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Many authors [1, 9, 10, 15] have shown that the blood 
supply to both arm and leg in man increases im- 
mediately at the end of physical exercise. 

Weber [12-14] examined several thousand healthy 
human subjects and found an increased blood supply in an 
idle ' l imb while work was being performed by the other. 
It was shown that movements of the foot in an unfatigued 
resting individual cause an increased blood flow to the 
hand, which fails away rapidly when the exercise is 
stopped . 

Plethysmography of the limbs during physical work 
indicates the state of the blood supply to the skin and 
muscle, but chiefly to the muscle. Until now, insuf- 
ficient information concerning the blood supply to the 
skin has been obtained. 

In studies on 3 healthy men [11] it was shown that 
work performed by the legs on a b icycle-ergometer  causes 
an increased blood supply both to the muscles of the 
forearm and to the subcutaneous tissue of the hand, the 
latter increase being the greater. 

On the other hand, it has been shown [3] that when 
one arm is performing work there is a reduction in the 
number of functional capillaries of the idle arm. It has 
also been observed [2] that after fatigue has been induced 
in the hand, a spasm of the cutaneous capillaries may 
occur. 

The present investigation was undertaken in order to 

explain certain changes in the digital circulation of one 

hand following cessation of work with the other. 

M E T H O D  
Plethysmographic recordings were made from the 

terminal phalanx of a finger of the left hand before and 
after physical work. 

To determine the nature and extent of the peripheral 
circulation we employed the method proposed in 1907- 
1909 by M. V. Yanovskii and A. I. Ignatovskii [4], and 
also by Hewlett and Van Zwaluwenburg [7]; this method 
consists in blocking the venous return from the hand 
while maintaining the arterial supply (the method of 
venous occlusion plethysmography). 

The main advantage of this method is that it allows 
both the initial flow rate and its change in response to 
any stimulus to be determined. 

It has been shown in experiments on dogs [8] that 
the values obtained by plethysmography with arrest of 
venous outflow are the same as those obtained when 
an electromagnetic flowmeter is Used. Modern recording 
techniques and the metho~ of evaluating the curves to a 
large extent make good the defects indicated by V, A. 
Val 'dman and D. M. Abdulaev [1] and by other investiga- 
tots. 

In each subject the blood pressure was obtained while 
he was in the sitting position, by means of a mercury 
sphygmomanometer,  and the plethysmograph was attached 
to the terminal phalanx of the finger and smeared with 
vacuum grease at the junction (Fig. 1A). Every minute 
the ptethysmogram was recorded on film during a 20~second 
compression of me veins of the upper arm which was 
effected by rapidly compressing the air in the cuff to 
the diastolic pressure. 

After a-4 such measurements had been made,  re- 
cording was discontinued and the subject was told to raise 
a weight of 5 or 8.5 kg with this right hand to the level 
of the axilla. The work was continued until the subject 
failed from fatigue. Thirty seconds after the end of the 
working period, veneous outflow was again blocked and 
the plethysmogram recorded, after which 2 or 3 recordings 
were made at one minute intervals. By this t ime, in 
most cases, the blood flow to the finger had returned to 
the initial rate. 

To calibrate finger volume changes, in 11 human 
subjects, after the plethysmogram had been recorded, 
0.02, 0.04, 0.06, 0.08, and 0.1 cm s of air were injected 
from a tuberculin syringe into the closed system. The 
volume of the phalanx of the finger from which the 
plethysmogram was obtained was determined by means 
of a measuring cylinder. 

A diagram illustrating a plethysmograph curve is 
shown in Fig. lb. 

From the height h I, the rate of blood flow to the 

finger phalanx was calculated, and from h 2 the average 

rate could be obtained. The increase in the initial rate 
after physical work is indicated by a plus sign (positive 

vascular response) and a reduction is shown by a minus 

sign (negative response); a zero indicates no response. The 

same indications were used to convey changes in the 
average rate of blood flow. 

435 



A 

of 
B 

sy 

, d 

a ~ b  i "//" c e 

Fig.  1. Diagram of the apparatus (A) and the type 

of curve obtained for the blood flow to a finger 
phalanx (B), obtained by compressing the veins of 
the upper ann for a short t ime.  Diagram A : S) 
Sphygmomanometer;  M) cuff of sphygmomanome- 
ter; P) plethysmograph; V) valve for opening and 
he rmet i ca l ly  sealing the transmission system; C) 
capsule of plethysmograph; Sy)20  ml syringe for 
changing the volume (sensitivity) of the transmission 
system; L) lamp; F) film; H) height of 60 cm to 
which load (Lo) ig raised. Diagram 13.. a) Art ifact  

caused by inflat ion of cuff; b) in i t ia l  change in 
volume of phalanx; c) subsequent increase in 
blood filling; d) no further change in volume 
of phalanx occurs; e) fal l  in curve following re- 
lease of air from cuff; t) duration of occlusion of 
veins of upper arm (20 see). 

