
EXPERIMENTAL STUDIES ON POSTURE AND LOAD CARRIA&E IN MAN

DUNCAN PORTER THOMAS

B.Sc.(Oxon.)> M.B., B.S.(Lond.)

The Queen's College

Thesis submitted in fulfilment of the requirements for the 
degree of Doctor of Philosophy of the University of Oxford,

Trinity Term, 1958.



PREFACE; 

n*

HI. PAPER 1 - The postural nusoular activity 12
associated with standing in
Man*

17* PAPER 2 - The normal postural sway in 40

V* PAPER. 3 - The effect of load carriage on 6?
standing in Man*

VI* PAPER 4 - ^hs effect of load carriage on
postural activity in Man*

VTI. A?I?1^^IX 1. -» A description of the Force 112
analysis platform*

VIII. APritfJDIX 2 * The use of an oocelercneter 11?
aft an inclinometer*

IX*

X* ABSTRACT 120



PREFACE

This thesis consists of four papers, in which an atteopt 

has been made to study certain problems relating to the upright 

posture in Mem* The thesis eabodies 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 

experimental 8tu4y of the muscular activity associated with 

maintaining the ereot posture» and to the normal postural sway that 

occurs with standing* The other two papers are concerned with the 

manner in which the normal ereot 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 muscular aeohanisms controlling the upright posture 

in Man 9 using the * intact organise* under as normal conditions as 

possible, and to examine the my in which this posture is affected 

by a coomon form of stress» using load carriage on the back for this 

purpose*

The experiments were conducted on a relatively saell group 

of r.edical studentG, who, despite a fairly wide range of weigtt and 

height, must be considered a select and homogeneous group in relation 

to the population at large. It is believed, however, that a detailed 

analysis of the experiments on this small group, with proper 

statistical evaluation, has given results which ore of general 

application*
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DJTRODUCTION

assuming the upright posture during the course of his 

evolutionary development* Man placed himself in a stanoe highly 

susceptible to the effeots of gravity* It booone essential to the 

continuance of this upri^rt position that he developed an intrinsic 

mechanism whereby the ever-present effects of gravity could be counter­ 

acted. It has long been recognised that the chief means whereby the 

body resists the effect of gravity in maintaining the upright position 

is by the active oontraotion of certain muscles of the body* which 

have been teamed the "anti-gravity" muscles. It has been believed 

that the necessary oontraotion of these postural auocles Is an active 

and continuous process, vjhile the body Is In the erect posture* Hore 

than three hundred years ago, Sir Thomas Browne wrote about the muscles 

"labouring to support the body"} Denny-Brown, writing In more reoent 

tines, and representing the views of the Sherrington school of 

neuropfayalolosy, described posture as being the "active antagonism of 

gravity." Sherrlngton himself described reflex tonus, -tfhioh maintains 

an animal in the ereot attitude, as static contraction (Sherrington, 

1915)*

An opposing point of view has developed in the past few 

years, which Insists that the Bsalntensnoe of the upright position in 

Man is not an active process, In the sense that it requires continuous 

oontraotion of the postural nusclos. The views of this group oan best 

be Bucjmarised t^r a <|uotation from Clensaesen (1951)* "It is evident,



therefore, that m must reckon with the passive elastic tensions and 

forces in the nmsoles, and that this concept is suoh more correct than 

the now discarded concept of musclo tone*" This school of thought 

believes that the effects of reflex postural tonus have been auch 

over-estimated, and that the normal ujxright posture is chiefly 

dependent upon the mechanical awwageiaents of the skeleton (Kelton & 

V&dgit, 1%$) t and on the intrinsie elastic properties of the muscles 

(Bolston & Libet, 19531 E&lston, 1957). Such activity as may he found 

in the postural muscles is at ooet intermittent in occurrence and 

minimal in extent* Tfcsy &» not believe that the general level of 

e tone is due to the operation of the stretoh reflex of Uddell

and Sherringten (192k). This view has been developed nore or less 

entirely on the evidence of the eleotrosyograph, and furtherstore* on 

evidenoe of a negative nature* It is claimed that no evidence of 

eloctrical activity can be detected in resting aiuaole, and that indeed 

thero is very little activity in the postural or "anti-gravity" 

muscles, The evidence for this view has been suEmorised by Ralston 

and Libct (1953).

The present study was initiated with t&a taou^ht of 

afresh the evidence for the existenoe of significant

snisoular activity assooiatod with th@ i^irl^ht posture* A study was 

mede of the noroal standing posture using primarily a technique which 

examined the aeohanioal end-result of muscular activity, rather than 

the electrical phenomena assoeiated with contracting muscle, as in 

the electrcqyograph. The technique that was used, involving a strain 

gauge acoelerometer mounted on a foroe analysis platform (see appendix)



is believed to give a isucsh aore representative picture of the overall 

muscular activity asaooiated with standing than oen be obtained by 

other 33*thods f suoh as the eleotroqyograph. The use of the :-*M»&* 

has lei certain workers to conclusions which are diametrically 

opposed to the findir^s of virtually the whole of the extensive 

experimental work on reflex posture* and it was therefore considered 

worthwhile to ejaaralae the subject afresh* using different techniques. 

Young adult mice were eoplqj'ed as subjects for the experiments*

At the &m& time as the nuacular activity associated with 

the upright stance ms being examined, & study «*& also made of the 

normal postural sway* The static equilibrium of Man in the upright 

position is never perfect, and there is always a certain amount of 

postural s?.'Gy, ohiefly in en antero-poetsrior dirootion* This sway 

is tbs resultant of two opposing foroes * the effect of gravity, 

tending to cause; the body to fall to the ground, and the restraining 

effect of the "anti-gravity" ausolcs, v/hich maintain the bo<2y in the 

upright position* The rertical projection of the centre of Gravity 

of the body nornuOIy falls in front of the ankle Joint asds (Morton, 

1352)> and there is a constant tendency for the bo<3y to fall forwards* 

The cor,tinuou3 interplay' between gravity and the "anti-gravity" muscles 

results in what is know as posturcl m?cy, l':hc loc^oal place for 

racasuring this postural away is the centre cf gravity of the bo^r, 

and this is the procedure that has been adopted in the present 

experiments* A rwthod of aeasurin^ the postural swoy that takes place 

has been devised nhieh is believed to be more accurate and more 

aeaningful than previous methods. This involves a detailed planimetrio
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analysis of photographic records of the away tracing, expressing the 

reault aa a mean deviation of the tracing from a baseline that had 

been fitted to a fixed length of the tracing*

Previous workers on postural away have tended to aasuzte 

that the body owes during poatural away in a rigid fashion, ao that 

the line Joining the aada of rotation of the ankle Jointa and the 

oentre of gravity of the body oan be represented aa a straight line* 

Thia assumption, on whioh auch work haa been baaed (Satith, 1954, 1957)» 

haa never been experiiaentally examined to determine whether it ia valid* 

To settle thia point, a stu% waa made of the sway at the waist, and 

thia waa compared with the away aa measured by the movement of the 

centre of gravity  Xf the body awaya rigidly, the two results should 

be comparable, in that the meun angle subtended by the oentre of 

gravity with the vortical should approximately equal the mean angle 

subtended by a fixed point at the level of the isaist. Thia waa not, 

however, found to be the case, and the significance of these results 

are discussed in the paper on postural away*

The second half of the theeia deals with the effect of load 

carriage on the normal ali^aent of the body, and also ita effeot on 

the poatural activity associated with standing. After studying the 

normal posture, it waa decided that it would be profitable to examine 

the effeot of load carriage on the body, to determine in what way the 

body adapted itself to a common form of "stress"* The study waa 

divided into two parts, in the first of which the effeot on the 

normal body alignment of carrying weights of 12 and 2t§. kg* on the 

book was examined* In the second part, the effects on the normal



postural sway, sad assoeiated muscular aotivity, of carrying these 

weights were examined*

The obvious and iiaaediate effect of carrying a heavy load 

on the feaek is to cause the body to lean forwards, and this observation 

is a matter of everyday experience. However, the precis* manner in 

which the body leans forwards, and the effeot of the position of the 

load on the back, has been but little studied* It has been claimed 

(Heliebrondt, Erie a, Larsen & Kelco, 1%4) that the effeot of a load 

on the book is to cause the body to lean forwards "in toto" over the 

ankle joints* Using a photographic technique, and taking pictures of 

marked anatomical landmarks from the lateral side, it was found that 

there was in fact a highly significant realignment of the body 

segments* and that in fact the body did not lean forwards rigidly* 

It was found that the trunk altered its inclination according to the 

position of the load on the book* and as a result of this it ms 

suggested that the vertical projection of the centre of gravity of 

the body plus the load remained relatively undisturbed*

Using the saae subjects* the effects of load carriage on 

their postural activity was also investigated, and this study forms 

the subject of the fourth paper in this thesis. In addition to 

examining the effeots of load carriage on sway, an attenpt was made 

to assess the rate of working of those muscles controlling postural

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

suspended/ It was found that carrying a load on the back caused a

significant inerease in the postural away of the subjects standing 

on the platform, and a significant inerease in the output of the



a0ocl*r*aeter, which was ittUappreted to mean an increase in the rate 

of working of the postural louaclea. Inereasins the load caused an 

Increase in the postural »my» &»& in the level of output of the 

acceleranetcr. These finding oonfliot vd.th the work of Hollebrandt 

et al« (1%4), i«ho claimed that the addition of an Aragr pack on the 

back lessened the amount of postural sway*

The amount of postural sway is on© of the aost sensitive 

indices of the static e^uillbriie of the body, and it is of interest 

in this connexion that it mas found that the position of a heavy load 

on the book did not significantly affect the level of postural sway, 

This finding does not auppeert the views of l&ppeld & Naylor (1950), 

on the basis of el©ctro;ayographic evidence, suggested that oarrying a 

load high on the back Increased body instability. If the body alters 

its aligna«sit so as to feeep the vertical projection of the centre of 

gravity constant, vsherever the load Is carried on the back, then it 

might be ejected that the site of a load on the back would not 

aignif icant3y affect the rate of working of the postural mselea 

resisting, the effects of gravi-ty* In so far as the

output reflects the rate of working of the postural muscles, this 

conclusion is supported by the fact that the level of output did not

change when the position of a heavy load on the back

was altered*

Certain general conclusions may justifiably be drawn from 

the experimental work described in this thesis* It is believed that 

the maintenp>noG of the upright posture in Man is essentially a 

dynamic prooesa, and It is considered fallacious to regard this



position as pHaarily a passive phenomenon* Gravity is a force which 

is always present, and is always threatening to upset .'-an'3 equilibrium. 

This equilibrium depends upon, and is largely controlled byf the 

continuous activity of the postural -misclss. The part played by the 

ligaments and the passive elastic tension in the auscles is of a 

subsidiary nature* Hie beay weight is supported against gravity chiefly 

through the active contraction of the muscles - the HStut*tonus" of 

Eadeoaker (1951)* the point has been well put by Steindler (1955): 

"These rotatory components of gravity aust be neutralised by active 

opposing muscle forces, if the equilibrium is to be established and the 

parts are to be maintained in their relative position." The continuous 

interplay between gravity and the restraining muscular contractions 

results In a so-called w static ataxia" which is normally remarkably 

small in amount* It is evidence of a finely-controlled balance that 

the centre of gravity of% "the 'botip in the nonaal standing position does 

not sway over a distance of more than a few millimetres.

The reaction of the body to the stresses of load carriage is 

a good exazaple of the powers of adaptation of the body* % keeping the 

vertioal projection of the centre of gravity more or less constant» 

wherever a load stay be positioned on the back, the body adapts itself 

to one position of the lead as well as to another* As an example of 

how successful this adaptation can be is the finding that there was 

no significant change in the level of postural swaying when a heavy 

load was moved over a distance of 30 cms* on the back* The evidence 

would suggest that this adaptation is achieved, not by the bdfy acting 

as a rigid column* either during sway or load carriage, but by the
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pliant manner in v;hich the body reacts to the stresses of gravity 

and load oarri .
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Paper 1

3EN

The existence of significant activity in the postural 

muscles of Man when standing in the normal upright position remains 

an unsettled issue* It has often been demonstrated* since it was 

first shorn tyr Adrian & Bronk (1929)> that action potentials cannot 

fee obtained from resting muscle using needle electrodes

Bigland & Lippold, 1954-). It has further been claimed that 

little or no motor unit activity can be detected in the postural 

"anti-gravity0 sruseles of Hanf standing in the normal upright stance 

(Keefer* 1%1; Weddell et al. 1%4j Kelton & V,ri^it, 1%9; Floyd & 

Silver f 1950* 1955)* These essential^ negative eleotrooyographio 

findings have been used to justify the elaim that the upright posture 

in Man is primarily dependent upon the no-colled "passive elastio 

tension" in the ausoles* combined with the mechanical arrangements 

of the skeleton (Kelton & Vfright, 1%$)* these latter authors 

suggested that muscle activity occurs only intern! ttently, and that 

osseous and ligamentous structures are more Important in oaint&ining 

the upri^tit posture*

The oonoept that the intrinsic elastio properties of the 

muscles are prepotent in maintaining normal standing, rather than 

active muaoular contraction, has been developed apparently entirely
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due to the f aot that the eleotromyograph has failed to reveal more 

than mi^1"*1 electrical activity in the postural muscles (lloefer, 

1SMj Inmant Feinstein A Ralston, 1%6; Clemiaesen, 19^11 Ralston & 

I&bet, 1&>3)* Because electrical activity is so little in evidence 

in the postural muscles during standing* as revealed by the B»if*&* 

technique, it has oeen claimed that postural attitudes in Man are 

not dependent on the stretch reflex, and that therefore the classical 

concept of oxuaolo tone oust fee abandoned (Ralston & Mbet, 1933! 

Hftlston, 1957)* It has been further observed that most of the 

classical work on posture has boon done on laboratory animals* and 

00 may not be relevant to Man (Cleraaftsen* 1951)*

Jacobean (19k3)~ denied that normal standing in Man was 

associated with the absence of action potentials, and he claimed to 

have demonstrated muscle activity quantitatively in terms of motor 

unit potentials* taring normal standing* Oopferb (1932), using 

needle electrodes, demonstrated electrical activity in the ausoles 

of relaxed subjeots9 in a redlining position* ftopfert believed that 

this activity was due to motor wit activity. Joseph and Nightingale 

(1952, 1955) cleaonstrated continuous, well^aarked activity in the 

aoleua nuaoles of an upt-ight Man, and they found no evidence of the 

intermittent activity in the calf muscles described by some workers 

(Kislton A WLght, 1%£i Smith, 1954-}* i^ortnoy and Morin (t^6) found 

activity present in the g&atroenemii and hamstring muscles in the 

easy standir^ position more frequently than had been found by previous 

workers* Th$y suggested that the discordant reports on the constancy 

of function of the pcsturel muscles during standing could be



explained on the basis of minor displacement of the oentre of

it there is ooBfU^tin« evidence froni
_ lM*'*O<!i*^</^A<>^:?*''2C^e^

electr*o^3ro«raphic studies/rti*4*«w the upright posture in 9bn.fr*- 

a-ssmesaitife «y|*fr eA jnA4^iaH» iHismaMi ..n^^^^y. The experiments 

described in the present study ware designed, to establish, using

other than electro^yo^raphy, whother there is any evidence

that the upright posture is &saoolat«d with continuous skeletal 

nuscular activity related to the maintenance of this posture*

H&THOSS

Experiments were eo04u0teo. using two techniques* The 

level of the f oroes exerted at the feet during normal standing was 

meooxsred, using an acoclerooeter. ?ho &eaond technique uttenrpted 

to assess the comparativ® effects of &tan&ing and lying down on the 

production of ischaeaio pain in the leg muscles. The experiments 

were conducted on twenty male medical student volunteers , aged 18 

to 22* Their heights ranged from 170*6 to 192*3 ens., and their 

\7eights frosa 3^»75 ^g» to BU7> ̂ » ^one of the subjects gave a 

iiistory of any iieuroauscular disorder, nor of any recent sporting 

injury.

