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PREFACE

This thesis consists of four pepers, in vhich an attempt
has been made to study certain problems relating to the upright
posture in Man, The thesis embodies the results of a study of the
normal standing position, and how this is affected by the carriage
of loads of varying weight. The first two papers relate to an
experinental study of the muscular activity assooiated with
naintaining the erect posture, and to the normal pestural swoy that
oocurs with standing., The other two papers are concerned with the
manner in which the normal erect position is altered b load
carriage on the back, and the effect this has on the postural
activity. The common theme of the thesis has been to study some
aspects of the musoular nechanisns controlling the upright posture
in ¥an, using the ‘intact organisn' under as normal conditions as
possible, and to examine the woy in which this posture is affected
by a common faru of stress, using load carriage on the back for this
pUrpose,

The experiments were conducted on e relatively snell group
of nedical students, who, despite a falrly wide range of veight and
hedght, nust be comsidered a select and homogeneous group in relation
to the population at large. It is believed, however, thet a deteiled
analysis of the experinments on this small group, with proper
stetistical evaluation, has glven results which are of genercl
application,
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"For station is properly no rest, but one kinde of motiom,
relating unto that which Physitisns (from GCalen) doe name
extensive or tonicalls..sefor in this positien the nuscles
are sansibly extended, and leobour to support the bhedy,
which permitted unto its proper gravity would suddenly
subsids and fall unto the earth,..”

8ir Themas Browne, 1646,

"Gravity is an unvarying standard factor in
experience and plays its part in every : mmmd «l
every posture. Posture is eaxsentizlly the o

action of weight or in cther words the miwmmwm

of gravity."

m Dererrwiys —’ “928.
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INTRODUCTION

By assuning the upright posture during the coursze of his
evolutionary development, lian placed himself in a stance highly
susoeptidble to the effects of gravitys It beocans essential %o the
contimence of this upright position that he developed an intrinsic
nechanism whereby the ever«mresent effects of gravity could be ocounter-
acteds It has long been recognised that the chief means whereby the
bodv resists the effect of gravity in meintaining the upright position
is by the sotive contraction of certain musocles of the body, which
have been termed the "anti-gravity'" nusecles. It has been belleved
that the necessary contraction o these postural nmusoles is an cetive
and ocontimicus prooess, mze'-t:m body 13 in the erect posture. Lore
than three hundred years ago, Sir Thomas Browne wrote cbout the nmuscles
"labouring to support the body"; Denry-Brown, writing in more regent
tines, and representing the views of' the Sherrington school of
neurophysiology, dsscxribed posture as being the “active antogonisnm of
gravity." Sherrington himself desoribed reflex tomus, which maintains
an enimal in the erect attitude, az static comtraction (Sherrington,
1915),

An opposing point of view has developed in the past few
years, which insists that the maintenance of the upright position in
Man is not en aotive process, in tho sense that it requires contiruous
contraction of the postural muscles. The views of thiz group can best
be summarized by & quotation from Clermesen (1951): "It is evident,
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therefore, that we must reckon with the passive elastic tensions and
foroes in the muscles, and thet this oonoept is nuch more correct than
the now discarded ooncept of muscle tome." This school of thought
believes that the effects of reflex postwral torus have been much
over-estimated, and that the normal wright posture is chiefly
dependent upen the mechanioal errangemnents of the skeleton (Kelton &
Wright, 1949), and on the intrinsie elastic properties of the musoles
(Ralston & Libet, 1953; Relston, 1957). Suoch activity as may be found
in the pestural muscles is at most internittent in occurrence and
mindmal in extent. They do not believe that the gensral level of
musole tone is due to the operation of the siretaoh reflex of Idddell
end Sherrington (1924)s This view has been developed nmove or less
entirely on the evidence of the elestromyogrsph, and furthernore, on
evidence of & negative natures It is claimed that no evidenve of
elostrical sotivity can be detected in resting musole, and that indeed
thero is very little activity in the pestural or “anti-gravity”
muscless The evidence for this view has been summerised by Relston
and Libet (1953)s

The present study wes indtlated with 4ho thought of
axcnining afyesh the evidence far the existenoce of significant
muscular astivity cssooclated with the wpright postures A atudy was
sede of the normal standing pesture using prinarily a technique which
exaninod the mechanical end~result of musocular aetiviiy, rathe than
the alsotrical phenomena associsted with comtracting muscle, as in
the elsctromyographe. The technique that was used, involving a strain
gauge acoeleroneter mounted on a force amalysis platforn (see appendix)
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is believed to give a much nore representative ploture of the overall
musoulay activity assoolated with standing than cen be cbtained by
other nethods, suoh as the elestrog The use of the “.l.G.
has led certaln wockers to conclusions vhioh are diametricelly
opposed to the findings of virtually the whole of the extensive
axperimental worl on reflex posture, and it was therefore considered
worthwhile to examine the subjeot afvrech, using different techniques,.
Young adult meles were enployed as subjeots for the experiments.

At the same tine a8 ithe muscular astivity sssocicted with
the upright stance was being exsnined, a study wac also mede of the
norsel postural sways The static equilibtedium of Mok in the upright
position is never perfeet, and there is always a certain amount of
postural sway, shiefly in an anterowposterior directions This sway
is the resultant of two opposing forces - ths effect of gravity,
tending to oczuse the body to fall to the ground, and the restraining
effect of the "antie-gravity" museles, which maintain the body in the
uwpright poesition. The vertical projection of the centre of gravity
of the body normelly falls in fromt of the anklc joint axis (Morten,
1952), end there 4s = constant tendenoy for the body to fall forwards.
The cortinuous interplay between gravity and the "anti-gravity" muscles
results in vhat is lmovn es postursl sway. The loglosl plase for
measuring this postural sway is the oentre of gravity of the body,
and this is the procedure that has been sdopted in the present
experinents. A nethod of measuring the postural swoy that takes place
has been devised which is believed to be nore acouwrate and more
neaningful than previcus methods. This involves o detailed planimetric
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onalysis of photographic reccrds of the sway tracing, expressing ithe
result asamnuﬂatimofmmmmamabasaumthathad
been fitted to a fixed length of the tracing.

Previous workers on postural sway have tended to assune
that the body moves during postural sway in a rigid fashion, so that
the line joining the axis of rotation of the ankle Joints and the
emeafmﬂwwmbo&rmbgrmemﬁasasm@tlm.
This asmmption, on which much work hes been based (Smith, 1954, 1957),
WMWMMWMWWMMMWMWRMVML
Toaetmthispom,aamwasmwthematmm,m
thismompnrﬁwiththeawaamsmo&bythemtofm
centre of gravity. If the body sways rigldly, the two results should
Mm@h.h%ﬁ%m&@aa@tmwmmw
muwﬁmmmmeWmmmmemw
gubtended By a fixed point ot the level of the walst. Thias was not,
Ww,fmwmmem.m%aamﬁcmewﬂwwmmts
are discussed in the paper on postural swaye

The second half of the thesis deals with the effeot of load
omonmmm«twmw,mumitsmw*tm
the postural activity associsted with standing, After studying the
nornel posture, it was deoided that it would be profitable to examine
the effect of load oarriage on the body, to determine in what way the
body adapted itself to a common form of "stress". The study vas
divided into two parts, in the first of which the effeot on the
normal body aligmuent of carrying wedghts of 12 and 2, kge on the
back wos examined, In the second part, the effects on the nmmal
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postural swey, and assoclated musoulsr aotivity, of ecarrying these
welghts were examined.

The obvious ond inmediate effect of carrying & heavy load
on the back is to cause the body to leen furwards, and this cbservation
is a matter of everyday experience. lowever, the precise nanner in
whioh the body leans forwards, and the effect of the position of the
load on the baok, has beem but 1ittle studieds It has been claimed
(Hellebrandt, Fries, Larsen & Kelso, 194)) that the effect of a load
on the baok iz to cause the body to lean forwards "in toto" over the
ankle joints. Using a photographic teohniqus, and taking plotures of
marked snatomipal landmarks fyom the lateral side, it was found that
there was in fact a highly significant res of the body
segunents, and that in fact the body did not lean forwaerds rigidly.
It was found that the trunk altered its inolination ascording to the
position of the load on the book, and as a vesult of this it was
suggested that the vertionl projection of the oentre of gravity of
the bedy plus the load remained relatively undisturbed,

Using the same subjeots, the effects of load carrdage on
their postural activity was also investigated, and this study forms
the subject of the fourth paper in this thesis. In addition to
exanining the effects of load carrisge on sway, an attempt was made
to assess the rate of working of those muscles controlling postural

sway, using for this purpose an accelerometer mounted on a freely
platform.

suspended,’ It was found that carrying o load on the back caused a

significant inorease in the pestural sway of the subjects standing

mmpuwm.maummmtmwmmmmwm



84

apoeleronster, vhich was interpreted to mean an increase in the rate
of working of the pestural muscles. srecsing the load caused an
increass in the postural sway, and in the level of output of the
acceleranctors These findings confliot with the work of Hellebrandt
et ele (194h), who olaimed that the addition of an Army pack on the
baok lessened the amount of postural sway.

The amount of posturel swey is cne of the most sensitive
indives of the statio equilibrium of the body, and it is of interest
in this cormexion that it was found that the pesition of a heavy load
on the back did not significently affeet the level of postural sway.
This finding dees not suppart the views of lippoeld & Neyler (1950), whe,
on the basis of electronyographic evidence, suggested that carrying o
load high on the back increased body instability. If the body alters
its allgnuent 50 as t0 keep the vertioal projection of the centre of
gravity oonstant, wherever the load i1s carried on the baok, then it
night be expected that the site of a load on the back would not
significantly affect the rate of working of the pestural musoles
resisting the effects «f gravitys, 1In so far as the ascelms
mputrmmmmmwmofmmmmma.tm
conclusion 1is supported by the fact that the level of output did not
ﬂmemwmwaiMWamlaadmmbm
wos altered,

Certain general conslusions may Jjustifiably be drawn from
the experinental work desoribed in this thesiss It is believed that
mmmm»wmmmmtmmmm@ummg
dynamie prooess, and 4t is considered fallacdous to regerd this
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position as primarily a passive phenomenon., GCravity is a force which
1s always present, and is always threatening to upset lan's equilibrium.
This equilidrium depends uwpon, and is largely controlled by, the
continuous astivity of the pestural muscles. The part played by the
1ligaments and the passive elastic tension in the muscles is of a
subsidlary nature. The body wedght is supported against gravity chiefly
through the active contraction of the muscles - the "Stutstomus” of
Redenaker (1931). The point has been well put by Steindler (1955):
"These rotatory components of gravity must be neutralized hy active
opposing muscle forves, if the egquilibrium in to be established and the
parts are to be maintained in their relative position.” The continuous
Anterplay between gravity and the restraining musculer contractions
results in a sowcalled "statio ataxia" whioh 4is normally remarkably
small in amount. It 48 evidence of a finely-controlled balance that
the centre of gravity of the body in the nmwal standing position does
not away over o distance of nmore than o few millimetres,

The reaction of the body to the stresses of load carriage is
a good example of the powers of adaptation of the body. By keeping the
vertiocal projestion of the centre of gravity more or less constant,
whorever a load may be poaitioned on the back, the body adapts itself
to one position of the load as well as to another. As an example of
how successful this adaptation can be is the finding that therc was
no significant change in the level of postural swaying when 2 heavy
lood was moved over a distance of 30 cms. on the back. The evidence
would suggest that this adaptation is achleved, not by the body acting
as & rigid column, elther during sway or load carriage, but by the
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pliant manner in which the body reacts to the stresses of gravity
and locd ooyl 'Ce
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IATED WITH STAIDING IN MAN

INTRODUCTION

The exlstence of significant activity in the postural
muscles of Man when standing in the normel upright position remains
an unsettled issues It has often been denonatrated, since it was

first showm by Adrian & Bronk (1929), that action potentials cannot
be cbtained from resting miscle using needle electrodes (Denmnyy=Brown,
19,9; Bigland & Idppodd, 195k). It hes further been claimed that
little or nc notor unit aotivity ocan be detescted in the postural
"antiegravity® muscles of lan, atanding in the normal upright stance
(Hoeferry, 191; Vieddell et al. 1944} Kelton & Wright, 1549; Fleoyd &
Silver, 1950, 1955)¢ These essentially negative elsctromyographic
findings have been used to justify the clainm that the upright posture
in Man 4is primardily dependent upon the so-called "passive elastic
tension® in the muscles, combined with the mechanical srrangements
of the skeleton (Kelton & Viright, 1949)s These latter authors
suggestod that musale activity ocours only intermittemtly, and that
osseous and llganentous structures are more important in naintaining
the upright posture.

The congept that the intrinsic elastio properties of the
muscles aere prepotest in maintaining normal stending, rather than
active musoular contraction, has been developed apparemtly entirely
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due to the fact that the cleotromyograph has failled to reveal more
than mininal electrical activity in the postursl musoles (Hoefer,
19413 Irman, Feinstein & Ralston, 1948; Clemnesen, 1951) Ralston &
Iibet, 1953)s Decause electrical aotivity is so little in evidence
in the postural muscles during standing, as revealed by the E.l.Ge
technique, it has been oclaimed that postwral attitudes in Han are
not dependent on the streteh rcflex, and that therefore the classical
conoept of musole tone must be abandonsd (Rslston & Libet, 1953;
Ralston, 1957). It bas been further obsarved that most of the
olassical work on posture has becn done on laboratory animals, and

80 nay not ve rolevant to dan (Clemmesen, 1951).

Jacobscn (1943). denied that nornal standing in Man wos

essogiated with the sbsence of action potentials, and he slaimed to
have denonstrated muscle activity quantitatively in terns of motor
unit potentiels, during norzel standing. G8pfert (1952), using
needle electrodes, demonstrated electrdcol sstivity in the musocles
of relaxed subjects, in e resolining position., Gépfert Delleved that
this sctivity wus due to motor wdt activity. Joseph and Nightingale
(1952, 1955) demonstrated oontimous, well-marked activity in the
scleus musoies of an upright Han, and they found no evidence of the
internittent activity in the calf muscles described by some workers
(kelton & W, 19093 Smith, 1954). Portngy apd Korin (1956) found
setivity present in the gastrocnestd and hamstring musoles in the
easy standing position more frequantly than hed been tound by previocus
workerss Tiwy suggested that the discordant reports on the constaney
of function of the postural wuseles during standing could be
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explained on the basis of minor displacement of the centre of
gravitye

electronyographic studied " v poatmra in Man, be-

The experiments

described in the present study were designed to establish, using
teohniques other than eleotromyography, whether there is any evidence
that the upright postwre is assoolsted with continuous skeletal
museular astivity related to the maintenonoe of this posture.

