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Estimation of Mean Skin Temperature Using
One Point Local Skin Temperature

Jang-Kyu Choi

Department of Physiology, Kosin University Collegse of Medicine, Busan, Korea

— Abstract

Mean skin temperature (Tgk) is a common parameter in the study of human's temperature regulation. The
purpose of this study was to propose a conventional formula to estimate Tgk from one point local skin
temperature (Tg). Infrared thermography was carried out in 10 naked males at rest while decreasing the room
temperature from 40°C to 4C at 4C intervals. Tgx and Tg were measured from 110 whole-body infrared
thermograms using an image processing system. Tg was taken at 17 different sites as the temperature of one pixel,
corresponding to 1.24cn plane area. Tgk was measured as the mean temperature of 10,841 pixels that was
equivalent to about 88% of total body surface area, and it changed from 342°C to 24.4C in average. Each of
the Tg was linearly proportional to Tgk (r = 0.92~0.99, p<0.001), suggesting that Tgk can be estimated from one
point Tg. The standard error of estimates in 17 linear regression equations were +0.4~1.3C. By the way, the
physiologically reliable error range in Tgk estimation was assessed to be valid at below 0.5C. In the estimation of
Tsk using one point Tg, therefore, we proposed 4 different linear formulas of which the standard error of
estimate was less than 0.5C. The accuracy of the proposed formulas was 75~85% in the error range of +0.5C
and 95~99% in the error range of +1.07C, respectively. However, because of lower accuracy than 95% in the
physiologically reliable error range, the proposed formulas should be suitable to use in the field and its

corresponding studies.

Key words : Mean skin temperature-calculating formula, Mean skin temperature, Local skin temperature,

Infrared thermography
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Fig. 1. Body posture for the measurement of whole-body
infrared thermograms and the measurement sites of local skin
temperature.
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Table 1. Mean skin temperature and local skin temperature of
each measurement site at various room temperatures

Room temperature in the climatic chamber (C)
40T 28T 12T 4C-5min later

Skin temperature

Mean skin temperature Ty 342 (0.9) 32.6 (04) 282 (0.3) 244 (0.6)
Local skin temperature at :

site A (forehead) 358 (14) 342 (0.8) 315 (0.5) 287 (1.0)
site B (cheek) 359 (06) 343 (0.3) 29.7 (1.1) 245 (1.3)
site C (chest) 340 (14) 328 (1.1) 294 (13) 263 (23)
site D (abdomen) 343 (L1 329 (09) 293 (1.0) 255 (1.8)
site E (scapula) 340 (14) 331 (12) 300 (0.7) 269 (1.2)
site F (subscapula) 335 (1.5) 325 (1.1) 293 (0.5) 265 (09)
site G (lumbar) 334 (1.1) 321 (0.7) 285 (0.8) 245 (1.3)

site J (forearm-front)  34.9 334 (04) 294 (0.7) 255 (1.0)

(
(
(
(
(
(
( (
site H (upperarm-front) 349 (0.9) 333 (06) 29.1 (09) 25.7 (14)
( (
( (
site K (forearm-back) ~ 34.5 ( 331 (0.5 288 (04) 249 (0.3)
( (
( (
( (
( (
( (

4)
6)
4)
1)
4)
5)
1)
9)
site I (upperarm-back) ~ 34.1 (1.1) 326 (0.6) 276 (0.6) 233 (09)
6)
9)
4)
g)
1)
7
0)
5)

site L (hand) 340 (14) 329 (09) 268 (12) 203 (12)
site M (thigh-front) 346 (0.7) 326 (0.3) 278 (04) 236 (1.0)
site N (thigh-back) 340 (1L1) 323 (0.5 276 (09) 235(12)
site O (calf-front) 346 (0.7) 328 (04) 291 (0.8) 251 (12)
site P (calf-back) 343 (10) 323 (0.5 269 (0.8) 22.1 (1.2)
site Q (foot) 330 (1.5) 321 (1.0) 26.1 (0.7) 199 (14)

Numbers in parentheses indicate SD (n = 10). For the sake of
convenience, data at the ambient temperature of 36, 32, 24, 20, 16,
8C and 4C at zero time were omitted.
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Fig. 2. Relationship between mean skin temperature and local skin temperature at various sites; a) site A (forehead), b) site
D (abdomen), c) site G (lumbar), d) site K (forearm-back), e) site L (hand-back) and f) site M (thigh-front). The others were
omitted for the sake of convenience.

