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<:\? 1. PROJECT NO, 1 ~ Cold Weather Operations, Third Partial Report
on Sub~Project 1=19, Study of the Physiologic Effects of Cold,
‘: a, thority: - lLetter Commanding Gemeral, Headquarters Armored

QD Force, Fort Kuox, Kentucky, File 400.112/6 GNOHD, dated September 24, 1942,

2. DISCUSSION:
Y.

? N{litary operation> in cold westhar naturally pose many problams,
One of the most important is related t¢ immobilization of men for long periods of
time, preventing them from indulging in even the suallest movements from fear of
having their presence detacted, The sxperimental work being reported is coucerned
with the resctions of soldlers sitting guiestly for periods of two to three hours
in snvironmental temperatures ranging from 41 to -40°C,

3. CORCLUSIONS:

The data hore presented illustrute wome of the phyaiologicsl changes
that occur in mcn exposed to lov environmentel temperatures, The responses of men
: to cold is complicated by a number of extraneous faciores which are, at present,
poorly understood, Physiological and psychologlcul studies n progress at ths present
time will, 4t 4s hoped, clarify a number of voints regarding the variability of the
response of clothed men to very cold environments,

4, RECUIMENDATIONS:

Ne specific recomrendations ere made,
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METHODS: Forty-five young men in excellent physical condition served ac
subjects for a tocal of 430 tests, The largest number of exposurss for a single
individual wra thirty-five, Two to five teets were parformed on each subject
in a ringle environment, Oune group of five subjects was exposed to all eaviror~
mente with the exception of f1,1°C, The aversge characteristics of the entire
group wera aa follows: Age, 20.5 years; height, 67.6 inches; weight, 14§ psunds;
and surface aresa, 1,79 square meters,

All exposurss were made in the morning betwcen 8 and 12 o'clock, The
gubjects ate a light breakfast two to three hours prior to their entrsnce inte
the cold roow, The men put on thermocouple harnesses of five to fifieen coppor—
constantan couples and afier donning their underwear remained iying quietly for
at least one-half hour in & cantrol room, environment 22°C,, 508 relative amidi-
ty. Basal messureaents of skin and rectal temperatures {with a thermocoupls or
a calibratad rectal thermometer) were then obtained and the men procssded to
dress in their Arctic clothing®,

RESULISs T™e data obtained are presented in Tables I, II and III and
Figures 1 te 11, All data presented in the tables are mean values, but ia ordsr
to indicate to scme extent the variabiliiy that was encountered, ranges are aleo
glven,

METABQLISM OF SEATED, CLOTHED MEN: When men quietly seated in a relatively
cool environment of 229C, for a thres hour period, only slight alterationc ef
approximately 5 per cent in metabolism were observed (Tadle I). 3Xxposurs to
cold epviromments was accoxzpanied by increased metabolic rates and this was
evident even in the very first hour of the sitting peried., However, irregular-
ities in response were common, varying from no change to increases of over 30
per cent, This latter valus, obtained at un environmental temperature of 1,1°C,,
vas exceptional for the first hour; the majority of the increases were around
10 per ceat, During the second hour of exposure a striking rize of the metabolie
rate occurred at all snvironments, The highest increase of 538 was obsarved at
the lowest environmental temparature, -40°C,, although mo correlation betwesn
smbient tempsrature and metsbelic response was notea., The metabolism continued
to rise during the third hour, reaching in the -400C, environrent a value of
almost 74 per cemt above dassl,

TAL TEMPER ¢ The data are presented in Tables II and IXI
and Pigures 1 to 11, The man din temperatures were calculated from the five
skin areas included in Table 11, The major portion of fall in mean skin

®EArctic clothing,® vwith insulative valus of approximately 4 clo, concsiated oft

Underwear, wool 50-50 Socks, cushion sole, 1 pair
Trousers, field, alpaca pile {3/8") Socks, ski, wool, 2 pair
Trousers, field, cotton Shoes, flet or

Jacket, field, pile {3/3%) , Muklaks, with burlap insoles
Parks, field, pile (23/8") Mittens, wool

