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On 29 Novwnher 1950, .3rip. Cner,•l S. H. Hays, Surgeon, Japan
Logistic C.nn do'sipnat.d Cinmka Ar.my Hospital as a center for •
Lrmatmont nf coln injuries ..rihinr, from the Korean conflict. The
principal reson -,r t1i, *1ct:1, werm.: %) to afford the best profes-
sional and nurinr- €ire for frozwthiti and similar conditions, includ4ing
trench foot, thxmuih thi dev-lopm..nnt of &i skilled team, b) to develop
criterLa for o1.:', n eivcwution to the United States and return to
duty of patients ai" this type ,and c) to pursue research in the develop-
mernt of improved prophylaxis, dliarnosis, treatment and general management
of these conditions.
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lite ui:crrennc, of frost.ht., i-. :niinU- .3poradic '.n
it most commonly occurs amone individualz stuporous from alcotiol . -i

.id dviduals whose occupations require proionged exposure- .v.e: very col:.
wenh.er (1); however, war fought In cold climates may pro'uct, a ut'".rir
rir.w..r of cold injuries.

The history of cold injuries has been reviewed by several authors
-'2, 3). The armies of Alax~qndcr e;.pfrienccd canuallics from frocf'ie.
Naroieon's Rusnian campaign resulted in a tremendous number of "r,*
injurien. Accorting to the official nritish history of iforld "me. I there wer
115,361 canes of trostbite and trench foot among British forces. It has been
estimated that 10 per cent of the German soldiers in World War II on the
Russian front suffered cold injuries. Based on provisional data there were
r5t,1 cases of cold injury in the American forces during World War 11.

Large numbers of cold injury casualties materi~lly reduce the fighting
strength of an army. This is particularly true in ground forces where cold
inJ•uy easualties are usually among ths frontline riflemen. Mring the
winter of 1944-'45 in Europe there were 46,#000 old Injury casualties in #he
Amrican fighting forces. These required an average hospital3.teian of 50
days. Whayne (2) has calculated this to amount to the loss of the effective
fighting strewngth of 1? infantry divisions for 50 days, Sine almost al
cases were riflemen.

Not envy do these cold injury casualties reduce the strength of an
w•, but they result in disability to the individual. Bea patients who
do not lose parts may have pain, hyperhidrosis and Intoleranee to coU
weather following healing of the initial lesion. They are handicapped for
aertain occupations and some must receive ccapeesation on separstIO from
the service.

Cold injuries include frostbite and the trench fbot-Immeralsaf fee
syndr• e Frostbite is further divided into ground-type and hig altitude
frostbite.

I VfouM-type frostbite may occur in ground troops# usualy the fr-ntlie
sold•sr, when the ambient temperature is below freesing. The duratiA at
xpoasure is between 1 ,and 2Z. hours.

High aititude frostbite (5). may occur In aviators where the ambit*.t
temreture may r"aeh mius 60 degrees Fahrenheit with the duration ow' -. 1
mire h ing from a few minutes to n f~w hours. The very low tempr*tuare. r,ý.-
be cohbnod with winds of Mpi.h velncity which Increase the col.t.g r,%t* •
txopvPl pwnrts. Hpsnds are the most frequent site of lnjury. CnnteO, ".
mkin vith extremely cold metal accounts for eo* nf the casee of' ,r ..,
rnwrtr mla! or,•r.

".r~nh anot., a term generally adptod in Rnr]4 1hr T, ,. ""

"-'.P. , rntirps near or slightl7 Onivo fr*,L, ft• , , "
.*.... - ..,.' ,• ,'f t. .L enid Anti n 'ti , i. Im - ,s''i", t'
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" '". .. ,""" '. ",!en im.z.er -re d -'--I r ,-. . :• w t• r f ,..r--.. -

These types of cold injuries hnve a similar cliniCA1 'ppeftra.,,-.

As rointed out by Whayne (2), sepAration into the various cold' i-'--
categories is based largely upon the degree of cold to •ni,:n "xposed, "..
rwriod of expostre and the environmental f3ctors which in c,-' '.4.,nctcn-".
cold int&ensi.Ly the effect of luw temperature. Under conditirs c.f cflba?.
a mixture of trench foot and froetbite may be present in a single indivilual.

Although Lewis (4) hP9 de£iiied frostbiLe &a actual freesin.r ; t
tissue, it is frequently impossible under combat :onditions t' -.eL#r.iune if
solidification has occurred. ArAong soldier• sustaining a cold injurl in
Korea during the winter of 1950-51, the affected part was rarely seen at a
time when it cotild be determined if the part had been solidified. However,
a history of ice between the toes or of socks or gloves frosen to the part
was froquently given. Almost a22 cold injuries in Kores occurred when the
teqwmrature was below freezing.

The weather conditions in Korea probably were the mt severe ever
experienced by Amerie n fighting forces. On an average the tem; batuwre.
were lowcr than those encountered in Europe or the Aleutin Islandi la.
World War II or in Europe during World War IL AltA Agh Amerean troope have
been tationed in arctic a•d subarctic regions suibas AlMkap, Can and
Greenland,, thay hrae ro•.er been engaged In aestal 6%dbto In th•o-umu .

In Koren cold injuries were infrecuent early In S@va~r l9 (Fig. 1). s
ra the latter part of November severe weather conoitiem apsatd the -
teqm of combat increased and a large scale retrograde -movement 1W U•t
Wati•m• forces took place. Uar y cold injuries occeured. To a 01t
the" cold injury casualties a section of Oasak Aro HospiUt., Osaka, Japan
w designated on 29 November 1950 as a centem for tVe troaets of frostbite
and similar canditiori. Althoqgh not all cold Injuri..eso std t KNag
wr snt to the Co.• Injury -Sction of Osaka Army RoHoptal,, a tol of 4•216
ratentse were admitted fth •a lagnoAs of cold Inj=r7 This eprenta mom-

btha wea-half of the eatimated total of men evaeuated A&= Korea be•sos of
V414 Injuries,

At the alase of the winter months, suiees of the ellnfAwl records of
29297 of theae patients were available. Serial photograph* an over 100
patients also were available. On the basic of this material it has been
possible to analyze certain -.l1nical and epidemiologierl aspecte of grouwd-
type froeteeit as it occurred in Korea dwHin the winter of 1950-il. The '
oee material is considered to be a iample of the frostbite populAtion. .11
desired infm-ution was not available in each case history. The fin,. !,Q, -
nosis of the 2,257 case* on wtcm summaries were avAilble indicated thy. .\l
por Aent wore nold inlurins. Meot were nonsidered to ho igrrmind-.y"-,.. .f.i-

TiA- r-imintnm. 16.7 per (1ent1, ,plth•rh admit.t.ed wvt.l i ' "
"r' ' tiv, A histnr7 nr*,.... ,,,, .',,,.,• Y."lIca". rf ,frosthite. Tn ,.w•,e ren.-, ,."•r..••' '" "

",", , "' . 7PrT f,.Ld mind rinimh. Tm'R.0%Ad, o -,' , .
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~~f e .. ....- mn•t'..' •• ,.cer.-?it- •
"•.*I feet were usually zco.L zo touch. Thero. .,:•. ,.. , .

* -'-- •~ia. No diagnostic ti.tle rLicbie to this -,. ,
in 'Whe Joint Armed Forces Diagnostic Nomenolatuzre Manual. 1t'erefore, tne
lescriptive title "Ill Classified Ccndition of the Feet Manifested by Hyper-
,idr',si3, Erythema, Maceration and Coldness" was given.

Tt is q, estionable if "his condition is a true cold LnJury. Similar
:irdincz are present in ren "•r long marches in months other than winter.

lnw-ver, the signs arad syrnptco. of Ltie Ill Classified Condition of the Feet
as seen in Korea were of longer duration than the similar signs and symptoms
ieen following long rArches in milder cJ.imstes. Furthermore, f.hoo incidence
of this Ill Classified Condition decreased when warm weather .. wiare@.
T.ie condition may be very mild trench foot although hyperhid"osis is not a
characteristic of early trench foot and immersion foot (6, 7%). It was the
result, in part, of ptqsical irritation from traumw and chemical irritation
from prolonged contact with perspiration in footwear imp.tmable to water.
Thc3e patients required only local foot care (potassium permangenate soaks)
and bed rest.

Some patients who demonstrated hyperhidroeis,, erythema and maceration
of the feet gave a history comp.atible with a cold injury and demonstrated
hypesthesla. These patients are discussed under the Clinical Manifestation
of first degree frostbit.a. -

II. CLASSIFICATUX

Arostbite is best cseaeified clinically into 4 degrees of severit.
However, all degrees of frostbite may be present in a single extrwmty with
the most distal part being the m-st severely injured.

First degree frostbite is characterised by numbness, erythema swelJin--
and superficial desquamation of the involved part. Numbness of the toes
alone while exposed to cold does not constitute a first degree lesion. The
toes may becom anr.i thetic following exposure to 40 or 50 dogrpes Fabresheit
for a few hours with no subsequent damage. The presenes of stingifg w,
brning pain and swelling after rewarming is indicative of injury due to cold.
Analysis of 1,880 clinical records of patients hospitalized at Osaka ArsW
Hospital diagnosed as frostbite indicated that the most sever". lesion In 16.7
per cent was first degree frostbiW.e.

Second degree frostbite preduces vesiculation of the skin. This doegro
of cold injury involves only partial thickness of the skin and does not exten
into subet-tanesis tissue. Mi.rst degree frostbite is present proximl to the
second degree lesion. Masmnvi of secnnd degree frostbite are shown in F-4.

2, 3, 4 and 12. Second dtcr'e frostbite was the most severe lesion in 33,4.
per cent of 1,880 cases.

Third degree frostbite involves the entire thickness of skin, extern4Ln
into v tryinq depths of subcutaneous tissue. Vesicles may or my not Appar.

=.-nnrA Anti i~r,,t depeee lepionq ,,irron. t.he• nna nf third derr"' ,•,',
"xRr.xl,.es cf third degree frostbite are seen in tign. 5), 6, 15 n .and,1
,'.rný. fro.,thit.e was the moet, aevere lesion in 43.6 r•r ,,nt. of l,$., ,','

x... 1n.r, n fro,, tbito pro, t Cn, " , mI-,n to .', .. . .....
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* -. FIg. 2 - Second degree frostbite of the heel, 7 dq, aftr injuryw



Fig.3 Second degree frostbite off the left middle finger; 4 d&ysi
after Injury.
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Fig. 5-Third degree frostbite of the finger tips with weemod
degree frostbite of the dorsa of the fingers, 13 days
afte inJwya

A - T'h Irdr deogre frontbit~m -f tht" hnet, ý jy'rq %(t-er



:ire seen on the digits or parts which h~ive if'-e £oýrth dlat'ree Ludsajvu.

Thin-wallcd bu.llae are commionly present over tho- dor~num kind soleof t,f-e
3t the proximal. border of the severely injursd part., This in i lU.5tratedl
Fig. 7. The location of these bualle is of prognostic significance, Usafaly P
indicating severe damage to nore-veniculated tissues distal to it. Further
examples of fourth degree frosatbite are seen in Figs. 8, 9, 23 and 26. Si.x
an-d one-tenth per cent of the 1,880 patients had fourt~t degre~e frostbite.

Extremities were the moet frsquent site of injury in soldiers frost-
bitten in Kure&. In the 1,880 patients -at the Om'aka Army Hospital,, 86 per
cent of lesions involved the feet alonie, 11 per cent hands and feet, 2.5 per
cent hands-almte, and 0.5 per cent othee editos, I;-luding oars. fi.ce and. iciie.

111. IE'ThDAIL(O -

Both agent and host factors are involved in the epidemiology at fvOet.-
bite and other cold injuries. Environmental. conditions .such an temperature#
wind,, precipitation, terrain and ground conditions an well. as the ao4vtIVtyat
ths time of injury., the duration of exposure,, environmental protection,#-
ptqsioa1 fatigue or exhaustion, ir~dividua1 susceptibilityp etc:., ares -cotrib-
utin~g fac tors. Several factors usualfly are responsibi. for any idvda
as** o rostbite. of~e ile-one or more factors may appear to be' theamoeV impo%--
twits, they cannot be entirely separated from other apparently~ leess IWaiitýP::

- byn (2 hot sinalys considerable dat4 regarding the' .ide ooof"
sodInjariwe,* partieutilrly. trmnan fc-O-tp as ýhey occurred in Vould -Nap-fl.

