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Review

A tong title for a short book, but necessarily so. It is a technical book and
some of it is not easy reading for those unused to science. However it is of
real relevance to Alexander Teachers,

The book begins with a statement of Alexander's discovery in modern
physiological terms. Even here there is something new for many - the often
forgotten importance Alexander placed on the legs, feet and arms. The book
goes on to a short historical account of scientific interest in the Technique
with quotations. It then briefly outlines earlier experimental studies into the
Technique and the author's reasons for carrying out his research. There then
follows an account of the author's experimental programme.




In this Chris is frank about the shortcomings of his own studies as well as the
results obtained. This is important as good science is not getting the "right”
answer but in asking questions, making practical experiments and then using
all one's critical faculties to expose their errors so that new and better
experiments can be carried out in the future.

This contrasts with the book learning approach, where a person can easily
tall into thinking an idea "must be right”. As Chris shows, things he {and we
Alexander teachers) believed "must be right”, can be wrong, just as
Alexander did in his investigations.

This brings us to another impoﬂant point': Chris carried out his experiments
alongside his busy teaching practice and teacher training course. At the

same time as he has been experimenting and reading the scientific literature,

he has been facing the practical problems of Alexander teaching and to
communicate Alexander's writings as wel as his practical discoveries 1o
private and training course students.

This triple set of demands has produced this book - and promises two others
- one a commentary on Alexander's writings, the other a popular style
account of the physiology and practice of the Technique to follow on from the
earlier best seller "Alexander Technigue”, first published in 1987 and now in

its eighth UK printing and with French, German, Hebrew and US editions also .f

in print.

in the last section of “Towards a Physiology” Chris reviews a wide range of
physiolagical research pertinent to the Technique. This section is in some
ways the most interesting for non-scientists. It gives a broad overview of

many interesting discoveries made by scientists over the past 20 years which

are not commonly known by Alexander teachers and so forms a useful
addition to our wider knowledge.

Finally, as Chris himself says, this is very much a record of work in progress,
it is-unfinished with new experiments still being analysed. Because of the

dynamic progress being made a free update will be availabie to purchasers of

the book in 1996, as well as a free guestion answering service on any points:
readers find difficult. - .

About the author

After graduating in Physics from the University of Heading, Chris taught
physics for 5 years before doing post graduate study in Biophysics at
Chelsea College, University of London. He began studying the Alexander
Technigue in 1969 and trained as a teacher under Walter Carrington.

He has been responsibie for recognised Alexander teacher training courses
since 1884 and is a member of both the British and German Societies of
Teachers of the Alexander Technique. From 1988 to 1989 Chris was
Chairman of the British Society of Teachers of the Alexander Technigue.

He has carried out scientific research into the Technique since 1980 in the
Department of Anatomy, University of Copenhagen and the Division of Basic
Medical Sciences, Kings College, London. He is continuing this research with
the Biomedical Engineering Group at the University of Surrey. It was through
this research that he became interested in the study of postural and other
reflexes and how they interact with the mechanics of the body and
consciousness.

Through this Chris has continued Alexander's tradition of scientific method.
By using modern scientific equipment and advances in scientific knowledge
he has been able to improve his understanding and skills. This has led to
new ways of teaching the Alexander Technigue.

Some of Chrig’ other books and articles are:

Alexander Technique Optima, London 1987 re-printed 1988, 1989, 1990,
1981 2nd edition 1993 . Third enlarged edition to be pubtished by Vermilion,
London in 1996. There are also German (1989 and 1993), French (1989},
Hebrew (1991) and American (1994) editions.

Alexander Technique: Medical and Physiological Aspects, (Ed) 1988, 1994,

Scientific Research and its Role in Teaching the Alexander Technigue
Alexander Memorial Lecture, STAT, London 1990

Alexander and Relativity, Alexander Review, 10 pages (English) 1990.

Hesearch into the effects of the Alexander Technique STAT, London 1991
new edition 1994 also in German, 1944,

Yoga A and C_Biack; London, 1985, 1990, Third enlarged edition 1995
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Forward

This work is unfinished, as are all scientific studies. However a time
comes where enough has been done to tentatively offer one's findings.
But even as | write this experaments on balance and the initiation of
walking are underway - who knows what these and subsequent work will
produce?

The practical use of these studies

The experimenis and literature study were aimed at deepemng my un-
derstanding of the Technique and co-equally improving my own practice
and teaching of it.

For example: with recording electrodes on my muscles when | was a
subject in one of the experiments, the equipment detected unnoticed
muscular activity 1o a degree which shocked me.

In other experiments the force platform data showed me equally unno-
ticed disturbances in my balance.

By means of experiences like these | was able to "calibrate” my sense of
effort and balance even more precisely than | could with a teacher. This
naturally helped me refine my practise and my teaching.

} was of course repeating Alexander's investigations into his behaviour
using mirrors. Here though | could see in far finer detail what | was
actually doing to mysel when I thought | was doing something else.

From the literature studies | widened my knowledge of the neurophysiol-
ogy of posture and movement. This informed my experiments and refined
my questions. By incorporating these two aspects into my Alexander
work | was able to further improve my methods and my ability to explain
what | was doing, how to do it and why | was doing it.



For these reasons | hope that the book will be useful to practising teach-
ers and students as well as scientists. As it is a rather technical report |
offer a support service of replies to guestions - for details see the end of
this page.

Thanks to collaborators and helpers

This book is not only a lone effort. My thanks go to my research supervi-
sor at King's College, Roger Soames; Michael Nielsen of Aarhus
University; Flemming Gjedde, Rector of Aalborg Folk University, Finn
Bojsen Maller, Copenhagen University, Nadia Kevan Folkwang
Hochschule, Essen; Benjamin Libet, University of California SF; all of
whom made significant inputs of help, resources, and corrections of
some of my many errors.

Also to be thanked are Kathleen Ballard, Walter and Dilys Carrington,
Paul Collins, Richard Kitney, Hakan Langshammer, Ruth Murray, Angela
Thompson, TDM Boberts and Miriam Wohl who were instrumental in
stimulating my investigations and for practical assistance with various
aspects of a long process.

Naturally | remain responsible for the errors and omissions which remain.

Advice and Update Service

As stated earlier this is an unfinished work and | am still learning how 1o
explain some of the fascinating discoveries being made.

To receive a free update of this hook register yourself by writing to me
c/o STAT giving the date and place of purchase of your copy..

To receive free advice and answers to your questions, send your queries
to me c/o STAT with date and place of purchase of your copy.

r'\w,é;u;;;_a‘-p;»:

!ntroductio'n

As a teacher of the Alexander Technique with a background in physics
and physiology, | have been interested in studying the Technigue from a
sctentific point of view. My aims were to understand it better by studying
the work already done and add to this knowledge by measuring its
effects with modern techniques. Together with co-workers, | have con-
ducted experiments t0 measure and assess the changes produced by
the Alexander Technigue. | have also been interested in integrating rele-
vant scientific knowledge to explain the results of the Alexander
Technique found in the experiments. This combination of practical
teaching experience, experimental studies and study of the literature has
been attempted with a view to improving the teaching of the Technique.

I will begin with a short history of Alexander’s discovery and the devel-
opment of scientific interest in his Technique. This is followed by a de-
scription of the experiments carried out by my collaborators and myself
to date and the results obtained. These findings are then discussed in the
fight of some relevant current scientific concepts. From this | suggest
some likely mechanisms for the changes observed.

Alexander’s Discovery

In the last decades of the 19th century, F.M. Alexander (1932) found, by
observation of himself, that his vocal performance was adversely affected
when he preceded his performance by making the following subcon-
sCious inappropriate postural preparations:

a) the production of excessive muscle tension through out the body, es-
pecially the legs and feet which caused:-

b) fixing the head in undue extension at the atlanto-occipital joint,

¢) increasing his spinal curvatures,

d) undue shortening of the muscles of the legs and feet.

When he learned to inhibit these preparatory postural adjustments he
found that his performance was improved. Through this experience he
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developed a method of teaching this conscious inhibition and choice to
other people (now called the Alexander Technique). In addition to the
improvement in vocal performance Alexander also found that his move-
ment patterns, circulation, respiration and digestion were also improved.
These findings have been confirmed by others and from 100 years of
practical teaching experience.

Early scientific opinion

Some years after he arrived in England Alexander met Sir Charles
Sherrington. At a personal level the meeting was not a success.
However, Sherrington supported Alexanders work because he knew
from his own laboratory studies, and from those of Magnus, that the neck
and the head play a crucial part in the control of posture, balance and
movement. Sherrington iater wrote (Sherringion 19486):

" "Mr. Alexander has done a service to the subject (the
physiology of posture and movement} by insistingly
treating each act as involving the whole integrated in-
dividual, the whole psycho-physical 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 neck.”

With the pub?icaiion: ofi M'élgn'us' work ih the 1910’s énd 20s, detailing the

role of the head {eye and labyrinth} and neck and other postural reflexes,
physiologists and doctors who recognised Alexander's work began 1o
speculate about the mechanisms of his Technique. Meanwhile, the
number of physicians and surgeons seeing the benefit of the Technigue
increased to the point where Bruce and 18 colleagues wrote {0 the Brilish
Medical Journai in 1937, urging that the Alexander Technique be in-
cluded in medicat training (Bruce et al. 1937} In it they said:

"We have observed the beneficial changes.. brought
about by Alexander's Technique in the patients we
have sent 1o him for help. We are convinced that
Alexander is justified in contending that an
unsatisfactory manner of use... constiutes a
predisposing cause of .. disease... and that diagnosis...
must remain incompléte unless a physician takes into
consideration the influence of use upon functioning.”

in 1941 Alexander worked with the biologist Coghil, who was so im-
pressed that he wrote a foreword to Alexander's book, The Universal
Constant in Living, in which he said {Coghill 1942):

"Mr Alexander's method fays hold of the individual as a
whole, as a self-vitalising agent. He reconditions and
re-educates the reflex mechanisms and brings their
habits into normal relation with the functioning of the
organism as a whole. | regard his method as
thoroughly scientific and educationally sound.”

Shorlly afterwards Dart began to take lessons. He quickly saw the impor-
tance of the Technique and later wrote (Dart 1970):

"The electronic facilities (of electromyography and
etectroencephalography) have confirmed Alexander's
insights and authenticated the Technique he dis-
covered in the 1890's of teaching both average and
skilled adult individuals to become aware of their
wrong body use, how to eliminate handicaps and thus
achieve better (i.e. increasingly skilled) use of
themselves, both physically and mentally.”

More recently Tinbergen made the following remarks in respect of the
Alexander Technigue in his Nobel Prize acceptance speech of 1974:



- "We already notice, with growing amazement, very
striking improvements in such diverse things as high
blood pressure, breathing, depth of sleep, overall
cheerfuiness and mental alertness, resilience against
outside pressures, and in such a refined skill as
playing a musical instrument.”

Experimental Studies

Until  recently there has been relatively littie published work on the
effects of the Alexander Technique. in the following, | will discuss the
pioneering work of Barlow, and of Jones and his colleagues, and more
recent studies.

Dr Wilfred Barlow

During World War ii, while in the army medical service, Barlow had be-
gun to study young army recruits. These first experiments were ex-
tremely simpie measuring the length of the neck when moving between
standing and sitting. During the process of sitting there was an increase
in the curve of the cervical spine, shortening of the distance between the
occiput of the head and the veriebra prominens. All 56 subjects studied
showed some shortening with 45 having a shortening of over 2.5 cm.
Surprisingly only 3 of the subjects were aware of any change. When
asked 1o focus on the shortening, only 12 subjecis were aware of it,
When asked to prevent it from happening, only 7 were able to do so. -
Shortening of over 2.5 cm still occurred in 39 subjects even though they
thought there had been no change.

Barlow's study clearly demonstrates Alexander’'s discovery of the inaccu-
racy of his own and others proprioception. It also reminds us that we
cannot make improvements in our posture or movements just by “trying”

. when we suffer from unreliable proprioception. This is more fully
. discussed by Barow (1947,1954,1955),

" In a later study in 1956, Barlow had subjects adopt a standard upright

standing position, using a method developed by Tanner (1962), and

- photographed them from the fromt, side and back. Analysing these pho-
- lographs he was able 1o score their posture by using a grid system. He

compared two groups of individuals before and after receiving training:

- one group received Alexander lessons and the other exercises aimed at

improving posture. In the Alexander group there was a significant reduc-

: tion in the number of postural faults following the lessons in both men
- and women while in the other group there was no significant change. The

Alexander group were students at the Royal College of Music.
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Their teachers reported the following on the Alexander students’
progress: all the students improved physically both in their singing and
acting abilities., whereby the rate of improvement varied greatly. They
were easier to teach and had become more psychologically balanced. In
addition, the success of the students in an important singing competition
was far greater than could have been expected. In their opinion the
Alexander Technique was the best method they had experienced for
aiding singing performance and shouid form the basis of a singer’s train-

ing.

in an attempt to determine whether fit young individuals have postural
problems Barlow also measured 112 female physical education students.
They also showed a large number of postural defects. The resuilts for all
three groups were independently assessed by Tanner.

The physical result of Alexander training is usually a more physiologically
normal standing posture, from which it is evident that the body is more
correctly atigned. Raine and Garlick (1988} have observed that the centre
of balance of the body moves backwards following Alexander lessons,
confirming Barlow's earlier findings.

Effects on performance

Barlow's work clearly shows the effect of the Technique on posture and
on the level of performance. Evidence for improvements in health came
from his clinical experience in medical practice {Barlow 1959,1964).
Barlow's study with music studenis suggested a correlation between
objective postural changes and performance. Jones (1872) also showed
that not only did the singer and others listening feel that the voice and
breathing were improved, but that there were measurable changes in the
sound indicated by spectral analysis. More recently Doyle (1984) also
observed objective improvements in violin players after Alexander
training.

AT

While considering improvements in performance the following experi-
ences of two athletes are noteworthy. Paul Collins, Canadian National
Marathon Champion 1949-52 and veterans world record holder in 10
events from 200 kilometres to 6 days has said {Collins 1987):

"Through the Alexander Technique | was able to rehabilitate my running
after 25 years of being unable to run because of injuries, to the extent
that | was able to set ten world records for veterans in 1982."

Howard Payne, Commonwealth record hammer thrower, improved his
throw by 5.64 metres at the age of 37. Commenting on this, which he be-
lieved to be due primarily to taking Alexander lessons, he said (Payne
1967):

"Balance is a vital aspect of good hammer throwing and getting the head,
neck, spine and pelvis in the correct relationship enables the balance of
the throw to come so much more easily. Once the balance is settled
there is an enormous improvement in turning speed.”

Breathing

Barlow (1873) in his early studies found the Alexander Technique useful
in dealing with breathing problems. Lung capacity and peak expiratory
flow show a significant improvement after a course of Alexander lessons
(Austin and Pullin 1984; Austin and Ausubel, 1992), while breathing is
deeper and slower (Robinson and Garlick 1985).

