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FOREWORD

THE SOLDIERS'S ABILITY TO PERFORM OPERATIONS IN THE COLD WILL BE
IMPAIRED UNLESS HIS HANDS ARE GIVEN ADEQUATE THERMAL PROTECTION. PLACING
LARGE AMOUNTS OF INSULATION OVER THE ENTIRE HAND HELPS TO PROYVIOE SUCH
PROTECTION BUT ALSO CAUSES LOSS IN MANUAL DEXTERITY. HENCE, TECHNIQUES
FOR HAND INSULATION ARE NEEODCD IN WHIGH THE ASSOCIATED LOSS IN DEXTERITY
1S MINIMIZEDs THME BEST COMPROMISE BETWEEN PROTECTION AND DEXTERITY MUST
BE SOUGHTs THE PRESENT (NVESTIGATION EVALUATES ONE POSSIBLE METHOD FOR
RESOLVING THIS PROBLEM.

AUSTIN HENSCHEL, Pw.D.

CHigF

ENVIRONMENTAL PROTECTION RESEARCH
Division
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DALE H. SIELING, Pu.D.
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ABSTRACT

THE EFFECT OF ADDED INSULATION OF THE DORSUM (BACK) OR PALM OF THE
HAND OR BOTH, ON THE RATE OF FINGER COOLING WAS STUDIED. ADDITIONAL
INSULATION ON THE DORSUM WAS FOUND TO REDUCE THE RATE OF FINGER COOL ING
AT -20°F BuT NOT AT O°F HAND-COOLING TEMPERATURES. ADDED PALM INSULATION
HAD NO EFFECT ON FINGER COOL ING UNDER EITHER OF THESE TWO COLD<~EXPOSURE
CONDITIONS. COMBINED DORSUM AND PALM INSULATION PRODUCED A REDUCTION
IN THE RATE OF FINGER COOLING AT -20°F; THIS WAS LARGELY ATTRIBUTABLE TO
THE DORSUM INSULATION ALONE. WITHIN THE RANGE OF INSULATION VALUES USED,
SYSTEMATIC INCREASES IN THE AMOUNT OF DORSUM |NSULATION WERE NOT FOUND
TO CAUSE SIGNIFICANTLY GREATER REDUCTIONS IN THE RATE OF FINGER COOLING.

SUPPLEMENTARY FINDINGS OF THE STUDY WERE THAT ADDED DORSUM INSULA-
TION REDUCED THE RATE OF COOLING OF THE DORSUM AREA BUT DID NOT OFFSET
THE HEAT t0SS FROM THE PALM. CONVERSELY, ADDITIONAL PALM INSULATION
LESSENED THE RATE OF COOLING OF THE PALM BUT DID NOT ALTER THE RATE OF
DORSUM COOLING. REDUCTIONS IN FINGER-=COOLING RATE DUE TO THE PRESENCE
OF ADDED DORSUM INSULATION DID NOT NECESSARILY FOLLOW FROM REDUCTIONS 1IN
THE RATE OF DORSUM COOLING.



THE EFFECT OF [INSULATING THE PALM AND BACK OF HANDS ON FINGER COOL ING

INTRODUCTION

IN HANDWEAR DESIGN, ONE OF THE SIMPLER WAYS TO |MPROVE THERMAL PRO-
TECTION 1S TO INCREASE INSULATION ALL OVER THE HANDS. HOWEVER, THIS
INVOLVES LOSSES IN MANUAL PROFICIENCY, ESPECIALLY FOR TASKS DEMANDING
SKILLFUL MANIPULATION AND FINE TACTILE DISCRIMINATION. |IN RECOGNITION
Af THIS PROBLEM, VARIOUS PROPOSALS HAVE BEEN MADE FOR | MPROVING HAND
INSULATION WHILE AT THE SAME TIME MINIMIZING THE |MPAIRMENT ASPECTS OF
SUCH PROTECTION. FOR EXAMPLE, INSTEAD OF APPLYING LARGE AMOUNTS OF INSU-
LATION OVER THE ENTIRE HAND, INSULATION MIGHT BE GRADED ACCORDING TO
THE RATE OF COOLING OF DIFFERENT HAND AREAS (1). THAT 1S, GREATER AMOUNTS
OF INSULATION WOULD BE PLACED OVER THOSE PARTS WHICH COOL FAST, AND PRO-
PORTIONATELY LESSER AMOUNTS OVER THOSE PARTS WHICH COOL MORE SLOWLY
UNDERLYING THIS TECHNIQUE 1S THE NOTION THAT ELIMINATION OF NEEDLESS
INSULATION IN CERTAIN HAND AREAS SHOULD PERMIT GREATER MOBILITY. HOWEVER,
SINCE THE FINGERS COOL MORE RAPIDLY THAN OTHER PARTS OF THE HAND (1, 3),
THE OBVIOUS WEAKNESS IN THIS APPROACH IS THAT THE GREATEST AMOUNT OF
INSULATION IS PLACED JUST WHERE IT DOES THE MOST DAMAGE TO DEXTERITY
AND TACTILE SENSITIVITY.

