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MECHANICALSTIMULATION IN NORMALMEN1

By JOSEPHR. DI PALMA, SAMUELR. M. REYNOLDS,AND FRANCESI. FOSTER

(Departmizenit of Physiology, Lonig Island College of Mlfedicinte, Brooklyn, New York)

(Received for publication February 6, 1941)

The physiological responses of the smallest
blood vessels in human skin to mechanical and
chemical stimuli have been the subject of numer-
ous studies and several important monographs (1,
2, 3, and others). The qualitative aspects of the
white and red reactions of the triple response have
been well-defined and their localization to the
smallest vessels has been established. Despite the
extent of, and widespread interest in this subject,
no attempt has been made until now to put these
on a simple quantitative basis. Such experiments
should enable an observer to measure the sensi-
tivity of the skin capillaries in a subject from day
to day, and to compare such data among a group
of individuals. The present report offers one of
two such methods which we have developed.

The procedure usually employed experimentally
to elicit the several components of the triple re-
sponse are mechanical pressure and local infiltra-
tion (by pricking or iontophoresis) of vasodilator
or vasoconstrictor drugs. The chemical methods
have been used in a quasi-quantitative manner (4,
5, 6) but these tests depend upon a number of fac-
tors which may only indirectly involve the sensi-
tivity of the capillaries. Plethysmographic studies
and measurements of skin temperature likewise
fail to reflect the irritability of the smallest vessels
(7, 8). The response of these vessels to graded
mechanical stimulation offers, on the contrary, a
direct approach to this problem. The technic de-
scribed below depends upon this principle. Its ap-
plication rests upon control of two qualities of a
stimulus, namely, intensity and duration. Thus, if
a true measure of the excitability of the vessels
were obtained, a typical strength-duration curve
like that found in determining the threshold of

1 Supported by grants from the Josiah Macy, Jr. Foun-
dation and the Committee on Endocrinology, National
Research Council. The authors are indebted to Doctor
George B. Ray for criticism and suggestions throughout
the course of this work, and to Doctor Hallowell A.
Davis for criticizing the manuscript.

excitability in nerve or muscle would result. The
apparatus described below yields such data simply
and quickly.

METHODAND PROCEDURES

Apparatnes. This consists of a machine which varies
two factors in a critical manner. The intensity factor
is varied manually by changing the weights on a skin
stroker. The duration factor is varied by having a de-
vice which will move this loaded skin stroker over the
forearm at a suitable range of speeds. The duration of
the stimulus over any portion of the skin may then be
determined by calculation from the rate. In practice, a
range of stimulus-durations of 12 to 14 seconds per centi-
meter to 0.03 seconds per centimeter was found to be
necessary. Different speeds of the piston were obtained
by controlling the outflow of compressed air in front of
a piston on which a constant pressure is exerted. By
glancing at Figure 1, it will be seen that moving the
carriage toward the reader would move the piston into
the cylinder in the opposite direction, thus compressing
the column of air in the cylinder. By adjusting the air-
escape valve at a previously determined position, the
piston can be made to move at a given rate down the
cylinder provided the tension exerted by the rubber motor
remains nearly constant.

The technical details are simple. An ordinary tire
pump provides the piston and cylinder. A section nine
inches in length is cut off, leaving a blind cylinder with
an air outlet. The rod which is attached to the piston
is cut off and a length of number 22 gauge piano wire is
connected to both sides of the piston. The cable is led
off on the compressing side through the end-plate of
the cylinder (drilled so as to provide an air seal). Both
ends of the cable are looped over ball bearing pulleys
and attached to a small turnbuckle on the carriage. The
escape valve is a vital part of the machine and must be
mechanically perfect. It must permit fine gradations in
air-escape, since slight changes in this respect cause
marked variations in the speed of piston travel. A valve
consisting of two flat discs of number 18 gauge copper
one and one-half inches in diameter and ground perfectly
flat on one side was found suitable. In one disc, a hole
five-thirty-seconds of an inch in diameter is drilled one-
half inch from the center; in the other, a slit three-
eighths of an inch long is cut, placed one-half inch from
the center, and tapered from one-eighth of an inch to a
very fine point. When the ground surfaces of the discs
are applied together it will be seen that as one disc is
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FIG. 1. DIA.\GRAMI OF APPARATUSFOR APPLYIN-G GRADEDMrECHANICAL STIAMULATION TO HU-MAMN SKIN

