graviceptors: a collective term for all the sensory end-organs which respond 

to stimuli arising within the body, e. g. the maculae of the utricle 
and saccule, the cristae of the semi-circular and others specifically 
responsive to the influence of gravity and concerned with orienta-
tion and equilibrium.

Hensen’s Node: A knot or mass of rapidly proliferating cells at the anterior 
or head end of the primitive streak in the higher vertebrates. The 
primitive streak represents the fused lateral lip of the blastopore 
and Hensen’s node the dorsal lip. Both are active as growth centres 
and contribute to the formation of the notochord. With the appear-
ance of the primitive streak the longitudinal axis of the body is first 
defined.

Inner cell mass: Early in the blastocyst stage (q.v.) of mammalian embryos 
a cluster of cells develop at one pole of the internal surface of the 
trophoblast. This is the inner cell mass, which is soon organized 
into the embryonic disk (q.v.) and develops into the future embryo.

Medullary plate or neural plate: the dorsal ectoderm anterior to Hensen’s 
node (q.v.) becomes thickened and flattened, then depressed to 
form a groove, which later is converted into a tube, the neural tube. 
The neural or medullary plate is the primordium of the whole 
nervous system.

Mesoderm: the third germ 1ayer and the latest to appear. It originstes 
between the layers of ectoderm and endoderm, end becomes dif-
ferentiated during development to form a variety of tissues – bone, 
blood, muscles, connective tissue, etc.

Metabolism: the system of chemical processes which provides the liv-
ing organism with its energy and the materials for its growth and 
repair. It embraces an immense number of chain reactions and 
cyclic processes mediated by enzymes, occurring uninterruptedly 
within the body cells, by means of which food elements, and also 
the cell constituents themselves, are broken down to simpler forms 
(catabolism) and rebuilt into new, complex combinations (anabo-
lism) for growth and repair. During catabolism energy is released 
in the form of heat and for the performance of external work.

Metamerism: a characteristic of the axiate pattern of animal structure, 
denoting a serial repetition of fundamentally similar segments 
along the antero-posterior axis of the body, both in invertebrates 
from the Annelida upwards and in vertebrates. In the latter, meta-
meric segmentation is shown most clearly in embryonic develop-

Glossary
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ment, e.g. the somites and branchial arches; in the adult the body 
becomes a whole so unified that its underlying segmentation is 
obscured. Nevertheless, the vertebrae, the segmental arrangement 
of the spinal nerves and ganglia, the ribs and intercostal muscles, 
etc., are evidence of a metameric structure.

Milieu intérieur: the internal environment of the organism as opposed to 
the external environment, i.e. a collective term for the conditions 
in which the vital processes of metabolism occur, and the regula-
tion of these conditions in order to ensure constancy. The latter 
include temperature, quantity and composition of the intracellular 
fluid, ion content, hydrogen ion concentration, osmotic pressure, 
and many others.

Mutation: the appearance of new characters, amounting to a new type of 
organism, not inherited from the ancestors of the mutant but herit-
able by its descendants, as a sudden, discontinuous phenomenon, 
as opposed to a succession of minute changes progressively intensi-
fied by natural selection. Mutations are manifestations of changes 
in the gene-complex of the organism.

Myotome: the cells of the dorso-mesial region of a somite destined to form 
the skeletal muscles developing at that segmental level. Most of the 
skeletal muscle of the body is derived from myotomes.

Placenta: of two-fold origin: 1) From the foetus, as a result of the coa-
lescence of two of the primary foetal membranes, the allantois 
(q.v.) and the serosa, which is derived from the trophoblast rein-
forced by a layer of mesoderm. These fuse to form the chorion, 
end the chorion fuses with the uterine lining (endometrium) to 
form the placenta. 2) From the uterus. At the site of implanta-
tion the endometrium becomes hypertrophied and partly eroded, 
so that the blood-vessels contained in finger-like processes (villi) of 
the chorion lie in excavated spaces bathed in maternal blood and 
lymph permitting oxygen and food substances to enter the embryo 
and excretory products (CO2 and urea) to leave it. The placenta is 
known popularly as the after-birth.

Plasmodium: a comparatively large, multinucleated mass of protoplasm, 
formed by the coalescence of several cells with single nuclei. The 
individual cells lose their identity through the disappearance of 
their cell membranes.

Primates: the highest order of mammals, including lemurs, apes, monkeys 
and man.

Protoplasm: a highly complex physico-chemical system in the colloidal 
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state, including, as well as its chemical composition, certain mor-
phological units – cytoplasm, nucleus 2nr1 cell-membrane, and, 
possibly, certain fibrillar elements also. The last may be protein 
molecules arranged in the form of long, polypeptide chains. Proto-
plasm is the essentil basis of a living cell.