AS AN ALTERNATIVE, IT HAS BEEN SUGGESTED THAT THE HANDS BE STRIPPED
OF ALL INSULATION; THAT THE HEAT SUPPLY TO THE HANDS BE INDIRECTLY DERIVED
THROUGH WARMING OTHER BODY AREAS (5). IN FACT, A STUDY ALONG THESE
LINES SHOWED THAT HEATING THE FOREARMS LESSENED THE DECREMENT IN MANUAL
DEXTERITY DUE TO COLD EXPOSURE AND REDUCED THE RATE OF COOLING OF THE
FINGERS (5)s HOWEVER, THE AMOUNT OF HEAT NEEDED TO OBTAIN THESE EFFECTS
CAUSED DISCOMFORT AND THE MAGNITUDE OF THE EFFECT WAS CONSIDERED TOO SMALL
TO BE OF PRACTICAL SIGNIFICANCE.

OF PRIMARY CONCERN IN THIS REPORT IS STILL ANOTHER METHOD FOR REDUCING
THE ENCUMBRANCES ASSOCIATED WITH PROTECTIVE HAND I NSULATION. IN THIS
PROCEDURE, MINIMAL INSULATION WOULD BE GIVEN TO THE FINGERS AND MAXIMAL

INSULATION TO THOSE HAND AREAS (BACK AND PALM) WHERE IT WOULD LEAST INTER-
FERE WITH 4ANUAL PERFORMANCE. THE USEFULNESS OF THIS APPROACH DZPENDS
UPON DEMONSTRAT | NG THAT HEAT RETENTION IN THE FINGERS CAN BE FACILITATED

BY INCREASING [NSULATION ELSEWHERE ON THE HAND. ALTHOUGH THERE ARE SOME
paTa (1) TO SUPPORT THIS NOTION, MORE INFORMATION 1S NEEDED FOR AN ADEQUATE
APPRAISAL. THEREFORE, THE PRESENT STUDY WAS CONDUCTED TO INVESTIGATE
FINGER COOLING AS AFFECTED BY THE AMOUNT OF INSULATION PLACED ON THE
DORSUM, OR PALM, OR BOTH OF THESE HAND AREAS. |T WAS ASSUMED THAT ADDED
INSULATION ON THESE SURFACES WOULD PRODUCE MINIMAL INTERFERENCE WITH MANUAL
PERFORMANCE. FAVORABLE RESULTS WOULD JUSTIFY A COMPREHENSIVE INVESTIGATION
OF THE MANUAL PERFORMANCE CAPABILITIES OF HANDWEAR DESIGNS USING THIS
{NSULATION PRINCIPLE.
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FIRST, A STUDY WAS CONDUCTED TO DETERMINE IF ADDED INSULATION ON THE
DORSUM OR PALM OR ROTH OF THESE HAND AREAS WOULD REDUCE THE RATE OF FINGER
COOLING, EIGHT WHITE ENLISTED MEN SERVED AS SUBJECTS AND WERE INDIVID-
uaLLY TesTED | 1/4 HOURS A DAY FOR 12 DAYS. WITH THE EXCEPTION OF BLACK
COFFEE, WO FOOD WAS CONSUMED FOR AT LEAST 12 HOURS BEFORE THE EXPERIMENTAL
SESSIONS. THE MEN WERC DRESSED IN SHORTS AND SHOES DURING EACH TEST
SESSION AND WERE EXPOSED TO AN AMBIENT TEMPERATURE OF 75°F AND A RELATIVE
HUMIDITY OF 50%. HAND SKIN TECMPERATURE MEASUREMENTS WERE TAKEN UNDER
12 DIFFERENT EXPERIMENTAL CONDITIONS REPRESENTING ALL COMBINAT!ONS OF
3 HAND-COOLING TEMPERATURES AND 4 INMSULATION CONDITIONS. THL 3 HAND-
COOL ING TEMPERAT 'RES WERE 20 F, O°F, anD -20°F, AS OBTAINED IN A COOLING
BOX EQUIPPED WITH PORTS FOR INSERTION OF THE HANDS. THE FOUR INSULATION
COND!TIONS CONSISTED OF BOTH HANDS BEING COYERED W TH:

Ae  H-FINGER WOOLEN INSERTS* ONLY

B. 5-FINGER WOOLEN INSERTS WITH DORSAL INSULATION PADS

C. 5~FINGER WOOLEN INSERTS WITH PALMAR INSULATION FADS

D. 5-FINGER WOOLEN INSERTS WITH BOTH DORSAL AND PALMAR INSULATION PADS

[
7
[

THE INSULATION PADS CONSISTED OF A MOHAIR FRIEZE CLOTH FILLER (DouBLE
FACE, 15 TO 10 02.) COVERED BY NYLON TAFFETA (3 02.). THE LENGTH AND
WIDTH OF THE PADS COHFORMLD TO THE DIMENSIONS OF THE RIGHT AND LEFT HANDS
FOR LARGE, MEDIUM, AND SMaLL HANDSI1ZE, AS SPECIFIED FOP THE Y ~FINGER
WOOLEN INSERT. FEACH PAD wWAS 1,2 INCH IN THICKNESS AND HAD AN ESTIMATED
INSULATION VALUE OF 1.5 cLO.