Gradationis in weight are obtaine(d by employilng selected weighlts in the carriage of the stroker; in speed, by
adjusting the valve wNhich controls the rate of escape of compresse(d air from the pump. See text for details.

rotatedl and the other held stationary, the tapering slit is
gradually superimposed upon the circular orifice. An air-
tight connlectioni is made betweeni the circular orifice and
the cylinder; a suitable hanidle is attached to the other
disc, and a scale with one degree gradationi is constructed.
The discs are held together firmly by a spiral spring
whiclh runs over a central pivot. By means of brass
tubing soldered to each end, the carriage of steel plate
rides on tracks of two steel drill rocls. A brass bushillg
holdls the rod of the skin stroker. The carriage must
run smoothly. An extra slip of cable is connected to the
rubber motor, as illustrated. Rubber was used to pro-
vide a strong, even pull over a four-incli distanice. When
fifteen feet of one-fourth of an inclh of flat rubber are
looped over the four-inch pulleys in ten strands, as shown,
this requirement is adequately filled. The skin stroker is
a chromium plated brass rod five-thirty-secoinds of an
inch in diameter and shaped so as to provide a smooth
stroking surface to the skin. The end is bent into an
arc of 0.5 centimeter and tapered to a diameter of 2.5
millimeters. It should be carefully polished to eliminate
all burrs. Such a stroker loaded witlh five hundred grams
covers eighteen square millimeters (3 X 6) in area on
the skin of the forearm. The loadinig pan is merely a
wire basket, as shown in the diagram. In our apparatus
it exerts a force of twenity-five grams. The wlhole appa-
ratus is mounted in a box. A heavy slheet of metal with
a rectangular cut-out four inches long anid one and one-
half inches wide is mounted below the stroker as an arm
guard. It is covered underneath witlh velvet to avert cold
reactions on the skin. The guard also serves to provide
a surface on which the stroker runs before touching the
skin; during this time, acceleration is completed at all
speeds.

In calibratinig the machinle, a strip of thinl metal ex-

actly one cenitimeter wide is attached to the carriage so
that it stanids upright. The machine is now interposed
between a light source and an optical kymograph so that
when the carriage moves the thin strip cuts a light beam
for anl initerval of time depenidenit on its speedl of travel.
An ordinary electrocardliograph timer of 0.04 second per
centimeter is also inserted on the record. The recordl
thus obtaineed will show a black line withl various segments
cut out to represenit (lifferenit rates of spee(l. These rates
mav be calculatedl as duration of stimulus per cenitimeter
and conveniienitly transposed to the scale on the pointer.

Proccdiurec in awl cxrprbi)clnft. The subject is seated
comfortably wvith a bared arm whiclh is supported on a
rubber wvedge in place under the platform of the appa-
ratus, as shown in Figure 1. In practice, it is found
convenienit to have the subject in such a position that
the stroker runs up the forearm instead of down, as
shown in the diagram. The operator is theni seated in
positioln to adIjust the valve weiglhts ani( to reset the
stroker. The observations are made under bright lights
(two 100-w-att bulbs, one blue and one yellow) in re-
flectors placed at a distance of about thirty iniclhes from
the apparatus. They are focused somewhat to one side in
order that the full heat from the bulbs does not fall on
the arm. The effect of local changes in temperature on
the responses under observation will be discussed below.
As a matter of record, notation is macle of the skin
temperature (number 30 gauge wire thermocouple and an
L & N skin potentiometer), dry bulb, wet bulb, humidity,
and barometric pressure.

