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Analysis of the mechanisms of main tenance  of the erect  position of the human body has revealed one dis t inc-  
t ive  phenomenon to which attention was drawn by V. S. Farfel ' ,  Whereas in equi tonometr ic  conditions of  rest [5], 

the muscles acquire the power of determining the mutual  position of the links of the body, in the knee and hip joints 
a flexor position develops [7]. 

In Lehmann's investigations [16] the position of rest was determined during a reduction in the weight of the 
links of the body by immersing i t  under water. In this case, a flexor position was also discovered in the knee and 

hip joints. This means that in the erect  position stretching of the flexor muscles of the lower limbs takes place and 
the postural extensor muscles must not only perform their  antigravitat ion function, but must also counteract  the pall  
of the stretched flexor muscles, a t tempt ing to shorten. These observations have been extended by the author to the 
antagonist muscles of the trunk. These investigations are described in the present paper. 

If the distal  l ink of a human joint  is p laced on a readi ly  moveable  horizontal  area, rotat ing around a ver t ica l  
axis, the difference in the tension of the muscle antagonists determines the position of the distal  l ink re la t ive  to the 
stat ionary proximal  link, i .e . ,  the joint  angle. At this joint angle the opposite pulis of the antagonist muscles are 
balanced (equali ty of the moments of the antagonist muscles) and an equitonometric  position arises, Consequently, 
in equitonometry,  the joint  angle can be used as an indicat ion of ba lance  of the resting tone of the antagonist mus- 
cles of the part icular  joints. 

In the present invest igat ion the equi tonometr ic  position of rest was determined for the angle of the trunk. 

E X P E R I M E N T A L  M E T H O D  

The trunk equi tonometer  [6] consists of two parts: a stationary table  on which the pelvis and the lower limbs 

rest, and a horizontal  turntable,  easi ly rotat ing around a ver t ica l  axis, a t tached to the table,  on which the upper part 
of the body is placed.  The subject  is p laced on the apparatus in the la tera l  position so that the general  axis of ro ta-  

t ion of  the vertebral  column (convent ional ly  taken as the joint between the moveable  L 5 and the stationary $1) co in-  
cides with the axis of rotat ion of the moving turntable. In the ini t ia l  position the trunk angle (the angle between 

the longi tudinal  axes of the trunk and pelvis)was 180 ~ while the angles of the hip and knee joints varied. The p la t -  
form was then stopped, and the musctes themselves allowed to determine  the position of the trunk relat ive to the 
pelvis. The e l ec t r i ca l  ac t iv i ty  of the muscles was recorded by means of a Disa electromyograph,  using surface e l e c -  
trodes. Altogether  18 adults aged 18-50 years and 20 children aged 8-9 years were investigated. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The resuks of many repeated measurements showed that in resting conditions with the subject in the la teral  
position, the tone of the flexor muscles of the trunk was greater  than that of the extensors. This predominance was 
expressed by the slight angle of forward flexion of  the trunk with an in i t i a l  rec t i l inear  position of the lower limbs 
(the angle of the hip mid knee joints (180~ Experiments with a change in the in i t i a l  angle of the hip from 180 to 
60 ~ showed that this predominance of the muscle tone of the flexors was due mainly to the pull  of the ilipsoas mus- 

cles. The relat ionship between the trunk angle and the in i t i a l  angle of the hip is shown in Fig. 1, from which i t  
is c lear  that the greatest  angle of forward flexion of the trunk was recorded when the in i t ia l  angle in the hip was 

180 ~ When the angle of the hip was about 120 ~ the angle of the trunk was 180 ~ so that with this in i t ia l  angIe in 
the hip, after removing the stopping device  no movement  of the platform took place  (0 on the axis of abscissas in 
Fig, 1). With this length of the iliopsoas muscles, the tone of the resting flexor and extensor muscles of the trunk 
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Fig. 1. Relationship between trunk angle and in i -  
t i a l  angle of the hip. Along the axis of o rd ina t e s -  
angle of the hip; along the axis of abscissas-  
changes in the trunk angle; +) formed flexion of 
the trunk; - )  extension of the trunk. 

was balanced.  The angle of 120 ~ may be taken as the resting 

position for the iliopsoas muscles with the trunk in the erect  po-  

sition (trunk angle 180"). 

