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Biomechanical Study on Man’s Adaptation to Cold
—Comparison of the Outfit of JARE and Eskimos in
Heat Insulation and Physical Activity—

Kazuhiko WATANABE* and Kei TERAT**

Abstract: The heat insulation and the physical performance were tested to
compare the winter clothing of the JARE with that of Greenland Eskimos. Four
healthy students were chosen as subjects. In the heat insulation test, each subject’s
body temperature was monitored during 60 min in chamber (—40°C). The condi-
tion of bicycle ergometer exercise was 2.5 kp x15min. The results revealed the
following: In heat insulation the Eskimo outfit excels the JARE outfit. In the
physical performance test, the sportswear proves better in ‘““broad jump’’ than the
JARE and Esikimo outfit. But in the seven other items of the test, the three kinds
of clothing showed almost the same result, though the Eskimo outfit was a little
lower in “trunk flexibility”>. The JARE outfit seems suitable for physical activity,
but its gloves require some improvements in heat insulation so as to cope with the
severe cold,
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Table 1. Physical characteristics of the subjects.

| . . Chest Subcutaneous fat (mm)
Subject | Age | Height Wilght girth ,
(cm) (kg) (cm) Subscapula Upper arm | Waist Omphalion

K. H. 28 | 170.1 | 60.74 | 89.5 5.3 3.8 6.8 6.2
J. O. 18 178.2 | 60.93 89.4 4.8 3.0 5.0 6.0
H.S. 20 174.7 | 72.41 88.5 8.3 4.3 9.5 8.5
Y. K. 20 165.1 61.58 89.3 6.5 4.0 6.0 7.0

m 21.5| 172.0 | 63.90 89.2 6.2 3.8 6.8 6.9

2.1.3. JZEFIH

HHEC D D CoERD B, HE, HEXHBLALS 2T, 23.5°C OBV TH
FREXIT, e TRBERENBHTADZ L2WRLL. 0BT VA -2 —DENE
LOHARETMErDOEEROHEEOIDDO Yy 77 v 7HEFE L (X1).

g, 23.5°C OB CTRTFICE - L ¥ ¥ TORXREBOBELYFHAIY, ToOBEREC

1 BEHERHIA. 1 8EEF, 2. B, 3. KBRE (KBEW, 4 B¥ (B
T, 5. F (FEH), 6. Hh, 7. HEB, 8. EEAE, 9. #AW (BY
Ho(LE)

Fig. 1. The position of the temperature measurement. 1. Forehead, 2. Breast (nipple
level ), 3. M. rectus femolis (surface), 4. Instep, 5. Hand (back), 6. Back
(subscapular level), 7. Rectum, 8. Overcoat (inside of breast level), 9. Boot
(inside of instep position).
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23.5°C 0 HE TOLEII0)RIDES X O —40°C O ERE TORERI0SHOMER L&
LD, —40°C TI15S HEBEEE L T2 -2 -2 REHIek (27— 748lgEHE=1
oA —x—, 25kp TEHOOBIER) BEOELXEF L. TOHK, HETHFIRES TISHH
DEEBRBEZER LD, BOF+ AX I L - THKEYL 23.5°C 0FEECHL,
Z TR HIISHHoZBEERELERK L.
2.1.4. JIERH
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BEL, ETESY— I A2 -—BEHE2AV, TOo2ARRTIBRIC I ) ERMTERL
fo. BEFOFLIED X, —40°C DEREL T, BRTCILTT- k.

