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Regional Difference of Thermal Sensitivity on the Skin Surface of Elderly
Yukiko Ucnma and Teruko TAMURA*

Faculty of Health and Welfare, Takasaki University of Health and Welfare, Takasaki 370-0033
*Graduate School of Fashion and Living Environment, Bunka Women’s University,
Shibuya-ku, Tokyo 151-8523

Twenty-eight healthy female subjects aged 61 to 88 years old wearing only shorts and brassieres lay
in a supine position on a bed and their cold/warm thresholds were measured over 26 body regions
under the conditions of 28°C ambient temperature and 50% R.H. Ten female subjects aged 20 to 25
years old were also measured under the same conditions as the control. The cold/warm thresholds of
the leg, foot and sole were high and those of the forehead, cheek and chin were low for each group.
Both thresholds were higher for the elderly than they were for the young women, and they increased
with age. In addition, principal component analysis of the cold/warm thresholds revealed that individ-
ual differences in regional contrast between the front-back/trunk-peripheral of the cold/warm thresh-
old were greater among the elderly than they were among the young women and they increased with

age.
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Table 1. Physical characteristics of subjects

20-25 (n=10) 60-69 (n=10) 70-79 (n=10) 80-89 (n=8)
Age (yr) 22.6+1.1 64+2.7 73.942.4 83.6+3.4
Height (cm)  161.1%5.8 155.2+3.0 151.8+4.3 148.6+6.7
Weight (kg) 49.7+4.7 54.4+8.6 48.6+8.5 50.144.6
BMI 19.2+1.9 22.7+3.4 21.243,1 22.842.5
BSA (m?) 1.5240.08 1.53+0.12 1.44+0.12 1.43+0.08

BMI=Body Mass Index, BSA=Body Surface Area.

Experiment in progress
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Anterior Posteria
1 Forehead 15 Neck
2 Cheek 16 Shoulder
3 Chin 17 Upper back
4 Neck 18 Back
5 Shoulder 19 Loin
6 Chest ; 20 Buttock
7 Up. abdomen 21 Upperarm
8 Abdomen 22 Forearm
9 Upperarm 23 Hand
10 Forearm 24 Tigh
11 Palm 25 Leg
12 Tigh 26 Sole
13 Leg
14 Foot
Fig. 2. Measuring points
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Table 2. Analysis of the variance for cold thresholds

Factor of variation DF F value
A Age 2 23.66 **
B Subjects 9 10.32 **
C Region 25 9.33 **
AXB 18 5.69 **
AXC 50 1.58 **
BXC 225 0.91
Error 450

D.F=Degree of freedom. ** are significant at p<0.01.

Cold thresholds(°C)

Table 3. Analysis of the variance for warm thresh-

olds

Factor of variation DF F value
A Age 2 19.59 **
B Subjects 9 9.88 **
C Region 25 1312 **
AXB 18 7.92 **
AXC 50 1.32™*
BXC 225 0.70
Error 450

D.F=Degree of freedom. ** are significant at p<0.01.
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Fig. 3. Mean and standard deviation of cold thresholds of elderly women and young women
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Fig. 4. Mean and standard deviation of warm thresholds of elderly women and young women
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Table 4. Result of principal component analysis of
the cold thresholds

