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INTRODUCTION

If all the activity of the human body’s six hundred stkadlenuscles were consciously
controlled, very little would get done. Despite its enous computing capacity, the

brain would not be able to handle the task of evalualhgthe possible ways of

carrying out every action and deciding on the best ofide marvellous speed,

versatility and flexibility of human activity is onlgossible because most of it relies
on reflex muscle actions.

Although modern neurophysiology enjoys access to incrglgsiprecise and
sophisticated measuring tools so that nowadays the damgdi of individual neurons
is readily monitored, understanding of the overall behaviof the neuromuscular
system is still based to a surprising extent on thights of the early pioneers of
neuroscience. Sir Charles Sherrington’s 1906 wohle integrative action of the
nervous systemis regarded as the founding text of modern neurosciendeisan
largely devoted to the working of the innate reflex eyyst of the vertebrate animal.
Within that framework, Sherrington’s contemporary, @notégé, Rudolph Magnus,
an almost certain Nobel prize-winner were it not litcg sudden early death, devoted
his research talents to elucidating the postural reflex€he best part of a century
later, their neurological discoveries and insights metaost of their freshness and
relevance.

The work of these and other early neuroscientists batethe overall patterns of
neuromuscular functioning in vertebrates. The speciaterm of this paper is the
relevance of this neuroscientific work to human beinghe postural reflexes are not
solely concerned with the way we sit and stand. Whese reflexes are allowed to
do their job properly, they automatically bring about mosth and harmonious
integration of the different parts of the body in & activities. When they are
prevented from working as they should, the functioninghef whole musculature
deteriorates, leading to localised joint and muscle problas well as damaging
effects on our physical and psychological health.

In the present-day flood of new and detailed knowledge atdisposal of those
concerned with health, fitness, and well-being thedree an integrated view of what
is happening in the total neuromuscular system is ofteerlanked. Fitness
programmes and exercise regimes tend to focus on thelyeldentified deficiencies
of particular body areas and muscle groups. Back and shqalthsr weak knees and
ankles, stiffening hip joints and the general aches mjndds of ordinary living are
treated with rubs, supports, painkillers, and programmedgrefgithening exercises
without taking into account the larger-scale posturalunationing which inevitably
accompanies these specific problems.

This paper provides a background briefing on the neurosciehdie postural
reflexes and explores the relevance of this for #tre and maintenance of the overall
neuromuscular system. It looks particularly at the rdléhe head-neck relationship
which was highlighted by Magnus and Sherrington and has theesubject of much
subsequent study. Malfunctioning in the head-neck areanyasxperienced physical
therapist will attest, is implicated in a range of aiits from tension-headaches to flat
feet.

Section 1 gives a brief introduction to the careersvemdk of Sir Charles Sherrington
and Rudolph Magnus whose neurological research and findiaghe@main topic of
this paper; it also provides some definitions and backgrounthe terms reflex and
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posture. Section 2 examines Magnus’ research findingeonme detail. Section 3

attempts to weave together a broader perspective osigiiécance of the postural

reflexes in the overall functioning of the neuromuscseimtem. Section 4 examines
some of the scientific work that has been subsequeathjed out on the head-neck
relationship the importance of which was highlightedMagnus. This section draws
particularly on the proceedings of an international syswpo on the head-neck
sensory motor system held in Paris in 1991 at which twerhundred papers were
presented.

Section 5 looks at the Alexander Technique. F. M. Aldea, an Australian actor,
who was a near contemporary of Sherrington’s caméotadon in 1904. While
developing a method of dealing with his own voice probldmshad himself become
aware of the importance of the head-neck relationshipeuromuscular functioning
He referred to it ashe primary controlmaking it a central concern in what has
become known as the Alexander Technique

In his last book, Sherrington explicitly praises Alexanand his approach. The final
section therefore examines the Alexander Techniquaugiir what might be called a
“Sherringtonian” or “Magnusian” lens. Alexander wasmeuroscientist, and there is
no record of him ever using the phrase “postural refl&xit he was a shrewd and
meticulous observer and the key aspects of his Techfiguadily within, and are
illuminated by, the work of Magnus and Sherrington. Bhistion also looks at some
scientific observations on the Technique made by thatomist and paleo-
anthropologist Raymond Dart and the developmental bialéggorge Ellett Coghill
based on their personal experience with Alexander andritings.

The paper is addressed to healthcare professionals, ndiexd echnique teachers,
experienced pupils in the Technique and others interestew ineuroscience behind
muscle and joint functioning, exercise and physicalggne



SECTION 1: BACKGROUND

Understanding of the nervous system began to grow rapally the middle of the
19" century. Charles Sherrington’s experimental studiesigliube 1890s resulted in
some of the key scientific breakthroughs but it wasntaster-workThe integrative
action of the nervous systepublished in 1906 which synthesised what had gone
before and created the still-existing framework of modeeuroscience. Rudolph
Magnus, taking inspiration from Sherrington, began workhenpostural reflexes in
1908 and produced the definitive study of their functioning in 1924.

To discuss eithereflex and posturewithout defining them is inviting trouble. Both
words are so encrusted with popular impressions that hangiytwo people would
agree on what exactly they mean by them. The faligwliscussion is not an attempt
to lay down the law on what these terms “should” meklns simply to clarify from
the beginning how they are used in this paper.

Charles Sherrington and Rudolph Magnus

These two distinguished scientists share the commenofatany great pioneers in
their subjects. Their work defined the territory anddme so widely and deeply
taken for granted that people no longer refer to theginal contribution. As this

paper is specifically concerned with their findings oa plostural reflexes, it is worth
putting their findings into context by giving a brief aoab of their careers.

Charles Sherrington

Sherrington was born in 1857. A bright student, he qualdieca member of the
Royal College of Surgeons in 1884 and obtained a medical dégraeCambridge
University in 1885.

In 1891, he became the Physician-Superintendent of aralar@search centre, called
the Brown Institute in the University of London. time four years he spent there he
produced a stream of research papers which began to “beild@ndation on which
modern neurology is basetlFle was elected a fellow of the Royal Society in 1893
and became Professor of Physiology at Liverpool Usityem 1895. This was one
of the most productive periods of Sherrington’s careble became professor of
Physiology at Oxford in 1913 and remained there until Hisereent in 1936 at the
age of 79.

He published a total of 320 scientific papers in his careeering nearly every aspect
of mammalian nervous functioning. He identified the fiomc of the synapse in the
nervous system, and coined the name; he found thake®fl@ust be regarded as
integrated actions of the total organism, not isolaiedities of groups of muscles as
was believed at the time; and carried out a varietgxglerimental studies on the
postural functions of the nervous system.

Additionally he maintained a broad range of cultural eses. His last book was a
life of the 16" century French physician Jean Fernel whom Sherringg@nas a key
figure in the emergence of the scientific attitude. sThias published a3he
Endeavour of Jean Ferneét 1946. The following yeafFhe integrative action of the
nervous systerwas republished as a tribute to Sherrington on hisiethebirthday.

! Cohen (1958)p7



He contributed a long new introduction which showed htile the intervening forty
years had dimmed his interest and intellectual capacities

He became President of the Royal Society in 1920, mstdiis knighthood in 1922,
the Order of Merit in 1924, and was awarded the Nobet B1i2932. In addition he
received numerous international honours. He died in 1952.

Rudolph Magnus

It was Rudolph Magnus, rather than Sherrington himsél§ warried out the defining
studies on the postural reflexes. Magnus was born im&wgrin 1873 and studied in
the University of Heidelberg where he qualified as a osddoctor with a
specialisation in pharmacology in 1898. He then took up atigosn the
pharmacology department in the University and becamasaaciate professor. At
that stage in his career, he was primarily interestethe physiological effects of
drugs and kept in touch with the rapid developments in phgsidgleen taking place.

He attended the Third International Physiology Congre&erne in 1895 where he
witnessed an experiment by Sherringtorihree years later at another international
physiology congress, this time in Cambridge, he sawxagerenent by Sherrington
which he described as “elegdnt. In the meantime, his own reputation in
pharmacology was growing and he presented some of thésrestiis research into
the effects of various drugs on intestinal functioningaatinternational congress in
1904.

Like many of the major scientists of his day, he hdataad classical education and
was particularly interested in Goethe and Kant. Rouisdtithe, he gained access to
the collection of Goethe’s scientific experimentalipment at the Goethe Museum in
Weimar and persuaded the museum authorities to allow hiepteat the experiments
on which Goethe’s had based his theory of colour.sidgi from this experimental
work and his research into the Goethe archives, Madeligred a series of lectures
on Goethe as a scientist at the University of Hb&lgl. These appeared in book form
in 1906 and were published in an English translation in 1949.

Magnus remained interested in philosophical issues alliftiand was particularly
curious about how the nervous system provides us aitbriori — or innate —
knowledge. This was, in fact, to be the subject cdcaure at Stanford University,
never delivered because of his death, but which was peblisome years lateln
1908, he visited Sherrington in Liverpool and spent some torking with him in
his laboratory on a problem of muscle excitation.sTVisit changed the course of
Magnus'’ life.

His biographer comments:

... he could not have anticipated that this would be the start of a long
series of investigations on posture for which he would gain lasting
international recognition.

On his return to the University of Utrecht, wherehael just been appointed Professor
of Pharmacology, he set up a programme to investigaten¢beophysiology of

2o. Magnus (2002)p51
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posture. It turned out to be a task which occupied theegrgatt of his scientific
talents for the rest of his life. Sherrington, despis own interest in the subject, was
content to leave the bulk of the research on postuMatgnus and his colleagues in
Utrecht.

In his contacts with Magnus, Sherrington had clearlyveated him to the view that
the question of posture was not only more complex th&voked at first sight, but

that it also opened up fruitful areas of investigation itite overall functioning of the

neuromuscular system. When presenting the results @fdris some eighteen years
later, Magnus had this to say about why he had choseéarpas his primary research
subject

Movement affords many points of attack for research because by
movement, changes in the condition of the body or its parts occur,
which attract the attention of the observer and can be recorded and
measured. This is not the case when posture is studied so that our
desire for causality is not stimulated, and we therefore do not
immediately suppose that active processes are at work. In
consequence of this the physiology of posture is of relatively recent
date and many facts to be described in these lectures have been
discovered by still living scientists among whom Sherrington must be
named in the first place. The chief result of these investigatidhat
posture is an active process, and is the result of the cooperation of a
great number of reflexes, many of which have a tonic character.

The First World War disrupted research activities a$ asscommunication between
the two men and it was the mid-1920s before the full frefitMagnus’ work were

made public. Not long afterwards, in 1927, he died unexpecitdlye age of 54
while on holiday in Switzerland.  Although it was wiledxpected he would be
nominated for the Nobel Prize in that year it is asarded posthumously.

What is a reflex?

Even among scientists, the teraflex is used in a variety of ways. Because of the
lack of an agreed definition, some authors have evendeved whether the
distinction between reflex and voluntary has any reimgi scientific justificatiors.
But if care is taken to be clear about what is megnit,lthe termreflex can fill a
need.

For the purpose of the present paper, Sherrington’s dafing adopted. In his
introduction to the 1947 re-publication ofrhe integrative action of the nervous
systemhe wrote:

The behaviour of the spider is reported to be entirely reflex; blexre
action, judging by what we can sample of it, would go little way
toward meeting the life of external relation of a horse or cat or dog,
still less of ourselves. As life develops it would seemiriitae field

of external relation “conscious” behaviour tends to replace reflex, and
conscious acts to bulk larger and larger. Along with this change, and
indeed as part of it, would seem an increased role for “habit”. Habit

! Magnus (1926a)p531
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arises always in conscious action; reflex behaviour never arises in
conscious action. Habit is always acquired behaviour, reflex
behaviour is always inherent and innately given. Habit is not to be
confounded with reflex actidn.

Berta Bobath, whose well-known text éibnormal postural reflex activitgescribes
her pioneering approach to the treatment of cerebral @add other neurologically
based muscular disorders, also had doubts about the use tdrithreflex. She
suggested it would be more useful to refergostural reactions’or “responses’but
settled for Sherrington’s definition. In the thirdtexh of her text, published in 1985,
she says:

In keeping with the publications available to us in 1965 and 1971, we
used the term ‘reflexes’ rather loosely. However, we now accept
Sherrington’s view that a reflex is a stereotyped response, always
recurring in the same unchanging mannét...

As Sherrington defined it, much of what commonly pagseseflex action is, in fact,
learned behaviour.  Certain actions become learneth@wughly that they are
carried out without conscious thought. It is easy t@gaise this in the “mindless”
routines of household or work tasks; but it is also triune way athletes and sports
people go about many of their activities. Despite thrmon journalistic description
of various rapid sporting responsegeftex no one is born with the ability to return a
high-speed tennis serve or respond to a starter’s gunerhendredth of a second;
these are learned skills. Pavlov's so-called “comuiitbreflex” is another example of
learned behaviour. So also are the distinctive wayshich each one of us walks,
sits, breathes, talks and carries out the countlessnacof daily life. All these
activities carry the imprint of learned experience.