HETHOLS
Experinents were condusted using two techmiques. The
level of the forces exeprted at the feet durdng noarnal standing was
neasured, using an scoeleraneter. The second techrdque attempted
to assess the comparative effects of standing smd lying down on the
production of ischaenic pain in the leg nuscles.

were condusted on twenty male mediocal student volunteers, aged 18
to 22, Their heights ranged from 170.6 to 19243 oms., and thelr
vedghts from 56.75 kge to BLa75 kge None of the subjects gave a
history of any newowsuscular diserder, nor of any recent sporting
injurys

The oxperdments were vondusted using an accclerometer
attached {o s freely~suspended, optinally damped platfoxme The
platforn that was used for this purpose wes astually a foroe |
analysls platfarn, the deteiled construction of which has beem
described elsewhere (Fhitney, 1958a;5 sec alno sppendix)h Only a
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brief desoription will be given here of the relevant parts of the
platfornm used in these experinents. The subjects stood on a rigid
steel platform, 120 oms, square, whioh was suspended at each of its
four corners by vertisal lengths of piano wire. The other ends of
the wires were attached to horizontal spring steel bars, which were
firnly clamped by their roots to a steel ohassis attached to the
floor. NMovenment in the horisontal axes (side-to~side and front-to-
back) was linited by horisomtal piano wires running aleng the sides
of the platform, attached at each corner to two vertical spring steel
bars. The whole platform was optimally damped (approximately 607
oritical) by oilefilled bellows, so that there was no perceptible
uovenent of the pletformwhen a subjeot was standing normally on it.
The platforn in faot folt completely stable to the subjests A nare
detailed description of the force analysis platform is glven in the
appendix. (1)

The acoelerometer was attached to the platform so that .ita
sensitive axis recorded acceleration in an antero~posterior direction
(relative to the position of the subjeot on the platform) in the
horisontal plane. The aocelerometer employed a strain gauge
transducer, and wos manufectured by Statham Leboratorles, lLos Angeles,
California (Model Ce1=350). It was sensitive to acceleration over a
renge of plus or ninus one G., and was comnected up to a recording
gelvanometer on which continuous photographic records could be mede.
A8 the subjeot stands on the platform, he comtinuously sways to and
fro, and through his feet exerts corresponding reacticnary forces
on the platfora. The antero-posterior acceleration of the platform
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in the hopizental plane, caused by these reactionary faroces, is
recorded by the accelercmeters The actual movement of the platforn
is very slight, as the tendency to displacenent is resisted by the
meschanical arrangenents of the platforme

Mathematically, the secend differential of displacement is
acceleration, and the aocelerometer nay be considered to be doubly
differentiating the horisonta) displacement of the platforn caused by
the foroes agting at the feet of the subjeots The accelerometer
mtmtwasluvwiablyfmtebeamwmmm. vhen o
subject was standing on the platform. The frequency of the output
was always around 10 Cepess, ond it is therefore believed that the
sccelerometer is detecting the oscilletory component of the mussular
forces acting at the feet (Whitney, 1956b). The higher frequenocy
force components axre predominantly represented in the acceleronster
recard, as the low frequency farce components (of a frequency
substantially below 10 oapess) ave differentially attentuated by the
accelerometor,

A1l subjects rested for at least five minmutes before the
start of an experiment., Iight clothing was worn, and standardized
plimsolls of the appropriate size were provided, Hach subject wes
asked to adopt an "easy stending position", and to make no voluntary
novements, such as turning the head ¢ bending the knees, The hesls
of the subjeots were placed 20 cms. apart, but they were allowed to
spread their toes at will, in a manner such as they would normally
adopt. Subjests fased awsy from the recording apparatus, and as far
as possible, distractions were kept to a nmindmunm,
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On ten of the subjects, a second experimental technique was
used on ancther oocasicne. This involved deteraining the effect of
posture on the development of ischaeaic pain in the legs. The sensations
of the ten subjeots were compared when they were standing in the upright
posture with occlusive cuffs around both legs, Just below the knees, and
when they were in a recumbent position, with the leg circulation
sindlarly occluded. | The blood pressure ouffs (thigh type) used for the
experinents were inflated from a reservoir to a presswre of between
210 and 220 millinetres of nercury, The durstion of the experiment
wes twelve minutes in each case, and the effects of standing and llying

down were coupared on separcte dayss As a control, the subjects were
also asked to stand normslly for twelve minutes without leg ocuffs.
SubJects were asked to comment freely on any sensations they experienced,
and as far =8 possible leading questions were avolded.

The analysis of the photogrephle records of the acceleroneter
output was performed by planimetry. The amplitude of the acoelerometer
tracing vas nessured over o fixed distance, and the mean heipght of the
tracing derived from the crea measureds Using a calibration faotor, the
output of the accelerometer could be obtained in centimetres per second
squareds In ten of the subjects, the acoclerometer output was
measured on four ssparate occasions, each for a perdod of twenty ceoonds
of normal standinge The records of the other ten subjects, obtained
on two separate ooccasions, vere measured for o period representing
forty five seconds standinge The results of the seventy measurements
obtained on twenty subjects are given in Table 1. The date wos
vollected over a period of several months. with intorvaJ.n’ of at least
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several days (and often several weeks) between successive experiments
on the same subject.

RESULTS

In all subjeots, when standing normally in the "easy stending
position®, evidence was obtained of a contimuous, wellemarked output
from the acceleroneter. This output was osoillatory in nature, with a
frequenay of around 10 c.pess (Fige 1) A continuous output wes
recorded from the accelerometer while the subject was standing on the
platforn, and there was no evidence of internittent asctivity, in the
sense that there was no pariod when asctivity was absent. There vere,
however, frequent bursts of cutput of a higher amplitude then the
nornal level,

In ten of the subjests, four neasureients were nade from the
accelaroneter reaords of sash subject, which were obtained on four
separate occcaslonss The records were all obtained over a period of
three ninutes standing 4n the normel standing position, and it was
considered that by limiting the period of standing to three minutes,
the effect of fatigue could be discounteds As will be seon in Table 1»
in which is listed the four necsurements obtained fron each of ten
subjects, the mean of the sverages for the ten subjeots s 0,76k on/sec,2
(SeEe 0.137 cme/s560,2)s This mean is close to the mean of the averages
obtained from ten different subjects e

ed several months later
than the growp in Table 1, in which two separate measurenents were

made, each representin; a period of standing of forty five seconds
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TABLE 1

Table 1+ Level of accelerometer output in ome/aec, Normal standing
in ten subjeots, nessured during four experiments, each on
separate days. Output measured for 20 seconds standing.

....iub"”t 3? 4 *.._.D:y..i* Dayﬂ} | Day &4 |
MeCoBs 0478 Caly} 0467 Ouli6
JeCoEdHs OukiB 0,32 0426 0,27
AeJoDeBe 0e07 0460 1476 Ue25
DeFeJede 0478 0498 0473 Y N
Redolle Oub2 Qe 37 Oule5 0,30
JaHsO4 Oulile 0436 0435 0e33
DeLaK, 078 0479 2414 2.52
KeJoaTalie 0463 058 0460 Oul8
ToGeTe 2456 1460 076 0499
CeJsTaBe 0e57 Ced1 Ce57 O« 3
Average 0e811 o.faz 0826 04688
Stendard error 04199 Q137 0.193 04220
Range Oole2m2e56 | 00321460 | Qs26m2e14 | De25=2452
-

Avexage
0.580
0y332
0,820
0857
0355
04370
14550
0672
1el77
0597

04764
Osi137
09 532"“1 » 550
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(Table 2). The aean of the aversges for this group was Ueoide cae/Be0,

(Seiie D125 cm./seo.z). If the twenty sublects are considered together
then the moan of the to%al averages for the asceleration recorded 1.
0052 cme/880,% (S4Z. 0407% oue/Bece?), vith a total range of 0.25 $0
2456 ome/800.° There wos therefore o factor of ten separating the
actrene levels of acceleration recorded frou all the subjeots, and a
faotas of more than three separating the extrenes reoorded fron any
one subjecte This reat veriability is of conslderable interest when
it is oonsldered thut the subjeots were ostensibly adopiing identloal
poatures,

The osolllatury nature of the accelerometer output was always
evident, and was always found to be within the range of 812 Gepese,
and usually 10 cepes. .8 the natural frequency of the .mcordd.ng
apparatus 1s auoh higher than this frequenoy, it can be concluded that
the agueleration recorded results from that ocuponent of the forces
exerted which has an osclliatory firequency of around 10 C.pese In one
or two subjeots, it was found that occasionglly the level of
avoeleronetcr output was so low that 1% was impossible to count
accurately the frequenoy of the osoillatory output (Fige 2a)s The
significance of the 10 Cepess nature of the accelercmster output will
be oonsidered in the discussion.

The experiments produsing ischaemia of the legs were
.&aa.tgmd to deternine whether the upright position affectsd the rate
of onset of ischaemlc pain in the legss Subjects stood in a normal,

confartable stending position for approxinately twelve uinutes, while
the circulation to thedr lower legs was out off, “hay were asked to



21,

ZABLE 2

Table 2, Level of accelerometer output in om./800,2 Normal standing
in ten subjects, measured during two experiments on seperate
dayss Output measured for 45 seconds standing.

Subjeot Day 1 Day 2 Average
S— -+ S e

TeGeSelle Ce75 0.83 0790
JeleSeWe 0s83 0462 0e725
Seile 0e37 0s29 04330
DeNeJe 1487 1,87 14870
FeDeHe 05k 1e46 1000
JuGeRe 0492 037 04645
CePeBe 1e21 0467 Qe 940
TeSelle 160k | 0467 Ce855
WeFslle Qe 71 1e12 0.915
VeGeBe 0e75 079 04,770
Average 04899 0.869 04084
Standard error O.131 0.155 0,125
Range - 00 37=1.87 0e29=1,87 04330=1,870
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comnent on any sensations they felt, with especial reference to the
lower 1imbss Vithin e period of between two to four and & half
minutes from inflating the ouffs, all subjeots commented thut they
had specific sensations in their lower legs. Typical comnents were
that they felt "tired in the calves", the "front of my legs ached”,
and "the soles of my feet feel as if I'd been on a long run."” The
time to the onset of these cr similar sensations is given in Table 3.
By the end of twelve minutes, all subjeots had developed feelings of
disconfort in thelr calf musoles which varded fyrom moderate to severe.
Three subjests coumplained of dlsoomfert in thelir hsmstring muscles, as
well as in their lower leg wuseles. Two subjeots reported that they
could not have continued beyond the twelve minutes the experiment
lasted, and a further subject fainted, and did not complete the
experinent,

On another day, the subjects were asked to stand for twelve
minutes in the normal standing position, with no iagpedance to their
leg ocirculation., At the end of the experiment, six of the subjects
hed n> comuent to make, and four of them reported very slight aches
in thedr ocalves or soles of feet. In none of the subjects did the
sensations after twelve minutes of normal stending amount to even
nild discomfort (Table 3). Following this experiment, osolusive ouffs
were placed around thelr legs, in the same position as previously.

On this oooasion, however, the subjeots adopted a supine position.
The experinent again lasted for twelve minutes, and the ouffs were
inflated to the sane pressure as befare, Host subjeots spontanecusly
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offersd the information that this experiment was much more comfortable
than when they were stending with the oirouletion out off to thedr
legss Two of the subjects had no leg discomfort of any kind throughout
the experinent, while thé renaining eight reported semsations which
varied from feeling "tired” in their calf regiom to "slight aching" in
the anterior orural muscles. Seven of the subjects cgreed that the
sensotions ancunted to mild discomfort; all subjects were emphatic that
there was much more discomfort in the calf muscles vhen they were
standing with their leg ciroulation cccluded, than when they were lylng
lown with the ocirculation occoluded.
Lewis, Pickering and Rothsohild (1931) found that intolerable

Un was produced after zbout sixty to eighty seconds of exercise in

18 with the blood supply cut off's The exercise performed by their

rJeots involved almost maximal voluntary gripping movenents with the

dss In the present study, a simllar expe

wr legs, using as exeroise standing up and down on the toes at the
of about once ecvery seconds This involved exercising the
soonenius and soleus muscles, and the subjmta could then compare
ype and site of the ischcemic paln produced with that whioh
sed after prolonged stonding with the leg eirculation cut off.
ht subjects, intolerable pain in the calf muscles was produced
dxty to eighty seconds of exercise. Idke Lewis et al. (1931),
found that the pain in the calf muscles vanished completely
» few seconds of restoring the blood supply to the museles,
ects vere able to exercise for a short time beyond eighty
before the pain became intolerabls. All subjeots commented
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IABLE D

Teble 3. Teble showing the effeots of occluding the leg ciroulation
when standing normally and when lying down, in ten subjects.
12 minse normal standing (4), 12 mius, supine with occluded
leg oirculation (B), and 12 mins, standing with oocluded leg
[ |
Dagree of disconfort in Tine in minutes (to nearest
Subjeot legs at end of experiment || & minute) to first report
+ = mild disoomfort of sensations in legs related
++ = noderate disconfort to the muscles (see text)
+++ = sevare disconfort
A B c A B C
Lﬂ-" - RN, SR
o
MeCeDe - - vy - - 3
DeLeNe - + - 10 Sk L
RedoHe - - 4 - 5% 3
CoJeTuBs - - ++ - | 6% 3
JeHeOs - + ++b 7 I 3
JeCeEsH, - + oo - 5% gi
TeGeTe - + oy - 8 L
Keod QT olie - * L2 g - L., 2—,32«
AsJeDeBe - + b 12 3 2
DeFedele - + e 12 9 3
Average 5’7' 3.4
Range S5e5mB | 2wl

* subjest falnted befare completion of experiment
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FIGURE 2

Fig, 2. Level of accelerometer output in two subjects,
showing extreme ranges recorde.., Vertical lines
represent one second intervals. Calibration mark
equals 1 om./sec. 2 Sensitivity unchanged throuchout.
(a) Subiect with the lowest level of
zceslerometer output recorded.
(b) & (c) Same subject on different dcis.
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that the discomfort they experienced st the end of twelve minutes
standing with occluded leg oirculation was a lessar version of the
acute disconfort produced by exercising for approximately one minute,
in the manner described., The site and type of pain was essentially
similar in both experiments.

It is, of course, diffioult and hazardous to compare the
sensations of different subjects, and 4t 1s apyreoiated that "aching”
and "discomfort” are vagus and indefinite terms. Nevertheless, it
seens reasonoble to conclude that there 1s soms faotor vhich nakes
prolonged standing with arrestec leg ciroulation a disconforting and
oven peinful experiences The sharp oontrast that was found between
the sensations associated with standing and lying down during
peripheral ischaenis suggests that the erect posture is assoolated
with some footor that 43 operative $0 a much leaser degree, in the
supins position. It is believed that this factor is the active
contraoction of the posterior orural muscles, eapecially soleus, in
relation to the maintenance of the normal standing position,

Subjeots were also ssked to stand on ths piatfm after
they had been standing for ten mimutes with the ciroulstion to their
legs out off. The amplitude of the asceleroneter output recorded
under these oonditions was found to be increased above the average
level that was recorded during normel standing, with unimpeded
oiroulation, It was found that, on average, the anplituds of the
scoeleroneter output during ischaemic conditions was more than
double thet obteined during nermel standing (1.96 cn./sec. as
conpared to 085 om./aec.a).
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DISCUSSION

The so-talled "tremor" associated with skeletal muscular
aotivity, with a frequenay areund 10 Gepess, was first desoribed by
sohiifer (1886), and confirmed by Herringham (1890)s It is this
musoular tremor which, it is believed, the socelerometer is recording
in the present experiments. Tremor is found to be assoclated with
nuseular activity (skeletal type) throughout the body, and as the
trenor remains constant in fyequency at mf.ever strength the muscle
is being used (Redfearn, 1956; \ihitney, 1958a), it is apperent that
the tremor must be related to some fundamemtal property of skeletal
musoular activity. It has been suggested that muscular tremor is due
to some rhythndoal propemsity of the stretoh reflex mechanisa, and
that the 10 cepese avtivity represents a ‘rlwthmml oscillation in the
muscle servo loops (Hemmond, Merton & Sutton, 1956; Halliday & Redfearn,
1956; Iippold, Redfesrn & Vuso, 1957).