Professor F P Jones

Jones used a different approach from Barlow preferring to measure
muscle activity and movement patterns for unguided and guided move-
ments. Straightening up from a slumped sitting position is usually asso-
ciated with a sense of effort. When muscle activity is measured there is a
high level of activity in the main neck muscles. However, when the habit-
ual stiffening is prevented, the movement feels easier and the neck
muscles show less activity. Jones suggested that this was due 1o the fa-
cilitation of appropriate head - neck reflexes (Jones 1965, 1979).
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In 1960, Jones and Gilley used radiographs, to confirm that the Alexan-
der movements produced an increase in the length of the sternomastoid
muscles; these being key muscles in the control of head position and
movement. Further examination of the radiographs showed that there
was an increase in the thickness of the cervical discs in Alexander sub-
jects and that there was also a forward movement of the cenire of gravnty
of the head to a more phys:oiog:cafiy normal position.”

Jones later also used interrupted light photography to study the sit-to-
stand movement. The photographs show a quicker and more darect
movement following Alexander training. :

The startle pattern has also been studied by Jones and Kennedy (1951).
This is the typical reaction pattern of an individual when startled, for ex-
ample, by a sudden unexpected noise. In this early study they found that
the pattern always began in the neck and spread down the muscles of
the body. Subjects typically retracted the head, raised the shoulders,
flattened the chest, straightened the arms and bent the legs. In a later
force platform study Jones (1979) found that in fact the iegs initially
straightened before going into the bent position.

It would seem from the casual observation of individuals that a form of

the startle pattern becomes the norm as they get older: head balance is

changed, with the neck shorter and pulled forwards while the head is
pulled backwards relative to the neck, principally by the sternomastoid
and trapezius muscles, with increased tension in the trunk and leg, just
as these muscles tensed in the habitual movements discussed earfier.

The author’s experimental programme

Two quéstions arise from the findings above. - First, can the changes
found by Alexander be measured reliably? And, if reliable measures of
the changes can be made, what are the mechanisms responszbie for
these changes'? o

With respect to the first question, the early work of Barlow and of Jones
and his colleagues suffer from the arificial nature of the test situations as
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~well as the possibility of introducing artefacts due to touching the subject.
“In addition the slow sampling rate (typically 10 Hz.) used by Jones in his
soxperiments made calculation of velocities and accelerations from the
displacement data unreliable (Lanshammer 1982). Using modern ad-
‘vances | was able 1o sample at 50 Hz. (studies 1 and 2) and 300 Hz in
1 study 3. .
. :As for the second question, Jones suggested in 1965 that the changes
" observed are due to a combination of the properties of bone, ligament,
*muscle and neck reflexes. His early account however does not include
- iseveral current concepts including that of postural preparations. Another
- important mechanism currently under discussion is the possibie role of
~“+the spinal curvatures. Recently Bojsen-Meiler {1988) speaking on the
. likely mechanics of the Technigue proposed the following view:

" think a lot of low back pain, especially the acute, is actually a buckling

- which has been prevented by sudden heavy muscle contractions. There
~-are several hundred kilograms of force in the muscles around the spine
which can easily break the fibres of the muscle itself, tendons and the
- spinous and transverse processes - any of which can cause acute pain.
So when | see you (teachers of the Alexander Technigue) adjusting the
veriebral column, | think of it in terms of you adjusting the veriebral
bodies on each other and the ligaments of the back. By this you are
changing the elastic stiffness of the system, the conditions for proprio-
ception and the number of signals coming back to the central nervous
system. Even though the changes are subtle they are causing a profound
change in spinal function. The physiological effects and benefits couid
very well be large "

With these views in mind we conducted seven experiments to determine:
a) whether the Alexander Technique resulted in changes in task perfor-
mance and/or physioclogical functioning, and

b) the nature of the underlying mechanisms, as follows.
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A. Three experiments studying the sit to stand movement

1. An examination of the influence of leg position on the sit-to-stand
movement. This enabled criteria for determining the quality of a move-
ment to be developed, without requiring subiects 1o assume unusual
positions.

2. An analysis of habitual and guided (in which preparatory postural ad-
justments were inhibited by a teacher of the Alexander Technique) sit-to-
stand movement patterns. Force plate, electromyographic (EMG) and
displacement data confirmed that guided movements required less
muscle activity and less force to perform the movement and were also
quicker. In addition the centre of balance was more posterior; with the
subject being taller at the end of the guided movement.

3. A comparison of unguided movement patierns in an experienced
practitioner of the Alexander Technique when using the Alexander
Technique in the movement or when not. Using the criteria developed
previously the Alexander movements were found to be more efficient
than the non Alexander movements, using less force and taking less
time.

B. Two experiments studying postural sway
4. The effect of neck and back splinting on postural stability when stand-
ing still was examined in untrained subjects to explore the relative impor-

tance of the neck, back and other postural reflexes. No significant effects
were found.

5. A comparison of postural stability between subjects who had under-
gone Alexander training and those who had not. The Alexander group
were no more stable with their eyes open or when their feet were in the
normal position than the non-Alexander group, however their sway was
up to 26% less when standing with the eyes closed and the feet together.

C. A study of height and shouider width changes

6. The influence of Alexander lessons on static posture. Significant in-
creases in both height and shoulder width were observed in musicians
and office workers following Alexander training.

B. A study of stress related increase in blood pressure

7. An investigation into the effects of the Alexander Technique on circula-
tory parameters in professional musicians under the stress of perfor-
mance. The Alexander Technique produced similar reductions in stress
induced heightened blood pressure to beta blockers but without the ad-
verse effects on quality of performance associated with the use of the
latter.

| also examine and discuss possible mechanisms for the various
changes observed. Further experiments on balance and walking are
being undertaken and will be published in future reports.



Three experiments studying the sit to stand movement

,In;ts-oduétidn

There is within any gross change of posture a process of postural ad-
justment which precedes and/or accompanies the voluntary movement
(Betenkii, Gurfinkel and Paltsev 1967; Bouisset and Zattara 19871,
Gahery and Massion 1981). Bouisset and Zattara {1981) have observed
anticipatory movements present in‘the lower limbs and trunk before the
beginning of voluntary arm movements. These movements, which con-
tribute to the dynamic organisation of balance and serve to reduce the
postural disturbance due to the forthcoming movement, are thought to be
specific to the intended movement. If indeed this is the case then these
postural adjustments must be pre-programmed, furthermore they appear
to be organised at two levels (Gahery and Massion 1981). The lowest
level provides for postural adjustment when the movement is triggered,
this in tum being controlied by higher centres which adapt the adjustment
to each intentional movement. This dual control system can be presumed
1o work during whole body movements as-well as for single fimb move-
ments,

Jones and colleagues (Jones, Gray, Hanson and O'Connell 1958; Jones
1965) using kinematic and force platform data have attempted to analyse
the postural adjustments preceding the sit-to-stand manoeuvre, He has
shown that objective measures can be used to distinguish between well
and badly co-ordinated movements (Jones and Hanson 1961: Jones,
Hanson, Miller and Bossom 1963), and thus lead to a clinical diagnosis of
abnormal patterns of movements. More recent studies of the sit-to-stand
manoeuvre have typically used standard leg positions (Baid, Kralj and
Turk 1982; Christiansen, Kardorf and Bojsen-Moller 1982 Yoshida,
lwakura and Inoue 1983). However, as this may not correspond to the
normal position of the subject, the subsequent movement may rnot be
typical. If, as suggested earlier, the pattern of postural adjustments is
movement specific, then the execution of the movement will be influ-
enced by the initial posture.

The sit-to-stand movement is universal, easy to analyse and changes
very little on repstition (Jones and Hanson 1961,1962). 1t is therefore

- useful for studying the effects of postural preparations. To this end we
. used the analysis of this movement in two experimental programmes to

investigate the influence of initial posture with respect to leg position on

the magnitude and. pattern of postura? adjustments "and on the total
© movement pattern In addstson ‘the inhibition of posturai adjustments of
- the head was exam:ned wnth respect to the execut:on of the movement.

' Experimen;té'i"éhd 2: A two dirﬁenéiohai ahéiﬁs_isi R
. Methods
© We examiﬁed 'thé'sét#io'—stan'd mo{remen't '-'u'sir'ig ph'o'to:gra'phs, a force

~ plate and electromyography (EMG). ‘During the sit-to-stand manoeuvre
~ the trajectories of the head, shoulder, pelvis and knee were recorded, as

well as the three orthogonal ground reaction forces and the electromyo-
graphic activity of selected muscles. Two male subjects took part in the

~ study, a total of 64 movements were técorded and analysed. Details of

the methods emp!oyed can be found in Stevens, Bojsen-Maller and
Scames (1989) S

Expenment 1_ inf!uence of leg position

Results s -

Major differences were seen in the patterns of body movement, particu-
larly of the head, as well as of the ground reaction forces between
standing from the seated posture with the legs in a standard position
{thighs hor;zontal and calves vemcal) or the mdmduals prea‘erred posi-
tion (P< 0. 01 in both cases)

Compare the head trajectones in flgures 1a and 1b The head moved
18% less in the horizontal plane and 35% in the vertical plane. The force
platform records showed corresponding reductions between the two
patterns; a 24% reduction in the preparatory reduction in vertical force,
Fz, asthe subject prepares to stand, and a 70% reduction in the hori-
zontal forward force, Fy, in the same phase of the movement.
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Figure 1a . Sit to stand with legs at 90 degrees - : . o Figure 1b . Sit to stand with legs in the preferred position
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It appears that with the standard leg position there is a higher level of ac-
tivity in the upper trapezius and erector spinae muscles compared with
that seen with the preferred leg position (records not shown in this re-
port). These differences in muscle aclivity correlate with the differences
seen in head movement and upper trunk movement between the two test
conditions. in contrast; greater activity was generally observed in the
hamstring :and quadnceps muscles in’ the preferred ieg position trials.
This correlates wnth the greater krsee movement seen m flgure tb com-
paredwnhia SR _ R

Experiment 2: Guided and unguided movements

Resulis

To prevent an unnatural initial posture which places additional demands
upon subjects; ‘each sub;ect was affowed his own preferred feg position in
the guided and ungu:ded movement studies: Head movements, vertical
force records and EMG aetwsty all showed major dlfferences between the
guided and ungu:ded movements (F’< 0 01 in all cases) ‘In the guided
movement the descer;t of the head was reduced by 43% and the hori-

zontal head movement by 16%. The preparatory dip in the' vertical force
record and the maximum force were also reduced by 77% and 16% re-
spectively (not shown i thls report). EMG act;wty in‘upper trapezius,

sternomastoid and erector spmae also showed reductlons of 53%, 38%
and 19% respectlve!y; ;- S S

Examples of the movement patterns are shown in Flgures 2a and 2b for
the ungwded and gusded movemenis respectweiy in F;gure 2a it can be
seen that there isa posturai adjustment consxstmg of an‘extension of the
head during: the early par{ of the movement. This postural adjustment has
been prevented in the guxded mevement (F;gure Eb)

Figure 2a. Sit to stand without guidance
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Figure 2b. 3it to stand with guidance
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Discussion of experiments 1 and 2

The data (see Stevens et al 1989 for further details) suggest that both
- initial leg posture and the abolition of habitual postural adjustments of the
. head have a profound influence on the pattern of the sit-to-stand move-
. ment. It can be argued that because of the different preferred leg posi-

. fions adopted by subjects, that data relating to this factor may be mis-
= jeading. Alternatively it can be argued that given differences in body size,
- strength, handedness, eye dominance and general fitness, individuals
- through experience will adopt a preferred leg position which they find the
. most effective and efficient for them.

“Using the latter argument all preferred leg positions could be considered

- to be comparable. Imposing a standard, non-preferred leg posture will
place additional demands upon subjects when the movement is per-
- “formed because the initial posture is non habitual. The increased muscu-
- lar activity and a greater head movement seen in trials with a standard
initial leg posture supports this latter view. At the beginning of the move-
-ment the weight of the body is brought forward over the base of suppon,
“that is the feet. Therefore the further forward the fest are placed then the
greater the forward movement of the head and trunk will be. The addi-
tional effort required in producing this movement may reset the thresho-
ids of habitual postural adjustment so that these adjustments become
more pronounced. Any resetting is most likely to be related to changes in
“neck posture when leaning forwards.

The suggestion that reflex thresholds are reset is supported by the find-
“ings from the guided and unguided trials. By inhibiting head movements
~(guided trials), and therefore changes in neck posture, the pattern of
movement appears to be smoother with associated muscle activity re-

duced.

it has long been known that the neck musculature is important in the
control of posture and movement. Longet (1845) showed that surgical
interference with the neck muscles produced generalised disturbances in
posture and movement in a wide range of animals. Sherrington {(1897)
later established that neck receptors have a profound effect on head
posture.
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Building on this earlier work Magnus (1924} was able to show that neck
afferents,: particularly in- association with labyrinthine reflexes, can pro-
duce extensive changes in whole body posture. More recently it has
‘been suggested that the neck receptor system may be just as important
as the labyrinthine system for the control of posture (Lindsay, Roberts
and Rosenburg 1976). Cervical ataxia has been produced in many
species, including man (Cohen 1961 de Jong, de Jong and Cohen 1977;
Lund. 1980} the effects, however, are not thought to be due to loss of
motor con’;rdi of the head but to a more generalised disorder (de Jong et
al. 1977). -~

The: precise location of the receplors responsible for controlling head
position is the subject of much discussion. McCouch, Deering and Ling
(1951) and Wyke (1979) believe them to be located in the cervical verte-
bral joints, but their studies have been criticised by Abrahams {1982) and
Richmond and Bakker (1982). Others have stressed the importance of
the neck muscles (Cooper and Daniel 1963: Abrahams 1977). Indeed the
numbers and arrangements of the spindies in these muscies is im-
pressive. For example in the cat the number of spindles per gram range
from 100 for large to 500 for small neck muscles (Bakker and Richmond
1962); in comparison lateral gastrocnemius only contains five spindles
per gram (Bakker and Richmond 1982).

it is interesting to note that the muscle spindles in the neck are arranged
in complexes (Richmond and Abrahams 1675) suggesting that they may
sub serve special functions. Furthermore, afferents leaving the neck
muscles have profound effects on hind fimb motor neurone axcitability
(Abranams and- Falchetto 1969). This latter observation, although not
made on humans, may.be a possible explanation of the lack of prepara-
tory leg retraction observed in the guided trials in the present study.
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i Conclusions

 Preferred initial leg postures produced less head movement and ground
© reaction forces. In addition the EMG activity in some muscles (trapezius
- -and erector spinae) was less, while in others (quadriceps and hamstr-
ings) it was greater in the movement from the preferred leg posture. The
..~ decreases in head and trunk EMG activity correlate with observed reduc-
_tions in head movement. Guided movements, in which habitual postural
~ adjustments of the head and neck are inhibited, showed significant
- reductions in head movement, ground reaction forces and EMG activity
“in trapezius, sternomastoid and erector spinae. It would appear therefore
. that both initial leg posture and the abolition of habitual postural
~‘adjustment have a profound influence of the efficiency of the sit-to-stand
“Umanoeuvre.,

~ This study draws attention to the practical importance of head posture in
the diagnosis and treatment of movement disorders, as well as in
- movement education. It was first published in the European Journal of
- Applied Physiology, under the title 'Influence of initial posture on the sit-
© to-stand movement". (Stevens, Bojsen-Muller and Soames, 1989)
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Experiment 3. A three dimensional movement analysis

In. the last study, habitual postural preparations of the head were re-
stricted by guiding the head. 1t is possible that this may have introduced
artefacts into the study due to touch, although every attempt was made
io minimise this. Also the refiable calculation of velocities and accelera-
tions from photographs is difficult if the movement is slow because of the

superimposition of the images and analysis of the movement is restricted
to two dimensions.