SEWH ON EACH PAD WERE 5 RINGLETS OF 1,l4-1NCH ELASTIC RIBBON THROUGH

WHICH THE FINGERS WERE PASSED 7O HOLD THE PAD ON THE HAND. THE GLOVES
WERE WORN QOVER THE PADS; THIS ALSC HELPED TO KEEP THE PADS IN FLACE.

23 PROCEDURE

AT THZ BEGINNING OF EACH TEST SESSION, COPPER- ONSTANTAN THERMO-
COUPLES WERE TAPED TC THE BACKS OF THE 3RD “4TH, AND S5TH FINGER TIPS AND
TO THE CENTER OF THE DORSUM AND PALM OF EACH HAND. APPROPRIATELY=-SIZLD
GLOVES AND INSULATION PADS (IF REQUIRED FOR THZ SPECIFIC TEST SESSION)
WERE THEN FITTED Ot THE SUBJECT'S HANDS AND SKIN TFMPERATURE READINGS
TAKEN FOR 5 MINUTES ON A LEEDS AND NORTHRUP MULTIPOINT RECORDEF (MopeEL G .
AT A SIGNAL FROM THE EXPERIMENTER, THC SUBJECT PASSED HIS HANDS INTO THE
COOLING BOX AND PLACED THEM Id Two U-sHapeDd stots (Sec Fia. 1). THERMOCOUPLE

*TINSERT"T AMD "GLOVE" WitL BE USED INTERCHANGEABLY IN THIS REPORT.

™
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READINGS OF THE FINGERS AND i1AND SURFACES WERE MONITORED CONTINUOUSLY UNTIL
THE FINGER TEMPERATURES OF BOTH HANDS AVERAGED U45°F. WHEN THEY REACHED
THIS VALUE, THE SUBJECT TOOK HIS HANDS OUT OF THE COOLING BOX.

THE TIME REQUIRED FOR THE AVERAGE OF THE FI!NGER READINGS TO OROP FROM
THE PRE-COOLING VALUE TO U5°F WAS NOTED ON A STOPWATCH. DIVIDING THIS
TIME INTC THE TEMPERATURE LOSS OF THE FINGERS, THAT 1S, THE AVERAGE PRE=-
COOL ING FINGER TEMPERATURE MINUS “5°F, YIELDED THE SUBJECT'S RATE OF FiNGER
COOLING FOR EACH SET OF EXPCRIMENTAL CONDITIONS. THE TEMPERATURE OROP OF
THE PALMAR AND DORSAL HAND SURFACES WAS ALSO DIViDED BY THE COOLING TIME
NOTED ABOVE, TO DETERMINE THE RATE OF COOLING FOR EACH OF THESE AREAS.

AS A PRECAUTION AGAINST FROSTBITE, THE HANDS WERE REMOVED FROM THE
COOL ING BOX WHEN ANY SINGLE FINGER TEMPERATURE READING DROPPED BELOW 4O°F.
HANDS WHICH DID NOT COOL TO THE PRESCRIBED 45°F TEMPERATURE WITHIN 60 MiIN-
UTES WERE ALSO REMOVED FROM THE BOX. |IN EITHER OF THE ABOVE-MENTIONED
INSTANCES, THE AVERAGE OF THE FINGER TEMPERATURES JUST BEFORE REMOVAL WAS
RECORDED AND TAKEN INTO ACCOUNT IN COMPUTING RATES OF FINGER COOL ING.

3.  ResuLts

TABLE | SHOWS THE MED! AN* COOLING RATES FOR THE FINGERS, PALM, AND
DORSUM FOR THE 4 INSULATION CONDITIONS AT O°F aAND -20°F COLD EXPOSURE.
DATA 0BTAINED AT 20°F WERE NOT INCLUDED SINCE NO SIGNIFICANT LOSSES IN
FINGER SKIN TEMPERATURE, IRRESPECTIVE OF DIFFERENCES IN HAND INSULATION,
OCCURRED AT THIS COOLING TEMPERATURE EVEN AFTER A 60-MINUTE EXPOSURE.
FIGURES 2A AND 3A SHOW THE MEDIAN TIME FOR FINGERS TO CooL FROM TO°F To
45°F AT O°F AND -20°F RESPECTIVELY.** ALSO SHOWN ARE THE ASSOCIATED COOLING
CURVES FOR THE DORSUM AND PALM OF THE HAND "OR THESE TWO CONDITIONS OF
COLD EXPOSURE.