In the context of this paper, Sherrington’s distinctnimportant because it draws a
line between activities that can be learned and thdseh are evoked from the innate
capacities of the neuromuscular system. This is rbffeaentiation between types of
muscle behaviour — whether reflex or voluntary, musoletractions are essentially
the same — but of whether they are controlled fronttneex or sub-cortically.

In addition to recognising the importance of the diskamctbetween learned and
reflex, it is also important to note that there Bmkages between our consciously-
willed actions and the underlying patterns of reflex agaried behaviour. In a
striking passage in his last book, Sherrington says:

It is largely the reflex element in the willed movement orypest
which, by reason of its unconscious character, defeats our attempts to
know the “how” of the doing of even a willed act...Of the
proprioceptive reflexes as such, whether of muscles or earbwiesti

we are unconscious. We have no direct experience of the ‘wash’ of the
labyrinthine fluid or, indeed, of the existence of the labyrinths at
all..*

In this passage, Sherrington is pointing out that evensmoplest voluntary actions
are supported on a dynamic infrastructure of innate refiescle activity. Whenever

9 Sherrington (1906)pxvi
10 Bobath (1985)pxi
1 Sherrington (1946)p89



we do something deliberately, we unconsciously bring piey a huge number of

reflex responses, varying from subtle balancing adjugsmarthe tone, or tension, in

the muscles in various parts of the body — these ageredfto as “tonic reflexes” —

through to the quick and often effortful movements of énthat take place, for

example, when we towel ourselves vigorously after avehmr make a dash for a

bus. The important point is that whatever deliberat®a we perform and no matter

how we concentrate on it, the details of the assedtiaupporting and compensatory
muscular contractions and releases happen reflexly, indepty of any conscious

input from the brain.

It is thus paradoxical that although we readily take respility for our conscious
acts we do not know exactly how we manage to do th&fore interestingly, it is the
superstructure of consciousness which enables humanse hafises, dogs, and still
less spiders — to acquire habits that distort and ineesrfath the working of their
reflexes and undermine the functioning of their owneselvThe way in which human
learned behaviour interacts, often detrimentally, vtk relationship between the
deliberate and the reflex is a theme which is develop#te later parts of this paper.

It is also worth making clear that Sherrington hadsympathy with the reductionist
view that all activity is reflex, simply the result auitomatic neurological responses to
external or internal stimuli. Although the reflexe®ywde the essential underpinning
for all the body's activities, for Sherrington the littonal decision-making mind
occupies the primary role in human behaviour.

The question of posture

The wordpostureis alsoused in widely different ways. Many of its meanings are
associated with deliberately assumed ways of holdingbtdy. Walking about,
stiffly balancing a book on the head, used to be a camway of training young
people in what was supposed to be good posture. In this, plhparvord posture
refers to the natural, or innate, relationship of phaets of the body to each other in
sitting, standing or walking; it is perhaps best approxithdig the old-fashioned
word “carriage”.

The question of posture, at first sight, seems an unlikelgl point for some of the
major advances in neuroscience made in the early decédies 20" century. Yet
from an early date Sherrington had seen how the mainte of posture was just as
complex and demanding of the nervous system as movement.

As he said:

...much of the reflex reaction expressed by the skeletal muscutature

postural. The bony and other levers of the body are maintained in
certain attitudes both in regard to the horizon, to the vertical, and to
one another...Innervation and co-ordination are as fully demanded for
the maintenance of a posture as for the execution of a movément.

Far from representing a fixed and rigid configuration @f thuscles, posture displays
them in action in patterns as dynamic, if not so idiately evident as those of
movement.

12 Sherrington (1906)p339



SECTION 2: MAGNUS’' RESEARCH

The question Magnus posed himself was a challenging owsture is in constant
flux. The flow of nerve impulses from the nervous egstto the muscles is
continually changing in response to the sensory inpata the external world as well
as those from the various feedback systems withibaldg itself.

Magnus set himself the task of identifying the separatetions of the different
interacting systems involved in this. He was partitylaterested in clarifying the
role of the postural reflex systems and distinguishing #wivity from that deriving
from voluntary or learned patterns of behaviour. Hes assisted in this work by a
team of researchers — one of these was the notembatoAdriaan de Kleijn who was
Magnus’ co-author in numerous scientific papers.

The research approach

Magnus and his associates investigated the posturala®fiexa variety of vertebrate
animals including dogs, cats, monkeys and guinea pigs. Terimental methods

demanded sophisticated brain surgery and many of the geelsnhad been developed
by Sherrington utilising the skills he had acquired as dicakdoctor and surgeon
before starting his neuroscientific research career.

In most cases the researchers worked with animata fuich the two cerebral
hemispheres had been removed; such an animal is caliketarebrate preparation.
The removal of the cerebral hemispheres in theseadsieliminated any element of
the voluntary from their activity; their actions weguaranteed to be purely reflex.
Although these were distressing experiments, the faat the animals were
anaesthetised before being operated upon and that the lhighe centres were
removed meant that the possibility of their feelingy aohysical pain during the
experimental work had been eliminated.

Magnus’ approach was to start with the simplest postunakibns, as displayed in an
animal from which the whole brain, from the top bé tspinal cord upward, had been
removed or detached from connection with the spinal;cis was termed spinal
animal Having established which reflexes were controlleanf the spinal cord
alone, the researchers looked at the behaviour ofamimwhich more of the brain
was allowed to function. They did this by making cutsuatcessively higher levels in
the lower brain and seeing which additional postural lubfjess were added as more
of the brain became involved. In this way, it vpassible to identify which postural
functions were located in which parts of the loweiror

In Magnus’ own words:

The known functions of the isolated spinal cord served as a starting
point. The new functions acquired by the spinal cord when it is
connected with the medulla oblongata were then established. After
this, the midbrain could be added resulting in the normal distribution
of tonus and the righting reflexes as new functional acquisitions.
Finally the principal postural functions were found intact after the
cerebellum was removed and thus their localization in the brainstem
was establishetf.

13 Magnus (1924)p655



Although the experimental work was carried out on anim#éi® neurological

structures and basic functioning of the nervous systesimmtar in all vertebrates.

Magnus makes a variety of references in his publishedk womrmways in which his

findings shed light on human functioning. The physiolo@grta Bobath, for

example, relied on his findings in developing her methofisliagnosis and treatment
of children suffering from cerebral palsy and related yrast abnormalities as a result
of brain damagé.

The vestibular apparatus

The balance, or equilibrium, of the body is intimatedated to posture. The term
static equilibriumis often used to refer to when the body is retainiagposition
relative to the force of gravity. The body must digoable to retain its balance when
its parts are moved relative to each other and whemvtiole body is in motion; this
is usually referred to adynamic equilibrium Both of these aspects of balance are
largely controlled by the vestibular apparatus.

Since the vestibular apparatus was the subject of malMlagnus’ experiments, it is

worth outlining briefly what is involved. The innearehouses a maze of winding
passages, collectively called the labyrinth. Therlably is divided into three areas,
the vestibule and, projecting above and backwards frornaet,three curved ducts
known as the semicircular canals; and the cochlea hwhantains the hearing

receptors. Within the vestibule are two sacs, thieleitand saccule, known as the
otolith organs. The utricle and the saccule, togeth#r tve semicircular canals, are
known as the organs for equilibrium and make up the vestiapfzaratus.

The otolith organs provide information on the tilttbé head. The walls of both the
saccule and the utricle contain a small thickened aaledahe macula. Each of the
two maculae, which are set at right angles to eacérotupports a set of tiny hair
cells. The hair cells are bathed in a gelatinous lag#ied the otolithic membrane in
which is embedded a layer of dense calcium carbonaseatsycalled otoliths — otolith
literally means “ear-stone”.

When the head is in its normal position with the gaaezontal, the hair cells in the
utricle are positioned horizontally and those in thecske are positioned vertically.
When the head is then tilted forward, backward or sidswde otolithic membrane
lags slightly behind the movement of the head. Thises the hair cells to bend,
resulting in the transmission of impulses through thewlan and saccular nerves to
the vestibular branch of the vestibulocochlear nérvéhe otolith organs, in this way,
act as a three-dimensional system, a complex typiof level, for monitoring the
tilt of the head from moment to moment.

The three semicircular canals provide information avements of the head. They
are set at right angles to each other in three plandsonsist of ducts filled with a
fluid called endolymph. One end of each canal has d smdnded or dilated area
called the ampulla. In each ampulla, there is a ridgswalling upwards from the

base of the canal called the crista. On top of tlsta¢ a group of hair cells projects
upwards and is covered by a small mass of gelatinousiatagdied the cupula.

When the head moves, the movement of the cupula, beoéitsenertia, is delayed
slightly compared to that of the head. This drags thrededs on the crista out of

14 Bobath (1985)p
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their resting position, causing them to generate nenpallses. Smooth movement is
insufficient to stimulate the semicircular canalserehmust be a change in the rate of
movement, either acceleration or deceleration. §mesve impulses are collected in
the ampullary nerves and are also fed into the vestibblanch of the
vestibulocochlear nerve.

Magnus’ findings

Magnus and his colleagues published numerous scientific papetiseir research
proceeded so that the scientific world was kept awatkenf progress. Their detailed
final report covering the findings of the whole resbaproject was published in
German under the titl&orperstellungin 1924. Although this volume was not
translated into English until 1987, this was not the proltewould be today since
most scientists of Magnus’ time were literate in Gammwhich had been regarded as
the language of scienda the 19 century. In 1924, Magnus' scientific reputation
was already high as a result of his published papers ahdthet publication of the
final report his full research results would have beetessible to all the leading
neuro-physiologists around the world.

The first major public presentation of Magnus’ work ingksh was in the 1925
Croonian Lecture at the Royal Society in London, v@trerrington, who was at that
time President of the Royal Society, in the chéirwas probably the most prestigious
setting of the time for the public announcement of irtgodrscientific work. Magnus
also presented his findings in 1926 in the two Camerone Ftictures in the
University of Edinburgh, both of which were reprintedTihe Lancetin the same
year.

As a starting point for his Royal Society lecture, Magmdentified four aspects of
posture which he felt needed to be examined in detaig tddmed thempartial
problemsand listed them a®flex standingnormal distribution of toneattitude,and
the righting function This division is, of course, artificial since inhetintact animal
all these aspects of posture are present and interadititige time. But considering
them separately provides additional insights into whatwvslved in the totality of
posture, both when it is working properly and when it nmafions.

Reflex standing

If an animal is to stand normally, the muscles usedtanding must be able to
maintain the necessary tone. Magnus found that spmalals, those in which the
whole brain had been extirpated, were capable of compements when they
were suspended in an upright position. They were, for geamble to make running

and walking movements when the pads of their feet wareilated, showing that

these actions are controlled in the spinal cord. tBese animals collapsed if they
were placed in a standing position.

Magnus remarks:

“The centres of the spinal cord can indeed cause and regulate very
complicated combinations of movements, but they are unable to give
the muscles that steady and enduring tone which is necessary for
simple standing.’®

16 Magnus (1925)p341
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Ed When more of the brain was left in place by making tut further up the
brainstem, somewhere between the medulla oblongatdahantbremost part of the
midbrain, the animal was able to stand. But it did rs@ istate of what is called
decerebrate rigidity. The antigravity muscles, the extensors of the lintbhe
extensors of the back, the elevators of the neckalhémnd the closing muscles of the
jaws, had abnormally high tone, whereas their antatgnihe flexors, had virtually
none. The overall result was that, although the @nomuld stand if it were placed
on its feet, the distribution of tone was abnormal #me animal's posture was stiff
and distorted’

Magnus makes the additional comment:

The stimuli inducing the enduring tone of the standing muscles in
decerebrate rigidity arise from different sources, the proprioceptiv
sense organs in the contracted muscles themselves playing the most
prominent role'?

He is pointing out here that excessive muscle tonee anbas developed, has a
tendency to become self-sustaining. This is becals® where is excess tension in
the muscles their own internal sensing organs, theprmceptors, are stimulated to
produce signals to the nervous system which result irsthte being maintained.

Normal distribution of tone

In normal standing, the extensor and flexor muscles hizne level of tone required to
keep them in balance with each other. Magnus foundhigbccurred when the cut
in the brain was made at such a level that the thedamas included, producing what
the researchers calledrad-brain animalor athalamus animal.In these creatures, he
found that both the distribution of muscle tone and theding posture were more or
less normal.