22. E#HEHNTR b
22.1. FBRBTE L OHRE

KRG, EIrBMTETATES, A TITL5HES IOVB TR TTok. &1
RLC4 BZOHEHREC JARE BLIUO=AF = —%EHLrEHIE, ThZLhofRHETFTTH
—D7T A MRAZT- .
22.2. EBIRESHNT A +IEH

HENRENIDT A FPRER, LTDLEh THS.

a) I HIEBEDT (Broard jump)

b) %4 FAF v 7 (Side stepping)

c) itk RiE (Trunk flexibility; forward bending under the ground level)

d) REAE4AK S L (Trunk flexibility; backward bending in belly position)

e) AF v ¥y 7 (Stepping)

f) L2X It (Reaction time)

g) T  (Back strength)

h) =EEBEO (Sargent jump)

BEBCELTUL, ThEZROEAROWTHERZ IR X TERL, BEFOELENR
I OocERELR.

23. ZOMRORAFER LFIA
23.1. KIBOERBLIEX
KROEEIL, 10g BRYVKXTRORFPCIVAIE L. T, KROEXIZ, 0.1mm H
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3. WRELBE
3.1. #HREFEOEENER
FILEREBEBIBIZOVWTOHBEMNBELZ R L TDHDH. BBREOFBOFHI2.58%, &
£ 172.0cm, tA& 63.90kg, fgf 89.2cm THH, LK FRHECETL, RERFE
ABABFORENGEREZETHEELLRS.

32. RBOERSSIUVXKRBEEDES

#2112 JARE XU =AFET—DKHECTSOWT, FOERLEIRXRSOWTHALEY
RLICLDTHSH. HEELOWTUL, FR, KR, L& XFv, T&H BFROWT,
JARE L = A*E —EFHOHENRINTVS. =AFe—FHis UL, TTFFH/L7
FIVERT, BROFERCISTAIRBIEZ I A~ —FT5L 5B -REhT D, KREIT
7Y VEMNONLEERBORNHE DS, EERXBEE T AAOERBTH LY, 4
FEROLDIEERBTH . AR VIIHRBECRREMI EHETD 525, SEFEHO DD
BFERBTHhol. THEIRBOY+ Y, 3IOERIVEAY+ Y, EREORKDO -
z—%FRAL. RBRIFEFFI v vETEZEA L.

JARE #fEoxEiX, ETHERE D BFEHoinX, =AFxx—%HLtA—DTEY
ER L. BFREROBRELEAL, FRIEFRIVCFEFEERFRLEA LK.

* 2 BFOEBERSIVEX
Table 2. Weight and thickness of the outfit.

Weight (kg) Thickness (mm)
JARE Eskimo JARE Eskimo
Gloves 0.15 0.35 2.0 6.0
Boots 2.15 2.38 1.5 12.0
(0. 84 inner) (6.0 inner)
Coat 0.98 4.15 4.2

4.0
(26.0 hair length)

Trousers 0.46 1.59 1.5 4.0

(34.0 hair length)
Underwear 1.47 1.49 3.0 6.0
Cap 0.32 — 4.0 4.0

(26.0 hair length)
Sole — — 53.0 17.0

Total 5.63 9.96 — —




16 BHNE - FH & (FE R

T, REBDOHETIX, JARE D3 D% 5.63kg, = A*E—DH DI 9.96kg THH,
= AFT—RMOFTHN 433kg yEWZ L3RIk o bEBEOREREZEIIAE S, JARE
DEEN 098kg LBMDTEREBETH DAL, =AFE—DHIT 415kg W5 ET,
EZLWERRLKE. =AFE—DLFXEBEW52L BT, EAROEERNLWEE
DEIHETDHD Z ENTRTOFEREIDREI NI, =AF E-EFHOHE, LELET
TE2EEOODL L2 DTS Z ERERITH 5. JARE 0 &, TOEIHLTH»17%
BETH5.

—F, BIRBEALTR, R2EARTEE N, BHEANEVCVIFE/COW T T H 5.
JARE 0 52:20mm THo el L, =AFE—2160mm ThHh, =AFE—0DH
Bz txRLe. BHcBIL T, JARE 28 1.5mm THho7DORHL, =AFE—IT
120 mm THote. LHL, EOEIWEHLTIX, JARE 2 53.0mm THH, =AF=
—D17.0mm X Y b ELLEWZ L27RE k. BoRLLX Sk, EHOKRERIZIJARE
N215kg =2FE—p1238kg LIHFEF CETD - 1.