Parka, field, cotton ¥ittens, shell, outer
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tengeratare scourred in sthes firast hour of exposure, The averags mean curves
ploited in Wigare 1 $1luetrste this rapid fall., The rate of decreasing temper-
atures was very slov in the lzet half of the expewure, Yhile this may be related
to the increased metabolism of the laser peried, more prodadly 4t indicated the
attainnent of an eGuilibriuxm between input a%d loss of heat from the clothed
b0dy. The relasive stadility of the rectal temperaturs in tals iast ond and ome~
half to two Lours of expovure (Tabls IfI) addec additional emphasis to this suge
gosted leveling-~off phanomenor, Nith the exception of the curves for environ-
sents of -26,1%wnd -34,49C,, thers appearsd a3 the end of thras houre to be a
greater drop and a lower final mean eiin tempsrature the colder thoe environment.

The ranges of skin and rectal teupiratures are pressnted xs an indication
ef the variability to be expect~d and the futility of depending upon sbservations
Bide on a fov subjects in expuriments of thia naturs, 7The frejuency distridution
of the seza skin texsperature during the thre¢ hour exposure to four of the suviron-~
nents atulied, vix,, -17,89, .23,3%  .28,99, and -40.0°0, ars shewn in Figures
2,394, and 8, They suphasize the rapidity of drop in mean 3kin valuss and the
sositer that can b~ expected, Usfortuastely ths fail %o show that an Ludividual

‘ By start off witk ome of the aigher initial tempsraturems tut end the period of

expusure with oas of the lovest. PYor sxample, at the -40°C, enviroament, one
subject had an iniiial value of 35.3%C, and a final value of 17,29, while smother
staried with 35,2°C, and ended with 28,.29C. in these cases neither sud ject
complained of the cold; only tho firast sudbject shiversd and this ocourred after
170 minutes of axposure,

The data on values ohtained for are, chest, thigh, calf, and toe are also
€ivon in Table II as a’ditional evidence of varlebility wad to shov the regional
differences in rate and dogree of change in ihw témpersinres of these parts,

The suaceptadbility of tha extremities to low oaviropmaatal temperatures and the
progressively greater inadequacy of foot proteciion are iamdicated by the frequeacy
“Lstridution ddagrams of Tigures 6 to 11 inclusive, Too temperutures dslew 0%,
wers recorded in environments of -23%C, and below, Thaao occcurred in a mumdey

of cases before Iwo hours of the exposure had elapwed, In sume individuale a
Phaclic type of rectponse was observed in which the toe temperaturs, after the sbove
emount of ecoeling, sudaenly rces & o iC degrees, Bdut returned again vory rapidly
to lover levels, OGther individuals remained at theso lov levels, Xo cases of
Trostbite vere ebrerved in any of the subjects, Sudjsetive complainis regarding
toss and othsr areas could not be definitely rciated to the temperature of the
part, Trequently the complaints were mors vigorous with the higher temperaturss
than with tha lower,

The obssrvatioas made on the diverzity {n rats and extent of fall in mear
skin or individual part temperatures were also observed with rectal temperatures
(Table I1II), Considsrable caution sust be exercised in the interpretation of
any single individual value, An interosting obsarvation wes the finding thas
after the men roeturned to a comfortable eaviromaent, 22%G,, their rectal 4emper-
atures continued to fall, Fhis is prodably a reflection of the coctinuing trans-
port of ceoled dleood from the body surface to the Dody core,

DISCUISIQN: Tt° variability obeerved in the rsactions of mon to cold
exvironments are related, although not as a positive correlsiiom, to the variztions
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in metaboliism, in mean skin, vody and in unit area temperatures, Since s&ll
subjects wore clothing offering essentially similar insulative protection and
since tests were made on each man in several environments, these findings are
of imporiance in the finsl evaluation of protective clothing ad susceptidility
of men to the effects of cold, Most subjects followed a regular pattern iun
that the colder the environment the more uncomfortable they wers by both sub=-
Jective and oblective criteria, However, a few men were comfortable &t lower
teuperaturas and uncomfortable at certain higher ones, The cause of thase
varfations could not be determined and remains a major stumbling block (0 a
delineation of the physiclogic responses ¢t men td cold environments,