AS EXPECTED, THE DATA SHOW THAT THE FINGERS COOLED FASTER THAN Ei{THER
THE PALM OR DORSUM UNDER ALL INSULATION CONDITIONS AND THAT ALL AREAS
SHOWED A FASTER RATE OF COOLING FOR -20°F. HOWEVER, THE ADDITIONAL INSULA-
TION ON THE PALM, DORSUM, OR BOTH HAND AREAS DECREASED THE HEAT LOSSES
FROM THE FiNGERS. WHEN COMPARED TO THE INSULATING EFFECT OF THE GLOVES
ALONE, THE RESULTS OF ADDING INSULATION TO THE DIFFERENT HAND AREAS MAY
BE SUAMARIZED AS FOLLOWS:

“BECAUSE THE DATA WERE BASED UPON A SMALL NUMBER OF SUBJECCTS WHO GAVE
EXTREMELY VAR ABLE SCORES FOR THE DIFFERENT EXPERIMENTAL CONDITIONS,
MEDI AN RATHER THAN MEAN VALUES WERE USED TO GIVE A MORE REPRESENTATIVE
DESCRIPTION OF THE DATA.

**A STARTING FINGER SKIN TEMPERATURE OF TO°F WAS USED IN PLOTTING THESE
CURVES SO AS TO INCLUDE THE DATA OF ALL SUBJECTS, REGARDLESS OF DIFFER~
ENCES IN PRE-COOLING FINGER TEMPERATURES.




AT O°F Hano CoOL ING TEMPERATURE

ADDING PALM PAD REDUCED FINGER COOLING RATE BY 25.
ADDING DORSAL PAD REDLCED FINGER COOLING RATE BY 7}.
ADDING PALM AND DORSAL PADS REDUCED FINGER COOLING RATC BY llﬁ.

AT -20°F Hano CooL ING TEMPERATURE

ADDING PALM PAD REDUCED FINGER COOLING RATE BY II%.
ADDING DORSAL PAD REDUCED FINGER COOLING RATE BY 2&5.
ADDING PALM AND LORSAL PAUS REDUCED FINGER COOLING RATE BY 26%.

A SIGN TEST (h) ANALYSIS OF THE DIFFERENCES BETWEEN THE RATES OF
FINGER COOLING NOTED FOR THE 4 HAND-INSULATION AND 2 COLD-EXPOSURE CONDI -
TIONS WAS PERFORMED AND 1S SUMMARIZED IN TABLE |l. NONE OF THE D!FFERENCES
iN FINGER-COOLING RATES BETWEEN THE GLOVE AND EACH OF THE OTHER INSULATING
CONDITIONS AT O°F COLD EXPOSUREWERE SIGNIFICANT. THIS SUGGESTS THAT THE
ABOVE -NOTED REDUCTIONS IN THE RATES OF FINGER COOLING AT O°F couLD BE DUE
TO CHANCE. HENCE, IT CANNOT BE ESTABLISHED THAT THE ADDED INSULATION
AFFECTED FINGER COOLING AT O°F COOLING TEMPERATURE. ON THE OTHER HAND,

AT -20°F STATISTICALLY SIGNIFICANT DIFFERENCES IN RATES OF FINGER COOLING
WERE FOUND BETWEEN THE GLOVE AND GLOVE + DORSAL PAD CONDITIONS, AND THE
GLOVE + DORSAL + PALMAR PAD CONDITIONS. SUCH DIFFERENCES COULD CONSEQUENTLY
BE CONSIDERED AS RELIABLE AND INDICATED THAT ADDED INSULATION ON THE DORSUM
CR ON THE DORSUM AND PALM EFFECTIVELY RETARDED THE HEAT LOSS OF THE FINGERS
AT 20°F. SINSE INSIGNIFICANT DIFFERENCES WERE FOUND BETWEEN GLOVE +

DORSAL PAD AND GLOVE + DORSAL + PALMAR PAD CONDITIONS AT -20°F, IT s
INDtCATED THAT THESE TWO INSULATION CONDIT!ONS WERE EQUALLY EFFECTIVE IN
REDUCING THE RATE OF FINGER COOLING.

TABLE |
MEDIAN COOLING RATES (°F PER MINUTE) OF FINGERS, DORSUM, AND PALM
FOR DIFFERENT COOL ING AND HAND INSULATION CONDIT!IONS

HaND CooL NG GLove GLove + Grove + GLovE + DorsaL +
AREA Temp. (°F)  OnLY DorsSAL PAD  PALMAR PaD PALMAR PaDS
F1NGERS ) 1.22 1.13 1.20 1.07
=29 2.10 1.60 2.01 1.55
DORSUM 0 D.68 0.50 0.72 0.60
-20 1.2k 0.58 1.03 0.69
PaLM ) 0.45 0.53 0.34 o.gs
-20 0.79 0.65 0.39 0.42
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TABLE i1
Ui FFERENCES BETWEEN MEDIAN FINGER COOL ING RATES (°F/min) FOR
DIFFERENT HAND INSULATION AND COOLING CONDITIONS
(Di1FFERENCE = Row CONDITION - CoLuMn CONDITION)

)°F CooLING -20°F CooLING
GLove+ GLove+ GLOVE + GLove+ GLovE+ GLOVE +
HAND DorsaL PaLMAR  DoORSAL + DorsaL PALMAR  DORSAL +

INSULATION  CLOVE PaD Pao PaLmar PaDs GrLove Pap PaD PaLmar Paps

GLove X 09 .02 o5 X .50 .2k 55¢
GLove + )

DossaL Pip X R .07 -.06 X X 26 -.0%
GLove +

PaLmar Pas X X X .13 X X X .29

*SIGNIFICANT AT .05 LEVEL.