Harshall and Walsh (1956) disagreed with the sugzestion
that tremor was due to osolllation in the feedback around the stretch
reflex, and instead put forward the idea that tremor was due to the
muscle aoting as a kind of "low pass filter". They showed that muscles
stimulated more frequently than fifteen times a seoomd do not impart
corresponding mechandeal shooks of significant amplitude to the limb,
“hitney (1956b) has now put forward the attrastively simple suggestion
that tremor is essentlally @ fundamental propexty of the musole fibres,
resulting from them having (in mammalian ‘power! musculature) a twitch
time of around 100 nsecs He has demonstrated, on statistical grounds,



29,

that given a twitoh time of around 100 mscc., it follows that &
oontracting muscle must exhibit a frequency of around 1C CepeSe
Asoording to recent experimentel work, the nervous control
of posture mainly employs the smell motor fibre systcn, or goama route,
while rapid novements with minimum recction time go through the elpha,
or large motoneurone route (Eldred, Granit & lLerton, 1953; see iige 3).
“hey suggested that the advantage of the garme systen control of
postural movements, which is the type of movement being considered
here, i3 that during shortening the muscles still enjoy the self-
regulating or servo properties of the stretch reflex. It wes shown by
iant (1991) that there is e constant tonic discharge to the intrafusal
muscle fibros of the spindlaes, from the goama efferent fibres, during
postural reactions. Constant tonic actdvity in the zowms loop during
nornal posture would be expectod to result in a diffuse, low-grade
asotivity in the muscles, which 1s espeoially merked in those muscles
subserving postural activity ("Postural Tonus” ). The mechanical end
resul’ of this contimuous, lowegrade aotivity in the postursl muscles
is belleved to be what 13 belng deteoted by the asceleroneter used in
the present experiments. It seeus reasonzble to conolude that the
avcelerometer cutput must de closely related to the level of postural
reflex tomus in the mascles aupporting the upright stence. If this is
80, the considerable subject-towsubject variation in the level of
acceleroncter output (Tebles 1 & 2) is understondable. lormal human
musele tonus is well recognlsed to exhivit aarked fluctuations in
level (Pexkwitz, 1932), and this is presumedbly related, at leact in
port, %0 the general level of tonisc geuna dlscharge. It has been
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DIAGRAM OF THE STRETCH-REFLEX AND
RELATED MECHANISMS.

Y route...
ol route. =
()
Renshaw cell---o
A efferent.--
\\ --------- large spind/e
\ ) afferent
\\ \Q S
\ (J -
\\ ~ QA A muscle spind/e
N

main muscle

FIGURE 3

Fi¢. 3. The muscle spindle lies in parallel with the main muscle,

and a gamma motor efferent nerve supplies the contractile poles of

the spindle and can thus alter the 'bias' on the spindle sensory

ending. The muscle contracts due to impulses either from higher
centres exciting the alpha motoneurones direct or from impulses in

the gamma efferents, which activate the muscle indirectly via the
stretch-reflex. (after Hammond, et al., Brit. M: <. Bull., 12, 214, 1956)
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shown that this tonio discharge cen be facilitated or inhibited by
higher levels of nervous control (Granit & Kaada, 1952), end it is

the changing level of this higher control which probadly explains much
of the ir*ividual variabliity that has been found to characterlze the
asoeleroneter cutput during normel standing.

Tt has been suggested by Whitney (1956b), that normal
comtracting skeletal musecle hes a continuous oscillatory component,
the period of which is the activation cycle (twitch time) of the
individual musele fibre, Ascerding to this theory, therefore, the
ossillatory neture of the acoelerometer cutput results from it
recording the normal 10 0.peses 0soillatory component of active muscle,
The anplitude of the oscillatery component, ascording to Whitney, is
chiefly dependent on the vardation in the degree of symchronization
between the muscle fibres, Those subjeots with a high level of
accalsrometer ocutput when standing normally would, on this theory,
achieve this chiefly by inoreasing the degree of synchronizgation of
the rmuscle fibres in muscles supporting the upright stance. There 1s
no resson to suppose that this inorease in asceelerometer anmplitude is
primarily related to & change in the pattern of postural sway of the
subjects. Some subjects, for example, were found to produve
accelerometer output levels of more than three times that produced on
previous cocasions, with apparently identical standing postures (Table

1)e
An experinental observation was made which tends to support

yhitney's theary of muscle actlons It was found that the level of
accelercacter output ocould be more than doubled on average by standing
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for ten minutes with the leg oiroulation cut off. Acccrding to
Thitney (1956b), this higher level of cutput must result largely from
an inorease in the gynohronisation of the active nuseole fibres. 3Sone
factor associated with ischaemia must be providing the stimulus for
greater synchronisation. It was shown experimentally by Hatthews (1933)
that cutting off the blood supply to a muscle spindle greatly increased
the resting afferent discharge of the spindle, It could well be that
a marked increase in the afferent discharge to the spinal cord from the
spindles provides a powerful physiological synohronising factor to the
notoneurone pools, stimulating them to an inoressed discharge.
Interpreted along these lines, the inorease that was found 4n the level
of accelerometer output during ischsemla becomss expliscable, and indeed
it is prediotable fyom ihitney's theory of musole action.

saith (1957), in a deteiled study of the forces asting at
the human ankle Joint during standing showed that the upright posture
is mma hy aotive and passive farces tending to ocsuse plantaye
flexion at the ankle joint. He demonstrated that the active force is
by far the larger, and is due ohiefly to the contrastion of the
gastroonenius and soleus muscles. lHe estimated the magnitude of the
force to vary over a range of 80 « 160 pounds, and to fluotuate in
axtent at e rate of about 10 cepess Smith did not comnent on the
possible significance of the 10 c.pese. activity that he found, although
he demomstrated thot sotive plantar-flexing forces wers oontinucusly
present, to an extent that varied merkedly. Both the work of Smith,

and the experiments described in this paper, using different
techniques, provide evidence for the existente of astive, continuous
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auscular forces with a frequency of approximately 10 cepess, being
exerted in relation to the normal standing posture.

The experiments involving peripheral ischaenmia were
parforned to determine whother the subjective changes associated with
nuscle ischaenia were influemced Ly the posture of the subject. If
there 18 little or no asctive muscular oontraction in the lower legs
during nornmal standing in Man, end if standing were a purely passive
aot, then it should moke little difference to iaschaemioc muscles whether
the subjeot is standing or lying down. However, it was found that
whereas lschaemia of the muscles produced at most & mild discomfort
with the subjeet supine, & severe ache developed in the leg muscles
vhen the subject was in the erect posture, ancunting in some czses to

frank ischeemic pain. The normal standing posture produced a diffuse,
highly discomforting sensation in the calf museles in all subjects, at
the end of ten minutes ischaemiae Neither normal standing with
unimpeded eirculation, nor lying down with the circulation to the legs
arrested produced a comparebls effect. If the erect posture is
assoglated with sotive muscular contraction :Ln‘ the lower legs, then
occluding the eirculation to these muscles would be expescted to
precipitate ischaemio pein mush nore rapidly than if the subjeot 1=
lying down, and the musoles are incotive. Lewls et al. (1931),
suggested that the pain of ischaemis wes due 0 the agsounulation of
metabolites in the tissues ("Factor P*). uatthews (1933) gave an
alternative explapation of the cause of ischaemis pain when he
suggested that it was due to the central effects of a greatly inoreased
afferent inflow from the muscle spindles to the spinal corde This
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suggestion is of partioular interest in relation to the viess recently
expressed by Weddell (1957), in which he postulated that the sensation
of pain is due essentially to "excessive afferent” inflow from the
periphery to the central nervous system, The chlef point in relation
to the present study is that there would seem to be good evidense fron
the ischeenis experiments that the normal atanding posture is
associated with cotive musculnr eontraction, st least in the legs.

The evidence that forces from muscular aotivity are
oonstantly present at the feet, the evidence that ischaenmic pain can
be produced quite readily in the calf muscles of a subject in the
normal standing pesition, and finally, the finding of continuous
elsotronyographic activity in the soleus musoles of the erect Man
(Joseph, Mghtingale & Williams, 1955; Napomiello, 1957), all opposes
the suggestion that the muscular activity assoolated with standing is
internittent in charaster (Ralstom & Idbet, 1953), or the idea that
musoular aotivity is of secondary importance compared with the
osseous snd ligsumentous arrangements of the skeleton (Kelton & Wright,
194,9)s Normal standing, it is beldeved, is essentially dependent upon
continucus posturel missular activity, to enable the wpright position
to be susteincd against the effects of gravity.

Certain workers who have falled to find evidence of
significant electrical activity in the pestural muscles have been led
into the position of demying the existence of active muscle tone, and
heve oloimed that the olassical idea of musscle tone must be abandoned
(Clemnesen, 4951; Ralston, 1957} Nightingale, 1950). This position
has resulted chiefly from assuning that significant musoular activity
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cannot be present in the ebsence of deteotable action potentials -
which 45 & highly dublous assumption. A recent comment by Stith (1957)
is germane to thls polnt, when he says: "It 43 questionable vhether
surface electroyyogrephy in its present fornm is 4o be regarded 23 an
edecuate method for detormining innotivity or sssessing minor degrees
of setivity in muscle.® On the other hand, the use of needle electrodes
inevitebly neans that only a small portion of 2 muscle can be sampled,
and here again, lack of detectaoble potentials need not necessarily
mean o oompletely inactive muscle., The concept of passive elastio
tension, denying the existence of active muscle tone, would zeen quite
oontrary to the evidence deriving from o large body of recent research
on neurcnuscular physiology (Kuffler & Mumt, 1952) Granit, 1955). The
olassical concept of postursl reflex tonus based upon the stra*bch‘(ar
1iddell and Sherrington (1924) may be over-simplified in view of what
is now known of the functions of the small motor fibre system.

However, there seens no justification for sbandoning this classioal
theory of musele torms, for the rensons such as Clemmesen (1954) has
advocated; on the contrary, the fundamental ideas criginating fyom

the Sherrington school have been enlarged, and given inoreased meaning,
by studies in the laboratories of Grondt and Kuffler. The results of
the present experiments would seen to accord with the views of this
latter group on the nechanlsn of reflex posture,
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SUMMARY

A study has been made of the skeletal muscular activity associated
with maintaining the erect posture in liane The extent and nature
of this activity was assessed by the mechanical enderesult it
prodused, using an acoelerometer mounted on a freely-suspended and
optinally~damped platform for this purpose.

Evidence wos found of continucus, oscillatory forces which are
exerted at the feet during the normal erect postures The finding
of this aoctivity was discussed in relation to the views held by
certain workers who have studied the erect posture by electromyow
graphye

It was found that ischaemis pain vas reedily produced in the leg
musoles when standing normally, whereas over & similer perdod of
tine, ischaenmie prmo& virtually no pain if the subjeot was
lying down, This finding was regarded as evidence that the ereot
posture is associated with nusoular eotivity in the legs.

It was concluded that the erect posture in lan ghould be considered
a dynsmic stote, assocliated with oontinuous musoculer activity,
especially in the lower limbs., This activity is necessary to
actively counterast the effects of gravity. It is denied that
normal standing in Man is dspendent primarily on the mechanical
arrangesments of the skeleton, or the passive elastio tension in
the postural muscles.
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ANTRODUCTION

The normal postural swoy of the human body in the upright
poaition has heen studied for many years. It has been demonstrated
that in the erect posture the body is not motionless between periods
of novement, but instead is continually swaying (Miles, 1922;
Hellebrandt, 1938; Bdwards, 1942; Hellebrandt & Franseen, 1943).
Huserous factors have been shown to influence the extent of postural
sway, such as the sex of the subjeots (Orma, 1957), intoxication with
aloohol (GColdberg, 19:3), and the types of visual fields observed hy
the subjects (Vapner & Witiin, 1950). Several methods have been
devised for measuring postural swey, the three commonest ones bedng
the measurement of haed sway using the Miles "ataxiometer” (Miles, 1922,
1950), ar & modification of 4t; the memsurenent of shifts of the cenmtre
of gravity Guring postural sway (Hellebremdt & Braun, 1939); and the
use of optical methods, using an illumdnated point attashed to the
head (Goldberg, 1935 Orma, 1957).

A clear distinetion has not always been made between the
axtent of postural sway as measured at the head, and sway as messured
by displacement of the mibjeot's oentre of gravity. The relationship
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ar divergence of postural sway results as measured by these two nethods
has not been examined, It has been commonly assuned (e.;e, Smith, 1957)
that during postural sway a subjeot sways rigidly over the ankle Joints,
80 that the body segment linking the axis of rotation of the ankle
joints and the centre of gravity can be represented by a straight line.
The justification for this assumption has not been experinentally
establisheds The pesition of the feet is knowvn to play a conalderable
part in deterning the amount of postural sway ocscowrring, and especially
alde~to~side sway (Fesring, 1924k)s This factor is oftten insufficiently
stressed as a majar couse of the variation in sway patterns recorded
between different groups of subjeots.

The present study was designed to determine whether the body
swoys rigidly over the ankle joints, and whether the sway a8 measured
by the movenment of the centre of gravity can be correlated with the
svay as measured by an inclinometer mounted on 2 walstbelt, The shifts
in the centre of gravity during normal standing were measured using a
force analysis platform (Whitney, 1958), and the acouracy of the
nethod was cheoked by a photographic techmique.

METHODS

The displacement of the centre of gravity of the subjeots
was measured while they were standing in a normal, relaxed nanner.
The prinaiple of the method used was esteblished primarily by
Hellebrandt (1938), and involves recording the change in the centve of
pressure of the feet during postural sway, which in turn reflects the
oscillation of the oentre of gravity of the body. Fer the purpose of
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this atudy, postural sway has been defined as the continuous
osoillation of the centre of gravity of the body, which 1s occowrring
ochiefly in an antero~posterior direction.

The force analysls platform that was used for determining
the osoillations of the centre of gravity consisis essentially of a
freely-suspended and optinally damped steel platform, measuring 120 ons,
square. mmomtmﬁmofmmtfmmmm
described (‘hitney, 1958; see also appomxy. and only the relevant
pext of the platfurm used in these experdments will be described hers,
The whole platform is suspended Yy plano wires at each of its fowr
carners from harizontal spring steel bars, vhich are firmly elamped by
their roots to a steel chassis attached to the floor. The platfurn is
damped so that 4t felt quite rigld to a subject atanding on 1t. The
duflections of the steel bars at the corners of the platfoam are
transdused to electrical changes by eleotrical resistence strain
gouges nounted direotly on the bars. The strain gauges constitute the
arms of Wheatstone bridge oirouits, and the electrical outputs of the
bridge ciroults were simultaneously recorded photographiocally by a
multi-chamnel galvanometer.

The wedght of the subject stonding on the platforn causes a
dowmward deflectlon of the four supporting horisontal bars, the sumned
deflection of the bars being propartional to the subjeot's weighte As
the subjeot sways forwards, the centre of pressure of the subjeot's
wedght also moves foarwards, and thercfore the forces ceting on the
front two bdars inorease., This incresse is transduced eleotrically and
sumed in a separate circult; from this result is subtracted the sun
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of the deflection of the rear two bers, Initially, the platforn is
balanced electricallyj as the subjeot sways, however, this balanpe is
upset, and by talking mements the imbalance is converted into movement
of the centre of pressure of the subject's feet. The result is
recorded photographieally on a multi-channel galvancmeter, and a
oontinuocus record of swaying that tokes place is obtained. By means
of a similar crrangenent, a record was obtained at the same tinme of
the lateral movement of the centre of pressure (Fige 5).

An agoelerometer was employed as an inclinometer, attached
to the rear of a belt which subjects wore around their waist (Fig. 1;
seo elso appendix 2). The accelerometer (Yodel C-1-350, Stathen
laborateries, Los Angeles), which was sensitive over & range of plus
or minus one G., wes mounted on the belt so that its sensitive axis
recorded aoceleration in the A.~ P. horisontal plane, relative to the
position of the subjects In the vertical position, the effeot of
gravity on the socelerometar output was nil, end it only recsorded
asceleration in the antero=posteriocr direction. However, as the
acceleroneter 4s inclined away fron the vertioal, as the subjects
sway, the effect of gravity is such as to cause an increasing bies en
the output, depending on the degree of tilt ewey from the vertioal., As
e result of the tilting, the eoceleroneter output has an umdulating
form (Fige. 2a), which is intimately related tc the degree of postwral
sway of the subjeot. Essentially, the instrument acts as an
4inclinoneter when it is used in this fashion. At the sane tine as the
agocelerometer is aoting as an inoclinometer, it is also recarding the
antero-posterior acceleration of the body, with the result that the
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undulating sway resord has a superimposed "tremor” of a firequency
around 10 G.pese (Fige 20)s The significance of this tremor, and its
relation to skeletal mussulsr activity, has been discussed in a previous
paper (Thomas, 1958a).