With a further decrease in the angle of the hip, the tone 
of the iliopsoas muscles was reduced and was replaced by the 
stronger pull of the extensors of the spine. This caused exten-  

sion of the trunk. Consequently, in resting conditions the ex-  
tensors of the trunk also have a measurable longitudinal  tone, 
although less than the tone of the flexors. 

Hence, data  obtained by several  workers showing that in 

resting conditions in man the tone in the flexor muscles of the 
upper and lower limbs is predominant,  we must add s imilar  
results of observations on the flexor muscles of the trunk. The 
flexor posture is the normal  resting posture in man. We have 
no grounds for ascribing the predominance of the muscle tone 
of the flexors over the extensors in the resting position to the 

"higher degree of tonic exci ta t ion of the centers for the f lex-  
ors over the centers for the extensors" [4], which is the usual 
explanat ion of the flexor posture of newborn infants [1, 4]. In 
the adult person, in resting conditions no e lec t r i ca l  ac t iv i ty  
can be detected in the flexors of the lumbar region of the 
vertebral  column - the abdominal  muscles and the iliopsoas 
muscles [2, 10-12, 17-19]. This applies also to the muscles 

of the joints of the lower limbs, for which a flexor position of rest has been discovered. Even those investigators 
who, in some cases, have detected weak e lec t r i ca l  ac t iv i ty  in the resting muscles have pointed out that the reflex 

ac t iv i ty  is higher in the extensors [3, 8]. Consequently, at rest, the difference in tone of the antagonist muscles in 
favor of the flexors must be expla ined by their  different elast ic  pull as "passive" bodies. 
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Fig. 2. Electrical activity of the s acrospinalis muscle recorded in the lumbar portion in 
different positions of the body. A) Standing: I) angle of hip 180 ~ (initialstanding); 2) 150 ~ 
(trunk inclined forward); 3) 120~ B) standing with hips and knees semi flexed; i) angle of 
hip 150~ 2) 120~ C) sitting; I) angle of hip 90~ 2) 120". The upper curves for the mus- 
cles of the right side of the trunk, the lower for the muscles of the left side. Against 

the background of the "silent" muscles the peak, s of the ECG can be seen. 
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The results of b iomechan ica l  and direct  e lec t romyographic  investigations [2, 9, 18] show that maintenance  of 

the trunk in man is due mainly to the ac t iv i ty  of the extensor group of muscles. At the same t ime,  as equi tonomet-  

ric investigations have shown, in orthostatic conditions stretchning of the flexor muscles and, in part icular,  of the 

iliopsoas muscles takes place.  If a stretch reflex arises in the stretched flexors, an addit ional  load must be thrown 

on the extensor muscles. In fact, when standing at ease, weak e lec t r i ca l  ac t iv i ty  is recorded in the iliopsoas mus- 
cles [10, 18]. 

Stretching of the flexors and, in part icular,  of the iliopsoas muscles, arising during the change from a resting 
to an act ive posture, evident ly  causes a weak stretch reflex in these muscles, but the act ivi ty  of the stretch reflex 
system of the extensors of the spine is increased through the system of intraspinal  interact ion.  This scheme of asym- 
metr ic  reflex interact ion may be postulated on the basis of the results of experiments on spinal cats [18]. 

The hypothesis expressed above explains the mechanism of the phenomenon of "flexor re laxat ion"  described 

by Floyd and Silver [18] and repea ted ly  invest igated by Furuno [14]. During considerable forward flexion of the erect  

trunk, purely as a result of a change in the angle of the hip (Fig. 2A) the e lec t r ica l  ac t iv i ty  in the extensors of the 
spine disappears. The mechanism of this "si lence" cannot be explained by a "react ion to lengthening" in response 
to stretching of the extensors of the spine, for in these circumstances the length of these muscles is bound to change 
(the erect  position of the ver tebral  column). The inhibit ion cannot be explained by a reflex influence from the re-  
ceptors of the stretched l igaments,  because this was disproved as a result of experiments on monkeys [17]. 