ALTHOUGH OF SECONDARY IMPORTANCE TO THE PRESENT STUDY, DIFFERENCES
BETWEEN RATES OF PALM AND DORSUM SURFACE COOLING FOR THE 4 HAND-INSULATION
AND 2 COLD-EXPOSURE CONDITIONS WERE ALSO EVALUATED BY SIGN TESTS. AS
SHOWN IN TABLE !ll, THE RESULTS INDICATE THAT THE PALMAR AND DORSAL PADS
DECREASED THE RATE OF COOLING OF THEIR RESPECTIVE AREAS OF PLACEMENT, THE
EFFECTS BEING MOREL PRONOUNCED AT -20°F THAN AT U°F. ADDING INSULATION TO
ONLY THE PALMAR SURFACE, HOWEVER, DID NOT AFFECT THE COOLING OF THE DORSUM.
CONVERSELY, INCREASED DORSUM INSULATION PRODUCED NO CHANGE IN THE RATE
OF HEAT LOSS FROM THE PALM. ON THE OTHER HAND, THE PRESENCE OF BOTH PADS
GAVE REDUCTIONS IN THE RATE OF COOLING OF BOTH SURFACES WHICH SIGNIFICANTLY
EXCEEDED THOSE NOTED FOR THE SEPARATE PALMAR AND DORSAL PAD CONDITIONS.

4. Discussion

THERE 1S EVIDENCE IN STUDY | WHICH SUGGESTS THAT THE RATE OF FINGER
COOLING MAY BE REDUCED BY APPLYING INCREASED INSULATION ON THE DORSAL AREA
OF THE HANDS. ADDED INSULATION ON BOTH PALM AND DORSUM ALSO RETARDED THE
RATE OF HEAT LOSS FROM THE FINGERS. THE LATTER CFFECT, HOWEVER, MAY BE
DUE LARGELY TO THE DORSAL INSULATION ALONC, SINCE PALMAR INSULATION DID
NOT ALTER FINGER COOLING AND THE MAGNITUDES OF THE EFFECTS NOTED UNDER
PALMAR + DORSAL INSULATION CONDITIONS WERE NOT SIGNIFICANTLY DIFFERENT
FROM THOSE FOUND UNDER DORSAL CONDITIONS.

THE EFFECTIVENESS OF REDUCING FINGER COOLING THROUGH ADDED DORSAL
INSULATION SEEMS DEPENDENT UPON THE COOLING TEMPERATURE AND MORE PROBABLY
THE RATE OF HAND COOLING. GiveN O°F cOLD EXPOSURE, NO SIGNIFICANT REDUC-
TION IN FINGER COOLING OCCURRED WITH ADDED 1NSULATION ON THE DORSAL

¢



TABLE 111
DIFFERENCES BETWEEN RATES OF DORSAL AND PALMAR SURFACE COOL ING (°F/MIN.)
FOR DIFFERENT HANC INSULATION AND COOL ING CONDITIONS
(DirFerence = Row ConDITION - CoLumn CONDITION)

DorsuM: O°F CooLING Dorsum: -20°F CooLiNG
GLove+ GLove+  GLove+ GLove+ GLoveEt GLOVE +
HAND Dorsat. PaLMAR  DORSAL + DorgaL PaLMaR  DoORSAL +
INSULATION GLove  Pac Pap  PALMAR Paps GLove  Pap Pap PaLMAR PaDS
GLovE X e ot .08 X 66+ 21 55+
GLove +
DersaL Pap X X .22+ 20 1O X X g o
GLove +
PaLMAR Pap X X X a2 X X X .34
PaLMm: O°F CooLiING Patm: -20°F CooLiNG
Grove X =08 i .10 X al Jos .37
GLoveE +
DorsaL Pap X X .19 218 X X 260 .23+
GLove +
PaLmar Pap X X X 0! X X X -.03

*STGNIFICANT AT THE .05 LEVEL.
**SIGNIFICANT AT THE .01 LEVEL.

SURFACE OF THE HANDS. FOR -20°F COOLING, AND CONSEQUENTLY WITH A FASTER
RATE OF HAND COOLING, THE DORSAL INSULATION PRODUCED A SIGNIFICANT DECREASE
IN THE RATE OF HEAT LOSS FROM THE FINGERS.