To overcome these problemsfh__e following were used ina piiét study ofa
further series of sit-to-stand trials:

{iy a trained practitioner of the Alexander Technigue, who was able to
voluntarily inhibit his postural preparations {corresponding 1o guided
movements),

(i) an electronic 3-dimensional movement analysis system, and
(iii) a force platform and strain gauge seat,

i

: : e B :
- : o Lo e A
The trained practitioner of the Alexander Technique used the following C7 3 =
three movement strategies in both the three-dimensional analysis and . -%.3&__.,:‘:
the force platform studies: ;‘? —
1. Moving with no thought of how he was moving (Strategy 1). 5 £
2. Consciously making an effort to move quickly (Strategy 2). Té = g Fa
3. Applying the Alexander Technigue to the movement (Strategy 3). £ 5
£ F
o
Hesults
1. Head displacement

=
i

5 w,’

o
L

The differences between these approaches is shown in the trajectories in
Figure 3a (strategy 1), Figure 3b (strateqgy 2), Figure 3c (strategy 3).

The vertical and horizontal movements of the head were used as indica- Figure 3a. Sit to stand moving with no thought of how he was moving
tors of the overail pattern of movement. The resuits obtained from the {Strategy 1). (T = tragion of ieft ear; C7 = spinal process of seventh
trajectory traces show a reduction of up o 60% for the vertical move- cetvical vertebra; 76 = spinal process of sixth thoracic vertebra; L3 = belly
ment, and up 10 57% of the horizontal movement of the head.

of erector spinae at level of third lumbar vertebra; IC = apex ol iliac crest)
24
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Figure 3c. Sit to stand applying the Alexander Technique to the move-
ment (Strategy 3). (T = tragion of ieft sar; C7 = spinal process of seventh
cervical vertebra; T6 = spinal process of sixth thoracic vertebra; L3 = belly

Figure 3b.Sit to stand consciously faking an effort to move quickly
of erector spinae at leve! of third lumbar vertebra; IC = apex of iliac crest)

. (Strétégy’ 2) {T = tragion of left ear; C7 = spinal process of seventh
cefvical vertebra; T6 = spinal process of sixth thoracic vertebra; L3 = belly

of erectcr'spinas at levelof third-lumbar vertebra; IC = apex of iliac crest)
e
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2 Head velocities

Figure 4 shows the horizontal anteroposterior and figure 5 the vertical
velocities of the head under the 3 strategies.

By using a high data sampling rate (300 Hz) and measuting to an accu-

racy of less than 1 mm, it is possible to make reliable velocity calcula- -

tions from the displacement data (Lanshammer 1982). These
caicuiations show that only the upward vertical velocity is higher in the
Alexander movement (9-31%); in the downward vertical, anterior and
posterior directions the velocities were less (by up to 35%, 16% and 45%
respectively). The movement traces also show that the movement takes
less time (5-22%).

3. Force platform studies

Figure 6 shows the vertical force records on the seat and feet for a sit-to-

stand without thought trials (strategy 1). Figure 7 shows these forces _

when making a conscious effort to stand up as gquickly as possible

{strategy 2). (In this test the subject walked off the platform). Figure 8 .

shows the effects of using the Alexander Technique (strategy 3).

The following measurements were taken from Figures 6 - 8:
maximum force increase on the seat (S),

maximum force decrease at the feet (F),

Peak force above body weight (P).

Measurements of the time taken for the feet to take full body weight
showed no significant differences between the various conditions.

The preliminary increase in seat force shown in strategy 1 (Fig. 6) is vir-
tually absent in strategy 3 (Fig. 8) as is the corresponding preliminary re-

duction in foot force (reductions of 69-87%). Similarly the peak force re-
quired for the movement is reduced by 22 to 23% in strateqy 3.
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Figure 4. Horizontal anteroposterior velocities of the head under the 3
strategies.
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Discussion

The study was performed on one subject . In total 12 trials were recorded
and analysed. Naturally studies of many more subjects and trials are
needed for a statistical analysis. However the study does show that mea-
surements can be made and that an experienced practitioner can make
measurable changes to their movement patterns.

Also it is in agreement with the findings of Jones and Mansen (1970) in
their force platform studies of unguided and guided movements, which
showed a preparatory reduction in vertical foot force, and with those of
Jones et al. (1959) who analysed 92 sit-to-stand trajectories, using mul-
tiple image photography, produced by 6 subjects before and after taking
20 Alexander lessons. The above results also suggest that there are long
term effects as well, because an experienced practitioner can chose to
use the Alexander Technique at will.

Conclusions

in both the trajectory and force platform studies the differences between
the various movement strategies is clearly observable. Though, as indi-
cated, confirmation is needed, the apparent improvements in the effi-
ciency of the movement using the Alexander Technigue, without changes
in the starting position of the movement, suggest that posturat and other
movement mechanisms are being utilised in a more effective way.

34

Postural studies

introduction

Postural stabilisation appears o be a continuous dynamic process of
corrections based on inputs from the visual, vestibular, somatosensory
and auditory systems. The magnitude of sway increases if the eyes are
closed, or the subject is blindfolded (Lee and Aronson 1974) and postural
control deteriorates (Hiavacka and Krizkova 1873).

Vestibular deficiency causes marked changes in the individuals refere-
nces o gravity (Black, Wall and Nashner 1983), while ipsilateral labyrin-
thine loss causes increased lateral sway (Tokita, Maeda and Miuata
1981).

Proprioceptive information from the joints of the ankle and foot and their
associated muscles, as well as the skin on the soles of the feet are
important in maintaining balance, as shown by Heyd (1862, quoted by
Harris 1938 in Orma 1957). Orma {1957} also observed increased
postural sway in women, but not men, when standing with their feet
immersed in ice water.

.- The contribution to postural stability of the auditory system is more recent
- and more tentative, Era and Heikkinen (1985) found evidence of poor
- postural control amongst subjects who had been exposed to noise at
2 work.

* Head position is signalled by two interacting sources: firstly by the pri-
- mary vestibular afferents, providing information about head position and
: movement, and secondly by the proprioceptors of the limbs, trunk and
. neck, giving information about head position relative to the rest of the
- body. This enables a different and appropriate response to changes in
- head position due only 10 head movements (such as shaking the head)
© and changes in head position due to movement of the whole body (Lund
- and Broberg 1983).

- Animal studies have clearly shown the interactions of head and neck re-
~fiexes in quadrupeds (Roberts, 1973). In addition Lund and Broberg
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(1983) have shown in humans that the position of the head relative 1o the
trunk, and the position of the trunk relative to the legs, affects the postu-
ral sway responses to an electrical stimulus to the vestibular system.
Priest {1984) has shown that when wearing a neck splint, balance on a
beam was markedly impaired for a gymnast who normally had good bal-
ance ability on such equipment.

Postural sway studies were conducted to determine whether the
Alexander Technique improves balance, as shown by a reduction in
postural sway behaviour, and to assess whether neck and back proprio-
ceptors are important in this. To do this the effects of neck and back
splinting on postural sway in normal subjects was examined and sway
behaviour between normal and Alexander trained subjects compared.

Experiment 4: The Effects of Neck and Back Splinting on Postural
Sway Behaviour

Methods.

A force platform and relevant software were used to detect and analyse
six measures of postural sway. These were mean lateral sway (Xm),
mean antero-posterior sway (Ym), mean displacement of the centre of
pressure (Rm) and three others.

For each parameter a three-way analysis of variance was conducted to
determine the effects on sway behaviour of :
. the two types of splinting, singly or together,
the feet being together or in their preferred position,
and whether the person had vision or was blindfolded.

26 subjects, 13 male and 13 female took part in the study. Each took

part in 16 experimental conditions. In ali 418 experiments were recorded
and analysed.
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Results

Not surprisingly sway was greater when standing with the eyes closed
than with the eyes open, and for the Romberg (feet together) foot posi-
tion compared 1o the preferred position .

Females exhibited less lateral sway than males.

There was no significant effect of the various splint conditions in either
males or females.

Discussion

The lack of significant changes in sway behaviour in relation to splinting
was surprising, as it was expectad that reduced information from the
neck proprioceptors in particular would lead to deficiencies in postural
control. One explanation for this may be that the cenire of pressure
movements, as recorded in the study, are perhaps an insensitive
measure of postural sway. This may be due to the lower body
compensating for changes in the head and neck or vice versa without
any change in the position of the centre of pressure. A combination of
instrtumenis as used in the previous experiment would clarify this.

However, it is possible that the trunk and neck propricceptors are not
needed in quiet standing, only being called into action during movement
or at the extremes of normal balance. In this regard Orma's (1957) report
on the importance of ankle and foot proprioception and iLund and
Broberg's {1983} suggestion of a role {or the knee and hip, would provide
alternative sources of stabilisation.

One could argue that the splints used may not have been sufficient to
prevent small changes in the relative positions of the various body seg-
ments, particularly the trunk splint. However, simpie manual tests indic-

" ated that the neck and trunk were indeed immobilised.

The literature on the differences in sway between men and women is
contradictory, with some authors reporting greater sway in women (Orma
1957; Overstall, Exton-Smith, imms and Johnson,1977). Soames and
Atha (1978), however, report that males tend to sway. less in the anterop-
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osterior direction and more in the lateral direction than females. These
differences in results may merely reflect the various measurement techni-
gues and postures adopted, especially foot position conditions. In my
study males had a wider preferred foot position with a greater degree of
out turning than the females. Consequently changes in the area of the
base of support between the preferred and Romberg foot positions is
proportionally greater in the males.

Conclusions

Splinting of the neck and/or back was found to have no significant effect
on postural sway behaviour. As observed in previous studies closing the
eyes and standing with the feet together (Romberg position) leads to in-
creases in postural sway, with females tending to sway less in the lateral
direction than males. This may be due 1o the wider base of support when
standing in the preferred foot position in males than in the females, al-
though the difference did not reach significance in t-tests.

Experiment 5: A comparison of the sway behaviour in normal
subjects and experienced Alexander students

It has been suggested that the Alexander Technique improves both
movement patterns and their co-ordination {(Jones, 1979). These
changes are probably due to an improved awareness of the relation
between various body parts, with greater importance given to proprio-
ceptive feedback than in untrained individuals. If this is indeed the case
then students training to be teachers of the Alexander Technique should
show different sway characteristics when standing compared with un-
trained subjects.

An initial group of 6 such students each were recorded under 4 condi-
tions for a total of 24 sessions were recorded and analysed. These were
compared with the same conditions for the untrained group. Splinting
was not attempted for this group.
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Resulis

The means of the sway measures are presented in Figure 9. The only
s;gr?rf;cant difference between the normal and the Alexander trained
subj‘ects is when standing with the eyes closed and the feet together.
Statistical tests showed that the other differences were non significant.
The reduction in sway exhibited by the Alexander group as compared to
the normals was 269% laterally, 14% anteroposteriorly and 16% in the
mean displacement of the centre of pressure.

Discussion

The Egck of difference in sway behaviour between the two groups when
standing with eyes open is not surprising given that vision is the most
dn_)mmant of alf feedback mechanisms in postural control. When staniding
with the feet in the preferred position subjects would presumably ensure
that they feef comfortable and have a relatively large area of support. It is
only when deprived of vision and with the feet together that differences
between the two groups are seen, that is in the least favourable posture.

This suggests that the differences observed here were due to the
awareness and use of proprioceptive information. Odenrick and
Sandstedt (1984) have shown that proprioception is of utmost importance
when standing with the eyes closed. According to Haris (1938), quoted
in Or.ma (1957), Heyd (1862) was the first 1o stress the importance of
proprioceptive feedback from the ankle and foot.

Alternatively Lu_nd arjd Broberg (1983} believe that it is information from
the kn_ee an.d hip which provide the basis of proprioceptive postural con-
trol. It is unlikely that the vestibular system is involved as it is less sensi-

iive to fine body movements (Lee and Aronson 1974) than other Sys-
ems. SIEECEIER ; -

Tﬁe observed changes are also unlikely to be the result of practice
Fsrfst{y none of the subjects had learned to try to stand still ang althougf;
frasi?ing In the Alexander Technique is concerned with balance, this is
achieved by greater attention to body processes. Conversaly, f’:earing
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(1924) showed that sway magnitude could be reduced by training but
found that it was accompanied by a change of direction in the subjects
attention from being conscious of body processes to a more externalised
attitude. Furthermore none of the Alexander subjects had ever attempted
to reduce their postural sway, nor were they asked to do so in the

experiment.

The foot position measurements underline the better balance of these
subjects compared to the untrained group as their preferred foot position
is significantly wider than normal males and thus the difference in the
area of support between the preferred and the Romberg position is

greater.

in the elderly, postural sway is a predictor of the propensity o falls (Clark,
Lord and Webster, 1993). Thus methods for reducing sway may be
helpfuf in reducing the danger of injury due 1o falling in the elderly.

Conclusions

The significant reductions in sway behaviour observed when standing in
the Romberg position suggests that the Alexander trained subjects were
able to make better use of proprioceptive information, probably mainly
from the hip, knee, ankle and foot, than normal subjects. Alexander
trained individuals therefore seem to have a greater awareness of their
body posture and the relation of one body part to another. The improve-
ments observed in balance are in line with the reports of other investiga-

tors (Jones 1979; Barlow 1973).

Trials with larger groups of male and female Alexander and untrained
subjects are underway to investigate these differences further.

Experiment 6: Height and shoulder width before and afier Alexander
lessons

Measurements of posture made by Barlow (1956) céncentrated on the
scoring of faults. He later claimed (Barlow 1973) that there had been in-
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creases. in height and shoulder width following Alexander training. If
muscies lengthen due to Alexander training, then a simultaneous in-
crease in both height and shoulder width are to be expected. Michael
Nielsen, Birgitte Due and | examined whether these changed following
Alexander lessons.

Methods

The height and biacromial width éf 20 éub;‘ects w'a's measure.d at th.e
same iime of day before and after a shon course of Alexander lessons,
using standard anthropometric instrumentation.

To eliminate changes due to iliness, medications or psychological state,
measurements were not made when subjects had taken any kind of
medication, had coffee, tea or alcohol, or did not feel well in any respect,
during the 3 hours prior to the measurement session.

