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TR AR Bz Tk T PR 5 A7 Bl 2 ek e Lo iz Jik it
AT e R R A, SR AP J7 V25 (A A8 A 4 A 2%
LG J7 JRA A6 X (extensometers) s 4440 7k HL 511X
FIER P 7 kA2 1 (gas-bearing electrodynamome-
ter and linear skin rheometer).

(2) W 117 (suction): FEXFTjvkd, — MK
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AN R A5 R 5. SR 3R 7 35 ) A A M 4 A3
FEATE LW 52 T (durometer) FHH SR A X (micro-
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B R BT WEROR I, e Kk 1 e AT T
AR, PO AT 5K 0 A8 B A AL 3 B /ME
I 742 TG A 4 2k 18], i 28 ax L85k 7y 2k 1 40 1 L
SPAT T K 7 26 A5 11 ST T R AR A K A i AT
P KJEJR. Van der Voorden F1 Douven 39, Meijer
Hl Douven 0 FJH] Lanir 1) 57 JRIERY, X% 44 57
JOR PR3 88 ) S PEAT O JEAT T ARAE. Bk ) % 1) S
Bt F8 A7 1 28 A T AT Fr AN R, 5 4, Ankersen %%
N N R, Rz R (9 % 1) e A ISR W 2,
5 08 2 K P 45 1) S 1k WU AT DL 2 AN

E L S I CH 0192 17 T Bl < T o
g 19:57:92,93] YL AR % ) S Pk AR W AR A AE R T
AT FLTH X FRE; Lanir Fl Fung®792 485 9 1
B Ik BT 35 AT 1R XU A 52 26 Ao 5% 381 T I e O
FH T AN BT B Ik v e DR B £ 4 ) R0 H r)
R, BrUA AT T — L i ARk h 4 16 T 7.
R UL, AR S A e T B TR AR B
TEAR 2 o R 35045 A0 (R MR, A A B k2 23,
LR YERR A 20 /0, SR PRI e iR g1, DR eIt T A
R T N — L b 2R 4E S5 M I BOR.

(1) Dupuytren(®®l FI Langer!®S 5 4] ({IHF 7% it
T T — YA AN B8 1) Bz IR 2 TS
PR BR 5 2378 M [ T, A6 [0 T2 5 JER A 1) A Al
SE SN DR B2k, T AEAE Bty 558 R A X —
J7¥, AR B K N D) IR By A I A BE 4 T
[5) [ 1253 4 S8 O 22 YL TR R —10° ~ +10°, IXEIRFE

B PR 3 26 S5 RE D) S e iy AR 7F (557,

(2) Borges™ $ T — B & 5 Iy vE A A o 5k
J1ER, IR st B K5k 7148 (relaxed skin ten-
sion lines, RSTL): i 57 Jbk i B = A= 1) e K 1 I 2%
L AF A TR Sy 2, PO AR R I Ze i 75 7] S 5K
2 — B, EATE A, i HSE K

(3) A BArik: AN B AR ] A1 G0 1, Gl
Ao Aiff 5 W L8 T 1) BE 271 L A KR B ) B AR A 2
LR Al e, — B lsl TE i A0 U RE B T 1) Y
NIRRT, /N e P EEA GURE [ R A, R
Je By TN Ay, JIf A5l EAE AN bRad.
256 4 A I e, XA BRAC 2 A 1
R, BTE ) A P50 Bk B4R} 4l 26 950,

(4) /N JEFCEUR (small angle light scattering,
SALS) ¥%: AT HI/INA DG HUHAX, a3t Ak Bz JEk 21
ZArh R AL E ER ST ER Y 1) AR o3 AT KA T R
W ETYE ) 07 ), R A T 2T 4E ) PRI ) R 7
BT 47 Jix 196.97]

(5) D I UG AR T )2 X e AR (pola-
rization-sensitive optical coherence tomography, PS-
OCT): 77 ¥4 LA R ok 41 21 e 12 Ji e f X4 55
Pk HE Ry 98:99),

(6) XKML (second-harmonic-genera-
tion, SHG) ¥l /& 25 — Pl ik i85 T 1 J5 i
(R T B, I R ok 20 23 rp Jie T 43 1 51 R 1)
SHG Jig A Il 5 i Jit Jig 11001,

