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Clinical examination by usual means indicates
variations in the rate of sweating from the skin
surfaces of various portions of the body. At-
tempts to measure these differences quantitatively
(Kuno (1), Galeotti and Macri (2)) have con-
firmed these clinical observations, and the devel-
opment of more accurate methods (3) has per-
mitted a quantitative evaluation of differences
from normal, in a variety of conditions which
clinically suggest such changes. Such observa-
tions constitute the subject of this report.

METHODSAND MATERIALS

The measurements were made under controlled condi-
tions in an air-conditioned room, maintained at 750 F.
+ 1° and at a relative humidity of 50 per cent + 2 per
cent. A change from this comfortable environment to
hot and humid conditions (1050 F. + 2° and 75 per
cent + 2 per cent, respectively) was produced in order to
stimulate visible sweating. There were no perceptible
currents of air, and, by room design, psychic disturbances
were reduced to a minimum.

The technic for measurement of water loss was that
used previously (4) in normal individuals. It consists,
essentially, of passing dry oxygen through a closed sys-
tem over a measured area of skin. The quantity of the
vaporized water, trapped in aluminum coils by freezing,
was calculated by the difference in the weight of the coils
before and after the condensation of the water.

Studies were conducted as follows: The subject entered
the observation room, where the atmosphere had pre-
viously been adjusted to a temperature of 750 F. and a
relative humidity of 50 per cent. The patient removed
all of his clothing except his underwear, entered a com-
fortable bed with an innerspring mattress, and covered
himself with cotton sheets or a woolen blanket, to suit his
comfort. The collectitig chambers were sealed in place,
and, after a period of approximately 45 minutes, the
water loss from the enclosed areas of skin was measured.
The water was collected continuously throughout the
entire period of study. By the manipulation of stop-
cocks controlling the flow of the water-laden oxygen and
diverting it into one collecting coil or another, the water
loss could be separated into 15-minute samples. Thus,
collections of sweat for 15-minute periods were made,
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and then, without the subject's knowledge, the thermostat
and humidistat were readjusted, and the room tempera-
ture and relative humidity increased to 1050 F. and 75
per cent, respectively. About 15 minutes were required
for the atmospheric conditions of the room to reach
these new levels. During the period of change, and for
30 minutes thereafter, the water loss from the areas of
skin under observation was measured so that two 15-
minute collections were made while the room was hot
and humid. Duplicate or triplicate measurements were
made for each part studied.

The rate of water loss from the skin was measured
during the winter as well as spring and summer months 2
in New Orleans. The conditions in the room were the
same during all seasonal periods. We have previously
shown that there is no appreciable difference in the rate
of sensible or insensible water loss in these seasons under
the laboratory conditions (3). Subjects were used as
they became available, regardless of season.

No attempt was made to have the subjects in a post-
absorptive state during the determinations. They were
advised to eat a light breakfast or lunch, and were then
studied about 2 to 3 hours later.

Observations were made on 14 adults displaying a
variety of states enumerated below. Eleven were white,
and 3 negro. There were 8 females and 6 males, varying
in ages from 17 to 56 years.

The areas of skin studied were those over the right
and left index finger tips, right and left second toe tips,
right forearm (volar surface), anterior surface of chest,
epigastrium, umbilical area, anterior surface of the right
thigh, right pretibial area, right cheek, forehead, right
axilla, left axilla, right leg, plantar surface of the heels
of the right and left feet, and the palms of the right and
left hands. Three or 4 areas were studied simultaneously.

Comparisons were made with the values obtained for
normal adults (3).

RESULTS

In all, 481 separate 15-minute determinations
were made on the 14 subjects. In the data, the
values given are converted to milligrams per 10
square centimeters of skin area per 15 minutes.