THE RELATIONSHIP BETWEEN REDUCTIONS 1l DORSAL AND PALMAR SURFACE
COOLING AND REDUCTIONS IN FINGER COOLING FOR COMPARABLE CONDITIONS OF
INSULAT!ON DESERVES COMMENT. REDUCTIONS OF THE FINGER COOLING RATE DUE
TO DORSAL INSULATION WERE ALWAYS ACCOMPANIED BY SIGNIFICANT REDUCTIONS (N
THE RATE OF COOLING OF THE DORSUM. REDUCING THE DORSUM COOLING RATE.
HOWEVER, WAS NOT SUFFICIENT TO INSURE A REDUCTION IN FINGER COOLING RATE.
FINGER COOLING DID NOT APPEAR TO BE AFFECTED BY RETARDING THE HEAT LOSS
OF THE PALM THROUGH THE USC OF THE PALMAR INSULATION PAD. USING BOTH
PALMAR AND DORSAL INSULATION PADS CAUSED GREATER REDUCTIONS IN THE RATE
OF COOLING OF THE PALM AND DORSUM THAN WHEN USED SEPARATELY. SUCH REDUC-
TIONS, HOWEVER, WLRE HOT ASSOCIATED WITH LARGER REDUCTIONS N FIGER
COOLING RATES.



STUWDY ||

SINCE THE RESULTS OF STuG: | INDICATED THAT MOST OF THE MAJOR RETARD-
ATION tN COOLING RATES OF THE FINGERS WAS ASSOCIATED WiITH DORSAL INSULATION,
4 SECOND STUDY WAS CONDUCTED TO INVESTIGATE SYSTEMATICALLY THE RELATION-
SHIP BETWEEN THE AMOUNT OF DORSAL INSULATION AND FINGER=-COOLING RATE.

1. MUTHOD

E1G4T WHITE ENLISTED MEN SERVED AS SUBJECTS AND WERE INDIVIDUALLY
TESTED 1 1,4 HOURS A DAY FOR & DAYS. AS IN STuDY |, THE MEN WERE DRESSED
IN SHORTS AND SHOES DURING EACH TEST SESSION AND WERE EXPOSED T0 T5°F
AMBIENT TEMPERATURE AND 50% RELATIVE HUMIDITY. WITH THE EXCEPTION OF
BLACK COFFEE, NO FOOD wAS TAKEN FOR 12 HOURS OR MORE BEFORE EACH SESS)ON.
HAND SKIN TUMPERATURE MEASUREMENTS WERE TAKEN UNDER 6 DIFFERENT EXPERI =
MENTAL COMBINATIONS OF 2 HAND-COOLING AND 3 HAND-!NSULATION CONDITIONS.
THE 2 HAND-CUOLING CONDITIONS WERE O°F AND -20°F. THE 3 HAMD-{NSULATION
CONDITIONS CONSISTED OF BOTH HANDS BEING COVERED WITH:

A.  5-FINGER WOOLEHN INSERTS ONLY

B. 5-FINGER WOOLEN INSERTS WITH DCRSAL iN3ULATION PADS IDENTICAL TO
THOSE USED IN STupny |.

C. 5-FINGEP WOOLEN INSERTS WITH DORSAL INSULATION PADS WHICH WERE
TWICE THE THICKNESS OF THOSE USED IN STubpY |. THESE PADS HAD
AN EST.MATED INSULATION VALUE 0F 2.5 cro.*

EXCEPT FOR TH!CKrNESS, ALL PADS WERE MADE OF THE SAME MATERIAL AND
CAME IN 3 S12€S (LARGE, MEDIUM, AND SMALL) CORRESPONDING TO THE 3 S12ES
OF THE H-FINGER WOOLEN INSERT.

2 PrROCEDURE
THE PRUCEDURE FOR STUDY || WAS IDENTICAL TO THAT FOLLOWED IN STuDY |.
3.  ResuLTs

TAaBLE |V SHOWS THE MEDI AN COOLING RATES FOR THE FINGERS (AS WELL AS
THE PALM AND DORSUM) FOR THE 3 HAND-INSULATION AND 2 COLD-EXPOSURE CONDI -
TIONS OF STubY |1. FiGURES 4 AND 5 SHOW THE MEDIAN COOLING TIME FOR THE
SKIN TEMPERATURE OF THE FINGERS TO FALL FROM AN AVERAGE OF TU°F 1o 45°F
FOR THE DIFFERENT INSULATION CONDITIONS UNDER O°F ano -20°F cooLing.
ALSO SHOWN IN THESE FIGURES ARE THE COOLING CURVES FUR THE DORSUM AND
THE PALM.

*THE THINNER PAD WiLL BE REFERRED TO HEREAFTER AS PAD #1, THE THICKER PAD
AS PaD #2.