Results

T’he sub;ects showed s;gnmcant mcreases(P <0.01or O 05) in standmg
.and sitting height and in biacromial width following Alexander lessons.
Students who received an average of 11 lessons over 3 months showed
a mean height increase of 7 mm and a mean increase in biacromial width
of 15.8 mm. The other group that received 20 lessons over 7 months
showed a mean height increase of 10.2 mm and a mean increase in bi-

acromial width of 12.5 mm. In general the females showed greater in-
creases in height, while the males showed greater increases in biacro-
mial width,

Discussion

There was no control group in this study and there appears to be no hub~
lished data on height changes over such short periods of time in other-
wise normal individuals, except during childhood. Diurnal variations are
to be expected, however this was taken into account by taking all mea-
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surements for each subject at the same time ¢f day. The mean diurnal
variation has been reported to be 16 mm (De Puky 1935).

Conclusions

The number of lessons given to the subjects was considerably less than
the number recommended by Alexander (1932) (30) or Bariow (1956)
(40), with some subjects receiving as few as 5 lessons. However signifi-
cant changes in height and shoulder width can be seen after only a few
lessons. A longer term follow up study with more subjects is indicated.

The mechanisms for the changes observed are likely to be related to the
releasing of excessive muscle tension and unbalanced postural habits,
which allow the reduction in excessive spinal curvatures as noted by
Alexander {1932) and Barlow (1955). The increase in shoulder width,
also noted by Barlow (1973) is likely to be due to the releasing of the
muscles attaching to the pectoral girdle and the ribs. This would be in ac-
cord with reports of deeper and slower breathing by Austin and Pullin
{1984) and Robinson and Garlick (1986).

Experiment 7: Changes in blood pressure and heart rate under
stress conditions

The previous studies were directed at measuring changes in posture,
movement patterns and co-ordination. The underlying thesis being that it
we adapt more successfully to stressful situations, we will see improve-
ments in posture and movement patterns. An alternative and reliable
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;n;?asyre of stress tevels is systolic blood pressure. Consequently the
oltowing study was conducted to test the efficacy of the Alexander
Technique on stress levels and performance.

Previous reports of biaod pressure reductions due to Alexander lessons
have been _apecdotaf {(Jones 1979); furthermore they did not control for
S:i!‘E.‘SS conditions. Bent Wstergaard, Michael Nielsen and | therefore de-
cided to study the effect of the Alexander Technigue on blood pressure in
a group of subjects under similar stress conditions.

in grder to attenuate performance-stress, musicians ai.re ihcfeasfn f.
taking drugs, especiafly beta-blockers {James, Burgoyne and Savag;
1983; James; Griffith and Pearson 1977). There are, however, alternative
_methods for combating stress. Such methods include exercise: (Feuerste-
in, Labbe and Kucmierczyk 1986) and the Alexander Technique
(Tinbergen 1974, Stevens 1987, 1993). The aim of the study was fo
compare t_he effectiveness of the Alexander Technique in reducing per-
formance induced stress and other methods of reducing stress. .

idethods

ghirty nine members of the Aarhus Symphony Orchestra, Aarhus
enmark, agreed to participate in the study, and were randomly assigneci
to one of four groups: these being exercise, drug, Alexander and placebo

groups. Musicians receiving medication or -
other medi
excluded from the study, cal treatments were

Heart _rate apc} blood pressure measurements were obtained prior to the
gwufsac;ansl gving two concert performances separated by eight weeks
uring which time the various groups underwent fraining. |

Those ‘m the exercise group ran seven km, three times per week for eight
fweeks, the Alexander group received 20 Alexander lessons from a pro-
essional Alexander teacher during the same period: the drug group took
40n:g proprarjoiof {& Beta blocker) 80 minutes before the second concert
pertormance; the placebo group took an identical looking placebo 90
minutes before the second concert. Heart rate (HR) and blood pressure
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(BP) were taken as measures of stress.

Phase five diastolic BP was measured using a sphygmomanometer and
read blindly throughout the study: the mean of three measurements be-
ing obtained. All recordings were made at the same time of the day for
each subject, after they had rested for at least five minutes. Heart rate

was laken over one minute.

Measurements for both concerts were made just before the first rehea-
rsal, before the final rehearsal and before the concert. The mea-
surements from the first rehearsal were in order to familiarise the musici-
ans with the measurement procedures. In addition each participant
completed a questionnaire in order to subjectively assess the effects of
the intervention programme. '

Resuits

Comparing the two pre concert measurements the following were found.
in the exercise group {7 men and 3 women, mean age 36 years) HR
dropped by an average of 10 beats per minute (P < 0.05)}, otherwise
there were no significant changes. in the Alexander group (5 men and 5
women, mean age 39 years) there was no significant change in HR but
systolic BP dropped significantly (8mm Hg, P < 0.02). in the propranolol
group {5 men and 2 women, mean age 35 years) there was also a non-
significant change in HR and again systolic BP dropped significantly
(9mm Hg, P < 0.02). In the placebo group {4 men and 1 woman, mean
age 33 years) there were no significant changes in HR or BP.

Discussion

The accuracy of measurement of biood pressure is notoriously low: The
small changes in blood pressure measured (This is not surprising as we
were dealing with normal healthy people) indicate that more accurate
measurement techniques would increase the reliability of such data. Aiso
the groups were small and there was no true control group for either the
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exercise or the Alexander groups. A larger scale study with hypertensive
subjects seems indicated to answer both of the defects. The importance
of such trials is underlined by the report that a 6 mm Hg decrease in dias-
tolic blood pressure, i maintained, reduces stroke by 42% and one form
of heart attack, myocardial infarction (Mi) by 14% (Collins et al, 19%90)
and that the drugs usually used to produce these results are thought to
possibly cause an increase in Mi of 10-15% (Mennekens and Buring,
1993).

Conclusions

Aithough these findings need to be confirmed by others, it seems appro-
priate that serious consideration be given to regimes other than medica-
tion in order to combat performance-related stress. For example it is
noted that there was no rise in systolic BP in the drug group before the
second concert suggesting an inability to respond at all to the demands
of the situation, as is underlined in the subjective repors,

Subjective reports

94% of the participants commented that taking part in the study had pro-
duced benefits for the orchestra as a whole. All of these described the
benefit as social, while 489 also described it as musicat. Eight musicians
in the Alexander group, eight in the exercise group and three in the drug
group reported that their intervention had led to lower unwanted stress
{or more correctly, distress). In addition eight in the Alexander group and
eight in the exercise group would like to continue their training, and would
recommend it to others, whereas only two in the drug group might take a
beta-blocker on another occasion and would recommend this form of
intervention to others.

Typical descriptions of the interventions were:

"A feeling of a surplus of energy to solve daily life jobs and sémaﬁons"
{Alexander group) : . :
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. "Improvement in breathing” (Alexander graup)

~ “Surprised over the well-being | have gained die'to

running” (exertis:
group)

"Increased general well-being” (exercise group)

"Totally indifferent towards my job, a deteriorated cpncgantratign -'a feel-
ing of being isclated from everything - and hammering in my fingers an

toes” {drug group)

"If you become totally de-stressed and cold after takin_g a bet_a~bll‘oc;ker,
the result is that what you play becomes cold and uninteresting” {drug

group)
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The findings of Alexander research in the !ight of
‘ Current scientific concepts ‘

The resuits of the various ax
Alexander training has a benef
and performance as well a
mechanisms underiie these ob

periments presented hera suggest that
cial effect on posture, movement patterns
§ some physiological functions. What .

SPINML
CoD

goM

ges in posture and movement patterns it is
highly probable that proprioception, the stretch reflex, elasticity, the

mechanical properties of muscles, postural reflexes and voluntary

neuroiogical activity are important components. We will consider each in
turn. .

TEF,
4 {x‘év

Proprioception

The control of posture and move
position of one body part relative
factors). This orientation is obtai
located in the muscles, the joints
muscle are the Golgi tendon o
corpuscles and free nerve endings

ment requires information on the
o ancther (as weli as many other
ned through proprioceptive organs
and the skin. The known receptors in
‘gans, muscle spindles, Paciniform

RLeuA )
Figure 10a. Simplified diagram of connections between spinal cord and

Golgi tendon organs
Golgi tendon organs, generally found at the muscuto-tendinous junction,

muscle spindle

are composed of collagen strands derived from the tendon enclosed by a
capsule of connective tissue. The strands connect to several (10 to 20)
individual muscle fibres. it is believed that the Golgi tendon organs
respond fo the stretching of the collagen strands within the capsule.

Muscle Spindles : S —
Some of the €onnections to muscle spindles and tendon organs are ] 3
shown in Figure 10. The central section of a spindle (Figure 11} is not wy X
contractile but passively elastic ang surrounded by a helical coil of §3 . §
$ensory nerve endings F §
48 &
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From the tendons at each end of the main muscle, some collagen fibres

merge with the three-dimensional network of connective tissue that runs -

t?etween and ground the large, powerful, extrafusal muscle fibres. Further
fine collagen fibres lead from this connective tissue network to the ends
of the delicate intrafusal muscie fibres.

Paciniform corpuscies

Paciniform corpuscles are often found in the vicinity of the Golgi tendon
organs. They_resemb!e the Paciniform corpuscles found in the skin with a
ssm:f.a‘r function are considered to be rapidly adapting end organs
sensitive 1o high frequency vibrations. '

Free nerve endings

Adgjitional sensory innervation is accomplished by free nerve endings
yvhnc:h are generally ubiquitous in muscle. Free nerve endings are found
in m;uscies and around joints. Free nerve endings are chemosensitive,
that is they are activated by chemicals as well as by mechanical stress.
For example lactic acid is produced by contraction and stimulates these
afferents in muscle (Rotto and Kaufman, 1988).

Inturn, it h{:ls been shown that the afferents potently activate both static
and dyngm:c? gamma motoneurones in both the same muscle and those
surrounding it (Johannson, Djupsjoebacka and Sjcelander,1993).

Joint receptors

Joint ligaments and capsules have Ruffini, Goigi tendon organ-like, as
well as free nerve endings in them. The first two can be exquisitely
sensm_ve, able to respond to stretch forces as small as 0.05 N,
approximately 5 grams weight (iri the cat), while the latter seems only fo

be ac_:tivated by abnormal mechanical stresses or inflammatory type
chemicals, :

.Stretgh.on the first two receptor types is thought to have powerful
uqflue.nce on the gamma motoneurones, markedly changing the
discharge of the spindle afferents. Thus, it is now thought that they
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contribute to the modulation of muscle stiffness and therefore to the. -

controt of the stability of the knee joint {Johansson, Sjoelander and Sojla; =
1991). They may- also contribute to the sense of movement and position
of the knee (Simon et al, 1984). It will be interesting to see. if these .
findings are confirmed in other joint ligaments, particularly those inthe . .

spine.

Stretch Reflex

The stretch reflex is likely to play a major role in muscle action under
natural conditions. Simply stated, if a muscle is strefched sensors
imbedded in it called spindles convey information about the degree and
rate of stretch of the muscie. Spindles are so called because they are
shaped like old fashioned spindles used to draw out wool into thread.
Figure 11a shows one. The Latin name for a spindle is fusus and so
muscle fibres within a spindle are called intra fusal muscle fibres, whilst
those outside it are called exira fusal muscle fibres.

When an external force siretches a muscle, the large extra fusal muscle
fibres are stretched by the pull on the tendon (see Figure 10a). This in
turn stretches the spindle and its intrafusal muscle fibres activating
sensory nerve endings near the centre of the spindle (see Figure 11a).
Returning to Figure 10a we can follow the pathway (called 1a) from these
nerve endings .This transmits a signal to the alpha motor neurones in the
spinal cord. These in turn bring about the contraction of the extrafusal
fibres within the same muscle, tending to return the muscle to its original
length. This is called the simple stretch reflex.

The simple stretch reflex is an example of a simple or monosynaptic
reflex, consisting of two neurones connected by one synapse. Synapse is
derived from the Greek synapses, meaning junction and refers to the
area where one nerve communicates o another. Refiexes involving more
than one synapse, i.e. three or more neurones, are referred o as
polysynaptic. This is also illustrated in Figure 10a. The spindie's sensory
neurone branches within the spinal cord where it forms several

synapses:
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| Fi.gi.;re 10b. Schematic Qutline of main types of sensory and motor

(a) with the alpha motor neurones, (b) with, which relay information to the
brain and to other motor neurones of the spinal cord. Through these we
can sense our muscles and they can affect other muscles. This is used in
walking to allow one leg to support the body whilst the other is fiexing.
Following the pathways shown in Figure 10b, let us look more closely at
the connections between a muscle and the central nervous system.

Sensory connections
There are two types of receptors in the spindle, called primary and

secondary receptors (Figures 11a and 11b).

Type ja (pronounced “one @" ) sensory nerves, often called afferents, run
from the primary recepiors of a muscle spindle to the spinal cord (hence
their name: muscle spindle afferents). The primary receplors are
particutarly sensitive to small rapid stretches. The fast la sensory nerves
will conduct this information rapidly to the central nervous system (CNS).
They go directly to the alpha motor neurones, exciting them to fire. This
is the simple stretch reflex referred to earlier and shown in Figure 10a.

Type Ib Golgi Tendon Afferents go from the Golgi tendon organs to the
spinal cord synapsing to an inhibitory inter neurone which tends to
prevent the alpha motor neurones from firing. It is befieved that these
moduiate the effects of the simple stretch reflex, fine tuning it to the
requirements of the situation of the muscle because of the great

sensitivity of the tendon organs.

Type |l spindle afferents go from the secondary receptors in the spindle
to the spinal cord. Secondary receptors respond more to the state ot
stretch rather than how quickly it is changing. The type [l afferents are
slower conductors than the type |. These lead to a network of inter
neurones which in turn lead to both alpha and gamrma motor neurones

serving the same muscie and other muscles.

Type ill and IV muscle afferents go from free nerve endings in the
muscle to a network of inter neurones which in turn lead to both alpha
and gamma motor neurones serving the same muscie and other

muscles.
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Sensory nerves from joint receptors lead to a network of inter neurones

which in turn lead fo both alpha and gamma motor nelrones serving the
same muscle and other muscles.

Motor connections

Alpha motor neurones connect the spinal cord to the extra fusal muscle
fibres. When the neurone fires it causes the muscle fibres to contract,

Gamma motor neurones connect the spinal cord to the intra fusal
muscie fibres. When the neurone fires it causes the muscle fibres to

contract. Gamma motor neurones also have connections to other
muscles.

A spindle’'s sensitivity to stretch is modified by gamma fusimotor
heurones. Some of these gamma fusimotor neurones excite the
intrafusal muscle fibres (Figures 10b and 11a) while others stimufate the
sensory endings directly (not shown in the diagrams} (Boyd 1986).

Descending and ascending pathways

Descending pathways from the brain and other parts of the spinal cord
act on the alpha and gamma motor neurones via a network of
inferneurones. In figure 10 they are shown at the rear (posterior) of the
cord, this is anatomically incorrect but necessary for conceptual clarity.