-'Tbb opidesiolosy of frostbite in Korea is in gnrliu n~i~a.4
'Thx~ine of Whayne. However, muich of his data cocncerned entir w~to~ ZXn"

Sthe -analysis of frostbite in Korea an attiapt has bea nsd* to relatw-.pb h.
j rftaGdologicsl factors to Uhe individual...........*-

I.Agent tactorsr .

Xws ors~onsin size and in latitude to tho Atlantisl atj

-flI6 of the United States. from Wilmington,, N. C. to Doeten as. adSl
the Appalachian Mountains, but its clinates are much mmr divotroo-tha the.

.Z-. ~ IMt** of this area of the United States. In the winter mionths Othempwe-
r.)4.4uie rremponds to tempersatres in areas much farther north,. For lnsetbaee

the man monthly teapeature for Janua::7 at the 30th parallel In Koe reoahl~y
6armspcads to the Jamary temperature in northern Now laglard. Since few
Os~ople have lived continuously but-of-doorp in the United States to the dogree

tha tropsast live tinder combat conditions, the comparison must be uised
with c.,'iatio~n.

In the winter of 1950-1951 in Korea the temperature occasiorall~y
;jactuated more than 3507 during a 24 hour period. However,, the mean temper-
ature in combat areas was below freezing on almost anl days of the winter
months. The minimum temperatures were frequently near or below OOF Temper-
atuires of -30OF or colder were recordod on occasion in several areas. The
noldmmt wm~t~hdr nEain owt in the central mountainout, regions Df ths er nt113

The eastern, central and northern parts of Korea art ci.4i'ired
r'ii~ed mountains and hills. The highest m~u~ntaina, with peaks r.achini t
"mot Th~'wý -340 1 IýM re ],ocited in Iho jvorthortn t~htrd of ý',I arok
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Fig. 7 - Fbir h degree frostbite of the toes of the left
foot mnd distal thirf'1 rf tim right fcoat, ts 4
after injury, A large bulla 13 promE~nt proxt-
wal to the areas of fm~irth deptroe fotbto.
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,r'.' l:,r;.e ireas of continuous lanLind'n ire .J]oni. t:no , . ,
t.e combat occurred in the mountaini and hills where shelter wav rare ::g
exposur", to the elements common. The ground was usually frozen ... a
snow covered. C

There are many rivers and streams in Korea. Tactical situations
-dquired that these rivers cr streams te crossed. It was often necessary fl-
the soldier to wade free-running streams or ri-cre and sometimes the soldier
fell through thin ice while crnoing.

Moat cases of frostbite occurred between sundown and sunup, partic-
ularly during the early morning hours. The dbiLy temperaturs 'sually reanhes
a minimum at this time. -

Clinical summaries were uvailable on 320 pet.ents fro" one-uAu""
(Second Infantry Division)* -ino suffered cold injuries over a 90-day period
(10 Nov. 1950 to 7 Feb. 1951). Temperatures were taken at 6:30 A.M. daily
4t the unit headquarters., While these temperature. are representative of the
miniuw temperature of the' particular day, they ai•i probably slightly higer
then the temperature of the exact location where the indiv•dual soldar ef- -
fered his cold injury. Unit headquarters are usually loated.in ars proteate.
"was@ whereas the individual soldier may be m a hilltop. r a r•idgpe Hot.,VI
. coumpari•• of the number of cases ocecuring an any' Vpeft"U. W iU G-A•ym-.t
... O A.M. temetatre record on that day shows that elaoot, anl eam.ouvet
" "hen the toeaature was below freesing and -o e .'w

: -.. WIE r 0 deorees F. Tha' comparison is shown-in• Tatle 1. "

"-.(Sinc@ teo tues were not reco.ded . oth1er ui.t... . . a;i"
,406UInjurzies were actually occmuing, further analysis. of the relftlacud
between the oes.rence of frostbite and the tauwput=4 Cannot be a -. ,

1.. I Tipaatures from aiz strips cannot be consid6d adequate uaee ti ar "
-. u ]U. located on fla t lands or sheltered valleys ofte not near. the s -

ofc pround troop action.)
* 2.P Rost fae~irss-

a, Ct•bat. The incidence of frostbite.amwgntmlitar fbnes In
t:: g.a was directly proportional to the tempo of combat. Local cold Injuries
-we" =oe010 during periods when there was no contact with the emW# hft
. enurred with increasing frequency as the tempo of coat Increaeede

SLnos not represent all patients frtwe Soeo4 Division frnmt~bWtten qtýirr,:
this period, but only those hospitalized at OsaKa Army Itospitvil ýrn iwio
,wwMvries '9 the elinleal records ww*e Iwilable At. thn elo.e e rX 11h^ ,,Ilntor
-!-nt hi.



T i ME 1

A COUPAiIIOG4 OF '!¶E NUI•-BR OF C;40ES OLCaURING IN ONE UNIT
WI{ T= " RXP TAT ICO-DED AT 6:30 A.M. AT THE UNIT KEADqUARTZR5

09 TME DAY TMR INDIVIDUAL CASE INCURRED FROSTBITE

Temperature ifumber Per Cent

Degrees Fahrenheit of Cases of Cases

Higher than 30 4 1.2
21 to 30 52 15.3
11 to 20 41 12.8
1 to 10 160 50.0

-9 to 0 40 4.0
-19 to -10 24 7.5
Lower than -10 20 6.2 -

TOTAL 320 100.0

Three hnndred and twenty patienta* from one unit (Seon D i-ii
.- were frostobitten over a 90-day period (10 Nov. 1950 to 7 Feb. 1951) -
amd wae evestually hospitalized at Osaka Arm Hospital. The day by day.

7aetvit of this unit was knowp.** On days when there was no eneW contact
an aveSap of 0.7 cases occurred. When enexy action was light, an aveagW of -

12 e"see eemred per day. An average of 6.4 oases per day oa red 1heou the
•.t1A3etion wan modewate and an average of 9.3 cases occurred wLen the action wa .

This is shmn in Table 2.

~ b. Relationship bIW.Jeesr an'vIrc.acvntal W-apevstwr &Ad inteswit? r

As IMnicated above, the incidence of frostbite during wunter I
,, s O. t lis Increased as the intensity of combat increased. Cold injazoes
*W.oev/ey will not occur during warm weather even with the most intense typ
of .e sUm. It is alao, true that cold injuries were nncomA in the pr.se
*S U7 06M weather Wut in the absence of contact with 04 uw. This In
il" u'stre in Figure 10. Cold Injuries were most frequent during the perios

6.I."Ioem • stAvity was *ea-y and the temqerature low. At other time t',-.ý .
so*"l a -fell equally low, but in the absence of contact with the e*n, .Sn•.fits mt.t we ooina. - .

SDoes not repersent .11 petiemto from Second E'v'sion frostbitten dcurina
tbis pariod, but only 1..ase hospitalisei at Osaka Arc7 Hospital mn wtnc
auinariee of the clinical eaoorids wee &c.-viable at. the close of t.he winter

.4 #,nmend ,mrt.a of Second Inf. Div. (nov. 195)0 - MAr. 19511
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___________ c; 2
'IH T•N=ER OF CASES OF FRO3TBITE OCCURR!11G IN ONE 'J41T

DURING A 90 DAY PERIOD COMPARED 7TI7F TR TEMPO OF COIOJAT
ON THE DAT THE INDIVIUAL CASE INCURRED HIS COLD INjURY

Tempo Number of Number of Average
of Combat DAys uases Per Day

None 618 0.7
Lignt 28 314 1.2
Moderate 23 147 6.4
Reavy 13 121 9.3

c. Activity at time of injury. - Frostbite in Korea umu&a1 oc- -c

curred when the soldier was izmobilized. As shown in Tuble 3, at the time
of injury, 66.6 per cent were immobilized while pinned down by enem7'firse
or while in a foxhcle, or sleeping or riding in a vehicle. Seventeen per
cent reported themselves to be walking at the time of injury although the
walking was interrupted by rest periods. Twelve and one-half per- cen were
stancing guurd and were relatively motionless. Three aund one-tenth per cent
received their cold injuries while held prisoner and 1.8 per cent while ill
or wocnded. A greater proportion of patients. probably received frostb1t.-':: --

" -r' directly indirectly as a result of wounds but were not hospital -aise'- st
the ColdýJury Section of Osaka Arm~y Hospital if the wU was me•wsearious.

-- ban the frostbite.

4-~Y.~THE ACTIVITY AT THE TIME OF INJURY 3S 1,vO31 3CO)IE
FROSTBITTE IN KOREIA

Stand- Walk- Rid- iPind UI1cc
.e,=:, .- ,•, Fr,., ostzbite (Guard) or •=In"

i..rs 5- 25 1 9 25 56 2
sec,•d 3 58 70 27 12 160 5
"Third 12 4.4 66 47 39 :79 5
Fourth 13 4 12 2 4 49 7

TMTL 33 1315 179 8 0514 1• ,!I• • ..17.0 1151 607 5", 19

The direct relationship between the incidence of frostbite and
the tempo of action of the eMfT is largely the result of tha imobility
oceirrring dring periods of intense action. During periods of ene'my actio
the ioldier w•ill mov little in order to escape enemy tir,, .o pe.v•nt,
tion -r to held % line against an advancin enga y. A*hen thore I,-% no c't •.""
vi.rn an enemy rhe is able to move about, wiU. exercise tc rovArm ,hen , *

rms metar oprp•tunity to attend to ."ndlytvual fint ine.

.1..



~r;od fi

'-T "_r r icling ;.n, a r'ict I ':c. etc In.
of' exposure was usually measured in ter=s of hour~s. As six,,dfl iii Table 4 more
than 80 per cent of 812 patientn reported a duration of expo~sure of 12 hours
or ie's. The range was between 2 and 72 hours.

TABLME 4

THE DURAT!ECK OF !E!POSIRM IN 812 SMDIMS FROSTBITTEN

IN KORZA. THE RANCE IS BETWM 2 AND 72 HOURS.

_________ DURATION OF EXPOSURE

ofre 0-6 hrs. 7-12 hrs. 13-18 hr.. MIore' than ,-

Fro~stbit~e 18~ hL. %No j rL1lmm

P ixrt 13 10.5 92 74.2 15 12.1 to 3,,2
Secnd 23 93 198 79.8 1 0.111 26 1(3.5

Third 53 16.2 225 68.6 18 5,5 32 god

V -. TOTAL iz.09 13.4 551. 67.8 8 037 4

* ,t o. . Invironmental protection. - Ed fre&Met4Z pfoteotioffiftlMIZdiS
4 a~ c '.ngehelor ~srare for the 2i'iflmth in- Koi*.v Sout-

~~ U~Wn w.'miti huts were provided but usual1yP AMt ciug proso e~g'd
`44-_,z*,~ an *e~ cton During d-ay2.ght ltiiiw al-Were udaMU Srutew~b-

to wrear to warm by. fires but* at times of enmay eouittot, oie ft as

I '*4:-, at night.

Ztnfons tion on body clothing of' soidjio ftostbitten it~ Korea
Is *anty, UiS. believed, that body clothing woo usually' &d6q*at*e Tho
ras of body clatht; g in prdtecting against cold! injuriet of thrw exra.

tis 1* a1ortant. The maintenance of circulation t4 Jhe exti iISA IS

~~peftly dtpendent, on the maintenance of general bodyT wamth, o

""Of ust sites, Of frostbite., information was acquired on the type of fttga
ad hsmdgeo worn, S'corA, third or rourth degree ft-ostbit. f h hands
rarely occurred when dry leather mitten shells-v.wh uwool Inserts or dry
3,vither glove shells with wool irserts were worn, hiostbite f h hands
most. frequ'ently occurred when hannweinr was wet., inadequate,, or not wiorn.

Several types :)f footwear were available to soldiers In~ Korea
dwi1ng the winter months. 0 ost commvonly worn woere rubber shoepAeqa nd
leat~her bontm (2-hniekle combat boots, combat boots lacinq to top,, para-
trooper jump boots), Some patients hAd no footgoar when t'rostbit~t~ent
pArticalarly men frostbitten while hold prisoner by. the' "nery 'ýr w-%nct~
T~en whusho~d w'hil~e travelling to tho rear In amhulancsoA.