For a determination, the stroker is released to move
at any clesirecl speed aloing a line two to four iniches in
length. The arm is then held toward the light and the
chaniges in skin color are observed along the line of the
stroke. These may vary in the following ways: With
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relatively little weight, an area of pallor (constriction
of the skin capillaries (2)), may be seen to develop in
the course of 35 to 40 seconds. This fades away in some
2 to 5 minutes. When the pressure is heavier, a bright
red line (capillary vasodilatation (2)), of even color and
with sharp edges, surrounded by a broad pale area of
vasoconstriction with sharply defined edges, is seen along
the line of the stroke. Beyond this an irregularly defined
flare may be present. Between these two responses is a
third one which we have found convenient and easy to
employ as the threshold response in measuring the sensi-
tivity of the vascular reactions; it consists of the area
of pallor seen in the two responses above plus a faint,
mottled or incomplete red line along the line of the
stroke. In judging this response, it is essential that a
red tint, which acquires a color characteristic of oxy-
genated blood, be distinguished along the line, and that
mere indentation of the skin is not mistaken for the
threshold response. Little practice is necessary for this.
Examples of the three responses are shown in Figure 2.
They have been taken from a model of the forearm on
which the tache reactions have been depicted by an artist.

For each successive stimulus-duration the threshold is
re-determined, largely by trial and error, using various
weights. A little experience shortens the time required
for these determinations. After each trial, a new area
of the arm is placed under the stroker plate and a reading
made. Extensive trials have shown that the inner aspect
of either forearm may be used interchangeably in making
the points of the strength-duration curves. It is not nec-
essary to clip or shave the hair from the arm; in fact, it
is believed that this makes some skins less susceptible to
the stimulus of the stroking.

RESULTS

The strenigth-duration curve. An example of
one of the strength-duration curves, determined in
the above manner, is shown in Figure 3. In this,
each point, indicated by a dot, is the threshold re-
sponse. The shaded area indicates, at the top, the
curve of appearance of the full maximal response
(solid red line) ; at the bottom, the curve of maxi-
mal capillary vasoconstriction without the red line.2

The position of this curve on the same subject
throughout the month of September, 1940, is
shown in Figure 4. The similar contours and the
fair agreement of the several curves may be seen
by noting the relative positions of the various
symbols for the separate curves. These curves, it
may be mentioned, apparently were not affected in
their relation to each other by room temperature
(wet or dry bulb), skin temperature, humidity or
barometric pressure.

Thus far, curves similar to these (sixteen of
which are shown in Figure 5) have been obtained

2 The third point on the curve followed immediately
after a period of increased activity, as the subject was
called f rom the room. By the time the next point
(second from the left) was determined, recovery had
occurred.

FIG. 2. PHOTOGRAPH,MADEFRO'M MODELOF AN AR'M, SHOWINGTHE THRESHOLD

RESPON-SE, SUB-THRESHOLDRESPONSE, AND SUPER-THRESHOLDRESPONSE

The threshold response is represented by a broken, uneven red line of vasodilatation
surrounded by a definite but limited pale area of vasoconstriction, the sub-threshold
response by a pale area of vasoconstriction only, and the super-threshold response
by a strong, continuous red line of vasodilatation, surrounded by a strong, wide area

of vasoconstriction; beyond this, as shown here, there may be a red, reflex arteriolar
flare.
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FIG. 3. A CHARACTERISTIc TiME-INTENSITY CURVEOF THE THRESHOLDRESPONSE
The dots indicate actual determiniationis of the response. The shadled area signifies,

at the top, the level at which the super-threshlold responise is obtainied; below, the level
at which the sub-threshold (constriction onily) is strongest, withiout a trace of the red.
Vasoconistriction may actually be detected fainitly downi to 20 to 50 grams at any of
these speeds. The third poinit from the left was made im-mediatelv after the subject
returned to the room, after being called away.

on thirty-eight normal men.3 Where more than
one curve was obtained, each represents the aver-

