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In this paper we present some remarks, of a methodolgoical nature, on the interpretation of plethysmogra- 
phic data, recorded on the simplest and most widely used model, the Mosso-Novitsky plethysmograph. A nmB- 
bet of the remarks may also be applicable to other types of the instrument. 
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Fig. 1. Schematic representation of a plethysmograph (a), and the amplitude of 
oscillation at different heights of the column of fluid in the manometric tube of 
the plethysmograph (b). The ordinates and abscissae are in 1 cm divisions. 

Many authors, using the plethysmograph with a constant level of fluid inTube 1 (Figure 1), find different 
values for the amplitude of the pulse oscillations in different subjects. Some authors consider the amplitude of 
the oscillations to be one of the quantitative ,ndlcatots of vascular tonus. AIi other factors being equal, the 
magnitude of these oscillations is a function of the ratio between the external pressure exerted by the column 
of water in the tube an~t the internal pressure of the blood in the vessels of the extremity. It will be greatest 
when the external pressure approaches the average arterial pressure, as is shown by the tracings of Fibure 1, b, 
in which (from below up) P~ ,: P2 < average p > P3. Following from this, it iqould seem to us to be more rational 
to use the instrument at a constant physiological, rather than physical, level, choosing the pressure at which the 
pulse oscillations are maximum for a given individual, using any other type of plethysmograph. The instrument 
is under such conditions more sensitive to variations in the volume of the extremity, if the vertical Tube 1 is re- 
placed by Tube 2, inclined at an angle of 20-40" (see Figure 1). Apart from this, with correspondingly equal 
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changes in the volume of an ext remi ty ,  the la t ter  is le~s subject to the effect of the external  pressure exerted 

by the column of water. 
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Fig. 2. Movements of the stylus 
during deve lopment  of a direct  

and a return react ion,  

 itfi' 

Fig. 3. Example of spurious asymmetry ,  in tire react ion to counting 
from 20 to 1. Explanation of curves (from above dowl}: plethysmo- 

gram,from the left hand, from the right hand, pneumogram, signal 
showing t ime  and duration of act ion of the condit ioned and uncondi- 
t ional  s t imuli  ( the  former act over the whole duration of the la t ter) ,  

t ime  signal (5 second intervals).  Upward deviat ions from the in i t ia l  
l eve l  indica te ,  respect ively �9 on the p le tbysmogram,  d iminut ion in 

volume of  the extremity;  on the pneumogram, expirat ion : down- 

ward deviat ions s imi lar ly  indicate  : on the pletlryslnogram, increase 

in volume of the extremity;  on the pneumogram,  inspiration. The  
graduations of the ordinate axis are each 1 cm, and of the  abscissa, 

5 second intervals.  

In examining a ple thysmogram,  we pay par t icular  at tent ion to the height  of the waves, to their  ve loc i ty  of  
development ,  and to the symmetry  or !ack of  symmetry of the  reactions.  However, plethysmograms do not al-  
ways give a correct  picture of the changes in volume of the ext remity  concerned.  Comparisons of  the  magni-  
tudes of different reactions are usuatly based on the anaplitude of  the  fluctuations in voIume, without taking 

into account that  the  relat ion between the d isp lacement  of the stylus and that  of the water in the plethysmo- 
g r aph tube  is not a l inear  one. It is for this reason necessary to ca l ibra te  the instrument so as to de te rmine  the 

dependence  (expressed graphical ly)  between the d isplacement  of the water !evel  in the plethysmograph tube 
and the d isp lacement  of the stylus. The compara t ive  evaluat ion of  the magni tude  of  a react ion should be based 
not on the ampl i tude  of the osci l la t ions seen in the tracings,  but on the corresponding changes in the level  of 

the water column in die  plethysmograph Tube 2, as derived from the ca l ibra t ion  curve. Cal ibra t ion gives one 

the possibili ty of comparing data obtained from different instruments. 

The above remarks on the magni tude of the react ion also apply to the speed of development  of the direct  

and return reactions. A precise assessment of the speed of development  of a react ion is compl ica ted  by the cir- 

cumstance that the ver t ica l  movements  of the stylus are along an arc, and not along a straight !ine (Figure 2). 

For this reason, the frequently appl ied method of assessing t ime  as being the point of project ion of a curve on 

the abscissa axis gives an incorrect value;  for example ,  in Figure 2 the return react ion is comple ted  not at 
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time tl, but at a sIightly greater time to., the exact evaluation of which requires a knowledge of the rate ofdis- 
placemem of the stylus and of the radius of the arc described by it. 

It is evident from the foregoing remarks that the generally accepted procedures for the evaluation of the 
magnitude and speed of the reactions are not accurate, and require the introduction of corrections. 

Since it is not possible to achieve identical tensions of the rubber of the Marey tambours, then, even if the 
styluses are of identical length and weight (which is in practice highly improbable), the displacements registered 
on the tracings will be different, although the volume changes in the two extremities may have identical. This 
gives rise to an apparent difference in the rates of development of the reaction in the two extremities, and to a 
spurious asymmetry of reaction, applying not only to its magnitude and speed of development but also to its 
direction at a given moment (Figure 3). This effect is due to one stylus lagging behind the other, tt is, in order 
to establish asymmetry in magnitude and speed of a reaction, essential to switch the recording system over from 
the !eft to the right hand, or vice versa. Only then can we speak with assurance of the existence of asymmetry. 
Asymmetry in the direction of the reactions can be regarded as real only if we are able, visually or otherwise, 
actually to observe at any 1-noment that the styluses are moving in opposite directions. 

The routine registration of plethysmograms from both hands may serve as a reliable method of detecting 
distortions due ~co imperfections in the equipment. 

In some cases we find that the plethysmograms take a very long time to return to their initial levels, both 
of the height of the tracing and of the amplitude of the oscillations. Such deviations may be the results of 
p.hysiological changes connected with the prolonged alteration in the volume of the extremity. Special experi- 
ments showed, however, that changes in the volume of the part of the body within the plethysmograph are re- 
flected not only in changes in tension in the receiving tambour, but also partly in the position of the wall of the 
plethysmograph which is a part of the rubber glove, lined with cotton wool, and bound to the apparatus. Such a 
wall cannot be considered to be "rigid, ~ and it may often give rise to prolongation of the return of the plethysmo- 
gram to its initial level. We apply the following technique to the detection of this possibility. The whole sys- 
tem is connected with the atmosphere. If after this the gradual fall in the level of the tracing continues, the 
effect is a physmlogical one, while if it remains more or less constant the effect is of physical origin. 

It follows from the above considerations that it is necessary to continue work on the designing of more re- 
liable, although simple, instruments, of a sensitivity adequate for the given purpose, and within the means of a 
wide range of users. 
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At present, physiologists studying the physiology of labor register electromyograms (EMG) and electroence- 
phalograms (EGG) of subjects during performance of work under laboratory conditions in screened rooms, whereas 
electrocardiograms ate recorded in the factory itself, using standard techniques, as close as possible to the work- 
place of the subject. 

We undertook the problem of registering ECG and EMG recordings of persons working in industry, simulta- 
neously with recordings of their industrial activities. 

Having become acquainted with the techniques of registering bioelectrical activities in the clinic, and of 
taking the ECG and other bioelectrical records from aircraft pilots in flight (applied in aviat.i.on medicine), 
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