He says:

In the thalamus animal the extensors of the limbs just have sufficient
tension to balance the weight of the body against gravity, so that every
force tending to raise or lower the body can easily move it in one or
the other directiort?

This was a persuasive experimental demonstration mhttei case of these animals
normal standing, including gentle movement around the egumbposition, even
though it involves complex interactions throughout theltskeletal muscle system,
was working as a wholly reflex activity and was aldetdke place in the absence of
the cerebral cortex.

Attitude

Magnus uses the terattitudeto refer to how the parts of the body relate posilign

to each other. Thattitudinal reflexescome into action when the position or the tone
in one part changes in relation to the rest of thdybo An example of this is when a
part of the body is braced or stiffened. As this happéesattitudinal reflexes bring
about compensatory changes in the rest of the bodyaotiie muscular system
remains in an overall state of balanced tone.

7 Ibid. p341
18 |bid. p341
9 |bid. p342
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Magnus remarks:

It is noteworthy that these reflexes are most easily evoked tfrem
foremost part of the body, from the head, in which the teleceptive sens
organs are situated, so that distance stimuli influencing the position of
the head can in this way also impress different attitudes upon the
whole body. One can, in fact, in the decerebrate animal, by simply
changing the position of the head, give to the body a great number of
attitudes, resembling closely the normal harmonious attitudes of the
intact animal®®

By the teleceptive sense orggnMagnus means those sense organs which detect
objects at a distance, as opposed to the proprioceptaris gdtect changes inside the
body. The eyes are the most important teleceptorsumans and many other
animals; but hearing and the sense of smell are equaliyore important in others.

He is pointing out that when these teleceptive organscti@in object it tends to
evoke changes in the position of the head; we lookridsvine object the eyes have
detected or seek the source of the smell. The chantie iposition of the head,
through the medium of the vestibular system and the neafripceptors, brings
about reflex changes in the muscles in the rest dbadl.

As Magnus describes it:

It is possible, by giving to the head different positions, to change the
distribution of tone in the whole body musculature... The most striking
reactions appear in the extensors of the limbs and in the neck muscles.
The effects observed are the result of combined reflexes from the
labyrinths and from proprioceptive neck receptors, and ... in this way,
it is possible to impress upon the whole body different adapted
attitudes by changing only the position of the h&ad.

As an example of the attitudinal reflexes at work in iatact animal, Magnus

instances a cat standing in the middle of a room. Asmauns along the foot of one
wall, attracting the cat’s attention. The simple atturning its head to watch the
mouse evokes a series of attitudinal reflexes whichnaatioally put the cat into a

posture of readiness, with the weight on three pawstltanather slightly lifted and

ready to move. The result is that if a signal to peumere to come from its cortex,
the cat is perfectly poised for action.

Magnus’ description of what is taking place here is a mofigleticulous observation
and analysis:

The distribution of excitability in the motor centres of the spinadl cor

is rearranged by the turning of the neck, so that, if for some reason
running movements begin, the limb which has no static function will
always make the first step. In this way, the moving mouse irapress
on the cat, through the mediation of tonic neck reflexes an attitude, by
which the cat is focussed towards the mouse and made ready for
movement. The only thing the cat has to do is to decide: to jump or not
to jump; all other things have been prepared beforehand reflexly under

20 |bid. p342
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the influence of the mouse, which will be the object of the resulting
jump?

Even when the eyes are not involved, the attitudef@xes can be evoked by simply
moving the head. Magnus was able to demonstrateytmiking with decerebrate
animals in which any influence of the eyes is negditgdhe absence of the visual
cortex. He found that by altering the position of lead the distribution of tension or
tone (often referred to as tonus in older texts) waanged through the entire
musculature. These experiments also showed that thibutisn of tone remained
constant as long as the position of the head remaueesbime.

He says:

The changed distribution of tonus in the extensor muscles of the limbs
continues as long as the head retains its specific relation to the trunk,
making way for another distribution of tension immediately upon
alteration of the position of the head with respect to the trunk. It has
been found that for most changes of the relation of the head to the
body either the extremities on the right and left side, or of tleedod

hind limbs react in an opposite way.

The point in the above quotation about limbs on thet idgpid left sides reacting in an
opposite way refers to what Sherrington calleddtwessed reflexvhich he examined

in considerable detail. Sherrington found that manyhef leg reflexes in animals
evoked a contrary reflex in the opposite sense andeinogposite leg. If reflex

extension is induced in left hind leg, for example, itdeto stimulate a flexion reflex
in the right foreleg; such a pattern of reflexes iddem, for example, in walking.

Magnus was pointing out that simply turning the head tosmetends to produce a
similar crossed-reflex pattern.

He also makes the point that the attitudinal refleees moaintain a particular attitude
for a very long time without the muscles becoming tireté says:

These reflexes are called tonic, because they last as long as the head
keeps a certain position; and that not only for minutes and hours, but
for days, months and even years...We are accustomed to believe that
muscular action is liable to fatigue, and this, of course, is true for
movements, and especially for movements performed against
resistance. But muscular action concerned in keeping some part of the
body in constant and unchanging position gives rise to much less
fatigue, and the attitudinal tonic reflexes evoked from the head appear
to be practically indefatigabl&.

The fact that these attitudinal tonic reflexes ca far years is indeed remarkable.
Magnus’ observations prefigure the findings by later ssienthat it is the non-

fatiguable red fibres in muscles that are primarily m@d in posture. One of the
earliest to point this out, in a paper to the Royali@gadn 1929, was Sherrington’s
colleague Denney-BrowA.

2 Magnus (1925)p345
= Magnus (1924)p7
24 Magnus (1925)p344
% McComas (1996) p191
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The righting reflexes

Therighting reflexesrestore an animal to its normal posture if it is dispd from this

by its own actions or by an external force. Thedlexes, unlike the tonic attitudinal
reflexes, can bring about major movements of the bodfie two types of reflex,

however, tend to shade seamlessly into each othikinathe normal intact animal
there is no clear demarcation between them.

As Sherrington said:

Naturally, the distinction between reflexes of attitude and reflekes
movement is not in all cases sharp and abrupt. Between a short
lasting attitude and a slowly progressing movement the difference is
hardly more than one of degré&e.

Magnus remarks that the righting reflexes are best stird@animal in which the cut
in the brain has been made at a level which ledweshalamus in place. In this case,
Magnus says:

Not only is the distribution of tone a normal one, but also the righting
function is fully developed, and the animal is able, from all abnormal
positions, to come back reflexly into the normal position. The esflex
which co-operate in attaining this result are the “righting reflexes.”
They can best be studied in the mid-brain or thalamus animal, in
which the fore-brain has been removed, so that no voluntary
corrections of abnormal sensations are possible.

When a thalamus animal is lifted by the body and heldpace with the head and
neck free, the head retains its position no matter thmwest of the body is moved
about. As Magnus observesVNhatever situation one gives to the hind part of the
body, the head is kept, as by a magic force, in its normal position in.’5ffat¢e
describes these reflexes which bring about the automegservation of the normal
orientation of the head as ttteead righting reflexes”

In other experiments of this kind, however, Magnus fourat tf the labyrinths are
extirpated, the head shows no tendency to hold its posithen the body is moved.
In this case, the position and orientation of thedhaee determined by what is
happening in the rest of the body. Without the lablysinin other words, the nervous
system is deprived of an absolute measure of the mdhim of the head to the
horizontal or vertical. In everyday human life attomthis may be experienced as the
feeling of impaired balance that sometimes accompanmemner ear infection; the
reason is that the infection has interfered withwaeking of the labyrinths and their
role in detecting changes in the position and orientaifdhe head.

If the head is displaced from its normal position andlahgrinths are in place, the
head righting reflexes bring about a cascade of furthiexes through the body.
Magnus demonstrated this using a decerebrate animal Iyings side. When the
head is lifted and turned to face forward, a twistdu@ed in the neck. As a result,
the proprioceptive sense organs in the muscles, tendahgoimts of the neck are
stimulated; this activates the reflexes which bring thorax back into the normal
relationship with the head, thereby untwisting the nedkais, in turn, leaves the

26 Sherrington (1906)p340
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lumbar area twisted relative to the thorax, whicmdsifurther reflexes into action,
causing the lower body to untwist itself, so that ti®l body is now brought into its
normal position.

This is a simplified description of what happens in pcacsince the tactile sensors in
the skin are also stimulated by the contact with kiner fand provide further input to

the various reflex systems. In the intact anirti@re is also input from the eyes.
Magnus fully recognises this and points out that thera nsiderable degree of
redundancy, or duplication, in the way the righting refleaee stimulated and carry
out their tasks, saying:

The integrity of every single factor of this complicated function is
doubly ensured. The head is righted by labyrinthine, tactile, and
optical stimuli; the body by proprioceptive and tactile stimuli. The
tactile stimuli act separately upon the body and upon the head. The
orientation of the head and of the body takes place in relation to
gravity, sustaining surface (ground etc), distant environment (optical),
and to the different parts of the body — a very complex combination of
reflexes. It is indeed an interesting task to watch the cooperation and
interference of these reflexes during the movements of various animal
in their ordinary life?*

The ability to twist the body into the appropriate positand get up from the ground
is obviously of critical importance to the survival afly animal and this is why it is
“doubly ensured”by the reflex system. But among the various systemwvied it is
particularly notable how changes in the position oftibad relative to the rest of the
body, through the mediation of the neck, have majoctsffethroughout the whole of
the body’s musculature.

The optical righting reflexes

A further set of reflexes explored by Magnus are knowrthasoptical righting
reflexes these are triggered by movements of the eyes in sbbekets. Since the
visual centres in the cortex are involved in the pseitg of nerve impulses coming
from the retina of the eye, these reflexes are @ynd when the cerebral cortex is
present.

The way in which movements of the eyes can influeheewhole functioning of the
body was a subject which interested Sherrington greatlg. had written at length
about it inThe Integrative action of the nervous systeml] before Magnus began his
research into the postural reflexes. Sherringtorareed on how the movements of
the eyes have a

...tendency to work or control the musculature of the animal as a
whole— as a single machine — to impel locomotion or to cut it short by
the assumption of some totpbsture, some attitude which involves
steady posture not of one limb or one appendage alone, but of all, so
as to maintain an attitude of the body as a whble.

An obvious example of this is the cat watching the raodsescribed above by
Magnus. If we pay close attention to what is happenirgurselves as the direction
of our gaze shifts, we can also notice the way oulylgradually adapts to the

29 Magnus (1926b)p587
30 Sherrington (1906)p326
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direction of the gaze, most evidently when we areoaitg an object with close
attention — when bird-watching for example — but alsahi#& way minute changes
occur in the muscles throughout the body as the gazerfliek®ut in normal activity.

Discussing the same question of the way the eyes infuéime rest of the body,
Magnus said:

...If the attention of the animal is attracted by something in its
environment, and it therefore fixes the latter with its eyeshead is
immediately brought to the normal position and kept so as long as the
optical attention is focussed on the object. So a telereceptor has
gained influence upon the righting apparatus. This is the only righting
reflex having its centre not in the brainstem but higher up in the cortex
cerebri?

He goes on to describe what happens when food is hdidnh of an animal and
lowered so that the animal bends its head downwardsdswiae belly, in the ventral
direction, or lifted so that animal moves its headkieeds, in the dorsal direction.
This is an everyday sequence of actions to which tbatgnajority of people would
give little thought. But to Magnus it was a matter adjon significance which
showed that by means of
. stimuli transferred to the animal by the distance receptors (eye
ear, nose), it is possible to impress upon the body of the animal
different attitudes from distant points of the environment. A cahwhic
sees some food lying on the ground flexes the head in the ventral
direction and this causes the fore-limbs to relax so that the snout is
moved towards the food; but if a piece of meat be held high in the air
the optic stimulus causes dorsiflexion of the head. This evokes strong
extension of the fore-limbs without marked extension of the hind-limbs.
The body of the animal is not only focused on the meat, but is also
brought into a position which is optimum for the springing reflex, so
that by a strong sudden simultaneous extension of the hind-limbs the
animal can reach the me#t.

It is evident that a great deal of neurological and musadvity is involved in such
simple actions. Taking just the eyes, the positioaawh in its socket is determined
by the action of six extraocular or extrinsic musclelhese provide the eye with a
high degree of mobility enabling it to rotate up, dowrsioleways. They must also
work in a meticulously coordinated way to ensure thatbthecular vision they enjoy
when they are in their resting position, centralisetheir sockets and looking straight
ahead, is maintained as the eyes swivel from oljeobject. Added to that, the eyes
must be able to maintain this level of coordinatedtradras the head itself moves
about. Magnus describes the system which controlsaghian *..extremely well-
adjusted central apparatus which governs the positions of the' &yes.

