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Investigation of hand temperature distribution and prediction of finger frostbite using
body thermoregulation model and bio-heat model based on medical images.

M. Raeisi Department of Mechanical Engineering University of Birjand, Birjand, Iran
H. Hassanzadeh Department of Mechanical Engineering, University of Birjand, Birjand, Iran
S. A. R. Zolfaghari Department of Mechanical Engineering, University of Birjand, Birjand, Iran

A. Omidvar

Department of Mechanical Engineering, Shiraz University of Technology, Shiraz, Iran

Abstract

The hand has special conditions in heat transfer due to its structural difference, special performance in blood supply and different
percentage of its constituent tissues. Most thermoregulation models are zero-dimensional and do not provide a spatial temperature
distribution for the hand. In the current modeling, medical images are used to provide a complete 3D model based on real anatomy
and also the real tissue structure in each part. The minimum, maximum, and average hand skin surface temperatures are very
different, indicating a hand’s non-uniform temperature distribution. The minimum temperature drops below the freezing point of the
skin was observed at two speeds of 2.7 and 5.5 m/s, which occurred in a shorter time at the speed of 5.5 m/s. The fingertips have a
lower temperature than other parts of the hand, so that the difference in temperature between the fingertips and the average
temperature can reach about 14 degrees Celsius, which emphasizes the importance of paying attention to this part, especially in acute
cold conditions and predicting the possibility of frostbite in the fingers.

Keywords: Hand temperature distribution, Bio-heat model, Thermoregulation model, Hand frostbite, Realistic anatomy, medical
images.
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4 Bioheat equations
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! Thermoregulation models
2 Lumped
? Distributed
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% Magnetic resonance imaging (MRI)
* Axial
* Coronal
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? Emissivity
* Backward Differentiation Formula (BDF)
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