Although the ascendin
the brain, these ar
contraction of musel
pathways conduct m
cord, causing motor
parts to contract to p

g pathways are sensory ones, ultimately leading to
& ascending motor pathways can lead to the
8. For example when we stub our toe ascending
essages to the appropriate segments of the spinal
neurones to fire and the muscles of leg and other
ull the foot away from the source of pain,
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Figure 11a. General features of a muscle spindle




&C % > There are perhaps 1 million motor neurones in tﬁe‘"ne=r§.?_dd§ s\
W 3 = an estimated ten times that number of sensory cells; the'rémaini
-3 ) g :g“ of nerve cells being interneurones, processing the serisory i_ﬁ-ﬁu’ts
}5} 2 J £ formulating motor responses. Most of these internsurories a‘r‘é---"rr_ih’ibfit :
A ﬁ gji o = that is tending to prevent inappropriate activity, in our diagram only one’ig:
& U & 5 ShOWn ] RN
] sy .
(CIFTY g ﬁ: ¢ A Z
v E
E & 4 o
g g }i%_ g g ) g The brain and the streich reflex :
Sl od [/ L The arousal level of the brain has a powerful influence on muscle
Z &
9 ¥ spindles (Burke 1980; Brooks 1986). The stretch reflexes are inactive
et @ 13}
7~ /\ é £ 3 during deep sleep and relaxation. However, on awakening the reflexes
¥ — 5 £ £ are suddeniy switched on {Brooks 1986), signals from the brain acting via
€ =@ T the gamma fusimotor neurones.
N
0 2
= Fusimaotor activation by descending fibres from the brain has been found,
e a 25 in simple language hard thinking makes you tense. In physiological
u vé ‘”g? language Ribot et al (1986} have shown that a cognitively demanding
o g § g ?g task increases fusimotor activity. '
T gf_. 5 &
¥ H § § Brooks (1986) reports that people he characterises as “nervous’ cannot
N } 9 kY & switch off their stretch reflexes. He suggests that spindle sensitivity is
1 €9 43 %o maintained at an inappropriately high level through over activity of some
) o~ MM B R gamma pathways.
;':»3 o > H 75 -
of 20w 5 .
€ 2e% F "Resting Tonus"
g S £ § 5 Awake cats have stretch reflexes operating in refaxed muscles (Boyd
3 o b N 9 . . )
& % i @ 1980) and alert monkeys maintain postural tone in a resting fimb by the
g g_"}“ activity of small calibre voluntary pathway corticospinal neurones (Brooks
8 1986). In awake humans neither kind of activity has been observed in a
W & g resting limb (Burke 1980; Brooks 1986). Why is this? s this due to the
}. - % =4 experimental conditions, as are indicated in Soames and Atha's
s (L R S experiments (1981), in which the preparation of subjects took up to two
NI a hours.
\/ =
2 An altemnative explanation is a possibly greater differentiation in humans
i between postural and movement muscles (or probably more correctly
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motor units}. Although littie activity is detected using surface electrodes in
normal quiet standing (Soames and Atha, 1981), needle electrodes,
which are able to pick up signals from deeper muscle layers can show
continuous activity (Basmajian and de Luca, 1985).

Sympathetic innervation

Recently it has been recognised, in the cat at least, that the sympathetic
nervous system aiso innervates spindle intrafusal fibres (Ballard 1977;
Grassi, Filippii and Passatore 1987). These nerves release the neurotra-
nsmitter Noradrenaline, but their precise role in spindles has yet to be
identified (Boyd and Gladden 1985). According to Passatore, Grassi and
Filippi {1985) it can cause activation of intrafusal muscle fibres. Further
Hurt, Jami and Laporte (1982} found that it potentated fusimotor effects
in the cat.

Noradrenaline and adrenaline are released from the adrenal glands into
the bloodstream during emergencies and stressful situations when the
sympathetic nervous system becomes more active, alerting the body and
promoting powerful activity in the muscles. Perhaps the direct
sympathetic innervation of spindle fibres at these times increases their
sensitivity and speeds up the muscle's response and reflexes. If these
sympathetic fibres are present in human spindles their action could con-
tribute to the "jumpiness” seen in "nervous” people and to the problems
facing musicians during performance.

The mutability of the stretch reflex
Depending on the individual's level of arousal, emotional state, intention,
and other reflexes, the stretch reflex will vary in its responsiveness.

Stretch evoked responses can be altered by training. Professional ballet
dancers lack patellar and Achilles tendon reflexes (Goode and van
Hoven, 1982). Further biofeedback training has been shown to enhance
or decrease the short latency response to muscle streich (Evatt et al,
1989; Wolpaw, 1985). Finally it appears that apart from training there are
considerable individua! variations in different individual's responses to
similarly administered stretches (Djupsjoebacka, 1994)
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Spread of increased stiffness from one muscle fo théris. CEEeE
The afferent (sensory) nerves from free nerve endings a_rg_..--'actIVated-__ :

during static or repetitive contractions. These afferents increase the

activity of the sensory nerves to the muscle spindie (called MSA’s) via -
fusimotor reflexes in both the originat muscle and those surrounding:it:
This in turn tends to increase muscle stiffness, setting up positive
feedback loops of the form: production of metaboiites {from contraction) -
increased activity in MSA's - increased stiffness - increased production of
metabolites. This hypothesis, to explain the ¢chronic muscle pain reported
by sufferers involved in static or repetitive muscular activily, was
developed by Johansson and Sojka (1991).-

Corroborating findings inciude that of Veiersted and Westgaard (1993),
who found that people who had higher EMG's with fewer gaps in the
record,(i.e. short periods of relaxation) in light repetilive tasks were more
likely to develop pain. Kilbom and Persson (1887) also found a
relationship between what they termed stereotyped and tensed
movement patterns and muscte pain.

The spread of muscle release found in Alexander lessons may be due to
an analogous, but opposite feedback cycle. i.e. reduced production of
metabolites - decreased activity in MSA's - decreased stiffness -
decreased production of metabolites
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Elasticity

The elastic properties of various tissues and body segments has impor-
tance both for body mechanics and for the flow of nervous information
The co—qperation of active muscles and the resilient elasticity of bone-
tendc_){i,‘iagament . Mmuscle itself and other tissues, together with the great,
sensitivity of the various types of nerve endings serving them, are obvi-

bus components in a search for the mechanisms ;
Alexander Technigue. underlying the

It has been thought for some time that 40% of the energy for running
comes from the release of stretched muscles and tendons (Cavagna et
al. 1971). Although this has recently been questioned (Williams 1985)
Alexander et al. (1985) have shown that in galloping deer and dogs the,
lumbar aponeurosis is an important energy store. More recently
Alegander (1987) has suggested that the foot also has a powerful energy
saving role in movement, due primarily fo its elasticity.

An interesting observation by Maloiy, Heglund, Prager Cavagna and
Taylor (1986) is that East African women can carry ioads; on their heads
of up to 20% of their body weight without having to use extra energy
whereas westerners cannot. Alexander (1986) has suggested that thié
may be due to their making more efficient use of some elastic mechan-
1Sm, probably involving the vertebral column. In a later paper Heglund et
al (1995) consider that the main mechanism is the improved efficiency in
the use of the body as an inverted penduium. However they do not tell us
how thfs efﬁgiency is improved, as is pointed out by Taylor (1995). A
three dimensional movement analysis together with EMG and force ptéte

analysis as reported earlier in this book should i ;
issi help in
missing parts of this story. P in supplying the

Elastic Properties of the Spine

At its mo'st basic level it has been suggested that the spine forms a slen-
der etastnlc column (Lucas and Bresler 1961) with end supports formed by
the pgivus at the sacro-iliac foint, and by the head and cervical parts of
the spine through the righting reflex. It can be regarded as a compression
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" Alexander hypothesised that many of the respiratory, circulatory; - gyna

spring whose stiffness can be regulated by its associated muscles and
abdominal and thoracic pressures {Morris, Lucas and Bresier 1961).

Recent studies however suggest that the spine has a far more active role
than the above would suggest. Gracovetsky (1988) has proposed the
concept of the spinal engine. He has found that the normal spinal curva-
tures cause the lateral bending associated with locomotion 1o be trans-
lated inlo contra-rotations at the pelvic and pectoral levels, giving rise to
the typical human cross pattern gait. The arms are given an important
role in this theory as they can wind up the engine in walking and running,
thereby increasing the power of the peivic rotation and assisting the legs
in propulsion. This theory also suggests that the ligaments of the lumbar
spine act as an elastic energy store in running, in much the same way as
Alexander (1985} has proposed for quadrupeds. Thus it seems increas-
ingly probabile that the spine is not merely a compression spring.

Asmussen {1960) and Woodhull, Maltrud and Mello (1985) have shown
that the centre of gravity (CG) of the head fies in front of the whole body
CG and the sacroiliac joint. Engineers know that long slender columns
are unstable under these kinds of conditions. Lindbeck {1885} showed
that the spine is unstable in the frontal plane (making & susceptible to
scoliosis). Even though the spine is reinforced in the sagittal plane, the
normal curves can be still be distorted. Unbalanced forces will tend 1o
cause buckling. Asmussen and Klausen (1962) observed that the cervi-
cal and thoracic curves increase and the lumbar curve decreases with
age in a sample of 329 male Danes aged 7 to 25 years. Voutsinas and
MacEwen (1986) studied a group of 251 male and 419 female Americans
aged 5-20 years. They have also reported an increase in both thoragic .

and lumbar curves with no significant differences between malés'and ' = - '

females, except that girls had a greater lordosis than boys prior'to-age .

cological and digestive problems helped by his technique (Barlow: 1 3)
were related to increases in spinal curvatures. According to' Goldt
Brown, Swaims, Kuhns and Kerr (1941) the viscera are af least p
slung from the cervical fascia as well as the thoracic fascia by wa

pericardium to the diaphragm, and by the diaphragmatic-attachme
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the ab.dommaf viscera. Only when the thoracic and cervical portions of
the spine are fully extended are the viscera raised to the best functional
Ievel‘. Barlow's ( 1954,1958) photographic posture studies showed an ex-
tepsnon of the cervical and thoracic curves, as well as of the lumb

spine, after Alexander lessons. ’ c

Personal experience of teaching the Alexander Technique suggests tﬁat
students who have done a lot of heavy lifting often have pronounced
!umbar'curves lassociated with shortened lumbar muscles. Alexander
(1932} in referring to exaggerated spinal curves associated with a mis-
use of the body, described the offect as "shortening in stature". 1 propose

that this kind of misuse may effect th ici i
e el )
this occur? y asticity of the spine. How might

Tht_—:: idea of a slender elastic column is easily visualised by using a ridin

whip. If _thg whip is stood on a table and downward pressure is applied tcg)
the top it is easily bent into a C-shaped curve. Applying further pressure
reveaf; that the whip becomes harder to bend i e. it has become stiffer. If
the whip is held so that it is bent into two curves and downward pressﬁre

is applied a marked increase in its stiffnes '
bending, is felt. S, Or resistance to further

This phenomenon was Systematically studied by Euler (Timoshenko
1961) who developed equations to describe such buckling. The most im-
portant in the.present context states that the resistance of an elastic col-
umn to buckling is proportional 1o the square of the number of curves
plug one. lf"l other words a C-shaped curve has twice the resistance of a
stra;gh't whip, an S-shaped curve five times and a triple curve 10 times
the resistance of a straight whip. This suggests that curves are beneficial
as long as they remain in balance, because reducing the number of
curves weakens the structure. Thus the slumping forward observed by

Asmussen and Klausen (1 is i .
spine. (1962) is likely to reflect a weakening of the

Therg are, however, more ways to weaken a curve than to straighten it
Cops;der an archer's long bow. The tension in the string is equal to the.;
regsstance of the wood to bending. Thus if a curve in the spine is main-
tained by muscle shortening, the resistance of that curve to bending is
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being used to resist the pull of the muscle and not to supportthe bod
Again the spine (as a support structure) is weakened, as seen in individ-
uals with pronounced lumbar curves. el

Conversely, the tengthening of the spine resulting from the rem'O\}ai-"éfi- g

unbalanced forces foliowing Alexander lessons {Bariow 1973) may be " .
expected to cause a lengthening of muscles, tendons and ligaments.

This produces greater elastic forces. As noted earlier, Jones and Gilley
{1960) demonstrated that Alexander lessons caused lengthening of the
sternomastoid muscies. This could result in stretching of muscle spindt-
es, thus activating type | muscle fibres. These factors may combine with
the elastic effecis giving a greater sense of ease due 1o the non fa-
figuable characteristics of these fibres.

Such an increase in the sense of ease has been reported by Tinbergen
{1874) who reponied that he felt his body "snap into shape”; behaviour
characteristic of an elastically powered change. In addition to such sub-
jective reports Jongs (1965) has reported that the greater muscle length
is correlated with decreased neck muscle activity. This is {0 be expected
if greater reliance is piaced on elastic force and less on muscular con-

traction.

Elastic tissue mechanics and sensory systems

Until recently connective tissues were divided into elastic and collage-
nous fibres, implying that the latter were inelastic. However, it is now
known that collagen fibres are elastic within certain limits (Butler, Grood,

Noyes and Zermicke 1978)

Ligaments and tendons, which consist largely of coilagen, can tolerate
forces up to 6000-8000 Newtons per square centimetre. Furthermore
collagen fibres can stretch by 5-8%, tendons by 8-10% and ligaments by
between 10 and 40% before breaking. (The measurement of the force
across an area of material is termed stress, with the ratio of the stretch
and the original length of the material termed the strain). These are valu-
able sources of elastic energy for movement, storing up to ten times
more strain energy than muscles (Alexander and Bennet-Clark 1977,

aonsen, Edgerton and Bojsen-Maller 1988).
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There are some important characteristics of the way in which tendons
and ligaments react to stress and strain. Graphs of stress-strain relation-
ships in tendons and ligaments show three different parts to the curve
(Figure 12). initially the tissue is easily stretched because the collagen fi-

bres, which are arranged in a wavy pattern, become straightened: this is

the toe portion of the curve {Viidik 1978). The straight part of the relation-
ship represents the real elastic stiffness of the fibres as they are
stretched. Eventually however a yield point is reached where the tissue is
increasingly damaged causing more and more deformation until it finally
fails at what is known as its pltimate strength.

Stretching a fibre beyond the yield point but not to breaking point and
removing the load results in a small permanent deformation. Stretching
the fibre again now results in a greater lengthening for the same load. As
our proprioceptors depend on the force generated within the tissue to
warn of impending damage, a damaged ligament will not be sending cor-
rect information to the central nervous system warning of the approach-
ing yield point. Thus a damaged ligament can be the cause of further
damage to itself as well ag associated structures.

An additional property of ligaments that is of some importance, is that
they cannot resist sustained stretch with a constant force (Figure 13).
That is the stress in the material drops by 20-30%, most of it in the first
30 seconds, when under a steady stretch. This may lead to erroneous in-
formation being transmitted to the central nervous system, just as with
the damaged fibre (Butler et al. 1978). For example sitting slumped in a
chair for a long period of time wili cause a concentration of stress on
some of the ligaments of the back, holding them in a stretched position,
and they will "relax" (Figure 14}. On rising they may not convey the ap-
propriate information regarding the alignment, batance and position of the
back.

