
STUDIES ON PAIN: QUANTITATIVE MEASUREMENTS OF TWO
PAIN SENSATIONS OF THE SKIN, WITH REFERENCE TO THE
NATURE OF THE “HYPERALGESIA OF PERIPHERAL NEURITIS”

Nolton Bigelow, … , Helen Goodell, Harold G. Wolff

J Clin Invest. 1945;24(4):503-512. https://doi.org/10.1172/JCI101629.

Research Article

Find the latest version:

https://jci.me/101629/pdf

http://www.jci.org
http://www.jci.org/24/4?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI101629
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/101629/pdf
https://jci.me/101629/pdf?utm_content=qrcode


STUDIES ON PAIN: QUANTITATIVE MEASUREMENTSOF TWO
PAIN SENSATIONSOF THE SKIN, WITH REFERENCETO

THE NATUREOF THE "HYPERALGESIA OF
PERIPHERALNEURITIS"

By NOLTONBIGELOW, IRVING HARRISON, HELEN GOODELL, AND
HAROLDG. WOLFF
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The study of sensation in intact human skin
has revealed that noxious stimulation results in
the perception of pricking and burning pain (1,
2). Furthermore, patients with peripheral neuro-
pathy often experience burning pain on contact
with the bed clothes or with slight manual pres-
sure, and yet report an impaired perception of
pricking pain. There is disagreement as to
whether these are entirely different qualities of
pain, or rather aspects of the same quality, seem-
ingly different because of time factors. An at-
tempt has been made with quantitative methods
to understand the significance of these two pain
sensations of the skin.

METHOD

The technique which utilizes radiant heat as a source
of painful stimulation (3) was used for measuring the
threshold for both "pricking" and "burning" pain. Ob-
servations were made of the amount of thermal radiation
just necessary to produce the sensation of pain. The
light from a 1000 watt bulb was focussed on an area of
blackened skin 3.5 cm.' in area. Intensity of stimulus was
measured in gram cal. per sec. per cm.'. An automatic
shutter allowed the light to fall on the skin area for a
measured period of time. At the end of a trial, the in-
structed subject reported the sensation. If no pain was
experienced, the intensity was increased and the proce-
dure repeated at 60-second intervals, until the subject just
perceived pain at the end of the exposure. The amount of
energy necessary to produce pain was measured by a
radiometer, and several measurements agreeing within
± 5 per cent were taken to establish the threshold.

Each subject was carefully instructed as to the purpose
and method of the investigation. For the "pricking" pain
threshold there was clearly described the sensation of
warmth mounting into heat which would suddenly, just
at the end of a given exposure, "draw together" into a
sharp prick or tingle. It was also demonstrated that the
pain threshold or the "edge of pain" which the subject was
asked to report would be similar to the sensation per-
ceived on striking a pin point lightly against the skin.
For the "burning" pain threshold, the sensation of warmth

was described as mounting into heat which would turn not
quite so suddenly, but nevertheless definitely, into a burn-
ing pain which could best be perceived at the end of a 5-
to 10-second exposure. This "burning" pain is localized
readily in the area stimulated. There is no punctate dis-
creteness, but rather a blunt or slightly diffuse character
to the sensation. The location of the pain is perceived as
less superficial than that of "pricking" pain and is some-
times described as deeply penetrating, especially by some
patients with lesions of peripheral nerves. A character-
istic feature of this "burning" pain is its longer duration
as compared with "pricking" pain.

When the duration of stimulus was less than 3 sec-
onds, differentiation of the "burning" pain threshold from
the "pricking" pain threshold was difficult. The trial
exposures to the heat stimulus were well under the
threshold, to demonstrate the sensation of heat without
pain. This was especially important with anxious, ap-
prehensive subjects. It was found that untrained but
instructed subjects could most readily distinguish the end-
point for "burning" pain with a 5- to 10-second exposure,
whereas a 3-second exposure had been found most suitable
for discerning a sharp end-point for "pricking" pain.

When an explanation of the technique and the sensation
to be experienced was not clearly given, the subjects were
doubtful what the end-point might be and were over-
anxious to be cooperative and certain and therefore waited
until they had experienced a "good, sharp jab of pain"
before reporting an end-point. Thus, considerably more
variation in the individual evaluation of the pain threshold
existed without instruction as to what to observe and
report, than with such instruction.