2Average temperature and relative humidity for New
Orleans for period of January to March, inclusive, were
55.1° F. and 68.6 per cent, respectively, and for July and
August were 83.00 F. and 80.3 per cent.
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FIG. 1. THE MEANAND EXTREMEVALUES FOR THE RATE OF WATERLOSS FROM 17
DIFFERENT SKIN AREASOF 37 NoRmALADULTSOBTANEDDURINGTHE MONTHSOF JANUARY
THROUGHMARCH

The parts studied are represented as follows by the numbers along the abscissa: 1 = Ball
of the right foot, 2 = plantar surface of the heel of the right foot, 3 = palm of the right
hand, 4 = lateral surface of the right arm, 5 = mid-plantar area of the right foot, 6 = right
second toe tip, 7 = right index finger tip, 8 = right cheek, 9 = middle of forehead, 10 = left
axilla, 11 = right axilla, 12 = posterior surface of the right leg, 13 = right flank, 14 = an-
terior surface of the right thigh, 15 = mid-epigastrium, 16 = posterior surface of the left
thigh, 17 = volar surface of right forearm.

Figures 1 and 2 show the results of studies
previously reported in 37 normal adults. Mean
and extreme values are shown. It was noted that
water loss was found to vary markedly from
area to area, from patient to patient, and from
time to time in the same patient (3).

Figures 3 through 7 compare the results in
normal individuals with those in certain abnormal
states. In Figure 3, values obtained in a patient
with hypothyroidism are shown. In the comfort-
able room, water loss from the right index finger
is below, from the right forearm is above, and
from the forehead lies within the extremes found
in normal individuals. In a hot humid environ-

ment, values for water loss from index finger
and forehead failed to rise into the range of
normal, while values for the right forearm did
rise into this range, although remaining below
the average for that area. In another patient
with hypothyroidism, values for the comfortable
and hot rooms were, respectively, 13 and 19 for
the right index finger; 10 and 16 for the right
forearm. These values compare favorably with
those of the patient in Figure 3. The right palm
changed from 16 to 21, as compared with the
mean normal of 23 and 39. Both figures show
values below the minimum values found in nor-
mal subjects (Figure 1).
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for the patient lying below the extreme range
found in normal subjects.

2 Figure 5 shows the water loss for various areas
in 3 patients with congenital ectodermal dysplasia.

_ cq g Often sweating is said to be lacking in these pa-
r50i! tients because of a disturbance in the sweat glands.
E , In the present patients, values are seen to parallel

* O closely the data for normal subjects, especially
in the hot and humid environment.

-b40 .Figure 6 represents data upon a patient with
ErP. l l Q nnervous sweating. The marked sweating of

itn the hands in such patients, noted clinically, is
quantitatively confirmed, while in the forearm andto 0

in
I" CD thigh the deviations from normal are slight and

v UX variable.
0| i| * 12 In Figure 7, values for a patient with sclero-

S | ,_,1 >! | °0 derma are graphically represented. Here, values
t X0 11C_ in the right index finger and forehead in the

comfortable and in the hot rooms were below the
c.| t 2 q| range of normal subjects. In the comfortable

o 1w aI room, values in the right forearm and epigastrium
2 10[ 0| 1W, 91 1 o S were in the normal range. In the hot room, the

<0 to ]10 forearm reacted as did the finger and forehead.
l oNormal values for the epigastrium were not avail-

CD N*\able for comparison. Most marked differences
Z o correspond to the areas of major involvement

I ~~3~1I5
2ate in omortabIl rom Pdtient with Iypothyrotdismr

- Pateirihotandhum&doom 50 P_ Pat i e x

FIG. 2. THE MEANAND EXTREMEVALUES FOR THE 450
RATE OF WATERLoss FROM5 SKIN AREAS OF 12 NOR- e
MAL ADULTS, OBTAINED DURING THE MONTHSOF JULY E 40
AND AUGUST

* = variation in only one patient. The parts studied .
are represented by numbers along the abscissa: 1 = Right ' '
index finger tip, 2 = right second toe tip, 3 = middle of
forehead, 4 = volar surface of right forearm, 5 = mid- 422Z 25 2?4
epigastrium.

tRUt 1 1 t a18
Figure 4 shows values for a man who claimed l

to suffer from summer weather. He stated that .4 984
he could not work in hot weather without fatigue,
although the same work in the same weather did 4N l P PH 1)D N N
not affect others. Nothing about his clinical ex- o I-I-
amination indicated the cause for this complaint. 2t index finer Right forearm Forehe.d

D*dle in cornfortcibte. roomObservations on him showed values for water m Pdte in hot dnd hurnzd roorn
loss in a comfortable room consistently below the
nortalverge,andthee difernce wee mrk-