\ep shown inTAble 5. ,4P -"'~ rnt -,f *'' ~~''
* ~ i" r,' h.)otq S *A. 5 j~er oesot, vi roe nrr.v%o-lq no,1~

* . .I u . ,jo 1-C!h t~tAr.



"u" .•,':;it" r. r,,.n ~:', were x ,. , .; u n r r : " ,. -
!:m .-''•r ..rf-. te.r irciderce a Of :.'er. z't -,Vero frostbite (I ,'rq ,e ••., .-

,'omba t lo:t. than thome with i.;LZd .frothite (Table 5). Tiiu ,J, .9r ,;,.
of 138 fixrt, degree rostbiLte patients, 39.4 per cent of 358 second degree p
frostbite cases, 45.2 per cent of 527 third degree frostbite cc'ses and 61.4
per cent of 88 fourth degree frostbite cases wore leather boots.

TAMLE 5

T1rz TYPE OF FOOT',EAR ;1cPY:F~ SOLDIERIS AT THE TIUE OF INTJUR
FOP. 1,111 CASES OF FROSTBITE AND 270 C\SES OF ILL CLASSIFIED
CONDITION OF THE FEET !HANIF&STE BY HYPMHIDROSL•, FiYTHEUA

AND MA.CERATIO (I.C.C.*)

Degree TYPE OF FOTA "- -
of Combat Boots Shoepace None

First34 2. 9775
"Second l43 39.4 214 59.8 3 0#8
Tird 238 45.2 288 54.6 .1 0.2
Fourth 54 61.4 27 3007 __

- .i1 frost" 467 42.0 628 . ,, 1 -

-t 9.0 2 . . 9 '"0 244 7"
- 7.. .

ft~bber shoepeos, which are' iape~mabl* td**Ur1'r Offit0r'.
• .. ion against the feet becoming wet with water c'uM aSI of-w im o ,.

f/,1Ub4Ih4 boots. Of .148- frostbite patien~ts wearing ocabit bootse, 37*7, VWa -64ft
""pto.Wi their feet snd shoes to be wet with watee or 04t46' aa MW -

*r va wAth motor, or geltedenow. (Table 6),# Sin" wator •Is.& beUr'46d.,-
. '*d. of host than r.z or dry footwear the pnesence of "S ftt Inoraoee

l 1dddonoa. and, *.verit~y of injury wider coofKiticn& f~dnft1. I. fraw"bke#ý- .'I
'.1-. k cWlws• in Table 7, 15,2 per cent of 178 first degee cases, 17.9 per-dost

of 290 mend degree eases, 29.8 per cent of 400 third dope. eases an 66.7
1W wft of 69 f orth degee easet reported their feet to be weimt w• at•r
d" Meted snomw. It is believed that the higher percentsa~ of potion" with

"00• froetbite who were wearing leather boots (Table 5) Ui due to the fast*
hat leet.her boots- offer loss protection against. awtness of the feet and

melting snow (Table 6), end that wetness of the feet prediaposes to severe
froetbite (Table 7).

While shoepsee offer protection against wat•r and melting *now
beo4ee of their impermeability they permit socks to heooom wet with~perspipr-
ation. Of 694 patients wearing shoepece 69.0 per cent reported the foot. to
be wet w1th perspiration whereas 22.4 per cent of 384 wearing combat boote
reported the feet to be wet with perspiration (Table 6). Eighty-eillht and
fie-tenths per cent of 219 patients with the Ill Classified Condition of the

oeet manifested by Hyperhidroaia, Ery hema and Maceration reported the'ir 'e.t
to be wet with perspiration (Table 7). Shoe!wAce were worn by 87.8 per cent
nf patients with this condition. Am previouly irdic~tad, thii o'"ition 1-



:_ ,e secondalry in part to pr.'-Ioriqed contact of -

er,•-•ti-." in inpermeable footgear.

- TABLE 6

THE CONDITION' OF THE FEET DEPENDING ON THE TYP
OF FOOTWEAR IN 1,042 CASES OF FROSTBITE AND THE
ILL CLA•3SIFIED CONDITION OF THE FEET MANIFESTED

BY HYPRIIDROSIS, ERYnLMMA AND MACERATION

Condition TYPE OF FOOTVNEAR
of Shnenbcs LeatIher Boots

Feet No*

Dry 11 20.3 139 39.9 "

Wet with
perspiration 479 69.0 78 2.

,7*t with water or
melted snow

TOTAL 694 100 348 • .' . .
.I •'T •:• ,,•" • '- - .... . =" ' " ' • -- .~ ,"

,*,. . . '. . . . . . . . . . . . . . . . . . .-- . . .

"'•".... ••'"'+" " THI RXIfATIONSX'IP OF TH CONDITIONI OF MTME 1"0 .* . :.
F.OSTBITE IN 937 CASES AND TO THE ILL MASSIF> ;

'C I-ON OF THE FEET MAIFESTED BY HYP.IIDSOISO

C,.• •'T HM1 AND MACERATION (I.c.c.,) IN 219 CAM•..

CONDITION OF FEE? ..

Nov" Wet with IEW
_____________ Perspiration waterNo. No. No.

Fit.. kt 33 18.5 i18 66.3 27 15.2
fSoow 97 33.4 141 4a.6 52 17.9
Third 132 33.0 149 37.2 119 29.8
Fourth 17 24.6 6 0.7 46 66.7

Total Frost- 279 39.8 414 44.2 241 26.0

I.C.C.* 8 3.7 194 88.5 17 7.0

Tweuity-six per cent of 937 ca.nes of frostbite reported their feet
WcA te wet with water or melted snow, 44.2 per cent reported the feett to be
wt with rerspiration and 39.8 per cent reported the feet and soaks dr.
This indicates that wetness of the nat is not necessary for the ecmurrence
nf 7r--nd-typA frostbite althou•ih there is no doubt that the presence it

17



;:~'~r-c' ..... ase3 the incilence ','hen t iP.m crnturv- ":, -rrj voi lized.

Individual foot hygiene is an important measure in the prcven-i..=
of cold injuries. Unfortunately individual foot hygiene is often impossible
or neglected during periods of heavy action. Also, during periods of heavy
action the supply of ,locks may be iinadequate. Information was obtained from
7r, patients regarding the number of hours or days prior to frostbite that
the socks had been changed. The time ranged between a fow hours to more than
a week and averaged more than 3 cdys. No data is available on the average
time socks were changed among non-frostbitten soldiers in Korea.

f. Age. - As shown in Tab2e 8, over 85 per cent of 2,11L cases of
frostbite and the Ill Classified Condition of the feet were 25 -,ors ui-ags

or less. No data are available on the age distribution of ncrx-flostabitten
soldiers who were present in Korea during the winter months. The high pro-
portion of young men is probably representative of the age distribution of
soldiers in Korca rather than Df an increased susceptibility of 7,oumg indi-
vidi•.is to cold injury although the latter possibility cannot be eliminated

• on the basis of existing data.

, . . g. Race. - The incidence of frostbite among Negro troops was apperently
S ?dgher e I one orfa ( one of

the oranisation was entirely Ne go 24th Regiment) while two ot.er imila.-_
•*Z•:•.k.fIt, (27th and 35th Regiments) of the organization were entirely White*'F:AlI

t operated in the same area under similar circvtmtanoV of envira.nt .
combat. Yet the incidence of frostbite was approiimatelr three t e Ais-
In the all Ile•o, unit, as, in either of the all White units. Althou gh

a co~arism. indicates a higher incidence of frostbite .a m l oego-troops
dOe not indicate whether the difference is due to actual icreaased esu-

elptiility to frostbite or to differences in perional h•gienep wotivation
"am training* .. .....

TABLE 8

THE A 1 , DISTRIBUTION IN 2,114 CALES O FROThT M.
AND THE ILL CLASSIFIED CONDITI OF 0 FHLfhT-

AM NO. P o wDI?
"16 - 1116 52.8

21 25 695 32.9
"26 -30 204 9.6
31 -35 57 2.7
36 40 31 1.5
41 - 45 11 0.5

Better information was obtained from another unit (9th Regiment)
of another organization (2nd Division) to which both Negro and White troops
were assigned. This unit was mixed, frequently down to squad level, tinder
these circumstanres possible di'ferences in motiv~ition, permonal hyRiene and
training was less marked. There were 167 cases of frostbite from tMJ4 unt
who were hospitalized at the Osaka Army Hospital ,ind on whom satMarifs cf
cl1niil r -oros were nvilable. One h indred ,ind thirt.N e.irht, or ,',A "'p

1i



-2 '-Pi '.ren 17 November 19r,6 t~hrou,~h 2March 1095 1, 33 ;>r
,'mit con3i~ted of tlegroes, rangi.ng fromn a mninirmum of 2.6 per cent LO 'I
of !.," r-er -cent durinqg any one w~eek period.

/ h. R~ank. - An how, in Table 9, 99.8 per cent of 1~.81 soldiers
frostbitten in Korea were enlisted men and 0.2 per cent %are officers.
No officer above the grade of Capta in was hospitalized at Osaka Army~ Hos-
pitnl with frostbite. Of the 1,846 patiornts., 67.2 per cent were privates
or privntes-first-class, 21.3 per cent viere corporlal, 11.4 per cent were
sergeanta and 0.2 per cent were officers of the grades of Captain or less.
T~he di'qtribiition is sixa.ar for the 3716 casies of Ill Classified Condition
of the Feet.

When the V~ade distribution of frostbitten patients- ý.4' . Mokru
to the grade distribution of a full strength infantry rifle c4mpany, it is__
appax ant that the proportion of frostbite patients of lower grades Is greater-
than the normal organisational distribution in a rifle cempany. For instance,

wheras 7.2per cent of frostbite patients were privates or private"mfirnste:
*linassrifle cmany5.ve cn fmnerag privates or privates-irt-lasrfetrfl-cmpnyism&r

oe hesoldier o ihrgae

Ai

* ~ TIM 0*MDE DISTRIUTION OF 19846 CASES OF FROTMM'AIDM ...

376 CAM3S OF THE ILL CLASSIFIED) CONDITON OF THE IF!
MANIFESTED.Bf 1{YPERIDROSIS,, NRTr1MU. AND I&CRUIW.:. 7

or P Nt inr PFC Op. gt*., Grad ofg*

~-~No. % No. %___ No. '% No.

Frostbite 124,1 67.2 394 21.3 211 11.4 18 0.2

It.C. c 234 62.2 100 26.6 38 10.1 4 1.1

Distribution in 50.5- 25.2 21.0 3.
Infantry Co.pnv * I_____________ _____

*Personnel of Infantry Rifle Conrapay ?/O and E 7-17Np 15 Nov. 1950o
(Unclassified)

MM



S.i,,raphical origin. The geotaraohical -:- n(i: 1uai.

o)f S64 :.en ý,aa available from the records, Fifteen (3.2 r;er een w'e "
stitesO in -ihich the daily average minimum temperature for .he !::oný. ,.,,
January is 9.9 F or less. Eighty-eight (19.0 per cent) were from etatesz in 0
which the avsrage dail minimum temperature for the month of January is
between 10.0 3nd 19.99F inclusive. TWo hundred and twenty-five (48.4 per
cent) were from statea3 in which the average daily minimum temperature for
the month of January is botween 20.0 and 34.9 0 F inclusive. Ono hundred
thLrty-six (21.3 per cent) were from states4 in ,hich the average daily mini-
mum temperature for the month of January !.a 3 5.OOF or greater. 9

J. Previous cold injtry. - Inf3rmation on previous cold injuries was
obtained from 932 patients with frostbite. One huc.drcd and thli T-nina or
14.9 per cent had a previous cold injury either before or dur4r the winter

of 1950-51. No informtion was available an the number of -nrr•t'ostbitten
men in Korea who had a past history of cold injury. " •

* k. Smoking. - Since the smoking of cigarettes causes peripheral
tvaauonstriction, resulting in lower skin temperatures of the extre±ities,

• it might be suspected that the incidence of frostbite would be greater among
s.. kers. As shown in TAble 10, 17.2 per cent of 506 frostbite patients were
nt-aokers. Thirteen and one-tenth per cent of 237 men* who had n .r suf-
ofeed a cold injury were non-smokers. The difference is not statistically•

i:w, d:,if4£ant. This iadicates that the incidence of froatbit. among smokers
r tpro,• ebly was not greater than among non-smokerso

"'FY.'I " TABLE 10
HA T MO A NT OF UITG IN 506 PATIENTJ WHO I3C3tI"D FWSt rI .