Factor loading

Measurment

PCI PCI PCIO
1 Forehead 0.39 0.24 —0.12
2 Cheek 0.60 0.03 - —0.39
3 Chin 0.42 0:356 —0.33
4 Neck 0.61 0.18 —0.40
5 Shoulder 0.39 0.77 —0.15
6 Chest 0.55 0.63 —0.03
7 Up. abdomen 0.70 0.09 0.31
8 Abdomen 0.52 —0.01 0.09
9 Upper arm 0.82 —0.03 0.27
10 Forearm 0.75 0.01 —0.30
11 Palm 0.61 0.26 —0.10
12 Thigh 0.28 —0.23 0.49
13 Leg 0.51 0.34 0.37
14 Foot 0.75 —0.37 —0.43
15 Neck 0.47 0.03 —0.09
16 Shoulder 0.44 0.09 —0.09
17 Upper back 0.50 0.25 —0.09
18 Back 0.65 —0.26 —0.36
19 Loin 0.52 —0.13 —0.19
20 Buttock 0.75 —0.54 —0.08
21 Upper arm 0.46 —0.03 0.27
22 Forearm 0.47 —0.06 —0.22
23 Hand 0.48 0.11  —0.05
24 Thigh 0:80 —0.38 —0.27
25 Leg 0.66 —0.25 0.56
26 Sole 0.61 0.04 0.06
Igen value 14.48 5.41 3.43
Total variance (%) 36.51  13.63 8.65
Cumulative variance (%) 36.51  50.14 58.79
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olds)
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Table 5. Result of principal component analysis of
the warm thresholds
Factor loading
Measurment
PCI PBPCO PCID
1 Forehead 0.57 —0.21 —0.22
2 Cheek 0.74 0.17 0.08
3 Chin 0.54 0.08 —0.15
4 Neck 0.76 —0.24 0.17
5 Shoulder 0.62 —0.07 —0.11
6 Chest 0.75 —0.14 0.13
7 Up. abdomen 0.78 0.10 0.10
8 Abdomen 0.80 —0.20 —0.02
9 Upper arm 0.56 0.10 0.63
10 Forearm 0.51 —0.21 0.15
11 Palm 0.50 0.22 —0.12
12 Thigh 0.63 —0.21 0.16
13 Leg 0.54 0.13 —0.36
14 Foot 0.89 —0.26 —0.11
15 Neck 0.36 0.42 0.03
16 Shoulder 0.58 =013 =015
17 Upper back 038 —0.12° —0.07
18 Back 0.69 —0.20 0.02
19 Loin 0.32 0.09 0.88
20 Buttock 0.51 —0.33 0.07
21 Upper arm 0.64 0.06 —0.15
22 Forearm 0.55 —0.16 0.12
23 Hand 0.42 0.23 —0.19
24 Thigh 0.78 0.01 —0.24
25 Leg 0.60 0.62 —0.25
26 Sole 0.65 0.62 0.16
Igen value 25.70 5.90 4.69
Total variance (%) 45.42  10.42 8.29
Cumulative variance (%) 45.42  55.84  64.13
DLV BB S L ERIN. 82 EH0OR

FREMERIITHR, REOTEKRHERSPEDNEL, B
EHLE T AGBRMIEOMELRL, F2ERTET
ARG R & AR ORFEREON & FHHT 5 &R
SNtz BEIERGTOMRIIRETHH. £ 1 FEH5
DEEIN T HH55I1L45.42%, F£2ELDET
DREFGHRIZ55.84% Th o7z,

Fig. 8 I HMEBEDOBREMMEDOE 1 - 5 2 EXSFH
ROoms LT 0fEREHFYEEZRY. ZhEzihd
&, 1 EHRSIF0M, 7048, 6048, 20 fCDNEIZ
WAL, 20487018, 201K - 0L CHEELRD

(585)

20-29
60-69
70-79

®> @ o

PC.I

P.C.1
Distributions of the principal component
score I-II of four age groups (warm
thresholds)

@®showing the center of the distribution of each age group.

Fig. 8.

SNzh, TEOERKREREDON R, o7z F2E
B onTIR, FHEMICAEZEIRDOLNT, &
Bicowcik 2018 - 70 1%, 20/ - SO THER
BINASERS bhiz. WHBEEOEE LFK &Fel
TORBERMELNVITERL LD ICHERL, REBE
DENZEIZ DV TIFE L & D ICTHRRYES & AR5
D% RS HMRIAIEKR T 5 2 LATREN T,

4. £ =

HIRICB T A EMEOZEICET 25 E A5
&, MehH® IZGEBMMBEEEMICL YRR, EHE
HTRkd/INEL, TH, BEFHORMEHETREINI L
%, Stevensb® I3 18~88 OB E T DOV T 13
MOBRGERELIE L, $ERMEITEBMLICE)E
20, HE, FICO0OFME /RS, M, FICERT
KEWZERRL, WL ERE, WL, LB, T
BEDNEICEERT 5 Z L 23 E L7

372, BEOIAMEIZDOWTIE, Nadel 59,
Stevens'” 545, EETE W2 HET, RLESO
BEABCAETAREOM S, HEIH TR ME L
TREE, L, THROMEIET T2 EHEL.

D EoiER4SRIORERE, WERMLE ZRRS
bOD, NMEOE - REBEOA Z B, B
e bR, THEOIEICHMATAZLZERKTLLDOT
AIFFEDORER EIFIZ—H L TV 5.

F7-, & - IREREOME IS BLiZoWwT

47



HARBEFS#® Vol 58 No. 9 (2007)

Clark 5" (ZiRHH & SHRIBI T 5 B2 2 A~/
MR, REALEBANOBMICEREZ IR0/ EHEL
7z,

—7%, Dyckb” %, MEORL L 4 BHEOY—<
VT4 A7 &RV, ZOREEDHRIGE % TR
B, BREBNDEIMERE EDIETTLI L %,
Kenshalo I3 HEH ICHRE#E TS - BEBME

BRELEY, EFEDTFHRTELVWI L Z2HELL.