Characteristically, he was intent on disentanglingvgous systems involved in the
workings of this central apparatus. He carried out a &erges of experiments by
means of which he was able to separate the diff@mghicomplementary responses to

3 Magnus (1925)p349
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eye movements evoked by the vestibular system and éynébk proprioceptors.
From this work he was able to conclude that when

...the animal brings its head into a new positilnmakes a movement

and, in doing this stimulates the ampullae of the semicircular canals,
which gives rise to short-lasting motor reflexes acting on the eye
muscles. ...The canals begin, the otoliths and neck receptors complete
and steady the reaction: a very finely adapted mechanism iftleed.

Magnus’ research sheds light on the complexity of theractions between the eyes
and the muscles involved in posture. A simple impressiosome of the factors
involved can be obtained by standing quietly and obsetwivg much easier it is to
stay in balance when the eyes are open than whegmatedkept closed.

A central nervous apparatus

At the conclusion of some fifteen years of intendatgoratory research, Magnus and
his team had experimented and reasoned their way frentogh of the spinal cord
upwards through the brainstem and midbrain. He could dsonfy say they had
identified the locations and functions of the main newentres controlling the
postural reflexes.

Magnus summarised their findings as follows:

...the principal results of the study are that the centers for the body
posture and the labyrinth reflexes are arranged in three great
functional groups in the brain stem

1. From the entrance of the vestibular nerve backward to the upper
cervical cord; the centers for the labyrinth and neck reflexes on the
whole body musculature with the exception of the righting reflexes.

2. Between the entrance of the eighth nerve and the eye muscle
nuclei; the centers for the labyrinth reflexes on the eyes.

3. In the midbrain: the centers for the righting reflexés...

This region of the brain from the top of the spinatdcop to, and including, the
midbrain is not just concerned with posture; it is dgnpatked with other functions.
Here, for example, are found the centres for the ®vehanial nerves which control
the visual, auditory and gustatory systems, as well egiétailed functioning of the
eyelids, lips, forehead and general facial muscles. s Kometimes known as the
reptilian brain. It is here, rather than in thetegy that the control centres for the
various aspects of posture investigated by Magnus arietbca

The segmental nature of the nervous system was webtigated long before
Magnus began his work. Scientists knew that each segofetite vertebrate
neuromuscular system was controlled by the nervesimgtand leaving the spinal
cord through the gap between the vertebrae at thedétied segment. Sherrington’s
puzzle, to which he had devotéte integrative action of the nervous systeas how
the neuromuscular system managed to ensure that thisbhssd segments was able
to act in a coordinated way. Posture, requiring thedsoation of a continuing flood
of instructions to more or less the whole of the milaare in response to the

34 bid. p351
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multitudinous inputs from the proprioceptors and the ext@tocs, those organs
sensing the external world, was an extreme example.

This is how Magnus put it in the Croonian Lecture in 1925:

The lower centres for the muscles of the different parts of thedredy
arranged segmentally in the spinal cord; the higher centres in the
brainstem put them into combined action and in this way govern the
posture of the animal as a whole. We have here a very good example
of what Sherrington has called the “integrative action of the nervous
system”. And integration is particularly necessary in the case of
posture, because nervous excitations arising from different sense
organs are flowing towards the postural centres in the brain-stem, and
must be combined so that a harmonising effect will redult.

In Body Posturdne summarises his conclusions:

The result of the present study is that in the brain stem, froompiber
cervical cord to the midbrain, lies a complicated central nervous
apparatus that governs the entire body posture in a coordinated
manner. It unites the musculature of the whole body in a common
performance.?’

But although he was happy that he had identified this @fr¢le lower brain as the
location of the key nerve centres necessary ndrmal functioning of the postural
reflexes, he saw this conclusion as the starting gomfurther investigation. As he
said:

...at least a beginning has been made with the anatomic-physiologic
disentangling of the central apparatus for the body posture. Apart

from establishing the general arrangements of centers and pathways in
various parts of the brain stem, it has been possible to ascertain the
function (or a part of the function) of at least one anatomically known

nucleus, and to determine the anatomic position of the centers for a
few physiologic functions.

The recognised that the amount of work required to idewtiigt was happening at a
detailed level was huge. He outlined the task in theviallg words:

For the majority of reflexes it is not yet known what anatomically
known structures (nuclei), localized physiologically in specific regions
are involved, in which anatomically known pathways the afferent and
efferent excitation runs in the central nervous system, and by which
neurones these pathways are formed. For many reflexes it indaitill
known whether the pathways run on one or both sides, whether and
where they cross, etc. There is, therefore, much work to be done
before the structure of the central apparatus for body posture will be
known in all details.

36 Magnus (1925)p340
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His concluding words in the second Cameron Prize leatut®26 outlined the future
challenge:

All these things have not yet been worked out in detail, and as these
lectures are addressed to an audience of students | am glad to say:
There is work enough for you to tfo.

Much of the detail of what Magnus called ttentral apparatusthus remained to be
explored and his early death meant he never had the appgrto extend his
researches in the way he suggested. His researdvetieint, nevertheless, was to
have disentangled the main underlying reflex mechanisred by the vertebrate
neurological system to handle the complex business opirgeethe functioning
organism in postural harmony with itself.

Magus’ enduring legacy is the comprehensive and unified uadeisg he was able
to develop of what is involved in animal posture. islnoteworthy how well his
work has endured and the extent to which it has becdmmecommonplace of
neuroscience. A modern textbook on the central nengyssem, for example,
nowhere refers to Magnus by name but describes the pbstflexes and their role
as follows:

The tasks of these reflexes are to maintain an appropriate posture of
the body, to help regain equilibrium when it has been disturbed, and to
ensure the optimal starting positions for the execution of specific
movements. Postural reflexes produce the automatic movements that
help us regain equilibrium quickly, for example, when slipping on ice.

It is a common experience that these compensatory movements happen
so rapidly that only afterwards are we aware of the movements we
performed:’

It could have come straight from Magnus himself.

40 Magnus (1926b)p588
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SECTION 3: THE SIGNIFICANCE OF THE POSTURAL
REFLEXES

Magnus’ work, focusing principally on the reflex systerhslecerebrate animals, had
the narrow focus which profound scientific discoveryenfrequires. It enabled him
to identify the main reflex systems that controltgbrate posture.

This chapter looks at the wider significance of Magnustlkwand what it tells us

about the normal working of the postural reflexes in hurbaings. Some of his

research results were counter-intuitive: it is not @drately obvious, for example,
why the postural reflexes should be outside the cons@onsol of the cerebrum.

Nor was it evident before his work that the posturéiéxes are involved in creating
the baseline to which so much normal sensory experiga referred. Such

discoveries, and the fact that the postural reflexes easily be suppressed or
distorted, turn out to have unexpectedly wide implicatioms Human health and

functioning.

Relating the research findings on the postural reflégesuch wider questions of
human functioning was of major interest to both Magmg Sherrington. Following
the publication of his research results, Magnus’ wasadyy searching beyond his
discoveries and looking at their further implications fmmman beings. Indeed, his
last published work took him back to Immanuel Kant and inddgm to raise the
qguestion of how the state of our neurological systemhaave ara priori influence
on our understanding of the world.

It is regrettable that Magnus did not live to develop thieking further. But
Sherrington, who had stimulated Magnus’ interest in theysal reflexes in the first
place, lived and worked for another thirty years, bnigdurther development of his
own and Magnus’ ideas. There is much still to be exglareéhe rich legacy of their
work.

Outside conscious control

One of Magnus’ most arresting findings is that the pobtaidexes are not only
outside the scope of the conscious brain, they fungtenfectly in the complete
absence of the cerebral cortex. This might appeaynti@ctious in the case of cats,
rabbits and dogs, but it is somewhat unexpected when applednans.

It is normally taken for granted that the cortex sholéd involved in the more
important activities of human beings. Given the imgoce people attribute to “good
posture”, it would seem obvious that it should be subgethe conscious control of
the cortex. All those people who make valiant efféotsmprove their own or their
children’s posture are certainly working on the assumpgtiam getting their posture
“right” is a matter of conscious will and paying closeeation to what they are doing.

Magnus argued precisely the opposite, saying

It seems to be of the greatest importance, that the whole central
apparatus for the righting function (with the only exception of that for
the optical righting reflexes) is placed subcortically in the brainstem
and by this means withdrawn from all voluntary action.

He goes on to explain this. The movements and aesiwithich the body performs in

responses to signals from the cerebral cortex atenitzdly referred to as phasic.

This means they go through a cycle, beginning by charthmdody away from its
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normal resting condition, then, after the action b@sn completed, returning it to its
resting state. The postural reflexes are involvedeanfittal stage of restoring the body
to its balanced resting state.

As Magnus puts it:

The cortex cerebri evokes during ordinary life a succession of phasic
movements, which tend over and over again to disturb the normal
resting posture. The brain-stem centres will in the meantimerees

the disturbance and bring the body back into the normal posture, so
that the next cortical impulse will find the body prepared to start
again. It is also an essential condition for the right interpretation of
all sensory impressions reaching the cortex, that the body be always
brought into the normal position by a purely automatic subcortical
arrangement, which controls the spacial relation of the body to its
environment®?

Magnus’ conception of human muscular activity thus inwlaedynamic and subtle
interplay between the influence of the volitional mipas induced by the motor
instructions from cortex and the restorative respornskedhe postural reflexes

activated from the postural control centres in thenbtam. Using slightly different

terms, this is how he put it in the conclusion to $keond Cameron Prize lecture in
1926:

The ‘normal’ position in man or animal is continually being disturbed
by different arbitrary movements evoked by the cerebral cortexhéut
subcortical mechanism of the ‘righting reflexes’ counteracts these
disturbances and restores the body again to the normal poé&ition.

These cycles of muscular activation and return torélséing state are overlapping
and interacting throughout the body during every waking moméhta speed and

complexity beyond any possibility of conscious awarsrascontrol. Here, Magnus
echoes and amplifies what Sherrington had said someaytwears earlier when he
pointed out that it is the task of the postural reflégegrovide a continued and active
restorative background to normal muscular activity. ri$fgton also pointed out

that, far from the postural reflexes having an overgdor dominant role, it is

essential that they should be easily disturbed.

In Sherrington’s words:

One great function of the tonic reflexes is to maintain habitual
attitudes and postures. They form, therefore, a nervous background of
active equilibrium. It is of obvious advantage that this background
should be easily upset, so that the animal may respond agilely to the
passing events that break upon it as intercurrent stiffiuli.

In simple terms, this arrangement ensures that ircdke of the cat, after it has dealt
with the mouse-alert, the postural reflexes rest@reniisculature to its balanced and
relaxed state — from which it is instantly able toven@gain to the alert should the
mouse reappeatr.
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But the activity of the postural reflexes is not restd to the aftermath of a clearly
defined phasic action. Human activities shade from iotte the other, sometimes
bringing large swathes of muscles into vigorous actistymetimes involving no
more than minor movements of body parts or simplycallohange in muscular tone.
The postural reflexes play a continuing background rolentaiaing a tendency to
bring the musculature back into its natural balanced.stalfethe neuromusculature
had no such reference, or default, state to which @araatically had a tendency to
return, there would be nothing to prevent neuromusculagenpatof tension remaining
as residues of phasic activities, and even accumulatiaglé¢eel at which the overall
functioning of the organism becomes impaired.

Continually recalibrating the senses

Magnus pointed out that the postural reflexes have ancthially important role,
that of constantly recalibrating the senses. Thisecessary because, in the course of
any particular phasic action, not only is the nornesting relationship between the
body parts changed, but the body’s relationship to thermadt world is also altered.
Magnus says that the postural reflexes restore theahammbaseline conditions to
which the exteroceptive and proprioceptive sense orgées r

In his conclusion to the second Cameron Lecture heitpilis way:

By the action of the subcortical mechanisms described in these ecture
the different sense organs are always brought into the normal relation

with the external world. For the nerve endings in the skin this is

accomplished by the above described attitudinal and righting reflexes.
In the case of the eyes a very complicated reflex mechanism Ims bee
developed differing in various species of animals, which regulates the
position of the eyes in relation to the environment. Here also

labyrinthine and neck reflexes come into pfay.

He then adds some further explanatory words, re-empigsise importance of this
function of the postural reflexes in continually rdmating the sensory organs as the
body performs its activities, whether voluntary otenef

The result of all these arrangements is that the sense organs are
righted in relation to the external world, so that every sensory
impression, before being transmitted to the cortex cerebri, has already
acquired a certain special condition (local sign) depending on the
previous righting function acting on the whole body or parts of it. In
this way the action of involuntary brain-stem centres plays a very
important part in conscious activities, especially as regards spatial
sensations$®

No one knows how Magnus would have carried forward hiskveor the postural
reflexes. But some tantalising hints of how he migatve developed some of his
ideas beyond those set dowrBiady Posturere contained in the draft of a lecture he
was due to give in Stanford University in 1928. His deadvegmted the finalisation
and delivery of the lecture but Stanford University phblé it in a book in 1930.

