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INTRODUCTION 
A number of studies (1-6) have provided evidence that excess insulation over the hands and feet may impair the 
normal thermoregulatory responses to a cold challenge. Furthermore, studies have also revealed a significant 
effect of facial cooling on metabolic responses (7,8). This paper describes a study which was performed to 
determine the effects of different levels of insulation over the extremities and face on thermoregulatory 
responses to cold air exposure. 

METHOD 
9 healthy male subjects (age 27 - 43, height 1.63 - 1.85 m, weight 61 - 91 kg) were dressed in a common 
clothing assembly consisting of a flying coverall and underwear, and one of the following assemblies which 
differed in the amount of insulation afforded to the extremities and face: 

Assembly A - 2 pairs of woollen socks and "Mukluks," , 3  pairs of gloves, woollen balaclava 
Assembly B - 1 pair of socks and thin leather boots, 1 pair of thin knitted gloves, woollen balaclava. 
Assembly C - As for Assembly B, but with no face coverage. 

They were exposed at rest to air at -12.5 +/- 1°C (airflow 0.65 +/- 0.15m.i') for up to 2 hours wearing each 
assembly. Continuous recordings were made of rectal and auditory canal temperature, skin temperature and 
heat flux at 14 sites, distal finger and toe temperatures, and metabolic rate by indirect calorimem. At the end 
of the exposure, the subjects were rewarmed by immersion in water at 374°C. 

RESULTS 
A large number of subjects withdrew from the study during the second hour of exposure while wearing 
Assemblies B and C, due to pain in the hands and feet; to reduce bias, data from the first 60 minutes of the 
exposure only are considered. There was no significant difference in the rates of fall of core temperatures 
between different clothing assemblies. Mean rectal and auditow canal temperatures fell by 0.32"C and 0.61"C 
respectively over the come of the f i t  60 minutes. Oxygen uptake rose in all conditions (Figure l), the rate 
of increase being greater with Assembly C than with the other assemblies @ < 0.05). Net heat loss was 
calculated from area-weighted heat flux data, metabolic rate and respiratory heat loss data. Contrast analysis 
revealed that net heat loss fell linearly with time, as shown in Figure 2. The net heat loss for Assembly C 
decreased more rapidly than for the other 2 assemblies (p < 0.05). Mean regional skin temperatures at time 0 
and 60 minutes are shown in Table 1. Temperature changes were only significant at the regions where the 
insulation varied between assemblies. 

ASSEMBLY A 
t = O  t=60 

ASSEMBLY B 
t=O t=60 

ASSEMBLY C 
t = O  t=60  

FOREHEAD 34.0(0.7) 30.9(0.6) 
HAND 33.7(0.4) 27.5(0.3) 
FOOT 30.5(0.7) 26.0(0.7) 
UPPER LIMB 32.1(0.2) 25.5(0.6) 
TORSO 32.5(0.2) 26.4(0.7) 
THIGH 32.0(0.2) 27.5(0.6) 

34.9(0.5) 3 lS(0.4) 
32.1(0.5)* 16.1(0.8)*** 
30.7(0.7) 22.0(0.7)** 
32.6(0.4) 26.5(1.7) 
32.2(0.5) 27.8(1.0) 
32.4(0.4) 29.4(0.8) 

32.4(0.5) 26.9( 1 .O)*** 
32.2(0.3)** 16.0(0.7)*** 
30.7(0.6) 22.4(0.4)*** 
32.8(0.3) 25.8(0.8) 
32.0(0.4) 27.3(0.6) 
32.5(0.3) 28.8(0.8) 

Table 1, Regional mean (SEM) skin temperatures ("C) at time 0 and 60 minutes. *, ** and *** denote 
significant differences from the Assembly A results, at the 5%, 1% and 0.1% levels respectively (unpaired t- 
test). 
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FIGURE 2 WAN WTE OF NET HEAT LOSS mR ALL SUBJECTS 

CONCLUSIONS 
This study provides further evidence that insulating the peripheries or the face compared with more proximal 
areas of the body can alter the thermoregulatory responses to cold air exposure. The effect appears to be greater 
for the face than for the hands and feet and, in m n m t  to previous studies (1,2,5), seems to modulate metabolic 
rate to a greater degree than the vasoconstrictor response, as inferred from surface heat loss. Core temperature 
fell similarly during each condition. There was a high level of agreement between the total heat debt for 
Assemblies A and B. The rate of change of heat loss was greater when the face was exposed (Assembly C) 
and, using the linear prediction, the total heat loss would have been less for this assembly than for the others 
after approximately 37 minutes (Figure 2). However this linear representation is inappropriate for longer 
durations of exposure as the metabolic rate would not continue to increase linearly with time. This study used 
a more morphologically diverse group of subjects than those studies which have shown an effect on core 
temperam (2,4), and it is possible that the diversity of response would mask an effect which would be more 
apparent in consistently thin subjects. Although there appears to be a slight thermal disadvantage to having 
higher levels of insulation over the peripheries, this is not reflected in the core temperature, and the increased 
comfort afforded by the extra insulation almost certainly outweighs any small penalty in terms of heat balance. 
The importance of the Eace in thermoregulatory control in the cold is supported by these data. 
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