TABLE 1V
MEDIAN COOL ING RATES (°F/MIN.) FOR FINGERS, DORSUM, AND PALM
FOR DIiFFERENT HAND INSULATION AND COOLING CONDITIONS

Hanp CooLinG GLove + GLove +
AREA Teme. (°F) GLovE Pap #1 Pap #2
F1NGERS 0 0.70 0.68 0.65
-20 1.16 0.99 0.8

DoRsUM 0 0.58 0.45 0.22
=20 0.8 0.58 0.54

PALM 0 0.44 2.50 0.33
-20 0.53 0.51 0.50

IN GENERAL, THE DATA SHOW THAT THE RATE OF FINGER COOLING PROGRESSIVELY
DECREASED WiTH INCREASING AMOUNTS OF DORSAL INSULAT!ON, THE REDUCTION BEING
GREATER FOR THE MORE SEVERE COOLING CONDITION (-20°F). THESE RESULTS CAN
BE SUMMARIZED AS FOLLOWS:

AT O°F HanD-CoOLING TEMPERATURE

ADDING DORSAL PAD #1 TO GLOVE DECREASED THE RATE OF FINGER COOLING BY 3%.
ADDING DORSAL PAD #2 TO GLOVE DECREATED THE RATE OF FINGER COOLING BY [%.

AT -2C°F HanD-COOLING TEMPERATURE

ADDING DORSAL PAD #1 TO GLOVE DECREASED THE RATE OF FINGER COOLING BY 15%.
ADDING DORSAL PAD #2 TO GLOVE DECREASED THE RATE OF FINGER COOLING BY 31%.

A SIGN TEST EVALUATION OF THE EFFECTS JUST NOTED 1S SUMMARIZED IN
TABLE V. IT 1S SHOWN THAT ONLY THE GLOVE + PAD #2 CONDITION AT -20°F
PRODUCED A STATISTICALLY SIGNIFICANT REDUCTION IN THE RATE OF FiINGER COOL~
ING. THE LACK OF SIGNIFICANT DIFFERENCES BETWEEN GLOVE + PAD #1 AND GLOVE +
PaD #2 AT -20°F SUGGESTS, HOWEVER, THAT THE GLOVE + PAD #1 CONDITION EXERTED
AN EFFECT ON FINGER COOLING THAT WAS COMPARABLE TO THAT FOUND FOR THE
GLOVE + PAD #2 CONDITION.

AS IN STUDY |, A SIGN TEST EVALUATION WAS ALSO PERFORMED UPON THE
DIFFERENCES BETWEEN THE RATES OF COOLING FOR THE DORSAL AND PALMAR SURFACES
FOR DIFFERENT EXPERIMENTAL CONDITIONS. THE RESULTS OF THIS ANALYSIS ARE
GIVEN IN TABLE VI AND SHOW THAT DORSAL PAD #1 AND #2 EACH SIGNIFICANTLY
LESSENED THE DORSAL COOLING RATE AT -20°F. DESPITE THEIR DIFFERENCES IN
THICKNESS, HOWEVER, BOTH PADS APPEARED TO PRODUCE ABOUT THE SAME AMOUNT
OF REDUCTION AT THIS TEMPERATURE. ONLY PAD #2 SIGNIFICANTLY ALTERED DORSAL
COOLING AT O°F.

N
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TABLE V
DI1FFERENCES BETWEEN MEDIAN FINGER COOLING RATES (°F/MIN.) FOR
DIFFERENT HAND (NSULATION AND COOLING CONDITIONS
{DiFFerence = Row ConpiTioNn - CoLuMn ConptTiON)

AT O°F At -20°F
GLove + GLove + GLOvE + GLove +
[NSUL AT I ON Pap #1 Pap #2 I NSULAT I ON Pao #1 Pap #2
GLove 0.02 )05 GLove 0.17 0.36*
GLovE + GLovE +
Pap #1 X 0.03 Pap #1 X 0.19

*SIGNIFICANT AT THE .05 LEVEL

TABLE Vi
DIFFZRENCES BETWEEN MEDIAN RATES OF COOLING ( "F/MiN.} OF DORSUM
AND PALM FORDIFFERENT HAND INSULATION AND COOL ING CONDITIONS
(DiFFERENCE = Row CoNDITION - CoLuMN CONDIT( ON)

Dorsum: O°F Dorsum: -20°F
GLove + Glove + - " GLove + Glove +
INSULAT 10N Pap #1 Pap_#2 INSULATION Pap #1 Pap #2
GLovE 273 ). 36 ¢ GLove J.22+ 2.27*
GLove + GLove
Pap #1 X ).23* Pap #1 X 0.0k
Pan: _O°F Pam: -20°F
Guove -0.06 ol Guove 0.2 .03
GLove + Grove +
Pan #1 X 1 Pap #1 X .01

*SIGNIFICANT AT THE )5 LEVEL
**SIGNIFICANT AT THE .O1 LEVEL



THE DORSAL PAD, REGARDLESS OF THICKNESS, HAD NO SIGNIFICANT EFFECT
UPON PALMAR COOLING AT £ITHER O°F or -20°F.