The increase in the height of the spine seen in Alexander students will in-
crease the distances between the spinous processes evenly throughout
the spine, stretching the supra- and inter-spinous ligaments and increas-
ing their stiffness (Figure 15). As the spine is a composite structure,
these ligaments are part of a continuum of ligaments; so, when they are
stretched more and more fibres become engaged, thereby increasing
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Figure 14. Possible siress relaxation in spinal ligaments (from Bolsgn-

Matler 1928).
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Frggre 15. Possible increase in overall
of discs causing increased stiffness of

1988).

68

lengths .of ligaments and heights
the spine (from Bojsen-Mpller

the stiffness of the whole structure. This will confinue until a pos
reached where very little further stretching can oceur: (Boj
1988). ShE

This is different from the conditions of an isofated structure a5t i di
to cause damage to the tissues or for them to relaxin'thie ways out
earlier. Instead, the stretching out of the curves in response.
Alexander Technique improves proprioception from the ligament
well as from the muscle spindles and tendon organs. The:tole-of the
head and neck in this arrangement is of importance for, as the position'of - :
the head is modified and the shape of the cervical spine is changed, the ~
afferent input to the system is aiso changed. Murthy et al. (1978) have

shown that ventroflexion of the neck effects both alpha and gamma ma-

tor neurones in the lumbar muscles of the cat. S

There have been many attempts {o correct posture with the aim of reduc-
ing intradiscal pressures after Nachemson's (1976,1881) pioneering
work. He showed that intradiscal pressure increased when moving from
lying to standing upright. it further increased on leaning forward and
again when sitting down. These findings have been interpreted as sug-
gesting that instruction in lifting and sitting should be aimed at reducing
intradiscal pressures.

However from a knowledge of the statics of slender elastic columns
(Timoshenko 1961; Lucas and Brester 1961}, the force needed 1o buckle
the column to the side (causing scoliosis) is one tenth of that which will
damage the material of the column (for example the discs). This sug-
gests that sideways buckling will occur long before disc damage.

The pressure at which sideways buckling occurs depends on three fac-
tors: i) how the material is distributed around the neutral axis, i) the
tength of the column and, iii) its elastic stiffness. In humans only the latter
can be changed, being achieved by changing the shape of the spine and,
due to the stretching of ligaments and muscles, by increasing the height
of the intervertebral discs, as shown by Jones and Gilley {1960) for the
cervical spine.
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Muscle

Mechanicai Properties

different forces in g motor unit. The differences in the generated forces
are due to the muscle's length, its velogity of shortening or lengthening,
and the state of activation of the unit before receiving the command.

Tension-length relationship
The length-tension relationship may be examined by holding a muscle, or
muscle fibre at different fengths, with one tendon aftached to a force

muscle is passive.

The conditions measured have been:
() No change in length when the measurement is taken (called
an isometric contraction).
(i) The muscle is allowed to shorten due to the contraction.
(i) The muscle is lengthened as it contracts, ,
These correspond to (i) holding a glass in a hand, (ii) lifting a leg prior to

kicking a ball, (iii) the stretching of the thigh muscles when walking down
a flight of stairs.

Huxley and Julian 1966). The curve for a complete muscle is more
rounded due to the summation of the effects of the many sarcomeres.
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Figure 16. Typical tension-length graph for striatad mgscie‘ c(jeiat)iopna;s\:;m
(b)g tetanic forces for various lengths under |sorpe%r;§c co:ts fou'néi-' ___:.
rapetitive stimulation; () force due to the contractile elements, : ._:
subtracting (a) from (b) (after Hill 1953)
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A+B+C

A+ B

Tension

sprmg; in paraliel, each with a different slack length. Progressive
strqtchmg of the whole system sequentiaily activates the springs, with
thelrl tensions summating. This can be compared with curve (a) j’n the
previous figure (redrawn from Roberts 1978)
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Figure 17. Graph of tension and length for a simpiified system of three
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Figure 18. Graph of tension and length for a single sarcomere for dif-:
ferent overlaps of actin and myosin filaments. (a) Myosin penetrates:
line or is iongitudinally compressed. () Actin engages with cross bridges
pulling in both directions. (c) Full occupation of cross bridges. (d)So
cross bridges not engaging (redrawn from Gordon et. al. ?966_) :
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Force-velocity relationship
The force-velacity relationship can be explored using a catch device so
that the force resisting a tetanized muscle can be altered almost instan-
taneously. If the force is less than that of the muscie, the muscle short-
ens. The speed of shortening depending on the difference between the
forces. The same procedure can be used to explore different lengthening
velocities by applying varying forces that are greater than those of the
muscle. Figure 19 (after Curtin and Davies 1972) illustrates the relation-
ship obtained.

Effects of partial activation

So far we have only considered full activation (tetanus) and no activation
(passive). There is a difference between the response of a maximally
contracted muscle and a partially activated one as shown in Figure 20
(after Joyce, Rack and Westbury 1969). A reduction of force below the
isometric value in g partially activated muscle has functional significance
in the magnet reaction, and is a possible mechanism for the muscle
lengthening seen in Alexander lessons. This suggests that as the level of
muscle activity reduces, the refatively constant lengthening force of
bones and other elastic tissues on muscies, can have the effect of mak-
ing a muscle longer under the influence of Alexander directions, as long
as the stretch reflex is not activated.
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Figure 19. Tension vs velocity graph for tetanized muscle. For modefate: -

speed forcible extensions the force developed is greater than iso.fhe't_r{'@_-. S

(after Curtin and Davies 1972)
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Figure 20. Eifect of induced lengthening on the tension recorded in
isclated cat solsus muscle under constant stimulation {a} 50hz, (b) 7hz,
The dgtted tine shows isometric tensions at lengths indicated. Note the
rgductlon in tension to below isometric duting fengthening under condi-
tion (b} (redrawn from Joyce, Rack and Waestbury 196%)
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Differenice in response due to different previous cond:taons
A stimulus apphied to a previously inactive muscle produces a lower fore
than one added to an aiready existing stimulus. The latter effect can.bg"
long lasting as shown in Figure 21 (after Burke, Rudomin and Zajac
1970). This is perhaps the physiological basis for the requirement of the -
inhibition of any preparation 1o act for the prevention of unwanted muscu-

lar contractions in Alexander training. it would alsc explain how, for ex-
ample, latent postural reflex effects could affect a voiuntarily initiated
movement or posiure,

I 5eC —— Time

Figure 21. Enhancement of force due to a single high f{equenc'y at
lation superimposed on a fow frequency train of impulses {a). For
1o low frequency train shown by (b). {redrawn from Burke, Rudomm

Zajac 1970}
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. f .
Effect of siretch reflex on muscle siiffness Fibre types and functions

The effect of the stretch refiex on these properties is to compensate for
fche greater drop in force seen in a shortening muscle compared to the
increase in force observed during stretch. This would appear to allow
muscle stifiness to become more nearly constant, as shown in Figure 22

Muscles can be misused by not using the appropriate types of muscle
bres for posture. Type | fibres are red and though weak and s_lqw-ac__t'__i'ng
are highly resistant to fatigue. Using type Il B fibres which are-whitein
colour, stronger and quick acting but quickly fatiguable, so fong-term
stimulation could lead to flaccidity in such muscles, compensatory tens-

ing in others and poor posture. One of the differences observed between

the experienced Alexander subject and non-Alexander subjects is that
Alexander subjects have softer superficial muscles and a more upright
posture. Normal subjects on the other hand tend to have a mixture of ei-
ther stiffened or flaccid superficial muscles.

Type 1l muscle fibres tend to be triggered by direct connections from the
motor cortex, whereas type | fibres tend not to be directly under con-
scious control. Type ! fibres can be activated by the stretch reflex. The
sensitivity of the spindle to stretch is controlled by the fusimotor system
which is not under conscious control, itself being influenced by many
other reflex systems, including the postural reflexes. if the postural re-
flexes are adversely modified, for example by proionged muscular
shortening, the type | fibres may not be called upon to contract. Emo-
tional factors can also influence the responsiveness of the various re-

Solid = reflex present

i

S ,,' broken = ’é"/g’qmbzf-m’ el flexes. it is interesting to note in this respect that sympathetic and paras-
9 PR ' : ympathetic nerve endings have been observed in muscle spindles
Y , s RIS (Ballard 1977, Boyd & Gladden 1985).

Muscle activity in standing

Little evidence of stretch reflex activity in quiet standing in normal sub-
jects was reported by Soames and Atha (1981), being either absent, in-
frequent or transient in the 18 muscles they studied. In any muscle
recording experiment a relatively long preparation period is required.. This
may well cause fatigue and boredom. As alertness is a prime necessity.
for the fusimotor system to operate (Burke, Mckeon, Skuse: and’
Westerman 1980), the results of Soames and Atha are not surprisin

Figure 22. The relatively constant stifiness of reflexly active muscle
(redrawn from Roberts 1978)
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St-udleg py Basmajian (1985) and Garlick (1988) suggest that stretch re-
Tiex ac;twuty I to be found in the deeper muscle layers during quiet stand-
ing, with no gctivity being evident in the surface layers. This supports the
view of eari:gr anatomists, who suggested that the superficial muscle
!aygrs are primarily for expression and movement and the deeper layers
mainly postural. Although this may not always be true, postural stabilit

gnd volgrztary movements are controlled separately. For example a5i
t;c;:zr:t;h tbasa:< ganglia defects can have a typical bent forward hepad

ut make a volu ing it
ot position (Ve 1%?r)l‘tary movement to bring it into the normal upf

The pogtural muscles also tend to have a greater proportion of type | fi-
bres while the superficial muscles have more type li fibres. For example
soleus has 70-80% type | fibres (Edgerton et al 1975) whersas at !he;
other eg’freme biceps is a rare example of a muscle with a majority of
type i fibres (Schantz and Henriksson 1983) reflecting its predomina}:}t!y
movement r.ole. In the lumbar spine multifidus and longissimus have 57-
62% type | fibres with an approximately even number of type HA and type
IIB fibres (Thortensson and Carlson 1987). These have a mixed role )t;i

ing involved both in support and movement, includi
ent, ;
(Thortensson et al 1982). neluding locomotion

Recruitment order

Experfmentalfy induced contractions of neck muscles can chan.ge the.re-
cruitment order of individual fibres (Garlick 1986). Normally the weakest
but -Ipnggs’t fasting fibres are triggered first with faster and stronger ones
coming in later. This gives a smooth, easy feeling to the movement

When muscles are voluntarily or reflexly inappropriately tensed, this or;
der may be _changed so that the movement pattern becomes at’mormai

Conversely it is iempting to speculate that the de contractions reportec;
by ;ones (1965) will tend to return the recruitment order 10 normal, es-
pecially as the stretching of neck muscles in cats has been shov\;n to

cause recruitment in si i
1978). size order in lumbar motor neurones {Murthy et al.

The Brain

So far only physical factors have been’ considered but the Alexander
Technigue involves mental processes. Questicns arise such as: "How
can we stop activating muscles inappropriately?" or "if the Technique is
about making changes by thinking consciously, how ¢an we be using
subconscious processes such as reflexes?"

These questions can be approached by looking at the brain mechanisms
underlying planned and spontaneous movements.

Readiness potential

Prepilanned Movements : _
In 1964 Komhuber and Deecke discovered a negative voltage, called the

readiness potential (RP) is set up in the cortex about one second before” "
brief voluntary movements. The existence of the preparatory intention -
was underiined by Lassen et al (1978) who found that, when a subjeét. o
only performed a hand movement in their imagination there was 4
crease in blood flow to the same brain areas as found Dy Kornhuber
Deecke (precentral, parietal and the supplemental motor cortex): The:
findings were extended by Roland et. al. (1980) to mentally carried o
complex iearnt tasks. : T

For smooth continuous movements the RP starts signiﬂoan__ﬂy
Becker et al (1978) found such movemenis were preceded b
which began up to two seconds before (average 1,3s). o

Spontaneous Movemenis and Inhibition -
Libet (1985) found that a readiness potential (RF) is al$
cortex some 500ms before a spontaneous movement beg
that the RP begins about 300ms before the subject is con
ing chosen to move. However in the last 200ms befor:
begins the movement can be aborted.
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So . .

o r;nzczfo t:e problems of dealing with habit can be explained if a volun-

Ao :; ;;regede;i by subconscious preplanning. Bower {1986) re

j aying that "no matter how much silent choi i ‘

P ‘ ' choice-making you

ysgagitin. _]t_fge same uncon.scu-ous processes come into play just bgef)cl)re

Aiexande‘r Walssdgp;_)ears similar to the unconscious processes that

: aling with as he developed his techni i

and inhibiting habits. From Libet’ i thers is a 200ms pr
ind | . . et's work it appears there is a 200

. . . m )

riod in which to inhibit the results of such unNCoNscious processes zrgz-

.

il:r’]ges;:ﬂn;ibg tohti pattern of motor commands is being changed by modify
! er neural pathways (for a further di i i int
see later). By maintainin i i T the bition oo
‘ g conscious atterttion to both the inhibiti
the desired postural pre ' it i i e e o
parations, it is possible to conti inhibiti
o ‘ , : ontinue the inhibition
o :st;n;insted subconscious preparation and to construct the new coft-
onoes of obig rsgte?s. Thz hew postural preparations are arrived at bya
ion and experiment using the criteria of f
unnecessary limb stifiness, neck 70 (0. 7o eroneon
. : . and trunk shortening (i i
m : g (i.e. no increase
annggriec:fr;altures), an appropriate and freely maintained head attitudes
st & c;ant movement patterns which do not disturb the subject’s
- opeaking of this process, Alexander said (Barlow 18973)

"YO | - e .
hibitutggrr;z got learn to mhlbat and direct your activity. You leam first to in-
Hual reaction to certain classes of stimuli and second to di-

Postural adjustments and postural preparations

Bef

5 S;zti;\;?izgig movement, for example lifting a leg, there is a process

oo & cfh ment presumably to prepare the body for the new

However, WA is m:trated' by the cortex (Gahery and Massion 1981)
; € movement is made passively i.e. someone else lifts thé

leg, then the antici -
: patory post .
and Zattara 1981). y postural adjustments do not occur (Bouisset
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This may account for the observations of Jones (1965) and Jones an
Hanson (1970) that in Alexander lessons movements ar'e-’irﬁ;?n di

improved when the subject is guided, as measured photographically a
by & force plate. As the student learns the process described above tk
also learn to bring about this improved pattern ai will by improving the;
postural preparations (Jones et al. 1959 and my own experiments). Pre =
movement postural adjustments may also go some way to explainthe

underlying neurology of the startle pattern.