3 The choice of males was made by random sampling,
and medical students from the first to the fourth years
were selected as subjects. None was known to be ab-
normal or unhealthy in any way. In addition, members
of the teaching and technical staff served as subjects.
Thirty-five were in the third decade of life and three in
the fourth decade. Additional data were obtained on half
as many more subjects, but these are not included in Ta-
ble I since the curves are incomplete. (The data were
obtained at a time wheni it was believed that another
method of treatment, which utilized only the region of
the inflection of the curve, was possible.) Insofar as
they go, these data compare with the more complete
curves reported here. It was impossible to obtain curves
on only two subjects in the entire group. One of these,
a red-headed subject who has never tanned, gave atypical
responses throughout the range of stimulus-durations.
These were characterized by unusually intenise and large
areas of erythema along the line of the stroke, without
the surrounding area of pallor. The second atypical sub-

age of all the curves for any individual. Attention
may be called to several features of this group of
curves. First, the point of inflection on most
curves was obtained at a stimulus-duration of 1 to
2 seconds per centimeter, ten of these requiring
between three to four hundred grams to induce the
tlhreshold response. The remaining six curves,
each of which was typical for the individual from
whom it was obtained, showed somewhat different
thresholds at the point of inflection. To what this
may be attributed, we are unable to say at the pres-
ent time. Second, with the exception of two
curves, the weights necessary for threshold re-
sponses at the fastest speed was between five hun-
dred and twenty and eight hundred grams. In the

ject was periodically catatonic. His responses did not
appear for from 2 to 5 minutes and they persisted for
about half an hour. This is in contrast to the threshold
responses in normal subjects which are usually maximal
withini 40 to 60 seconds and subside within several minutes.
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other two subjects, it was one kilogram. Finally,
considerable spread was observed in the weights
necessary for threshold responses at the slower
speeds. Perhaps this may be ascribed partly to
variations in skin thickness or water-content which
the heavier weights would circumvent at higher
speeds. But its true cause is not known.

Proof of the threshold nature of the strength-
duration curve. The response which we have
adopted as " threshold " is complex, consisting of
an area of vasodilatation against a background of
vasoconstriction. Doubt naturally arises, there-
fore, concerning the significance of the higher
stimulus-intensities (weights) required at the
faster speeds. May not the increased weight be
required to elicit more injury in order to produce,
in turn, more vasodilating substance to overcome
a stronger vasoconstriction? Alternatively, is the
capillary constriction of equal intensity through-
out the range of the strength-duration curve, and,
hence, is the red line of vasodilatation the result of

an equal intensity of chemical inhibition through-
out? The question is answered in favor of the
latter possibility by the following experiments.

The thresholds were determined at four differ-
ent speeds. They were then repeated at suitable
intervals upon an arm in which various degrees of
partial venous occlusion were maintained by a
sphygmomanometer cuff applied immediately be-
fore laying down the stroke. Two such levels of
occlusion were determined, one of which just
served to prevent the halo of vasoconstriction
along the line of the stroke, the other to permit,
in diminished intensity and form, the halo of vaso-
constriction. The purpose of this procedure was
to show that, if the constriction were more force-
ful at the higher stimulus-intensities, then higher
venous occlusion pressure would be necessary to
prevent vasoconstriction than at the lower stimu-
lus-intensities.

The result of one such experiment is shown in
Figure 6. It will be seen that, regardless of the

1200

1100

1000

900

.S h.9

o=9-27-40
* =9-19-40
-= 9-16-4 0
*=9-13-40
o=9-10-40
.=9-9-40

,.

800 I

700

* 600

500

400 -

t v

:-0
o .

-0

0

Cb

300 [

200 [

100

0

I

*8o

0 t0 2.0 3.0 4.0 5.0 6.0 7.0 O.. 9.0 100 1tO 12D 1ao 14.0 IS5
,OVrfoh -SWC./em

FIG. 4. TIME-INTENSITY CURVESOBTAINED FROMONE SUBJECT DURING THE MONTH
OF SEPTEMBER, 1940

There is variation, but this is in the intensity parameter of the several curves, as may
be seen by noting the position of any curve by means of the symbols.
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FIG. 5. SINGLE TI-ME-IN-TENSITY CURVES OBTAINED ON SIXTEEN
HU-MAN MALES

