
LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00

Cold induced vasodilation during continuous exercise in the extreme cold air (– 30.6 °C)

Gao, Chuansi; Lin, Li-Yen; Halder, Amitava; Kuklane, Kalev

Published in:
Extreme Physiology & Medicine

2015

Link to publication

Citation for published version (APA):
Gao, C., Lin, L.-Y., Halder, A., & Kuklane, K. (2015). Cold induced vasodilation during continuous exercise in the
extreme cold air (– 30.6 °C). Extreme Physiology & Medicine, 20154 (Suppl 1) :A58, 75-75.
http://www.extremephysiolmed.com/content/pdf/2046-7648-4-S1-A58.pdf

Total number of authors:
4

General rights
Unless other specific re-use rights are stated the following general rights apply:
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
 • Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain
 • You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

Download date: 07. Jul. 2025

https://portal.research.lu.se/en/publications/dd755cab-9cc8-4f0d-88c9-3ab7629a7a9d
http://www.extremephysiolmed.com/content/pdf/2046-7648-4-S1-A58.pdf


Poster Print Size: 
This poster template is set up for A0 international 
paper size of 1189 mm x 841 mm (46.8” high by 
33.1” wide). It can be printed at 70.6% for an A1 
poster of 841 mm x 594 mm. 

Placeholders: 
The various elements included in this poster are 
ones we often see in medical, research, and 
scientific posters. Feel free to edit, move,  add, and 
delete items, or change the layout to suit your 
needs. Always check with your conference 
organizer for specific requirements. 

Image Quality: 
You can place digital photos or logo art in your 
poster file by selecting the Insert, Picture 
command, or by using standard copy & paste. For 
best results, all graphic elements should be at least 
150-200 pixels per inch in their final printed size. 
For instance, a 1600 x 1200 pixel photo will usually 
look fine up to 8“-10” wide on your printed poster. 

To preview the print quality of images, select a 
magnification of 100% when previewing your 
poster. This will give you a good idea of what it will 
look like in print. If you are laying out a large poster 
and using half-scale dimensions, be sure to preview 
your graphics at 200% to see them at their final 
printed size. 

Please note that graphics from websites (such as 
the logo on your hospital's or university's home 
page) will only be 72dpi and not suitable for 
printing. 

 
[This sidebar area does not print.] 

Change Color Theme: 
This template is designed to use the built-in 
color themes in the newer versions of 
PowerPoint. 

To change the color theme, select the Design 
tab, then select the Colors drop-down list. 

 

 

 

 

 

 

 

 

 

The default color theme for this template is 
“Office”, so you can always return to that after 
trying some of the alternatives. 

Printing Your Poster: 
Once your poster file is ready, visit 
www.genigraphics.com to order a high-
quality, affordable poster print. Every order 
receives a free design review and we can 
delivery as fast as next business day within the 
US and Canada.  

Genigraphics® has been producing output 
from PowerPoint® longer than anyone in the 
industry; dating back to when we helped 
Microsoft® design the PowerPoint software.  

 
US and Canada:  1-800-790-4001 
International: +(1) 913-441-1410 

Email: info@genigraphics.com 
 

[This sidebar area does not print.] 

Cold induced vasodilation during continuous exercise in the extreme cold air (– 30.6 °C) 
Chuansi Gao1*, Li-Yen Lin2, Amitava Halder 1, Kalev Kuklane1 

1Thermal Environment Laboratory, Department of Design Sciences, Lund University, Box 118, 221 00 Lund, Sweden  
2Department of Testing and Certification, Taiwan Textile Research Institute (TTRI), New Taipei, 23674, Taiwan 

 

Email: Chuansi.Gao@design.lth.se 

*Corresponding author 
 
[1] Daanen H.A.M., 2003. Finger cold-induced vasodilation: a review. Eur J Appl Physiol, 89:411-426. 
 
[2] Flouris A.D., Westwood D.A, Mekjavic I.B., Cheung S.S., 2008. Effect of body temperature on cold induced vasodilation. Eur J Appl Physiol, 104:491-499. 
 
[3] Daanen H.A.M, Wammes L.J.A, Lotens WA (1992) The threshold in esophageal temperature for hand blood flow. In: Proceedings of the fifth international conference Environmental Ergonomics, Maastricht, pp 222–

223. 
 
[4] Cheung S.S., Mekjavic I.B., 2007. Cold-induced vasodilatation is not homogenous or generalizable across the hand and feet. Eur J Appl Physiol, 99:701-705. 
 
[5] Gao, C., Lin, L., Halder, A., Kuklane, K., Holmér, I., 2015. Validation of ASTM standard F2732 and comparison with ISO 11079 with respect to temperature ratings for cold weather protective clothing. Applied 

Ergonomics, 46, 44-53. 
 

References 

CIVD in the little finger occurred when the subjects’ rectal temperatures 
(Tre) were relatively stable in the range of 37.1 – 38.1 °C and the Tsk in the 
range of 32.0 – 25.3 °C.  
 
Within these ranges, periodical responses of the finger CIVD were not 
dependent on the Tre and Tsk changes (Table 1 and Fig. 2-5).  

Introduction 

Four young and healthy male subjects wore cold protective clothing (Icl = 
1.89 clo) and walked at 4 MET (232.8 W/m2) on a treadmill in a climatic 
chamber (Ta= -30.6 C, Va=0.4 m/s) for 90 min (Fig. 1).  
 
The rectal and little finger  temperatures  were measured. The mean skin 
temperature (Tsk) was calculated below. 
Tsk = 0.07 (T_forehead + T_upperarm + T_forearm) + 0.175 (T_chest + T_scapula) +  
        0.05 T_hand + 0.19 T_thigh + 0.20 T_calf 

Methods 

The finger CIVD varies from individual to individual. Its occurrence is not 
dependent on Tre and Tsk changes within the Tre and Tsk ranges (37.1 – 
38.1 °C and 32.0 – 25.3 °C), but it is associated with the local cooling of 
the extremities during continuous 90 min walking at 4 MET in the 
extreme cold air (-30.6 °C). 
 

Conclusions 

Mean SD 

Onset time (min) 14.6 3.5 

Tmin (°C) 3.8 3.4 

Tmax (°C) 16.5 3.6 

Tfinger_mean (°C) 7.9 1.4 

Amplitude (Tmax-Tmin) 12.7 4.4 

Frequency (number of waves) 7.5 4.7 

Cold induced vasodilation (CIVD) in previous studies was mostly evoked 
by cold water immersion at 0, 5, and 8 °C of the upper or lower 
extremities without performing physical work.  
 
The objective of this study was to investigate individual variations of 
finger CIVD in relation to the core and mean skin temperatures during 
continuous exercise in the extreme cold air (-30.6 °C). 

Results 

Figure 2. Finger, mean skin and rectal temperatures, S1 

Table 1. Finger CIVD 

Figure 3. Finger, mean skin and rectal temperatures, S2 

Figure 4. Finger, mean skin and rectal temperatures, S3 

Figure 5. Finger, mean skin and rectal temperatures, S4 

Figure 1. A subject walking in the climatic chamber  
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