ﬁy equating moments sbout the midwpoint of the platform, the
novenent of the centre of pressure of the feet can be comverted inte an
equivalent change in the position of the centre of gravity of the
subjeots The only assumptionsthat this saloulation involves are thaot
the part of the body between the feet and the oentre of gravity of the
body acts as = rigld conneoting link, and that the foot is not astively
plantar-flexsd durdng normal swaying in the wpright position, The
bellef that the centre of pressure tracing ascuwrately represented the
movenent of the ocentre of graviiy of the subjest was tested by a
photographic technique. Subjests were asked to lean forwards as far
as possible, keeping their feet flat on the platform, and teking care
not to lose thedr balance. After leaning forwards for a few seconds,
the subjeots resumed thelr normel standing posture. The distance the
centre of pressure traoing moved during this procedure was then
mawed on the record. Coinoident with this procedure, o pbotograph
was taken of the subjeot from his right side. The grester trochanter
of the femur of the subjeot had been marked previously with a black
marker, and the distance the marker was displaced when the sudjest
lesned forwards was measured on an enlarged negative imege. The
detalls of the technique of photographle nmeasurement used has been
described elsewhere (Thomas, 1956b).

The pesition of the cemtre of gravity was determined for




Ly

for each of ths subjects in the supine positions The subjeots vere
piaced on a stretcher, attached to the platform for thls purpose, the
weight and position of the stretoher having been previcusly balanced
out, By equating momentsa, the position of the centre of gravity of
the subjeot ocould be establisheds This figure wos then used to
estimate the height of the centre of gravity above the hip nmarker, in
both the mormal standing and leamdng forwards positions, The distance
the centre of gravity moved with lesning forwards, as deternined by
this method, was then compared with the distance the centre of presaure
traoing moved forwerds at the seme time. If the centre of pressure
traoing falthfully represents the novenent of the centre of mﬂty.
there should be close Wm between these two figures,

Detalled planimetric analysis was made of two sets of reoceds.
The antero-posterior body sway, which is defined here as the movement
of the centre of gravity, was neasured as a total range of novement
over a perded of tisze, and also as a mean deviation from a fitted
baselins. The sway Pecord was undulating in fam (Fig. 22), end o
baseline was fitted by eye over a length of tracing equivalent to two
and a half minutes of stendings The areac above and below the baseline
were then nmeasured hy planimetyy as 2 check that the baseline had been
acourately fitted, It was found that, with praotice, a baseline ocould
be fitted by ave sufficiently asourately so that the areas above and
below the baseline ensclosed by the record showed very close agreement.
Enowing the lsngth of the baseline, the amount the traoing deviated
from this baseline on average, over two and a half minutes, could
therefore be estimcteds To obtain a measurenent of the gross anount
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of swaying, the total range traversed by the treoing, above and below
the baseline, was also neasured for the same period of standing (Table
1) Knowing the weight of the subjeot, and by equating moments, the
meagurcments obtained could be converted into the mean devistion frem
& fittad bussline and the total range of moveaent, respectively, of
the centre of gravity of the subject. The body sway was also analysed
fron the acoelercmeter record, and here again a baseline was fitted by
aye, and checked by planimetry (Fige 2a)e “he arees above and below
the baseline were measured by plenimetry, end thus the mean angular
deviation of the tracing from the baseline oould be caloulated., From
this figwre, the mean angular deviastion from the vertical of the
accelercmeter, in radiens, could be estabiished (Table 2).

Ten male student volunteers, aged 19 to 22 years, were used
as subjeatss Thedr heights ranged from 172.7 0 152.1 ems., and their
wolghts from 63+2 to 83.5 kge. The subjects were fywe from any
physical disability. They wore anly light elothing, and standardized
shoos of the appropriate sise were provided (Dumlop pliasells). During
the experiments the subjeots fased away from the recarding apparatus,
and were not informed of the nature of the experiuent, beyond the
mindmun necessary for oeoperation. An important factor was that the
subjects were ungwars that thelr postural sway was being measured,
Considerable care was taken in positioning the feet of the subjeets,

The heels were plsoed along a line marked on the platfern, at a
distance of 20 oms. aparts Onoe the position of the heels had been
fixed, the sublects were allowed to spread their feet at will, Most
subjects adopted a position with the toes pointing outwards slightly,
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Subjeots stood in a normal easy standing position for three ninutes,
with thelr gage ddrected in front of them, flumted on a wall some
fifteen foet away. By limiting the standing period to three minutes,
it vas oonsldered that the effects of fatigue on the normsl standing
posture oould be discounted. Dach subjeot vos examined twice, usually
at an interval of several days, and never twice on the same daye

RESULTS

The normal antero-posterior noveuent of the centre of gravity
of the subjects was found to be on the average 2.78 cnse (SeD. & 04913
ons, ) for the total range of movement of the cemtre of gravity, Mng
a pariod of two and 2 half =imstes standing. The average displagsenent
of the centre of gravity, expressed as a cean deviation from a fitted
baseline, wes only 04107 cuse (S04 3 0,068 .0m5.)s It was found that
the obsarved mean angular displasement of the agcelerometer from the
vertical during sway wes significantly grester than the mean angular
displacement caloulated usin; s data the mecn deviation of the ocentre
of gravity (mean deviation of oentre of gravity divided by helght of
centre of gravity)s Very little lateral sway was cbserved (Fige 5).

It will be seen In Table 1 that the postural sway expressed
as o mean deviation from a fitted baseline glves s much lower figure
then the postural swoy expressed as a total range of novenents The
nean deviation column reflers to the nean amount by whioch the tracing
departs from (above or below) a fitted baseline, “here is in peneral
good agreenent between the relative values for swoy, as deternmined by
the two nethods, me, it will be seen thst:b. the correlation is



1 r
e

TIBLE |

Subject Height | veoisht | Hedght of | ‘nfcro-postorior suway necsared
(cne.) (kge) | C. of G ;o oseillotions of the centro

(ca34) of eevity (oms.)
MEAN L STLIATTO 2ANGE
il R S T prypuy

MeCole 17267 650\2 )?08 e idp 1491

J«CuB. e e el B3e7 10149 04185 2.75

felatalie '}.i‘it,' 76h6 ..:07 O.1 i3 1¢~”~
7/’9 %0 001% 109“

DeFedole 1780L# 72‘-05 w9 Ol a9
Mot 792 Le358 . o 31

-‘.QJQI{Q 1 ?'S #:- [30\, 9;.: 001 af- 2;33

t:‘}{l . ‘;77.5 K‘C‘o? 9{9. 0.3&(— E.}'z

56;2 //.r; Oo".xp 020

Delale | 170et | 4043 5543 0u147 1.5
a2 9242 04190 2450

TadeTWe | 10860 Ti-e5 i eB 0s273 3.80
Tt AGe5 Culiy e 3

To -aTe 1. 2.0 5:305 1. . ($ Pl G 30.30
8207 1@&053 001 9‘6 ;’ oxs.’»5

c .j or? .Zﬁo 1 81&03 630 ’ 1 G:’ 0«5: Ot 229 3.62
63.0 10240 Ce195 3040

R\ﬂz]ge 172.7"’ C .t 9507“‘ = »113"‘{303;)» ‘i .‘---f-.-}
19240 L ef 100.,8 ’
8tondard doviation RO ' 0.513

- @ca amvew

Table 1. Antero-posterior sway in 40 subjects, smeasared o8 a pean
ceviation and total range of zovencal of the csntre of ity



2 18

not a very close one. The subjeot with the smalleat emount of sway
as dafined by the total range of movement of the ocentre of gravity
(subjest M.CeBe) does not have the snallest amount of sway as defined
by the mean deviation of the sway traoing from a baseline (subjeot
AsJeDeBs)s Vhen oomparing the postural sway of subjeots, it would
seen more reasonable to use & result whioh derives from the total
anount of swaying that is occcurring over the period of measurenent
(nean deviation from a fitted baseline), than to use the extrene range
of aovenent recorded, which may only relate to s small part of the
period of swaying that is being measureds |

The amount of loteral sway thet was observed is small (Pig.
5)s The totel range of the lateral sway, os measured over a peried of
two and e haelf ninutes, was never found to exceed one centimetre
navenent of the centre of gravity, and it only ocscesionslly exceeded
a half a cemtinetre of movement., By far the greatest amount of sway
took place in the antero-posterior plane, and much less ococurred from
side-to-aide.

The observed values for the mean deviation of the inclinometer
fron tho verticsl are given in radians in Table 2. In Fige 4, the
distance 4 oms. represents the novenent of the centre of gravity of
the subject, expressed as the nean deviation fyom a buseline, If the
segment of the body between the ankle Jodnt and the centre of gravity
of the body moved in o rigid manner, then the line OG' in Mg, 4 would
be a straight line. In that event, the angle © subtended by the
inolinometer with the vertloal would be equal to the angle GOG', and
could be caloulated by dividing the mean deviation of the centre of
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grovity (d omss) by the height of the cemtre of gravity of the
subjeot (h oms.) 7This estimated velue for © has been caloulated in
radions, for cach subjeot, and is given in Table 2. If the line OG'
is straight, the actunl position of the inclinometer does not affeot
the result, and the fact that the inolinmmeter is scme centimetres
(estimated to be approximately 10 umse on the average) sbove the level
of the centre af gravity is irvcvlevent in this connections
The cbserved results for the mean angulay deviation of the

inclinometer fronm the vertical are oonsiderably higher than the
calculated values. The mean value for the calsulated deviation (@)
was 0«00192 rads, as opposed to an observed value (8% of 0,00292 rad.
( 1 radlan = 57,3 degrees). The avercoge for the ten subjects of the
percentage differences by which the cbserved angular deviation exneeded
the caloulated deviation was 62,6/, The most likely explanation for
this discrepangy between observed and caloulated results is that the
segnent of the body between the ankle and the centre of gravity does
not nove rigidly, at lesst in the majority of subjectss Sonmething
analogous to the position illustrated dlagremmatically in Fige. 4 oust
oocur, where ths line 0G'A' represents what is believed to happens In
othey words, the body sways nore like a pliant rather than a rigid rod,
and the line 0G' is o ourved lino rather than a straight one. This
occurrence would explain why the observed angular deviation of the
inelinometer (6" is considersbly lavger on average than the estimated
angular deviction (0).

. By neasuring the position of the centre of gravity of the
supine subjeot, and the anterior displacement of the hip marker which
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(a)

MV ' /“‘ ]

FIGURE 2

(b)

- -, 2a. Record of antero-posterior movement of centre of gravity

[ _z._c tracing) and of output of an zccelerometer mounted on
waistbelt (lower tracing). Note that the gross movement of the
accelerometer tracing reflects the movement of the centre of gravity,
due to the accelerometer acting as an inclinometer. The fine tremor
seen on the accelerometer tracing results from the antero-posterior
acceleration of the body.

Vertical lines at 1 sec. intervals. Horizontal lines =re
baselines fitted for whole of the 2% min. record, and not only for
the section illustrated (approx. %-min.). Calibration - upver
tracing = 1 cm. movement of C. of G.; lower tracing = 0.01 racdizan,
for cross movement ol trrcing.

Fi . 2b., Calibration record, showing output of nlatform (upper
bef e subject stands on it, and accelerometer output (lower
before attached to subject. Sensitivity unchanged between Figs. 2a

and Zbo
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ocourred when the subject leaned forwards, it is possible to estimate
the position of the oe&tre of gravity in the subjeot leaning forwards.
In Flgs 3 the line 0AB reweéenta the normal standing position, with
B representing the position of the centre of gravity, A the position
of the hip marker, and 0 the ankle joint., PFor the purpose of this
caloulation, all three podnts are considered to line slong a straight
line, and to continmue to lie along a straight line whem the subject
leans forward (line OCD). A'C' represents the horizontal displacement
forwards of the centre of gravity. It follows, therefore, that B'D'

et ]

- .can be deduced fyrom the formula = « The estinated

AA
horizontal displacements of the centre of gravity (B'D') were compared

with the values recorded by the platforn, for the ten subjests. The
‘é.vemge deviation of the platform readings, irvespective of the sign
of the readings, from the results estimated {rom the photographa, wos
140k onae (Sefe 04192 omss ), which is significantly greater than zero
at the 0,1 level. However, if the signs of the differences are taken
into encount, the difference between the two readings was only 0.04 ons.
(S+Be0B11 ous.). This figure does not differ significantly fron
zero, suggesting that on the average the platfornm gives an acourate
representation of the horizontal displacement of the centre of gravity,
when the subjeots leons forwards. This agreement caon be regarded as
very satisfaoctory in view of the unsvoldable errors in ealoulating the
comparison betveen the two sets of results,

It has been assuned that the lines OAD and OCD are straight
lines, ond as has been shown, this can only be considered an enprox-
imation. TFor the purpose of this caloulation, the error fron assuning
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STANDING

UPRIGHT

Centre of E3

gravity
LEANING
FORWARDS

D Centre of
Hip A gravity
marker
Hip | marker

|

| I

I l

| 1 |

O A B ' JD_"

Fig., 3. ‘izgrammatic representation of the displacement of the
centre or gravity when leaning forwards. lLine OAB represents the
normal standing position, with B as the centre of grovity and 0
as the ankle Jjoint axis. Line OCD illustrates position of body
on leaning forwards, with D represerting the new position of the
. og G. For simplicity, body is drawn as a straic't line (see
text ).
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that the body noves rigidly is likely to be very small., Another
potential source of error is that the photographic picture represents
the nnsition of the hip morkers at only one instant, and carmot allow
for the ocontimucus movement caused by the normal postural sways Such
differenses that are found botween the readings cbtained from the
platfarm and the centre of gravity positions estimated by photography
are probably due chlefly to these two sources of errors However, the
resulis indicate that there is good evidence for believing thet the
centre of pressure iyacing acourately represents the novenent of the
subjeot's oentre of gravity. |

DISCUSSION

An atteupt has been made in the present study to express the
nornal postural sway 25 a movement of the centre of gravity of the
body in the anterowposterler plane. The teshniquc of' presenting
postural sway ag a nexn -w.._aﬁm.frm a Pitted baseline, over a period
of time, enables the degree of swaying tv be measured with conslderable
acouracye. It is believed that this technique of measurenent gives &
nre valld asscssnent of postural sway than 1s obtained by measuring
the axtrene limits of the swoy. “hen the sway patierns of the ten
gubjacts are sompared in order of megndtude of the amount of cway,
there is a general agreenent between the resulis as measured by the
two mothods (mean deviation and total range), but the agreement is by
no means completes For exarple, subject C.JeT.5. rates as the secomd
largest "swayer” aeasured by the totcl range of the sy record, but
this subject drops to fourth place if his sway Lo neasured as o nean



A = zccelerometer mounted
/ on belt around waist
/ G - centre of gravit:, of
] the subject
] 0O - ankle Jjoint axis
' 1 = height of the centre
] of rovity
! d -~ mean deviation of the
J centre of gravity from
/ a fitted bacseline
! - - estimated angular
] displacement in radians
of accel-romneter - §
O "
~' - observed angular
displccement in ra isns
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deviation., Similarly, subject R.J./is rates as £ifth in the order of
magritude of sway, nmecsured as & total range, whereas if his swgy
pattern 1s recorded as a nean deviation he rises to third place. The
advantage of expressing the sway as a meon deviation is that it takes
account of the degree of swaying throughout the period of measurenent,
whereas expressing the sway cs the extreme limits of the traeing, as
Orma (1957) has done, mey well fail to toke into account the genersl
level of sweyings A subjeot nay make a sudden large movement, and then
move very little for the rest of the period of measurenent; only the
large movement would be represented in the result if the sway was
neasured solely hy determindng the limits of sway.