¥, =AFE—RECSCTRHBEPNRI L, BEOEOEIZERBLILBEDOEID
ZETHABH. Bz, EEFETIZJARE »142mm, = AFE—% 4.0mm & 2IEFA—DET
BH50, BORIXERETH L, =AFET—fRiX 26.0mm &+ 5 {HKETS. R, X
RAVEBWTh=AFET—12, BORIZERBCANDS L 34.0mm 2 ET5H.

DX, =AFE—D¥fHL JARE Ol OKEIEWL, FTLOHEEDET
bbH., b, =AFET—DXEIEFOLONEL, BLEORIIERBCAND L LD
RENIDICHRELSS.

33. REMOHR

X 2(a) iX JARE 0#fE2BA LERE Y. K. 0 FELBALL LORE R X CDLARKE
{LORBFEERLICHDTH B, RETEE L OHERRL, BEIRMAEAL LD CENR,
BREOEB ML LR T

EEBOBERME, MIKRLEEY, 135S, 2. B, 3. KBS KEBRESR,
4. R# (REH), 5. F (FEH), 6. &, 7. Hig, 8 LEBERT, 9. ##NH (REROLL
B) Tthsr. 235°C oiENDL —40°C T AZEH, FTELVWEREETARDORICOIX
FER ;) Thbd, KEBB G A), HAE (9, V) Rtheods, IL EEAR
;@) bEHLETZRT. BER 45 k) TN THPREHALETHRB Db, &
DD HEHAL, WP DA (hel) Y THIDTHD, Zhicx LTl (core)
CHETIEE 2 0), B 6D SI0EE (G TRETREZEATR 1.
ThbodT, FERN 10°C DLTFTEES LN FERCRDbhicE W5 2 L%, &2
HOENOLER IS,
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Fig. 2. Monitoring of the body temperature, outfit temperature and heart rate while
sitting in a cold chamber. (a) JARE outfit, (b) Eskimo outfit.
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S>3WT, 2.5kp OEBAMTISHEO HEBEEFEELTHES &, FEH, KBHEORE
ERARBEDORD. LrL, ThbHOHML, EHR TEHEBOCREETIELWL. fic, F
FMOE T EIL- . EBRISHMOEED 2k &, 23.5°CoMBICBS W TEHAILLE
5, FEH, KBROGREARS IO EEAL, HRTES LANET .

T, M2b) k=AF =% ER LA KRED Y. K. OBETHSH. ERFIH
12 JARE ¥HDOHEEF - FA—Th5b. ZOHRICI DL, JARE EHOBE{DK 2
EHEBELTETFRM L3, 23.5°C DFE» S —40°C DFENAE LB 030450k
BOFT, =AFE—EMHOHTN, 2RUCEEOETENEVEWSZLTHD. Flzid,
23.5°C K81} % FiFMOBEEL, JARE, = 2 * £ — DML & 13IEA CETH % 25, —40°C
DB TOIONFEBEOFEROEREL, = AFE—DEMROBEL 10°C T Ehd I 2
. KBRS, #HAE, BREMCHFTIREETIIEZELVLY, Zhbd JARE 00tk
RCETFTALIEE WS HfARRD Hbh 5. JARE O CERLET»R L LB N
(8; @) DHEEX, =AFE—TIRXBIVETHEDOLLT, =AFET-—ROKREBHEORZ
PRTL0EBbhA.

1550 BEBEFEC KW TL, JARE 0ZHcRLc L ik, FEH, KBRS TORE
BIEAE Lirote. —40°C TR WTiL, Th Lo, BOREET T L23BDH
nic. WFRIZLTH, BLOFTROBEIKXE BB/, = AF T —EHTENTD
NROMETOELREDHEY, KESAXFDHILARINLDOTHS.