Nineteen heal thy people comprising 14 women and 
5 men aged from 18 to 49 years were investigated; none 
had a history of any cardiovascular  or other disorder. 
Most were laboratory assistants, nurses, or technicians.  

RESULTS 

After spending 10 minutes tn becoming accustomed 

to the surroundings, the baseline plethysmogram at rest 

was "zero ~ or else showed some slight variation. The 

last 2 or 3 recordings before the beginning of physical 

exercise were quite consistent. 
Results on the in i t ia l  rate of fi l l ing of the terminal  

finger phalanx are shown in Fig. 2, where i t  can be seen 

that the ini t ia l  rate at rest as a rule varied between I and 
8 ml of blood per 20 seconds: the volume of the tissue 
of the finger was 100 cm s. This flow rate represents 

3-24 ml of blood per minute.  These values l ie  within 
the published figures for the blood flow r a t e  to the skin 

and underlying tissue [5, 6]. 
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Fig, 2. 
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Sequential  number of the measure- 
ments of the rate of blood flow into 

the finger. 

Ini t ial  rate of f i l l ing of the ter- 
minal  finger phalanx in subjects tested" at 
rest after temporari ly  blocking the venous 
outflow, a) When a positive response to 

physical  work was obtained; b) whcn a 
negative response occurred; c) response zero. 
Each point on the graph corresponds to the 
blood flow rate as determined in one meas-  
urement on one subject before beginning 
the exercise.  A) Ini t ia l  rate of f i l l ing in 
m l / 1 0 0  cm s of finger tissue per 20 sec; B) 

sequential  number of the measurements of 
the rate of blood fiow into thc finger. 

Only in 4 subjects at rest was there a transitory 
(Ken-a ,  Sam-n)  or mainta incd (G-a)  spasm of the skin 
vessels; occluding the venous outflow caused no change 
in the rate of fi l l ing of the terminal  phalanx.  In addit ion,  
a forced voluntary inhalat ion caused either a very small  
or no vascular reaction.  Of the 4 subjects tested, an 
ini t ia l  f i l l ing rate between 24 and 60 ml of blood per ra in  
per 100 cm 3 of finger tissue was found in .'t only (Sm-a ,  
A- b, Art- a). 

In most cases, after physical  work the plethysmogram 
showed changes in the blood supply to the fingers of the 
opposite hand (see Table) .  

In 12 subjects, the physical  exercises caused mainly  
an increase in the ini t ia l  rate of blood filling; in seven 
the flow was either reduced or unchanged. 

Of the 54 tests, there was an increased blood inflow 

after exercise in "}4, and in four of these there was a first 
a transitory reduction.  A reduced flow was observed in 
11 cases, and in nine there was no change. 

Therefore the character is t ic  response of the finger 
vessels of one hand.when a load is l if ted by the other, is 
that the blood inflow increases (Fig. 3). Under cer tain 
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Time before and after physical exercise, in rain 

Fig. 3. Change in the initial rate of blood inflow into the terminal phalanx of one 
finger after raising a load with the other hand. Subject K-v. Experiment October 
23,1956 at 10.56 a.m. Air temperature 19". Load of 8.5 kg raised to height of 60 
cm by the right hand 25 times in 65 min. ~ )Indicates raising the pressure in the 
cuff to 75 mm Hg; .t) moment when pressure is reduced to zero; l ~ ) displacement 
of recording; VFI) voluntary forced inspiration. (1) Initial rate of blood inflow in 
m l / 100  cm s of finger tissue per 20 sec; (2) time before and after physical exercise, 
in min; (3) calibration : 0.04 ml; (4) physical exercise. 

conditions which were not easy to determine it might 
happen that the response was abnormal or inhibited. 
Some of these cases may have been due to a high initial 
finger-flow rate (Fig. 2 b and c). The emotional 
condition of the subjects must also be taken into account 
(see Table ,  Ch-o, Ku-a). 

No relationship between the vascular response and 
the change in pulse rate was observed. Positive, zero,or 
negative vascular reactions occurred together with a 
slowing or with a considerable increase in pulse rate.  

As a rule, a high initial flow was associated with a 
greater average fiow rate. After physical exercise, the 
change in average rate did not always correspond to the 
change in the initial rate of filling, and the reason was 
probably that there was some variation in the volume of 
the venous bloodstream in the finger. 

Thus, when raising a load with one hand, in the other, 
besides an increase in the blood supply to the muscle, 
there is also an increased fiow to the skin. According 
to published results [3], when this occurs the capillary 
flow is reduced. It must therefore be supposed that when 
work is performed with one hand the skin flow to the 
other is increased chiefly by an increased passage of 
blood through the shunting arteriovenous anastomoses. 

SUMMARY 
Venous occlusion plethysmography was used to study 

changes occurring in the finger circulation after physical 
exercise. 

In healthy individuals, after raising a load with one 
hand there was usually an increased blood supply to the 
skin and subcutaneous connective tissue in the fingers 
of the other. 
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