Until now Bouisset and Zattara's (1981) phrase "postural adjustment” has.
been used. However, Gahery {1987) suggests that this should be used
as a generic term with the use of "postural preparations" for changesin. |

posture which clearly precede a movement, with the use of "postural = .~
accompaniments" for postural changes about the time of onset ofithe:

movement and “postural reactions” for those that take place after .
movement begins. The changes in posiure brought aboutin-
Alexander Technique clearly precede movement and should therefore b
termed postural preparations (although it is also concerned with postir
accompaniments and reactions). S

Further Gahery and Massion (1981) suggest that postural-accor
ments and reactions are regulated from the brain stem, whereas po
preparations are cortical. As these can take place very close
they may be confused. This may be a possible explanation fo
crepancies observed with neck reflex effects. s

Returning to the example of moving a leg, one function of musc
produce the movement and this is produced by a motor
Before this however, the body prepares for the intended oy
moving the centre of gravity over the other leg or some-othe
part. This is to maintain the equilibrium of the body. fn addit
"the body will adjust their position relative to each othe
changes. Thus we see an interplay between movement; e
posture of a feedforward kind. Further, ail of these aré infl
integrity of the nervous system, bones, muscles anid 0
tissue, the habits and other behavioural aspects’ o

{Massion 1993)
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Touch

Effects

Most Alexander teachers use touch to teach and to g.uéde' movements
What does touph do in physiological terms? Touch, especially if it is unw‘
exgected, abpizshgs the alpha rhythm {Adrian and Matthews 1934). This
t:ann rhythm is typically seen when a subject is sitting or lying quieﬁy with
the eyes closed or unfocused. it also changes the blood flow in the cere-
bral cortex to that characteristic of greatef alertness (Ingvar 1975:
Lassen, Ingvar and Skinhaaj 1978). This may explain Jones' findin of'
normal alert brain activity in Alexander subjects (Jones 1971 ). ’
Attem!on may also sensitise us 1o receiving touch. In a fascinating exper-
amgnt Rolanq (1981) reports that when a human subject pays attentioi to
a fmggr thai.t 18 about to be stimulated i.e.. before the stimulus is a lied
Ihere is an Increase {n blood flow to the parts of the somatosensofy? cori
;Z tsgi :rce aa;nv;)ived in receiving sign_ats from the fingers. It indicates how
oan e activated py conscious attention to be able to receive
Signais due to touch. This may explain how we can fearn to be
increasingly perceptive to what we are touching, or what is touching us:

51\;@; Ilg.h; :tou? on‘ the sole of the foot elicits the supporting reaction of
tOumg ending it (Roberts 1978). Nerve cells specialised for sensing
' are calted cutaneous mechanoreceptors. It is now known that the
goninbute to pfgprfoception (McClosky 1978) and give an importan}t’
Mackground facilitation for motor commands (Lewis and Porter 1974)
echanoreceptors on the soles of the feet were found to have a mark d
effect on postural sway by Magnusson et ai (1990), B

g: r;o(l;-rzeo; (t:ouch N proprioception helps to explain why it is possib!e.to
ool mor cg_rate;iy whafs the .body is doing during an Alexander lesson.

role in fam[r.ta‘t.mg antigravity responses and motor commands may
h_eip in the optimising of recruitment order, thereby afiowing mo ﬁ‘y
cient, easy and graceful movement to oceur. 9 mere e
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Conscious experience of touch

Libet (1982) observed that when a subject’s skin is stimulated etectr_lca'i.iy N

it takes about 500ms for the brain consciousiy to experience it: However
the subject reports feeling the stimulus at the same time as it was admin- -
istered. Libet hypothesised that the referral of the experience backwards
in time was automatic. Furthermore, this reaction was triggered by the
first cortical response 1o the fast specific messages sent by the stimu-

lated sensory nerves in the skin.

In his most recent work Libet (1989) has reported that the 500ms delay
occurs in the thalamus. He also reported that some individuals were-able
to perceive the stimulation he was giving them (direct to the thalamus in
this case) weil before the 500ms had elapsed. in some cases the
recognition was almost instantaneous. it is as though the cortex is able to
recognise a pattern well before it is fully formed. This is what presumably
happens when we recognise someone at a glance. .

Perception then is a form of guessing, which can be trained, as for ex-
ample in the way an experienced teacher can quickly recognise a pupil's
problems when a student hardly knows where 10 begin.

Attention is probably a vital factor in such perception. A large number of
investigations have been carried out into the effects ot somatosensory
inputs on the brain and subjects experiences. The degree of attention
the subject was able to bring to bear on a stimulus had a marked effect
on the cortical responses and on the subjects ability to perceive the
stimulus accurately (Desmedt and Bobertson 1977). It would seem likely
that the ability to attend to proprioceptive sensations would have a simi-
lar increase in subjects abiiities to perceive proprioceptive stimuli accu-

rately.
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Responses To Overbalancing And Movement

Libet's rEp{_:)ris have some similarities with those of rapid responses to
overbafanc;ng. Roberts (1975) showed that subjects could anticipate
overbalancing and produce a rapid reaction which pre-empted the nied
for a later all'ad slower reflex reaction. Such an anticipatory reaction
though seemingly automatic is learned and cortical. Roberts suggest
that these are not reflexes in the classical sense, although they a?eg nors:
mally below the level of consciousness. This may explain why post
and movement are subject to habit and yet can be changed. Y posiure

222;?;2 \?v‘f)hhas proposec_j the concept of Anticipatory Pre-emptive
. ich, though _corncai and learned, quickly become habitual.

& suggests that the initial attempts at balancing in young animals, in
which large pogriy co-ordinated movements are gradually refined, re ,re-
sents the fegrmng of such reactions. These may be related to the! 021 "
raf preparations for movement studied by Gahery and Massion (19«5?1) ”

Exgersmentg invo!vilng induced hopping (by pulling on a rope attached the
S.l;:jeCtS waist, whilst standing on one leg) have shown that a subject
gither pen‘o‘rms a reflex hop (of long iatency) or, by anticipating the im-
posed toppiing movement, initiates the hop before the reflex has time to

operate (Roberts 1975), :
vantages. 5). Such a faster response has obvious survival ad-

EJ:;;;gc;patory reactions and }Jbet’s (1989} thalamic stimulation work may
90 some way 1o explain how subjects may be trained io detect and

inhibit inappropriate postural i
' preparations befo i
come imposed on the body. P 1o ey have time to be'q
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Startle Pattern

The startle pattern is a stereotyped postural response {0 an unexpected.
loud noise (for example), it can be regarded as a "total reflex"; e itdns
volves the whole body, it was first studied by Landis and Hunt (1939).
Jones and Kennedy (1951) found that in the startle pattern the head
stayed at the same angle to the vertical as in the normal posture and only
dorsiflexed relative to the neck, with both the head and neck being dis-
placed forwards. The neck and trunk are shortened; the chest is flat-
tened: the cervical and thoracic curves are increased, while the lumbar is
decreased: the centre of balance seems to move forward; the shoulders
are raised and drawn forwards; the arms extended downwards and the
legs are flexed, Jones and Kennedy (1851) observed there to be a time
course to the response. 1t is first (and most strongly) observed in the ster-
nomastoid and trapezius muscles, spreading from these in approximately

500ms to the trunk and limbs.

These earlier observations are questioned in later force plate studies
which showed as initial leg extension i.e. the person ‘jlumped” (Jones
1979). Unfortunately Jones did not perform a check on the time course of

the changes.

Postural change is usually thought of as passive, paticularly when the
individual is fatigued. Jones (1979) however takes the view that such
changes are caused by conscious or unconscious shortening of muscles.
Furthermore, postural changes are part of an active "total pattern” of
responses and it is in this context that the startle pattern should be
viewed. Building on the work of Magnus (1924,1925,1926a,1926b,1930),
Jones suggests that the startle pattem is an example of the action of at-
titudinal head-neck reflexes. Aithough many different types of attitudinal
reflexes are described in the literature, in the present context it is
sufficient to state that in head-neck attitudinal reflexes the head is drawn
into a fixed position. It is this position which imposes an attitude on the
rest of the body by redistributing the muscle tone throughout the trunk
and limbs. This allows the individual to maintain a position that-is
assumed for a particular purpose. It is postulated that the sitting or
standing posture of the average human functions fike an "attitude” which
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has i |
been imposed on the body by the head. The startle pattern may then

be viewed as a psycho-physi
stimulus, ycno-physical response 1o a fear or anxiety provoking

Ma : i
" tcr:]io;}:\lfc; 5 ; fl;’!n?’)ﬁgeheved tl;at the startle pattern had its biological basis
‘ n years development of hominid bi i
faced with danger or a indivi ond s oot raohen
quarry, the individual would t i
to better escape detection. Wh esod ey
: . When the danger had pa i i
tion of the head would be r e hond ot oo
eleased by means of the h ighti
- . ed ead righting refle
bogyr?gngssi;;cgoar we;y as to initiate the movement of thg res? of th:
mal posture or attitude. The mi
hosd and ot o : ‘ . mismatch between the
: y paris is registered at a po i i
o ihe fs i postural centre in the
ich then initiates the righting response. As with the head-neck attg:f?jiirj

nat reflex in posture and movement “the head leads and the body fol-

Fscmzn,g;;sst:ring t:e normal distribution of muscle tone. This is most
en when a cat is held by its feet i ' - '

head Live ot ena _ in the air and released; the

: & trunk and fimbs, so that it | i

shouid be made clear how ' ctudingl ang foting o,
‘ ever that there are attitudinal and righti

ri -

fieges in other parts of the body which “lead” the rest of the bodftj g e

Eye, Labyrinth And Neck Reflexes

Labyrinth

Receptors in the inner ear (the labyrintn) respond to the positions. and
movements of the nead and attempt to maintain the head in its normal
atiitude. A body falling accelerates towards the earth due to gravity. In
response {o this, signals from the labyrinths cause contraction of the leg
extensors within 60-80 ms (Greenwood and Hokins,1978). Also, among
many other effects they are linked to respiration as we will see later.
They interact with the neck and other reflexes. .

The method for preventing habitual postural preparations used in the
present study was discovered by Alexander (1932). In his technique any
unnecessary postural preparations of body parts are inhibited; then those
postural preparations which prepare the body to move more efficiently

are activated.

Neck

Some of the sensory mechanisms underlying these improvements are
likely to be in the neck as well as in the rest of the proprioceptive system.
The importance of the neck muscles in posture and movement has long
been established (Longet 1845; Sherrington 1897; Magnus 1924),

Longet (1845) showed that surgical interference with the nack muscles
produced generalised disturbances in posture and movement in a wide
range of species. Sherrington (1897) established that neck receptors had
a profound effect upon head posture, while Magnus {1924) went on .10
show that neck afferents can produce extensive changes. in the whole
body in association with the labyrinthine reflexes. Lindsey et ak, {1976)
suggested that the neck receptor system is as important as the labyrinths
for controlling posture in cats. T L
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uced in many species including man
.hp_ng. et al. 1977, Lund 1980). DeJong et al (1977)
s that this is not due to a ioss of head moto - i

“generalised disorder. rreontrol but s

'qut_qrs for this apparatus have been reported to be in the cerﬁica]
;Zen ﬁeg\?iifr;(tsc ('r;ﬁgCosch et al. 1951; Wyke 1979) but these studies have
- been: riticised (Abrahams 1982; Richmond
- Other studies emphasise the r in s (oo o)
he eceptors in the neck muscles (C
Daniel 1963) Certainly the numb s ppor and
anie . ers and types of spindi i
neck muscles is impressive. In the oS contain
< . cat, the lateral gastrocnemi i
5'spindles per gram whereas in the S o about
neck rmuscles this ranges f
100 per gram in large muscles t i Fones (ot
: 0 about 500 in the small ones (B
agt a
and Richmond 1982). In addition the spindles in the neck are i(n ckoknff

plexes suggesting a special role f .
Abrahams 1975) p or the neck muscles (Richmond and

!teT}?:r i:mg peeq accepted that the eye and fabyrinth work closely to-
g\ o rgan;?rxam batance. The importance of the neck reflexes in nor-
as not widely accepted until recently. | i
_ ‘ Y, In spite of man
sg?es showing that the neck musculature is critical for tﬁe control 03;
g eure atndbmovement In animals and man (see discussion above}. This
topi ea(l;;(s r:wee riue tto Magnus‘s (1924) failure to find the same responses
ents in 26 normal infants that he had f i i
studies, only finding them in a brai 16, diots and patianc
S, rain damaged child, idiots and pati
: , ent
i::‘fﬁ;{ni ;rom extra pyramidal tract lesions and other disorderg of thz
fvous system. He thus erroneousi i
‘ _ y came to the conclusi
that, in humans, the tonic neck reflex is a pathological phenomenon >

Ig:kriez:ireengw;:terf many early studies reporting the elicitation of tonic
- Millelman (1922) was the first to show that m i
. uscle tone in
;:x; égbps()?:;!g betct?}angaid by head movements in normal aduits. Gesell
out that Magnus's conclusion was somewh rprisi
‘ ' at surprisin
since he and his co-workers found the tonic neck response a ubiqzitoug

indeed a dominating char isti ; : .
months of fife. g acteristic of normal infancy during the first three

Other workers reporting tonic neck reflexes in early brain development
were Minkovski (1923) in the 3-5 month old foetus, Schaltenbrand {1925)
in infants under 1 year and Simons (1923) in patients with cerebral shot
wounds. Ikai (1950) reported that Sassa (1929) and Kono (1934) tried to
examine the existence and regularity of this reflex by measuring the
resistance of the limb musculature in healthy subjects, Parkinson patients
and those suffering from hemiplegia. Although they observed changes in
the resistance effected by postural change of the head, all the cases did
not conform fo the rules suggested by Magnus and de Kiein (1912,1513).

Others reported by Ikai (1950) to have found the existence of the re-
sponse in healthy human subjects include Goldstein and Riese (1923),
Hoff and Schilder (1927) and Yokosuka (1926), the latter also found dis-
crepancies between the direction of his subjecls’ responses and those of
Magnus and de Klein. This early work on normal humans was later con-
firmed and extended by Fukuda {1943,1961), Wells (1944}, tkai
{1944,1950), and Hellebrandt (1956,1962).

The differences observed between the various workers may in part be
due 1o lack of contro! for labyrinth effects. More recently Lindsay et al.
(1976) have re investigated the reports of Magnus and de Kiein (1912)
regarding positional reflexes of the labyrinths upon the limbs. Contrary to
the lather's findings of symmetrical changes of tone for all head positions,
Lindsay et al. (1976) observed that when the neck-head connections are
severed and the head alone is rotated, asymmetric limb responses are
obtained in which downhill limbs extend and uphill imbs flex, thus work-
ing in the opposite sense to the neck reflexes and not summating as sug-

gested by Magnus (1925). .

As Roberts (1978) comments, why it was that Magnus saw and de-
scribed a symmetrical pattern remains a mystery. :

Eurther evidence for the role of neck reflexes in controlling the limbs has
been presented by Aiello, Rosati, Sau, Patraskakis, Bissakou and
Traccis (1988), Traccis, Rosati, Patraskakis, Bissakou, Sau and Aello
(1987) and Rossi, Mazzocchio and Nuti (1986). In all of these studies
tonic neck reflexes were shown to influence limb musculature in normal
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adult humans, providing a more rigorous confirmation of the existence of
such effects, shown rather less quantitatively and without controls for
labyrinthine influences, by Hellebrandt et al. {1962).