The instruction which was given to the subjects was in
the same category as that given to a student to enable
him to read an end-point in a titration, or in a colorime-
ter, or to read a Vernier Scale. In other words, it was
the aim to instruct the subject as to what was the exact
target he was expected to hit.

Once the instruction was presented and the observa-
tion begun, further instruction and suggestion were scru-
pulously avoided. The subject was not told by the op-
erator during the tests that at this or that stage of the
procedure he would experience pain, or that "now you
will feel pain." In fact, no suggestion whatever was made
during the period of the reading.

The method employed in these experiments for the
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quantitative measurement of pain threshold was similar
to that which has been used in other investigations and
the procedures have been reported elsewhere (3 to 10).

I. COMPARISONOF PROPERTIESOF "BURNING" AND

PRICKING PAIN

Observations
Series 1. The threshold for "burning" pain

was ascertained on the skin of the forehead of 23
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subjects. In this limited series, the variations
from subject to subject were + 16 per cent. The
data for "burning" and "pricking" pain thresholds
on the skin of the forehead of 11 subjects are
averaged and represented in Figure 1. Invari-
ably, on normally innervated skin, the threshold
for "burning" pain was found to be lower than
that for "pricking" pain.

FOREHEAD:
"PRICKI NG" PAI N = -
"BURNING" PAIN = - 0

GLANS:
"PRICKI NG" PAIN = V---V
^"BURNING' PAIN = -A

'O I
5

FIG. 1. THRESHOLDSOF "PRICKING"

I
10 15 20 25 30 SECS.

DURATION OF STtMULUS
AND "BURNING" PAIN ON THE GLANS AND ON THE SKIN OF THE FOREHEAD
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QUANTITATIVE MEASUREMENTSOF TWOPAIN SENSATIONS OF SKIN

Series 2. The effects of analgesic agents upon
the thresholds of "pricking" and "burning" pain
were observed. Six observations were made on
3 subjects. It was found that ethyl alcohol (60
ml., 95 per cent) raised the threshold of both
"burning" and "pricking" pain about the same
percentage above their control levels. Acetyl-
salicylic acid also raised the threshold of both
"burning" and "pricking" pain approximately the
same percentage above control levels, although, to
be sure, these 2 agents differed from each other
in their effects (6, 9, 10).

Series 3. To ascertain whether spatial sum-
mation occurs with "burning" pain, pain thresholds
were measured on areas of skin 0.4 cm.2 to 11.6
cm.2 in area, on 4 subjects in 5 trials. Thresholds
for "burning" pain in these subjects varied no
more than 25 per cent from the smallest to the
largest areas of skin stimulated, which indicates
that no spatial summation of significance occurs.
It has already been demonstrated that significant
spatial summation does not occur for "pricking"
pain (3).

Series 4. Comparative observations of pain
thresholds were made on the skin of the forehead
and on the surface of the glans penis in 7 of the
11 normal subjects, and the data of the observa-
tions are represented in Figure 1. The "burn-
ing" pain threshold on the glans was found to be
the same as on the skin of the forehead. As the
intensity of the stimulation on the surface of the
glans was increased on further trials, the "burn-
ing" sensation became more intense until either a
"pricking" component was experienced, or the
subject stated that he was unable to distinguish
the sensations. With stimuli of high intensity
and short duration, a distinction between the 2
end-points was extremely difficult and data about
these 2 end-points under such circumstances are
unreliable. From Figure 1, it is evident that the
thresholds for "burning" pain both on the glans
and on the skin of the forehead were approxi-
mately the same for stimuli of longer duration.
The threshold for "pricking" pain on the glans
appeared to be higher than on the skin of the fore-
head, but owing to the difficulty of perceiving
"pricking" pain on the glans, these quantitative
aspects of the data cannot be accepted too literally.

Series 5. Thresholds for "burning" and
"pricking" pain were ascertained in 4 trials on 3

subjects who had "sunburns" or ultraviolet burn,
of various degrees of severity. The threshold
for "pricking" pain was reduced 43 to 52 per cent;
that for "burning" pain 63 to 97 per cent from
their respective control levels, ascertained on the
same areas of skin on a day previous to the tissue
damage (Table I).