E5H1Z, Mehb® i3, & - ImERMME M E & I
AL, HFICKRHEHETKTHo7/2Z L%, Stevens
5O, INEICRE D IREESZ MO AT
WARLPTAOFETIMMEAIEML 2w &, BEKS
HDOMALIZIZBMAEINTKRENWT &%, Tsuzukib® &
ERE LD ICRERZHIE IV RELL AT L EHE
L7z,

Stevens 5 Z EDEMICBVTHREL WV HED
FREEZEN LW L, OFTIIMGICL->TE - &
HEMEIZE L2V 2L TW5HH, KRIFFEIC
BWTHEEBRMESL ) GERMEI/NE RZHEI LW
WERIELNTWS, F72, Fig.5, 6ICRENL
ARSI & 5 2 bD & /N S WAL
THhol.

Clark 5" O#HE CTRFA L EANDOBICHEEITE
HoNgholzl ik, AFEDERERTHDDT
HHD, ZOEHL L TIEHECHEOHAIKE
Do 72T Clark 5 ORI TIIRFR L STV i o
-2l ELICHRERN I B LD L h o LE
AoND. KR TIIEKE 38 B2 RICEH 26
MOE - REBMEL IO NRER, ke &
DIE - IRERMBEIIEAL, FRICTHRES, BETEL
Wz, ERGOMOMRELS, &FLLTOE - iR
HERELNVIZEMREEDICHERL, ¥ - BERED
AR OV T IME I CEVEAZSIERT 5 Z L28

BHShe o/, Dyckb”, Kenshalo®, Meh5®,
Stevens b ®’, Tsuzukib® DEITHZEEDREE % B

rllbio, & RERBEOMBELEH2REERN
IZHRZ B ENTEL.

W BEREIEE L B ICKRECRBERE LT,

RO, %
ZRED b AR B B | R AR § B AR
EBLUHEOENEHIT TS, FHEHEARD 55
REROREE O BN L VBRI T A5 L 2HS
ML TWB I &, HIN W A% HEE L G EEZHD
HEBWI LZHELTWAEI 2L, SHEEBELN

48

(586)

% IREREOMBELIIEESABDORIH—2D
BERTIR RV EEZONS.

Tochihara 5% X EEH ICBIT L EE - 2HEFD
BEED S, EEE TIIE ST 5 B HEIRE
HHbHILERL, ELEOHEDTVERHETIIAY
ZIME EFRERET OGRS H S L 2R L T
b, EXEEHBELIKKWERE LT, KBFFEICBITS
Bl ORBEESZEDVETLEZ O, TO&ER, i
FETIIBIEIIIHT BB LITENL DI %A
ZEPEESNS. HEEOKREFREFT AT,
COWRIBET 2 I N—FT 5 HEOREIFVLETHS.
¥/, BHEEEBIIBII 2 ABRBOBT &5 RERE,
BEBRDAD, BRA—y b, BB TH A O%EHH
REORIRR T &% EHIRERZHOETIER L E 2
LN, FEVEICBIT D EEREEDFREM LA T
FRIC TR IC B 2 IRERZHOERT At & L7t
EHPVLETHLEEZONS.

5 8 #

ARFZE TR S 258 L < Bi% L2 iRG EBER %
AW CTEBRLTFORMEE - IRERELNE, BEL
FOMREERBL, RERZHEOMBELE EENIC
MET L7z, BB IIEELT (61~887%) 28 4, %
LUNICHEELRT (20~25/%) 10T, BAEHELM
X 26 L THBH. ANLRMHEEIRIR 28C, HHBE
50% SN, FBERIILUTOEY) THAS.

1) % BEBERIMCICEVEZEICELZY, B,
JEERE - BB, THROMEICHE KT 5.

2) 60 f%~80 fAmMicFCid 20 KB ELTFITHR
WHEMESEARL, FHMEIE, 20REFELTFT
—0.29~—1.45C, 60 ftm#h<iFT—0.52~—3.34TC,
70 E# L FT—0.52~—3.20C, 80 fE#ikTT
—0.54~—3.53 COFHICHA L, ZOREIIEAIC
IO ELZY, TH, BHTHEETHS.

3) BEBRMEICBVWTIRILICHEKL, FHEIR
20 fCHELELF T 0.57~1.78C, 60 LM%+ T 0.69
~3.71C, 70 fRRE#LF T 0.78~4.17C, 80 ftE#s
ZFT0.78~6.61CO#BFICHAL, MU TH, 2
HCTHEETH 5.