2T, ThODEEICOWT, 4 ZOBRECOWT, AEREEHS X OEEEHCHT
HREDOEBEICOWTLHTICRT.

% 3L —40°C OME~NDAER &, ABIOSFHROBEEILOLKTHS. KB ITIT
JARE D¥fi L = AF = —DEM L ODFHOHELZToLbDOTH DA, Bido X 51, %
DO LI NROMALICHNRTETOEGLEPIRNZ LRI TEH LD TRIN TS,
METCERELBDADIL, KRARLHENRELCES W TTH- . KR AR 1 JARE
T 84°C, = AF = —"TIX 3.4°C DETTHhol. Tk, HANHEIX JARE T 15.1°C D&
FTCholDZHL, =AFE—TIXS52°CILE EE ol

%412 JARE 3 L 0= AF - o\ T, —40°C OFETISHMD BEE/FERTT
W, TRERIEEREBEEYHE L OTHS. BRERTERAEK4 B TORVDTH 525,
MR RE LICER, BBELBD bhicni}, KEE# (JARE TiX 4.6°CD LR, =2
FE—TIX 7.8°C D L&), EKRE (JARE T 0.2°C, = A+ E—"TI% 04°C D L8), &
JRAE (JARE TIiX 27°C DETF, = AFE=T102°CDELER) THhote. T =R
FE—EHICRWT, GHERICKRRED EANRED bhi.

XC, HEREFECIZAEGNOFEL L QX LARCEBLTUTO X 5 EEVEELh
7.
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Table 3. Difference of temperature before and after sitting
in a cold chamber ( —40°C, 30 min).
JARE
Forehead Breast t]%/lr.ngig:stus Instep Hand Back Rectum Overcoat Boot
H.S. 4.4 1.3 4.7 3.1 23.8 0.4 0.1 9.5 19.2
Y. K. 2.0 0.9 13.2 4.2 17.4 0.1 0.0 9.0 11.4
J. O. 0.4 1.1 3.0 4.8 15.2 0.1 0.2 8.4 14.5
K. H. 3.4 2.4 3.5 3.0 12.5 0.6 0.4 6.8 15.2
X —2.6 —1.4 —6.1 —3.8 —17.2 —0.3 —0.2 —-8.4 —15.1
SD 1.66 0.67 4.79 0.87 4.82 0.25 0.17 1.17 3.21
Eskimo
H. S. 2.5 0.3 3.0 3.5 12.5 0.4 0.3 3.2 6.2
Y. K. 1.1 1.1 4.2 4.9 11.9 0.4 0.2 2.9 4.9
J. O. 0.4 1.2 3.0 4.6 14.7 0.5 0.3 3.6 3.1
K. H. 0.8 0.5 6.3 4.2 11.7 +0.1 0.4 3.7 6.7
X —1.2 —0.8 —4.1 —4.3 —12.7 0.3 —-0.3 —3.4 —5.2
SD 0.91 0.69 1.56 0.61 1.38 0.27 0.08 0.37 1.61
t _ e - — . — . —_— —
&4 HRHE= LT 25 —{FFECE R, EREBOELE
Table 4. Difference of temperature before and after the bicycle
ergometer exercise (2.5 kp, 15 min).
JARE
Forehead Breast ]f\gmfﬁfst us Instep Hand Back Rectum Overcoat Boot
H. S. —0.8 2.1 4.1 —0.6 —-1.0 0.9 0.5 —4.5 5.8
Y. K. 1.1 1.2 1.2 —0.4 5.9 0.5 0.0 —4.5 —1.2
J. O. —0.4 1.1 1.5 —-1.9 —1.4 —0.6 0.4 -2.7 0.2
K. H. 1.1 1.6 7.3 —-1.9 —6.5 0.2 —-0.2 0.8 -3.5
X 0.3 1.5 4.6 —1.2 —0.8 0.3 0.2 -2.7 0.4
SD 0.99 0. 46 2.45 0. 81 5.09 0. 64 0.33 2.50 3.91
Eskimo
H. S. 0.8 2.4 7.7 —2.8 -2.7 1.4 0.6 —0.2 -3.0
Y. K. 2.1 1.2 6.8 —4.6 2.9 0.6 0.2 -2.0 —4.5
J. O. 0.1 0.5 7.3 —4.3 6.8 0.3 0.7 0.3 —1.5
K. H. —1.5 1.6 9.2 —2.4 1.5 1.1 0.1 2.7 —2.6
X 0.4 1.4 7.8 -3.5 2.1 0.9 0.4 0.2 -2.9
SD 1.50 0.79 1.03 1.09 3.92 0.49 0.29 1.94 1.24
t — — _ _ — — _ — _—
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Table 5. Maximum heart rate during the bicycle
ergometer exercise.
JARE Eskimo
K. H. 168.0 206. 2
J. O. 171.4 186.0
H.S. 144.9 160. 4
Y. K. 153.7 160. 4
m 159.5 178.2
* 6 BREERCHIKE (@, BH O0), mE (o 0%t
Table 6. Comparison of the body weight (a), grip strength (b), blood
pressure (c) before and after sitting in a cold chamber.
(a) Body weight (kg)
JARE Eskimo
Before After Before After
K. H. 60. 74 60. 51 60. 93 60. 62
J. O. 65. 64 65.41 63.95 63.63
H.S. 72.41 72.20 72.34 71.99
Y. K. 61.58 61.47 61.76 61. 49
m 65.09 64. 90 64.75 64. 43
(b) Grip strength (kg)
K. H. 46.0 46.1 50.5 47.5
J. O. 52.0 48.0 54.0 50.0
H.S. 49.2 47.5 50.0 51.0
Y. K. 46.5 43.0 48.0 47.2
m 48.4 46.2 50.6 48.9
(c) Blood pressure (mm Hg)
K. H. 125/50 132/58 116/65 120/84
J. O. 127/39 110/44 134/43 125/44
H.S. 141/56 139/57 137/45 133/47
Y. K. 107/37 98/55 100/58 100/65
m 125/46 120/54 122/53 120/60