DIFFERENT, PRESU-MABLY NORATAL,

weights used, fifty millimeters of mercury pre-

vented constriction, wlhereas forty miiillimleters of
mercury permitted the developmiient of discernible
vasoconstriction. In either case, release of the
venous circulation soon afterwards regularly per-

mitted development of the response to nearly full
intensity, thus showing that fatigue resulting from
inadequate circulation had not occurred. Conse-
quently, the conclusion follows that througlhout
the strength-duration curve (lescribed above, we

are dealing with responses of about uniform in-
tensity, and the curve is characteristic of the
threshold for excitation of the capillary blood ves-

sels to graded mechanical stimulation applied at
appropriate rates.

Mention should be made of the fact that we

have confirmed the observation of Lewis that, if
the stimiiulus be strong enough, the white and red
reactions will develop, even though the venous oc-

clusion pressure approaches a (liastolic level.
Effect of comtplete veniouis stasis. In view of

the fact that responses may be obtained by ade-

quate stimulation with partial or complete venous

occlusion, it was deemed advisable to investigate
quantitatively the effect of stasis on the threslhold
of response. \Vrith complete stasis the circulatory
conditions differ markedly from those in partial
occlusion. In the latter, the blood flow is miiomlen-

tarily impeded and then continues at a higlher pres-

sure level (2), wlhereas in the former, the capil-
lary blood pressure is materially lowered whlen
arterial inflow is rapidly cut off by pressure.

The effect of circulatory stasis upon the excita-
bility of the smiiallest vessels in the skin is showni

in Figure 7. In this, as in other similar experi-
ments, tlhreshold stimuli were determilned at three

different speeds following periods of stasis lasting
from 1 to 6 minutes. It is clear that circulatory
arrest for these periods of timiie does not abolish
the contractility of the smallest blood vessels (con-
firming Lewis) but it does raise appreciably and
progressively their threshold for excitation. The
effect is more pronounced wlhen the stimiulus is ap-

plied quickly.
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SENSITIVITY OF SKIN BLOODVESSELS

To determine why circulatory arrest raises the
threshold of the white and red reactions, a further
investigation was necessary in order to distinguish
between the effects of anoxia and of the action of
metabolites and vasodilating substances which are
known to accumulate in tissues in which the circu-
lation is arrested.

Effect of anoxemnia oni the threshold. In this
experiment, the subject rebreatlhed into and out of
a closed tank filled with room air. The threshold
of the skin response was measured, for one speed
only, at intervals during the experiment. Expired
air passed through soda lime to remove carbon
dioxide. By means of suitable procedures, the
oxygen in the expired air was estimated from time
to time, and records of systolic pressure, diastolic
pressure, heart rate, respiratory rate, and tidal air
were made. From the latter, the minute volume of
air respired was estimated.

The effects of diminishing oxygen tension in
the inspired air are shown in Figure 8a. It will

be seen that within 10 minutes, when the oxygen
was reduced to about 17 to 18 per cent, a per-
ceptible elevation of the threshold of blood vessel
reactivity occurred. There was little effect on
blood pressure, heart rate or respiratory rate and
depth at this time. As the oxygen in inspired air
reached a level of 13 to 14 per cent, however,
changes in all the above were recorded, particularly
with regard to heart rate and respiratory rate. At
about this time, a very abrupt increase in the
tlhreshold of the blood vessel reactivity occurred.
Anoxemia without stasis, therefore, lowers the
sensitivity of the smallest blood vessels in the skin
and this is observed before important systemic
circulatory and respiratory changes take place.