Oa exposure to cold the total metabolism is {ncreased (Table I), The
cause of the increased heat production is not clear and conesideradle dispute has
arisen ae to whether the increase is induced sclely through muscular movemeats,
ineludirg shivering, or whether other mechanisms ars drought into play. Cannoa
et al,, favors a humoral factor, {.e., adrenalin, as being ths factor, suggesting
that increased metabolism is due to the increased secretion of this hormone,
Other investigators while favoring the humoral theory, feel that the adrenal
cortex plays the more significant role in adaptation of animals to cold eaviroa-
mentg, Krogh believes that the increased ectivity of the animal exposed to celd
may be ths factor incressing muscle tonus at rest and so affecting ths basal
rate,

Thers is no doubt that even adequately clothed individusls ahiver, some-~
times cuite violently, while sitting in the cold and that the large increases ia
heat production obeerved in the last hour to hour and a half {n ocur subjecis vere
mainly due to this activity, I¢ was aifficult to explain the increases in the
first hour on this decis as gross shivering was generally adaent., Although is~
creased muscular toous may be the cause it was impossible by methods smployed to
determinc any ovidence of greater tension. The fellowing tadle is sn analysis
of subjJective data on shivering obtained at an ambient temperature of -28,9°¢,

Expospre Iine 2t Cusel

m_za__sl;_m_!be of Sybject oL Shivering
Under 66 minutas

Under "™ minutes
Under ¢ minutes
Undexr . .. minutes
Under 181 minutes

CELEE

At this environment of -28.99C., only a small fraction of the group exhibited
even the mildest shivering in the first hour, although the heat production of
the group had increassd almoet 13 par ceant,

These data substantiate neither the chemicel nor the muscular activity
theories of increased metabolism, Alterstions in #mecular tono cannot bYe elimi~
nated as a cauee of the raised heat production, snd since it was impoesidle in
thess oxperiments to Gemonstrate an incraassd secretion of epinephrine the role
of this factor cannot be clearly evaluated, EHovevar, since the experiments of
de Barenns, et al, indicated that increased muscle tone is pot associated with

any high dagree of metsbolism, "the chemical theory is an attractive explanation
for the initial increass in the metabolism of clothed men $itting qQuietly in o
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cold snviromment, TFurthermore, Hicks has performed experiments on the mstralian
Wworigine suggesting that the incrsased heat production at lov envirozmental
temperatures are not brought about by shivering,

Higher skin temperatures were sometimss associated with high metabolic rates,
but the cantrary vas also cbhserved - high metabolise with lovered skian texpera-
tures, Swift reported that his partially nude subjects bsgan to shiver when the
skin tempsrature reachsd 1900, ¥o such correlation was found in the present
observations, but heavy clothing worn by these men may have interfored wisk thilr
responses, W¥hen shivering did occur, skin temperatures of 29°C, to 16°C, wore
recorded, Individusls had different responses on differcnt days under identical
environmental conditions,

The changes in rectal tempsrature bore no relation to the metabolic rate,
Swift's data on lightly clothed subjects indicated that changee in rsctal teamper-
atures were not a stimulus to shivering and, therefors, were not reiated to the
increused metabolic rates observed, Vaughn'a metabolic studies on subjects whose
rectal tempsratures had besn lowered to approximately 84°p , disclosed that there
wvas & relationship between rectal temperatures and metabolism since all subjects
had a markedly lowered metabolic rate, However, Dill and Fordbes in similar ex-
periments reported the total energy exchange to be above basal lsvels due te shiver-
ing, voluntary activity, and a muscular rigidity of unknown origin,

SUNMARY s yCmn.im:.cum observations were made of the metabolic rate, skin and
rectal torpsratures of men while dressed in Arctic uniforms and sitting quiet
in extiremely cold environments, Ambient temperatures ranged from @1.1 to 40A7C,

~ -+

The heat production in the cold was above basal values during the entire
test pericd, In the -407C, environment, average metabolic imcrease of 13, B3
and 74 per cent were recorded for the first, sscond and third hours respectively,
The riss in heat cutput during the first hour could not be explained on the dasis
of shivering, Ian the third hour, shivering was present in the majority of the
subjects,) Neither the role of chemical mediators nor that of increaced suscular
tomus cot1ld be clearly delineated and requiry additional investigaticn,

o

PThe fall in rectal temperatures was moderate although values of 3b5.4-C.,
vere occasionally observod, The absolute value was not correlated with the pres-
ence of shivering and, therefore, low rectal temperatures could not de considered
&8 the stimulus for shivering,