AND IN 237 M .WHO. HAD NEVER SUFF= -1 COIN. RT ,
: ..-- '-• . . .... --- - " '

SCIGAPETTE

None 1 pack or less More than I seak

No.o. .. %.

7vostbit. 87 17.2 306 60.5 113 22J~

:. ntro]I' 31 13.1 157 66.2 4A9 20'98

"•'.1v*toh Dakota, Minnesota, Maine, New Ha 'shire, South Dakota, Vermont,
Wisconsin, Wyoming,, Montaa.n.

2Colorado, Connecticut, Illinois, Kansas, Idaho, Nevada, Massachusetts
New York., Iowa, Michigan, Nebraska, Utah.

3 1ndiana, Missouri, New Jersey, New Mexico, Ohio, Pennsylvania, Rhode Islarmi,
D. C., Kentucky, Maryland, Oklahoma, North Carolina, Arkansas, Oregon,
Tennessee, Virgihin, Washington, West Vtrginia, Delaware.

4 raOnrsa, Artiona, Mississippi, South Carolina, Texas, Alabama, California

Louisiana, Florida

Swroim training units at Ft*. Knox, Ky.



1. Cther factors. - .
contributory roles in the oecurrf-n . ., -. te L .... !Y, . ,•
tiating evidence is available.,

Some men who incurred frostbit, had been in Korea since July and 0
August 1950 and thus were in the combat zone for 4 to 8 months. Other men
were recent replacements and incur'red frostbite shortly after arrival in
Korea. No conclusions can be reached regarding the incidence of froetbite in
combat veterans as compared to replacements. In 490 patients with frostbite
20.8 per cent reported themselves to have been in the combat zone for 1 to 30
days, 15.5 per cent f;; 31 to 60 days. 19.6 per cent for 61 to 90 days, 14.3
per cent for 91 to 120 days, 13.7 per cent for 121 to 150 days and 16.1 per
cent for mu-6 than 150 days. _-_

IV. PHYSIOPATHOLOGY-- •

One of the first reactions of the body to cold is peripheral vaso-
constriction. The temperature of the body core tends to remain constant.
Howeve.r, the temperature of the extremities falls. This is a normal pkqsio-

"* logical response. If the temperature of the extremities remains low for pro-
longed periods or if it falls to such a low level that freesing occurs, injury
may result. Considerable controversy exists regarding the physiopathology of
frostbite. The frea.ng temperature of human tissue iii-16tw ten t t

:. a,. a thirty-two degrees Fahrenheit but actual freesing (soledifiati " does
., ,:. u'nt occum whet .the skin reaches this temperature: beoo*•; of the henommso t of..

'vewUGP~Ooii (8) (the ca city of a tissue to go below.itX'd9`diWa7- f.'.SIA8"S'Pou1t -without. 9033A~ F. reezing of the aRin usual2$. oeoe when the akin l
. A.tapwatur. is between ;-8r 140F. Misusuei that art actually frose my be
"-4smrd-. -ha. e direct tesult. of ice formation within: theb,. (9,r 0). -•pemem,

of 1frostbite subsequ6nt to rewarming in the man-aid 1th- ' -"

~ ps'meit1animal@ (11v 12, 13, 14,9 15) indicates that- aVascular oanentmt
jlaiv a. sismfcant" role if the physiopethology. . . "-.' -.

4.: ,, . .. . • .. • . .... S., ,.-

- Ds'zg. the chilling period a peripheral vaseoconstriction Is presaM.• .tissues are actually frozen there is no movment of blood iU the
-- . :. •n.wdI part. Afto rewarming, the vessels of the inj,:red part am Adilated -

-and.blood flowe free•myinto the area as manifested br the.resulting by.
patbesomas edematous and vesicles or bullae.appear-ithinjjj the first day

Aifter' rewarmimi. The vesicles contain fluid which coagulates after a fem
, .days and is quite similar to plasma. Results of the a&alyses of fluid from

the frostbite vesicles in three patients are shown in Table 11. During
the first ten days after rewarming vesicles enlarge or refill if aspirated.

throseboea may occur resulting in an Ischemic gangrene (pathological
specimens removed weeks or months after injury show adherent thrombi in all
vessels), Thrombosis of the vessels probably does not begin immediately
after rewarming. The ischemic and cold injured tissue may dry and twimmify
or devwlop a wet, secondarily infected gangrene.



LA3LE UIi

SCHEMICAL ANALYSES OF Tn VZSICLZ- FLUID IN 3 PATIS;T--.
THIE FLUID IS SIMILAR TO PLASMA.

Days after Protein (gm/10O cc) Chlorides

Patient Rewarming Specific Expressed
Vesicle Gravity Total Alb. GIo. "s mga NaCl

Aspirated - -E Dr 100 cc

N 5 1.020 4.6 3.7 0.9 710
T 6 1.022 5.2 1.2 1.0 685
W 20 - 3.5 2.0 1.5 . -6---

V. CLINICAL MANIFESTATICOS

The clinical manifestations of frostbite varied depending on the
early management. Complications, particularly infection and pain, wee
more comon when medical attention was not received early or when the,
cases were inadequately cared for.

• "In Korea it was extremely uncommon for soldiers to be seew-ty-
nedical personnel while the part was still in the ftomen state.-•O1,368
.- frobite patients eventually hospitalized at the Osaka hsq Hasintal

•,•.,..•e~ 2.1 per cent were seen by medical persomel before * h..... as "
Simanifested by sell g•.. :-.clee) appeared., H.owever,. a 1ate w@ pro- . 0

• portion of patients with severe frostbite were- eeM before the awpem -
"~J' of 1Wperemia than those with mild frostbite. * heineiden@@of soldero

.' ith various degrees of frostbJ.e seen before swelling or vesi•les
'""-""•r *m158patn * ~-

~ ~~aeaw~dis shown in Table 12.

,0 I1548 patients the average time between reuaring and
..J.Ucato the rear was six-days ranging froa a few hbors to aw .than three

•so Ho. wever4, ,T per cent of the cases- wreevaecuated to the west-Ia
dWs or lses. ,deventy-one per cent of 86 fouh.. 'ee frostbita easae'.-
a, eaeA~ed'in three days or less.

"TABLE 12 S

THE NUMBIER AND Mt CENT OF 19368 PAT=IT WIT FROBTK
WHO WERE Sim BY MEDICAL PFMCM•S BE7(RN TH APPEARANC

OF SWELLING OR MESI(S

Degree Total Seen by Medical Pereueel
of Number before, K reLa

Injury of Cases go. %

First 219 1 0.5
Second 464 1 2.2
Third 599 16 2.
Fourth 86 11 12.8

MOTAL 1368 29 _,_

____ ____ ____ ___ 'a



00r.10 ('731' 9f second anti :u:irr! :e'Žrr*e :roof.,
.-krl: (frciuently hecause of manpofmer :jhurt<a,.23). .I;ey :.. .
:uliowYin; .pcening of vesicles, or ;Ir:2Lication of dressirs, -

or no treatment. Following varying periods of time. evacuntior trc r-3r
usually was necessary because of pain or infection. Some cases aislled ir.
this manner may h~ve converted partial skin thickness vesicles into full
skin t!;ickness lesions as th, result of infection.

The onset of freezing was not particularly painful. Fir.It, there was
.mcomfortable coldness in the parL followed by numtness, which was cometimes
. icompanied by stinging or aching pain. While frozen the part was without
feeling, "like a stump" or "like a hlock of wood." In cases of severe frott-
bite there wad inability to w&lU.. During this stage in some cAlt... th-a tock•
-- re frozen to the feet or ice appeared between the toes. Bef.•e ' .-sn,
the involved part had a waxy white appearance and some tiew~a. may have be-.
solidified.

In Korea, rewarming was usually accomplished by the individual soldier.
In o55 patients roith frostbite 60.3 per cent accomplished rewarming by walking
or other physical eictivity, 21.4 per cent by holding the affected .part no
a fire, 12.7 per cent by massage, 0.9 per cent by Immrsion of the affected
pert into hot water and 0.9 per cent by rubbing• with snow. At.the tim of-

:• rewaraing there developed marked burning, stingU•Ing aehing pein and •

.161o ringroarming the part boeems 4ii 't I.r-•...b
t M v oar pu-p1 .kh-red 44 9coloration. This was miaP ked.-in aee or seme . .r

~itr~o toit. SwaLling b~it *tln'Ti~i -Uura ' Ww i'er-~1~ wbefa*. -N
IFA appeor Li six to twshty-four hours. IownditoIWr.: "U " *'-eiu qli ima t .

~ostoseeerely injured parts were warm a lthough' 1p3'I*Kodh Wad mat1M&w
•W.orth degree frostbite became cold in two to tbr• ,.,. '

• , • " . :. ' . 7W ,. . . . -' . ,

?he clinical manifestations and course tue~ oe a ilndS.
Lfb~v'addPending on the' severity of the injuy ov' the .asslihoatim
"-.,6f frostbite into the four degrees of severity could .oT be md InAte. .

:$•,icd.before and etIAtly after rewarming during wuih tis. anl c*aeu. eY
.',,. m $:lsmmwa "lar clinical appearance. The elassifleati••amrnd be.m the p h

" n' ods" and prdtion of the subsequent clinical cmm* 1rvuaT ecula*% ot
;•• be in eountil 24 or more hours after rewarming. ,

Eks dommII. frootbit wasn chbracterited by nuubneosu orythem and
, weling. Iwohe usual mites of injury for first degree frfttbit. oan the ftet
wer the toes, heels and plantar surfaces, ,ind on the hands, the finger Upe.

"In some cases there was anhidrosis initially. Other oases daeumtrptte
hyperhidrouis and maceration. Part of the cases with hyperhidroaias and seir-
ation represented first degree frostbite superimposed on the r*Tvic•a tUS-
cussed 1ll Classified Condrttion of the Pest Characterized by Ryperhidroa1,
Erythema and !.Mceration. Other cases of first-degree frostbite who, ny

'ir4-!.' 1ýnmct on oX.ertmentil r-Onbit r tb t ,• r "..,." '+ '

1.,t , nt. 1, r ,me c d,•, ,li ll r '",0' -%t*%,r r~w r% th,," , ,



.h,. 0 9..e patients riay :,ave 'evei!ped er -h- i.
.he ccld inj.iry. Still other cases vith a definite tiAtory: -

ently developed htperhitosis almost immediately.

Many soldiers in Korea suffered first degree frostbite of the finder
tips or of the fece which did not require medical attention. Numbness of
Lhe finger tips was present in many p3tients with frostbite of tho feet but
was so minor that it was frequently ignored. However, first degree froetbite
of the feet usually caused symptuis severe enough to necessitate the soldier
to reek medical attention and many of these men were evacuated from the combat
S wleo

Edema of the feet following first degree frostbite eom•' ea-pcr-ite•d
for 10 cw more days if the soldier remained on duty. It diz*e-eed In lo.go
than five days if he was at bed rest or if he was not require to remain -
Uis feet for long periods. Desquamation began in 5 to 10 days amv conatmd
for as long as one month in some cases.