TABLE I

Skin inflammation and pain thresholds

Pain threshold
change

Sub- Area of skin How
ject injured injured

"Prick- "Burn-
ing" ing"

Per cexn
N. B. Over deltoid muscle Sunlight -43 -63
N. B. Over forearm Ultraviolet -52 -97

lamp
I. H. Over deltoid muscle Sunlight -51 -86
0. B. Over deltoid muscle Sunlight -47 -92

Comment

Schumacher (11) has also reported the reduc-
tion of the "pricking" pain threshold of inflamed
skin. The greater reduction in the "burning"
pain threshold in inflamed areas of skin explains
why slight stimulation of a "sunburned" skin
characteristically elicits a "burning" pain sensa-
tion.

Series 6. In a patient with radiculitis, the
thresholds for "pricking" and "burning" pain over
an area of "hyperalgesic" skin of the left arm,
were compared with normally innervated skin
areas on the arms and on the forehead. The
threshold for "burning" pain was about 20 per
cent lower on the abnormally innervated skin
area, whereas the threshold for "pricking" pain
was elevated about 20 per cent (Figure 2).

A patient had "hypoalgesia" to pin prick on
parts of his left hand. Rubbing the skin induced
a burning sensation. At surgical operation, a
displaced intervertebral disc of the sixth cervical
vertebra was found. In Table II are shown the
threshold measurements for "burning" and "prick-
ing" pain ascertained on control areas of the in-
tact hand and on the forehead, compared with
thresholds ascertained on the affected hand. The
quantity of radiant energy required to attain the
threshold of "burning" and "pricking" pain at
various time exposures is expressed in gram cal.
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DURATION OF STIMULUS

FIG. 2. COMPARISONOF THRESHOLDSOF "BURNING" PAIN TO "PRICKING" PAIN IN A PATIENT WITH
HYPERALGESIAAS A RESULT OF RADICULITIS

per sec. per cm.2. From this table, it can be seen
that the threshold for the "burning" pain of the
abnormally innervated skin was less than on con-
trol areas, whereas the threshold for "pricking"
pain was higher on the abnormal skin than on
control areas.

TABLE II

Thresholdsfor "burning" and "pricking" pain on an area
of "hypoalgesic" skin compared with thresholds

on control areas

Thresholds for "buning" Thresholds for "pricking"
Leh _ n pami

'iis Con- "Hypo Devia- Con- "Hypo- Devia-
trol j algeuc" tion trol algesic" tion

- ' gmca. per sec. pccW gram cal. per sec.IwC. per cm.2
5 .134 0.089 -33 0.181 0.219 +21

10 0.112 0.064 -40 0.152 0.178 +17
15 0.096 0.068 -34 0.113 0.142 +26

Series 7. Seventeen patients with "hyper-
algesic" skin due to peripheral nerve disorder
were observed. Three patients with herpes zoster
and 14 patients with peripheral neuritis, from
such varied causes as nutritional deficiency, dor-
sal root inflammation, and diabetes, exhibited a
lowered threshold of "burning" pain, 15 to 35
per cent below control thresholds of normal skin
areas on the same subject. Frequently, the
-"pricking" pain threshold in the affected areas

was elevated.
Series 8. "Hyperalgesia" was experimentally

produced in 6 subjects by occlusion of the cir-
culation of the upper arm with a blood pressure
cuff inflated to 200 mm. Hg for 35 to 75 minutes.
Care was taken that the arm was not moved and
that pain did not occur spontaneously. If pain
developed, the experiment was discontinued. It

HYPERALGESICSKIN:
4PRICKINGCPAIN = 0----O
*BURNING'PAIN =0---o

NORMALSKIN:
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QUANTITATIVE MEASUREMENTSOF TWOPAIN SENSATIONS OF SKIN

is known (3) that when the surface of the skin
is cold, more radiant energy is required to elicit
pain than when the skin surface is warm. Since
the skin temperature of an ischemic arm falls
gradually to room temperature, the latter was kept
at 30 to 310 C. during experiments. Measure-
ments of pain thresholds were made on the dor-
sum of the wrist at intervals of 2 to 3 minutes.
There was observed a slight fall in "pricking"
pain threshold during the first 10 minutes, fol-
lowed by a rise (see Figure 3). The threshold
for "burning" pain, however, fell for about 20
minutes and began to rise after 25 minutes of
ischemia. Thus, between 10 and 25 minutes, the
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"burning" pain threshold was depressed 28 to
32 per cent, while the "pricking" pain threshold
was rapidly elevated. It was also noted that as
the threshold of "burning" pain became depressed
during the ischemia, the pain elicited by noxious
stimulation of the skin persisted often for 5
seconds or longer, after the stimulus ended.