The postural stanoe adopted during the measurement of
postural sway is of considerable importance, particularly in relation
te the degree of lateral sway. Very little lateral sway was observed
in the present iments, in which the subjects stood with their
heels twenty centimetres apart. This agrees with the findings of
les (1922), who found the position of maximum stobility (in terms of

postural sway) to exist when the feet were twenty oentinetres apart,
Ovma (1957) studied his subjects when they were standing barefoot, with
their feet together, and he found that lateral away was almost os

great as wtmo&terior aswaye. In fourty-five nen, he found the
antero~posterior sway to be 3485 cnse (range 2,0 - 846 cms.) and the
tpansverse sway to be 3.2 omse (renge 1¢3 « 5.0 onse) These are
considerably higher figures than were found in the present study, where
the anteroe=posterior sucy, expressed as a total range of movement, was
found to be 2,78 oms. (renge 1.62 - 4.83 ons.), and the lateral sucy
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nover exceeded 1 omsy, and was usually nuch less. Ormz (1957) was
neasuring sway at the head, vhioh probebly accounts for his higher
figures for antero-posterior sway, but the relativela large anount of
lateral sway he cbserved was almest certainly a function of his
pbdﬁm of the foet. lost people are unacoustomed to standing
~ without Ma, a.ml do not generally stand with their feet together.
It 1s readily understandadle that under suoh cirounstances the lateral
svay should be inoreased, tut 4t iz o somewhat artificial situation,
giving results that probably do not scourately refleoct the normal
postural sways The need for carefully defindng the wa:\,tim of the
feet when semparing results of measuring postural swoy is apparent,
Many meosurements of the postural swey have been made using
the novenent of the head as the measure of sway ((iles, 1922; Goldberg,
193). This suffers from the ddsadvantage that the sway of the body
a8 & whole is not necessayily reflected acowrately in the swy of the

head. It seens more logical to nmecsure postural sway as a novement

of the cantre of gravity of the body, rather than by using the movement
of one pert of the body. The method of using the centre of gravity
oscillations as a measure of sway was introduoed by Hellebrandt (1938).
Hellebrandt, however, expressed her results as the arec over whioch the
centre of gravity oscillates in relation to the total base of suppert.
This is expressed as a perventage of the area of support, which
consists of the ares bounded hy the two feet, exoluding the toes
(Bellebrandt & Braun, 1939). The present study is believed to be the
first detalled plandmetzric analysis nmade of the untero-josterior
movenent of the oentre of gravity, and has the advantage in that 1t
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does not introduce a further variable into the neasurenents - namely,
the size of the subjeot's feet, which affects the arez of the base of
suppors,

Evidence has been presemted to suggest that the traeing
obtained from the movement of the cemtre of pressure of the feet
parallels very olosely the movement of the centre of gravity of the
bodys Froa both theoretical considerations of the characteristics of
the force analysis platforn (see appendix 1), and by direot
photographis cbservation, it is concluded that the centre of pressure
trasing gives an ascurate representation of the nmovenment of the
subject's centre of gravity.

It has fregquently been taoltly assumed that during the
normal postural sway, the body sways "in toto" over the ankle joints,
remaiming rigld during the swaying (far example, see Smith, 1957),

No experimental justification exists for this assumption, and in the
presant experiments it was found that the walst moved muoh further
than would Love Leen expested if the body acted as a rigid rod betwsen
the ankles and the waist. The angulor deviation of the inclinvmeter
from the vertical at the waist was on the average 62.6,. greater than
than it would hove bean if the body segment linking the ankles and the
welst swayed o2 e rigid column, 'mw nost likely explanation of this
finding is thet the part linkdng the waist and the ankle resenbles o
plient column, and therefore the linkage is rot rigld (Mg 4)e If
this cocuwrs for the seguent linking the walst end the ankles, it seems
1ikely thet a similar progcess occurs between the welst and the heud.
If 41t is oonoluded that the whole body dwring postural swoy noves in
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& fashion analgous t0 a reed bending with the wind, swaying backwsrds
and forwards in a gemtly undulating nanner, it is possible to reconoile
the large differences found between measuring the swey at the head and
at the centra of gravity. If the body does sway in a pliant mamner,
it would be expected that the head would nove relatively much farther
than the centre of the body, and this agrees with what has been found
exporimentally,

Edwards (19342), sumsrising previous work, noted that the
degree of postural sway wes influenced, inter alia, by opening and
closing the eyes, the age and sex of the subjects, the extent and
nature of the visual flelds, and the state of attention of the muibjoots,
The great majority of the work he guoted had been performed by
neammring the sway at the head, and if this done, postural sway appears
as a highly varisble and easlly infiuenced phenomenon. However, if
the postural sway is examined as a contimuocus novement of the centre
of gravity, and partioulerly as o mean deviation of the tracing {rou
a fitted vesclidne, thc relative constonoy of the anount of body sway
is nore notewmrthy. In twoenty peadings on tem subjecis, the difference
between the minimun and maxioun readings ocvtained for the amount of
sway (expressed cs a uean deviation) wus lesa than 3.5 millinetrea.

In one hundred and nine subjecis, Hellebrandt and Hraun (1939) found
the ares enclosed by the moaximal shifts of the centre of gravity in

the cardinal vertical orientation planes to be only 1,28/, on the
average, of the total base of support foruned by the feets “herc is,

of course, no doubt that the sway ocan be nuch inoreased if the subjecis'
ptability is reduced by making them stand unshod with their feet olose
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together, as Orma (1957) has domes 48 has been suggested, however,
thils 48 regorded as an criificlal situation.

The results of the present stud, would support the view of
cellelranit (1950) that pooturcl sugy, Af il be defined os the movement
of the cantre of gravity of the body, is relatively swall in cmount and
constant in extent. “he considerable attentlon that hos been devoted,
chiefly Wy paychologists, to the vy in which postural swoy, as
sessured at the heed, cuan be influenced by nunerous fzcotors, has
tended to obscure the basie fact that the position of the ocentre of
orovity of the body is raousricbly stasble durdng normal standing. The
oscilliation of the centre of grovii, that dous occuwr should be regarded
essentlindly w5 & constant response to the effeocts of gravity, resulting
froa the interpley of the flewing oicous of gravity, and the everw
present reatraining contructions of the cxtensor postural usclos.



SUMNARY

1+ A stuly has been nade of the postural sway occurring during
nornal standing in ten subjects. The procedure adopted involved
necsuring the continuocus osolllations of the cantre of gravity of the
body. It is oonsidered that measurdng the movesent of the centre of
gravity 1s the most logloal way to measure the postural sway that
ocours dwring standing in the erect posture.

2e¢ It was found that by far the greatest anount of sway ocowrred in
an antaro-posturior dircotions with the foot position adopted (heels
20 emse apart), very litile lateral swoy was obscrved,

3¢ An inolinometer vas used mounted on a walstbelt, and an estimate
was pade of the anguler dlsplacement cocurring at the welst duaring
body sway. The angular displasenent nessured considersbly exceeded
the angular (isplocenent satimated on the essumption that the Lody
swayet rigldly between the ankle Joint axis and the centre of gravity.
It w.s concl:led froa this obsexrvation that, contrary to what has been
asauned, the body sweys in & pllant nanner over the ankle

joint axis, and not as a rigid colunn.

ke If the postural swoy 15 mecsured by detelled planimetir, of the
resords, and the results expressed as o mean deviation of the movenent
of the centre of gravity from a fitted beseline, the relatlve
oonstancy of the degree O body sway is noteworihy. In the subjects
exanined, the differenso between the winliun end mexdaus entexro=-
posteriar sway resorded (expressed as a mean deviation of the movenent
of the centre of gravity) was loss than 3.5 use It 18 consluded that
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D CARRIACS O NOAMLL STAIDIIG I AN

INTRODUCTION

It 45 a ecunomplace cbservation thot carrying a heavy load
on the back causes the caxrier to lean ferwards, and that, in general,
the heavier the load, the farther forward does the carrier lean. The
addition of a load to the back causes the normal ereot posture to dbe
80 nodified that the vertisal projection at the feet of the centre of
gravity of the man plus the load is made to approxisate in poaition
to the centre of gravity of the unloaded man (Hellebrandt, Fries,
Lersen & Kelso, 1544). Indeed, it has been sugsested that the location
of the centre of gravity is a “"physioleglcal constant” which it is
impossidble to distwrd significantly in a standing man (Hellebrunds,

1950).
| The manner in whioh the body alters its normsl alignment to

ashiave stability under conditions of load carriage does not appear to
have been examined in any detail. The present study ls comocerned with
neaswring the effect of load ocarriage and load position on the normal
standing posture of young adult males, using a minature camera
photographie technique, MWmaMﬁMtafmmm
what way varying loads affect nmual standing, and vhethor the sanme
load has ooumparable effeots on different subjests. The study was
carried out on a relatively small gzroup of subjects. The results were
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sufficiently olearwout, however, to suggest that the findings have
geneaal application for conditions of static loading.

METHODS

The experiments were perfarmed on ten male medloal students,
aged 16 t0 21 yeoarss Their heights ranged from 170.6 omse. to 188.9 cns.
and thelr welghts from 59.75 kgse. %o 8475 izs. Four bony landmarks,
which were recdily idemtifiable, were found and marked on all subjeots,
The four landmarks used were, 1. the latersl side of the greater
tuberosity of the right humerus ("shoulder” ), 2. the lateral side of
the greater trochanter of the right femur ("hip"), 3+ the knee Joint
iomediately above the hoad of the right fibula ("lknee"), and L. the
lateral malleolus of the right fibula ("ankle"). B8sall dlask edhesive
narkers were plasced as asourately as possible on the landmorks, The
subjects woere then photographed from theldr right side againat a white

soreen (Ple 4)e

The subjests stoed on a rigldly constructed platform, with
the sontour of thedr heels placed posteriorly along o line marked on
the platfooms The heels of the subjects were 20 cas. apart, but they
were allowed to sprread their fest at wills The subjeots were asked to
adopt a comfortable standing posture and not to move the position of
their feet, They were placed faoing at right angles to the caners,
and behind them in line with their right shoulder hung & vertiocal
plhanbline (Ple 1), Alongside the plumbline wes placed o metre
calibration rule, whioh appeared in every pioture token. The camers
was placed three and three quarter metres distant from the subject,
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and exposurss were made using an electronie flash, vith a flash
duration of approximately 1/2000the. of a sesond. The camers used
was & Lelca IIIf, with a Sunmloron 5 em. lens,

Each subject was photographed undsr the following conditions:-
1« normal standing, without load; 2. carrying an empty cexrrier; 3
sarrying twelve kilograms attached to the carrier high on the back;
L carrying twemty four kilograns as in 3.5 and 5. carrying twenty
four klogrens attached to the carrier low on the backe. The load of
2h kge vas moved over a dlstunce of thirty oentimetres between the
"high" and "low" positions (Fl. 1, Figss 3 & 4). The oarrier used for
the exporiments was sdapted fyom a stondard Bergen ruckseck frame.
AdJustable shoulder streps and waist belt were fitted, and on the dback
of the frome two vertliocal steel bars were welded, over which a platfornm
carrying the welghts ocould be moved, The wedght of the corrier dtself
vas four and a quarter kilograns, end additional weights of two, four
and six kilogrems were useds The welght of the loed was oconcentrated
into a relatively smmall mass, and the approxinate centre of gravity of
the load, in relation to the anatomicsl markers, is shown
ddagrammaticelly in Fige 2o The shoulder straps of the corrier were
adjusted individunlly for each subjeot, so¢ that the walst-band
supporting the 1oad at the back fitted the natural walst of the subject.

For the experiments the subjeots wore only trunks and vest.
Subjeots were photographed twice, but no subject oane ticc on the
scne day. It is considered that the heel positions on the platform
did not vary over more than half a centimetre, from subject to subject.
Subjeots were photographed about half a mimute after they had been
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placed in position, for ecach of the successive lead positions. The
exaot timing of the photogrephs varded slightly, and the release
nechanism was epesrated surreptitiously. This, combined with the faot
that the subjeot waes not fasing the canerz, nitigatcd against the
possibility of posing on the parc of the subject.

The same procwd:m was then zdopted with the aubjeot carrying
first twelve ldlograns ani then twenty fouwr ldlograns, without moving
the position of his feets The eaxrier wus loaded from behind, and the
subjeot did not have to nove in any way. The welight-oarrying platfornm
on the carrier was used in only two positions -~ 4ts upper and lowep
1indts, whioh were thirty centinetres apart ("high" and "Low" positions).
The ¢entre of gravity of the load in the high position approximated to
the level of the shoulder Joimt; in the low position, 1t approximated
in position 4o the lower lumbar region of the subject (Plate 1, Tigs.

3 and L),

The £iln negatives were enlerged using o Ledts nicrofilm
W,MWMQMWWMWmammthhMW
aotunl size of the subject. Direct mecsurenents were made on the
enlarged inage, which was projected on to a perfecily flat white screen,
A ruled grid wes used for measwring, one odge being lined up along the
plhabline, and the other edge at right angles to the plumbline, The
vertioal height above the platform (using & line marking the position
of the right foot on the platform os the baseline), and the horizomtal
distance from the plunbline could thus be measured for cach of the
four markers. The length of the metre rule was also measured on each
negative, and this figure wae used as the calibration factors The
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position of the markers in relation to the two reference lines on
the negative (pluabline and platform) wos nsasured to en asouracy of
half s alllimetre on the enlarged lmage.

There are several potential sourcss of error in this
teohnique, but the close simllarity of the results for the two
experinents (Tabls 1) sugzests that these errars have been largely
avoldad, or do not signifioantly affect the results. The errors
relating to the photographio distortion in measuring from thirty five
millinetre negatives have been discussed by Tamner znd Veiner (1949),
who found distoertions due to camera lens arror, and ddfferential
distaxrtion of the negative inage during development {o be immeasurably
snalls The ohief arror is likely %o arise during printing of the
negative, and this was avolded by measuring frou the projeccted negative
inage. The erzor dus to parallax wus mindmiged by measurin: the four
markers fron a plumbline in the same plane as the markerss As the
netre rule appecred in all the plotures taken, all measurements were
related to a calibration factor in the same sagittal planc as the
narkerss

Probably the ualn source of sublect error arises from the
faot that the subject never remains complotely still. It is well
recognised that the body is comstantly swaying in an antero~posterior
ddredtion (Hellebrandt and Franssen, 1943), and it is theoretically
possible that the plstures taken of the same subject under identiscal
load conditions on different doys nay have been taken at the extreme
1indts of the forwerd and bacicward sway, respeotively. The fact that
the results show preoisely the sane trend for the sccond occasion on
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whick the subjects werc photographed as they do for the first cocasion,
and thet the zctucl figures sre in general very simllar, suggest that
the difference due to the subjects having been photographically
"frozen" in motlon durdng vorying parts of the postural swoy cycle are
snell in prelation to the ef’f;aet of load carriage.

The analysis of the results wes perfurmel by comparing the
positions of the four ana%o:le:l markers on zuch subject undor varying
loed oonditions. This wis done for cuch subject on two occasions, co
that there was o total of forty inddviduel recdings for ssch subjeot,
Ami;,fsié of the date showed thot there vas no significant difference
in the position of the ankle under the varying lozd conditions. The
aenkle marker wo theref'ore teken 25 the zorc position, end the positions
of the other three nerkers were estimated in relation to = vertical
line through the ankle morkere The result. were compcred by an
anelysis of verienoe, and the levels of significance deterained by
uzing a t-~teste.