Patients with first degree frostbite of the feet frequently continmed
C.i. to have a deep-eeated ache or pareethesias in the toes and the ball ofethe

feet when walklng. The toes remained cyanotic in scwm pa••its. MoWat
161..eveloped hyperhidrcsia and complained of coldness. of the feet. t ... ... .

v.hSe".'" dee frog t produced partial skin t~hikiss vasialtep per-
j•r.1*SIL to the germinative laaer. lhen the vesinla was edethe *hadA 0

'Anve-intact althcu~h it was thin., soft, poorly kerati -nised and eaed~j
ji_ a s. The usal lite. or 4'• dagre...oetbite .mo h f"eetmA .utoe,

L .u•arly the great too; and the heels. The Inoidenoe..et •t-'.
;' w.llom partt of the feet'is shown in Table 23. On the. ds t d-rm - -

- mw fing- weree the usual sites of second degree frstUte altbov ,
.4nde of the fingers alone were sometimes involved as, ,mn In Tab• o e "

'In 19 cases of second degree frostbite the vesicles beome dr, bleak
Sin an average of 14 days (range fl-20 days) aft..

t-4~m*ore peeled away, Ln an ave~rage of 24 days (rang 17.m36 days) after'

liama of th. affected part was not markced PrAv disappeared in 3 to 5
4`1'i., dtvs ate rawanfl if the patient was not ambul~tory. The eclaspemit

for seveiml weeks if the patient continued an his feet* 0 liaitatlaf at
W~ou of the art was usually present after rawaraiiagp bu~t disappared in

~~~~ to5 ay. hobbings, aching or burning "rain was present tem . dy
This pain was seldcm severe enough to interfere with the patievt$& sleep
provided he was not ambulatory.

Between 2 and 7 weeks after injury increased perspiration of the
affected part was notmd. At anprcoxmatelY the IaM tims, PwVy Patinte nmt".
an inability to keep the feet warm. Cool or cold ambient t~eperatu.o% cavm.od
stinging pain of the affected part.

g,- B. A., a 24 year old • C, was frostbitten %hie
hl.epinin a•toyh darwing th e ni&ht ot 1 January MI. 4ith the Am t!'
temperature Toinx -20 0 to -30P On 1J Januory hi foot weret and ýlvý
Thrrismv !m wa1kinr. was •di eI vew enou wo the wi fth t *h , r '-w e



T{E SITES OF INJMJRY F:Cf :;ECC:4U, THIPD AIMD F(.1!:,V

DEGREE FRCrTPITI- (.F TnE F.T
'1.,

Site Second begree Third Degree' ?ourth Degree
of Frostbite 'Frostbite Frostbite

Injury No. % No. % No.

Great Toe 454 75 605. 75 14 13.5
Second Toe 21 3.5 Z7 3.5 2 2
Fifth Toe 18 3 10 1.5 0
Fiet & Jecond Toe 66 11 ll 14 " 22
"kore than 2 Toes 14 2.5 14 I.. 7- -
All Toes 6 1 25 3-.0 39 '37
Heel 24 4 14 1.5 0 0.
Distal One-third 0 0 1 .i 19 1e
Tntire Foot 0 C 0 01 6. 5.5

TOTAL 603 100 807 lOO0- 105-

. .. .,,-,,'.- .. ,- " .. . -.,. " "--

*. . -...... '¢, •,•, . .

U,. Mri OF !NJU1RT FO o . .... ....
tR=FR0STBJM C'.TIM: HREMI, '

SeconDegree Thirduufw _

of '" - Frostbite •_ z0o-_ .. ot

818.5 16- M 0 12 ~.

7i~nm eow or
35 81.5 0 0 0 , 0

jam Iringsu

,. tir.•Fw• r o 0 0 0 7 37
cc rfinger@

, TOAL 43 100 16 100 19 100

ing of I4 Jfrinary and he wao evacuated. N'o days after rewarming he ati-l
,ad mild stinging pain of the toes and numbness and limitation of mot.ion of
the left great toe. There was a tense, amber color, 2 x 5 cm vesicle en
the left great toe and only tainimal edema (Fig. 11). On the third dJa •
waS no rAin, esem was Scram and there was a full range ot motion of all
Py the 12th day the veaiale on the Lett great toe had drled inte a hnrd,
hrrmninh-bthtin eacr (Pir. 12). Thovare h M,,r w•,t r ;'. ", ,r~sml trix tl.•in ani poorly keratinixedi ,kin ho-stat.- l -i"+ •,'-



Fig. 11 -Ca.. I, A. Second degree f-c3tbits of great toe, 3 days
after injury.

~~A o P -~ . A. i~~hort of, '

lays Afto-r tn.nury.



Fig. 13 -Case B. A. Second degree frostbite of left great toe,
30 day's after Injury.

0 Pr-



- ýt ::e 'iubcut.iireuti ý ' . U tL,
"''..' . Jis.ot he feet anrd a,n irn-.ii.i tN tc 'eep the f.'. ,

•ft.'r injury (Fin. '.) '.he :itieut h.,d no C:omplaints r,'eýrfabI. , .

Third dege frostbite produced ulceration through the skin into the
subcutaneous tissue. Vesicles were sometimes present in thWrd degree frost-
bite but partial skin thicImness (second degree) vesicles usuRlly were

.-esent at the periphery of the third degree frostbite. Third degree frost-
bite produced a variety of lesions, ranging from a vesicle rn the end of a
digit which resulted in a small ulcer when the vesicle was shed to involve-
raent of the skin and subcutaneous tissue of an entire digit. In the most
sevare cases, although viable tis3ue was present., healing of the part occa-
sionally wa -do poor that deep surgital debridement or amputat!. f ; Ix
distal phalanx was required. The usual sites of third degrea ZrostIbiA.e of
the feet are shown in Table 13. Like second degree frostbi4e, toes and
heels were the most frequent site, with the great toe predominatLng.
Third degree frostbite of the hands occsrred on the tips of the fingers,
although large second degree vesicles usually were present proximally over
t.-s dorsa of the fingers (Table 14).

In addition to marked .4elling and redness of the digits involved in
third degree frostbite, edema of the entire foot or hand occurred. With
geaeral supportive -ore, including bed rest, this edema disappeared i* an .':

average of 6 days (range 3-10 days) after rewarning. Sweling of the third
degree injurod parts lasted'a few days longer. There was marked Limitation
"of rotion of the digits. Mobility of the digits.returned at approzaimtely
the tine ed.z of tns vart disavpeared.

- Burning or stinging pain was present in the first few day. afier "third
d";rs. froetbite, but was minimal unless the surroundings were war• Total

• " anesthesia of the part usually decreased after the first week and was &aso-
S ' eiated with the appearance of pareuthesias. Although a few petients expe-

l owe-d only mild burning or stinging pains after the first week, most patients
... "'w.. ith third degree froetbite had burning, aching, throbbing or shooting pains

be-I-M•n on the 5th to the 17th day. This pain usually lasted for 2 to 5
,e " pain occasionally was severe enough to interfere with the patieot's sleep

but seldom required narcotics.

. The skin overlying third degree frostbite formed a black., hard and dry
e,., oeher whether a vesicle was present or not. This esehar desquamated spon-
tanmesly, or required debridement because of purulent drainage between the
seeftd and eighth week after injury, depending on the severity of the lesion.
In cases receiving only general supportive care, about 15 per cent would not
heal and required surgical intervention, usually because of purulent drair.•-.

Ulceration through all layers of skin was always present. The ulcer may
have granlation tissue at its base or an adherent hard eachar may reform.
The ulcer epithelialises at the rate of about 2.0 mm (range 0.9 - 3.0) p!r
week from all borders. In 155 cases not requiring surgical interve-ntion,
healing occurred in an average of 68 days (range 23 to .27 days). The .it

,"io !e~lrd ,tIcer was scarred and iLndurated. The surrounding area of
sernnd degree frostbite showed thin, soft and easily tra:imitized skin.

7ivrp-rhidrnsla and an innhilit7 to Ikeep the iffoct^1 .r "rr-.. .
• , , " -' " ' - -r " . , & h a n d l n -t h w -I O . -i r l .o • r , , r "
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Ca..se Hstoy 2. - J. S., a 22 year old white rFC, was p-rned down by
eneay small arms fire for 6 hours on the morning of 3 March 1951. The feet
became numb. Following rubbing and massage the feet became red and swollen.
A vesicle was noted on the tip of the right first toe on the ,nrning of
4 !!arch ar.d the patient was evacuated. The patient reached Osaka Army
Hospital 4 days after rewzrmnds (Fie. 15). The dorsum of the right foot
was slightly edematous. A 3 x 5., cm. yellow, full skin thickness vesicle

wurrunded by e-ythems was present on the end of the riz'f.• great toe. The
left foot was warm and dry and the toes were hypesg+het.ic. There wxm mild
burPnlng pain of the toes or both feoet. On the llth day the v*r: ruptured
and was superficially debrided on the 25th day, revealing a ^ "c. x 2 cm.
area of granulation tissue at the center of the vesicle (Fig. 16). The
ulcer gradually filled in (Fig. 17) and was healed on the 58th day after
injury. The patient experienced very little pain during his hospital coArse.
Fcrty days after injury the feet were perspiring and cold. Seven months
after injury (Fig. 18) the patient still complained of hyperhidrosis and
itching of the t3es.

"� - J. !.., a 17 year old Negro soldier illustrates a mare
severe third degree frostbite. His socks were wet with perspi:ration on 3 Jd"-
,/ ay 1951 when he was imobilized in a foxhole, with an ambient temperature of
sr meO deomees Fahrenheit. The feet became old and-numb. On 4 January the

•'P)•- left foot was swollen and a vesicle was present on the left neat toe, He
. arrived at thb Otaka Arm*. lospiLtal an 6 Janzuaa (Fig. 19). At that tins the

foot showed no abnormality. Total anetfesisa " the toes of the. left
"+ =-• was present and pitting edema extended above the anide. All toes

" a&wed eaynotle but rere warm. A 3.5 x 4 ca. tens. vesicle was present on
l $Zt9 det W A of the left peat toe. The tip of the left peat toe was fwlm,
*?~a~ no-pl1able. Or. the fourth day after-frostbite the tip of the left great..

.~.. *:- tee m eoal. Six days after entry he was able to move the toes of the left
__-ft a the edm had disappeared. Shoct1rn pain was present in the left

foot fr=m the sixth t#.!ogh the twelfth doy. Except for tenderness and oeN-
"•-- ., '2 burning pain, the patient had no further ympsa The vesiole -

ý4t c the left great toe had coliacised by the* twentieth day. after Injury (Fig. 29)
:3.C,.~',.auge of parulant drainage superficial debridwnt,, including the toe nail,

Mwa perfoe•ed on thoe 26th day after injury. A hard, black adherent esohar on
the . d of the left great toe gradually became demarcated (Fi. 21) and con-
"timed to drain. A roentgenogram taken 42 days after frostbite revealed no.
b. Sbicimality of the left great toe. Fifty-an. days after injury surgical
debridemont of the left great toe was performed Including a portion of the
distal phhla'u which was found to be infected (fig. 22). The patient was
retorned to the Zone of Irterior.

Fourth degree rt• t..e pr'duced damage to the entire thickness of the
pert inclading bone and rwe-ulted in loss of the part. One or more digits wero
the most co-on sites of fxyrth degree frostbite. On the feet, 76.5 per crr.t
of lesions involved one or more toes, 18 per cent the'distal 1/3 mr distal
1/2 of the foot and 5.5 per cent the entire foot (Table 13). On the hawds,

f',rth degree frostbite involved the tip.; of one or more flnj.er3 i n A3 -r

.ent cf c,,e" and one or more entire fi.;gors in 37 pur cent of ca (.,.
Fr, urth deuvee frostbite sxtending above the .nkle c. wrist was n',t '-o-n "'

- " :-,t. . Osaka ,.*rz7 "ospit'll 11th.ciph. ,u-.h l--ia - " ".

-n
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F~.15 -Came J. 3. Third degree frostbite of righ~t great too,
5 day-ý 'tfer injury.

-P...Twn1r'~iI' ~~~'V

'7 ~ JU". ~prt! n 71 'hi -lrvi



'tg ~'-:age J. S. 7hird degra.- frostbite of righit great toe, 4~8
laas aL.erL';.

""VIZ., ,* , ~ -i-



?1g. Al J_ 7 %'1 Trd legree frostbite of left great and
secor~d toes, 4 d!ays atter injurl.

4 v5-



Fig. n1 Case J. Rt. Third 4%m,'ee froztbite of' left great
and second toes, 47 days after irijury. End of'
second toe healed.
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T.here xwre' , o, or on!-, ;...: r the " ..c .,
'rostbite. As previousl,7 indicated, vesiceas or bullae were communly present
at the proximal border of the fourth degree inju.red part and wvere of prog-
nostic sigrificance, indicatihg severe damaEe distally.

The parts which were evont.t41,2y lost vere always cold in patients enter-
inh 3 or more days after -- war,.din{. It was impossible to produce warmth of
2-qe parts by sympathetic ganglicn blocks or by vasodilators such as oral
priscone, intravenous alcohol or intravenous nrocal-e.

Edeamr-f the entire foot or hand occurred, extending pro"rd.al tu the
area of fourth degree frostbite. With fourth degree frostbite of the feet, -

pitting edema frequently extended proximally as high as the knee. In 22
cases of fourth degree frostbite the edema proximal to the area of severe
injm.e disappeared in an average of 10 days (range 7 to 2) days).

Vild to seve bwning pain occurred in the first few days after re-
waming. Bginolna 3 to 13 days after rewarming, shooting. throbbing and
severe achin pain may appear. This persists for 15 to 30 days. In 43
patients with fourth •gree frostbite this pain was severe nough in only 9
oase to requize codeine. Two of the 23 patients experienced wo paU.attor
the m, b uning pain of the first few days following zsWa..ng. .. ,. ..

Vles to 15 day (avo.s. for patients was 2.5 days) . fter re'aru"ng
*."the*,most distal part of the involved extremity bacm--b1askV'-.dry",snM @lriv*le&d.

*~,3sm~to this, the clinical wmnif'istatiorm wer exkhtedA 'n two"08wqsjm-
I ' Mb piee"M Continuing aq dry gangrene where the affeeted tissu became:black.

d dried hard, or ainifed; or the affected tiasna beaming wet, softa nd.-.
N~ ' ,l O-+ - - " • -,"+ ,

WN..

W hen fourth degree frostbite involved only digLs. the parts usually
"W'mi ledI Os.eaioma4, inter-digital joint spaces became puulent but this

4M so a -.ateifer ith the dryin4 of the lesion if suprfi••al dabW
40 e"esss• wee prfbZrmed. Wet, soft -rid purulent gsngpvn was mm* Likely

..." twh. en the lesion exteecd proximal to the web of the toes involTing
t, distal on*.-trd, one-half or entire foot. In 14 cases with fourth degree

fro•tbte eatending proximal to the web of the toes, 7 becam dry and inam.ified
Wm 7 befam soft and wet. These cases received general supportive care but
so drVg tbhrapy aleged to influence the course of frostbite. It was not ps-
Bdlue to redict whether wet or dry gangrene wald occur until 12 to 34 days
after Injury.

Dry sam fication was desired since it permitted patients to be trans-
parted. The presence of dry gangrene froo frostbite was not painful. Oper-
ation could s-xit the appearance of a definite line of demarcation thereby
preserving the greatest possible amount of tissue and retaining maximum
function. When wet, purulent gangrene occurred and lymphaden,:pathy and signs
of general sepzis appeared, operation had to be performed as an emergency or

sein-emrgency procedure. The site of mr,1utation was ,th'rourh normal tis.!10,
-it - pnint proximal to all necrotic tissue.

When try gangrene occurred the vv'ic.ilatei ir.d ncn-v-!YiculAteai tiA3u'!!
-rrnT-.,l It - urth depr" in 4n., i .

-r n ý17 A o



- ~ Z -vz ange 242 Or r: a:1j
_-".rcit:.cn: 1,ecnme apsrernt. In --in -ive!-age zf 36 da::s 2

-P!:e -'4t:.-2nts were evacuated Lo hos-itais in the Zone ol i.:
zurgery was performed. Demarcation was allowed to proceed down to bone at,
ahich time gangrenous tissue was surgically removed. The average time of
operation after injury was 78 days (range 56 to 129 days).

7et nngrene becine apparent in an average ot 19.5 days (range 12 to 34
ay7s, in 10 pitients. The ends nf the toes were usually mummified. There ;as
1stration, softness and infection if the tissue behind the toes. The exten-

sion of the process was uncontrollable by vigorous local therapy, antibiotics
and chemotherapeutic agents. Because of local infection, lyM p'athl Prnd
signs of general sepsis these patients were not considered t",*icrt*ble.
T'ey were ooerated upon In an average of 9.5 dayi (range 1 to 29 days) aft:r
wet gangrene became apparent.

The clinical course of dry gangrene is illustrated by the following
cam..

Case Hiatory 4. - P. R., a 21 year old soldier of Mexican extraction,
was frostbitten on the evening cf 6 January 1951. The temperature was plus
10 degrees Fahrenheit. He walked 15 miles to an aid station the following
wsrning at which time the right foot wvas swollen. A bullae appeared on- the
dorsua of the right foot on the afternoon of 7 January and became enlarged

-'on 8 Janmary. Four days after injury (Fig. 23) the entire right foot was
edtmmt~. A large bull.' was rzhe-,oent on the dorsum of the right' foot behind

TA,. the tos, There were a few small vesicles on _the toes. • The distal one-third
thM foot waes blue and toes 1 to 4 were cold. There was third degree frost-

=•~it* of the left great toe. Edema of the foot disappeared by the ninth day
.. ; ':tt SInjury. The tips of the toes began to mify on the tenth day. Mild.

• -, ig and shooti'ng p3i' began 8 days after injury and lasted until the
twentieth day. The vesicle an the dorsum of the right foot slowly dried

, (7ig 20 and was cuperficially debrided on the twenty-fourth day. There was
" •evidence of infect?,m and the first 4 toes of the right foot continued to

AxeA Iiii. of dams-ication appeared by the thirtyb-fifth -day (Fig*-25)o
"Be Ug" returned to the Zone of Interior on the forty-ni•th day. Surgical
revsl of the entire first and second toes and the distal phnlanx of toes
t. h•tie and fcw was performed on the eighty-second day at which tim the line
o .f dmreation had extended down to bone. --

The clinical course of wet gangrene is iUlustratoed by the following

Case History -. - W.E.C., a 17 year old Negro soldier suffered frost-
bits of both feet on 3 January 1951 when pinned down by enemy fire for 12
hours. The feet were wet and the ambient temperature was 2ero degrees Fah-
renheit. He rewarmmi his feet by walking. On 4 January, following removal
of his boots, his feet swelled to such an extent that he was unable to re-
place the boots. He was evacuated 4 January. Six days after injury (Fig. 26)
he complained of "3hooting* pains in the feet. There was marked pitting
etdema of the feet and ankles. D6.llae iere present behind the toes. Lodernite
3nooting and ai..ing pains and paresthesias continued for approxin-itely 7

w-ee-s. Edema h-ad -,rbsided on the tenth day after lnjury. Lummification of
"h'? tips 7.f the toes was apparent on the twelfth dar-. Fourteen di..! r

n ,rcrotic ulcer was prcsent ý--t. .. base cC th-e toes o' - 1'.'t "
". . . "', . .- rt': ,-: Ž (Fir. a:::.' ties . - ' .



Fig. 23 -Came P. LR P~h !4-r-e frourtbite of the toes of the

* right foot, 4 dayu after injury.

- ~ * 13~00j'
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. Ar-°th degree frostbite of the toeo of the
* ~~~Fig. 25 -a Pw . R. - r'Jzu~~w.~'u~~~ ~&~a .