The ooqperiaenta were oonduoted Tasi,ng an accelerojaeter 

attached to a freely-suspended, optimally daaqpad plativorn* The 

platform that was used for this purpose was aotuaXly a force 

analysis platform, the detailed construction of which has been 

described elsewhere (iShltney, 1958aj &ee also appeBaistL Only a



brief description will be given here of the relevant parts of the 

platform used in these experiments* The subjects stood on a rigid 

steel platform, 120 cms. square, which was suspended at each of its 

four corners by vertical lengths of piano wire* The other ends of 

the wires were attached to horizontal spring steel bars, which were 

firmly clamped by their roots to a steel chassis attached to the 

floor* Movement in the horiaontal axes (side-to-side and front-to- 

back) was limited lay horiaontal piano wires running along the sides 

of the platform* attached at each corner to two vertical spring steel 

bars* The whole platform was optimally e&aped (approximately 60^ 

critical) by oil-filled bellows, so that there was no perceptible 

movement of the platform when a subject was standing normally on it* 

The platform in fact felt completely stable to the subject. A more 

detailed description of the force analysis platform is given in the

appendix* {!).
* 

The accelerometer was attached to the platform do that its

sensitive axis recorded acceleration in an antero-posterior direction 

(relative to the position of the subject on the platform) in the 

horizontal plane* The aoceleroiaeter employed a strain gauge 

transducer, and was manufactured by Stathaia Laboratories, Los Angeles, 

California (Model C-1-31X)). It was sensitive to acoeleration over a 

range of plus or minus one &.» and was connected up to a recording 

galvanometer on which continuous photographic records could be made* 

As the subject stands on the platform, he continuously sways to and 

fro, and through his feet exerts corresponding reactionary forces 

on the platfora* The antwo*posterior acceleration of the platform



in the horizontal plane, caused by these reactionary forces, is 

recorded by the aoee&erometer* The actual movement of the platform 

is very slight, as the tendency to displacement is resisted by the 

mechanical arrangements of the platform*

ISatheaatioally* the second differential of displacement is 

acceleration, and the aocelerometer oay be considered to be doubly 

differentiating the horisontal displacement of the platfom caused by 

the forces acting at the feet of the subject* The aooelerometer 

output was invariably found to be oscillatory in nature, ishen a 

subject was standing on the platform* The frequency Of the output 

was always around 10 c*p»s«, and it is therefore believed that the 

accelerotaeter is detecting the oscillatory component of the muscular 

forces acting at the feet ($hitney, 19$8b)« the higher frequency 

force components are predominantly represented in the accelerometer 

record, as the low frequency force components (of a frequency 

substantially below 10 Onp*s») are differentially attentuated by the 

aocelerometer*

All subjects rested for at least five minutes before the 

start of an experiment. Light clothing was worn, and standardised 

plimsolls of the appropriate size were provided* Each subject was 

asked to adopt an "easy standing position'1 f and to make no voluntary 

movements, such as turning the head or bending the knees* The heels 

of the subjects ware placed 20 cos* apart, but they were allowed to 

spread their toes at willf in a manner such as they would normally 

adopt« Subjects faoed away from the recording apparatus, and a© far 

as possiblef distractions were kept to a
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On ten of the subjects, a second experimental technique 

used on another occasion. This involved deternlnln& the effeot of 

posture on the development of isehaoaic pain in the legs* The sensations 

of the ten subjects were eoiapared when they were standing in the upright 

posture with occlusive ouffs around both legs, just below the knees, and 

when they were in a recumbent position, with the leg circulation 

similarly occluded* The blood pressure ouffs (thigh type) used for the 

experiments were inflated from a reservoir to a pressure of between 

210 and 220 millimetres of sercury* The duration of the experiment 

was twelve minutes in each case, and the effects of standing and lying 

down were coapared on separate days* As a control, the subjects were 

also asked to stand normally for twelve rainutes without leg cuffs* 

Subjects were asked to comment freely on any sensations they experienced, 

and as far as possible leading questions were avoided*

The analysis of the photographic records of the aocelerometer 

output was performed by planimetry* The amplitude of the acoelerometer 

tracing was measured over a fixed distance, and the mean height of the 

tracing derived from the area, measured* Using a calibration factor, the 

output of the accclerouieter could be obtained in centimetres per second 

squared* In ten of the subjects, the acoelerometer output was 

measured on four separate occasions, each for a period of twenty seoonds 

of normal standing* The recorcla of the other ten subjects, obtained 

on two separate occasions, were measured for a period representing 

forty five seconds standing* The results of the seventy measurements 

obtained on twenty subjects are given in Table 1   The data was 

oolleoted over a period of several months* with intervals of at least
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several days (and often several weeks) between successive experiments 

on the same subject*

RESULTS

In ail subjects, viien standing normally in the wea^r standing 

position"» evidence was obtained of a continuous, well-caorked output 

froo the aooeleroaeter. This output was oscillatory in nature, with a 

frequency of around 10 c*p.s. (Fig* 1), A continuous output was 

recorded from the aocelerometer while the subject was standing on the 

platform, and there was no evidence of intermittent activity, in the 

sense that there was no period when activity was absent* There were, 

however, frequent bursts of output of a higher anjplitude than the 

normal level*

In ten of the subjects, four r^eosurejents were made from the 

aecelere&eter records of oaoh subject, which were obtained on four 

separate occasions* The records were all obtained over a period of 

three minutes standing in the normal standing position, and it was 

considered that by limiting the period of standing to three lainutes, 

the effeot of fatigue could be discounted* As will be seen in fable 1 f 

in which is listed the four measurements obtained from each of ten 

subjects, the mean of the averages for the ten subjects is 0*764 era/see.2 

(S,E* 0*13? cm./seo*2)* 2his mean is close to the mean of the averages 

obtained from ten different subjects examined several months later 

than the group in Table 1, in which two separate measurements were 

made, each representing a period of standing of forty five seconds
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SABLE ...1

Table 1. I*vei of aoe«l«rosi«t«r output in ois*/ad6*a Ndvnal staining 
in t«n subjects, measured during four oxpcrdments, each on 
separate gays* Output measured for 20 seconds atanding.

Subject

M.C.B.

<T*C*B*H.

A.J.D.B.

D.F.J.A.

H*J*H.

J*H.O.

»UU

K.J.T.vV.

S.&.T.

C.J.S.B.

AW

Standard error

Range

Bay 1

0.78

0*40

0,67

0.76

0,42

0*44

0*78

0.63

2*56

0.57

0*811

0*199

0.42-2.56

Day 2

0*41

0.32

0*60

0.96

0*37

0*36

0*79

0*98

1*60

0*91

0*752

0*137

0*32-1 *60

Bay 3

0*67

0.26

1*76

0*73

0*45

0*35

2*11

0.60

0*76

0.57

0,326

0.193

0.26-2.11

Day 4

0.46

0*27

0.25

0.94

0.30

0*33

2,52

0*48

0.99

0*34

0*638

0*220

0*25-2.52

Average

0*580

0*352

0*620

0*857

0.365

0.370

1*550

0.672

1.477

0.597

0.764

0*137

0.332-1.550
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y 2(Table 2). The uean of the averages for this group was 0* G4 cm*/s«0t 

(S.:;. 0*125 csu/seo.2 )* If the twenty subjects are considered together 

than the moan of the total averages for the acceleration recorded ij 

oiat/tee* (S»E. 0»072». onj*/sec«2) f with a total raage of 0»25 to 

ciu/seo.2 Ther© was therefore a factor of ten separating the 

extreme levels of acceleration recorded fro:a all the subjects, and a 

facto? of more than three separating the extremes recorded fro.: any 

one subject* This ^reat variability is of considerable interest ffaen 

it is considered that the subjeota were ostensibly adopting identical 

postures.

The oscillatory nature of the accelere&eter output was always 

evident, and was always found to be yd thin the range of 3-12 c»p«s», 

and usually 10 o*p*s. As the natural frequency of the recording 

apparatus is auoh higher than this frequenoy» it can be concluded that 

the acceleration recorded results from that component of the forces 

exerted which has an oscillatory frequency of around 10 c.p*s. In one 

or two subjects, it was found that occasionally the level of 

aooelerometor output was so low that it was impossible to count 

accurately the frequency of the oscillatory output (£lg« 2a). The 

significance of the 10 c»p»s* nature of the acceleroastor output idll 

be considered in the discussion*

The G^>«*Lnents producing ischaenia of the legs were 

designed to determine whether the upright position affected the rate 

of onset of ischaeiaie pain in the legs* Subjects stood in a normal, 

oomfortable standing position for ap|a*oadmte3y tsrelve sdautes, while 

the circulation te their lower legs was cut off. They were asked to
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Table 2. Level of acoelerometer output in esu/aao. Normal standing 
in ten subjects, measured during two experiments on separate 
days* Output measured for 45 seconds standing.

Subject

i^.Cr.S.H.

V *:!.S.W.

S -« ...*.

D.K.J.

F.D.H.

j.&.a.
C^P.B.

u.S.]'!.

W.F.ui.

V..G-.B.

Average
^•k j- .«_ *— . A .^ _^. ,"• ... . ^_ —.^standard error

Range

Day 1

0.73
0*83

0.37
1*87
0.54

0*92

1.21

1*04

0*71
0.75

0*899

0,131
0.37*1.87

Bay 2

0t83

0.62

0.29

1.87

1*46

0.37
0*67
0*67
1.12
0.79

0.869

0.15$

0.29*1.87

Average

0.790

0,725
0.330
1.870
1.000
0.645

O.%0

0,855

0.915

0.770

0,684

0.125

0.330*1*870
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coraraent on any sensations they felt, with espeeial reference to the 

lower limbs* Within a period of between two to four and a half 

minutes from inflating the cuffs, all subjects commented that they 

had specific sensations in their lower legs* ^pioal eomaents were 

that they felt wtired in the calves", the "front of ray legs ached" , 

and "the soles of UQT feet feel as if I'd been on a long run." The 

time to the onset of these er similar sensations is given in Table % 

By the end of twelve minutes, all subjects had developed feelings of 

discomfort in their calf muscles which varied from moderate to severe* 

Three subjects complained of discomfort in their hamstring musoles, as 

well as in their lower leg muscles* Two subjects reported that they 

could not have continued beyond the twelve sdnutes the experiment 

lasted, and a further subject fainted, and did not complete the

On another day, the subjects were asked to stand for twelve 

minutes in the normal standing position, with no i apedanoe to their 

leg circulation* At the end of the experiment, six of the subjects 

had no eomaent to make, and four of them reported very alight aches 

in their calves or soles of feet* In none of the subjects did the 

sensations after twelve minutes of normal standing amount to even 

aild discomfort (Table 3)* Following this experiment, ooolusive cuffs 

were placed around their legs, in the same position as previously* 

On this occasion, however, the subjects adopted a supine position* 

!The experiment again lasted for twelve minutes, and the ouffs were 

Inflated to the saae pressure as before* Most subjects spontaneously
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FIGURE 1

Fig. 1 . Level of accelerometer output in ten subjects 
during normal standing. Vertical lines represent one 
second intervals. Note individual variation between 
subjects, and oscillatory nature of records.

Calibration mark represents 1 cm./sec.2 
Sensitivity of recording unchanged throughout.



24.

offered the inforaation that this experiment was much more eoafortable 

than when they were standing with the circulation out off to their 

legs. Two of the subjects had no l«g discomfort of any kind throu^iout 

the experiment, tshile the regaining eight reported sensations which 

varied from feeling "tired" in their calf region to "sli^it aohing" in 

the anterior crural mselea* Seven of the subjects agreed that the 

sensations amounted to mild discomfort j all subjects were emphatic that 

there was much more discomfort in the calf misoles vhen they were 

standing with their leg circulation occluded, than when they were lying 

town with the circulation occluded*

Lewis | Pickerlng and Rothschild (1931) found that intolerable 

dn was produced after about sixty to eighty seconds of exercise in 

38 with the blood supply cut off* The exercise performed by their 

ejects involved almost oiaxiraal voluntary gripping movements with the 

ds« In the present study, a similar experiment was performed on the 

JT legs, using as exercise standing up and down on the toes at the 

of about once every second* This involved exercising the 

^oonemius and soleus rauscles, and the subjects could then compare 

ype and site of the isohaemio pain produced with that which 

^ed after prolonged standing with the leg circulation cut off. 

ht subjects, intolerable pain in the calf muscles was produced 

sixty to eighty seconds of exercise* Like Lev/is et al* (1931), 

found that the pain in the calf lausoles vanished completely 

i few seconds of restoring the blood supply to the miacles. 

ects v;ere able to exercise for a short time beyond eighty 

before the pain became intolerable* All subjects commented



Table 5* Taele showing the effects of oaelufling the leg otemlation 
when standing normally and when lying down, in ten subjects. 
12 rains* normal standing (A)> 12 mius* supine id.th occluded 
leg circulation (B), and 12 mins, standing with occluded leg

Subject

M.C.B*

D.L.N,

RWUH*

C.J.T,B,

J.H.O.

J.C.E.H,

T.S.T.

K.J.T.B.

A.J.D*B*

"•*•*•*•

Average

Range

Degree of disc 
legs at end oi 

+ » mild dii 
+4- o= moderate 

44-+ m severe I

A

.

•

-

-

•w

-
-
.
-
-

B

-

*
-
-
*
*
4-

4-

4-

4-

>oraf ort in 
* experiment 
womfort 
t dbtsoo&fort 
iisecofort

C

4!

++
4.4.

**
*+*
4-4-4>

4H-

J..IL, ATfT

*+

***

Time in minutes (to nearest 
| minute) to first report 
of sensations in legs related 
to the muscles (see text)

A

*

10

~

-

7
•
-
-

12

12

V

B

«M>

5s

Si
Wg

4

5^
8

4

3
9

5.7
5t>9

C

3
4

3

3

3
2i

44

ai
2

3

3*1
2-4*$

* subject fainted before completion of experiment
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(a)

00

I I I I I I I I

FIGURE 2

Fig, 2. Level of accelerometer output in two subjects, 
shoeing extreme ranges recorded. Vertical lines 
represent one second intervals. Calibration mark 
equals 1 cm./sec.2 Sensitivity unchanged throughout.

(a) 'Subject with the lowest level of 
c-,cc^lerometer output recorded.

(b) & (c) Same subject on different dc/^s.



that the diseonf ort they experienoed at the end of twelve minutes 

standing with occluded leg circulation was a lessor version of the 

aoute discomfort 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 it is appreciated that "aching"
 

and "discomfort*1 are vague and indefinite terms, nevertheless* it 

seems reasonable to conclude that there is some factor ishieh makes 

prolonged standing with arrested leg circulation a discomforting and
 

oven painful experience* The sharp contrast that was found between 

the sensations associated with standing and lying doym during 

peripheral ischaeraia suggests that the erect posture is associated 

with sorae factor that is operative to a siuoh lessor degree, in the 

supine position. It is believed that this factor is the active 

contraction of the posterior crural muscles, especially soleus, in 

relation to the maintenance of the normal standing position.

Subjects were also asked to stand on the platform after 

they had been standing for ten minutes idth the circulation to their
 

legs out off. The amplitude of the aocelerometer output recorded 

under these conditions was found to be increased above the average 

level that was recorded, during nonaal standing* vdth unimpeded 

circulation. It was found that* on average* the amplitude of the 

accelerometer output during ischaeciic conditions was more than 

double that obtained during nonaal standing (1.96 era./sec. 2 as 

compared to 0.85 ca./sec. ),
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DISCUSSION

She so-called "tremor" associated with skeletal muscular 

activity* with a frequency around 10 e«p*s** was first described by 

Sehlfer (1886*), and confirmed by Herringaaa (13$))* It is this 

muscular tremor which* it is believed* the aocelerometer is recording 

in the present experiments. Tremor is found to be associated with 

rauscular activity (skeletal type) throughout the body* and as the 

tremor re&ains constant in frequency at whatever strength the muscle 

is being used (Hedfearn* 1956$ v&Ltney, 1958a), it is apparent that 

the tremor must be related to aoae fundamental property of skeletal 

muscular activity. It has been suggested that muscular trenor is due 

to some rhythmical propensity of the stretch reflex mechanism* and 

that the 10 c»p*s* activity represents a rhythmical oscillation in the 

muscle servo loops (flamciond, Itoton & Button, 195$; I&lliday & Redfeam* 

1956} Lippold, Redfeom & Vuco* 1957).