The persistence of pain after a noxious stimulus
was most evident when the threshold of "burn-
ing" pain was most depressed. However, the
"after pain" gradually diminished in duration as
the threshold of "burning" pain became elevated
during prolonged ischemia, and finally was not
to be noted as the arm became almost insensitive.

0

Rb

FIG. 3. ISCHEMIA AND THE PAIN THRESHOLD
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"PRICKI NG'
OR

"FIRST' PAIN

fBURNING* OR #SECOND*PAIN

- NORMALSKIN
-- = HYPERALGESIC"

SKIN

1 2 3 4 5 6
PIN PRICK SECONDS

FIG. 4. SCHEMATICREPRESENTATIONOF TEMPORALCOMPONENTSOF "BURNING" AND "PRICKING" SKIN PAIN IN
HEALTHYPERSONSAS CONTRASTEDWITH PATIENTS HAVING "HYPERALGESIA" ASSOCIATED WITH PERIPHERAL NEU-
ROPATHY

In one trial, when ischemia was maintained for
75 minutes, complete analgesia ensued.

II. THE DOUBLE RESPONSE

Many investigators have demonstrated that
when pain is induced by pin prick or heat in the
distal parts of an extremity, the sensation of
"pricking" pain is followed after a painless inter-
val by a second painful sensation. This has been
called the "double response" (1, 2, 12, 13) (Fig-
ure 4). An attempt has been made in the follow-
ing experiments to ascertain whether the quality of
the first pain response, or rapidly perceived pain
which will be designated as "fast" pain, was

identical with that of the second response or the
pain perceived later. The latter will be desig-
nated as "slow" pain.

Method

For purposes of pain stimulation, a sharp needle was

thrust briefly and superficially into the skin surface; a

brass cylinder heated to about 650 C. was briefly touched
against the skin; also, the Hardy, Wolff, Goodell pain
threshold apparatus was used to stimulate pain by radiant
heat. These noxious stimuli, both pin prick and thermal,
were applied on the distal portions of the upper and lower
extremities. In a second series of observations, experi-
mental "hyperalgesia" in normal subjects was achieved by
wrapping a blood pressure cuff around the upper arm and
keeping it inflated to 200 mm. Hg throughout the experi-
ment (35 to 75 minutes), For "procaine block" a solu-

tion of procaine hydrochloride, 1 per cent, was infiltrated
either into the tissues around the ulnar nerve, or sub-
cutaneously.

Series 1. Observations on the two qualities of
pain of the double response
a. Nineteen subjects noted the double response

and each subject was asked whether he considered
the two sensations of similar quality. Eight sub-
jects considered that they were the same; 2 would
make no decision and 9 were convinced of a
difference.

b. A patient with "hyperalgesia" on his left
hand, resulting from dorsal root disease, easily
distinguished a double response to pin prick. He
reported that the first sensation, or "fast" pain
was that of a sharp pin prick, and the second, or
"slow" pain was of longer duration and not
"pricking." He was of the opinion that the
"slow" pain was different in quality from the
"fast." On testing the other, or intact, upper
extremity, the double response was also noted,
but here the patient was uncertain whether the
two pains were different in quality.

c. A patient with "hyperalgesia," paresthesias,
and wasting of the extremities resulting from
peripheral neuropathy associated with nutritional
deficiency, was certain that the second sensation
was of a different quality from the first, de-
scribing the first as brief "pricking" and the sec-
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ond as a prolonged "burning" sensation (Figure
4).

d. A patient with "hyperalgesia" of the right
arm associated with a herpetiform eruption, when
pricked on the affected side, described a sharp,
brief "prick," followed by a prolonged "burning"
sensation; on his intact arm, the two sensations
were considered to be the same (Figure 4).