-,right foot, 50days after injurjy. Necrotic tissue of
promdural t of foot debrided.

.I

o



Fig. 26 -Case W. E. G. Fourth degree froatbite of both feet,
7 days after injury.

Fig. 27 -Case W. E. G. Fourth degree fhroitbite of both fco-t,
14. days after injury. Large necrotic ulcf-r on~ '-ft
foot.



Fig. 28 -Case W. E. G. Fourth degree frostbite of both
feet, 40 days after injury. Necrotic areas arA

-~~~~ tndonsz~.d.

Fig. 29 C~A8e W. 9. G. F3urth degrad froothitm of both r-Ot

ýI dayv Afttrr injury, Y, riy- Rimer prtfl



;..,-t, nccotic areas extenderl across the dorma of both I .•..
"-•° do,- was present. Tendons le-ading to the r-ight serond, ,•", :•

",,,1rth toes were exposed. The patient's daily teaperatrwo -.. ed from ... 6
to 99.4 degrees Fahrenheit. Slightly tender, moderately enlarged lymph LAOUP-S
were present in each femoral triangle. Forty-three days after injury all
toeo except the left 4th and 5th were renoved. Eight days after operation
iFig. 29) healthy granulation tissue was present at the site of operation.
"he patient was retarned to Zone of Interior on the fifty-second day after
injury. %inety-nlne days after injury a primary closure was performed on
the left foot and a split thickness skin graft applied to the right foot4 a

V1. DISPOSITICS

Eighteen per cent of the 4,216 patients admitted to the Osaka A"I
Hospital were evacuated to hospitals in the Zone of Interior. The incidence
of patients evacuated to the Zone of Interior during. an specific period
varied, depending on the evacuation policy. During DeceMber patients who
goeel. have required more than 30 days of hospitalisation were evacuated to
the Zone of Interior after preliminary treatment and when considered trans-
portable. Daring this perl.od 35 per cent of patients on whm disposition
was maeU ww sent to the Zone of Interior. In Janmarz all patients who-
weold have required more than 90 days of hoepitalization were evacuated".....
During this period 12 per cent of patients on who disposition was made were
s ent to the Zone of Interior. In February and lar•sh the evacuation policy
Permywit ted IM days In hospitals of the Far lastern Command. During tbes.. two
mnaths 7 per- Gmt an&` per cent respectively were sent to hoepitals te

Zen. of Interior. :
Pati".et a evacuated to the Zone of Interior we6re- a r d o f l .

- 1mited &tyr or were transferred to other hospitals in the Far 2asorn Co-,
'A ; d." Patients trosnsferred to other hospitals included reeove*ed al4 ed aM -

- tary prisoners of war, United Nations troope other than Aaercan, and 'Om)k. :, S. Navy and V. 3. Uarine Crope personnel. heet final disposiLOn Of these.4
. _-. - ,.. .,

Data cn d1apoeltion was available on 1,327 aetie~e with eithWe ftret-
"- 46 •er w the Ill Classified Condition of the Feet Esuifeeted by Hypehideis, |

- 'b 'ort and Naerastion who were not "turned to hospitals In the Zone Of
Slatarier. Seven hende and eighty-two or 58.9 per cent wee sent to general

duty ard 545 or Al.l per cent were sent to tepary or permanent limited
duty. Aprazimately 80 per cent of the patients sent to general or limited
duty received physical reconditioning at & special reeoaditioning center.
The reminder were sent directly to full or limited dUty.

The disposition of petients by degree of injury is shown in Table 15.
Essentially all cases of fourth degree f'.ostbite were evacuated to tLe Zona
of Interior. Sixty-four per cent of third degree frostbite patients and 36
per cent of second degree frostbite cases were sent to the Zone of Interior.

0 Limited duty in most patients was temporary with the specification that
the patient not be returned to a combat area where he would be exposed to .w
-nvtrcnmental temprwature because of a possible increased stisceptitily. t
z-~d In.1,r.-. (Assig•raet tm "iLtited" duty wae accomplilhed I,.,- r,-or'"i:

"a.u'.•. 4ath R profilo 3 on the lower -rereuitv.)

-.0



"h~cst all c~ses c,' :•rct ,,CC:',---t r b.,•t ti e an i n, id. . . ;

.tiztn :: the Feet were sent to general. or limited duty. Tha ve ,
rptrned to &eneral duty was 61 and 56 % er cent rtspectivKi,. S ;,t

than one-half of the second. degree frostbite cases not evacuatea to Vie Z-one
of Interior were sent to temporary or permanent limited duty. Over 80 per
cent of the cases of third degree frostbite not evacuated to the Zone of
.'nterior were sent to temporary or permanent limited duty.

TABLE 15

THE DISPOSITION OF PATIENTS BY DEGRE OF INJURY

DE= OF INJURT

First Second Third Pburth
Degree Degree Degree Degree I.C.C.*.

No. No. %o. No. % No.__

Oeneral Duty 201 81 225 41 47 6 0 0 309 86
.. porary or .

Permanent 42 17 232 43 223 30 1 1. ,Js461..3.-
Limited Duty

Zone of "88 16". I .99 "2...4 M
Int"rior

. ,.'P ., . .," a

*TTL 248 100 545S 100 -743 100 105- 2.00.. 35T 100 '.