The study by Hellebrandt et al. {1962} can be criticised for not isolaiing
neck reflexes, as in each test the head was moved to a different position
in order o bend the neck, consequently labyrinthine effects cannot be ex-
cluded. However tkaj (1950), who also moved the head in his studies,
investigated both normal subjects and deaf mutes, who demonstrated
abolished labyrinthine function. As he could find no differences between

the two sets of responses, he considered his tests were free of labyri-
nthine effects.

In an attempt to maintain head position whilst bending the neck, Rossi et
al. {1986) had their subjects lying supine on a tilting table, the head was
fixed in the horizontal plane in line with the body on an independent rigid
frame. In this way they recorded the H-reflex from the soleus and con-
cluded that neck ventroflexion exerted inhibitory influences on lower limb
extensor motor neurones. This is in contrast to the findings of
Hellebrandt et al. (1862), and of Jones and Kennedy (1951). However
this may be explained by the observations of Huxley (1913) on the ef-
fects of head position and neck flexions in the duck. In this study Huxley

observed that respiratory changes were dependent on head orientation,

even when neck movements were identical. Thus the findings of Rossi et

al. (1986) may not be relevant with respect to normal human head posi-
tion.

In Jones and Kennedy (1951) startie pattern study, the head stayed at
the normal angle to the vertical and is therefore only dorsiflexed relative
1o the neck, with the legs flexed. A later force platform study however
found that the legs initially extended, then flexed (Jones 1979). The ob-
servations of Rossi et al. (1986} are in line with those of Fukuda (1961)
who reported that all limbs flexed with head ventroflexion, The disparities
in observations between these various studies can possibly be ac-
counted for, as indicated earlier; however it is also possible that other

reflexes exist; or indeed another type of reaction, as proposed by
Roberts (1975).

QOther Reflex Considerations:ﬁ_ _

Neck proprioceptors have been _shown"_to._- influer
rabbits by Hinoki, Hine, Okada, Ishida, Koike and S_:.
(1913), as mentioned above, showed they aﬁect_gd =100
duck. o

The mechanisms underlying the reduction in blood preissi:;t?___isée_é__t
i ted with posturai refloxes. Si
Alexander Technigue may be connec ‘ it ot
; i human subjects has shown il ataarellieRs o
of tonic neck reflexes in normal hu ion (Hellebrandt etal
i i lbow extension {Hellebrandt et a PR

i f the neck is associated with e _ Hebd o

:o S?Gg' :[Jones et al. 1964). As the Alexander Technique mhib;ts-tt_lnthf_

73; Jones and Kennedy, : SR
mans under stress (Barlow 1973; ds doreiflegs
i Id lessen the tendency towar ISRT L

sonabie to suggest that this wou e . R
ion in these subjects and thus lower EMG activity in the triceps..

It has been shown (Fallentin, Sidenius and ngi;erzje;ozi ?83?)7i?amg\¥
[ f the triceps muscie Yo MV
jonged tow level contraction 0 , : P
ignifi [ rterial blood pressure 104
duces a significant increase sn' arte ‘ ,
;3(;01 20+/-12mr?1 Hg, without any significant change in hea;’tt Zil;is,t\
i ici ired to hold an instrument wl
fessional musiclans can be require o
i i hour, the arm muscles will :
stress for periods exceeding one , i
iods. it may be that the Alexander ique: fa
prolonged periods e o
i | reflexes and movement by
appropriate postura : ver i
i i ' ducing inappropriate musg
arations. This would heip in re 8¢
fr:aec?ions in any movement. This in turn coutd Feaq toa re;ipctao
increase of blood pressure due to performance anxiety. -

in humans, as in other mammais the centllfe of gra\rutg:3 q; ;hfhh
front of the aflanto-occipital joint. The_weaght of ﬂ']eh ;ré il
stretch the postvertebral muscle§ and ligaments. Suc ok
in the cat at least, reflex excitation to motor neurongé_‘_-téb;a
limb extensors (Murthy et al. 1978). This suppqrts H‘ét'

study in humans, albeit in the quadruped posm?n. iaf;l:
towards its normal position can be seen to operaie v
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in order to restore the individual to the normal upright posture.

However, it would appear that postures like that of the startle pattern
have become prevalent in most modern societies, as noted by Dart
(1947) amongst others. These kinds of habitual postures are ill-adapted
for movement, causing loss in height, as shown in the startle pattern and
stump, together with narrowing of the chest and shoulders, twisting of the
trunk and changes in the timbs.

Habitual twisting of the trunk and neck tend to be associated with lateral
spinal curvatures which cause the spine to rotate (Lovett, 1903). Such
induced scoliosis with its associated rotation may account for some of the
contradictory findings of the effects of bending the head sideways on
tonic neck reflexes. Fukuda (1951), for example, comments that in lateral
head bending, the reflex pattern is not so clearly manifested as in the
case of head rotation. In humans the extension and flexion of the four
limbs sometimes occurs in reverse mode. A further effect on movements
may be due to the fixed lateral curve interfering with the ability of the
spine to rotate freely about its axis in the way proposed by Gracovetsky
(1988), discussed earlier.

Nystagmus was inactive in many vertigo cases with whiplash injury
studied by Hinoki, Hine and Tada (1971). These subjects showed ab-
normal neck EMGs and complained of neck pain. When the neck was
fixed with a collar, nystagmus developed alongside reductions in the
EMG activity. Similarly whiplash injury with hypertonicity in the cervical
erector spinae muscles can cause vertigo due to over excitement of the
beta receptors of the injured muscles (Hinoki and Niki 1975). These two
findings may be regarded as representing the opposite of Alexander les-
sons with regard to the neck muscles.

The interaction of posture, physical disease, balance and circulation is
highlighted by Sandstrom (1962) in a study of the effects of damage to
the cervical spine. Patients with cervical syndrome have headaches,
nausea, giddiness and deveiop uncertainty. One patient, for example,
said that he felt as if he were permanently on board ship in a slightly
rolling sea. The cause of the syndrome is thought to be an intermittent
mild cerebral ischaemia in the distribution area of the vertebral artery.

94

The ischaemia is caused by pathologicat changes i‘n the cervical spsgi;
particularly osteochondrosis, which on head rotation -compresses e
vertebral artery and also possibly causes sympathetlcgiiy - provlo >
contraction, due to irritation of the vertebral sympathetic nerr\:_e fpf :é{or
suirrounding the artery. Sandstrom (1_ 9.62} suggested that t{'ue.(c l(; e.. oo
underlying susceptibility was a defacugnt coiiat_eral supphy ir; the area
supplied by the vertebral and basﬂar. arter!es._As the _eai nee’
Technique has been shown o increase disc height in the celr\f;cb gme
(Jones and Gilley 1960), it is possible that the vekrtebral arteries ggn e
less kinked thus making the brain less susceptible to compression.

duced ischaemia.
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Other Proprioceptive Factors

Other proprioceptive factors are probably of importance, not just those in

the neck. In Alexander's own case he reports that he had voluntarity R

;’nade his legs ‘and feet too tense and that this was involved in the prob-
ems he had with head balance, his voice and breathing. He reponts that

the shortening of the toe flexors was such that arches of his feet were -

grossly exaggerated and his balance was disturbed (Alexander 1932).

Stretch of the interosseus muscles of the foot are important in the posi-

tive §upponing reactions in the legs (Roberis 1978). it is also worth
recalling here that Orma (1957) reported the importance of foot and ankle

proprioception and Lund and Broberg’s (1983) findi
knee and hip in balance. 78t ) finings on the ole of the

Accord:ng to Hinoki and Ushio {(1975) lumbomuscular proprioception
pfayf; an important roie in posture. They showed that lumbar muscle Sain

yerhgo, nys_tagmus, with impaired righting reflexes and gait, are ali
fnducec.i by injecting the lumbar erector spinae muscles in heai’th sub-
jgcts with procaine, a local anaesthetic. The opposite was found ):n a-
tients suffering from whiplash injury induced vertigo, who suffered frgm
lumbosacral pain when the painful area was procainized. In this case
th'ere. were reductions in their lumbar muscle pain, vertigc; nystagmus

with improvements in their righting reflexes and gait. Trun£< propriocepl

tors have also been implicated in the control of i ;
the orientat
sway (Lund and Broberg 1983), ion of postural

Generally proprioception has a vital, if miid, role in the stabilisation of self
generated mqtor output in postural states, Specifically, maintaining a
constant position or force, even in the absence of external perturbations, ’

cannot be performed adequately without in
ut from
{(Hasan and Stuart 1988) P musele afferents.

Sacks (1 986)lreport's on the psychological as well as physical effects of
gengraf proprioceptive loss. It would appear that not only does proprio-
ception respond to the physical actions of the organism but that it is cen-
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tral to our conscious psychological sense of identity..

Narrowing of the chest and shoulders may adversely affect the support-:
ing reactions, as shown in cats by D'Ascanio, Gahery, Pompeiano and,
Stampacchia (1986) and Gahery and Pompeiano {1986). Their experi-
ments showed that postural and motor deficits involving the neck and
limb extensor musculature were caused. by pressure applied to the body
surface. Although they were of the opinion that the effects were due to
touch only, it can be argued that the applied pressures couid produce
proprioceptive effects (McClosky 1978, .

in particufar when elastic bands were crossed over the chest, the tonic
contraction of the extensor limb and trunk musculature decreased in the
animal at rest. Moreover the positive supporting reaction as well as the
myotatic reflexes observed after passive fiexion of the limbs were both
depressed. These postural and reflex deficits were also associated with
disequilibrium and abnormalities in movernent during locomotion, so that
the animal behaved as if it were affected by a vestibular syndrome.

These are comparable with pictures produced by Frank (1938) on the
effects of pulling babies by their hands into a sitting position, and those of
the startle pattern produced by Jones, Hansen and Gray (1964). In both.
cases the shoulders and upper chest are narrowed. Both studies also.
suggest a general shortening of the trunk. L

The interaction between limb and trunk extension is also found in:thie.re:

verse direction. That is, the development of a supporting reaction in th
legs produces a stifiening and straightening of the back. Additional
the dog, extension at the hip joint causes the forelimbs and bach
extended even when the forelimbs are not in contact with.the.
(Rademaker 1931; Roberts 1978). Conversely if the supporting
is not developed, as shown by Frank-(1938) in babies or by:Rade
(1931) in dogs, the back cannot support the body and buckle

As well as the interplay of the legs with each other and with
dividual joints in a limb may have strong effects. As.me
the positive supporting reaction is developed when_the-’_digﬁ
due to pressure on the sole of the foot. If the phalant
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il ints of the limb (in the case of a dog)
- flexion gnd the limb is unable to support weight
esponse is sometimes called the negative support-
not manifest in humans it may, like the neck refl-

p:er'al'_it w'o‘gid- appear that shortening of postural muscles and a .re*
auction in proprioceptive information are related to a reduced ability to
e porﬂ{d fully to the requirements of effectively operating in the ra\fit
~- tional field. It may be that the mechanisms so far considered are géom ..
ne.n.ts of some other more general patterns, as will be discussed later >

His propo‘f;ec! that proprioceptive acuity will be lower in shortened m
cles than in those under stretch, as well as being inaccurate in ovl;Sr:
stretched cqnnective tissue as noted earlier. Indeed for relatively fast
movements in man the reflex responsiveness of a shortenin musyi i
depressed (Gottlieb and Agarwal 1980,1984), ° T

;i‘asa;] gnd Stuart_ {1988) bgireye that a passively stretched antagonistic
uscie is more fikely to give information in absolute terms about the

kinematic state of the joint than the agonist. This seems to directly relate

to A!exanf:!er’s experiences that he did not perceive accuratel ihey 1

of the various contractions referred to earlier. ! erects

H attiiudmgf _ref!exes are prolonged, muscles will be held in fixed positions
under thew.mﬂuence. According to Magnus (1925,1926) these are th

most gndurmg and untiring of reflexes. The prolonged holding of i ;
ppropnat_e a.ttitudinafiy induced postures could have mechanicagi effer::?q
on e{astn_: lissues, considered earlier, perhaps causing the post r?
Qeterroratson observed by Asmussen (1960). These will tend to ﬁi theua;ti-
titude and thus perpetuate the inappropriate response. The loss of propri-

As mentioned earlier it may be that the startle pattern can, with fatigue or
boredom; and psychological depression, become a silemp Witgh low
muscfe tpne, but-still with an apparently attitudinally imposed-bod 0S-
ture, it may not be different in kind from the startle pattern me};e?ysel
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chronic low level continuation of it. The lack of muscle tone and proprio-
ceptive information being now due to lower levels of cortical activily, as
the stretch reflex requires cortical arousal to activate the gamma
fusimotor neurones (Brooks 1986).

Whether such factors are involved in pain has been raised in a study of
pain management by Fisher (1988). In this the perceived value of 13
different pain reduction activities by subjects in a pain management pro-
gramme were collected at the end of the course, 3 months and 1 year
later. In each case the Alexander Technique received the highest rating.

Conclusions

A series of experiments have been designed to measure some of the
physical changes found by Alexander and others as well as to elucidate,
if possible, the mechanisms underlying the Alexander Technique. By ref-
erence to the literature some suggestions for the mechanisms respon-
sible have been made. This and other studies suggest that the Alexander

Technigue can be learmed. - -

in summary the method of the Technique and its results are as follows: It
has as its first action a recrientation of attention to recognise inappropri-
ate postural preparations and then to inhibit them. By then selecting and
activating a more appropriate pattern of postural preparations, it appears
to progressively release the body from habitual attitudes, perhaps by
facititating righting reflexes. This in turn starts the process of bringing the
body into a natural upright posture characterised by greater height, grea-
ter shoulder and chest width, and better baiance. Also noted are faster
and less effortful movement patterns, improved responses 10 stress,
greater respiratory, circulatory and digestive efficiency, and improv-
ements in performance. It appears to improve proprioceptive acuity thus
aiding the leaming of skills.

Learning to allow postural reflexes to operate advantageousty during
movement may be a component of lessons in the Alexander Technigue,
it is argued that in this way the skill-of using the body in a more
coordinated way can be developed. Above all, this skill appears to
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depend on being fully alert (Ballard 1988).

It is possible that the Alexander Technigue involves refiexes and other

response patterns not previously recognised; firstly a "general shortening
response” like a chronically maintained startle pattern, connected with
fear and the need for concealment; and secondly a “"general lengthening
response” which produces an integrated response to gravity and the re-
quirements of rapid and powerful movements being carried out with the
greatest efficiency, involving an optimal operation of the sensory,
nervous and visceral systems. It would also appear that both these
postulated responses involve the postural reflexes in all segments of the
body. It would appear that preventing the inappropriate use of the "gen-

eral shortening response” and establishing the "general lengthening re-
sponse” as the norm gives a sound biological basis for a more effective
performance of the many interpersonal, social, cultural and other aspecis
of human life we can choose to carry out under civilised conditions.

Alexander made his discovery empirically, and this is the dominant
teaching style today. However it is now possible to make improvements
in the practice and teaching of the Technique by applying more fully the

discoveries in relevant scientific fields, such as those detailed in this re-
port.
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