4) FERSOOMER, WE, BELLELERS
BEFDOE - BEREOLAVE, £2 EHSIIEE
TR EARTHE LB - RFOMEOKE, BETIE
TR L RBOBEDOXT L2 FHHT 5 LRSI,

5) BEZTREIEFELTHLERL S - BRER



T DR IZ BT % IR

ELARVHHERT B E DI, ZO5MEIZEWTHE
ANEDHRT S I LATRBENT.

LN AN s AAVAYARVAS & | o N o - AN
BFEFBIRICEHOBERT 5.

K720 —ERIX PR 14 FEECEBHEE R FA LR
B (BE) KXo,

5 A X ®

1) PIREIAT © [PBL 18 SEEERR Mt E )], 2 (2006)

2) FHHEDL | BEF BT ABERTORNE, BER,
7, 219 (1963)

3) MHHMEEL L RIBFE OMEHE(L, BFOHKA, 62
301-307 (1967)

4) Wagner, J. A., Robinson, S, and Marino, R. P.: Age and
Temperature Regulation in Neutral and Cold
Environments, J. Appl. Physiol., 37, 562-565 (1974)

5) B F, HRNEBEF, EFMT  ZTEREICBITS

RIRFAE RS, REGE, 82, 204-209 (1981)

NHEETF, ARES, EAOKE—REZERESSAHE

BRI MEORE—, HEBEEFSREE, 11,

157-162 (1974)

7) Dyck, P. ], Curtis, D. J., Bushek, W., and Offord, K.
Discription of “Minnesota Thermal Disks” and
Normal Values of Cutaneous Thermal Discrimination
in Man, Neurology (Minneap), and 24, 325-330 (1974)

8) Meh, D., and Denislic, M.: Quantitative Assessment of

Thermal and Pain Sensitivity, J. Neurol. Sci. 127, 164~

169 (1994)

Stevens, J. C, and Choo, K. K. Temperature

Sensitivity of the Body Surface over the Life Span,

Somatosens. Mor. Res., 15, 13-28 (1998)

10) Robert Katzman, Robert D. Terry (k&% ) :

Mg or#EEE), wHEE (1986)

6

b

9

=

(587)

ZHEOENL =

11) & JBF, HFNET . AMEERmORE S (65 1#H)
WHRAOMBEOMMZ, ABEEFRRSE, 2 (1), 30-
36 (1995)

12) HNEBF, & BT A\MEEREORE S (8 2H)
BAESABEOIMZ, AB&AEFERSE, 2 (1), 37-
42 (1995)

13) & fiF, ANBETF . e bOGERZEOIWIEIZOW
T, KEEE, 46, 1081-1090 (1995)

14) SFEHHEE, HNET, AH—2Z | AMEOIAFIES &
MEEHHORA, BREBAEESRE 4, Fi5
(1), 1-2 (1999)

15) HFERT, AHEZET, aWEF, AH—Z  UBER
SHEBENEEBEORSRE LICH, 5 25 BAM-&ER
BRYRY YL, 175-178 (2001)

16) Nadel, E. R, Mitichell, J. W., and Stolwijk, J. A. J:
Differential Thermal Sensitivity in the Human Skin,
Pflugers Arch., 340, 71-76 (1973)

17) Stevens, J. D. Marks, L. E, and Simonson, D. C.
Regional Sensitivity and Spatial Summation in the
Warmth Sense, Physiol. Behav., 18, 825-836 (1974)

18) Clark, W. C., and Mehl, L.: Thermal Pain: A Sensory
Decision Theory Analysis of the Effect of the Age and
Sex on d’, Various Response Criteria, and 50 Percent
Pain Threshold, J. Abnorm. Psychol., 78, 202 (1971)

19) Kenshalo, D. R.: Somesthetic Sensitivity in Young and

Elderly Humams, J. Gerontol., 41, 732-742 (1986)

Tsuzuki, K., Mizuno, K., Sakoi, T., Yoshioka, M., and

Qoshiro, Y. A Longitudinal Study of Local

Temperature Sensitivities at Whole Body Sites,

Environmental Ergonomics X1, Ystad, 360-363 (2005)

21) BRER [4 v 5], EFEER, 52 (2001)

22) Tochihara, Y., Ohnaka, T. Nagai, Y., Tokuda, T., and
Kawashima, Y.: Physiological Responses and Thermal
Sensations of the Elderly in Cold and Hot
Environments, J. Them. Biol.,, 18, 355-361 (1993)

20

fams

49



	0579
	0580
	0581
	0582
	0583
	0584
	0585
	0586
	0587