(7) Khatyr 258 A 74 R HI 5¢ T % 1) 53 P AR
PR FINE AT % 1) e PR AR, e T N 38 5 M i e
JER: B0 6 A S0 B v AL T A IO, Bl E T &
[ S A AR T 1 A i 5 TR A £ 5.83° +5.78°
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e, Fp ARt AL BT MR — A
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TR MR AR T A FRAR St R Ay 5 g
L OB R R, BTY)RTE G R
o 1) AR R ) ) 2 TR R AR, L% 1) TR RS
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9 AR 4 G2 0 F PR R T BOROR BT AS
EH]. B R R B A R ) B A A e, AT R
CEIPIRE. RIRIXLE PR RE X T ROk AN
e PDRLH K, T B B RN ) R AR T AR AR . AN
oL, XL RS RE G S AT T S PE R RL (BTG
JIK) A HAEAT T3 3K, TR T BRI AEAT O
TR, A PR BN A B f5 3 HY 2119

Ve BRIK A Rl BRI S B2 —, IR
B DRGSR T ZMlE. &1~ & 4 73
MRAG T NS BIR AR AR A . NSRBI
R T A B B2 IR 1R 8 A A PR 41
LK B A3 5 2 1) A ER S e L 3K 28 3R A% 1 K4l
R, A RS A D 5 {EL - 1A AEAR K 22 57 %
JK PR A A 2 52 {7 57 T & 5000 i, Y FRLAA

0.02MPa #|Z] 100 MPa, = B ¢ T-HE S4B 2 %1
FIT BRGS0 R B e o £ 8 . B P19 90 7 T
REJR DAL FG: (1) HKRHET J7 %% 2 50 () A R A5 L
35 R RN ], T 3 AR 2R e ) K 93 R 52 Ah S
Ap g (i an i n 1 B2 RN ) 1SS (2) fif ) 45
Ry UL B BT R IR B AR AT 22 575 (3) 28 T 2 Ik 4]
GR5K J7, TRE TR R RTAE 5K 0 PN 5165 (4) 81T
Bk (R AR LR Y ) - ARAT by T = A (1) AR T 4
Z; (5) KRS AN (6) BBk JF LA (7) SE
B bR AE RS AL 55— Fpon] G 1) J5 DR B T AN [
B PR AT T fie R 3 P Al Y 0 B AN [, DR
N AT R A 2 2= (B, X T AR
JiAT E = 100 ~ 1000 MPal8711 i xf T30k 2
i E ~ 0.3MPalll),

R1 AEEKOREENEKRUELER

Bk WA Ty SRS 5 2L
N Bk 28.42 MPa Al TN ~3 % 3 [101]
65.66 MPa 15~30 %
79.38 MPa 30~50 %/
107.80 MPa 50~80 %
N T A 2.5 MPa g 3 [102] (KR 45 SC ik
F R 3 i)
NSk 18~57 MPa EiLA M 20 B 70 2 36K X [103]
N S A1 23~107kPa 4% 15 6~61 % ] 35 /N 3 [104]
i R B Tk 2~10 MPa
(1 5 4k 4F 2
i E6 (54 140~180 N/m il M 6~25 % /N 105
353 (k) 180~200 N /m £l M 6~25 /N
A (5 1) 320~420 N/m el 25 % 51k
T (k) 520~540 N/m et 25 % Bk
Tl R A0 0.42~0.85 MPa i 30 % T 0.42 MPa X [106~108]
30 % Jii 0.85 MPa
T 0.3~1.1 MPa 7z L [109]
5K 1.99kPa IR I [110]
F T 1.51kPa
LT 1.09kPa
YNETINICY TS Al 3 [70, 111]
TR Al 4.6 MPa
VAT F IR 5l 20 MPa
NE34S 0.5 MPa EvA(il X [112)
T 1 0 1.1~1.32 MPa % 65 % Joi RARK K (113
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K1 AXKKOREENERNELR ()

Be I FE I A Tk SR ) RPN

T T 0.25 MPa Eiti L 3114

ANFEH A E 0.13~0.26 MPa it 3 [115]

NE~33N 0.42~0.75 MPa EA NG YA FRENS) X [116]

T 457.8 kPa (W4 40%) A (A A AR S [117)
35kPa (fi )V 4%)

T 14.0 & 5.0kPa (FA ) Hs 9 3 118]
58.8 + 1.7kPa

(T2 15 ke, IR
IR JE B 5 26%)