Marshall and Walsh (195&) disagreed with the suggestion 

that tremor was due to oscillation in the feedback around the stretch 

reflex* and instead put forward the idea that tremor v/as due to the 

muscle acting as a kind of "low pass filter". They showed that muscles 

stimulated more frequently than fifteen times a second do not impart 

corresponding mechanical shocks of significant amplitude to the limb* 

«Mtney (I9i$b) has now put forward the attractively simple suggestion 

that tremor is essentially a fundamental property of the .lusole fibres, 

resulting from them having (in mammalian * power* musculature) a twitch 

time of around 100 a sec. lie has demonstrated* on statistical grounds,



that given a tidtoh time of around 100 aseG., it follows that * 

contracting muscle must exhibit a frequency Of around 10 c»p#s»

According to recent experimental work § the nervous control 

of posture mainly employs the smell aotor fibre system, or gaana route* 

*?hile rapid aoveaaents with zdalmua reaction tine go through the alpha, 

or large motoneurone route (Eldred, G-ranit & Merton, 19533 sea rig* 3)» 

jhcy suggested that the advantage of the garjaa system control of 

postural EiOveaentSf which is the type of movement being considered 

here, is that during shortening the rsuscles still enjoy the self- 

regulating or servo properties of the stretch reflex* It ms shown by 

Hunt (1931) that there is a constant tonic discharge to the intrafusal 

ouscle fibres of the spindlas, from the geuaaa efferent fibres, during 

postural reactions t Constant tonic activity in the gaoaa loop during 

normal posture would be expected to result in a diffuse, low-grade 

activity i» the muscles» which is especially marked in those muscles 

subserving postural activity ("Postural Tonus' )  the meohanical end- 

result of this continuous, low~grade activity in the postural muscles 

is believed to be what is being detected by the acoeleroaeter used in 

the present experiments* It seems reasonable to conclude that the 

aocelermeter output must be closely related to the level of postural 

reflex tonus in the antsoles supporting the upright stance. If this is 

so, the considerable subject~to~subject variation in the level of 

aoceleromoter output (Tables 1 & 2) is unaerstcjadoblQ, ! orual human 

muscle tonus is well recognised to exhibit marked fluctuations in 

level (Bcrkwits* 1932), and this is presumably related, at least in 

port* to the general level of tonic gamoa discharge* It has boon
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DIAGRAM OF THE STRETCH-REFLEX AND
RELATED MECHANISMS.

Renshaw cell 

large spindle 
afferent

muscle spindle

main muscle

FIGURE 3

Fig, 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. Mr  - ;.,Bull. 1j2, 214, 1956)
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shown that this tonic discharge can be facilitated or inhibited 

higher levels of nervous control (Graxdt & Kaada, 1952), and it is 

the changing level of this higher control which probably explains such 

of the individual vaHabili% that has been found to characterise the 

aeoelerometer output during normal standing.

It has been suggested by Hdtney (I958b)» that normal 

contracting skeletal nmscle has a continuous oscillatory component, 

the period of which is the activation cycle (twitch time) of the 

individual muscle fibre, According to this theory, therefore, the 

oscillatory nature of the acoeleroraeter output results from it 

recording the normal 10 c.p.s. oscillatory component of active muscle* 

The amplitude of the oscillatory component, according to fhitney, is 

chief^ dependent on the variation in the degree of aynchronization 

between the muscle fibres* Those subjects with a high level of 

aecelerometer output vfoen standing normally would, on this theory* 

achieve this chiefly by increasing the degree of synchronization of 

the rroscle fibres in muscles supporting the upri^it stance* There is 

no reason to suppose that this increase in acceleroaeter amplitude is 

primarily related to & change in the pattern of postural sway of the 

subjects* Some subjects, for example, were found to produce 

accelerometer output levels of more than three times that produced on 

previous occasions, with apparently identical standing postures (Table

An experimental observation was made which tends to support 

-hitney's theory of muscle action* It was found that the level of 

aooeleroneter output could be store than doubled en average by standing



32.

for ten ainutes with the leg oiroulation out off* According to 

Ifeitney (I95$b)» this higher level of output isust result largely from 

an increase in the synchronisation of the active nuscle fibres* Soae 

factor associated with isohaeoia must be providing the stimulus for 

greater synchronisation. It was shown experimentally by Matthews (1933) 

that cutting off the blood supply to a auscle spindle greatly inoreased 

the resting afferent discharge of the opindle. It could well be that 

a marked increase in the afferent discharge to the spinal cord from the 

spindles provides a powerful physiological synchronising factor to the 

aotoneurone pools* stimulating them to an inoreased discharge.
W Wr "W^ ^^

Interpreted along these lines* the increase that was found in the level 

of aooelaroaeter output during icahaesda becomes explicable, and indeed 

it is predictable IVoa v&itney's theory of auscle action*

Smith (t$£7)» in a detailed study of the forces acting at 

the human ankle Joint during standing showed that the upright posture 

is maintained by active and passive farces tending to cause plantar* 

flexion at the ankle Joint* He demonstrated that the active force is 

by far the larger f and is due chiefly to the oontraotion of the 

gastrocnomiuB and soleus ssuseles* lie estimated the magnitude of the 

force to vary over a range of 80 * 160 pounds, and to fluctuate in 

extent at a rate of about 10 o*p»s* Ssaith did not comment on the 

possible significance of the 10 c.p.a. activity that he found, although 

he demonstrated that active planter-flexing f oroes were continuously 

present, to an eactent that varied markedly. Both the work of Smith, 

and the experiments desoribed in this paper, using different 

techniques, provide evidenoe for the existence of active, continuous
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muscular forces with a frequency of approximately 10 c»p*s*» being 

exerted in relation to the normal standing posture*

The experiments involving peripheral ischaemia were 

performed to determine whether the subjective changes associated with 

muscle iachaoaia were influenced %QT the posture of the subject* If 

there is little or no active muscular contraction in the lower legs 

during normal standing in Man* and if standing were a purely passive 

act, then it should mok® little difference to isohaeioio ausclee whether 

the subject is standing or tying down* However, it was found that 

f&ereas i&ohaetaia of the muscles produced at most a mild discomfort 

with the subject supine* a severe ache developed in the leg muscles 

when the subject was in the ereot posture, amounting in some cases to 

frank ischaemio pain* The normal standing posture produced a diffuse, 

highly discomforting sensation in the calf zauaclea in all subjects, at 

the end of ten minutes isohaemia* neither normal standing with 

unimpeded circulation, nor l#ing down with the circulation to the legs 

arrested produced a comparable effect* If the ereot posture is 

associated with active muscular contraction in the lower legs, then 

occluding the circulation to these nusclee would be expected to 

precipitate iaohaeiaio pein much more rapidly than if the subject is 

laying down, and the muscles are Inactive. Lewis et al* (1931), 

suggested that the pain of isohaeoia was due to the accumulation of 

metabolites in the tissues ("Factor p"). Matthews (1933) gave an 

alternative eaqplanation of the cause of Ischaeaaic pain when he 

suggested that it was due to the central effects of a greatly increased 

afferent inflow from the muscle spindles to the spinal oord* This



suggestion is of particular interest in relation to the views recently 

expressed lay Weddell (1957)* in which lie postulated that the sensation 

of pain is due essentially to "excessive afferent11 inflow from the 

periphery to the central nervous system* The chief point in relation 

to the present study is that there would seem to be good evidence from 

the isehaefflia experiments that the norms! standing posture is 

associated with active muscular contraction, at least in the legs*

The evidence that forces from muscular activity are 

constantly present at the feet, the evidence that isohaemio pain can 

be produced quite readily in the calf muscles of a subject in the 

normal standing position, and finally, the finding of continuous 

eleotrornyographio activity in the soleus muscles of the erect !*an 

(Joseph, nightingale & Williams, 19551 Naponicllo, 1957), all opposes 

the suggestion that the muscular activity associated with standing is 

intermittent in character (Ralston & Llbet, 1955)> or the idea that 

muscular activity is of secondary importance compared with the 

osseous and ligataentous arrangements of the skeleton (Kelton & wight, 

1%£)» Normal standing, it is believed, is essentially dependent upon 

continuous postural nnisoular activity, to enable the upright position 

to he sustained against the effects of gravity.

Certain workers who have failed to find evidence of 

significant electrical activity in the postural muscles have been led 

into the position of denying the existence of active muscle tone, and 

have claimed that the classical idea of muscle tone must be abandoned 

(Clsiaaesen* 1951} Halston, 1957} Nightingale, 1958). This position 

has resulted chiefly from assundng that significant auaoular activity



oannot be present in the absence of detectable action potentials * 

which is a highly dubious assumption. A recent comment by Smith (125?) 

is germane to this point, when he says: "It is questionable whether 

surface eleotroqyograpliy in its present faro is to be regarded as an 

adecjuate method for determining inactivity or assessing minor degrees 

of activity in muscle*1* On the other hand, the use of needle electrodes 

inevitably deans that only a small portion of a nuscle can be sampled, 

and here again, lack of detectable potentials need not necessarily 

mean a completely inactive muscle* The concept of passive elastic 

tension, denying the existence of active sausele tone, would seen quite 

contrary to the evidence deriving from a large body 0f recent research

on neuroausoular physiology (Kuffler & Hunt, 1^2| Granit, 1955)* ^®
«*j&e, 

classical concept of postural reflex tonus based upon the stretch/of

Liddell and Sherringtcn (1924) may be over-simplified in view of what 

is now known of the functions of the small motor fibre system* 

However, there seems no Justification for abandoning this classical 

theory of isu&ele tonuts, for the reasons such as Cleaaesen (1951) has 

advocated; on the contrary, the fundamental ideas originating from 

the Sherrington school have been enlarged, and given increased meaning, 

by studies in the laboratories of G-ranit and Kuffler. 'The results of 

the present experiments wculd seem to accord with the views of this 

latter group on the raechanisn of reflex posture*
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SOMMAB3C

1* A study has been made of the skeletal ouscular activity associated 

with maintaining the erect posture in Man* The extent and nature 

of this activity was assessed by the mechanical end-result it 

produced, using an accelerometer mounted on a freely-suspended and 

optimally-damped platform for this purpose*

2* Evidence was found of continuous, oscillatory forces which are 

exerted at the feet during the normal erect posture* The finding 

of this activity was discussed in relation to the views held by 

certain workers who have studied the erect posture toy electrode*

3* It was found that ischaeaio pain was readily produced in the leg 

rausoles when standing normally, whereas over a similar period of 

tine, ischaemia produced virtually no pain if the subject was 

lying down* This finding was regarded as evidence that the erect 

posture is associated with muscular activity in the legs* 

It was concluded that the erect posture in Man should be considered 

a dynamic state» associated with continuous muscular activity, 

especially in the lower limbs* This activity is necessary to 

actively counteract the effects of gravity* It is denied that 

normal standing in Man is dependent primarily on the mechanical 

arrangements of the skeleton, or the passive elastic tension in 

the postural muscles*
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Paper, 2

THE ??3anAI« POSTURAXt Say H

The normal postural sway of the human bo% in the uprl^rt 

position has been studied far aany yearc. It has been demonstrated 

that in the erect posture the body is not motionless between periods 

of movement, but instead is continual^ swaging (Miles* 1922; 

liellebrandt, 193B; Edsmrde, 1%a$ BsHebrandt & Franeeen, t%3)« 

numerous factors have been shown to influence the extent of postural 

sttay* such as the sex of the subjects (Ornia, 19^7)* intoxication with 

alcohol (Goldberg, 1^3)> and the types of visual fields observed by 

the subject* (Wapner & Witkin* 1950). Several methods have been 

devised for steasuring postural sway, the three oocinionest ones being 

the measurement of head sway using the lilts "ataxiaaeter11 (Miles» 1922, 

1950), or a modifioation of itj the measurement of shifts of the centre 

of gravity during postural «way (Hellebrandt & Braun, 1939) I and the 

use of optical methods, using an illuminated point attached to the 

head (Soldberg* 1^3} Coma, 1957).

A olear distinction has not alwoys been raade between the 

extent of postural sway as measured at the head, and sumy as aeasured 

by aisplacement of the aubjoot's centre of gravity. The relationship
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or divergence of postural sway result* as measured ty these two methods 

has not been examined. It has been commonly assumed (e*c»» Smith* 1957) 

that during postural sway a subject sways rlgldl^- over the ankle joints, 

so that the body segment linking the aada of rotation of the ankle 

joints and the centre of gravity con be represented by a straight line* 

She Justification for this assumption has not been experimentally 

established. She position of the feet is known to play a considerable 

part in determine the amount of postural sway occurrtnc, and especially 

aide~t0~slde sway (Fearing * 192^). This factor is often insufficiently 

stressed as a major cause of the variation in sway patterns recorded 

between different groups of subjects.

The present study was designed to detenaine whether the bo4y 

sways rigidly over the ankle Joints, and whether the sway as measured 

by the aoveoent of the centre of gravity can be correlated with the 

sway as measured by an inclinometer mounted on a waistbelt. The shifts 

in the centre of gravity during normal standing were measured using a 

force analysis platform ($hltney» 1956}* and the accuracy of the 

method was checked by a photographic technique.

The displacement of the centre of gravity of the subjects 

was measured while they were standing in a normal 9 relaxed raanncr. 

The principle of the method used was established primarily by 

iiellebrandt (19J&)* and involves recording the change in the centre of 

pressure of the feet during postural sway* which in turn reflects the 

oscillation of the centre of gravity of the body* For the purpose of
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this study* postural sway has been defined as the continuous 

oscillation of the centre of gravity of the body, which is occurring 

ohief3y in an antero-posterior direction.

The force analysis platform that was used for determining 

the oscillations of the centre of gravity consists essentially of a 

freely^auspendod and optimally danced steel platform, measuring 120 cms* 

square. The detailed construction of the platform has already been 

described (/Mtney* 195®J see also appendix)^ and only the relevant 

part of the platform used in these oaporiiaerrtB will be described her©. 

The whole platform is suspended by piano wires at each of its four 

corners from horizontal spring steel bars* v;hich are firmly olaoped by 

their roots to a steel chassis attached to the floor* The platform is 

damped so that it felt quite rigid to a subject standing on it* The 

deflections of the steel bars at the corners of the platform are 

transdueod to eleetrioal changes by eleotrieal resistance strain 

gauges nounted directly on the bars* The strain gauges constitute the 

arms of Iheatstone bridge circuit a, and the electrical outputs of the 

bridge circuits were simultaneously recorded photographically by a 

multi-channel galvanometer*

The weight of the subject standing on the platform causes a 

downward deflection of the four aupporting horizontal bars* the summed 

deflection of the bars being proportional to the subject's weight* As 

the subject sways forwards* the centre of pressure of the subject's 

weight also aoves forwards« and therefore the forces acting on the 

front two bars increase* This increase is transduced electrically and 

suaaed in a separate circuit; from this result is subtraoted the sun
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of the deflection of the rear two bars* Initially, the platform is 

balanced electrical^} &s the subject sways, however, this balance is 

upset f and by taking moments the imbalance ia converted into movement 

of the centre of pressure of the subject's feet* The result is 

recorded photographically on a raulti-ohajmel galvanometer, and a 

continuous record of swaying that takes place is obtained* By means 

of a similar arrangement, & record was obtained at the same time of 

the lateral movement of the centre of pressure (Fig* 5)*

An aooeleromoter was employed as an inclinometer $ attached 

to the rear of a belt which subjects wore around their waist (Fig* 1; 

see also appendix fc)» The aeeelerometer (Model (M-35Q* Stathem 

Laboratories, Los Angel*®)* *?hi®h was sensitive over a range of plus 

or minus one £», was mounted on the belt so that its sensitive axis 

recorded acceleration in the A.  P. horizontal plane, relative to the 

position of the subject* In the vertical position, the effect of 

gravity on the accelerometer output was nil, and it only recorded 

acceleration in the cjatero-poaterior direction. However, as the 

aocelerometer ia inclined away from the vertical, as the subjects 

away $ the effect of gravity is such a» to cause an increasing bias on 

the output, depending on the degree of tilt away from the vertical. As 

a result of the tilting, the a&eelero&etar output has an undulating 

form (Fig* 2a)» which is intimately related to the degree of postural 

sway of the subject. Essentially, the instrument acts as an 

inclinometer when it is used in this fashion* At the saae tiae as the 

accelcroraeter is acting as an inclinometer, it is also recording the 

antero-posterior acceleration of the body, with the result that the



FIGUEE 1

Pig. 1. View of accelerometer attached to the back 
of a belt around the subject's waist.
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sway record haa a syperiaposed "tremor" of a frequency 

around 10 o*p«s* (£%* 2a)» The significance of this tremor, and its 

relation to skeletal muscular activity* has been discussed in a previous 

paper (Thomas, 1^a).