4 Magnus (1926b)p588
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The lecture was entitledThe physiological a prioriwhich harks back to Magnus’
interest in Kant.

In his introduction to the lecture, Magnus makes referéad<ant’'sCritique of pure
reason,and says:

In this book Kant showed that in all our observations and in the
conclusions we draw from them, in short, that in everything we know
of the outer world, there are numerous elements which are given a
priori, and which we are therefore compelled to employ in any
experience in thinking and in drawing our conclusitins.

One of the examples he takes is colour-blindness. Hkigspout that if a person is
colour-blind, their perceptions of the outside world, dmeirtresponse to it, will, of
necessity, be different from those of a normal-sighperson. At a more general
level, he points out that there is no avoiding the traimt imposed on our perception
of the world by the mode of functioning of our sensgstems. He remarks:

We cannot free ourselves from this constraint; we are, as it, were
imprisoned in the system...The nature of our sensory impressions is
thus determined_a priari i.e. before any experience, by this
physiological apparatus of our senses, sensory nerves and sensory
nerve centres... Here we have to do with fixed mechanisms of our
body, with permanent states of our sensory and nervous apparatus,
and these will determine the nature of our observations and
experiences... But beside these, other “active” processeexesi),
acting through the central nervous system, also influence our sensory
observations and help to determine them a pffbori.

He summarises his arguments in the conclusion to therée remarking:

We possess numerous mechanisms acting unconsciously and partly
sub-cortically which prepare the work beforehand for our psyche, and
the results of which are a priopresent before sensory observation
and its psychological appreciation start. Since all study, analysis, and
understanding of the events in the outer world are conducted through
the medium of the senses, a scientific worker surely ought to know
what are the fundamental mechanisms of his body and of his nervous
system which determine the results of his Work.

It is evident in the case of the “lower” animalspgk with a less developed cerebrum,
that the degree of innate arpriori conditioning of their sensory observations leaves
them little room for behavioural manoeuvre; a lizadiprisoner of ita priori and
largely reflex lizardness. Higher up the cerebralesaale scope for a wider range of
volitional action becomes greater. Discussing Déssardea of animals, not
including humans, as machines or automata, responding ditalyato stimuli,
Sherrington dryly remarks..it lets us feel Descartes can never have kept an animal
pet.”*® But even the most devoted dog-owners are able to ressotireé boundaries of
their pets’ canine nature and thgriori limits it imposes.

*"Magnus (1930)p7
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Magnus is taking the point a step further and pointing out libanans are also
trapped in their own physiological priori. Most of Magnus’ scientific colleagues
would probably find it difficult to accept his observatithrat the results of their work
are influenced in any way by the state of functionifgheir postural reflexes. At the
same time, few would deny that their general perceptioth® world is indeed

affected by their state of health and well-being.

Co-opting and modifying the postural reflexes

It is easy to accept that Sherrington’s spider isedléx, and Magnus’ cat, at least
when it comes to responding to the sight of a moudttis different. In both cases,
their behaviour is firmly, and predictably, determined their reflex systems.
Humans, however, are more volitional and less reafletheir behaviour than even
their nearest animal relations; the human capacity [dog-term planning is an
obvious example.

Moreover, the dividing line between reflex and voligbrin humans is not rigidly
demarcated. As Sherrington says:

The transition from reflex action to volitional is not abrupt and sharp.
Familiar instances of individual acquisition of motor coordination are
furnished by cases in which short, simple movements, whetheraeflex
not, are by practice under volition combined into new sequences and
become in time habitual in the sense that they no longer require
concentration of attention upon them for their execution. As | write,
my mind is not preoccupied with how my fingers form the letters; my
attention is simply fixed on the thoughts the words express. But there
was a time when the formation of letters, as each one was written,
would have occupied my whole attention.

Sherrington is here describing the way in which theesocan co-opt elements of the
postural reflexes into new patterns of activity. Hkets the example of handwriting, a
far from innate ability, in which his cortex diredts writing hand into the formation

of the letters, while his reflexes deal with the detaf the necessary flexing, relaxing
and movements of his wrist and fingers.

In her work with brain-damaged people, Bobath fully subsdrito this view of the
interaction of the cerebrum with the lower brainteyss controlling the postural
reflexes, as in the following:

A large part of our voluntary movements is automatic and outside
consciousness, and this applies especially to the postural adjustment of
the various parts of the body which accompany them. For the
maintenance of posture and equilibrium, the nervous system utilises
lower centres of integration with their phylogenetically and
ontogenetically older patterns of coordination. These centres are in
the brainstem, cerebellum, midbrain and basal garmjlia.

There are thus important differences between the aflesstural reflexes in humans
and in Magnus’ laboratory animals. Humans are abt®topt or bypass the postural
reflexes in ways which impossible for other vertédésa This has a variety of
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implications for the development of behaviour in humassthey mature and go
through their adult lives.

Consequences of suppressing the postural reflexes

Magnus believed that the postural reflexes played an ieaptorole in overall human
functioning and behaviour. He was an admirer of daksirt and its depictions of
human grace and beauty, and remarked that:

Many masterpieces of painting or sculpture representing human
beings are consistent with the laws of attitudinal reflékes.

Elsewhere, he put it almost fancifully, saying that plstural reflex system could be
seen as providing

... the apparatus on which the cerebral cortex plays, as complicated
melodies are played on a piano, according to principles which are
partly known and which now can be investigated from a new point of
view?>*

In this idealised perspective, there is no conflicieein voluntary and reflex; the
postural reflexes are, as it were, providing a model hiclwvoluntary behaviour

conforms. Magnus experimental work, however, was dlmosrely concerned with

the behaviour of animals from which the cerebrum heehlremoved.  Apart from
his experiments on the optical righting reflexes, whieuire the presence of the
cerebrum, none of his investigations dealt with theraction between the voluntary
and the reflex.

Bobath, although she still explicitly based her anslgsi the work of Magntrs takes

a more complex view. She argues that the highly dpegdlthuman cortex exercises
a much higher degree of control over the postural raffskem than happens in the
animals on which Magnus worked. Discussing Magnus’ findrag hormal standing
takes place in decerebrate animals as long as thentisla present, she says:

This state of normal muscle tone and normal righting ability in the

absence of cortical control does not hold good for man. Here the
development of the cerebral cortex has led to an inhibition of the
activity of subcortical centres. They have lost their autonomy and
become relegated into the background of human motor activity. In the
process of evolution man has become dependent on intact cortical
activity for the maintenance of the upright posture in standing and

walking, and for the complex activities of arms and legs in prehension
and skilled movements.

In her work, she was dealing with the people in whicthglagical conditions, such
as cerebral palsy, have caused a disruption Iin proper woigation between the
higher and lower brain centres. Her relevance toptiesent discussion is that her
work provides an intermediate case between Magnus’ wownkhich the cerebrum is
absent and that of the intact and properly-functioning amrorain in which the
cerebrum is effective in co-opting the postural reflee®sequired.

3 Magnus (1925)p346
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As Bobath found, when the damaged cerebrum leads to anfectpeoordination of
reflex and volitional activity, this can result in athshe calls‘abnormal postural
activity”. She goes on to point out that

...Iit is difficult to isolate the various postural reflexes, aspicture is
usually complicated by the simultaneous action of a number of these
reflexes and by the patient’s volitional efforts when using their
patterns for functior’

The conditions being considered here are much less decathah those studied by
Magnus and Bobath but are still concerned with the ioelstip between the
cerebrum and the lower brain centres. The problemhdmnans arises because, in
addition to their greater cerebral capacity which essalihem to override their
postural reflexes, they also have a neuromuscular systéma higher degree of
plasticity than probably any other vertebrate. Soifrithie new ways people devise of
using the musculature can override their postural reflsgethoroughly that they are
almost completely suppressed. Although no brain lesioss iramlved, this still
represents a disruption of proper communication betweengper and lower brain in
which the volitional, or habitual, patterns of musete have become impervious to
the restorative promptings of the postural reflexes.

The capacity of humans to relegate their posturakesi¢éo the background or co-opt
them into new patterns of activity in a way and tdegree impossible for any other
vertebrate creature goes a long way to explain thaaxtinary versatility of human
behaviour. It is why people are able to learn neWssknd adapt themselves to a
huge variety of different patterns of action, from gystitad and ballet dancing to
spending their days slumped crookedly in front of a compuateen. It is why dogs
and bears make poor dancers compared to even a modesaietyoordinated
human.

Overriding the postural reflexes can also bring problemnstime, after a new mode
of using the body has been adopted, it can become dodighat the person has no
awareness of the extent to which the restoratit®rma of the postural reflexes has
been suppressed. One way of describing what has happédneshig the “setting” of
the physiologicala priori has been changed so that any reversion to allowiag th
postural reflexes to function properly feels wrong andctireex steps in to ensure it is
quickly “corrected”. The tendency to restore the musgtdato its innate state of
harmony and balance is reduced or eliminated. Thetig#faess of the recalibration
of the senses after phasic activity is reduced and aldg gradually accumulates a
series of distortions in its functioning.

This subtle but cumulative malfunctioning of the relaglnp between the voluntary
and the reflex systems produces distorted patterns ofitycthat are visible

everywhere. A prime example is walking. The abiliywalk is an innate capacity in
humans, manifesting itself in normal children fromuard the end of their first year.
From this stage onwards, this essentially reflexviigtcan be co-opted in a wide
variety of ways of walking depending on the influencesvhich the developing child
and adult are subjected. Marching, slouching, shufflingkisg the head forward,
teetering on high heels, any number of new and oftefoyndly damaging muscular
patterns can be learned and adopted permanently. Thes#iahs of the natural gait
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are often so distinctive that many people can be resediy their idiosyncratic way
of walking.

The intensive training regimes to which gymnasts antletba@lancers subject
themselves enable them to display extraordinary gnageskall in their performances.
But the same training can cause many of these talpetggle to lose touch with their
postural reflex systems. The result is that theyomgér benefit from the restorative
powers of these reflexes so that spinal and posturalgmebbecome increasingly
common as they grow older. The habitual walk wittmnéd-out toes which some
ballet dancers develop, nick-named the “ballerinagdle,” which can lead in time
to a wide variety of back and other problems, is butafrtbe symptoms of a training
regime in which the postural reflexes are suppressed.

Apart from extreme training regimes, normal life hasawn wide range of hazards.
People who spend most of their lives in front of commtéke the scribes and
scholars of earlier times, often sit with their ¢ieahrust forward and chests pulled
inwards, and carry the same habits into the resheaif daily activities. Excessive
travel in cars and planes weakens and distorts the hpostural muscles and many
people living such a life attempt to compensate for Wiih intensive “fitness
training”. Unless very carefully carried out, such bairst vigorous physical activity
are more likely to reinforce damaging muscle use pattidneg have acquired than
they are to restore the proper functioning of the poksteflaxes.

From wherever it comes, the blunted sensibility ofnsany people to the way in
which they are suppressing the natural functioning ofr thestural reflexes leads
eventually to the neck-aches, back-pains, and damaged dskslfrom which they

find themselves suffering, and the braces, bandages pndnti knee replacements
which they so often find themselves requiring.
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SECTION 4: THE HEAD-NECK RELATIONSHIP

In drawing his results together, towards the enB8ady PostureMlagnus particularly
noted the critical role exercised by the positioningl amovement of the head in
governing the total activity of the body:

The mechanism as a whole acts in such a way that the head leads and
the body follows>®

The neck, reputedly the most complex musculo-skeletalmystehe bod§, is the
linkage between the head and the rest of the body. Muock has been done since
Magnus’ death on the detailed workings of this vital, &abherable, connection
between the body’s analysis and command centre ihgad and the neuromuscular
system in the rest of the body.