Mean skim temperatures fell precipitously during the first hour of sxposure
and vere stabilized before the end of the test pericd, Considerable variability
was observed in both the rate and extent of fall not cnly in 4ifferent men, but
in repeat testis on the ssme mubdject,

Of all the skin areas, the hands and feet exhibited the great o) temparature
changes in both rate and degree of fall, Tos temperatures below 09C. were noted
in several instances. The susceptibility of the extremities to cold snvircaments
vas related to their sensitiye vasomoior .echanisms and to the fact that they
were provided with the least amount of insulative protsction., ' ,

The responses of men exposed to cold environments are subject to contidorablo
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variation and extreme care must be exercised in the interpretation of data abtained,
wnether on a few or a large number of sudjects,
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TABLEZ IIX

Rectal Temperatures (°C) of Men Sitting Quietly
at Designated invironmental Temperatures

Room Basal First Hour Second Hour Third Hour
Tenpgé'at.ure Mean e Mean Range Mean ;| Range [jMe2n { m;g._.‘
s B B R ml“—'m:#———"‘:ﬁ‘::*&"‘
2.2 37.8 | 37.4 38.1 || 37.1| 56.1 37.6|37.0 {364 27.4{37.0 |36.3 37.6
1.1 3741 37.2 37.6 || 36,9 36.6 37.2] 36.8 364 37.0f - - ~ 7
~17.¢ 37.4 137.0 37.9 || 37.2]36.6 38.1]36.9136.3 37.7(30.7 |36.3 37.3
-23.3 37.8(36.9 38.4 || 37.236.7 37.5(36.8 |35.9 37.6|36.8 [35.8 37.6

-26.1 37.4 | 37.0 37.8 || 37.0| 36.8 37.4|36.7 |36 36.9( - - -
~22.9 38.0 | 36,1 38.2 || 37.0 | 36.0 37.636.8 |35.8 37.2|36.7 |35.4 37.1
=3h.4 37.3 [36.9 37.6 |[ 37.1|36.8 37.336.6 |36 36.7 364 [36.1 36.7
~40.C 37.4 {37.0 3€.1 || 36.9 | 36.8 37.2]|36.8 ;36'2 37.2 [136.7 {36.1 37.1
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FIG. 1

MEAN SKIN TEMPERATURES OF SITTING MEN
EXPOSED TO LOW ENVIRONMENTAL TEMPERATURES
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FREQUENCY DISTRIBUTION IN MEAN SKIN TEMPERATURZ OF MEN SITTING
DURING A THREE HOUR EXPOSURE TO -i7.2°C
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FREQUENCY DISTRIBUTION IN MEAN SKIN TEMPERATURE OF MEN SITTING
DURING A THREE HOUR EXPOSURE TO -23.3 *C
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FREQUENCY DISTRISBUTION IN MEAN SKIN TEMPERATURE OF MEN SITTING
DURING A THREE HOUR EXPOSURE TO -28.9°C

wn
o

[} >
(&) o
T T T T

n
o

ills

,,,,n.nmmu|u.|mm“

FREQUENCY PER CENT
o
-

SECOND HOUR

N

THIRD HOUR

, il
20 L T:
' { :
Ior i !"Ha‘ ,
{ ! . ‘x!',u.v” |

~ 20 22 24

DEGREES CENTIGRADE
£l g




& “»

FREQUENCY DISTRIBUTION IN MEAN SKIN TEMPERATURE OF MEN SITTI
DURING A THREE HOUR EXPOSURE TO -40.0 °C
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FREQUENCY DISTRIBUTION IN TOE TEMPERATURE OF MEN SITTING
DURING A THREE HOUR EXPOSURE TO -178 °C
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FREQUENCY DISTRIBUTION IN TOE TEMPERATURE OF MEN SITTING
DURING A THREE HOUR EXPOSURE TO -233 °C
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DURING A THREE HOUR EXPOSURE TO -289 °C
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FREQUENCY DISTRIBUTION IN TOE TEMPERATURE .OF MEN SITTING
DURING A THREE HOUR EXPOSURE TO -344 °C
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FREQUENCY DISTRIBUTION IN TOE TEMPERATURE OF MEN SITTING
DURING A THREE HOUR EXPOSURE TO -40.0 °C
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