Table 2. Linear regression and correlation analyses between PR s FAIE2 T} A5 uel A4
mean skin temperature and local skin temperature of each o= vlg st A, o8E AL FATRL T
measurement site e e -

. £ 249 BE P94 d9igle] BAHAT (Fig 2)
Skin temperature .measurement Regression equation(C) . SEEE FZamEeTel PE e 7o AMH HAZ Bik
Body Area  Site (C) i i}

e A Te= 132Ta- 1317 0944 11 4oz AW 43, mE HA8FAe SAHeR

cal *

B Te = 083Te +39° 0963 09 m) & o8k Att (p<0.001). e FaoRewel B
C Te = 1.05-Tc - 22 0919 13 B P
. I 7k AFAAITE 092~09% ZHukxo =z
D Te= LOATy - 187 096 09 ijT )f - I+ - - R
Trunk E Ty = 121Ts - 78 0954 10 =T, 1 A= Heek A7 HET B3 b o
F Te = 128:Tp - 91 0969 08 A =9kt} (Table 2).
G Te = 1.07-Tq - 2.()* 0968 09
H Te = 103 Ty - 1.8 0979 07 i
U - AP 28 0] 83 PFuH o] =X 0 3= ~
pperarm. Ti= 08T +40 0989 05 AABAAE o3t Fa el FH A= 04
Forearm J Te = 105T) -26 0988 05 1.3CHom, AR A7|= o] §H FATF2E
K Tg = 100+ Tk - 0.5 . 0991 04 we} 2gkt} (Table 2). A2 HFyH-ero] =4 0 3}
Hand L Tg = 0.68-T, + 104 0971 08 _ _
B = 7F 9 &3] dlo] =) HeT =2 o83t AL
Thigh M Te = 090-Ty + 33 0992 04 PlEl, AZE 5 ke IFEEE ol Ay
1 N Ty = 091-Ty + 327 0985 06 BT} #3} tEle] FAVRLES o] g3 AL gt
cut 0 Tu= 102To- 11 0981 06 o} 25 K (Agk Fm)el M (fEE Au)e] =
P Ty = 079Tp + 697 0984 06 MOl Tl . o
A ey E3hH 1A 3] A2 oA FFuier
Foot Q Ty = 069-Ty + 104" 0955 10 A_T [ TL 17144 1 °“'}jT
1 : correlation coefficient, SEE : standard error of estimates, o] FHA= 7P #AgkeH, Nitle v F=et
“ip <0.001, T« : mean skin temperature, {q-ig]_"ﬂ_%g_‘_ g] )6:7{}7:]] _/,k_‘_‘:_ 7].;53]— l_—":?}ﬂ-

Ta~Tq : local skin temperature at the site A~Q.
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Table 3. Agreement frequency of the mean skin
temperature-calculating formulas using one point local skin
temperature within various error ranges

Agreement frequency (%)

Ty-calculating formulas (C) +02C  +05C +10C

Ty = 1.32:Ty - 13.1 25 45 73
Ty = 083:Tg + 39 30 54 8
Ty = 1.05:Tc - 2.2 20 41 62
T = 1.04:Tp - 1.8 27 56 9
To = 1.21:Tg - 78 24 45 74
Ty = 1.28:Tk - 9.1 25 52 9
Ty = 1.07-Tg - 2.0 25 48 T
Ty = 1.03:Ty - 1.8 35 67 86
Ty = 0.88-T; + 4.0 43 85 96
Ty = 1.05:T; - 2.6 35 75 95
Ty = 1.00-Tx - 0.5 47 76 99
Ty = 068-Ty, + 104 34 55 g4
Ta = 090:Ty + 33 49 82 97
Ta = 091-Ty + 32 34 69 94
Ty = 1.02:To - 1.1 38 66 90
T = 0.79:Tr + 69 24 55 93
Ty = 069:Tp + 104 20 45 70

T« : mean skin temperature ; Ta ~ Tq : local skin temperature
at the sitt A~Q. +0.2°C : error of the temperature measurement
itself with contact sensor, e.g. thermistors, etc; +0.5C
physiologically reliable error range in the estimation of mean skin
temperature, which was assessed by the present study; +1.0C :
two times of +0.5°C error range.
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