% equating moments about the aid-point of the platform, the 

movement of the centre of pressure of the feet can be converted into an 

equivalent change in the position of the centre of gravity of the 

subject* The only assumptions that this calculation involves are that 

the part of the body between the feet and the centre of gravity of the 

body acts as a rigid connecting link, and that the foot is not actively 

plantor~flex$d during normal swaying in the upright position, The 

belief that the centre of pressure tracing accurately represented the 

movement of the centre of gravity of the subject was tested by a 

photographic technique. Subjects were asked to lean forwards as far 

as possible, keeping their feet flat on the platform* and taking care 

not to lose their balance* After leaning forwards for a few seconds, 

the subjects resumed their normal standing posture* The distance the 

centre of pressure tracing moved during this procedure was then 

measured on the record* Coincident vdth this procedure, a photograph 

was taken of the subject from his right side* The greater troehanter 

of the femur of the subject had been marked previously with a blaok 

marker, and the distance the marker ms displaced when the subject 

leaned forwards ms measured on an enlarged negative ioage* The 

details of the technique of photographic measurement used has been 

described elsewhere (Thomas, 19$6b)»

The position of the centre of gravity was determined for



for eaeh of the subjects in the supine position* The subjects v/ero 

plaoed on a stretcher, attached to the platform for this purpose, the 

weight and position of the stretcher having been previously balanced 

out* 9y equating moments, the position of the oentre of gravity of 

the subject could be established* This figure was then used to 

estimate the height of the centre of gravity above the hip starker, in 

both the nonaal standing and leaning forwards positions* The distance 

the oentre of gravity moved with leaning forwards, as determined by 

this method, was then compared with the distance the oentre of pressure 

tracing moved forwards at the same time. If the centre of pressure 

tracing faithfully represents the movement of the centre of gravity, 

there should be close agreement between these two figures*

Detailed planiaetric analysis was mads of two seta of records, 

The antero-posterlor body sv/oy, which is defined here as the movement 

of the centre of gravity, was measured as a total range «f movement 

over a period of ti^ie, and also as a mean deviation from a fitted 

baseline* The &way record was undulating in form (Fig* 2a), and a 

baseline was fitted by eye over a length of tracing equivalent to two 

and a half minutes of standing* The areas above and below the baseline 

were then measured by planimetry as a check that the baseline had been 

accurately fitted* It was found that, with practice, a baseline oould 

be fitted by eye sufficiently accurately so that the areas above and 

below the baseline enclosed by the record showed very close agreement* 

Knowing the length of the baseline, the amount the tracing deviated 

from this baseline on average, over tiro and a half minutes, could 

therefore be estimated. To obtain a aeasureaent of the gross amount
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of swaying* the total range traversed by the tracing, above and below 

the baaeline, was also measured for the same period of standing (Table 

1)* Knowing the weight of the subject, and by equating moments, the 

measurements obtained could be converted into the mean deviation from

& fitted baseline and the total range of movement, respective^, of 

the centre of gravity of the subject. The body sway was also analysed 

from the accelerometer record, and here again a baseline was fitted by 

eye, and checked by planimetry (Fig, 2a)» The areas above and below 

the baseline were measured by planimetry* and thus the mean angular 

deviation of the tracing from the baseline could be calculated. From 

this figure, the mean angular deviation from the vertical of the 

aooclerometer, in radians, could be established (fable 2).

fen sale student volunteers, aged 19 to 22 years* were used 

as subjects* Their heights ranged from 172.7 to 152,1 cms., and their 

weights from 63*2 to 83*$ kgs* The subjects were free from any 

physical disability. They wore only light clothing* and standardised 

shoes of the appropriate slse were provided (Dunlop pliaaolls). During 

the experiments the subjects faced away from the recording apparatus, 

and were not informed of the nature of the <aq?erluent, beyond the 

ninlnmra necessary for cooperation* An Inportant factor mis that the 

subjects were unaware that their postural sway was being measured* 

Considerable care was taken in positioning the feet of the subjects.

The heels were placed along a line marked on the platform, at a 

distance of 20 oas* apart* Onee the position of the heels had been 

fixed, the subjects were allotted to spread their feet at will* Host 

subjects adopted a position with the toes pointing outwards slightly*



Subjects stood in a normal ea^r standing position for three lainutes, 

vdth thdbc* ga*e directed in front of thea, nsated on a mil soae 

fifteen feet awa^« By limiting the standing period to three minutes, 

it waa ooaaiOered that the ©ffeots of fatigue on the normal standing 

posture aould be discounter l&ch subject was examined twice, usually 

at an interval of several day a, and never twice on the sane day*

R1JSULTS

The nomal «ntero*po&terior novaaent of the centre of gravity 

of the aspects ws found to be on th© average 2*78 cas* (S»P» ^ 0*913 

o;is.) for the total ran^e of movement of the centre of gravityf during 

a paariod of two and a half aimites standing* £ho average diaplaoeiaent 

of the centre of sravity, expressed aa & inoon deviation from a fitted 

baseline, us.s om^ 0*10? oma« (S*!)* ^ 0*063.oma*)* It was found that 

the observed mean an^ilar aisplaoeiacait of the a&oelerometer from the 

vertical during swa^ waa aignificantOy greater than the ms-m angular 

difSplac«3Eient calculated u0ix^ aa date the m@&n deviation of th® oentre 

of gravity (&ean tloviution of oentre of gravity divided ̂  height of 

eentre of gravity)* Ifaa^ little lateral sna^ was observed (Fig* 5)*

It will lie seen in Table 1 that th*» postural swa^ expressed 

as a mean dj§^iation Irom a fitted baseline givea a much lower figure 

then the postural sw^ espressed as 4 total range of movement* The 

mean deviation column refers to the mean amount by nMoh the tracing 

departs from (above or below) a fitted baseline* There is in general 

good agreement between the relative values for sway, as deterndned by 

the two nethoda* However, it will be seen that the correlation is



Subject

M.C.3.

J.C.E, .

i-..- ; • . •' «.."; «

B.P.J.A.

11.J.E,

J.H. ..

B.L.K.

:•:.*. T.w.

1 j? » » i «

C.J.'T.B.

.'.-eon

Rrjige

Height
(ens.)

17^.7

ic :;.*.

'i V ' *

178.U

176.2

177.3

)7>.1

136.4

1.?.0

184.3

180.97

172.7-
192,0

Standard deviation

t.oi^it
(kg.)

'5)9

63.7
#5.4

76*6
75.^

74.5
74.1
7A> -. ̂
74.0
'•CJ.7
56.2

S^.3
7;:.2

7-.5
77.?
jk "." *
82^7

6J!.'
63.o

73.71
<:. •-
•'.,;;« 7

• in •»• i in i i

Hoi^it of
C. of 0.

(c as. )

97.8
97.. v

101.9
10U4

.5.7
9^.1

99.9
99.9

99.-'-?';.-:
39.-
; > . •-'
99.3
99.2

K.4.5
.1CXU5
1:J-...
10/f.b

105.4
102.6

1 .,.>:

95.7-
104.3

;'jatc.'ro-po3to-'i.jr z**&y nieas.ire<i
i'ro.i oscillations of the centre
of Ovr:.vit;, (cus.)
MSAK . ^-.T^IO?:

u. )4'»
0.120

0.185
.142

0.1,3
0.134
0.154
C.358

0.154
0.125

0,304
C,f £*._

0.147
0.190

0.27-3
O.JiT

0.209
0.196

0,229
0.195

0.1 b7

u. 113-0.;;^.,
j^v ^ . -^ .-

P^llS-E

1.91
1.62

2.75
^.37
1.-^-
1.91
:'-.59
...31

2.33
1 .74

3.01
;:.20

1/4
2. JO

3.80
.* T"

3.30
3.'! >5

3.62
3^0

2.71

1. ?.'.'.: W. ;.. .^3

40.513

Table 1. Ant«ro-posterior Gmy in 10 subjects, neas-jred as a dean 
cLeviation and total raneo of aovcncvit of the oontre of
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not a very close one* The aubjeot with the aaalleat amount of away 

aa defined by the total range of movement of the centre of gravity 

(aubjeot M«C*B») does not have the smallest amount of away aa defined 

by the mean deviation of the away tracing from a baseline (subject 

A*J*D*B*), V&en ooiaparlng the postural away of subjects, it would 

seem more reasonable to use a result which derived from the total 

amount of an&ying that ia occurring over the period of measurement 

(raean deviation free a fitted baseline), than to use the extreae range 

of aoveiaent recorded, which ®ay only relate to a small part of the 

period of spaying that ia being measured*

The amount of lateral away that waa observed ia small (Fig* 

$)  'The total rang© of the lateral away, aa measured over a period of 

two and a half ainutes* waa never found to exceed one centimetre 

movement of the centre of gravity, and it only occasionally exceeded 

a half a centimetre of aoveaent* $y far the grmteat amount of away 

took place in the antero-posterior planet and imich leas occurred front 

sido-to-side.

The observed values for the mean deviation of the Inclinoaete 

from the vertical are given in radians in Table 2* In Fig* 4, the 

distance d ems* represents the movement of the centra of gravity of 

the subject, escpreaaed as the aean deviation from a baseline* If the 

segment of the body between the ankle joint and the centre of gravity 

of the body moved in a rigid manner, then the line G&* in Fig, 4 would 

be a atrai^it line* In that event, the angle 0 subtended by the 

inoULnometer with the vertical would be equal to the angle GOG*, and 

could be calculated by dividing the mean deviation of the centre of
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"able 2, KCCMI oag.JLor der-Lction Or.*:* the vertical of tlie inclinometer, 
ae calculated frota the mean deviation of the centre of 

', and as jaeasured from the inclinometer tracing. 
:-rc given in r,Oi-:.nL.

oubjeot

M.C. 0.

t ** "V T TU • v » % .ii *

A.J.B.3.

D.F.J.A.

R.J. tT .

J..H.O.

B..O.N.

K t f t® *u »..»..»

T.G-.T.

c.Jvr.B.

-can

Range

Standard
deviation

'vTl'IFATSU V/UjU^
(•lotm deviation
of C.of &« over
height of c.of .

: .00144
0.00,23

O.OOIol
0. '..-'. 140

0.00118
C. ;X439

O.'Orl^
r--.oo3i£
0.00155

.00126
( , ., . '-J; _, • ,

0.001S6

0*(' ; .>'Jfc--;
0. -;o"J91

o!a:^i
0*00 i 99
0.00165

O.C0221
0.00190

'..001*2

O.OCM18--..U03^

^"*^A"

OL:5EK»Ei} VALUE
(measurai tsy
pianir. ....'.,i"
froni ...^.co".
tracing.)

:,. 00.2^0
0.00150

0.001 Tl
0.001%-

:>^X)->,
O.C0201

0,00357
0.-.03-10
0.-X2- 1 ;:
0.00172

0.00416
O.OO^Ol

0. oo;r
-,.'J02iJ9

o,,.o^o

0.00301

0.003'- ~':-
o.u ;v:.

0..089E

0.«;.7«.TOW8

.... ..<.• J1

DXi1'i?'JJSi.J^Ci«
(on served

ciiius
estioated)

0.00112
O.C0007

(,. 6o.oooy-
O.o<-;w>
0.rK)82

o..xxao3
-O.COO'^

0.1X^27
0.0004^

0.00111
O.',oi75

0.00111
0.00106

o.> :72

O.i.0,02

0. 162
O.CCri^..

O.CXJ105

o.ucc'i6-aD3

2.'; clwJk'ilMrJa
£ITFERI2NCE
(difference
as $ of est.

value.)

>?.''
•• *

8*b
33o

118.6
53.9

151.5
-I3.v
S1.9
36.5
36.4
94.1

;0-.0
' ' V

^ 7I'"* w f

51.3

73.3
-*.;

•2.6

-1 .:;.'.-. 31 .8
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(d cms,) 1^ the hei^at of the oentre of gravity of the 

subject (h cms*) This estimated value for 0 has been calculated in 

radians, for oaoh subjeot, and Is given in Table 2* If the line OG* 

Is straight , the actual position of the inclinometer does not affect 

the result, and the fact that the inclinometer Is some centimetres 

(estimated to be approximately 10 «ms* on the average) above the level 

of the oentre of gravity Is irrelevant in this connection*

The observed results for the mean angular deviation of the 

inclinometer from the vertical are considerably higher than the 

calculated values* The nean value for the calculated deviation (0) 

was 0,00192 rod,, as opposed to an observed value ($$ of 0*00292 rad. 

( 1 radian * 57*3 decrees)* *&&> average for the ten subjects of the 

percentage differences by which the observed angular deviation exceeded 

the calculated deviation was 62.6>» fhe most likely explanation for 

this discrepancy between observed and calculated results is that the 

segment of the body between the ankle and the oentre of gravity does 

not move rigidly, at least In the majority of subjects* Something 

analogous to the position illustrated dlagramaiatloally in Fig* 4 mist 

occur, where the line GG-'A* represents what Is believed tc happen* In 

other words* the body sways nore like a pliant rather than a rigid rod, 

and the line 0&* Is a ourved line rather than a straight one* This 

occurrence would explain «hy the observed angular deviation of the 

inclinometer (6$ is considerably larger on average than the estimated 

gyfljfftlifiy deviation ($}*

By neasuring the position of the oentre of gravity of the 

supine subject, and the anterior displacement of the hip Barker which
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FIGURE 2

(b)

 :. -   2a_. Record of antero-posterior movement of centre of gravity
 ^pp_r tracing) and of output of an eccelerometer mounted on 
waistbelt (lower tracing). Note that the gross movement of the 
aocelerometer 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 are 
baselines fitted for whole of the 2\ min. record, and not only for 
the section illustrated (approx. 4rrnin.). Calibration - upper 
tracing = 1 cm. movement of C. of G-.; lower tracing = 0.01 radian, 
for gross movement of trrcino>
Fi    2b. Calibration record, showing output of platform (upper) 
bef ^ subject stands on it, and accelerometer output (lower; 
before attached to subject. Sensitivity unchanged between Figs. 2a 
and 2b.



ooourred when the subject leaned forwards, it is passible to estimate 

the position of the oentre of gravity in the subject leaning forwards* 

m Fig* 3 the line QAB represents the normal standing position* with 

B representing the position of the oentre of gravity* A the position 

of the hip marker5 and 0 the ankle joint. For the purpose of this 

calculation, all three points are considered to line along a straight 

line, and to continue to lie along a straight line when the subject 

leans forward (line OCP). A*C* represents the horizontal displacement 

forwards of the oentre of gravity* It follows* therefore* that B'D f
« Igt £ |«i»

can be deduced from the formula - ^ Am»^m> 9 yj^ fcst&aated 

horiaontal displacements of the oentre of gravity (B*D*) were ooapared 

with the values recorded by the platform* for the ten subjects* The 

average deviation of the platform readings* irrespective of the sign 

of the readings* from the results estimated from the photographs, was 

1*04 cms. (S. . 0*192 eras.), which is significantly greater than sero 

at the 0*1/a level* However* if the signs of the differences are token 

into erscount* the difference between the two readings was only 0,04 eras* 

(S*E*4£011 eras*). This figure does not differ slgnifioantly from 

zero, ^suggesting that on the average the platform gives an accurate 

representation of the horizontal displacement of the oentre of gravity, 

when the subjects leans forwards. This agreement can be regarded as 

very satisfactory in view of the unavoidable errors in calculating the 

comparison between the two sets of results*

It has been assumed that the lines QAB and OCD ore straight 

lines* and as has been shown* this can orOy be considered an approx- 

irmtlon* For the purpose of this calculation, the error froii assuming



STANDING 
UPRIGHT

Centre of 
gravity

55-

LEANING 
FORWARDS

D
Hip
marker

Hip I marker

Centre of 
gravity

D
Pig. 3. .diagrammatic representation of the displacement of the 
centre of gravity when leaning forwards. Line CAB represents the 
normal standing position, with B as the centre of gravity and 0 
as the ankle joint axis. Line OCD illustrates position of body 
on leaning forwards, with D representing the new position of the 
 \ of G. For simplicity, body is drav.n as a strait-;.t line (see 
text).
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that the body aoves rigidly is likely to be very email. Another 

potential source of error is that the photographic picture represents 

th* position of the hip markers at only one instant, and cannot allow 

for the continuous movement caused by the normal postural sway* Suoh 

differences that are found betv;een the readings obtained from the 

platform and the centre of gravity positions estimated by photography 

are probably due chiefly to these two sources of error* However, the 

results indicate that there is good evidence for believing that the 

centre of pressure tracing accurately represents the aovenent of the 

subject*s centre of gravity*

DISCUSSION

An attempt has been made in the present study to express the 

normal postural sway as a aoveaent of the centre of gravity of the 

body in the antero-postsrior plane* 'llie technique ox' presenting 

postural sway as a aean deviation frcn a fitted baseline, over a period 

of time, enables the degree of svayisg to be measured with considerable 

accuracy* It is believed that this technique of measurement gives a 

mtr© valid assessment of postural sway than is obtained by measuring 

the *Kctrerae limits of the swey* .'.hen the s&ay patterns of tha ten 

subjects are compared in order of aasjdtude of the amount of sway, 

there is a general a&*eenenft between the results as measured by the 

two methods (mean deviation and total range), but the agreement is Toy 

no means cooplete. For example, subject C.J.T..-* rates as the second 

largest "swayer" aeasured by the tot^ range of the cvrsy record, but 

this subject drops to fourth plaice if his STsay is coaourod as c. raean
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G- -

0 -

d -

accelerometer mounted 
on belt around waist 
centre of gravity of 
the subject 
ankle joint axis 
height of the centre 
of i-cre.vity
mean deviation of the 
centre of gravity from 
a fitted baseline 
estimated angular 
displacement in radians 
of accel -ro:neter - ^

h
observed angular 
displacement in rat. ians 
of the t-c^el<

JJ'I £! Schematic illustration of the swaying of the bod;- between 
the ankle joint axis end the centre of gravity of the bor^r.
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deviation* Similar ty, subject R*J.H* rates as fifth in the order of 

magnitude of si&y* measured as a total rouge, whereas if his sway 

pattern is recorded as a aeon deviation he rises to third place* The 

advantage of expressing the sway as a mean deviation is that it takes 

account of the degree of swaying throughout the period of

whereas expressing the sway as the extreme liadta of the tracing, as 

Onaa (1957) has done, iaay well fail to take into account the general 

level of swaying* A subject sasy make a sudden large movement, and then 

move very little for the rest of the period of aeasurementj only the 

large movement would be represented in the result if the sisgy tms 

measured solely ty determining the limits of sway.