Sclerotome: the primordium of the vertebral centrum, consisting of a clus-
ter of cells derived from each of two adjacent mesodermal somites 
which become sggregated around the notochord.

Segmentation: a term applied to two distinct processes: l) Metamerism 
(q.v.); 2) the phase of cell division of the ovum which follows ferti-
lization, i.e. cleavage.

Somites: segmented mesodermal blocks on eech side of the notochord, 
each of which gives rise to a myotome, innervated by a ventral 
nerve root; a sclerotome; and the dermis of the skin.

Trophoblast: the external layer or ectoderm of the mammalian blastocyst 
(q.v.) at the inner-cell-mass stage. It takes part in the formation 
of the chorion and the chorionic villi which penetrate the uterine 
endometriurn. It is improtant for foetal nutrition and respiration.

Glossary
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Postscript Note on Charles M. Child
Malcolm Williamson

Charles M. Child (1869–1954), was the American zoologist who, around 
1911, developed the axial gradient theory of development; that quantita-
tive metabolic differences in the organism, or gradients, accounted for 
development. Early in the 20th century, Child’s work had considerable 
currency but, by the second half of the century, he had become little more 
than a historical footnote. Child frequently studied planarians, hydroids, 
and other animals that are capable of asexual reproduction, and his theo-
ries most clearly apply to such organisms. In fact, the demise of Child’s 
theories may have resulted from changing trends in the study of biology 
towards, for example, the field of transmission genetics based on the study 
of fruit flies. 

The numerous researches Child conducted from 1910 to 1915 on the 
regeneration of planarians led him to the concept of the existence in such 
simple axiate organisms of a gradation in rate of metabolism along the 
axis. In this gradient Child believed he had found the mechanism of cor-
relation by which the mass of cells that constitutes an animal is main-
tained as a unified whole of definite form and construction. The chief fac-
tor in correlation is antero-posterior dominance, i.e., each level dominates 
the region behind and is dominated by that in front. His theories were the 
subject of an outstanding book, Individuality in Organisms (University of 
Chicago Press, 1915).

 The main axes of a developing embryo of a South African claw-toed 
frog. The antero-posterior axis and the dorso-ventral axis are at right 
angles to one another as in a coordinated system. Taken from  Wolpert 
et al, p. 10; fig. 1.13.
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Child’s biographer writes:

From about 1915 Child devoted his researches to the demonstration of 
the existence of physiological gradients in a great variety of materials, plant 
and animal, adult and embryonic. The method consisted in placing the 
organism in a lethal solution and observing the progress of death and dis-
integration, which were found to correlate definitely with the axes of the 
organism. Originally Child employed potassium cyanide as a disintegra-
tive agent because this substance was known to inhibit oxidative processes; 
hence, Child reasoned, the most active parts of the organism must be most 
susceptible to it, the least active the least susceptible. Thus the organism 
when placed in suitable concentrations of cyanide displays a susceptibility 
gradient, not dying all at once, but each level dying in correlation with its 
preceding rate of metabolic activity. . . . Additional evidence to the same 
effect was obtained by exposure to various dyes which were found to stain 
the organism differentially with respect to the axis’ (Hyman).

Child’s last book, summarising his lifework is a large volume entitled, 
Patterns and Problems of Development (University of Chicago Press, 1941).

The phenomenon of ‘induction’, in which one tissue directs the devel-
opment of another, neighbouring tissue was classically demonstrated by 
Spemann and Mangold in 1924 (for which Spemann received a Nobel 
Prize in 1935). Today we know that, in fact, there is no single universal 
strategy or mechanism of patterning formation in the development of the 
embryo. Rather it is achieved by a variety of cellular and molecular mech-
anisms in different organisms and at different stages of development. The 
role of genes in controlling development has only been fully appreciated 
since the late 1960s. Genes control development mainly by determining 
which proteins are made in which cell and when.

All the somatic cells in an embryo are derived from the fertilized egg by 
successive rounds of mitotic cell division. With rare exceptions, they all 
therefore contain identical genetic information, the same as the zygote. 
The differences between cells must therefore be generated by differences 
in gene activity. Turning the correct genes on or off in the correct cell at the 
correct time becomes the central issue in development.

As all the key steps in development reflect changes in gene activity, one 
might be tempted to think of development simply in terms of mechanisms 
for controlling gene expression. But this would be highly misleading. For 
gene expression is only the first step in a cascade of cellular processes that 
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change cell behaviour and so direct the course of embryonic develop-
ment. . . . In fact, there are very few cases established where the complete 
sequence of events from gene expression to altered cell behaviour has been 
worked out. The route leading from the gene to a structure such as the five-
fingered hand may be tortuous (Wolpert, pp. 14-15).
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