Effect of hypercapnia oit the threshold. The ef-
fect of increased carbon dioxide in the expired air
presented an interesting contrast to the effect of
anoxemia. In Figure 8b, it will be seen that a
marked decrease occurred in the threshold of re-
activity of the capillary blood vessels and, as in

EFFECT OF PARTIAL VENOUS OCCLUSION ON
CAPILLARY CONSTRICTION

Wkite Reaction Absent
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FIG. 6. PROOFTHAT THE TI-ME-INTENSITY CURVESOF BLOODVESSEL RESPONSE
TO GRADEDMECHANICALSTIIMULATION ARE OF UNIFORM, THRESHOLDINTENSITY,
AND Do NOTVARY WITH THE WEIGHTS, OR SPEEDS USED

Irrespective of the point on the curve, 50 mm. partial venous occlusion pressure,

applied just prior to laying down of the stroke, prevented the zone of vasoconstric-
tion, whereas 40 mm. permitted it.
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At each of three different sp

for the threshold responise i
duration of stasis.

the anoxemia experiment, t

was well-marked before
heart rate, blood pressure

took place. Accordingly, tl
markable sensitivity of the
to small changes in the gas-

Effect of local tentper
threshold. The effect of in
temperature on the end-poi
the equiilibriumiii point, not t
see if it would be necessar

room temperature during
tions. The result is slhox
tissues were warmed grad
desired temperature for s(
this -as uniform (withini

along the line the stroker wv

was determined. It will b
that the change was not v

the range of temperatures extended from 90 to
/ 104 degrees Fahrenheit. This involved, in fact, a

change in threshold of about 2 per cent per degree
Fahrenheit. Inasmuch as the threshold determina-
tion is only read to within about + 20 grams (i.e.,
about 5 to 10 per cent) it may readily be seen that
iminor changes in room temperature illii not seri-
ously affect the shape or position of the strength-
duration curve. New experiments, taking into ac-
count the rate at which the tlhreshold equilibriumii
is attained at each temperature, will be required in
order to establish, by the Arrhenius (9) equation,

* tthe chemical or physical nature of the effect of
temperature on the reactivity of the blood vessels
to mechanical stimulation.

DISCLUSSION

Criteria for- evaluiatinig e-rcitability of the smiiall-
est blood vessels. The results summarized above

__ _ _I raise an important question, namely, in wh-hat man-

a0 4.0 5.0 6.0 ner mav the individual strength-duration curves be
employed to indicate relative degrees of blood-

OF STASIS - Min vessel excitability in a given person from day to

day, or between different subjects? Examination
of the curves in Figure 5 demonistrates the im-
practicability of using a simple measure like a

CIRCUL-ATORY STASIS ON *CIRCULATORY STASISON clhronaxie value, inasmluclh as somle curves wilth a

eeds, the weight necessary higlh intensity paramleter have a very short-timiie
increased with inicreasing paramieter and vice versa, whlile some curves cross

others at one or two points. Davis and Forbes
(10) have reviewed the limitations of clhronaxie

:his change in threslhold values. By replotting the data, lowever, it is evi-
important changes in dent that eaclh of these curves is clharacteristic of
or respiratory activity the strength-duration curves wlhiclh are obtained in

[hese results attest a re- the responses of other types of tissue (e.g., smlootlh
capillary blood vessels and striated muscle, nerve) to electrical stimulation

-content of the blood. (10, 11). This is dlemlonistrated by plotting the
atuire chantges o;t the data of the strength-duration curve on double
icrease in the local skin logarithm paper. When this is done, as in Figure
Lnt of the reaction (i.e., 10, it is found that each curve falls along a
he rate) was studied to straight line. This occurs whlen the duration of
y to control rigidly the the stimulus is between 0.25 to 2, 3 or more
a series of determina- seconds per centimeter. This was true for stimu-
vn in Figure 9. The lus-durations of about one second per centinmeter
nually and held at any in two curves only. The slopes of these and other
2veral minutes. When similar curves (Table I) range from 0.19 to 0.55,
).3 degrees Fahrenheit) with an average of 0.35. This is less than the
ould take, the threslhold range of 0.5 to 1.0 seconcd per centimiieter wlhich is
e seen from the figure found for a variety of tissues in response to elec-
ery great, even though trical stimulation (10).
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FIG. 8. THE EFFECT OF ANOXEMIA (A) AND OF HYPERCAPNIA(B) ON THE
THRESHOLDRESPONSE(CONSTANTSPEED, VARABLEWEIGHTS)

Heavy dots, threshold; crosses, heart rate; stippled areas, pulse pressure lying be-
tween systolic and diastolic pressures. Bottom, continuous line, respiratory rate;
circles, minute volume index (%) ; dots, tidal air (%). These data show that
changes in the threshold of blood vessel reactivity occur, increasing in anoxemia,
decreasing with hypercapnia; in each, the change is detectable before important
changes in circulatory or respiratory activities occur.