The postural stance adopted during the measurement of 

postural sway is of considerable importance, particularly in relation 

to the degree of lateral sway* Very little lateral sway was observed 

in the present exj>eriaents, in which the subjects stood with their 

heels twenty centimetres apart* This agrees with the findings of 

Miles (1922), who found the position of maxloura stability (in terms of 

postural sway) to exist when the feet were twenty centimetres apart* 

Orma (1957) studied his subjects when they were standing barefoot , with 

their feet together, and he found that lateral sway was alaost as 

great as ontero-posterior sway* In fourty-five men* he found the 

antero-posterlor sway to be 3»Q3 eras, (range 2*0 - 8*6 cms.) and the 

transverse sway to be 3«2k cms. (range 1*3 * 8,0 oas*) These are 

considerably higher figures than were found in the present study* where 

the antero-posterior sway, eatja^ssed as a total range of movement, was 

found to be 2*78 cms. (range 1.62 * 4*83 cans.), and the lateral ov/
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never exceeded 1 cm*, and was usually nuch less* Qrma (1957) was 

measuring away at the head, ?&ioh probably accounts for his higher 

figures for aittercN$ost©rior sway, but the relatively large amount of 

lateral sway he observed was almost certainly a function of his 

positioning of the feet* Host people are unaccustomed to standing
j

rdthout shoes, and do not generally stand with their feet together* 

It is readily understandable that under such circumstances the lateral 

sway should be increased, but it is a somewhat artificial situation, 

giving results that probably do not accurately reflect the normal 

postural sway* The need for carefully defining the position of the 

feet mhen comparing results of measuring postural sway is apparent*

Ilany meaauretaentB of the postural stray have been made using 

the movement of the head as the measure of sway (Miles, 1922} Goldberg, 

1%-3). This suffers from the disadvantage that the sway of the body 

as a whole Is not necessarily reflected accurately in the swsy of the 

head* It seems more logical to measure postural away as a movement 

Of the oentre of gravity of the body, rather than bgr using the movement 

of one part of the body* -^e method of using the oentre of gravity 

oscillations as a measure of sway was introduced by Ilellebrandt (1958)* 

Kellebrandt, however, expressed her results as the area over which the 

oentre of gravity oscillates in relation to the total base of support* 

This is expressed as a percentage of the area of support, which 

consists of the area bounded by the two feet, excluding the toes 

(Bellebrandt & Braun, 1939)* £he present study is believed to be the 

first detailed planiwtrie analysis rmde of the &ntero~ix>3terlor 

movement of the oentre of gravity, and has the advantage in that it



does not introduce a further variable into the measurements - naoety, 

the aiae of the subnet's feet, which affects the area of the base of

Bvlctence has been presented to suggest that the tracing 

obtained from the movement of the centre of pressure of the feet 

parallel* very closely the movement of the centre of gravity of the 

body« From both theoretical considerations of the characteristics of 

the force analysis platform (see appendix 1 ), and by direct 

photographic observation, it is concluded that the centre of pressure 

tracing gives an accurate representation of the movement of the 

subject's centre of gravity*

It has frequently been tacitly assumed that during the 

normal postural away, the body sways "in toto" over the ankle Joints, 

remaining rigid during the swaying (for example, see S:alth, 1957). 

Ho experimental justification exists for this assumption, and in the 

present experiments it was found that the waiet moved auoh further 

than would hove been expected if the body acted as a rigid rod between 

the ankles and the waist. The angular deviation of the inclinooeter 

from the vertical at the mist ms on the average 62*6; greater than 

than it would hav? been if the body segaent linking the ankles and the 

waist swayed as a rigid column* The most likely explanation of this 

finding is that the part linking the waist and the ankle resembles a 

pliant column, and therefore the linkage is rot rigid (Hg* 4), If 

this occurs for the ssgaent linking the waist and the ankles, it seems 

likely that a similar process occurs between the waist and the head* 

If it is concluded that the vfoole body during postural sway moves in
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a fashion analgoua to a reed bending with the wind* swaying backwards 

and forward® in a gently undulating manner, it is possible to reconcile 

the large differences found between aeasuring the sway at the head and 

at the centra of gravity* If the body does away in a pliant osuncr, 

it would be expected that the head would : iove relatively much farther 

than the centre of the body, and this agrees with what has been found 

experimentally.

Sdwarda (1<&2), summarising previous work, noted that the 

degree of postural sway was influenced, inter alia, by opening and 

closing the eyes, the age and sex of the subjects, the extent and 

nature of the visual fields, and the state of attention of the subjocts. 

The great majority of the work he quoted had been performed by 

measuring the sway at the head, and if this done* postural sway appears 

as a highly variable and easily influenced phenomenon* However, if 

the postural sway is examined as a continuous movement of the centre 

of gravity, and particularly as a oean deviation of the tracing from 

a fitted baseline| the relative constancy of the amount of body sway 

is more noteworthy* In twenty $ea£ings on ten subjects, the difference 

between the roinimua and laoximim readings obtained for the amount of 

sway (expressed as a aean deviation) was less than 3*5 sdlllaetrea* 

In one hundred and nine subject a, Heilebrandt and Braun (1939) found 

the area enclosed by the aajdUsft.1 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 forued by the feet. There is, 

of course, no doubt that the ftway oan be nuoh increased if the subjects' 

stability is reduced by making them stand unshod vdth their feet olose
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together, as Qrraa (1957) has done* Aa has been suggested, however,

tiiic is regarded as an crtifieial situation*

The results of the present stufi^ would support the view of 

*,elleLi\jrK"t (j^pQ) that po^turi*X twoy* &? ^ ^e defined as the aoveraent 

of the centre of gravity of the bofy» is relatively assail in amount and 

constant in extent* The considerable attention that has been devoted, 

chiefly Iqy psychologists, to the ra^r in which postural sway, as 

.ieaourcid at the head, can be influenced by numerous fe.ctorD, has 

tended to obscure the basic fact that the position of the centre of 

£r:;,vity of th« bo^y is roaarl-^ib^ stable during nooptsal standing* The 

oscillation of the centre of gpe-viV that dc^s occur should be n^rded 

esscsiticuU^' && a oonstaiat resfoms® to the effeoto of ^avitgr, resulting 

£rou the intorpley of th® flcKino ^f'-./co^s of itrairity* and th® ever* 

present reatraininf contractions of the ©xtezi&or postural :.ruocl<UULiUO.CS*



SOMKaBY

1 * A study has b*en made of the postural sway occurring

normal standing in ten subjects. The procedure adopted involved 

measuring the continuous oscillations of the centre of gravity of the 

body* It is considered that measuring the movement of the centre of 

gravity is the most logical way to measure the postural sway that 

occurs during standing in the erect posture,

2. It was found that by far the greatest amount of sway occurred in 

an antsrc-postorior direction* with the foot position adopted (heels 

20 cns» apart), very little lateral snay was observed* 

3* An inolinoneter was used mounted on a waistbolt, and an estimate 

t?a& Bade of the angular displacement occurring at the waist during 

body sway. The angular displacement ntasured considerably exceeded 

the angular ^isplaoeiacn- estimated on the aSGu&ption that the body 

swayed rigidly between the ankle joint axis and the centre of gravity* 

It TV B coral -idcd frv.i this obsisrvatlott thatf oontrary to what has been 

ooomoniy asauned, the boOy owayc in a pliant &ann@r over the ankle 

joint axis, and not as a rigid oolumn*

4« If the postural sway is measured by detailed planimetry of the 

records, and the results expressed as a mean deviation of the movement 

of the centre of gravity frcm a fitted baseline^ the relative 

constancy of the degree of body s^ay Is notewortl^r* In the subjects 

examined* the differenoo between the oini^uffi and Ba^^ua antero- 

posterior sv^y reoorded (e^qxressed as a oean deviation of the movement 

of the centre of gravity) was loss than 3o  --   It is concluded th&t
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the feodar ia rtoarkably »uco*B«ful in resisting the effects of

and in attaining the normal statie eq.uiMtorium assooiated ?dth the

«root posture*

f A*8* (l%2}« The atwRaxuMat of static ataxia*
171*188,

Fearing, F»S« (1924)* The factors influenolr^^ static equilibrium
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Paper 3

HI

It is a ecmraonplaoe observation that carrying a hoavy load 

on the back causes the carrier to lean forwards, 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 erect posture to be 

80 modified that the vertical projection at the feet of the centre of 

gravity of the man plus the load is made to approximate in position 

to the centre of gravity of the unloaded man (Hellebrandt, iries* 

Larsen & Kelso* 1%4)» Indeed, it has been suggested that the location 

of the centre of gravity is a "physiological constant" which it is 

impossible to disturb significantly in a standing man (Hellebrandt,

1950).
The manner in which the bo^r alters its normal alignment to

achieve stability under conditions of load carriage does not appear to 

have been exaoined in any detail* The present study is concerned vslth 

measuring the effect of load oaxrtage and load position on the normal 

standing posture of young adult aalee, using a mlnature camera

technique. The essperiment was designed to find out in

what wsy varying loads affect normal standing* and whether the same 

load has ooBQmrable effects on different si&jeots* The study was 

carried out on a relatively small group of subjects* The results were
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oleor-out, however, to suggest that the findings have 

e3*n*ral application for conditions of static loading,

The oxperlaentfl were performed on ten aal© medical students, 

aged 16 to 21 years. Their heights ranged from 170*6 ciaa. to 188*9 cms. 

and their weights from 59*75 kgs* to 84*75 igs. Four bony landmarks, 

which ware readily identifiable, were found and marked on all subjects. 

the four landmarks used wore, 1 * the lateral aide of the greater 

tuberoelty of the rl$it hunerus ( n 6houlder4> )j 2* the lateral side of 

the greater troohanter of the right feiaur ("hiptf )> 3* the knee joint 

JiMaeAintely above the head of the right fibula ("knee0 ), and 4* the 

lateral oalleolus of the right fibula ("ankle**)* fl^ll blaek adhesive 

aarkera were placed as aocurateOy as possible on the landmarks* The 

subject* ware then photographed from their right aide against a wJiite 

screen (Pl;« 1)»

The subjeots otood on a rigidly constructed platform, with 

the contour of their heels plaoed posteriorly along a line marked on 

tho platform. The heels of tho subjects were 20 cms* apart, but they 

vTere allowed to apread their feet at niH« The subjects were asked to 

adopt a comfortable standing posture and not to move the position of 

their foot* £hey were plaoed fading at right angles to the oaaera, 

and behind them in line with their right shoulder hung a vertical 

plumbline (P1-* 1). Alongside tho pluablina ma plaoed a netre 

calibration rule, whioh appeared in every picture taken, The camera 

waa plaood throo and three quarter Aotrea distant from the subject,
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and exposures were made using an electronic flash, vdth a flash 

duration of approximately 1/2000th. of a second. The camera used 

was a Lelca Illf» with a Suamicron $ era. lens.

Bach subject was photographed under the folloidns conditions:- 

1 * normal standing, without loaAj a* carrying an eopty carrier} 5* 

carrying twelve kilograms attached to the carrier high on the back) 

4* carrying twenty four kilograms as in 3*1 and 5* carrying twenty 

four kilograms attached to the carrier low on the back. The load of 

2k leg* isas moved over a distance of thirty centimetres between the 

"high" and "low" position* (Fl. 1, Figs. 5 & 4). the carrier used for 

the ecq»eriments was adapted from a standard Bergen rucksack fraae* 

Adjustable shoulder straps and waist belt were fitted, and on the back 

of the fre.ne tiro vertical steel bars were welded, over tshich a platform 

carrying the wei^ita oould be moved* The weight of the carrier itaelf 

was four and a quarter kilograms, and additional weights of two, four 

and six kUo&TGiaa were used* The wei^rt of the load was concentrated 

into a relatively small mass, and the approximate centre of gravity of 

the load, in relation to the anatoolcal markers, is shown 

diagwuamaticelly in Fi£« 2» -ho shoulder straps of the oorrier were 

adjusted individually for each subject, so that the wrdet-band 

si^^orting the load at the back fitted the natural waist of the subject.

For the experiments the subjects wore only trunks and vest* 

Subjects were photographed twioe, but no subject oame ttdcc on the 

same day* It is considered that the heel positions on the platfwn 

aid not vary over more than half a centimetre, from subject to subject* 

Subjects were photographed about half a minute after they had been
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placed in position, for each of the successive load positions. The 

emot timing of the photographs varied slightly and the release 

aoohaaian was operated surreptitious^. Thia, combined with the fact 

that the subject was not facing the camera, Liitlgatc: against the 

possibility of poking on the pore of the subject*

the same procedure was then adopted with the subject carrying 

first twelve kilograaa and then twenty four kHo&raniS, %dthout storing 

the position of his feet* The carrier ^us loaded fVon behind, and the 

subject did not have to novo in any way. The weisht-oarrying platform 

on the carrier was used in oal^ two positions   its upper and lower 

lisdt&i i&ioh were thirlgr centiaetras apart ("high" and "Low" positions)* 

The centre of gravity of the load in the high position approsiiaated to 

the level of the shoulder joint; in the low position, it approximated 

in position to the lower lumbar region of the subject (Plate 1, Figs* 

3 and 4)0

The film negatives were enlarged using a Leits microfilm 

reader, and the aiae of the enlarged image v;as about one tenth of the 

actual site of the subject. Direct measurements were made on the 

enlarged iaage» which me projected on to a perfectly flat white screen* 

A ruled grid ms used for measuring* one edge being lined up along the 

plunftline* and the other edge at right angles to the plambline. The 

vortical height above the platform (using a line storking the position 

of the right foot on the platform as the baseline)* and the horizontal 

distance from the plunbline could thus be measured for each of the 

four niarkera. The length of the metre rule was also laoasured on each 

negative, and this figure was used as the calibration factor* The
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i£. 2

Fig. 4

PLATE 1

Fig. 1. Carrying an empty carrier. Plumbline and metre rule 
are on left of picture. Fig. 2. Carrying 12 kg. (high). 
Fig. 3. Carrying 24 kg.(high). Fig. 4. Carrying 24 kg.(low).
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position of the markers in relation to the two reference lines on 

the negative (plmblifift and platform) was s&a&ured to an accuracy of 

half a adllioetre on the enlarged image*

There are several potential sources of error in this 

but the close similarity of the results for the two

(Table t) suggests that these errors have been largely 

avoided, or do not oignifiocjrtly affect the retulta* (The errors 

relating to the photographic distortion in aoasuring from thirty five 

isillimetre negatives have been oisouosed by tanner and Weiner (1 %-9) > 

t?ho found distortions due to oaaur-i lens error» and differential 

distortion of the negative Image during development to be iiamaaflurably 

a&all* The chief error ia likely to arise diving printing of the 

negative, and this was avoided by measuring Iroru the projected negative 

image. The error due to parallax was minimized by measuring the four 

markers £7001 a plunblina in the same plane as the markers* As the 

metre rule appeared in all the pictures taken, all measurements were 

related to a calibration factor in the same sagittal plane as the

starker*"*

Prolaably the &ain source of subject error crimes from the 

fact that the subject never remains cooplot«ly still* It is well 

recogniaod that the boasy is constantly swaying in an antero-posterior 

direction (Hellebrandt and Sranseen, 1%.3)§ and it is theoretically 

possible that the pictures taken of the samo subject under identical 

load conditions on different days may have been taken at the extreae 

liiaita of the forward and bao3r«?ard srrny, respootively* The fact that 

the results show precisely the same trend for the second, occasion on



ishloh the sublets isero photographed as they do for the first

and that the .actual figures are in general very similar, suggest that 

the difference due to the subjects having been photographically 

"froaen" in motion during varying parts of the postural away cycle are 

anal! in relation to the effaet of load ocrriage*

Tbo analysis of the results isas performed by comparing the 

positions of the four amt&dc;:-! Barkers or, each subject under varying 

lead conditions. $hls wc.s done for et*eh subject on two occasions j so 

that there waa a total of f arty individual rec-din^s for each subject* 

Analysis of the data showed that there uas no significant difference 

in the position of th© ankle tinder the varying load conditions. !?he 

ankle marker m& therefore taken ,?.c the 2oro position, and the positions 

of the other three narkera were estimated in relation to a vertical 

line through the ankle marker * The result- <were coaporcd by an 

analysis of variance, and the levels of significance determined by 

ualng a t~test»

KSSITLTS

f;hc results showed a hi$i3y signiflccjrxt (p< 0.001 ) forward 

of the shouldo? islth loading, and the seoae load carried

in the lev: position caused a further dlsplacezaent forward -ihvji when 

oerried In the hi^i position. Tlie unloaded carrier, however, ir^de no 

difterenoe to the position of any of the markers, the

position of the hip oarker Old not move significantly for the varying 

lead conditions, but the position of the knee narker coved prosr*ssively 

backwards with iacrea&ins load carriage (?^0»00l). There is therefore
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SHOULDER

HIP

KNEE

ANKLE

Normal standing 

Carrying 12 Kg.
Approx site of 
load CofC.
Carrying 24 Kg.(H)

FIGURE 1

Fig. 1 • Diagram showing disposition of bocv; 
different loads.