RSCHEEFEC I ASRELHARLRT. RSWTI-THLARI 5K, =AF¥E—%¥
DA, LB DAL LIFERENB W EAHERIXRS. ChiX, =AFE—F{HoD
BEXEL, FEO LS TXX JARE ¥ HBLTHBI T L2RZTHh0E LTEHZR

5. Z0DFEIZ,

Fry FIABRTT—RBEBCETHOTIZIWAn B b,

T, —40°C DERFEBRE~D AL S XL OCHBREFEIS M2 ED, A0 E8HY
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ELT, UToX5infErEi.

KO IIFEEDETHS. Tinbb, FHEEZARDE, =AFET—DEMF T 320g Dk
ER2 DD, JARE OERFETO 1902 12 HRT, I HhAEXLI LARIRE. ChiZ=2F
E—REMOANRITELEN T EXRTIOTHASS. T DO &Ik, HEEEECKT
OIED, = AF = —REHERAOINIIIE VAR RLICZ L LR TELD LER
T L.

# 6(b) 1%, BHDEXFT. EMNIEREERC L - T2BETHENZRTLIO> TH A
23, JARE L = A%+ = — D% L ORIC B W TERND 5 LITRDA L.

gFEOFIZIZ, 3.540kg LOENETE ThHb Wi KREREFTCOREMEL
Brz b EDHT, FHREOETLOBEFRY ILICEBRINETHAS.