-li Classified Condition of the Feet Manifested by Hyperhidrosis, •ryý.Oema,,:- anA Maceration. ".•• .-

VII. DURATION OF HOSPITALIZATION

"Six hundred and thirty-four patients returned t sbopitals in the Zone
"of Interior were hospitalized for an average of 19.8 days (range 4 to 98 days)

•:':- before evacuation (Table 2.6). During this period preliminary treatment was
begm. The duration of hospitalization covered the period from the beginning
of evacuation from frontline medical facilities until transferred from the
"Osaka Army Hospital. Accurate data is not available for the duration of hos-
pitalisation in hospitals in the Zone of interior. It is estimated that it
is in excess of 100 days. Between 25 and 35 per cent of the patients evac-
uated to Ithe Zo e of Interior have required or will require separation from
the service (163.

Patients with frostbite who were not evacuated to hospitals in the Zone-
of Inte:-or but who were returned to fulF-or limited duty from the Osaka Arm.y

Hospital were h.apitalised for an average of 32.L days (range 4 to 127 days)
as shown in Table 17. Patients with first degree frostbite returned to dutv
wore hoepitalized for an average of 1.6.6 days, pati.ents ,-ith socon-1 ke'

frostbite returned to duty were hospitalized for an average of P9.3 da -,
oatients with third degree frostbite rpturned to duty wore hosritallzo !f-r
;n avorage of 54.3 days.



"TABL& 16

THE NUMBER OF DAYS OF HOSFITALIZATION AT OSAKA ARMY HOSPITAL
OF }'ATIF•7TS S -nUSý:WTLTY EVACUATDT) TO HOSFITALS IN THE ZC14E
OF !NT .IC'R. HOSFITAi TCh COVE-S THý PEIOD FROM THE
9rI;IN'NING CF 7VACCATICK FROM TH.E FRCNTLINS UNTIL RELEASE

RCE' CS;.KA AR;J HOSPITAL

Degree Number Average Number Pznge of Days
of of of Days Before Before Return

Injury Cases Return to Z. I. to Z. I.

Second 86 15.7 7 - 33
Third 457 20.0 4 - 98
Fourth 91 22.7 5 - `58

TOTAL 64 19.8 4 - 98.

.TABLE 17
t.-. 

. , .

" T"• ! T URTIOE. OF 6FiTAJ.IZA.fTr!* OF FATITTS RETiURM TO FMLl

OR LI11M DUTY FROM OStKA ARIif HOSPITAL. HOSPITALIZATIc.r-.
COVERS TMT, P!-RIOD FROM THE BEGINNING LV ZVACUiATION FIICV TI

FRONTLINE. UNTIL RELASE FROM OSAKA AM HOSPITAL.

g.. .. Number Average Lays ,ange.Df Dayl
-o of Of of ...._____________ Cs~Hospitalization Hospita1Sisaticel

.... .
ofrs 

Ca. ses..:,• ... t.' 284 1]6.6 4. - •53 ..

Second 446 29.3 8 - 97
Third 264 54.8 10 - 127

.Tota Frostbite 994 32.4 4 127

M1l Classified
- Condition 351 17.5 3 - 45

As previously indicated, approximately 80 per cent of the patients
returned to duty received physical reccmditioning at a special recondition-
in; center. An analysis of the records from the reconditioninR center, of
182 patients with frostbite or the Ill Classified Codition showed the average
stay at the cent',r to be 16.2 days. The average time lost from duty May be
estim.ated in the following manner: 20 per cent (average days of hospitali-
TAtion) + 80 per cent (average days of hospitalization * average days at
reconditioning center). For froutbite: 0.2 (32.4) * 0.8 (32.4 * 16.2) 4 45.
For the 1.11 Classified Condition of the Feet: 0.2 (17.5) * 0.8 (17.5 *
, 30. Tkis, p.tients with first, second and third derree frostbite =a•
returned to the 7one of Interior lost an averare of 45 days frcm duty.

it!pents wltb the "- Classifiod C~nditir' 'n th1 -':e.ortc an av-rli ¢ "• ,- . r,!nt witnt he t



VII. k EATTET

The treatment of frostbite depends on the time aftcr injury, the
severity of the injury, the presence of complications and the area affected.
In military operations treatment is Lifluenced by the tactical situation as
.ell-s the ficilittes available for evcuation- of the wounded.

In military oporations most cold injuries will appear en maisse (i.e.,
during periods of heavy action). At the same time large numoers of wounds
and injuries occur. The manarerm-nt and evacu&ti r, of life-tuid--cering, wouads
an-1 injuries srest take precedent over most cold injuries. -ei -without wound3
and injuries highly indivicualized treatment is difficult ,luring military_...
operations because of the large number of patients who will present themselves
almost simultaneously. In civilian life where frostbite tends to be sporadic
treatment may be individualized.

Therapeutic agents and procedures such as sympathetig, ganglion blocks,.
sympaethectomy, vasodilators and anticoagulants have been used in the treat-
ment of frostbite. However, it is believed that general therapeutic meas-
ures such as avoidance of trauma to the part, prevention of infection And- ..

* adequate nutrition are sufficient in mild frostbite and will decrease the'
Ai-idence of complications in severe cases. . .-. .

•"b , ... � Two phases of treatment of frostbite exist, 'flw fi1stPphase,is the'
'initial or mrgeracy -*..tmet. Tn military operations this phIas.deals with

i the management of the patient in the ftorwwwarea, of the combat gone't is
ji'0equa1, applicable to civilian life. The seeOnd phase oft, treMats-ut' dea with.
•,• til patient after he has reached a hospital. "

• .. I. Initial or emergency treatment.
The forward areas of the combat son@ were advised to remove-con-

7 i',btMi.eting clothing. ,ach as boots, gloves and tight bands from the site of
.JA•. y,- Rewarming was to be accomplished by .xposuw.-sid'the frostbitten part, -t

t ýto roa temperature (70" to 78*') if the lesion was in the prehypezemic stage.
I.Rewarming also was to be accaoplished by holding the part against another part

,: at the body, such as a frostbitten hand held in the axilla.. Massage of the
"ýf'` part would aid in rewarming. Brisk rubbing either with the hand or with snow

was to be avoided since the tissue might be further, traumatized and avenues
• for Infec-lon opened. Exposure of parts which were in the hypereuic phase,

as manifested by swelling and vesicles, to temperatures above 800F resulted in
pain.

Recent experimental work (17, 18, 19, 20) on animals frostbittc. !'
a relatively short exposure (3 to 30 minutes) indicates that rewarming Jfn
bathe with temperatures of 370 to 42C will reduce the tissue loss after ;
standard cold injury. In military operations by ground troops rewarming by
use of warm baths is not feasible. As previously shown (TAble 12), only 2.1
per cent of 1,368 men frostbitten in Korea during the winter of 1950-51 were
teen ry medical personnel before the appearance of s..:elling and bli:;Lcrz.
":he remaining patients were already rewarmed. At frontline medical "n-t -,
laticns f:.cilities for heating water are not realily availab]e ,:urirr .:in,."r
-. ,nt . nimal -!xper.' Oh*s have demonstrated rapid rewarming tr; i.- . , .

Part is actually froz-ýn. 7,th advint.:,re, or ei.acvint7.,roý 11 - 1
... ... . "n i v.r ,:z U, ", r t t.';Ly ' . , , .



5eneral body warmth was restored and maintairn.i&h remc,v i,..11
,-7 zthinz 3nd wrappinv, in warm, dry blankets. The restoration a'nd i.iW.'.,

, generai body warmth promoted blood flow to the extremities,

Patients with second, third and particularly fourth degree frostbit

of the feet were made litter p'tients at the earliest practicable moment.

Inti t vesicles and bullae offer protection agair.3t infection of
'inderlying tissue in the field. They should be protected end not drained.
aspirated or debrided. Through the initial peried of evac.n or trans- 0
portation the invoYlTd part may be covered with a dry, lot.Te dressing to.
provide protection and maintain warmth. Pressure and petrolatum dresasngs to
the injured area were to be avoided. Petrolatum dressings when used resulted
in maceration and secondary infection of frostbitten tissue.

A tetanus toxoid booster was given at the earliest possible time.
!ztibiotics were started during the chain of evacuation.

2. Hospital treatment.

Bed rest is necessary in the early stages of froetbite in brder-
that trauma be avoided. At the Osaka Army Hospital bed rest was absolute 'J
until vsicles and bullae had dried. Bed rest aided in tha subsidence of
O.dem, Sevatim o•.tha foot of the bed five Inches may have. increased t~de
rate of disappearance of edema without interfering wth the blood flow-et the

S..- . -. .. .

.-. A ward temperature between 7VP and 7?' as found to be the A.at.
,-* •satisfactory. Higher temperatures increased the-degree of pain, It Was fouM4

desirable to keep frostbite lesions exposed to the air. In those cases where
: *rostbite involved the feet the sheets were folded back 18 ahes-from the

:r•, foot of the bed. Then a fairly constant ward temperature was used. together
',.. with bed rest and air exposure of the injured part pain did not beseen a vety

ise•iv• s problea and narcotics were not often requi-ed6

At the Osaka Army Hospital, samoking was prohibited because of the
-.. ::: kom vasoconstrictor properties of nicotine. It was considered inadvisable

""to allow patients to smoke in the presence of an already damaged vascular bed.

A generally nutritions, high protein, high vitamin diet with addi-

tiocol ascorbic acid (250 mgm. daily) was suppliod to aid wound healing.

A tetanus toxoid booster was given to all individuals. To prevrnt
secoary infection the cases of second, third and fourth degree frostbite
received a minimr. of 300,000 units of penicillin daily.

Vesicles and bUllae were left intact at the Osaka Army Hospital.
They often dried into hard eachars. However. superficial debridement of
broken vesicles or necrotic tissue in. the presence of frank or threatened sup-
puration was performed. This was done frequently, particularly at the periph-
ery of the lesion and includini toe nails where suppurative material most
commonly collected. In the presence of excessive necrotic and juppurative
material the wound was wiped clean with a hy'L-oger peroxide-acueous ztphzr,
chlrride solution aaid soaked for 30 mirt'tes in a solution of normia) -ilino.
,'.,n v-"ic'.es had dried into eschnrn, thei- iIII.rs w-r- ! f~'d n .•' "'
on.q I bl-.



.=7 io therar was ~ ~ .& dj ...

* 1 T rvita~l. Passive ma3-L'iý=it ---s avoided in~ t.>-:r

t^ neVred g3ngrene. At tent icn wa3 j L-ec te ( towardis t he i -~.- i
-h.e fee-- and movement of thie toes irtd ifih.ers and other major jainL3.
* !tients were prone to develop an inversion of the root and art niky'lo3i.)
the intardigita2. joints.. The patients were placed on a more attive 1'ro,,ra~rr
nf physiotheapy when an ambulatory status was reached.

Emergenicy amutations are seldro -indicated in frostbite except in
cases showing extensive putrefactive gangrene associated with lymph-
adenopethy and sig~ns of general sepsis. It. was found desirable to allow
a definite lI=e of demarcation to ap1 pear in order to preserve Z"^ a~
possible amoUmt Of tissue and attain maximum function. An a;-vZeut. line of
dgmrcation appeared early but debridement revealed that thi,; proximal par+ of.
the apparently necrotic tissue was superficial with normal tissue below. This
is illustrated in Figures 30 and 31. Tissue distal to a definite line of'
damereetion was dry, black and shriveled, or ainnified.

Numeous agents and procedures which have been recommeded in the
tr~eatt of early frostbite were used at the Osaka ArmW Rospital. These
UIsended haperin intravenously every 4 to 6 hous sufficient to maintain the
alr.4tiflg time above 20 minutes for 8 days j intravenous proesime (0.2. per
seat seantion in 1000 cc. 5 per cent dextrose in watery, twice -daily).'. for 3".
to- 10 day.;I oral priscolins, 250 Wg. ewery 6 howrsfor- 30, days; . nd sympa0--
thetis ganglion blocks for 5 consecutive days. In addition may patients

reeewd clr S~ gieil rnpportive cars. 4

t4Ato . It uase impossible to make frequent an Gwt-b" 1o-on.-
~ thje atiat beease of the shortage of nedisal. Pieb'obl P1I W 2i20ro

A p atimsat entared the- hospital many days afterr-beigfrsbitn
~~f*a": of, the difficult~y in determining the evenamt uVtseinmin d£ patient

"' flwiv early frostbite, the results of comparing a fin nolb..twatd "08. Ait'h-

S e trete sesee sau y beinconcluiive.-

Ieaertbe~s certain impressions war* gaLned b7 eco~ering.:the
"- . e-of several kuzxired patients entering 1.8 howas W-5 days aftet.freatMb@ e

2". -s treated with various a gents or procedures with the Courm of A ed I&i
patients treated by general supportive care only.