-nkage
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a highly significant realignment of the body se#aents, as represented 

by the anatomical landmarks used in these experiments, with the carriage 

of leads above a certain minimum weight in the standing position* 

$lgs* 1 and 2 illustrate diagraiamatioally the realignment that occurs.

The greatest amount of novement took place at the shoulder« 

as would have been expected. There were highly significant differences 

in position between normal standing and carrying the carrier plus 

twelve kilograms, between carrying twelve kllogrcu&s and twenty four 

kilograms* and between carrying twenty four kilograms in the low as 

compared to the high position (P< 0*001 in all cases). Thus the 

heavier the load, provided at least that it exceeded the weight of the 

carrier (4*25 kg.), the further forward aid the subject lean, and for 

the same weight, the lower position on the baok oaused the shoulder 

to be displaced further forwards*

The petition Of the shoulder was also colored using the 

angular displacement from a vertical line through the hip starker, 

instead of the direct horicontal displaeement of the shoulder with 

loading* This was done to sec if the height of the subjects was a

the displacements. If the height of the subject 

was Jjpevtant in this respect, the effect would be moat readily 

observable for the position of the shoulder* It was found, however, 

that the levels of significance between different effects of the 

varying load conditions were virtually the same as those obtained 

using the direct horizontal displaeestent.

The results for the position of the hip marker showed that 

the position of the marker did not significantly vary for any load
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FIGURE 2

SHOULDER

HIP

KNEE

ANKLE

Carrying 24 Kg. 
High position. 
Carrying 24 Kg. « 
Low position. *^x
Approx. site of load 
Cof C. H
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condition investigated, v.hllo the shoulder is moving forward with 

increasing lead, the position of the hip regains relatively fixed* 

There is no statistically significant difference even between the 

position of the hip marker when the subject is carrying twenty four 

kilograms, and the position during normal standing without load* The 

position of the hip marker was also compared using the angular 

displacement from a irertieal line through the ankle marker, instead of 

the direct horizontal displacement* As in the ease of the shoulder, 

it was found that the angular displacement of the hip from the ankle 

gave results comparable to those obtained by direct measurement of the 

horizontal displacement. Measured by direct horizontal displacement, 

or by Mipflyy displacement from a vertical through the ankle* the 

position of the hip marker did not significantly vary vdth the varying 

load conditions*

The results ffer the knee marker showed clearly that there was 

an overall tendency for the knee position to move backwards with 

progressive loading (P< 0*001)» Here, too, there was no significant 

difference between the subject standing normally without the carrier, 

and the subject with the unloaded carrier* But higity significant 

differences wore found between the position of the knee in the subject 

standing normally (without carrier) and the position of the knee when 

the subject was carrying twelve kilograms, and when the subject was 

carrying twenty f<w kilograms (both positions). There was no 

significant difference in knee position between carrying twenty four 

kHograss in either the hi^i or low position* In Table 1, the position 

of the ankle marker is considered as the aero position, and the
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Table 1

Average displacement in oma. of shoulder, hip and knee markers 
vertically in front of the ankle marker* Data from ten subjects 
in two 6xporJU&6tnts*

.•v ^".^'"r ':"-•<•.' T"! A

•foouldor

lip

Kteee
\nkle

jj^ps^j.^ j £jj£ *1

Shoulder

Up

Snee

^ae

kVlilRACrB

Shoulder

iip

Snee

UflOe

Normal

6*77
6.42

4.94

OtOO

,«
6.51
4*92
0.00

7.12

6.46

4*93
0.00

c^^

0.30 

6*53

4.56

0.00

8.05

6.42

4.12

0.00

8.18

6.48

4.35
0.00

12 kg.

13.41 

6.37

3.72

o.oo

13.86

5.48

2.87

0.00

13.63

5.92

3.30

0.00

24 kg. 
(hish)

19.14 

6.34

3.33

0.00

18.56

5.33
2.67
0.00

5.83

3.00

0.00

24kg. 
Clow)

24.08

3.46

0.00

24.69

6.26
2.47

0.00

^4.39

6.51

2.97

0.00

Sig.

P< 0.001

N.S.

P<0.001

N.S.
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position of the other throe markers is given as the distance they lie 

in front of the ankle in the vertical plane* The results represent 

the average displacement in centimetres for the ten subjects of the 

loarkera under the varying load conditions.

It was also found that the angle between the shoulder-hip 

line and the vertical, and the angle between the ankle-hip line and 

the vertical, showed no significant correlation with either the weight 

or the height of the subjects during load carriage. Therefore there 

was no evidence to suggest that the posture of the subjects when 

loaded was significantly related to their height or weighty 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 knee for the two 

experiments* The average values for the position of the markers with 

each load are consistently lower for the second occasion on which the 

subjects ware photographed. However, with the shoulder position there 

is no significant overall difference, four of the subjects showing a 

decrease in displacement in the second experiment, whereas six 

subjects showed an increase* These different effects are not 

significantly different, and so represent random fluctuations about 

the raean displacement* v,hen individual subjects wore compared, there 

was found to be a significant difference betwexsn the average 

displacements for the shoulder* hip and knee for the ten subjects, at 

the 0*1$ level. There was also a significant interaction between 

loads and subjects, iiapajring that the effects of the load differ

W from subject to subject. However, with the shoulder
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the trend is the same for each subject (displacement increasing with 

load), except in three oases In which the displacement with the 

carrier Is less than normal. *fcr 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 previously been investigated chiefly by Hellebrandt et al* (1%4), 

and Hale et al* (1953)- Hellebrandt et al* claimed that the body 

counterbalances the effect of load carriage by leaning forwards "in 

toto" over the ankle Joints, without significant realignment of the 

rest of the body. They gave few details of the technique whereby they 

reached these conclusions, however * and it is difficult to evaluate 

their results* Hale et alt (l$53)t found that the carriage of a load 

low on the back tended to cause the body to lean further forward than 

a load carried high on the back* Their results were not statistically 

significant, however, and they did not comment upon the effect of load 

carriage on the alignment of the body segments.

It is apparent that the present data contradict the findings 

of Hellebrondt et al* (1%4)» and extend the findings of Hale et al* 

(1955)» <£he results show that the body responds to the effects of 

load carriage on the back by altering the relative position of the 

body segments. The essential change takes place above the level of 

the hips, the trunk being displaced progressively forwards with 

increasing load* The plot* Illustrated in Figs* 3, 4 and 5 demonstrate 

the changes in marker positions for three of the five oonditions
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investigated* The plots were constructed from the results of the 

first experiment, and were drawn accurately to scale* They demonstrate 

clearly that the displacement caused by load carriage occurs between 

the hip and shoulder markers, and that for comparable loads the general
/

pattern is very similar for all ten subjects. One subjects in Fig. 4 

did not show any forward displacement of the shoulder with a 12 kg* 

load, as compared to the normal position* However, it win be noted 

in Pig. 5 that with the 24 kg. load the shoulder marker of this subject 

followed the same general trend as the other nine subjects* The 

scatter of the points for the positions of the various markers is due 

largely to variations in body stature, and to some extent to the fact 

that the horizontal spread of the points has been exaggerated for the 

sake of clarity.

The results show that, for a given lead, the body will lean 

farther forward if the load is low on the back than if it is in a 

higher position* This suggests that the body treats the load on the 

back as essentially a problem in balancing. If the body keeps the 

vertical projection of the centre of gravity in a more or less constant 

position (Bellebrandt et al« t 1%4)» 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 weight in the same position. The fact that the trunk closely 

adapts its alignment in relation to the position and /eight of the 

load it is carrying, as has been shown in the present experiments* 

accords with the view that the vertical projection of the centre of 

varies within very small limits for any individual* Hale et
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al» (1933)| also found that there was a general trend fox* a low pack 

to cause greater trunk inclination than a high pack, when carried on 

the hack. Their results were not statistically significant, however, 

unlike the present findings*

The relative constancy of the hip marker under varying load 

conditions is 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 55-5$& of the body height (Cotton, 1931} Hellebrandt 

et al,, 1938)* Knowing the hei^it of the subjects, an estimate could 

be made of the height of the centre of gravity for each of the subjects* 

It was found that a fairly short distance separated the centre of 

gravity from the horizontal projection through the hip markers - on the 

average some tea centimetres for the subjects used in the present 

experiments. If the position of the centre of gravity is a so-called 

"physiological constant" (Hellebrandt, 1950), then it might be expected 

that an anatomical landmark relatively near the centre of gravity would 

likewise show little or no variation in its position*

The evidence relating to the position of the knee Joint indic­ 

ates that heavy loading causes a certain amount of hyper-extension of 

the knee Joint* Whether this is a purely passive phenomenon, or whether 

it is at least in part due to increased muscular activity in the legs 

cannot be decided on the basis of the present evidence* Smith (1936) 

has given a detailed analysis of the passive limiting mechanism which 

is operating at the knee Joint in the normal standing position, and 

has emphasised that the adult knee Joint is stabilized during standing 

by two complementary factors, namely the postural contraction of the
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flexor muscles and the passive resistance of the tissues. It is 

reasonable to assume that during load carriage there is increased 

muscular activity helping to stabilize the Joint > and this increased 

muscular activity, together with passive stretching of the tissues, 

causes hyper-extension of the knee Joint*

Lippold and Naylor (1950) recorded eleotroqyo^raphio activity 

in the trunk muscles under two load conditions, and reported that when 

a load was carried high on the back, greater activity was recorded 

than when the load was carried around the pelvic girdle* They suggested 

this result was 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, increased muscle activity is required* Lippold and Haylor's 

results cannot be directly compared with the results of the present 

experiment, as they investigated somewhat different load conditions. 

However, as Hale et al* (1953) pointed out, Lippold and Naylor did not 

refer to the possible effects of the inclination of the trunk varying 

ivith the position of the load* It has been shown that low back 

carriage causes increased inclination of the trunk, and this of itself 

could alter the level of nuscular activity* It may be, for example, 

that while a load carried high on the back causes increased erector 

spinae activity, the increased inclination of the trui-k caused by 

carrying a load low on the back results in increased activity of the 

hip extensoro, the overall muscular activity remaining relatively 

constant. This suggestion is supported indirectly by the findings of 

Daniels et al* (1952, 1953) who found on the basis of energy expenditure



experiments no significant difference in the energy cost between 

carrying a load high or low on the back. Further indirect support for 

this view is gained from the work of Eeid et al» (1555), and Eeid and 

Draper (I957)t who found, aftw extensive field trials 9 that in general 

there was no significant physiological difference between different 

types of Attqy packs* If the position and type of load carriage 

significant^ affected the overall muscular activity, it would be 

expected that this would be demonstrable in physiological tests.

The present experiments, in which two more or less extreme 

positions of practical load carriage on the back were adopted, suggest 

that as far as the anti-gravity ausoles are concerned, the relative 

position of the load is not of prise importance. Considering the body 

as a whole, a load on the back of, for example, 24 kg* requires the 

muscles resisting title effect of gravity to work as much for one position 

of the load as for another* It seeas reasonable to suggest that for 

comparable loads the total muscular activity necessary to resist the 

collapsing effect of gravity will not vary significantly* wherever the 

load is placed on the back* It was shewn by Hellebrandt et al. (1%4)» 

that the combined oentre of gravity of the body plus the load remains 

in virtually the same vortical projection as the centre of gravity of 

the unloaded body* and the present data show that tltis is accomplished 

by alterations in the position of the trunk* It is suggested that the 

trunk acts as a counterbalance, altering its inclination according to 

th© site of the load on the back, and in this manner the projection of 

the oentre of gravity at the feet remains relatively constant.



SUMMARY

1 * The affect of load carriage on the normal standing posture has 

been studied using a minature e&mera photographic technique. 

2* The displacement frcaa the vertical of marked anatomical landmarks 

waa measured on enlarged negative images* during normal standing and 

when loads of 12 kg* and 24 kg* wore carried* 

3* It was found that there v;as a highly significant (p< 0*001) 

forward di^&acesient of the shoulder with load c'-jwia^e, while there 

was no significant change in the position of the hip* There was a 

highly significant (P<0*001) backwards d&splaceeaent of the knee, while 

the position of the ankle was not significant^ affected. 

4* It was concluded that a hl$i3^ signifloant realignment of the bocty 

position takes place during load carriage above a certain rainlrauia weight, 

5« A wei^it of 24 kg* was found to oause further forward dlsplaoeiaent 

of the shoulder when it was carried low on the back than ithen it was 

carried hi#i on th® beck (p<0,001).

6» Th© suggestion is made that the trunk acts as a kind of counter­ 

balance, altering its inclination according to the position of the 

lead on the back so that the vertical projection of the centre of 

gravity remains relatively undisturbed*
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KPFSCT OF LOAD CARRIAGE OH POSTm&&..AEMCVIEI gf. M&K

OTRODIJCTK&I

The present study consists of an analysis of the effect of 

load carriage on the postural activity of standing. In a previous 

study (Thomas, 1$f?8c)» it was shown that load carriage above a certain 

cdniouta weight changes the normal alignment of the body in the standing 

position* It was suggested that the trunk acted as a kind of counter­ 

balance for loads on the back, and adapted its alignment so as to 

preserve the normal vertical projection 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 affect the rate 

of working of the muscles that counteract the effects of gravity.

Postural sway is well known to be invariably associated with 

the upright position in ?4an* and the extent and nature of this sway has 

been frequently investigated (Hellebrandt & Pranseen, 1%3)» The effect 

of load carriage on the normal postural away has received little 

attention, however, and has been examined in this study using loads 

carried on the back. An attempt has also been made to assess the rate 

of working of the postural musoles that control sway, during the 

carriage of loads of varying weight and position* The experiments were 

conducted using a force analysis platform (fthitney, 1958a), to which
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had been attached an acceleroneter* Simultaneous records were made 

of the displacement of the centre of gravity of the subjects and the 

amount of horisontal movement imparted to the platform by the forces 

acting «t the feet of the subject (Thomas, 1938a» I958b)» The object 

of the ttudy was to determine in what way the normal postural activity 

tms affected by load carriage, and to establish whether the amount of 

sway could be correlated with the output of the aooelerometer. It is 

believed that the rate of working of the nuacles controlling the body 

sway can be related to the amplitude of the aooelerometer output*

METHODS

The force analysis platform used in these experiments has 

already been described (l/aiitney, 195&&? see also appendix 1), and its 

application for measuring the movement of the centre of gravity during 

the normal postural sway has also been described (Thomas, 1958b). 