The author suggests the following explanation.  In the erect position of the trunk stretching of the iliopsoas 
muscles takes place.  This stretching is an essential mechanism of the reflex act ivat ion of the extensors of the spine. 
When the angle of the hip is reduced the iliopsoas muscles shorten. For this reason we can expect  that when the 

resting length for the iliopsoas muscles is reached (when the angle at the hip is about 120~ the act ivat ing influence 
through their  receptors on the motor neurons of the extensors of the spine will  fal l  sharply (or cease altogether),  
leading to "si lence" in these muscles. In fact,  as Floyd and Silver [12] found, the e lec t r ica l  ac t iv i ty  in the il iopsoas 
muscles disappears when the angle at the hip is that  at which "s i lence" develops in the extensors of the spine. Floyd 

and Sliver do not state the angle at the hip at which this "flexor re laxat ion" is reached in the muscles of the spine. 
However, judging by the diagrams in their  paper, this angle is close to 120 ~ 

The author suggests that the "si lence" in the extensors of the spine may arise in any position when the "resting" 
length of the iliopsoas muscles is reached. To test this hypothesis two series of investigations were carried out (Fig. 
2) in which the e l ec t r i ca l  ac t iv i ty  of the spinal muscles was recorded in different positions of the body. In the in-  
vestigations of series I (Fig. 2A) a change in the angle at the hip was achieved either in a standing subject during 
forward f lexion of the erect  trunk (variant of Floyd and Silver) or as a result of standing with the hip and knee semi-  
f lexed (Fig. 2B). In the investigations of series II, the angle at the hip was changed in the sitting position by chang- 
ing the angle of incl inat ion of the object  on which the subject  sat (Fig. 2C). In this case the subject also ac t ively  
mainta ined the erect  position of the trunk (without support from the chair  back). In al l  positions the trunk angle 
was 180 ~ i .e . ,  there was no change in the length of the spinal muscles (except  in the variant  of Floyd and Silver). 

However, as the e lec t romyograms show, in a l l  variants of the investigations e lec t r i ca l  "si lence" developed in the 
spinal muscles when the angle at the hip reached about 120 ~ . 

Evidently this hypothet ica l  method of interact ion between the flexors and extensors is not confined to the 
joint  of the trunk. In the antagonist muscles of the joints of the human lower limbs (the hip and knee), in which 
stretching of the flexors also arises in the erect  position of the trunk, this asymmetr ica l  reflex interact ion is very 
probable.  It is natural  to suppose that in every position there are certain parameters for the interact ion of the an-  
tagonist muscles determined by the position of this and upper joints and by the supraspinal "tuning." The de te rmi-  
nation of the character  of this reflex interact ion between the muscles at a joint  and between different joints may 
constitute an essential  link in the supraspinal control of postural act ivi ty.  

S U M M A R Y  

Under the equi tonometr ic  conditions of rest, man is found to have a predominance of the muscular tone of the 
trunk flexors, which is manifested by the anterior bending of the trunk (bending "posture" of rest). This predomi-  
nance is connected in the main with the resi l ient  traction of the l i l a c - l u m b a r  muscles. The length of :'rest" for the 
i l i a c - h i m b a r  muscles is at tained at a coax ia l  angle of about 120 ~ It is presumed that in postural act ivi ty  the system 
of reflex to extension of the spine extensors is ac t iva ted  through the receptors of the extended i l i a c -h imba r  muscles. 
This act ivat ing inf luence is ended upon a t ta inment  of the length of "rest" for the i l i a c - l u m b a r  muscles, i .e . ,  at a 
coax ia l  angle of about 120 ~ This mechanism is used for explaining the e lec t r ica l  s i lence in the spine extensors oc-  
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curring in the standing and sitting posture a t acoax i a l  angle of about 120 ~ A special case is the "flexor re- 
laxation" of the spine muscles described by Floyd and Silver. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter translitera- 

tions of the abbreviations as given in the original Russian journal. Some or all of this peri- 

odical l i t e ra ture  m a y  w e l l  be a v a i l a b l e  in E n g l i s h  t rans la t ion .  A complete list of the cover-to- 
cover English translations appears at the back of the first issue of this year. 
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