Comment

The reports of 19 normal subjects demon-
strated again that the qualities of the two pain
sensations of the double response on normal skin
are not readily defined. The duration of each
sensation was short and a contrast of their qual-
ities difficult.

Boring (2) spent 15 months testing sensation
on his arm and came to the conclusion that the
qualities of the first and second responses differ.
Lewis (13, 1), performing similar experiments
with his co-workers, came to the conclusion that
they were the same. The observations cited in
b, c, and d, above, are more significant than those
on normal subjects because the prolonged dura-
tion of the second or "burning" quality on patients
with peripheral neuritis and dorsal root disease
afforded a better opportunity for discrimination.
These observations suggested again that the sen-
sations associated with the first and second re-
sponse are not identical.

In the following experiments, similar to those
performed by Lewis and Pochin (12), an attempt
has been made to ascertain which nerve fibers
subserve "burning" and "pricking" pain sensa-
tions.

Series 2

a. In 3 subjects, ischemic block of the forearm
lasting 35 to 75 minutes was produced. The
"fast" pain was abolished long before the "slow"
pain. A pin was used for stimulating. After
35 minutes of ischemia, no sensation was felt im-
mediately upon impact of the pin. After about
a second, however, a "burning" sensation was
perceived. Pain of this "burning" quality was
also produced by other means of noxious stimu-
lation, including pinching, hair pulling, and burn-
ing. The delayed pain was always perceived as
"burning."

b. In 2 experiments on one subject, a solution
of procaine hydrochloride was infiltrated about
the ulnar nerve. In 9 experiments on 6 subjects,
procaine was infiltrated subcutaneously beneath
an area of skin (5 x 7 cm.) on the dorsum of
the hand. Observations were made during the
period of incomplete analgesia: (1) immediately
after infiltration and (2) as the effect of the
procaine diminished.

During such incomplete analgesia, it was noted
that "slow" pain was abolished while "fast" pain
was retained. The quality of pin prick was not
the same as that obtained on normal skin. It
seemed to be sharper and less "full," as though a
very fine needle were penetrating the skin. When
thermal radiation was used as a noxious stimulus,
the sensation was that of many tiny sharp needles
being applied, similar to the familiar "pins and
needles" sensation. There was no detectable sen-
sation of "burning." The sensdtion perceived
was of a distinctly different quality from that felt
on stimulation during ischemia.

c. In 12 experiments on 5 subjects, procaine
hydrochloride was infiltrated in skin areas
(5 x 7 cm.) on the dorsum of the hand. The
threshold for "pricking" pain was elevated in
this area. Again, observations were made dur-
ing the phase of incomplete analgesia immediately
after injectiDn, and as the action of the procaine
diminished. In none of these experiments could
a "burning" pain threshold be obtained during
the period when the "pricking" pain threshold
was elevated.

d. On 3 separate occasions in one subject, Dr.
Bronson Ray infiltrated the tissue about the ulnar
nerve with a solution of procaine hydrochloride,
1 per cent. The pain threshold of the skin area
on the medial aspect of the wrist innervated by
the ulnar nerve was ascertained immediately after
the injection and during the phase of diminishing
action of the procaine. In all 3 observations, the
threshold for "pricking" pain was elevated,-in 1
instance, 189 per cent higher than the threshold
on the control area. In this experiment, the first
sensation perceived was a fine needle-like "prick-
ing"; no -"burning" pain was noted. The in-
tensity of thermal radiation was great enough to
produce a third degree burn. When the action
of the procaine was ended, the subject experienced
"burning" pain which persisted for 24 hours.
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Comment
The observations of Lewis and his co-workers,

(1 and 12) and of Gasser and his co-workers
(14 to 17) have given the double response special
significance. Lewis found that the "fast" pain
was more readily altered by ischemia than was
"slow" pain. Gasser found that the function of
myelinated fibers was more readily impaired
during the ischemic state than was that of un-
myelinated fibers, suggesting that "fast" pain is
mediated by the former. Conversely, cocaine
abolishes first the action of the slower-conducting,
unmyelinated fibers. Lewis noted that when
either the skin or the cutaneous nerve supplying
it is cocainized, the "slow" pain response is
abolished, while the "fast" pain response is re-
tained. This suggested that the "slow" pain is
subserved by unmyelinated fibers. The interval
between the first and second responses, which
increases with the distance of the stimulus from
the cord, approximates the calculated time in-
terval based on the conduction rate of impulses
traveling in myelinated and unmyelinated fibers.