?be presence and severity of pain in early, flCfl-403PUGS5t frost-
bt* we not markedly altered by any agent or procedure., Frostbite is

aetmely a relatively painless injury oxccp+, where the patient has been
Mblatwy f or weeks with frostbite of the feet. It was believed that intra-

veno proeaine decreased the severity of pain in these lateq traumatized
cases but it failed to ;roduce a noticeable effect on patients placed at bed
rest within a few days of injury.I

No agent or procedure was clearly demonstrated to prevent gangrene.

However, in a few cases treated with heparin in 'which treatmamt was begun
loes than 36 hours after rewarming, the eventual tissue lose was less than
predicted uhtwa the patient was first seen. Se'ven of 14 cjAia of f'curt61'LA-agrceo
frostbite extending proxim~al to the web of the toe@ who received only ganeral

nemms'ir" develoved soft, wet infected gangrene. Similar rentiltm

occurred among patients receiving vasodilators and sympathetic gais;.llc?' '''

ýrcases cf severe fcurth diegree 11r-ostbite extending prox~imal to t!-.' w-.'k -f

>e rci who) rpeei~ed '-pnrin, .-a! -riecd and flou.r.if!led.
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Fig. 30 - Casb J. �(. � &p�..re�tly necrotic tissue through
th.� dietal one-third of the left foot. ,�-.
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AlmoZL 31 =od cnjulies •rcurrin0' in Korea durinz -,.he . rt'- ,P
1'50-51 were ground-type frostbite. In one unit 98.8 per cent cases oc-
curred when the minimum temperature on the day of injury .-as less than 300F.
Th' duration of exposure was 12 hcurs or less in more than 80 ver cent of 812

f cases of frostbite.

Sub-freezin. temperature is a prerequisite of ground-type frostbite.
However, sub-freezine temperature by itnelf did nct result in larPe numbers
of cold injuries. Large numbers of cold injuries occurred in KY,•ea only when
low tesparatures were rcombined with i.mobilization of the individual soldier.
Immobilization of the individual seldom occurred when the enemy was notpe07aged
in combat.

It is doubtful if practical clothing for ground troopa can be designed
which will protect all men immobilized at low temperetures. Heat loss and
fall in temperature of the extremities is inevitable under these conditions
without a source of external heat. Therefore. ground-type frostbite is not
considered to be entirely preventable. Frostbite casualties mist.be accepted
as a calculated risk of a winter operation. While ground-type frostbite cannot
be entirely prevented, the incidence might be reduced below that which occurred

".'-..... urope in World War II and in Korea during the winter of 1950-51. This
-A ' miht be accomplished by: 1) improved comoat training at low eaviromantal

,.e.,,, pat~ure, 2) b7. cou.Aiued rnesarch in environmental protse in; 3) by
--aeoniw-ecopition of the fac'tors Ifivelved in, the production of: p'@und-tMy ~

"l ifroetbite; and 4) by continued &nd intensified strear-of•ijW1dv .h~ftW • .: P 0
* t.a ;odutined in Arms7 publications (21). • ; ,

__ "r• Individual variations in susceptitility to cold injuriel should be invest-
Z t4• te. with the intention of eliminating highly susceptible individual& from

1 'fro't-line duties during wintcr operations. Suggestions af increased- Ouscepti-, -
:bl .. :flity now available l.aclude racial differences, previous cold injui7y.p3eripheral-

4 M 'Veoe• disease, ano a high cold hemagglutinin titer (•, . " .

It is difficult to predict the number of cold injuries which will occur-.-.•
t.'- ang particular winter operation. The incidence will depend on the type

-.... • of combat, the existing environmental conditions and the protective equipment"='•~ avai mlable.

In the past, weather data from areas ui ground troop action have been
sparse and inadequate. Forecasts of weather vmuld be useful in estimating the
cold injury casualties which miaht be ey.ected from an anticipated engagemc.;.
with an enemy. Better weather datz is necessary to determine the exact relS-
tionship between environment and cold injuries.

The medical facilities and personnel supporting ground troop action wust
be prepared to admit and treat large numbers of cold injuries during the sa.mne
period Uat large numbers of battle casualties must be treate-d. General meas-
urea of treatment are thought to L- sufficient in mild cases of frostbits and
should rechdce the incidence of complicattons :n severe cases. NJo speciflc
tU,,ir-,neut:c agents or procedures hav, been cinj!'jVivoly ,hnwn en -- d-ce "n
tissue loss in cr-ld injuries, to shorter. the duration of healing, cr to rr'.'-"
seniielae. Additiunal information ii -. r"do1.; -

4.. . .. ' I I t d V
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AlMoZ ii ,11 ZO n :'es 'urriny in Korea during the :Ine ' P "
-,5--5 were ground-type frostbite. in one unit 9S.8 per cent cases oc-
curred when the minimum temperature on the day of injury .-as less than 300F.
Thi duration of exposure was 12 hours or less in more than 80 per cent of 812
cases- of frostbite.

Sub-freezing temperature is a prerequisite of greund-type frostbite.
However, sub-freezinp temperature by itzelf did ý.:t result in l9rpe, numbers
of cold injuries. Large numbers of cold injuries occurred in Ko'-pa only when
low teuperatures were 'ombined with i~mobilization of the ind,7idual soldier.
Immobilization of the individual seldom occurred when the enemy was notf-erigaged
in combat.

Tt is doubtful if practical clothing for ground troops can be designed
which will protect all men immobilized at low temperptures. Heat loss and
fall in temperature of the extremities is inevitable under these conditions
without a source of external heat. Therefore. ground-type frostbite is not
considered to be entirely preventable. Frostbite casualties miat.be.&*cepted
as a calculated risk of a winter operation. While ground-type frostbite cannot,
be entirely prevented, the incidence might be reduced below that which occurred
in Zuropr in World 'ar II and in Korea during the winter of 1950-51. This

"-might be accomplished by: 1) improved combat training at low enviraozmiital.
teMpeaturee; 2) b,. ecd..rsed research in environmental proteotion; 3) by

r.oo.swnd reopgition of the factors AIvolved in the productidn of : gr•und-type ,'.
-frostbite; and 4) by continued aand intensified strearof An vrL hOhg V*1e`e" ,

t-omtlined in A~rW publications (21). ~ -~L

-" Individual veri.ations in susceptitility to cold injuriet should be invest-
Ziptod wlth the intention of eliminating highly susceptible individual- from

14"front-line duties during winter operations. Suggestions of increased-.suecepti---.

V •.bflity now available .iclude racial differences, previous cold.injurzy,..periphoral. .
-• ao¢- .hr diseaae, ano a high cold hemagglutinin titer (m ". .

It is difficult to predict the number of cold injuries which will occur-:;
"..'during an particular winter operation. The incidence will depend on the type

of combat, the existing environmental conditions and the protective equipment
available.

In the past, weather data from areass u! ground troop action have been
sparse and insdequate. Forecasts of weather izuld be useful in estimating the
cold injury casualties which might be evnected from an anticipated engagemc.i"
with an enemy. Better weather dat. is necessary to determine the exact rela-
tionship between environmert &nd cold injuries.

The medical facilities and personnel supporting ground troop action !Wlt

be prepared to admit and treat large numbers of cold injuries during the same

period tut large numbers of batcle casualties must be treated. General meas-

ures of trestment are thought to *o sufficient in miild cases of frostbite and
should retduce the incidence of complications in severe cases. No specific

ri-,erneutic agents or procedures have been conelunivs-ly shonn ý.% r-luce ".h..
t'!.!sue loss in c.id injuries, to shorten the duration of healing, or to rrey--."
leQlelae. Additicnal irnormation ii n.o-do.



-. 3 a_7fculJt to -va-u~ate tno-raveulic rein r'i

ofr tepertr, drto fexuosur e, etc. vary -*r-:, patient -1)
'natlent. M.easures designed t~o prevent gangrene miust be instituted wuitai"- .

fe hours of injuxy or rearming. In the military operations in Korea in

1950-51. it was rare that. men were seen. while still in the frozen state ankd
it was uncmmon for thou to be seon within a few hours of rewarming. The
severity of injury and the rrognosiB frequently could not be determined antit2

soviral houzrs or dp,-s after rewar~ing. Prognostic features of value in the
first few days were: 1) parts which became cold and reocir.d cold were lost;

and 2) parts which were vesniculated usually vatre not lost, but flof-venienlate 0

areas. dita t vesicles and btailae generally were lost.- -

X. SUIMAR. AND CONCL13SION

Cold injuries occur in great numbers during winter military operations

mi~±raterially reduce the effective fighting strength of an Army. These cold

injuries. include trench foot a,.-frostbite. Earned on existing vea,ýher c6n--

ditions arnd the duration of exposi%%, sost cold injuries In lorea-during the
winter of 1950-51 were, frostbite ftw-ring in ground tr'oops-.so@fled ground-

type frostbite. ---

'AppriiMa~tely 17'per cant of 2t257 cameo evacuaIted from Ioe tlb Japan
-ailed to display sipns aid symptom typical 6f- frostbite.., These, patiints
shwoed Wqpeuhidrosis of the feet with erytheMI a0d Maces'tiOD of -the plantar,
aspects. this conam.jim mY be vWery wild treneh-fo@ altbou&abg &ye~idrosis.5

c a s huaeCteristiC .Of early trench foot:"- IC. Se the* rsult2-AxL.prt§, of.:
g~-~ial irritation from traumna and chemical irritatidd fron ,Irboned' c-ontiot a

%4 wth pwspiraticin in impermeable footwear. e. . .,

In 19MC-21s diagnosed as frostbites, 86 percent- of the .14ACIoii in'-
, -v6Ivmld the feet alones, U1 per cent the hands and foeet, 2.5 Per centý the hands
JeMG a 0.pucnotesisireludinzg ears, faso and kzesi&., Frostbite-

~ abowe It*# ankle or wrist was rare. Six and one-tenth petr cent of-
'~2' teee1,860 frostbite patients lost parts, ueualI7 dxgits.

Sub-freesint temperature is a prerequisite Of SrOUAndtMye'frostbit..
RN@,ver,, frostbite was umcomon when tbere was no contact with the oner even

wsthe teoerature was near 007. ragagement of the enemy in combatresulted;
'§ in imobilization of the individual soldier and the pr'oductioni of large number#

of cold injuries when the temperatur 'was low. The duration of exposure was
4. 12 hcxw or loss in more than 80 per cant of 812 cases of frostbite.

Several other factors influenced the development of frostbite in &,,"
soldiers. The incidence of frostbite was higher in Negro than in White . - _ e

Fifteen per cent of frostbite cases gave a past history of a cold injurys, eithe

during or before the winter of 1950-51. Wet feet probably increased tho inci-

dence of frostbite althoagh 39.8 per cent of 937 cases of frostbite gave a

history of the feet being dry at the time Of injury. The proportion of cold

Injury in privates and privates~f irs t-clss 9 was slightly higher than the pro por

tion in a rifle Company.

Age, time in combat,, and smoking could not be conclusiv-ely demon,9trit-et

to Dlay a ro'le In the developoient of frostbite.

'he cl1inical Mmnifeateciofi of frostbiteý var!-',d d~-,!n-di'r ~r )"

'-'~-.-.~:t in1t cr- the~ earl-, fmafaverCflt. #!e-rl rrI.--



-l~at .... 4d rases andi re-ducei '_:m 4nc-lence .•t_ _:
:;•e. No specific therapeutic -gent or p-rocedure -;.as Colic!~s-g

1:3 r-pd'icý tiAAWIP 1os', prevent !ýequelae, or shorten hospitdiizaLion.

Eighteen per cent of 4,216 patients admitted to the Osaka A lrv Hospital
with a diagnosis of a cold injury were subsequently evacuated to h.apitals in
the Zone of Interior. Patients with froctbite not returned to the Zone of
Interior required 45 days of nospitalization and rehabilitation before being
returned to duty. Or2-y. patients with mild frostbite or minimal sequelae were
returned to the combat zone while cold weather still existed.
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