Attached to the platform was an aocelerometer (Statham Laboratories, 

Los Angeles, California, Model O1-350), which recorded the 

displacement of the platform caused by the forces acting at the feet 

of the subjects. She application of an acoelerometer for this purpose 

has been considered previously (Thomas> 1£§8a)* The aocelerometer is 

believed to be recording the oscillatory component of the forces 

imparted to the flatform in the cmtero-posterior horizontal plane by 

the feet of the subjects as they swayed back and forth (whitney, 1953b)* 

The aoveaent ol" the centre of gravity of the subject, and the output 

of the aooelerometer § were recorded simultaneously on a multi-channel 

galvanometer*
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Th» experiments were performed on ton medical student volunteers, aged 

18 to 21 year** Their heights ranged from 170*6 cms* to 188*9 ens., 

and their weights from 59*75 &S** to 34*75 kgs* The subjects were 

pooitloned on the platform so that their heel contours wore constant 

along the same transverse aadU, and at a fixed distance of twenty 

centimetres apart* They were allowed to spread their feet at will, once 

the position of the hoels had been fixed* Standardised shoes of the 

appropriate sise were provided, and the aubjects wore on^y light 

clothing. Instructions wore given to adopt an eaaiy standing position* 

and to niake no unnooeseary movements. The experiments were conducted 

so that as far as possible, only one footer (the load carried) was 

altered throughout the experiment. Each subject was studied on two 

occasions, on separate days*

The loads were carried on a modified Bergen rucksack frame, 

ad previously described (Vhomae, 1958c)* The subjects were studied* 

1   in the norsal standing position, 2* carrying an empty carrier (weight 

4*£$ kgfl*)» 3» cajrying an added wight of 12 kgs« high on the back, 

4* oarrytng an addjed weight of 22*. kgs», as in 3? and finally 5» carrying 

an added wei^xt of 24 kgs* in a position low on the back- The position
»

of the 24 legs* load was rariod over a distance of thirty centimetres, 

the high position approximating the upper thoracic region and the low 

position the lower luabar region of the subject. The analysis of the 

photographic record* was performed by planimetry* end the results 

expressed as a mean deviation of the tracing from a fitted baseline 

(Thomas, 19^8b). A fixed length of the record mis measured for all 

subjects, during the five load conditions investigated, the length of



the reoord being the equivalent of forty five seconds standing 

(Plates 1 & 2)» The sway tracings were also measured to determine 

the extreme range of aovonent of the tracing during the aa&© forty 

five seeond period* The total range of movement of the tracing was 

aeaawred for the five load conditions, and the results are Given in 

Table 2. The results were compared by an analysis of variance, and 

the levels of significance determined by a t-teat»

RESULTS

The analysis of the results shows that increasing the load 

carried causes significant increases In the amplitude of the 

aoceleroraeter tracing, in the &ean deviation from a fitted baseline 

of the centre of gravity tracing, and in the total movement of the 

centre of gravity, in an antero-posterlor direction (Tables 1, 3 

It was found that in all subjects there was a positive linear 

correlation between the amount of sway (expressed as a mean deviation 

from a baseline) and the amplitude of the aocelerometer for the five 

load conditions investigated (Fig* 1)*

2t was found that these* was a highly significant increase 

in the amplitude of the aocelerometer tracing between standing 

normally and carrying 12 feg* (P<0»001), and also between standing

and carrying 2k kg»» in the high or low position (P< 0.001).

significant differences were found between carrying an enpty carrier 

and normal standing, nor between carrying 24 kg. in the hi$i as 

compared to the low position (table 4)« The results for the sway 

patterns, both for total range and mean deviation, were closely
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Table 1

Table 1 * Mean deviation in millimetrea of sm# record above or below 
a fitted baseline during 45 saos* standing* Data from 10 
subjects in two experiments, during $ load

Subject

W.&.J.H.

J.:l*S«W,

8*!5*

B*fI»J*

F.D*H*

J*Cr*E«

0 *P*B«

J.S.E*

W.P.M.

W«G-#B»

Mean

Standard 
deviation 
(mean* for 
aaoh subject)

Normal 
standing

2*21 
2«4B

1*04 
1.04

2*27 
1*00

1*66 
1*59

3*10 
2»79

2.15 
2.06

2.26 
2*26

1.21
1*99

0*97 
1.17
1.S5 
2*J»0

1.B7

jp.59

Eapty 
oavrioir

1.S6 
1*95
2.37
1.80

2*27
2*00

3*68 
1.73

3.57 
3*30

1.79 
2.^2

3*67 
2*36
1.99 
3.12

1.07
2*04

4*05 
2*06

2*46

40*64

12 kg* 
(hish)

2,60 
2*74

2*84 
2.70

3*19 
4*91
2*74
3*32

4*42 
2*25

5*35
5.19

4,45 
3*20

, 4*24 
3*21

1.46 
2,24

3*64 
4*73

3*47

^0.96

*W*T* wwj™j|w(high)
3*85 
3*98

4*07 
4*36

3*82 
4*00

4*33 
6.13
5*20 
4.19

3*67
4*74

4*99 
5*37
3*45
3.81

3*60 
3.31

3*09 
4*46

4*22

*P*62

24kg* 
(low)

2,39 
4*33
5*21 
3.79
5*36 
2*09
3*98 
6*92
7.22 
2*33
7.61
3.58

5.94 
4*80

4*24
8*14

2*53
3.31

4*73 
3*64

4.61

£1*04



comparable to the aocelerotaeter results. There ms no significant 

difference between the results for normal standing and carrying an 

empty carrier, nor between carrying 24 kg* in either the high or low 

positions (Tables 1 & 3), However, highly significant increases 

(P< 0*001) occurred in the *«ay tracings between normal standing and 

carrying 12 kg*, and between normal standing and carrying 2k kg* 

or low positions)* There is therefore a general increase in the 

moveiuent of the centre of gravity tracing, expressed either as a mean 

deviation car as a total range of movement, and there is also an increase 

in the level of acceleration recorded at the feet, with increases in 

the amount of lead carried* However, the position of & load of the 

same weight on the bock aid *iot affect either the sway pattern or the 

acceleration recorded at the feet»

The degree of s^aj, expressed as a mean deviation from a 

fitted baseline, was correlated \vith the amplitude of the accelerometer 

tracing, and the correlation coefficients are given in Table 2* >dth 

ten subjects* the correlation coefficient is significant at the 5/-- 

level only when the coefficient is 0.6:? or above* Five of the 

subjects reach this level of correlation, and further two subjects 

just fail to do so* One subject had a considerably lower level of 

correlation than the other subjects* The results may be considered 

to give in general a high level of correlation with the limited degrees 

of freedom allowed by the experiment* The overall association between 

the ten correlation coefficients was tested and found to be highly 

significant (chi2 » 43*9, and P<0.00l). Graphs plotting the 

aooeleroiaeter amplitude against the mean deviation of the s^@y tracing
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3

range of during
standing. 10 subjects in two experiments under 5 load 
condition*.

Sxibjeot

W.&.8.H*

«J. i.S ,Vi .

S.li.

D.N.J.

IT 4lXr £X*£

v *^v3t 01v0

C.F.B.

J.S.S,

,.F.M.

w^.

Man

Stondiird
deviation
( &^*^ rajjUBMK IQP »*»%*•••»•» » ̂ ^ ^
each subject;

££<

S2
1 ,OO
JK.04

1*95

1*91

3*34
2.82

3*55 
2*81

2*80 
2*34

2^9

1*61

3.18 
2*27

2*36

***

carrier

2*63
2,76

£»
al7i
3*10

3^98

a£
5*61 4*05
2.72
3*^7
1*61 
1.93

3*29

3.15

•M*

12 kg, 
(big**)

3*99 
3*66
3.76 
3*43
3.01
4*31

3*58

5*90 
3*59
5»36 
5*03
4*99 
3*74

4*01 
4.73
1*77 
4.34
5*67
4.54

4*17

40*71

24kg.
(high)

6*47 
6.14

4*39 
5.33

5*86

6*20 
6.32

10.27
7.70
7.40 
6.22

5.76 
7*17
5.16 
5*01
4.51 
4*51
4*54 
4*54

MM

±1.35

(K»0

2.63 
5.27

5.96 
4*70

6.46 
4*06

3.01 
6.08

7.57
3*85

10,95 
3*85

10,28 
6*08

4.73
11*03
3.86 
3*70
i f ' t"'£56
,.02

*tf» «'*'
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DISCUSSION

The extent and variation of the normal postural svray has 

been studied for nearly a century (Vierordt, 1861; Orraa, 1957), but 

the effect of load carriage on postural sway has been Httle studied* 

little or no work has been done attempting to correlate direct^ the 

asjount of postural sway «ith the rate of working of the auselea that 

oontrol the swaying* It has been clatoed that norzaal postural sway 

is reduoed by the carrying of an Army pack on the back (Hellebrandt, 

Fries* Lorsen & Kelso, 1%k)»

Postural sn@y has been analysed in this study both as the 

mean deviation of the oentre of gravity from a fitted baseline f and 

as the total range of movement of the oentre of gravity tracing, for 

a fixed period of time* In this experiment, only antero-posterlor 

sway has been measured* as it is believed that the lateral component 

of sway is small and relatively insignificant in the foot position 

adopted in these aaqperimenta (Thomas, 1^8b). The technique of 

accurately smasoring tiie postural stray by planimetry has been discussed 

in a previous paper (Thonas, 1<?£&b) f and it is believed to give an 

accurate and laeaningful figure for the degree of swaying that is 

occurring. While it has been found, under the conditions of this 

experiment, that the effect of load carriage on the sway pattern is 

auoh as to produce comparable results whether the stray is e^re-oed 

as a total range of movement § or as a mean deviation* it is considered 

that results expressed as a mean deviation ftoom a baseline are, on the 

whole, oore representative and less liable to error*

The data obtained show that the average results for the
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laDJie «t* ^apoj
45 *W 
invei

Subject

«*
J*M.S«W.

S.M,

D.N.J.

P.D.H.

J.G-.R*

C.P.B.

JT.S.E*

V/*f«M*

W.O.B.

»«.

deviation 
(a*an» for 
each subject)
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Carrier (empty)

PLATE 1

Effect of load carriage on sway and accelerometer patterns

Accelerometer (upper) and centre of gravity (lower) tracings 
of subject carrying an empty carrier pack (weight V.25 kg.). 
Recording at two paper speeds, the vertical lines representing 
1 sec. intervals. Note envelope drawn in over accelerometer 
tracing and baseline fitted to centre of gravity tracing. 
Left half of tracings were portions analysed. 

Calibration (upper) = 1 cm./sec.
(lower) - 1 cm. movement of G.of G-.
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movement of the oentre of gravity during normal standing was 2*33 eras. 

(S*E» 0*06? oau) for the total range of aeveaent, and 1*87 sas* 

(S*S# 0*074 ma*) for the mean deviation from a fitted baseline* 

However t isnen 2k kg, is oarried the amount of straying is more than 

doubled, with an average of 6*00 oms* (S.S. 0*434 on*), and an average 

raean deviation of 4*22 mas* ($*B. 0*133 ran*} Hellebrandt et al* (1%4) 

claimed that the addition of an Ar»ay pack suppressed the level of 

normal body sway* The findings of the present experiments are at 

variance with their results, and it has been shown that there is a 

significant increase in the amount of swaying between carrying 12 Jsg* 

and 24 kg* (P<0*0*?)* It is difficult to believe that these divergent 

results can be wholly attributed to variations in the types of pack 

used in the two studies, and the only reasonable interpretation of the 

present findings would sees* to be that postural sway* far from being 

suppressed by load carriage, is in faot significantly increased* 

There is a high level of correlation between the sway 

results and the aocelerometer results* Increasing the load carried 

causes the body to sway more, and this la associated with increased 

acceleration recorded at the feet* A linear relationship can be 

demonstrated between the degree of swaying (aeon deviation from a 

baseline) and the  *  * acceleration recorded (He* 1)» and if the 

0HMMMI acceleration is proportional to the rate of working of muscles 

controlling the bddy 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 sways, the nore must the rate of working of 

the controlling muscles increase* The foot that neither svioy nor
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Carrier-^24Kg.(high)

PLATE 2

Effect of load carriage on sway and accelerometer patterns

Same subject as in Fig. 1 , but now carrying 24 kg. added 
to the carrier, in a position high on the back. Note the 
increase in the amplitude of the accelerometer output 
(upper) and also in the amount of movement of the centre 
of gravity tracing (lower).
Recording at two paper speeds, the vertical lines 
representing 1 sec, intervals. Envelope drawn in over 
accelerometer tracing and baseline fitted to centre of 
gravity tracing. Left halves of tracings were analysed 
by planimetry. 2

Calibration = 1 cm./sec. (upper)
= 1 cm. movement of the

centre of gravity.(lower)
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acceleration ia significantly altered by moving a 24 kg* load over 

a distance of thirty centimetres on the back suggests that the general 

position of a load on the back does not affect the rate of working of 

those muaeles counter-acting the effects of gravity, at least in so 

far as their activity is reflected in the aoceleroneter output* This 

suggestion fits in with the findings of Daniels et al* (l?52) t oho 

found no significant difference in the energy cost between carrying 

the same lead in a high or low position on the back*

The acoelerometer results demonstrate very Olear3y an 

oscillatory activity at a frequency of around ten cycles per second 

(Plates 1-4)* An oscillatory activity of> this frequency has been 

recognised for many years to be an accompaniment of skeletal muscular 

activity* since Sohafer first described the phenomenon in 1686* This 

so-called muscular tremor has been much studied recently (KaHiday & 

Redfearn, 1956j Marshall & Walsh, 19S&J B. I*J., 1257« ^jitney, 19S8b), 

and a more detailed consideration of this ten cycle per second tremor 

in relation to muscular activity has been given in a previous paper 

(Thomas, 1958*)* In the present context, the 10 o*p*a* nature of the 

ocoeleronjeter output, so oleorly evident in the present experiments, 

can be regarded as further evidence of the muscular origin of the 

forces producing the acceleration that is being recorded* The general 

level of the aoceleroneter output has been shown to be directly related 

to the work done by those muscles supporting the load (output 

increasing with load), and it aeezas reasonable to conclude the level 

cf the Gfioelerotaeter tremor recorded represents the mechanical end- 

results of happenings in the postural muscles*
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PLATS 3

Effect of carrying 12 kg. on sway and accelerometer patterns

1 cm./sec.'

1 cm. 
movement 
0. of G.

Carrier
Fig. 1. Accelerometer (upper)'and centre of gravity (lower) tracings of subject carrying an empty carrier pack (Wt.- 4-25 kg.)
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Fie-. 2. Same subject now carrying 12 kg. added to pack in a position high on the back. Note increase in amplitude of accl, tracing, and increased movement of centre of gravity tracing.
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The exact site of the muscles that control postural away, 

and who»e activity is being recorded on the aeeclerometer * cannot be 

determined by the present technique. It may be inferred ha~;evar, that 

the erector apime muscles » and the lower liab muscles generany (but 

gastroonandus and ©oleue), siu»t be

involved, There is good e3.ectra;^osraphic evidence that the soleus 

nuscles are continuoualy active during standing (Joaoph & tH£lttinsale, 

1952f Joseph, nightingale & "illiaas, 195$), and it appear likely that 

these siu»el©s (among others) plsy a larg© part in oontrolling the 

staying of the body*

The present data sug-jests that the position of a load on 

the book is ujsiiSportant in comparison ndth the weight of the load* 

?3o evidence me found that, for a load of the arxie weight, the position 

of the load on the back affected either the amount of postural sway, 

or the level of aotlvit^ of the emsolea supporting the load* At least 

in so far as static conditions are concerned, the important factor 

would seem to be tt* waight of the lo^d, and the heavier the load* 

the store the body sways 3 the more the body stzays, the nore the nuselea 

supporting the weight of the bogy plus the load have to work to 

maintain the bo^y «quillbrittm»

These findings are of interest in view of the s\s£&estlon 

put forward (ThonfiB, 1$58o) that the bo<3y reacts to load carriage by 

altering the normal aligment of the body so th&t the vertioal 

projection of the centre of gravity to the feet remains undlst-arbed. 

As a result of this realisntaent, it was suggested, the anti-gravity 

muscles work at smoh the same rate for differing positions of a load
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PLATE 4

Effect of carrying 24 kg. on sway and accelerometer patterns

7

cm,/sec.

Carrier* 21*. Kg.(high)^-~^

1 cm. 
movement 
C. of G.

Pier. 1. Same subject as in PI. 3, now carrying 24 kg. added to 
pack. Note further increase in both amplitude of accelerometer 

tracing and movement of centre of gravity tracing.