It was demonstrated by the observations of this
communication that ischemic neuropathy inter-
feres more with perception of "pricking" pain
than with the perception of "burning" pain.
Also, during the phases of incomplete analgesia
following procaine infiltration, perception of
"burning" pain was abolished, whereas "pricking"
pain was still perceived.

Lewis (1 and 13) is of the opinion that regard-
less of whether "fast" or "slow" there is only
"one quality" of skin pain, and that brief noxious
stimulation of the skin produces a sensation
described as "pricking" whereas prolonged
noxious stimulation produces a sensation de-
scribed as "burning." In contrast to this thesis,
therefore, it can be inferred that the "pricking"
quality of pain from the skin is "fast" pain,
primarily conveyed by one set of fibers, i.e.,
myelinated fibers, whereas the "burning" quality
is "slow" pain and is conveyed primarily by an-
other set of fibers, i.e., unmyelinated fibers.

III. THE QUALITIES OF PAIN IN RELATION TO
DEPTH OF STIMULATION IN THE SKIN

In an investigation of the double response (18),
the depth of penetration of a needle into the skin
was measured and related to the qualities of pain

sensation perceived. It was found that the "fast"
pain of the double response was obtained at a
depth of 0.25 to 0.50 mm., while the "slow" pain
was obtained at a depth of 0.50 to 1.0 mm.

Observations
Series 1. Scraping the most superficial por-

tions of the skin of the dorsum of the hand with
a fine needle gave rise to a sharp, pricking sen-
sation. In 5 observations on 3 subjects, it was
reported that when ischemia was induced in the
arm for a sufficient length of time to abolish the
"fast" pain or "pricking" component of the double
response, scraping the superficial skin was pain-
less. A deeper penetration of the skin with a
needle gave rise to "burning" pain.

Series 2. In 7 instances in 3 subjects, peri-
neural infiltration of the ulnar nerve with procaine
hydrochloride, 1 per cent, and infiltration of a skin
area (5 x 7 cm.) on the dorsum of the hand, were
performed. It was noted that during incomplete
analgesia, immediately after injection and during
the phase of diminishing action, scraping of the
superficial skin with a needle gave rise to a
tingling, pricking sensation, while deeper penetra-
tion of the needle was at the same time painless.

Comment
Two nerve fiber plexuses in the skin have been

described (19): an intraepidermal, or superficial,
plexus supplied by myelinated fibers, and a sub-
epithelial, or deeper, plexus supplied by unmyel-
inated fibers. Unfortunately, no conclusions can
be drawn from these data concerning sensation.

Since ischemia eliminated painful responses
from the most superficial portions of the skin be-
fore affecting the deeper, and since, at this time,
the "fast" or "pricking" pain of the double re-
sponse was also eliminated, it may be inferred
that the apparatus for the "slow" pain alone was
functioning, and that this lies deeper than the
apparatus subserving "fast" pain.

This inference was supported by the observa-
tions made immediately following procaine in-
filtration of the skin, when the superficial "prick-
ing" pain alone was perceived.

IV. INFERENCECONCERNINGTHE "HYPERALGESIA
OF PERIPHERAL NEUROPATHY

The sensory changes that occur during ischemia
of an extremity resemble in many respects those
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which occur in the peripheral neuropathy of al-
coholism with nutritional deficiencies (24), as well
as in other varieties of peripheral neuropathies.
Sensations subserved by the myelinated fibers are
impaired before those subserved by the unmye-
linated fibers.