FIG. 3. THE RATE OF WATERLOSS FROMTHE SKINnormal average, and these differences were mark- SURFACESOF 3 AREAS OF A PATIENT SUFFERING WITH
edly accentuated in a hot, humid room, each value HYPoTHYROIDISM
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A Patient who suPrered from 5urnmmer weatheer

I- Rate zn comfo-td ble roonm
m 1a te u-n hot did humirct oomn

FIG. 4. THE RATE OF WATERLosS FROMTHE SKIN OF SEVERAL AREAS OF THE
BODY OF A SUBJECT WHOSUFFEREDINTENSELY IN A HOT CLIMATE

Ectodermal dysplasid
(5 patients)

,!# Toe Torehedd Rti frearm
3 12ate in comfortable room

RRdte in hot and hurmid r-oor

FIG. 5. THE MEANRATES OF WATERLosS FROMTHE SKIN OF SEVERAL AREAS
OF 3 ADULT MEMBERSOF A FAMILY WHOHAD CONGENITAL ECTODERMAL
DYSPLASIA

with the sclerodermatous process. In another
patient with early scleroderma and Raynaud's dis-
ease, values before and after elevation of room
temperature, respectively, were for the following
areas, 13 and 61 for the right index finger, 11
and 72 for the right forearm, 13 and 79 for the
right pretibial area. The marked variations from
normal, seen in the previous patient, are not evi-
dent here. In a patient with Raynaud's disease
with scleroderma, the values were 23 and 40, 17

and 36 for the right and left index fingers, re-
spectively, and 10 and 33 for the right leg. Thus,
the figures for this patient fall within the normal
range.

A patient with gigantism, acromegaly, and dia-
betes mellitus complained of dripping wet hands.
Her blood Wassermann reaction was positive and
her basal metabolic rate, -2 per cent. Values for
her right index finger exceeded normal in both
environments. They were, respectively, 73 and
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Pat tent w,Lth
nervous" sweatirng

P - Patient
N - Normal

231E

~

p

Qt indx fmiqer Q2t foredrm Rt ant thiqh
tJ 'Pdte in comf ortdbSe roomr
_ dle n hof dndIwmid room

FIG. 6. THE RATE OF WATERLOSS FROMTHE SKIN OF
SEVERAL AREAS OF THE BODYOF A SUBJECT WHOWAS
SUFFERING WITH NEUROCIRCULATORYASTHENIA AND
"NERvous" SWEATING

83. Both the right and left axillae showed high
values, 20 and 18, in a comfortable room, but
values in normal range, 40 and 42 in the hot
environment. The forearm and forehead showed
similar changes, 8 to 18, and 17 to 35, respectively.
In the cheek, both values, 8 and 13, were lower
than normal.

A patient with Buerger's disease displayed nor-
mal values, 15 to 22 in the right index finger,
similar but lower results, 9 and 20, in the second
right toe, which, when repeated on another day,
were distinctly low, 8 to 10. The values for the
forehead fell in normal range, 16 to 71. In the
umbilical area, the figures were 7 and 17.

A patient with syringomyelia, studied only in a
comfortable room, showed no change from nor-
mal. Right index finger, right forearm, and f ore-
head values, were 21, 5, and 12, respectively.

The effects on water loss of a weeping allergic
eczema, due to wheat sensitization in a baker, were
studied. Values were, for the right palm, 16 and
16; right side of chest, 11 and 12; right index
finger, 8 and 25; left heel, 15 and 23; and right
heel, 17 and 24. The low initial values in the
comfortable room and the failure to develop of
the marked rises expected in the hot humid room
are evident.

A Pdtient wLth mrkdtked &cteroderra

se

222

450

20

P Patient
14 Normal

234 224

Io0

5O4 .; ~5 43 s50

FI;i ifP P PJ

140r

12c8

124*

744
r-s

va
1%

c

E
t)
%91D
c

9, .

11.4-.1 '4

3160
t4l 40

ri L
I

41.1-,ue
c. (i

, 40
11-1.
fj.
e

201-

145
MN

222

545

40

r.