The selection of an adequate "index of ex-
citability " raises many imposing problems, and no
entirely suitable or universally recognized method
is available. Davis and Forbes (10) point out
that chronaxie is an expression of excitability in
terms of the time factor alone, and that this is en-
tirely empirical. They suggest that the " index of
excitability" of Lassalle (12) is more adequate
since it embraces the intensity factor, as well.
Therefore, it involves measurement of excitability
in terms of energy, and this would seem to offer a
better basis for comparison of the relative excita-
bilities of different strength-duration curves for a
single tissue when these are obtained under identi-
cal conditions (10). The Lassalle factor is ex-
pressed as the index of excitability which is pro-
portional to the reciprocal of the product of the

rheobase squared and chronaxie

(i.e., E.= I1
(.e, E=' rheobase2 X chronaxie

This coefficient is calculated and given in Table IA
for each of the curves thus far obtained to date on
the skins of thirty-eight normal human males.8 It
will be seen that the most excitable blood vessels
(1.6 X 10-4) are twenty times as sensitive as the
least excitable blood vessels (0.08 X 10-4) and
that the mean is 0.53 ± 0.49. The standard error
of the mean is + 0.079. Comparable data for two
or more curves on a single individual at intervals
of a week to several months are given in Table IB.
Here, too, it will be seen that some variation in ex-
citability is found, although the range for any sub-
ject is far less than that for the group as a whole.
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FIG. 9. EFFECT OF INCREASING SURFACETEMPERATURE
ALONG THE LINE OF STROKE ON THE THRESHOLDRE-
SPONSE

Each of these indicates a shift in threshold of about 2
per cent per degree F. Since the response is read, usu-
ally, to about + 10 per cent, small changes in temperature
are relatively unimportant.

In view of the physiological factors which may
modify the threshold of excitability in the blood
vessels (a few of which are noted in this paper)
it is not strange that this variation is found in
single individuals and between different individuals.
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FIG. 10. THE TIME-INTENSITY CURVES OF FIGURE 5

PLOTTED ON DOUBLECOORDINATELOGARITHM PAPER
The line is straight. At the right of each of the

curves shown here the change in slope to the rheobase
(omitted here for clarity) commences. Such curves are

typical of the curves of electrical excitation of a number
of tissues. The average slope here (see Table I) is 0.35.

Summary of the characteristics of the curves of threshold
skin vascuklr reactions to graded mechanical stimulation in
thirty-eight normal male subjects

The coefficient of excitability is calculated according to
the formula of Lassalle (12).

Slope Coefficient of excitability:
log-log Rheobase Chronaxie E ( 1

ooordinatesE rheobaWeXchronade J

A. DATA OBTAINED FROMDIFFERENT SUBJECTS

grw
econd& pergrams cenimider

0.45 180 3.90 0.08 (X10-4)
0.26 260 1.50 0.10
0.50 150 4.50 0.10
0.31 220 1.85 0.11
0.40 160 3.50 0.11
0.37 250 1.00 0.16
0.42 350 0.50 0.16
0.50 280 0.70 0.18
0.55 280 0.60 0.19
0.44 170 1.80 0.19
0.45 275 0.67 0.19
0.50 325 0.49 0.19
0.29 310 0.50 0.21
0.28 200 1.00 0.25
0.33 170 1.30 0.26
0.38 200 0.85 0.29
0.25 220 0.70 0.29
0.40 300 0.37 0.30
0.50 300 0.35 0.31
0.47 200 0.75 0.33
0.38 250 0.37 0.43
0.51 300 0.25 0.44
0.28 250 0.35 0.46
0.38 170 0.60 0.58
0.43 250 0.25 0.64
0.45 300 0.15 0.74
0.23 275 0.18 0.74
0.38 250 0.20 0.80
0.35 350 0.10 0.82
0.30 275 0.15 0.88
0.23 325 0.10 0.94
0.19 320 0.10 0.97
0.40 320 0.10 0.98
0.28 300 0.10 1.11
0.23 275 0.10 1.33
0.50 375 0.05 1.42
0.28 250 0.10 1.60
0.33 250 0.10 1.60