It has been shown (Figure 3) that the ischemia
was associated with first a lowering of the "prick-
ing" and "burning" pain thresholds, and later
with an elevation of both thresholds. Perhaps
because it is transitory and of lesser magnitude,
the phase of lowered "pricking" pain threshold
in patients with peripheral neuropathy is seldom
described. On the other hand, because of its per-
sistence and greater magnitude, the lowering of
the "burning" pain threshold is a striking bedside
phenomenon. Perhaps relevant to these observa-
tions is the initial lowering of the threshold of
stimulation of nerve fibers during ischemia and
anoxia which has been noted by several investi-
gators (20 to 22).

During the early stages of anoxia, the threshold
of stimulation of the "C" group of fibers is mark-
edly depressed, and possibly more so than is that
of the "A" group. Moreover, the "C" group of
fibers maintains its phase of increased irritability
longer than does the "A" group (23).

During ischemic neuropathy, "burning" pain
long outlasted the period of stimulation; whereas
on normal skin, "burning" pain ceased soon after
the noxious stimulus ended. Such persistent pain
was also reported by some patients with "hyperal-
gesic" skin areas due to peripheral nerve dis-
orders. In these, there was no defect in circu-
lation; hence, it is unlikely that the persistence of
pain is due to a faulty blood flow.

It is seen in Figure 3 that, after about 15 min-
utes of ischemia, the "pricking" pain threshold had
been elevated, while the threshold for "burning"
pain was still decreasing. At this time, a pin
point when pressed into the skin was less "prick-
ing" and more "buming."

One author (24) suggested that such "para-
doxic pain" resulted because the loss of one type
of pain sensation enhanced the perception of an-
other and supported this view by citing another
(25), i.e., "that the function of the impulses which
run on ahead of the others is to adjust the ex-
citability of the synapses in preparation for the
arrival of the later impulses." Thus, according

to his views, if the impulses from myelinated
fibers are lacking, there would be no synaptic ad-
justment and the undamped neural impulses
would give rise to more intense sensation.
Gasser (14 and 25), however, in the earlier for-
mulation (14, 25) upon which the more recent
worker based his views, concerned himself not with
sensation, but with a simple spinal reflex pattern.
He did not infer that a rapidly traveling impulse,
as a result of noxious stimulation, alters a synaptic
junction for another impulse from noxious stimu-
lation so that the latter gives rise to a sensation
of a different intensity or quality.

The data from the experiments of this com-
munication suggest a simpler conception of the
' paradoxic pain" of peripheral neuropathy: as the
expression of a defect in peripheral nerve, the
threshold for "burning" pain subserved by un-
myelinated fibers is so depressed that ordinarily
innocuous stimuli are perceived as painful,
whereas at the same time the threshold for "prick-
ing" pain, subserved by myelinated fibers, is ele-
vated. Under these circumstances, contact with
the bed clothes produces a painful burning, and
yet pin prick perception is impaired.

V. SUMMARYAND CONCLUSIONS

1. The nature and significance of two pain sen-
sations of the skin-"pricking" pain and "burn-
ing" pain-have been investigated.

2. The threshold for "burning" pain is lower
than the threshold for "pricking" pain.

3. The peripheral nerve endings which sub-
serve "pricking" pain are located more super-
ficially in the skin than those subserving "burn-
ing" pain.

4. During the phase of incomplete analgesia fol-
lowing infiltration of procaine hydrochloride into
the skin or about a peripheral nerve, "pricking"
pain is perceived, whereas "burning" pain is
abolished.

5. "Pricking" pain is the first or "fast" pain
perceived in the double response to pin prick;
"burning" pain is the second or "slow" pain.

6. Ischemic block of an extremity initially
lowers the thresholds of "pricking" and "burning"
pain. The threshold for "burning" pain is more
depressed, and for a longer time, than the thresh-
old for "pricking" pain. Also, during the period
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of depressed "burning" pain threshold, the sen-
sation of "burning" pain long outlasts the noxious
stimulus. Prolonged ischemic block produced an
elevation of both "pricking" and "burning" pain
thresholds, and ultimately complete analgesia.

7. The "hyperalgesia" associated with periph-
eral neuropathy in patients, may be explained by
the significant depression of the "burning" pain
threshold. This is usually accompanied by an
elevated threshold for "pricking" pain.

8. These experiments together with the work
of others, make it seem likely that "burning" pain
is conveyed chiefly by unmyelinated fibers, and
"pricking" pain chiefly by myelinated fibers.
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