4. Discussion

CONSISTENT WITH THE FINDINGS OF STUDY |, THE PRESENT EXPERIMENT SHOWS
THAT ADDED DORSAL INSULATION CAUSED A DECREASE IN THE RATE OF FINGER COOL -
ING ONLY UNDER THE MORE SEVERE COOLING CONDITION (-20°F). THE REDUCTION
IN FINGER COOLING RATF PRODUCED BY DORSAL PAD #1 IN STupy ||, HOWEVER, WAS
NOT AS GREAT AS THAT NOTED FOR COMPARABLE INSULATION AMD COOLING CONDITIONS
IN STuDY |« THIS RESULT MAY BE EXPLAINED ON THE BASIS THAT THE SUBJECT
GROUP IN STUDY | CHARACTERISTICALLY SHOWED A FASTER RATE OF FINGER COOLING
THAN THE GROUP USED IN STubY |l. [N FACT, THE MEDIAN RATES OF FiINGER
COOLING FOR STuDY || suBJECTS AT -20°F WERE LESS THAN THOSE OBTAINED FOR
Stupy ! ousBJECTS AT O°F. ASSUMING THAT THE EFFECTIVENESS OF DORSAL INSu-
LATION VARIES DIRECTLY WITH THE RATE OF FINGER COOLING, IT WOULD BE
EXPECTED THAT THE FASTER-COOLING SUBJECTS OF STuDY | WOULD UNDERGO A
GREATER RECUCTION (N FINGER COOLING RATE THAN THE SLOWER-COOLING SUBJECTS
oF Stupy 1.

IT 1S DIFFICULT TO DETERMINE FROM STUDY || IF INCREASES IN THE
AMOUNT OF DORSAL INSULATION WOULD PRODUCE SYSTEMATICALLY GREATER REDUC-
TIONS IN THE RATE OF FINGER COOLING. ALTHOUGH PAD #2 PROVIDED A GREATER
REDUCTION IN FINGER COOLING THAN PAD #1, THIS DIFFERENCE WAS NOT STATIS-
TICALLY SIGNIFICANT. MOREOVER, THERE 1S NO DIRECT EVIDENCE TO INDICATE
THAT GREATER REDUCTION IN THE HEAT LOSS OF THE DORSUM WOULD YIELD GREATER
REDUCTIONS IN THE RATE OF FIt ;ER COOLING. FOR EXAMPLE, THERE ARE INSTANCES

IN BOTH STuDY | AND STUDY Il IN WHICH ADDED INSULATION TO THE DORSUM
CAUSED SIGNIFICANT LESSENING OF THE DORSUM COOLING RATE BUT HAD NO EFFECT
UPON THE RATE OF FINGER COOL!ING (see TaBLes i1, Iil, V, anp Vi),

NO JUDGMENT CAN BE MADE OF THE MANNER IN WHICH DEXTERITY REQUIREMENTS
OR COMBINED COLD AND WIND CONDITIONS MAY ALTER THE MERITS OF DORSAL INSU-
LATION IN REDYCING THE HEAT LOSS FROM THE FINGERS. THIS REQUIRES FURTHER
sTuDY. THE PRESENT RESULTS DO SUGGEST, HOWEVER, THAT THE DORSAL AREA OF
THE HAND SHOULD BE GIVEN IMPORTANT CONSIDERATION FOR THE PLACEMENT OF INSU-
LATION IN FUTURE HANDWEAR SYSTEMS DESIGNED TO PROTECT THE FINGERS AGAINST
COLD EXPOSURE.

CONCLUSIONS

THE USE OF ADDED INSULATION ON THE DORSAL SURFACE OF THE HANDS CAUSED
A SIGNIFICANT REDUCTION IN THE RATE OF FINGER COOLING. THIS EFFECT, HOW~
EVER, OCCURRED ONLY UNDER THE MORE SEVERE COOLING CONDITIONS (-20°F)
WHERE THERE WAS A FAST RATE OF HAND COOLING. ADDITIONAL INSULATION IN
THE PALMAR AREA DID NOT ALTER FINGER COOLING, WHilE COMBINED PALMAR AND
DORSAL INSULATION PRODUCED A REDUCTION IN FINGER COOLING WHICH WAS COM-
PARABLE TO THAT NOTED FOR DORSUM INSULATION ALONE. WITHIN THE RANGE OF
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DORSAL INSULATION VALUES USED, SYSTEMATIC INMCREASES (N THE AMOUNT OF
DORSAL INSULATION DID NOT CAUSE SIGNIFICANTLY GREATER REDUCTIONS IN THE
RATE OF FINGER COOLING.

ADDED DORSAL | NSULATION REDUCED THE RATE OF COOLING OF THE DORSAL
SURFACE BUT DID NOT CFFSET THE HEAT LOSS FROM THE PALM. CONVERSCLY,
ADDITIONAL PALMAR INSULATION LESSENED THE RATE OF PALMAR COOLING BUT HAD
NO EFFECT ON DORSUM COOLING. REDUCTIONS IN THE FINGER-COOL iNG RATE DUE
TO DORSAL INSULATION WERE ALWAYS ACCOMPANIED BY SIGNIFICANT REDUCTIONS
IN THE RATE OF COOLING GF THE DORSUM. REDUCING THE DORSUM-COOL ING RATE,
HOWEVER, WAS NOT SUFFICIENT TO INSURE A REDUCTION IN THE RATE OF FINGER
COOL ING.
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