Mean 0.35 260.1 0.78 0.53
S.D. 40.098 4 57.5 41.01 40.49
S.E. mean 40.016 4 1.5 :40.128 :40.079

t 21.9 173.3 6.09 6.6
P <0.000000001 <0.000000001 0.00000001 <0.00000001

B. CHARACTERISTICS OF TWOOR MORNCURVESOBTAINED IN FIV SUBJECTS

Subject 1.
September 9, 1940
September 10, 1940
September 16, 1940
September 19, 1940
September 27, 1940
January 2, 1941
January 20, 1941
January 21, 1941

Subjeot 2.
September 27, 1940
October 4, 1940
October 11. 1940
October 23, 1940

Subject 3.
September 26, 1940
October 1, 1940

Subject 4.
September 13, 1940
October 7, 1940

Subject 5.
September 20, 1940
October 24, 1940

300
300
400
300
270
200
220
250

200
200
275
250

250
225

0.60
1.00
0.08
0.50
0.35
2.00
1.90
1.40

1.40
0.85
0.10
0.25

0.25
0.60

300 0.20
250 0.10

325
225

0.10
0.15

0.18
0.11
0.78
0.22
0.39
0.13
0.19
0.11

0.18
0.29
1.32
0.64

0.64
0.33

0.55
1.60

0.94
1.32

Q)
z

-0--- -0-



SENSITIVITY OF SKIN BLOODVESSELS

The meaning of the data shown in Table I is
indicated in the statistical treatment shown there.
In the bottom line (Table IA), the factors P, cal-
culated according to the recommendation of Main-
land (13), has a value of less than 0.000,000,01.
This signifies that, when observations from the
same universe of data are obtained by random
sampling in a group of similar subjects, a signifi-
cant difference from the mean here given would
occur only once in many thousands of samples.
This mean, therefore, should serve as a base-line
against which differences in reactivity of the skin
vessels attributable to age, sex, disease or other
condition may be shown with a high degree of
confidence by adequate treatment of the data (13).

In conclusion, mention should be made of the
fact that, in the plotting of every curve in Figure
10, a point is reached (the rheobase) at which the
line curves and is parallel to the X axis. This is
usual in curves of the strength-duration type (10,
11).

SUMMARY

A method for measuring the excitability of the
smallest blood vessels in human skin is described.
Two qualities of the stimulus, intensity (in grams)
and duration (in seconds per centimeter), are
varied at will. The threshold response consists of
the white reaction of the triple response, in the
middle of which is just discernible the beginning
of the red reaction of the triple response. A
typical strength-duration curve is found for each
skin, and proof is offered to show that it repre-
sents liminal, or threshold responses throughout.

The effect of certain physiological variables
upon the threshold response is established; The
threshold is raised progressively with circulatory
stasis; in systemic anoxemia, the threshold is
raised, and in systemic hypercapnea it is lowered.
In both cases these changes are well-marked be-
fore there is significant alteration in heart rate,
systolic or diastolic blood pressure, or in respira-
tory rate, depth or minute volume. A change in

the temperature of the skin, by direct heating,
brings about a change in threshold of about 2 per
cent per degree Fahrenheit; the threshold re-
sponses are read to only 5 or 10 per cent, so that
minor changes in room temperature during the
course of an experiment do not affect the results
seriously.

A procedure is described and applied to a series
of data by which a coefficient of excitability is ob-
tained. For the group of normal subjects, this of-
fers a base line for comparison of the effects of
experiment, disease or therapeutic procedure upon
the sensitivity of the smallest vessels of the skin.
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