Physiology of the head-neck relationship

In looking at the head-neck relationship in detail, ituseful to start with some basic
physiology. The bony structure of the neck is a caation of the spinal column,
rising out of the trunk in the form of the seven calicertebrae. This cervical
column is stabilised by the scalenus (ladder) muscleshwiin from the two upper
ribs to the transverse processes of the cervicdklware. Outside these muscles
which help assure the relationship of the cervicalel®ae to each other, come the
larger muscles which provide the neck and head with tlagious flexion, extension
and rotatory movements; among others, these muscleduden the
sternocleidomastoid, the trapezius, and the levator seapul

The cervical spine comprises thirty-seven separaits javhose function is to provide

for the movements of the head in relation to the bodhese movements meet the
direction-seeking needs of the teleceptors, the eyas, @& nose, as well as
providing for the optimum balance of the head on theofoghe cervical spine. It is

an area of the body that is in constant movemenis said the neck moves over six
hundred times an hour, whether the person is asleepaieé&div

At a mechanical level, the head-neck relationship ptegwmically difficult problems
of analysis since there is a high degree of redundaniteisystem, in the sense that
many of the movements it makes can be achieved iariety of different ways.
Here is an outline of the analytic problems involved:

There are some difficult problems in understanding the control of head
movements. The head-neck system is multijointed and the posture and
movement of the head can be controlled by different pairs of muscles
that may subserve similar functions or help to mediate a given task.
The behavioural degrees of freedom are few, yet simple movements
such as rotating the head may result from the contraction of many
muscles acting in a coordinated manner, indicating the necessity for
some constraints. Another problem is that different tasks may need to
be performed and the organisation of the sensory inputs and the motor

%8 Magnus (1926a)p536
%9 Bland and Boushet (1992)p135
% bid. p
28



outputs must be appropriate for a given task, such as controlling gaze
or posture or both simultaneously.

The authors, in this case, are referring to the obwtr head movements in a lizard.
The neuroanatomy is similar to that of the humandbint is much simpler. The text
nevertheless indicates clearly the complexity of tmechanisms involved, in
particular the fact that the muscle systems can be useal variety of ways,
performing different tasks separately, or in combinatgurch as controlling the gaze
and posture. The actual freedom enjoyed by the lizahdwnit performs its tasks is
heavily constrained by its mainly reflex nature. Honheings, in comparison, enjoy
a much wider range of choice, including that of misusimgy thead-neck systems to a
degree which is impossible for lizards.

The sub-occipital muscles

In addition to the muscles controlling the movementthef head, and the flexure,
extension and rotation of the neck, there is a etmaller muscles at the top of the
cervical column. These are collectively known as ghb-occipital muscles and have
a particularly important role in providing feedback to pwestural control apparatus
on the relative positions of the head and the neck.

These muscles are attached in various configuratiorietaccipital bone and the
atlas and axis vertebrae. Two of these musclesgetites capitis posterior minaand

the obliquus capitis superigrconnect the nuchal line of the skull to the atlaseleza.
The rectus capitis posterior majoconnects the nuchal line of the skull to the axis
vertebra. Theobliquus capitis inferiorconnects the atlas and the axis vertebrae.
These are all posterior to the cervical column.

In addition, forward of the occipital condyles, and tfene acting antagonistically to
the posterior sub-occipital muscles, there is a furatrof muscles known as the
small anterior sub-occipital muscles. Among theserebiis capitis anterioand the
rectus capitis lateralisinsert into the base of the occipital bone forwafdtre
foramen magnum and connect into the atlas vertebhee lohgus colliruns from the
front of the atlas vertebra, connecting all the icatvwertebrae with the top three
thoracic vertebrae. THengus capitisconnects the occipital bone, anterior to the
foramen magnum, with the third to the sixth vertebrae.

In anatomy books, théaction$ of the posterior and anterior sub-occipital muscles
are normallfisted as producing the various nodding and rotatory movemeith
which they are evidently associated. The rectus sapmierior, for example,
“flexes the head and the rectus capitis posterior nfimxtends the head, rocking it
backward on the occipital condyles; the obliquus capifisor “rotate’ the atlas
vertebra, and with it the head, about the upward projecidhe dens from the axis
vertebra®

It is obviously true that the sub-occipital and smalleaar vertebral muscles are
involved in such movements of the skull and the top temvical vertebrae since they
lengthen and shorten as the distances between thets mdiattachment change with
the movements of the head. But mechanically theynzaie little real contribution to
the actions of flexing, extending and rotating the heBldese muscles are small, even
tiny, in comparison with some of the large musclesasunding them; as a result, the
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forces they are able to exert on the large maskeohéad are relatively minor. The
fact that they are inside the lines of action of lHrger muscles also means that they
are closer to the fulcrum of the condyles and the iostadoint of the dens so that the
leverage, or turning moments, they are able to exeth® movements of the head are
minute in comparison with those of, for example, theape¢zius or the
sternocleidomastoid.

Thus the sub-occipital muscles cannot play a major gaptriene movers of the heavy
weight of the head, though they could well have a roknetuning its movements.
Their major function is thus most likely to be propripee; Gray's Anatomy, for
example, links a number of them to posture:

Obliquus capitis superior and the two recti are probably more
important as postural muscles than as prime movers, but this is
difficult to confirm by direct observatich.

It is noteworthy, in this context, that the sub-pa&el muscles are particularly rich in
spindles, the tiny sensors in muscle fibres, the eblhich is to send proprioceptive
information on the degree of stretch in the muscle fib the central nervous system.
McComas provides some data on the relative densitpioéllss in various muscles,
remarking:

The muscles at the back of the neck and the small muscles of the hand
have the richest supply of spindles, and the large muscles of the arm
and leg are least well endowed. This difference in density is probably
related to the ability to carry out small movements of the head and
fingers rapidly and accurateRy.

Among the muscles listed by McComas, the obliquus caquiperior has the highest
density of spindles at 42.7/gram, followed by the rectustisaposterior major at

30.5/gram. These figures can be compared with the 1.4/gracaltgpilarger muscles

such as the latissimus dorsi and biceps brachii, makegdbkterior and anterior sub-
occipital muscles twenty to thirty times more sewsitio stretching than the larger
muscles. The sub-occipital muscles thus possess thelagcab characteristics and
are positioned to act as extremely sensitive straugem with the main task of
monitoring the state of the head-neck relationship.

A problem of coordination

The head houses the exteroceptors, the eyes, earssmdamich provide information
about the external surroundings. It also accommodategesiibular apparatus which
monitors its orientation and movement. It is theerdng centre for the exteroceptive
flows from the skin, the largest exteroceptive orgaalipfas well as from the body’'s
various proprioceptive sensors. It is the seat ofpibstural control centres in the
brainstem, where the coordination of the efferent,oatgoing, and afferent, or
incoming, neural impulses governing posture takes placeis where the volitional
brain resides.

The neck is a conduit for the streams of nervous impwgesh flow between the
brain and the rest of the body. But it is a greal mheae than a passive conductor of
nerve impulses since it provides vital under-pinning towbekings of the teleceptors
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and influences how well they work. It is, itself,hlig endowed with its own muscles
and proprioceptors, and as Magnus demonstrated, mediatesttithelinal and
righting reflex systems.

Take the eyes, the most obvious teleceptors. ktin exaggeration to say that the
simple act of bringing the eyes to bear on an obailves virtually the whole of the
body’'s muscular systems. As attention is given tolgact the extraocular muscles
swivel both eyes to point towards it. This evokesdpé#cal righting reflexes which
mobilise the appropriate neck muscles to bring the haattirso that the eyes assume
their normal position in the eye-sockets. This twisiof the neck, in turn, mobilises
the remaining righting reflexes to bring the rest & body into adjustment with the
changed position of the head.

The proper functioning of the ears also requires a surghliscomplex series of
muscular actions in the head-neck area and beyond. mdinereason for this is that
the nervous system uses the minute difference inithiegt of the sounds entering
each ear as a means of identifying the direction framch the sound is coming,
demanding an ability to manoeuvre the head with extraarglidelicacy in both the
horizontal and vertical dimensions. At the same timanost cases, the eyes carry
out a complementary search for the source of the soutigeidirection indicated by
the ears.

Nor is it enough just to know the location of an obyetative to the head; in order to
interact with an object — using the hands to pick up aecbdyom a table, for
example — it is also essential to know its locatidatie to the rest of the body.
Thus the arrangement of head, neck and trunk poses adilmexesional problem of
coordination that every vertebrate must solve, ashedtin the following:

When the sense organs that inform an animal through light, sound or
gravity about its orientation in space are situated in the head and the
motor apparatus that controls that orientation is situated in the trunk
then, apparently of necessity, the control system must somehow
account for the position of the head relative to the tfank.

In normal conditions, most of the necessary cooridinas provided at a reflex level
and, in the absence of injury or physical decline, tbad-neck relationship remains
unproblematic. In the case of humans, however, thelexity of the issues involved
is increased immeasurably by the fact that they cstorditheir evolutionary heritage
by inventing and imposing on their head-neck systemsriatyaof new modes of
behaviour, some of which may leave a permanent marksofunctioning. Over-
developed neck and shoulder muscles; glasses and contast lemsphones plugged
deep into the auditory meatus of each ear; all theedare with the way in which
people receive and calibrate information from theirviremment and have
corresponding impacts on the way they respond to itéflex or volitional manner.

Effects of chronic excessive tension in the head-ne ck area

Chronic excessive tension in the head neck areaffemsseon the functioning of the
body’s whole neuromusculature. If the head is unabjgrawide the level of subtle
and delicate adjustment required by the eyes and eargx&émmple, they cannot

& Taylor (1992)p488
68 Mittelstaedt and Mittelstaedt (1992)p369
31



function to their optimum. But the most common resatic the one most germane
to the present discussion, is the way it interferdh e effective functioning of the
sub-occipital muscles in their proprioceptive or strainggarole.

When the large shoulder-neck muscles such as the trapgtausycleidomastoid and
so forth are contracted, so that the head is pulled mdkand down on to the
cervical column, the relative movement of the heatl aeck in the sub-occipital area
is restricted or may not take place at all. As altethere is little or no stretching of
the sub-occipital muscles and they no longer perfornr theper strain-gauge
function.

This, in turn, means Magnusténtral apparatus” in the brain-stem is working on
incomplete or distorted afferent information on thetestof the head-neck relationship
and hence on the relationship of the rest of the bodiie head. The efferent signals
to the postural muscles are bound to reflect the sub-alptinaracter of the afferent
signals on which they are based, a clear case a@ifémposed and detrimental
physiologicala priori. In simplistic terms, if the brain does not “know”aexly
where rest of the body is in relation to head, itstictd of the body’'s movements is
likely to be to a greater or less extent impaired.

This helps explain why even mild damage in the cervar@a can have such
widespread effects on body-functioning, especially theeseh balance. Sometimes
the effects of even mild trauma can persist for a \@mng time. These effects have
long been medically noted and can produce a syndrome knewesnacal vertigo.
The following are some comments from a review ofdingject:

Many patients who have experienced whiplash injury, neck
manipulation, or mild non-concussive head trauma complain of
persistent symptoms of dizziness for months to years after their
incident. ...the unfortunate term “cervical vertigo” was proposed by
Ryan and Cope in 1955 based on five cases of dizziness following neck
trauma, postulated to be the result of damage to upper cervical joint
receptors’’

The author of the above goes on to list some ofyhgoms of damage in the head-
neck area. The range is surprisingly wide and includds peio and stiffness, with
occasional radiation of the pain into the temporaharearms; feelings of imbalance
or vertigo; headache, which tends to be posterior, with.. band-like radiation
round the head suggesting muscle contraétiand even hearing problerfis.

It is particularly relevant in the present contextt tihas not just severe neck trauma
that can cause such problems; they may also resultrfifiivhead trauma or even the
widely practised neck manipulation that takes place irouarforms of physiotherapy
and chiropractic — against which some chiropractors shlwes have warnéél. Thus,
people who have suffered a whip-lash injury from whicleyttfeel they have
recovered completely may still find them themselvdigtad by headaches and other
symptoms; the probability is that they are still eigr@ing the effects of their injury.

Magnus’ findings, especially in relation to the nonga#bility of attitudinal tonic
reflexes, can help explain such long-lasting effectsie ©f the results of a whip-lash
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or other neck injury can be a slight habitual malpasitig of the head away from its
optimum position of balance on the top of the spinalrool Nor does it need to be a
injury — habitual misuse of the body in front of a compgtn have the same effect.

The point is that the distorted position of the headkesaorrective righting reflexes
which are able to last as long as the head is awayg fts optimum position. If
through an habitual adjustment to the injury, or surgictdrvention, the righting
reflexes are unable to restore the head to its propstiqry they will nevertheless
persist indefinitely in their corrective tendency. this causes pain or has other
distorting effects on the neck and wider musculature, theagimg effects can last a
lifetime.

In summary, chronic contraction in the head-neck asedkely to have broad
repercussions on the functioning of the postural redlexel the general musculature.
The most obvious effect is to weaken or distort thetorative action of the postural
reflexes after a phasic action, leading over time tgradual deterioration in the
functioning of the postural reflexes and the wider neurauoias system.
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SECTION 5: THE ALEXANDER TECHNIQUE

F.M. Alexander, the originator of the Alexander Teqgle, came to London from his
native Australia in 1904, just before the publication oér8hgton’'sThe integrative
action of the nervous systenThe two men were close contemporaries yet few of
those, especially scientists, who recognise the maimitof Sherrington’s
achievements have shown any curiosity about hisvewant with Alexander.