RESULTS

he results showed o highly significont (P<0.001) forward
dimsplacensnt of the shoulder with loadlng, and the seme locd carried
in the lov position csused a further displacement forward thun vhen
corried in the high position. The unloaded carrier, however, iicc no
significent difference to the positdon of any of the merkers. Lo
position of the hip merker idd not move significantly for the verying
load conditions, but the position of the knee marker noved progressively
backwande with increasing load carrioge (P<0.001). Therc 45 therefore
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a highly significant realignment of the body segments, os reprecented
by the anatomical landmarks used in these experiments, with the carriage
of loads ebove a certain mininun wedght in the standing pesition.
Figse 1 and 2 illustrate dlagrammatically the realiznment that ocours.

The greatest anount of novement tock place at the shoulder,
as would have been expected. There were highly significant differences
in position between normel standing and oarrying the carrier plus
twelve Idlograms, between corrying twelve kilograms and twenty four
kilograms, and between carrying twenty four ldlograms in the low 28
compared to the high position (P<0.001 in all cases). Thus the
heavier the load, provided at least that it exceeded the wedght of the
carrier (425 kgs), the further forward did the subject lean, and far
the same weldght, the lower position on the baok caused the shoulder
to be displaced further forwards.

The position of the shoulder was also compared using the
angulsr displacement fy'om o vertiocal line through the hip marker,
instead of the direct hordzontal displacement of the shoulder with
loading. This wzs done to sec if the height of the subjeocts was a
Mcwﬁmm the displacementss If the height of the subject
was important in this respect, the effect would be most readily
observeble for the position of the shoulder. It wes found, however,
that the levels of significance between different effeots of the
varying load conditions were virtually the sane as those obtained
using the direct horizontal displacement.

The results for the position of the hip marker showed that
the position of the marker did not significantly vary for any lead
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condition investigateds Vhile the shoulder 1s moving forward with
inoreasing load, the position of the hip remoins relatively fixed.
There s no statistically significant difference even between the
position of the hip marker when the subjeot 1s carrying twenty fowr
kilograms, and the position dwring normal standing without loade The
position of the hip narker was also compored using the angulay
displocement from a vertical lime through the ankle marker, instead of
the direet horizontal displacement. As in the case of the shoulder,
it was found that the angular displacement of the hip from the ankle
able to those obiained by direot neasurement of the
horizontal displacement. Neasured by direct horizontal displacement,
or by angular displacement from a vertical through the ankle, the
position of the hip marker did not significantly vary with the varying
load conditions.

The results for the knee marker showed clearly that there wes
an overall tendemcy for the knee position to move backwards with
progressive loading (P <0.,001), Here, too, there was no significant
dlfference betwsen the subject standing normally without the carrier,
and the subject with the unloaded carriere But highly aignificant
differences were found between the position of the knee in the subject

gave results compe

stending normelly (without carricr) and the position of the imoe when
the subject was carrying twelve kilograms, and when the subject was
carrying twenty four idlogreas (bota positions). There was no
significant difference in Jmee position betveen earrying twanty four
xilograms in either the high or low position. In Table 1, the position
of the ankle marker is oonsidered as the sero position, and the
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Iable 1

Average displacement in oms. of shoulder, hip and imee markers
vertically in front of the ankle marker. Date from ten subjects

in two experiments.

Normal Rapty 12 kge 2 kae 2l kge
courrder | (high) (high) (lo':s
"JLT’L»{_.;_}L;T: 1
Shouldex 6¢77 el 1344 1914 24408
idp 6eli2 6153 6437 634 Del
Knee Lo S e DG 3672 333 5046
Ankle 0«00 000 000 0,00 000
ERERIMENT 2
Shoulder 7024-8 8005 13086 18.56 %069
Hp 651 Geli2 5e48 533 6426
W 1!-092 10-012 2087 2067 2-10-7
rnile 0.00 04‘00 0.00 0000 0000
AVERAGE S
Shoulder 712 8418 13463 15605 e 39 P< 0,004
fip 6olib |  6uB 5492 5683 | 6451 | N.S.
Xnee 493 | be35 | 3430 3.00 | 2,97 | P<0.004
Ankle 0.00 0,00 0400 0.00 0,00 NeSe
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poasition of the other three nmarkers is given as the distance they lie
in front of the ankle in the vertical plane. The results represent
the averags displacement in centimetres for the ten subjects of the
narkers under the varying load oonditions,.

It was elso found that the angle betveen the shoulder<hip
line and the vertical, and the angle between the ankle-hip line and
the vertical, chowed no significant correlation with either the weight
or the helght of the subjeots during load carriage. Therefore thare
vas no evidemce to suggest that the posture of the subjeots vhen
loaded was significantly related to their hedght or weight, at least

under the conditions of these experiments.

Analysis of the data showed a significant difference between
the average results for the position of the hip and kmee for the two
experimente., The average values for the position of the markers with
each load are eonsistently lower for the second oscasion on which the
subjects were photographed. However, with the shoulder position there
is no eignificant overall difference, four of the subjects showing a
decrease in displacexent in the second experiment, whereas six
subjects showed an increase., These diffearent effects are not
significantly different, and s0 represent random fluctuations about
the nmeen displacement. ‘hen 1ndiviaua1 subjects were compored, there
was found to be a significant difference betwecn the averazge
displacements for the shoulder, hip and knee for the ten subjects, at
the 0,15 level. There was also a significant interaction between
loads and subjects, implying that the effects of the load differ
significantly from sub jeot to subject. However, with the shoulder
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the trend is the same for each subjest (displascement inerecsing with
load), emcept in three cases in which the displacement with the
carrier is less than normal. For the hip, there is no consistent
trend, but there is also no significant difference between the loads.

DISCUSSION

The effect of load carriage on the normal standing posture
has previocusly been investigated chiefly by Hellebrandt et ale (13h4),
and Hale et al. (1953). Hellebrandt et als. claimed that the body
counterbalances the effect of load carriage by leaning forwards "in
toto" over the ankle jodnts, without significant resligrment of the
rest of the body. They gave few details of the technique whereby they
reached these eomolusions, however, and it is diffiocult to evaluate
their results. Hale et als (1953), found that the carriage of = load
low on the bask tended to cause the body to leon further feorward than
e load carried high on the bask. Their results were not statistiocelly
significant, hovever,; and they did not comment upon the effect of lead
carriage on the alignment of the body segmenis,

It 15 apperent that the present data contradict the findings
of Hellebrandt ot ale (1904), and extend the findings of Hale et al.
(1953). The results show that the body responds to the effeots of
loead cexriage on the back by altering the relative position of the
body segments. The essemtial change takes place above the level of
the hips, the trunk being displaced progressively forwards with
inoreasing loads The plots illustrated in Figs. 3, i and demonstrate
the changes in marker positions for tlhree of the five conditions
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investigated, The plots were construoted from the results of the
Tirst experiment, and were drawn aocurately to scale. They denonstrate
clearly that the displacement caused by load carrisge ocours between
the hip and shoulder markers, and that for conparable loads the general
pattern 1s very similar for all ten aubjeots, One subjects in Fige 4
did not show any forward displacement of the shoulder with a 12 kg,
load, as compaered to the normal positien. !lowever, it will be noted
in Flg. 5 that with the 24 kge load the shoulder marker of this subjeot
folloved the sume general trend as the other nine subjects, The
scatter of the points for the positions of the various markers is due
largely to vardations in body stature, and to some extent to the fact
that ths horisontal spread of the points has been exagperated for the
sake of oclarity.

The results show that, for a given load, the body will lean
farther forward if the load is low on the back than if 1t is in &
higher position. This suggests that the body treats the load on the
back as essentially o problem in balansing. If the body keeps the
vertical projection of the centre of gravity in a more or less constant
position (Hellebrandt et als, 194h), it follows that lowering the
position of a heavy weight on the back must cause the body to lean
farther forwards to keep the combined centre of gravity of the body
plus the wedght in the same position. The fact that the truni: olosely
adapts its alignment in relation to the position and weight of the
load 1t is ocarrying, as has been shown in the present experiments,
acoords with the view that the vertical projection of the centre of
gravity veries within very smell limits for any individual. Hale et
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ele (1953), also found that there wes a general trend for o low pack
to cause grecter $runk inclination than o high pack, when carried on
the back. Thelr results were not statistiocally significant, however,
unlike the present findings.

The relative constancy of the hip marker under varying load
conditions 4s probably due to its proximity to the centre of gravity
of the body. The height of the centre of gravity is well established
to vary between 55=56% of the bedy height (Cotton, 1931; Hellebrandt
et al,, 1938). Knowing the height of the subjects, an estimate could
be made of the helght of the centre of gravity for each of the subjeots.
It was found that a felrly short distance separated the centre of
gravity from the horizontzl projection through the hip markers - on the
average some ten oentimetres for the subjeots used in the present
experinents. If the position of the centre of gravity is o so-ocalled
sphysiological constant" (Hellebrandt, 1950), then it might be expected
thet an anstomleal landmark relatively near the cemtre of gravity would
likewise show 1little or no variation in its position,

The evidence relating to the poesition of the lmee Jjoint indio-
ates that heavy loading causes a certoin amount of hyper-extension of
the imee joint. Whether this is a purely passive phenonenon, or whether
1% 48 ot least in part due to inereased musoular actlvity in the legs
cannot be deoided on the basis of the present evidence. Smith (4 956)
has given a detailed analysis of the passive limiting mechanism whioch
is operating at the knee joint in the normal stending position, and
has emphasised that the adult knee joint is stabilized during standing
by two complementary factors, nanely the postural contraction of the
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flexor muscles and the passive reslatance of the tissues., It is
reasonsble to assume that durdng load carriage there is inoreased
musoular activity helping to stabllize the Joint, and this increased
masoular aotivity, together with passive stretching of the tissues,
causes hyper-extension of the kmee jJoint,

IAppold and Naylor (1950) recorded eleotromyographic activity
in the trunk muscles under two load conditions, and reported that when
& load was carried high on the back, greater activity was recorded
than when the load was carried around the pelvic girdles They suggested
this result vas due to the higher combined centre of gravity when a
load in the high back position is carried, and this results in greater
instability. To maintain the body equilibrium under these less stable
conditions, inoressed ruscle activity is required. lLippold and Naylor's
results cannot be direotly ocmpared with the results of the present
experinent, as they investigoted somevwhat different load eonditions.
However, as Hale et al. (1953) pointed out, Lippold and Naylor did not
refer to0 the possible eff'ects of the inclination of the trunk varying
with the position of the load. It has been shown that low back
ocarriage causes inorsased inclination of the trunk, and this of itself
could slter the level of nuscular activity. It may be, for example,
that while a load carried high on the back causes inoreased erector
spinas aotivity, the inoreased inolination of the tru Xk caused by
carrying a load low on the back results in increcsed eotivity of the
hip extensors, the overall muscular activity remaining relatively
constante This suggestion is supported indirectly by the findings of
Dendels et ale (1952, 1953) who found on the basis of energy expenditure
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experiments no significant difference in the energy cost between
carrying & load high or low on the backs Further indirect support for
this view is goimed from the work of Redd et als (1955), and Redd and
Draper (1957), who found, after extensive field trials, that in general
there was no significant physiolegiecal difference between different
Wpes of Army packse If the position and type of load carriage
significantly affectcd the overall nusoular activity, it would be
expeoted that this would be demonstrable in physiologloal tests.

The present experiments, in which two more or less extreme
positions of practical leed carriage on the back were adopted, suggest
that as far as the anti-gravity musoles are comoermed, the relative
position of the load is not of prime importance. Considering the body
as a whole, a load on the back of, for example, 2 kg. requires the
muscles resisting the effect of gravity to work as much for one position
of the load as for another. It seens reasonable to0 suggest that for
eomparable loads the total nuscular activity necessary to resist the
collapsing offect of gravity will not vary significantly, wherever the
lead is placed on the baoks. It was gshown by Hellebrandt et ale (1944),
that the combined centre of gravity of the body plus the load remains
in virtually the same vertiocal projeotion as the oentre of gravity of
the unloaded body, and the present data show that thls is aoccomplished
by alterations in the position of the trunk., It is suggested that the
trunk sots as & counterbalance, altering its inclination according to
the site of the load on the bock, end in this nammer the projection of
the oentre of gravity at the feet remains relatively constant.
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SUMMARY

1+ The affect of load carriage on the normal standing posture has
boen studied using a mimature ocamern photograophic teschnijue.

2o The dlsplasenent from the vertiosl of nmavked anatomical landmarks
wes neasured on enlarged negutive inmoges, dwring normel stending and
when loads of 12 kg and 24 kge were carried,

3+ It was found that there was o highly significant (P<0,001)
forward dis)lacement of the shoulder with load cirrizze, while there
was no significant change in the position of the hip., There wos a
highly significsnt (P<0,001) backwards displacement of the knee, while
the poaition of the ankle was not significantly affected.

Le It was oconoluded that a highly significant realignment of the bedy
position tokes place during load corriage shove 2 certain minimun wedght.
5. A weight of 2L kge was found to cause further forward displacement
of the shoulder when it was carried low on the back than when 1t was
carried high on the buck (P<0.001).

6» The suggestion 1is made that the trunk acts as & kind of counter=
balance, altering itis inolination according to the position of the
load on the back so that the vertical projeoction of the centre of
gravit; remains relatively undlsturbed,
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THE EFFECT OF LOAD CARRIAGE ON J

INTRODUCTION

The present study consists of an anslysiz of the effect of
load carriage on the postural activity of standing. In a previcus
study (Thomas, 1958¢), it was shown that load carriage above a certain
minimmmigbtvchangesthamlau@mentofthabodyinthe standing
position. It was suggested that the trunk acted as a kind of counter-
Yalance for loads on the back, and adapted its aligment so as to
preserve the normal vertical projeotion of the centre of gravity. The
present experiments were designed to test the hypothesis that the
position of a load on the back does not significantly affeot the rate
of woriing of the muscles that counteract the effects of gravity.

Postural sway 4s well known to be invariably associated with
the upright position in Mén. and the extent and nature of thls swoy has
been frequently investigated (Hellebrendt & Franseen, 1943). The effect
of load carriage on the normal postural sway has recelved little
attsntioix, however, and has been examined in this atudy uaing loads
corried on the baok. An stiempt has also been made to assesc the rate
of working of the postural muscles that control sway, during the
ccrriage of loads of varyins welght ond position. The experiments were
oonduotéd using a force analysis platforn (Vhitney, 1958a), to which



92.

had been attached an acceleroneters Simultaneous records were made

of the displacenent of the oentre of gravity of the subjeots ond the
emount of horisontal movement imparted to the platforn by the ferecs
acting at the foet of the subject (Thomas, 1956a, 1956b)s The object
of the study was to deteruine in what way the normal postural sotivity
was affeoted by load carriage, and 40 2stablish whether the anount of
swey ocould be correlated with the owtput of the sgcelerometer, It is
believed that the rate of working of the musolss oontrolling the body
sway can be related to the anplitude of the socelerometer output,

KETHODS

The forse analysis platform used in these experiments has
already been described (Whitnmey, 19562; see also appendix 1), and its
application for measuring the movement of the centre of gravity during
the nermal postural sway has also been desoribed (Thomas, 1958b).
Attached to the platform was an aocelerometer (Statham Laboratories,
Los Angeles, Califernia, Model C~1-350), which recorded the
displacenent of the platform caused by the forees ascting at the feet
of the subjeots. The application of azn avcelerometer for this purpose
hzs been considered previously (Thomas, 1958a). The accelerometer is
believed to be recording the oscillatory component of the forces
imparted to the platform in the antero-posterior horiszontal plane by
the feet of the subjects os they swayed baok and forth (Whitney, 1958b).
' The movement of the centre of gravity of the subject, and the output
of the accelerometer, were recorded simultansously on a multiecharmel
galvanometers
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The experinents were performed on Yen medical student volunteers, aged
18 to 21 years. Their heights ranged fram 17046 cuse. to 188,9 ans.,
and thelr weights from 59475 kgse t0 84475 kgse The subjects were
positioned on the platform so that their heel oomtours vere constant
along the sane transverse axis, and at a fized distance of twemby
centinetres apart. They were allowed to apreed thelr feet at will, once
the position of the heels had been fixed. Standardlized shoes of the
eppropriate sige were provided, and the subjedts wore only light
clothing. Instructions wers given to adopt an ecasy standing position,
and Yo make no unnocessary novements. The experinents were conducted
so that as far as possible, only one fastor (the load earried) was
altered throughout the experimemt., Each subject was studied on two
oeccasione, on separate deys.