# 6(0) X MEE b > TofERx AT FAZEYH D2, 2BIEm L LT, JARE X
V= Ax -0 L LI MECDOWTIEA XTI EED bhich - 7. SFHETI,
ERERBLCEITHEROMEL LT, EEMEI ETETL, REMEXETEATSE
WS HIM A FIZERD b,

34. HEEEREHATR b
JARE 8 X U= A+ = —¥EHOERFMHCRT 5 EEHENT A ML, =V e — &ML
LT, AR=VT=T, AR=YVa—AXDE&ELEE LD, 37— VAT A%

ﬁ-o 7.

X7 JARE = A2F 2 —EHEIVPARE—Y Y27 I 2 HEE
ByRE S DML
Table 7. Comparison of the physical performance test of the outfit
of JARE, Eskimo and sportswear.
(a) Broad jump (cm)

Sportswear JARE Eskimo

K. H. 223.0 187.5 191.8
J. O. 242.5 196.0 208.9
H. S. 230.5 202. 1 203.0
Y. K. 211.0 181.0 189.5
m 226.8 191.7 198.3

(b) Side stepping (times/20s)

K. H. 36.0 35.0 35.0
J. O. 37.0 35.0 35.0
H. S. 36.0 39.0 38.0
Y. K. 43.0 46.0 42.0

m 38.0 38.8 37.5
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(c) Trunk flexibility (cm: forward bending under the ground level)

ERNE - FH OF

(FEERR R

Sportswear JARE Eskimo
K. H. 17.1 14.3 15.4
J. O. 5.9 3.9 0.0
H. S. 15.2 5.2 8.4
Y. K. 10.4 4.4 2.5
m 12.2 7.0 6.6
(d) Trunk flexibility (cm: backward bending in belly position)
K. H. 32.0 37.0 34.0
J. O. 40.0 47.0 36.0
H. S. 37.0 39.0 32.0
Y. K. 55.0 45.0 41.0
m 41.0 42.0 35.8
(e) Stepping (times/s: right, left)
K. H. 9.8 11.0 10.5
J. O. 11.2 10. 4 10.4
H.S. 12.0 12.0 12. 4
Y. K. 13.1 12. 6 13.0
m 11.5 11.5 11.6
(f) Reaction time (ms)
K. H. 367.4 336.0 361.2
J. O. 373.6 370.2 369.0
H. S. 283.6 295. 8 284.4
Y. K. 250.0 303.0 268. 4
m 318.7 326.3 320.6
(g) Back strength (kg)
K. H. 125.0 130.0 123.0
J. O. 146.0 137.0 146.0
H.S. 120.0 116.0 134.0
Y. K. 136.0 137.0 141.0
m 131.8 130.0 136.0
(h) Sargent jump (cm)
K. H. 52.0 44.0 4.5
J. O. 63.5 59.0 57.0
H. S. 51.0 48.5 45.5
Y. K. 48.5 4.0 45.5
m 53.8 48.9 47.6




No. 85. 1985) e OESFEICICBET S 54 4 2 4 = 2 AWH%E 23

FERIFTRT LB THD. FTRERRB a) OUBLBHUTIE, AXR—Yy=7H
JARE 5 LU= A+ —%HL VL HFRCBLEMMTH -2 (p<0.01). Li L, JARE X
U= AFE—DOEMHE TR, FEEXRD ORI o7, 2B, AX—Y v=TLED
T, JARE 5 X 0= 2+ = —EHCBWTAREIAD LT, HRLLTIHOEC
BT HEEBEEEDO TR TWH T EERTILLmoEBbhb. d) DREAEAR S L
TRWTIE, SEHEACE, =AFE—%HN, AHE—Yv=7K I JARE OEFHICH
BLTENMEZRLICZ EXER SRS,

Eof X
AFFRETOSCHIcH, FEIZIBEBHETAERET OFIUEEKZILI LD, BAKFEL
BEEREK A 0K, MIUKFo Ul O7#Ks X ORARFOWAFMED S x 3.
I ESE L ET.

Z 53
RILFR SR (1981) : R#EGEEZ. R, BI¥H4, 638 p.
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