Sherrington was nonetheless quite happy to link his raurbécly with Alexander’s.

The occasion was his last bodije Endeavour of Jean Ferneliblished in 1946, in
which Sherrington displayed his wide-ranging erudition atitrg the life and work of
the 14" century physician, Jean Fernel, whom he admired a®amer and important
precursor of modern medicine.

In a striking passage on the underlying reflex elememwhat he termedwilled
movement or postureSherrington wrote:

Breathing, standing, walking, sitting, although innate, along with our
growth, are apt, as movements, to suffer from defects in our ways of
doing them. A chair unsuited to a child can quickly induce special and
bad habits of sitting, and of breathing. In urbanized and industrialised
communities bad habits in our motor acts are especially common. But
verbal instructions as to how to correct wrong habits of movement and
posture is very difficult. The scantiness of our sensory percegfion
how we do them makes it so. The faults tend to escape our direct
observation and recognitiofi.

Continuing, he then quite surprisingly refers to Alexaradet his work, remarking:

Mr Alexander has done a service to the subject by insistentlyngeati
each act as involving the whole integrated individual, the whole
psychophysical man. To take a step is an affair, not of this or that limb
solely, but of the total neuro-muscular activity of the moment — not
least of the head and netk.

The whole passage is redolent of Alexander’s thinking togkther with the personal
reference, came as a pleasant surprise to Alexandem wh&as brought to his
attention. He wrote to Sherrington thanking him anelxahder’s biographer quotes
Sherrington’s reply:

| need not repeat to you that | appreciate the value of your teaching
and observations. | was glad to take the opportunity to say so in print.
| know some of the difficulties which attach to putting your ideas
across to those less well-versed in the study than yourself...

Sherrington’s remarks appear to come from a sympathatlerstanding of some of
the main elements of Alexander’s teaching. It seasnthough he saw Alexander’s
work as both beneficial and compatible with his owinking. It is therefore worth
examining in some detail what Alexander was about.

0 Sherrington (1946)p89
" bid. p89
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Origins of the Alexander Technique

Alexander was born to a farming family in Tasmanidl89. He grew up a sickly
bookish child and embarked on a career as a public resfteShakespearean
monologues. This was initially successful but Alexarfdeind himself increasingly
afflicted by hoarseness when he was performing. cddissultations with doctors
failed to yield a lasting solution and he set about deuglphis own approach to
dealing with his voice problems, and saving his career r@citer.

In his autobiographical writings, Alexander dated the ldgwveent of the essential
elements of what he came to call his Technique frooua1894. It was then he
realised that his voice difficulties were a result @bits he had developed of
tightening his throat and chest and pulling his head baclsnaard down when he was
reciting. Having identified these damaging habits,gtebout correcting them.

By careful inspection of what he was doing, using amgement of mirrors, he was
able to devise a way of reciting which eliminated ttefects in his delivery that
seemed to be causing his hoarseness to develop. Bugrhéotind that as soon as he
stopped thinking specifically about what he was doing, tineadang habits reasserted
themselves. The problem was that deeply engrainedshaipiction at a level well
below that of conscious thought, acting effectivelytamsigh they are reflexes. After
much trial and error, Alexander devised a way of elitmgahis tendency to regress
into these habits of misusing himself and this bectmaecentrepiece of his method of
retraining his voice.

The marked improvement in his voice performances broatii@rs in the Australian
acting world to him and he found himself giving an increasiumber of lessons in
his Technique to these other performers. It soon duong that his method of dealing
with voice difficulties paid other health dividends, parkcly with breathing-related
problems. Alexander found himself attracting medical nditte and a number of
influential doctors in Sydney began referring patients whroat and other problems
to him. In 1904, he was able to come to London witiedstof recommendation to a
number of prominent members of the English medical psade.

Alexander quickly established a successful teaching praeftbemany distinguished
clients, especially in the acting and musical professiorDuring the following years
he moved well beyond voice-teaching and emphasised wbkatcdlled the
psychophysical unityof the human being, focussing his teaching on the total
functioning of the neuromuscular system. He was stroaghinst the ideas on
physical fitness current at the time and made populdreimtitings of people such as
the “strong man” Eugen Sandow (1867- 1925). These usually @dothe
development of particular muscles by specific exercigéstlae cultivation of “deep-
breathing” to all of which Alexander was adamantly omgolos He believed that any
programme that involved the over-development of cerg@goups of muscles was
bound to create more problems than it solved.

In 1914 he went to the US and was introduced to John DeMveywas professor of
philosophy at Columbia University. Dewey who was agigtdix at the time was in

poor health, suffering from severe back pains and otpparantly stress-related
ailments. Following some lessons with Alexander Health improved dramatically
and he became an enthusiastic friend and supporter cdrslek up to his own death
nearly forty years later in 1952. During that time lentagbuted enthusiastic
introductions to three of Alexander’s books.
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Alexander never felt that there was anything esotdsa@ut his approach; he strongly
believed that it should be integrated into normal medicattice and he had a variety
of prominent medical friends who publicly supported him. Was particularly
opposed to quackery and fringe medical cults and was extr@tealsed that Dewey
emphasised the scientific nature of his Technique.

In his introduction to one of Alexander’s books, Dewaygte

...whilst any theory or principle must ultimately be judged by its
consequences in operation, whilst it must be verified experimebyally
observation of how it works, yet in order to justify a claim to be
scientific, it must provide a method for making evident and observable
what the consequences are; and this method must be such as to afford
a guarantee that the observed consequences actually flow from the
principle. And | unhesitatingly assert that, judged by this standard
...Mr Alexander’'s teaching is scientific in the strictest seofs¢he
word.”®

Alexander continued teaching and training teachers imeighods until his death in
1955 just short of his eighty-seventh birthday. His Teglencontinues to be widely
taught and is particularly strongly supported in the perfayraits.

What did Alexander discover?

By the early 1920s, Alexander had become a well-known aodessful teacher of
his Technique in the USA and Britain. When he learied925, that Magnus had
identified a“central apparatus$ in the brainstem which controlled posture, it seems to
have crystallised his thinking about his own method® began to refer to the head-
neck relationship ashe primary controlof the proper use of body His first
employment of the term appears to have been in a ¢éebrigave to the Child-Study
Society in February 1925. He also uses the tmntral control in this lecture but
subsequentlyprimary control was his preferred usage.

In the course of this lecture, Alexander says:

Regarding the central control: in the technique | am using, it will
interest you to know that during the past fifteen years, Magnus has
worked to explain the scientific significance — as has been brought to
our notice recently by Sir Charles Sherrington — in connection with
that very control which | have been using for twenty five years. The
direction of the head and neck being of primary importance, he found,
as | found, that if we get the right direction from this primary control
the control of the rest of the organism is a simple métter.

Alexander reiterated his belief that he and Magnus wadkeng about the same thing

on various other occasions. In a letter dated 9 July 1933ished in the British
Medical Journal, he challenged “medical men” to subnsitgnocedures to whatever
“tests as are consistent with their knowledge of physiology, anatomy and
psychology.”

He goes on to say:

3 Alexander (1923) pxxvii
" Alexander (1995)p148
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On the strength of forty years’ practical experience | am bold enough

to believe that this would result in proof of the soundness of my

technique as conclusive as has been the case with regard to my
employment of the primary control, the existence of which has been
conclusively proved by the experimentation of the late Rudolph

Magnus of Utrecht

It is nevertheless difficult to pin down what Alexan@etually meant when he talked
of this primary control. Sometimes it appears to be an action he performedhas w
he talks of putting his head forward and up to prevent Hirfreeh pulling himself
down, or as he put ftshortening in statute when he started to recite. In his account
of how he developed his Technique, he said that aftgrdgperimentation he found:

... that to lengthen | must put my head forward and up. As is shewn by
what follows, this proved to be the primary control of my use in all my
activities!®

More often, he uses the term to mean a particularoffaging his body in which he
was not pulling his head down and compressing his necke héedescribes what he
means in copious, if rather impenetrable, detalil

...| discovered that a certain use of the head in relation to the neck,
and of the head and neck in relation to the torso and the other parts of
the organism, if consciously and continually employed, ensures, as was
shown in my own case, the establishment of a manner of use of the self
as a wholewhich provides the best conditions for raising the standard
of functioning of the various mechanisms, organs and systems. | found
that in practice this use of the parts, beginning with the use of the head
in relation to the neck, constituted a primary control of the
mechanisms_as a wholenvolving control_in processight through

the organism, and that when | interfered with the employment of the
primary control of my manner of use, this was always associated with
a lowering of the standard of my general functioning. This brought me
to realize that | had found a way by which we can judge whether the
influence of our manner of use is affecting our general functioning
adversely or otherwise, the criterion being whether or not this manner
of use is interfering with the correct employment of the primary
control.”

Alexander was obviously mistaken in his belief thatatvhe called the “primary
control” was identical with the “central apparatus” described BgiMis since this
latter is completely beyond any possibility of conasicontrol. But this is of little
practical importance outside the world of neuroscientee important point in the
context of everyday human behaviour is that withoutnksargery such as Magnus
carried out, the “central apparatus” does not exist ag@gpendent entity and is
always subject to interference by the cortex. Ilddélee term “central apparatuss
something of a misnomer since Magnus’ main point was ttie coordination of the
postural reflexes, complex though it is, is a functiontred lower brain rather the
cortex.

S Alexander (1995)p134
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Alexander’'s achievement was to have devised a non-alrgicd consciously
controllable means of reducing habitual interferencéh vihe postural reflexes
enabling them to resume their proper role of recalitiyathe senses and contributing
to the optimum functioning of the neuromuscular systenihe common ground
between Magnus and Alexander was their awareness dfitically important role of
the head-neck relationship in the body’'s overall orgdiois of itself. The paradox is
that it requires a sophisticated exercise of consciong@ of the muscular system,
especially in the head-neck area, to avoid interferingp whe functioning of the
entirely sub-cortically-controlled postural reflexes.

This was recognised by Walter Carrington, who workedh Wiexander from 1936
through to Alexander's death in 1955, and was the foremcattifowner of the
Technique until his own death in 2005. In a pamphlet firstighda in 1950, when
Carrington was still working closely with Alexander, dleserved that

The whole basis of Mr Alexander’s Technique is the teaching of how
to eliminate interference with the autonomic functioning of the
organism’®

This judgement stood the test of experience. Afterlemdbrty-five years teaching,
lecturing, and writing about the Technique, Carrington Wappy to have same
pamphlet reprinted without alteration in 1994.

How does the Alexander Technique work?

In its practical application, the Alexander Techniquepramarily empirical and
achieves its results by means of individual lessonsngoyeAlexander teachers who
learn their skills through long practical training and egree. Thus, no attempt is
made here to describe the detailed practice or teachitite cAlexander Technique.
Many books have been written about them and an extellmtemporary coverage is
available in, for example, Vineyardl. It is, nevertheless, useful to relate some of the
practical aspects of the Technique to the work of Mag8uagrrington and others
discussed here.

Magnus’ research established the role of the postuilekes and the fact that they
operate subcortically. The cortex thus cannot supphstile guidance and control
of the neuromusculature provided by Magnuslaborate central apparatusin the
brainstem. This is why it is impossible to bring ady which has fallen into
damaging patterns of misuse into a state of healthyifumog solely by means of
deliberate exercise programmes.

The reason for this emerges clearly from the worlSlérrington and Magnus. The
ability to suppress or interfere with the postural xefieis essential to all purposeful
activity and to the learning and development of skillsThe problem arises when
these volitional patterns of muscle use become suchydeegiained habits that the
postural reflexes are prevented from functioning effettiv. When these habits
involve stiffening the neck and pulling the head backwartk down, compressing

the cervical vertebrae, and interfering with the fiowehg of the attitudinal and

righting reflexes that the effects are most pernicious.

8 Carrington (1994)p52
& Vineyard (2007)
38



The problem is compounded by the fact that people widr-tanse muscles in the
head-neck area and elsewhere, tend to have reduced asganémdhat they are doing
to themselves. Many, for example, do not realise gkient to which they are
habitually clenching their jaws, lifting their shoulderstightening their fists, or
nervously tapping their feet or fingers. Effectivelyey are suffering from a wholly
inappropriate increase in muscle tone throughout the Wioadg, affecting the whole
functioning of the neuromuscular system.

The precise habits of muscular misuse are, of coursécuysar to each individual.
But whatever they are, long-enduring righting reflexestrdaute to their permanent
adoption. As they do so, the natural processes ofregglhicement in bones and
muscles gradually adapt the body to whatever distorted alfighoi@oning conditions
it may have developed. People grow into the muscular asidinab distortions they
have adopted.