Carrier+ 24- Kg.(low)

Fi-~ 2 As in Pig. 1 , but with pack now moved to a position 
low*on"the back. Note there is no marked change from Pig. 1



of the a&tae weight* Tha general view say bo put forward, therefore, 

that the same load on the back will not alter the level of the postural 

swv» <n* the rate of working of the postural rauaclos, ^erever tho 

load is situated on the back. The body simply adopts itself» by 

altering the inolination of the trunk> su that the projection of the 

combined centre of ^avity remains constant* If the r/eight of the 

load id increased, however, the body sways laore, and oore woric has to 

be done by the postural miisolea to maintain the erect posture*
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1» The antero-^>osterior displacements of the centre of gravity of 

the bo<3y (postural sway) of ten subjects has been studied under 

varying load conditions*

2« The rat© of working of the smsoles controlling postural 07:3,7 has 

been arbitarily assessed on a mechanical basis, using an aooeleroffieter* 

3* It was found that carrying a load of 12 kg* in a position hl^h on 

the back caused a significant Increase in the amount of postural away 

(P< 0*001 )* The addition of a further 12 kg* caused a further 

significant Increase in the amount of postural away and in the rate 

Of working of the muscles (P<0.03).

4* The movement of a 24 kg« load ftrom a position high on the back to 

a position low on the back (distance J50 cms*) did not significantly 

affect either the amount of postural sway or the rate of working of 

the mincles.

5, It is concluded that the site of a load on the back does not affect 

the amount of work that Is done by the muscles maintaining the upright 

posture. The body ei&ply alters its normal aligiEuaat according to the 

position of the load, so as to keep the vertical projection of the 

centre of gravity at the feet in a relatively oonstant position*
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1

A Descrption cf tho Force .\iiajLy3is Platform

The apparatus described in this appendix was used far moat 

of the work on which this thesis ts based* The apparatus was designed 

and constructed solely by Br* R»J* V,hitnoy, of the Medical Research 

Council Unit for Besesroh on Climate and working Efficiency* A 

description of the platform has already been published (ttMtnsy, 1958) » 

but it was thought advisable to include a brief account of the platform 

in this thesis* The description of the platform given here relates to 

its basic construction, and to those parts of it which have been used 

in the experiments described*

The platform consists essential^ of a rigid steel platform, 

120 cms* square* which is suspended at each of its four corners by 

vertical lengths of piano wire. The other ends of the wires were 

attached to horizontally disposed spring steel bars* which were firmly 

clamped by their roots to a heavy steel chassis attached to the floor* 

Movement of the platform in the horlaontal axes (slde*»to~slde and front 

«to-back) was limited by horizontal piano wires naming along the sides 

of the platfom, and attached at each corner to two vertically disposed 

steel bars* The steel bars were carefully chosen to have identical 

deflection rates* Deflections of the bars at the corners of the 

platform were transduced to electrical changes by electrical resistance 

strain gauges counted on the bars* The strain gauges constituted the
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anas of Y/beat stone bridge circuits, and the eleotrioal outputs of the 

bridge circuits, when energised, were continuous^ recorded on a 

multichannel galvanometer* The weight of the subject causes a 

downward deflection of the four horiaontal bars, the sunned deflection 

of the bar* being proportional to the weight of the subjects. As the 

subject sways forwards, the centre «f pressure of the subject's weight 

also lucres forwards f and therefore the forces acting on the front two 

horiaontal bars increases relative to the roar bars* This increase is 

transduced electrical 7̂ and mmed in a separate bridge circuit] from 

this result is subtracted electronically the sum of the deflection of 

the rear two horizontal bars. 2nitlal3y* the platform is electrically 

balanoedi as the subject sways, the balance is upset, and this 

electrical resistance imbalance is proportional to the amount of 

movement of the centre of pressure of the subject's feet* The result 

is recorded photographically on & aultl-channel galvanometer, and gives 

a reoord of the antoro-posterior movement of the centre of pressure* 

j\n essentially similar arrangement Is used for recording the side-to- 

side movement of the subject's centre of pressure* The whole platform 

is hydraulioally damped, using oll-flllod bellows* and the daqplng Is 

optimal (about 60,". critical)* The platform is sufficiently rigid for 

a subject to feel completely stable when standing on it*

The horisontfcl displacement of the platform (antero-posterior 

in relation to the subject) was also recorded by an accelerometer, 

which was attached to one end of the platform. The accelerometer that 

was used employed a strain gauge transducer, and was sensitive to 

acceleration over a range of pius or minus one &» (liodel (M-35Q,



Figure 1. The Force Analysis Platform

In the foreground of the picture can be seen the platform (A), 
with its wooden surround. The white backcloth (Bj behind the 
platform, and the vertical plumbline can also be seen. The 
recording apparatus can be seen on the left of the picture (c) 
Subjects faced to the right of the picture, when standing on 
the platform.
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Stathan Laboratories f Los Angeles, California)* It was connected 

to a multichannel galvanometer, where a continuous record could be 

made of its output. As the subject sways to and fro, continuous forces 

are being exerted at his feet, and the acoelerometer is recording the 

acceleration of the platform caused by the forces acting antero- 

poaterior3y at the feet of the subject. The aooelerometer can be 

considered as doubly differentiating the displacement of the platform.

techonioal details of the

The deflection rates of the platform, directly determined by 
dial gauges, are 0*0012 cm* per kg. for deflections in the vertical 

axis, and 0*001 8 on, per kg. for deflections in either of the two 

horizontal axes (side-to-slde and front-to-fcaok), Departure from 

linearity in the deflection rate is less than one per cent total 

discrepancy at a loading of 100 kg. It will be appreciated from these 

figures that a subject standing normally on the platform, even with a 

heavy load on his back, idJLl not be aware of any raoveaent at his feet. 

The inherent stiffness of the platform confers a moderately high 

natural frequency and a low response time on the platform. Vith a 

subject of normal weight on the platform, the response tine is of the 

order of 0*02 sec*

The mechanical arrangements of the platform are such that a 

force, exerted in any part of the suspended platform and in any 

downwards direction in relation to the surface of the platform, is 

resolved along three knoTin rectilinear axes and produces deflections
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of some or all of the suspension bars,   * the deflection of eaoh 

individual bar depending on the magnitude and direction of the force* 

and on the position of the centre of the force within the surface of 

the pl&tfora* the strain gauges, which are mounted on the suspension 

bcxa, are connected eleotrioalOy in sets, eaoh set constituting the 

strain sensitive elements of an independent Wheatatone bridge* The 

electrical output of the bridge will be proportional to the co-ordinate 

or f 000* required*

One bridge network (W-bridge) has an output which is 

proportional to the total force exerted normal to the platform surface, 

at any point within the surface, and this bridge is used for weighing 

the subjects* This bridge network sums the resistance changes at eaoh 

corner of the platform due to the force resolved at each corner in the 

vertical axis* and therefore the output of the bridge will be 

proportional to the total vertical force exerted on the platform 

surfacei irrespective of where the force due to the subject's weight 

is exerted within the surface of the platform* it was possible to 

weigh the subjects to the nearest 100 graas using this network,

Two separate bridge networks ware used to determine the 

difference between the vortical forces exerted at the sides of the 

platform, in the horizontal axes* The output of these bridges, with 

a constant energising voltage, is proportional to the difference 

between forces acting 100 cms* apart, due to a single force exerted 

at some point between the sides (either side»to-side or front-to-back), 

If the difference of the forces is divided by the sua< of the forces 

(i,e* the single force), the divident will be proportional to the
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co-ordinate of the single force. Till;, division is carried out 

electronically by deriving a voltage from the output of the . /eiyht 

bridge network (v,wbri»%«) ifliich is inverael^- proportional to the Abridge 

output» and then using this derived voltage as the energising voltage 

for the horizontal force bridge*. As the subject aways, the differences 

between the vertical forces acting at the front and back of the platform 

will change with the assaying » as the centre of pressure of the feet 

moves backwards and forwards. A continuous record of this change 

therefore gives a picture of the antero-posterior novement of the 

subject's centre of pires&ure of the feet. By a similar process, a 

record can be obtained of the side~to-sici0 movement of the centre of 

pressure of the feet* By equating moments» the increment of the centre 

«f pressure can be coarerted into ntovaaeat of the centre of gravity 

of the subject*
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use of an aooeleroei as an inclinometer

In the experiments deaoribed in Paper 2, a strain gauge 
aocoleroiaeter, (Stathaa Laboratories, Model C-1~3$Q), was counted on

U) <*>

a belt at waist level and used as an inolinoiMster (Hg* 1). ?»hen the 

sensitive axis of the aeoeleroaeter (aa) is horizontal, as in Fig, la, 

the effect of gpavil^r ic such as to eaiert no Mas on the output of the 

aooeleroraeter, and the aocelerometer reprodiices solely aooeleration 

ooourring along its sensitive axis* lhenf however, the aocelerometer 

is tilted, as in Jlgt 1b, the effect of gravity is such as to cause a 

bias on the output, depending in its extent to the degree of tilting 

that is occurring, £he effect of the bias is such as to cause the 

output to hare an undulating form, as the aocelercaeter is tilted back
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and forth by the awaking of the body* % iaeasurin£ this output, the 

mean angular deviation of the aooelerometer can he determined (niean 

deviation of the gross movement of the record from a fitted baseline 

see Fig* 2a, p*S3)*

Thus, in Fig* 1b» the acceleration recorded « g sin 9, 

and therefore* sin $ » ,
o

*$hen the angle fc is small (as it is in this case), it 

follows that:

/ 2 If the acceleration recorded is equal to 1 enu/seo* * then*  * w

& * ~
g

» 0*00102 radians*

( 1 radian is the equivalent of 57*3 degrees)

2 Therefore* 1 om*/seo« is the equivalent of 0*00102 rad*

The aooelerojieter has a built-in calibration of 1*2^/ g., 

and at the sensitivity it was used in the present experiments, 1 rsra*
i?

daflflotion on the record ?ms equal to 1*1 on./sec.

Therefore, 0*01 radian * 1 x —

s 9*8 om*/seo«
p Thus, If laisa* deflection on the record equals 1,1 on*/aeo* »

2 
them 9*8 om«/*ec. = j «am» »
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ABSTRACT

A study has been toade of the skeletal muscular activity 

associated with oaintalnixig the erect posture in Man* .usin& twenty 

medical students as csqperimental subjects* The extent and nature of 

this muscular activity was assessed by the mechanical end-result it 

produced, using for this purpose a strain gauge aecelerometer aounted 

on a freely~suspended and optlmal2y~aaGiped platform* Evidence was 

found for the existence of continuous 10 o*p«s. oscillatory forces 

exerted at the feet during normal standing* The extent of these 

oscillatory forces showed considerable subject~to~subj0ot, and day-to­ 

day variation, but they were nevertheless always present* It is 

considered that these forces result from skeletal muscular activity* 

It was also found that ischaeaio pain was readily produced in the 

leg muscles of subjects standing normal3y, whereas over a similar 

period of time* isehaesda produced virtually no painful sensations if 

the subject was lying down* This finding was regarded as evidence 

that the erect posture is associated with active muscular contractions 

in the legs* It '-;as concluded from this study that the erect posture 

in l.!an is a tfynaiaio state, associated with continuous lausoular activity » 

especially in the lower liabs* JrciviV is a constant force, and 

continuous activity by tho postural auscles is required to counteract 

its effects* It is denied that normal standing in I&r. is dependent 

primarily on the mechanical arrangements of the skeleton, or the

passive elastic tension in the postural muscles, as has been claimed, *^

is believed that -some workers/have tended to place too auch
^
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emphasis on the findings of electrooyography of the postural "iuscles, 

and have been led Into the false position of delving tho existence of 

active muscle tone. The findings of the present ©aporinents would 

suggest that there is good evidence that the upright posture in :ian 

i» maintained fesy low~grode and continuous auacular activity in the 

anti-gravity szuscles ("postural tonus").

A study was made of the postural &my occurring during 

noraal standing in tea subjects. The procedure adopted involved 

aoosurlag the continuous oscillations of the centre of gravity of the 

body. It is considered that measuring the aoveaent of the centre of 

gravity is the most logical way to measure the postural sway that 

occurs during standing in the erect posture. It was found that ty 

f    the greatest amount of swpy occurred in an antoro-poatcrior 

direction; vdth the foot position adopted in these experiments (heels 

set 20 ens* apart), very little lateral swsy was observed. To obtain 

an estimate of the aagute* displaceaent of the boo^r occurring at the 

waist during postural &mw9 an inclinometer was mounted on a 

waistbelt* It was faond that the angular displacement measured v/as 

considerably in eiioass of the angular displaoeacnt estiimted on the 

acsuaption that the bO($y c'.'/eyed rigidly between the ankle joint axis 

and the centre of gravity* It was concluded from this observation 

that* contrary to what has been coixaonty assumed* the body must sway 

in a pliant manner over the ankle joint axis, and not ac a rigid 

ooluan. If the postural s^ay is measured by detailed planimetry of 

the records, and the results expressed as a nean deviation of the 

movement of the centre of gravity from a fitted baseline* the
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relative constancy of the degree of body sway is noteworthy. In the 

subjects examined, the difference between the miniauia and maxima 

^ter0-potteri0r s^,vay recorded (expressed as a mean deviation of the 

movement of the centra of gravity) ma lass than J.5 nns. It Is 

concluded that the body Is remarkably successful in resisting the 

effects of gravity, and in oaintaining the normal static equilibrium 
associated with the erect posture.

The effect of load carriage on the normal standing posture 

was studied using a minature camera, photographic technique. The 

displacement fron the vertical of four Liorlced anatomical landmarks 

(right shoulder* hip, knee and ankle) was measured on enlarged 

negative im$t*» during normal standing and when loads of 12 kg* and 

24 kg. were carried. It ms found that there was a highly significant 

forward displacement of the shoulder with load carriage, while there 

was no significant change in the position of the hip* There was a 

highly significant backwards displacement of the knee, while the 

position of the ankle was not eignif icantty affected. A wei^at of 

24 kg. was found to cause further forward displacement of the 

shoulder when it was carried lew on the back than ^hen it was carried 

high en the bock. It was concluded that a highly significant 

realignment of the bock/ position takes place during load carriage 

above a certain minimum weight, thus contradicting the findings of 

previous workers who had claimed that the body adapted itself to 

load carriage without significant realignment of the body segments. 

The suggestion ims made that the trunk acts as a kind of counter­ 

balance, altering its inclination according to the position 01' the



load on the baok, so that the vertical projection of the combined 

centre of gravity to the foot remains relatively undisturbed.

The Qntero~posterior displacements of the centre of (;ruvity 

of the body (postural m®y) of ten subjects V*~G ctuJied * jridor varying 

load conditions, ^he rate of working of the -made;; control Ting 

postun 1 sway v/ is srbifuari^ O..R sensed on a iiecbimical basis, using a 

strain (^auge acou-lcTcric'tor mounted on a

It was found tfa&t carrying a 3-oad of 12 kg. in a position Iii-Ji on tlio 

book caused a significant increase in the fiiount of post nval ov^r of 

the boc^r, nnc. ftlao in the rate of working of the nmsoles controlling 

the sm&* She addition of another 12 kf> caused furthor si^aifioant 

increases in both the svis^r an* the rate of working of the arascios. 

The movement of a 2k- kg* load frai & position hi|gh on the back to a

position lov; on the back, over a distanco of 30 cm.* did not
sway 

significantly affect cither the cno-.jri of postyraV^^corded, or the

rate of working of the postural i:iiaoloo. It HKID concluded that tho 

site of a load on th© back did not afTect tJie aaount of r/orl ; that V 

perfornied by tho muscles i:aaizrbainint; tho erect posture, 'lie bo<3y 

ffjL^ly filtfsr; ?-'i its nonaal r^JLgnfnont aooasvi2\; to th© position of tho 

load, 30 as to keep tho vertical projection of the centre of gravlty 

at th© foot in a relative^ constant position.

It is concluded that the maintenance of the upri^it posturt} 

in Itan is a dvTi';i !lc process 9 end should not be re^-rlod tio primarily 

c. p'vssive pto«noacna:i* Gravity is alw£^» threatenij^ to upset Kan*8 

pootur. J- eTjuilibriisa, and this oroilibrivj!i dopencio upon, and is lurgely 

ooiitroUod by, tlie continuous contractions of the poctural r.iGo



'he interplay bettmen gravity and the restraining 
contractions produoes th© normal postural stray, r/hioh is usually 
remarkably snail in aaount* During load oorrlage, wherever a load 
riay be portioned on the baofc, the "body adapts itoelf to one position 
of the load c.s rail as to another, and succeeds in keeping the 
vertical ppojootion of the centre of gravitjy relatively oonatant* 
It is suggested that this sucoessf-al adaptation is cchieved by the 
pliant manner in Tihloh the bo<3y reacts to the atresses of gravity 
anct load