The i0ads were carried on a modified Bergen rucksack fyame,
as previously desoribed (homas, 19586), The subjeots were studied,
1. in the normal standing pesition, 2 carrying an empty carrier (weight
Le25 kgse )y 3 coxrying an sdded welght of 12 kgs. high on the back,
L carrying an added welght of 24 kgs., a8 in 3, and finally 5, carrying
on added wedght of 24 kgse. in o position low on the back. The position
of the 24 kgse vaariedmaﬁistameof%tymms,
the hizh position approximating the wpper thorasic region and the low
position the lower lumbar region of the subject. The analysis of the
photographlc records was perforned by plenlmetry, end the results
expressed as a nean deviation of the trwoing from a fitted baseline
(Thomas, 1958b). A fixsd length of the reoord was mecsured for all
subjeots, during the five load conditions investigated, the length of
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the record being the equivalent of forty five seconds standing
(Plates 1 & 2)s The sway trooings were also neusured to deternine
the extreme renge of movement of the trecing during the scme forty
f4ve seoond periods. The total range of movement of the trooing was
aeasured for the five load conditions, and the results are given in
Teble 2. The results were compared by an mnlym of variance, and
the levels of significance determined by a t-tests

RESULTS

The analysis of the results shows that inoreasing the load
cerried couses significent inorecses in the amplitude of the
aocelerometer treoing, in the mean deviation from a fitted baseline
wmcmeo:muwmim,mmmmammtofm
centre of gravity, in an antewo-posterior direction (Tebles 1, 3 & b)e
Tt wos found that in a2ll subjects there was a positive linear
oorrelation betveen the amount of sway (expressed as a mean deviation
from o baseline) and the amplitude of the accelercmeter for the five
1024 conditions investigated (Fig. 1)e

1t was found that there was & highly significant inorease
in the amplitude of the asoelerometer traoing between standing
nornelly and carrying 12 kge (P <04001), and alse between standing
normally and cerrying 2k kge, in the high or low position (P<0.001).
o significant differences were found between oarrying an enpty ocarrier
and normal standing, nor between oarrying 24 kg. in the high as |
oompared to the low position (Tabls k). The results for the sway
patterns, both for total runge and mean deviation, were olosely



954
Jable 1.

Table 1. Mean deviation in millimetres of sway record above or below
o fitted bassline during 45 secs, standing. Data fyom 10
subjects in two experiments, during 5 load conditions.

Subject 1 Normal Empty 12 kge 2 Kgo
J, atandﬂ.ns carrier (M) (hiél) (-1“?
WeloJeHe 2421 186 2460 3,83 2439
2648 1495 2¢ T 398 Le33
JeleSeW, 1404 237 2,64 4407 524
104 180 2470 Le 36 3.79
S¥e 287 2427 3649 3.82 536
100 200 e N 4400 2:,09
Deliede 1466 3468 2oy be3d 3498
1459 173 3e32 6e13 6492
FaDele 310 3e57 haled 5420 Te22
279 3480 2485 hel9 2e33
JeGeRe 2e15 1479 5e35 3467 7.61
2.06 2642 519 Lo Tl 3458
CePeBs 2426 3.67 Loolt3 be9Y 50
2426 2436 3420 Se37 480
Jdedele 1821 1499 g Mai- 5'10-6 Lelly
1499 2,12 . T 384 Celly
WeFelle 0.97 107 i 1ehb 3460 2453
117 2404 2424 Se31 ) 193!
WeGuBe 1465 s 05 36l 3.09 LT3
240 2,06 Le73 Lokb 3464
Mean 1467 2¢48 SolsT Le22 L 61
Stendard 20059 | 2046k | 30096 | 20462 | 4140k
(means for
sach Mém) _
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comparable to the accelerometer yvesults. There was no significant
difference betwsen the results for nomal standing and carrying an
enpty carrier, nor between carrying 24 kg. in either the high or low
positions (Tebles 1 & 3)., However, highly significant inereases

| (P<0a001) oocurred in the sway tracings between normsl standing and
caxrying 12 kge, and between normal standing and carrying 24 kge (high
or low positions). There is therefore a genarsl inarease in the
aovenent of the centre of gravity traocing, expressed either as o meen
deviation or as o total range of movemeni, and there is also an increase
in the level of apoeleration recorded at the feet, with increases in
the anount of load carried, However, the position of & load of the
sane welght on the back dld not affect edther the swoy pattern or the
acceleration recorded at the feeb,

The degree of swoy, expressed as e meecn deviation fron a
fitted baseline, wos correlated with the amplitude of the accelerometer
tracing, and the correlation coefficients are given in Table 2. Vith
ten subjeots, the correlation coefficient is significant at the 5
level only when the ooefficient is O.2) or aboves, Five of tue
subjects reach this level of carrelation, and further two subjeots
just fail to do so. One subject had a oonsideradly lower level of
correlation than the other subjects. The results mgy be considered
to give in general a high lcvel of correlation with the limited degrees
of freedom allowed by the experinment, The overall assoccistion between
the ten correlation ocefficlents was tested and found to be highly
significant (ohi® = 4849, and P<04001)s Graphs plotting the
accelerometer amplituds against the nean deviation of the sway trascing
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Zable 2

Table 2 Correlation coefficlents between sway (uc.n deviation) and
acoslaration for ten subjlects.

Subject Correlation ooefficient Significanve
J% (sway and acceleration)
WeGoedeHe 089 P <005
JellaSaiie 0.996 P <0001
Sl 0480 P01
Deledo 0u96 PLOM
FeDulle 0482 PL Ut
JelFeRe 0475 NeSe
CePoBe Ou4i2 TeSw
JeSeEe 089 F L0405
Welolla 0.88 PL 005
HaGeBe 0476 Ne8.

showed that the sorrelation was 2 linear one, although the inelination
of the lines showed considerable subjest to subject vardation. A
graph showing the linecr correlatlons between the sway and the level
of acceleration precorded, using the average resulis for ihe two
experiments, is given in Fige 1. The points on the graph have been
ondtted for olarity.
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Zable 3

Table 3. Totel range of awsy revord in centimetres during 45 secs.
standing. 10 subjeots 4n two experiments under § load

conditions.
Sub Jeot  Nogwmaold Baphy 12 kg 2 kge | A kﬁ’
standing | ocarrier 5 (high) | (low
r T
oG eSeHs 2493 2463 5499 6el7 2463
2030 278 3466 6e1l 527
Je leSeiie 1485 2466 3476 e 39 5496
2,04 235 33 5033 b 70
Sel. 1 «95 2456 b e 5486 6eli6
DaNsdoe 2450 3410 3ehib 6620 5e01
1eN 2639 558 6432 6,08
FJDeHe o3k Lhe'?5 590 10427 7457
2482 3498 3459 770 285
JaGeRo 3455 2466 5236 ThO 1095
284 207 5403 6622 5.85
CsPeBe 2480 5461 L.+09 5eT6 10428
2ol k05 Belh Tei7 6408
JeSeEs 1456 2472 e Bal6 LeT3
242 347 LeT3 501 11,03
TeFeMe ) | '1*5 ' | u61 1e77 L, 5 3;86
1461 193 Ledh b5t 3470
WQG’#BC 5\!18 5122 5067 lq-uﬁh- L..f.ﬁft.x
227 3429 beBl Lo Sh 5¢56
liean 2433 3e15 het? 54996 Jetid
Standard yorpe 20454 1,01 O | 2135 | 21453
(aaanl for
eaoh & 3M)
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DISCUSSION

The extent and variation of the normal postural sway has
been studied for neerly o century (Viercrdt, 1861; Orma, 1957), but
the offect of lead carriage on postural swoy has been little studied.
Idttle or no work has been dons attempting to correlate direotly the
anount of postural sway with the rate of working of the muscles that
control the sweying. It has been clalmed that normal postural sway
is reduced by the carrying of an Army pesk on the back (Hellebrandt,
Fries, Larsen & Kelso, 1944).

Postural sway has been analysed in this study both as the
nean deviation of the centrs of gravity from a fitted baseline, and
as the total range of movement of the centre of grovity tracing, for
e fixed period of time. In this experiment, only anteroeposterior
sway has been measuwred, as it 48 belloeved thot the lateral component
of swoy is small and relatively insignificant in the foot position
adopted in these experimemts (Thomas, 1958b). The technique of
accurately measuring the pesturel sway by planinetry hos been discussed
in a previous paper (Thomas, 1958b), and it is belleved to give an
ascurate and neaningful figure for the degree of swaying that is
oocurring. Whils it has been found, under the conditions of this
. experiment, that the effect of load corrlags on the sway pattern is

pucsh 28 to produste comparable results whether the sway 42 expressed
as o total ronge of movement, or co & mean deviation, it is considered
that results expressed as a mean Mﬁon foon & baseline ore, on the
shole, nore representative end less liable to error.

The data obtained show that the average results for the
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Iablg 4

Table 4y Auplitude of ascelerameter tracing in ome/sec.” during
L5 secs. standing under five load conditions, Ten subjects,
investigated twice on separate dayse

Subject Nermal Enpty 12 kge | 2 kgo | 24 kg

% standing | oarrier (hiezh) (nigh) (1ow)

WQG’OS cﬂa 0.75 Otm 00% 001 D 0079

0483 075 Q75 0e96 083

JeleSeWe 0.83 1« 2e75 529 e

0462 Q33 1ol 3ol 3e75

S‘M. 0037 Obw 0051)- 0!87 0079

0.29 el 058 0eE3 Os75

Dellad e 187 149 1487 2.37 2el:1

1.87 179 1696 2004 2425

FaDoile 045k 133 167 179 14853

4 oiib 133 125 137 125

JeGeRe 0692 075 087 1429 125

OOB? 06% Oaé? 0067 0062

CePaBe 1ol 124 1425 096 1412

0467 Cub2 Q.79 0496 083

JeSeEe 1 o0l 075 1.00 142 1483

067 067 0e92 1408 1025

UePele Os74 0.83 | 140k 1429 1e2i

1 012 1 oab 1 035 1 odiis 1 ¢08

WeGuBe 0475 Ce7H 1496 1eid 1404

0.79 0eT1 0483 1400 0.96

Hean 0,88 0496 | oéa 12 148

Standord 039 | 20ek3 | 2049 | 30462 | 0492
each subject)
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aovenent of the centre of gravity during normal standing was Z.33 enss
(SeEs 04067 ome) for the total range of novenent, and 1.87 :ms.

(SeZe 04074 ume) for the mean deviation fyem o fitted baseline.
However, when 2 kge is gerried the anount of swaying is more than
doubled, with an average of 6,00 oms. (SsE. Osk5L on.), and an average
meen deviation of 4,22 mmss (S.E. 0s133 mme) Hellebrandt et 21, (194)
cloimed that the eddition of an Army pack suppressed the level of
nornal body swoy. The findings of the present experdments are at
vardiance with thedr results, and it has been shown that there is a
significant inorease in the amount of swaying bdetween carrying 12 kge
and 2 kge (P<0.,05)s It is difficult to believe that these divergent
results can be whally attrdbuted to variations in the types of pack
used in the two studies, and the only reasonable interpretation of the
present findings would sesn to be that postural sway, far from delng
suppressed by load oarriage, 1s in faot significantly inoreased.

There is a high level of correlation between the sway
results and the accelerometer results, Increasing the lovad corried
causes the body to sway nore, and this is cspoolated with increased
agceleration recorded at the feety A lineor relationship can be
denmonstraoted between the degree of swaying (mean deviation from a
baseline) snd the sl aoceleration recorded (Fice 1), and if the
smtmag ooceleration s proportional to the rate of working of musoles
controlling the bady sway, then it follows that the degree of swaying
is also proportional to the rate of working of the muscles., In other
words, the more the body sweys, the nore must the rate of working eof
the controlling muscles inoreases The foot that nedther swoy nor
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acceleration is significantly altered by nmoving 2 2. kpg. load over

a distance of thirty centimetres on the back suggeats that the generzl
position of a load on the back does not affeot the rate of working of
those auscles counter-acting the effects of gravity, at lezst in so
far as thedr cotivity is reflected in the accelerometer output. This
suggestion fits in with the findings of Danlels et al. (1952), who
found no significant difference in the energy cost between cerrying
the same load in a high or low position on the back.

The acoelerometor results demonstrate very olearly an
oscillatory activity at a frequency of around ten oyeles per second
(Piates 1 = 4)s An osocillatory aotivity of this frequency has been
recognised for aany years to be an ascoampaniment of skeletal uuscular
activity, sinoe Sohliifer first described the phenomenon in 1886. This
sowcalled muscular tremor has been much studied recently (Halliday &
Redfearn, 1956; Varshell & Walsh, 19565 B. luJ., 1557; %hitney, 1558b),
and & nore detulled consideration of this ten scycle per second tremor
in relation to miecular activity has been given in a previous paper
(Thomes, 1956a). In the present context, the 10 csp.3. nature of the
asoceleroncter output, so alearly evident in the present experinments,
con be regarded as further evidencse of the musoular origin of the
foroes produoing the sccelerstion thaet is being recordeds The general
level of the ascelaroneter output has been shown to be directly related
to the work done by those muscles supporting the loed (output
inoreasing with load), and it seecns reasonable to oonclude the level
of the asceleroncter tremor recorded represents the nechanical end-
results of happenings in the postural muscles.
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The exact site of the musoles that control postural sway,
and whose zetlvity is being recorded on the asccclerometer, cannot be
determined by the present technique. It moy be inferred houcvar, that
the erector aplnae musoles, and the lewer 1imb nusoles generslly (but
pertioularly gnstroonmmius and soleus), must be predominantly
ianvolved. There is good electronyographic evidenve that the soleus
nuseles are ocontimoualy active durdng standing (Joseph & Nishtingsle,
19523 Joseph, Mightdngale & villians, 1955), and it aopear likely that
these muscles (wiong others) plsy a large part in comtrolling the
swaying of the bodye

The present datn suggests that the position of & loed on
the baok is undmportant in comperison with the weight of the locd.

Mo evidence wog found that, for a load of the same welight, the position

of the load on the bask affected either tha amount of postural swoy,
or the level of sotivity of the nusoles supporting the losd. At least
in so far as static conditions are ooncernsd, the important factor
would seen to be the welght of the load, end the heavier the load,
the more the body swaysj the more the bDody sways, the more the nuseles
supporiing the weight of the bedy plus the load have to work to
naintain the body equilibriunm,

These findin,s are of interost in view of the suggestion
put forword (Thonus, 19580) that the body reacts to lead cerricge by
altering the normal sligmment of the body so that the vertical
projection of the centre of gravity to the feet remains undistirbed.
A5 o result of this realignment, it was suggested, the antlegravity
puseles work at much the sane rate for differing positions of o loed
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of the same welghte The general view may be put forward, thercfare,
that the sane load on the back will not alter the level of ihe postural
sWay, or the rate of working of the postural muscles, vherever tic
load is situsted on the backe The body simply adapts itself', by
altering the inolination of the trunk, so that the projection of the
conbined gentre of gravity

encins constant. If the ’5”«’@1@113 of ¢the
load is incressed, however, the body swaye more, and more work has to
be done by the postural musoles to meintain the crect postnre.
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SILIRY

1+ The antero~posterior dlsplasesents of the centre of gravity of

the body (postural sway) of ten subjects has beem studied under
verying load conditions.