C

10%

H

Rvndex finger 2t forecrm Epiqastrium Torehedd
E.n eate in comforti6le room
_ R4ate in hot dnd humid room

FIG. 7. THE RATE OF WATERLOSS FROMTHE SKIN OF SEVERAL AREAS OF
THE BODYOF A SUBJECT SUFFERING WITH SCLERODERMA

41

0

Gor



W. A. SODEMANAND G. E. BURCH

DISCUSSION

The marked variations in water loss from area

to area, from patient to patient, and from time
to time in the same patient, must be emphasized.
In normal subjects, the variations followed, in
general, a definite pattern (3). In descending
order, the values for water loss are hands, feet,
head, arms, legs, and trunk as seen in Figure 1.
In the hot and humid environment, the rate was

greatest for the finger tip, axillae, and forehead.
It was also noted in the study of normal individ-
uals that the percentage increase, due to transi-
tion from the comfortable to the hot room, was

as great, or greater, from the skin of the arms,

legs, and trunk, as from the finger and toe tips.
Despite the variations in normal individuals

from area to area and from person to person,

there is evident, as stated above, a general plan
or trend of values in the whole group.

The reaction of the thermal stimulus involved
all areas studied and presumably involves the en-

tire body. By this means, the organism regulates
heat loss as radiation becomes less and less im-
portant. Finally, when environmental tempera-
ture exceeds body temperature, evaporation be-
comes the sole means of heat regulation. Varia-
tions from normal in this thermal response are

to be predicted in hypothyroidism, for in this con-

dition, heat exchange is below normal.
In the patient with the complaint of discomfort

in warm weather, there was no obvious evidence
to substantiate this complaint until quantitative
sweat studies were done and clearly indicated a

marked inability to sweat normally with rising
environmental temperature. No doubt, other such
patients exist. Such physiologic states may ac-

count for marked discomfort and inefficiency in
men living in subtropical and tropical climates.
The abnormal response is not yet explained. Both
neurogenic and circulatory control has been postu-
lated to explain the thermal response, but we have
not yet been able to demonstrate the importance of
either mechanism in this patient.

The disturbed responses in the patients with
allergic eczema and scleroderma indicate the pos-
sible influence of local dermal factors on water
exchange.. One would expect that interference
with water exchange by local dermal factors might

increase water loss through uninvolved, or less
involved areas. The values for the patient with
scleroderma suggest this possibility. Under any
circumstances, these patients demonstrate the ef-
fect of local factors on sweating.

Reactions of the sweating mechanism are shown
to vary with the stimulus. The general response
to the thermal stimulus has just been discussed.
Emotional stimuli evoke a different response, in-
creasing the sweat production especially in the
hands. This is evident clinically, and our patient
with "nervous" sweating obviously falls into this
group. In the right index finger in the comfort-
able roomi, the values exceeded those of the normal
in a hot humid room. The response to heat was
excessive, but similar, on a percentage basis, to
that of the normal. These results did not hold
in the other areas studied. Patients of this type
demonstrate regional variations in sweating un-
like those in the patients with scleroderma and
eczema described above, and resting upon dis-
turbances in the nervous control of the sweating
mechanism.

The differences in the response to heat of the
finger and of the forearm and the thigh, as com-
pared to each other as well as to the results in
normal subjects, would seem to favor the pre-
dominance of non-nervous factors in the thermal
response in general. However, the group of
patients herein studied is so heterogeneous that a
series of each type will be necessary before such
general conclusions may be drawn.

SUMMARY

A comparison of a group of patients with a
variety of conditions affecting the sweating mech-
anism with a group of normal individuals indi-
cates a much increased variation in the rate of
sweating, both insensible and sensible. The con-
ditions vary from those affecting the general con-
trolling factors of the sweat mechanism to local
diseases of the skin which appear to interfere
mechanically with the process. Obviously, local
factors in the sweat glands and skin, so often
neglected, may be important in sweat responses.

Variations from normal in nervous sweating
and the reactions of these patients to heat-stimula-
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tion favor a non-nervous mechanism as the im-
portant factor in the thermal response.

Vascular disturbances, such as those found in
Buerger's and Raynaud's diseases, which might be
expected to affect appreciably the sweating mecha-
nism, had little influence on these reactions.

Quantitative studies of sweat production have
been found helpful in establishing objective evi-
dence to account for otherwise inexplicable reac-

tions to heat.

Wewish to express our appreciation for the technical
assistance and keen interest of Mr. G. Morgavi, who
participated in these studies.
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