Any attempt to restore the former less harmful modeusifig the neuromuscular
system feels wrong and people who attempt such changetdenegress to the

habitual distortions with which they have become @stable and which therefore
feel right. Alexander referred to this inability people to detect the habitual
distortions that have become incorporated into theiremuscular systems as “faulty
sensory perception” or on other occasions, and moleurdolly, as a “debauched

kinaesthesia”. In time, people’s acquired twists, humpgnmetries and other bodily
distortions become permanent features of their appearand their way of using

their bodies.

Much of the work of an Alexander teacher is devotedesioring the kinaesthetic
sense of their pupils. As this happens, it becomeshto$sr people to detect how
they are misusing themselves and, gradually, to developlthty to stop doing so.

Liberated from the domination of habit, the posturdlexes gradually begin to

function properly again. Freeing the neck so that thedimeck relationship can
function properly again is a primary focus of this gepdesuasion. In time, it leads
to a restoration of the proper activity of the postuefiexes and an improvement in
the overall functioning of the musculature.

A considerable amount of skill and patience on the pharthe teacher is usually
required to bring about the requisite state. Simplyuositryg people to reduce the
level of tension in their neck muscles, for exampnds to result in a state of
complete relaxation of the cervical column or, sumpgisi often, a tightening of the
neck muscles as the pupil concentrates on “trying” to niaéen free. The first can
result in a substantial degree of postural collapse;s¢hend tends to immobilise the
neck and interfere with the proprioceptive functioningha sub-occipital muscles as
well as immobilising the neck righting reflexes.

Along with a restoration of the postural reflexes, ewleas part of it, it is also
essential that the neuromuscular system is graduallyregsto a state in which it can
respond to the promptings of the postural reflexes. i$met possible if people have
acquired habits of holding themselves rigidly in certagasa. Fears of a protruding
stomach, for example, motivate many people to develbpshaf tightly held buttock

and stomach muscles. Computer users, especially thasg laptops develop a
posture in which the chest is pulled in and the head tHoustard; attempts to

counteract this by pulling the shoulders back tend to conagpthe malposture with

excessive lordosis.
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Under the ministrations of a skilful Alexander tea¢chacquired muscular distortions
can be persuaded to give way to a renewed functioningegidhtural reflexes. The
American writer, Gerald Stanley Lee, described hawirigsson from Alexander as
being reshaped as though by a sculfftor.

Other scientific perspectives

Many medical doctors and scientists have derived persbaakfit from the

Alexander Technique. One of the most prominent ssisntivas Niklaas Tinbergen
who devoted half his 1973 Nobel Prize acceptance speeektading its benefits.

Few of these doctors or scientists have, howevedenay major contribution to
developing a scientific perspective on what takes plagdekander lessons.

Two exceptions to this were the anatomist and palé@pologist Raymond Dart
and the developmental neurophysiologist George Ellett @.ogBoth had personal
contact with Alexander and were impressed by his workheir views on the
Technique complement those in the previous sectiorigsopaper.

Raymond Dart

Dart, who was Australian by birth, trained in medicar& served in the First World
War. On demobilisation, he specialised in anatomyl@@hme senior demonstrator
in anatomy in University College, London under Sir @nafElliot Smith. He moved
to South Africa in 1922 to become Professor of Medigindohannesburg University.
He later become Dean of the Faculty of Medicine amdesethe University with
distinction for thirty-six years until his retirement1958.

Raymond Dart’s enduring fame rests on his discovery hef Australepithecus
africanusfossil at Taung, near Johannesburg, in 1924. Dart’s c¢leanit was an
upright anthropoid ape and a precursorhoimo sapiensvas widely resisted by
paleoanthropologists for the next two decades but Dad fwally and fully
vindicated after the end of the Second World War.

He came across the Alexander Technique when he wag toyfind ways of dealing

with the severe spasticity and lack of muscular coondinah his son who was born
prematurely, weighing only a kilogram at birth. In 1943,tDwd a short but intense
period of lessons with Irene Tasker a close assoafatdexander’s who happened to
be in South Africa but was shortly leaving for Englan8ipart from a single lesson
from Alexander, in London, Dart received no furtherséess in the Alexander
Technique, but he continued to think about it and to warkntegrating it into his

own ideas, especially those on developmental physioldgdg.believed that many of
his son’s difficulties arose because he had not gomaghrthe full developmental
process in the womb which meant that he was forced tiying to cope with the

physical demands of life before his neuromuscular sydbech developed the
requisite capacity to do so.

Dart wrote three Alexander-influenced papers which vpefgished in South African
medical journals during the 1940s and 1950 and reproduced in a 1996 mublicat
The most relevant in the present context is a papethenpostural aspects of
malocclusion first published in tl@fficial Journal of the Dental Association of South
Africa in 1946%

80 Lee (1920)p162
8 Dart (1996) p
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In relation to posture, Dart echoes Magnus’' view of fustural reflexes as a
subcortical system underpinning the voluntary use of tiecolature. He remarks

The forebrain is neither an initiator nor regulator of posture; it follows
immediate objectives as consciousness of them awakens, and employs
the apparatus of movement momentarily at its disposal, whatever the
postural development of the apparatus may be. When the postural
development of the individual is such as to place at the forebrain’s
disposal a perfectly poised apparatus, the conscious and subconscious
aspects of movement are happily integrated. Unfortunately, conscious
objectives so outstrip postural evolution as to produce bodily
disharmony more frequently than body pdfse.

In this, Dart was clearly influenced by his son’s dligiiHe saw the child’s difficulties
arising from a mismatch between the role of the paktaflexes and the capacity of
his under-developed musculature to respond to the demands gnaldesé reflexes
upon it. In this, Dart prefigures some of Bobath’snking though she makes no
reference to him.

Dart also pointed out that the human musculature canvigagad as having a double
spiral arrangement, from skull to feet, which makes pessihe smooth execution of
the various torsional movements involved in almosrghiuman movement. In all of
this, poised on the top of the cervical spine, the Ipémd a crucial role. He remarks

... If the head containing the balancing organs is not the prime mover,
if it is incorrectly placed and maintained for equilibrated execution of
the movements planned, the movements will be unbalanced and, in
brief, caricatures of what these movements should be...The vast
majority of people, relying more on one torsional sheet than the other,
develop a right-handed twist or asymmetry of moveffent.

He also believed, with Magnus, that a proper functionihghe postural reflexes
underlies the skilled utilisation of the nheuromuscularesysin a sport such as golf or
the poise illustrated in a painter’'s masterpi#céle pointed out that exercising, as a
means of improving bodily poise and promoting skilled emp&nymof the muscular
system, will be counter-productive if the underlying mudcwé is not already
working in a poised and balanced way.

Nor is any royal road to the acquisition of undeveloped body poise
known at the present time because no technique is as yet generally
applicable whereby the underlying attitudinal and body-righting
reflexes can be spontaneously unmasked and allowed to do their
symmetrical work reflex work without interference...... unless the
underlying integration between these self-operating reflexes and the
purposive movements essential to bodily poise has already been
established, physical exercises of a routine nature and strenuous
bodily sports carried out by an asymmetrical body merely emphasize
the existing asymmetry by neglecting balance. As far as | am aware,
the only technique aimed at integrating the activities of the individual
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by developing new habits based on the conscious control of the body is
that of Matthias Alexander®.

Although he made no further contribution to the neuroplogy of the Alexander
Technique after the end of the 1940s, Dart remained agssugporter of Alexander’s
approach. He delivered the 1970 F.M. Alexander Memoridure to the Society of
Teachers of the Alexander Technique in London. kabdress, he remarked:

The electronic facilities of the ‘60s have confirmed Alexanderighhs

and authenticated the technique he discovered in the 1890s of teaching
both average and skilled adult individuals how to become aware of
their wrong body use, to eliminate handicaps and thus achieve better,
i.e. increasingly skilled, use of themselves both physically and
mentally2®

Dart died in 1988 at the age of ninety-five.

George Ellett Coghill

George Ellett Coghill (1872-1941) was an American neurobidlogi®o made his
scientific reputation with a series of studies of taeyeneurological development of
the amblystomaa small American newt. As part of his researchcbeducted a
classic series of observations at the Universithitago in 1922 These involved
observations by Coghill and his assistants of the ldpwv® responsiveness of the
neurological system of themblystoma at fifteen minute intervals for the first sixty
hours after hatching. It was an extraordinary experimental endeavour andethéts
evoked widespread scientific interest. Coghill gave es®ef lectures on his findings
at London University in 1928 which were published undettitteAnatomy and the
problem of behaviodf.

One of Coghil's major themes was what he calléthe total pattern.” For him,
behaviour in an animal was not an accretion of randesponses to the environment
but emerged from an innate pattern of responses in whiere was, from the
beginning, an organic unity. He said:

This principle is thoroughly demonstrated for Amblystoma, a typical

vertebrate, and there is nothing in our knowledge of the development
of behaviour to indicate that the principle does not prevail universally

in vertebrates, including man. There is no direct evidence for the
hypothesis that behaviour, in so far as the form of the pattern is

concerned, is simply a combination or co-ordination of reflexes. On

the contrary, there is conclusive evidence of a dominant organic unity
from the beginning®

An American journalist, Arthur F. Busch, who had beeceiving Alexander lessons
in New York was struck by what he felt were the palsaletween Coghills and
Alexander’s thinking and published an article on the stilijea New York newspaper
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in 1939. This led to a correspondence between Coghill édAder as a result of
which Alexander sent copies of his books to Coghill.

In his reply, Coghill thanked him saying:

| am reading these with a great deal of interest and profit, amazed to
see how you, years ago, discovered in human physiology and
psychology the same principles which | worked out in the behaviour of
lower vertebrates§!

Just as in the case of Sherrington, Alexander’s ersst on looking at the totality of
the behaviour of the organism resonated with Coghfllexander visited the US
shortly afterwards and met Coghill who was by themesmely ill with severe arthritis
and heart problems. Alexander spent a weekend with rhifflorida and the two
obviously got on well. In spite of his illness, Cobhitote an Appreciation for the
book, Constructive conscious control of the individualhich Alexander was just
completing at the time.

In this Appreciation, Coghill wrote that the Alexandetéchnique was based on

...three well established biological principles: the integration of the
whole organism in the performance of particular functions;
proprioceptive sensitivity as a factor in determining posture; and the
primary importance of posture in determining muscular action. These
principles | have established through forty years in anatomical study
of Amblystoma in embryonic and larval stages, and they appear to
hold good for other vertebrates as wéll.

He goes on to discuss the way in which the total pafpeovides a characteristic
mode of behaviour within which local partial patteras operate as the immediate
needs dictate, saying:

In my study of the development of locomotion | have found that in
vertebrates the locomotor function involves two patterns: a total
pattern which establishes the gait; and partial patterns (reflexes)
which act with reference to the surface on which locomotion occurs.
The sloth, for instance, has the same total pattern (gait) of walking that
the dog has, but employs a wholly different partial pattern (reflexes),
for he supports himself in suspension with his flexor muscles. Hdéow t
reflexes may be, and naturally are, in harmony with the total pattern,
in which case they facilitate the mechanism of the total pattern ,(gait)
or they by force of habit become more or less antagonistic to iheln t
later case they make for inefficiency in locomofion.

The terminology differs slightly from that of Magnus aBderrington, and Coghill is
describing the behaviour of intact rather than decatebanimals but, from the
perspective of the present paper, the essential poititeissame. What Coghill
describes as the “total pattern” is equivalent to timate pattern of postural reflexes
which underlie and determine the overall and charatitergait of a sloth, an
amblystoma or a human being. This might also be destin Magnus’ terms as the
“physiological a priori’. Within that total pattern there is a further set ofements

1 Barlow (1978)p257
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which are determined by the particular conditions, f@neple, the surface on which
the walking is taking place. Coghill refers to this martr response as a partial
pattern of reflexes which is naturally in harmonyhatihe total pattern.

Coghill points to the possibility of a conflict betwethe total pattern and the partial
pattern as a result of acquired habits. It should bedribig in his use of the phrase
“partial pattern of reflexes” Coghill has departed fromme®ington’s definition of
reflex and is using it in the sense of an acquired ondebhabit. The important point
is that he is talking of such habits being “antagoriisticthe total pattern.

In other words, acquired habits of muscular misuse aesgfening with the innate
postural reflexes. Coghill goes on to remark that:

It is my opinion that the habitual use of improper reflex mechanisms in
sitting, standing and walking introduces conflict in the nervous system,
and that this conflict is the cause of fatigue and nervous strain, which
bring many ills in their trairf?

As he was writing these words, Coghill, unfortunatedgd fittle time left to live. He
finished the Appreciation just a few weeks before he mielline 1941; the book itself
was published a few months later.

% Ibid. PXXXiv
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