2¢ The rate of workdng of the mmsoles controlling postural suay has
been arbitarily assessed on @& mechanlosal basis, using an ascelerometer.
3¢ It wae found that caxrying a load of 12 kge in & position nizh on
the back caused a significant increcse in the smount of postural sway
(P<0,001)s The addition of a further 12 kge caused a further
significant incresse in the anount of pestural sway and in the rate

of working of the muscles (P<0.05).

Le The movencut of a 2 kge load from e position high on the bask to
& position low on the bask (dlstance 30 cms.) did not significontly
affect elther the amount of postursl swey or the rate of working of
the nmuscles.

5 It 18 consluded that the =ite of a load on the back does not affeot
the amount of work thot 4s done by the musales meintaining the upright
posture. The body slmply alters 1ts normel aligment acocording to the
position of the load, 50 as to keep the vertical yrojection of the
centre of gravity at the feet in a relatively constant position,
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AFEQIDIX 1

-

The apparatus described in this sppendix vwas used for most
of the wark on which this thesis is baseds The aepparatus was designed
and construsted solely by Dre Reds Whi » 0f the ledical Reseaxrsh
Counoil Umit for Research on Climate and Voriing Bfficiencys A
desoription of the platfarm hos already been published (Vhitney, 1958),
but it was thought advisadble to include a trdef account of the platforn
in this thesis. The deacription of the platform given here relates to
its basic comstruction, and to those parts of it which have been used
in the experinents desoribed,

The platforn econalstes essentially of a rigld steel platfom,
120 oms, squars, which is suspended at each of its four corners by
vertical lengths of plano wires The other ends of the wires were
attached to hordsontally disposed spring steel bars, which were firmly
clanped by thelr roots to a heavy steel chassis attached to the floor,
Movenent of the platform in the horizontal axes (side-to-side and front
atowback) was limited by horisontal piano wires running along the sides
of the platforn, and attashed at eaoh corner to two vertically disposed
steel boers. The steel bars were carefully chosen to have identical
deflection rates. Deflectlions of the bars at the corners of the
platforn were trensduced to electrical changes by eleotrical resistance
strain gauges mounted on the bars. The strain gouges constituted the
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arms of Vheotstone bridge circults, and the eleotrical outputs of the
bridge cirocuits, when energised, were continuously recorded on a
multichamel galvanometer. The weight of the mubject czuses a
downward deflestion of the four horisontsl bars, the sumcd defleotion
of the bars bdeing proportional to the welght of the subjects. As the
subjeot sways forwards, the centre of pressure of the subjeot's weight

also noves forwards, and therefore the foroes aoting on the fremt two
horizontsl bars inocreases reletive to the roar bars. This increase is
transduced elestrically and summed in e separate bridge cirouit] from
this result is subtracted elestronically the sum of the deflection of
the rear two horizontsl bars. Indtdally, the platfarm is eleotrically
balansed) aas the subjeot aways, the balanoce is upset, and this
electrical resistance imbalance is proportional to the amount of
novenent of the centre of pressure of the subject's feet. The result
is reocarded photographically on & milti-channel galvanometer, and gives
a reoord of the antero-posterior movement of the centre of pressure,
in essentially similar arrangement is used for recording the side-to-
side movement of the subjeot's centre of pressures The whole platforn
i3 hydraulically damped, using oil-filled bellows, and the dorping is
optimal (about 60;: eritical). The platforn is sufficiently rigid for
a subjeot to feel completely stable when standing on it.

The horisontcl displacenment of the platform (anterowposterior
in relation to the subject) was also recorded by an accelerometer,
which was atioched to one end of the platform. The accelerometer that
was used employed a strain gauge transducer, and was sensitive to
nocceleration over a range of pdus or minus one G. (lodel C+1=350,
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Stetham laboretories, Los Angeles, California). It was econneoted up
t0 & nulti-channel gslvanmeter, where a contimious record could be
nade of its output. As the subjeot sways to and fro, contimuous foroces
mb&gmﬂeﬂatﬁstm.mmmwismmﬂngtm
agoelaration of the platform oaused by the forces acting anterce
posteriorly at the feet of the subject. The acoslerometer can be
oonsidered as doudly differentieting the displacement of the platform.

The deflection rates of the platform, direotly determined by
dial gauges, are 04,0012 cn, per kg. for deflections in the vertical
axis, and 0,0018 oms per kg. for deflections in either of the two
horizontal axes (side-to-side and fromteto-baok), Departure fron
linearity in the defleotion rate is less than one per cent total
diserepanay at a leading of 100 kge It will De approgiated fyrom these
figures that a subjeot standing normally on the platform, even with a
heavy load on his back, will not be aware of any novement at his feet,
The inhevent stiffness of the platform confers a moderately high
natural frequency and & low pesponse time on the platferm, :ith a
subject of normel wedght on the platform, the response time is of the
order of 0,02 sec,

The mechanical arrangsuents of the platform are such that o
force, exerted in any part of the suspended platfornm and in any
downwards direotion in relation to the surface of the platforn, 4is
resolved slong three known rectilinear axes and produces deflections
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of some or all of the suspension bars, ssi the deflection of each
individual bar depending on the magnitude and direction of the forces,
and on the position of the centre of the farce within the surface of
the platforas The strain gauges, which are mounted on the suspension
bars, are connected electrically in sets, each set constituting the
strain semsitive elenents of an independent VWheatstone bridge. The
electrisal ocutput of the btridge will be proporticnal to the co-ordinate
cr fopce required,

One bridge network (W-bridge) has an output which is
proportional to the total forve exerted normal to the platforn swrface,
at any point within the surfece, and this tnddge 13 used for weighing
the subjects. This bridge network sums the resistance changes at esoh
corner of the platforn due to the force resolved at each corner in the
vertical axis, and tharefore the output of the brddge will be
proportional to the totsl vertical force exerted on the platform
surface, irrespeotive of where the foroe due to the subject's weight
is exerted within the swrface of the platform. It was possible to
weigh the subjeots to the nearest 100 srans using this network,

Two separate bridse networks were used to determine the
difference between the vartical forces exerted at the sides of the
platforn, in the horizontal axes. The output of these bridges, with
o constant energising voltage, is proportional to the difference
between forces aoting 100 onse apert, due to a single force cxerted
st some point between the sides (either side-to-side or front~to-back).
If the difference of the forces is divided by the sun of the forces
(4464 the single force), the dividend will be vproportional to the
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cowordinate of the single force. Thi: division is carried out
electromisally by deriving a voltege frou the output of the welght
btridge network (W-bridge) which is inversely proportional to the Webridge
output, and then using this derived voltage as the energleing voltage
for the horizontcl force bridges. As the subject sways, the differences
between the vertical forces acting at the front and back of the platform
will change with the swaying, as the centre of pressure of the feet
noves backwards and forwards. A continuous record of this change
therefore gives a ploture of the antero-posterior uovement of the
stbjeot's centre of pressure of the féets By a slndlar process, a
record can be cbtalned of the side~tomzide novement of the centre of
pressure of the feet., By equating moments, the novement of the centre
of pressure can be converted into novement of the centre of gravity

of the subject.
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APPIIDIX 2
Ihe use of an socelercmeter as an inclincueter

In the experiments described in Paper 2, & strain gouge
accelerometer, (Stathan Laboratories, Model C-i «350), was nounted on

\
\
\
% | ]
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g g sin @
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x \
\\
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g &
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& belt at walst level and used as an inclinemeter (Fig, 1). Then the
sensitive axis of the accelerometer (xx) is horizontal, as in Fig. 1a,
the offect of gravity 4e such as tv exert no bilas on the output of the
asoelerocneter, and the accelerometer reproduces solely acoeleration
ooocurring along its sensitive axis. Vhen, however, the ascelerometer
is tilted, as in Fige 1b, the effect of gravity is suoh as to couse g
bias on the output, depending in its extent to the degree of tilting
that 1s occurrings, The effect of the bias is suoh as to cause the
output to have an undulating forn, as the ascelerocmeter is tilted back
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and forth by the swaying of the body. By mezsuring this output, the
nean engular deviation of the aoccelerometer can be deternined (mean
deviation of the gross movenent of the record from o fitted baseline -
see Fige 28, Pe53).

Thus, in Fig. 1b, the acoeleration resorded = g sin @,
and therefore, siné = ==

“hen the angle © is smell (as it is in this case), it

follows that:
o = 2eeS % 98 radians
If the acceleration recorded 15 equal o 1 em./aaa.a, then
4 .
e = P
1
- ﬁ"

= 0+,00102 radians.
( 1 radian is the equivalent of 57.3 degrees)

Therefore, 1 cm./aec.a is the equivalent of 0,00102 rad.

The aooelercmeter has a bulliein calibration of 1425”7 g.,
end at the sensitivity it was used in the present experiments, 1 mm,

dafleotion on the record was equal to 1.1 um./m.a

_ 0
Therefore, 0¢01 radden = 30?00‘%'5

= GoB em'/seo.a

Thus, if 1an. deflection on the record equals 1.1 c-ie/sec.2,

then 9.8 cm./sec.z = ?—3@- 0 « = Ge  om,
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ABSTRACT

A study has been nade of the skeletal muscular activity
assoclated with maintaining the erect posture in lan, .using twenty
medical students as cxperimental subjects. The extent and nature of
this nusoular sstdvity was assessed by the mechanical enderesult it
produced, using for this purpose & strein gauge ascelerometer nounted
on a freely~suspended and optinmally-damped platform, Ividenve wos
found far the existence of contimuous 10 oepes. oscillatory forces
exerted at the feet during normal standing. The extent of these
oscillatory forces showed considerchble subjecteto-subject, and dayeto-
day varlation, but they werc nevertheless alwuys present, It is
considered that these forces result from skeletal musculer aotivity.
It was also found that ischaenlic pain was readlly produced in the
leg musoles of subjeots standing normally, whareas over a similar
peeiod of time, ilschaenia prodused virtually no painful semsations if
the subjeoct was lying down. This finding was regarded os evime
that the erest posture 1s associated with active museular contractions
in the legs. It vas concluded from this study that the erect posture
in Zon is a dynenic state, cwssoclated with contimwus nmuscular aotdvity,
cspecially in the lower limbs, . rovity is a constant force, and
continuous activity by tho postural muscles is required to counteract
its effectse It is denled that normal standing in !ar 4s dependent
primarily on the mechandcal arrangements of the skeleton, or the
passive elastic tension in the postural muscles, as has lmlaimed.

ao (s Rallo & (1958,
14 is believed that Some warkers|have tended to place too .uch
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euphasls on the findings of electronyography of the postural uscles,
and have been led into the false poaltion of demying th» existence of
active muscle tone. The findings of the present exporiments would
suggest that there is good evidence that the upright posture in (ian
is maintalined by lowegrade and oontinuous museular activity in the
anti=gravity muscles ("postural tomus”).

A study was made of the poestuwral sway occurring during
nornal standlng in ten subjectse The procedure adopted involved
acosuring the continuous oscillations of the cemtre of gravity of the
body. It i3 conaldered that mecswring the novement of the centre of
gravity is the most logioal wey to measure the postural sway that
cocurs during standing in the erect posture. It wos found that by
fo the greatest auount of swoy oocurred in an antero-posterior
direction; with the foot position adopted in these experiments (heels
set 20 ouse apert), very little lateral sway was observed, To obtain
an estimate of the angulaxr ¢
walst during postural swoy, an inelinometer was mounted on a

aoenent of the body occurring at the

waistbelte It was found that the angular displooenent measured wus
considersbly in excoss of the angular displacement estimated on the
assunption that the body sayed rigidly between the ankle jodnt axis
and the centre of gravity. It was comoluded from this observation
that, contrary to what has been cousonly essused, the body must sway
mapnanbmamm'worthemﬂclejoint&ﬁa, and not oo a rigid
column. If the postural sway is neasured by detalled planinetry of
the reoords, and the results expressed as & uown deviation of the
movenent of the centrs of gravity from a fitted baseline, the
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relative oconstanoy of the degree of body sway is noteworthy, In the
subjects examined, the difference between the minizum and maxiwm
antero-posterior siay recordsd (expressed as a nean deviation of the
movement of the centre of mravity) was less then 5.5 nuse. It is
ooncluded that the body is remarkably suocessful in resisting the
effects of gravity, and in maintaining the normal stotic equilibriunm
associated with the erect posture.

The effect of load ocarriage on the normal standing posture
was studded using a minature camera photographic technique, “he
displasement from the vertical of four marked anatomicel landmarks
(right shoulder, hip, knee and ankle) was measured on enlarged
negative inages, during normal standing and whem loads of 12 kge and
2, kge were carried, It wos found that there was a highly sigmdficant
forward displacement of the shoulder with load carriage, vhile there
was no sigrificent change in the position of the nip. There was a
highly significant baokwards displacenent of the knee, while the
position of the ankle was not significantly affected. A weight of
2 kgs wao found to cause further forward displocement of the
shoulder when it wes carried low on the baok than when it was carried
high on the backs It was concluded that & highly sigrificont
realigrment of the body position tokes place during load cerriage
above a certain minimun wedght, thus contradioting the findings of
previous workers who had claimed that the body adapted itself to
load carriage without significant realignmuent of the body segnments.
The Isuggestion wos made that the trunk acts as a kind of countere
balance, altering its inclination acoording to the position o:' the
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load on the back, s0 that the vortical projection of the cosbin:d
centre of grovity to the fest remnins relatively undisturbceds

The antero-posterior displacements of the centrc of (ruvity
of the body (postural swoy) of ten subjeots woso stualled tnder voarying
load conditions. Lhe rate of working of the -uscles controlling
posturcl sway vip erbitardly rssessed on a nechonical basis, using a
strain guuge accoleroictur nounted on a freely-suspended loti'or .

It wes round that carrying o lood of 12 kg in a position il h on thw
back ozused o significant incrense in the :uount of postwal siny of
the body, an. alao in the rote of working of the nuscles controlling
the sway. The cddition of aonother 12 k:. caused further significant
increases in both the swey -7 the rote of working of the musoclose
The novenent of & 24 ke load fro: 2 position high on the back to a
position lowr on the back, over a distanse of 30 om., did not
significantly affiect cither the ciions of posturalj :gomﬁed, o the
rate of vioridng of the postwral :uscles. It wos oomsluded that the
site of a load on the baol: did not affect the caount of wor!: that wos
perforned by the musoles rnintoining the erect posture. “he body
siply eltore’ its normal clignment accoriing to the poaitlon of the
locd, 5o as to keep the vertical projoction of the centre of xravity
at the feet in a relatively constant position.

It is conoluded thet the malntemance of the upright pesture
4n Man 4s o d,mic process, and should not be rep riocd oo primerily
o presive phenoncnon. Ceovity 1s aluays threctendns to upsct Yan's
postur..l equilibriua, and this opnilibriin depends upon, and 1s lurgely

ocontrolled by, the contimwous contractions of the postural :iwsclces,
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“he intexrplay between gravity and the restralning nosoular
contrastlons produces the normal postural WeY, vidoh is usually
remarkably smell in amount. During leed corriage, wherever o load
nay be positioned on the baek, the body adepts itself to onme position
of the load cs vall as to another » &nd sucoceds in keeping the
vertical projeotion of the sentre of gravity relatively oonstant.,

It 1s sugsested that this sucoessful adaptation is cohleved by the
pliant nanner in which the body ressts to the stresses of gravity

anl load carriage.