W (5 1) 0.14 MPa Eiiid 25 % Tl 3 [119]
T (k) 0.16 MPa 25 % i
A (55 1) 0.23MPa 60 % Jii
HAR (i) 0.27MPa 60 % Jii
() 0.11MPa L (121 AR 1) 28.3+6.2 % 3 [120]
AR (L) 0.12 MPa 27.848 %
A (5 1) 0.21 MPa 28.346.2 &
AN (o) 0.25 MPa 27.848 %
NENEAS 129488 kPa W 3 [121]
(113 )
T 0.08~0.26 MPa EiiiLe 6 ™ ~90 ¥ 3 [122]
(11 9 A2 A
79+1.7x E RS kPa I8 55 1
102+1x 4E# kPa JRCA 2
NEFH7 ZHARTTERY 0 [123]
E3 0.18 MPa A7 # # nr H5 4 VT T
HiE 0.018 MPa
N7 Ik 2.20~4.48 (*I*341H 3.52) MPa W (dermaLab) 9~29 %/ (n=12) 3 [124]
(1A P 000 3.49~6.05 ("I 1l 4.77) MPa 30~39 ¥ (n=11)
5.15~8.81 ("I"¥J{i 6.98) MPa 40~58 % (n=12)
N3N 3.99~6.53 (V-1 5.26) MPa W% (dermaLab) WAE LM (n=23) 0 [124)
(i P ) 3.26~6.34 ("I ¥ 1l 4.80) MPa JRAE B (n=12)
4.12~6.08 ("I {H 5.10) MPa AR (n=35)
N ZE T A 56 kPa o 19~24 ¥
NES RIS A LR ZYN S [125]
B 1.20~3.10 MPa
T3 3.10~9.68 kPa
NE33S k3 3 [126]
T 0.98
T8 0.58
PN 0.84

Rk 1.33
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R1 AREHKRIREBENEKINELER ()
B IR A WA Jrik SRR 5 PE S SR
N TR e Ik 0.132 + 0.077 MPa AL i 22~68 % S [74]
Es iy 0.657 & 0.219 MPa SC[74) (Bl R
e+ E 577 1 0.130 + 0.062 MPa Je A 5.33° £5.78°)
T B 77 ) 0.522 & 0.134 MPa
i T Al 0.132 + 0.060 MPa
NETH8 Bk weE  mHEHTH bl 72 5) 3 [30]
& 3.61 MPa 1.54 MPa
554 1.36 MPa 0.96 MPa
NFER R (S 1) R 20~47 3 [127]
R R FL SRR 0.66 kPa
B IN=93 0.96 MPa
R2 ARFHRVRESNERITENELR
B AR K W A Jr ik ER SN %0
NG H 5.0kPa FL AN by i 3 [128], K 2 M
NN AR FE I A S [70], AR 4 SR A
VAT T A 0.68 MPa 5 Al
1 B+ A i il 0.17 MPa
3 (5]
NEJETHREK  136kPa THEAEUE R Y X [129]
Y 80 kPa g 17 # £ 4 UL
N 2.16kPa (0% MNA¥) Al by i 3 [130]
26.5kPa
(50% I A%)
N KRk 0.1 MPa el 47~86 % X [131]
N AR j ik 51.88kPa —27°C K4 X [132]
Nz ik 0.3MPa Al ) PRI B B (Ogden)
PR 271 AR R SCHR [133)
W AR LA
x3 PYEBALHREENNELER
B AR FE W A ViRiR EEPAN
Ui R R NS M3 0.5MPa FL A by i I [134], MR SC
NGNS R
W B Bk FLBl v fif 135
AR 24 )5
Pt 1.182 MPa
ZHE AL 1.665 MPa
100 mg/kg, 11 fi}k
8 T 2 5 T 2.334 MPa
5mg/kg , N
AL AL 8 100 mg/kg 2.267 MPa

FR + 20 M 005 o
5mg/kg [ NS




%4 I FERARSE - BRI ) 2 RE A 401

®3 WMERAAHRIREMNELR (4)

SRR AT MIE=RIEN WiRVS EE DU N

A E 10d

X 1.740 MPa

SR F AL T 4E 100 mg/kg, H R 1.300 MPa

LR Y T 5mg/kg , I RS 4.620 MPa

AL E AL T 4% 100 mg/kg 4.160 MPa

IR 4 218 1 A o I

5mg/kg WS

& R NG 0 B Ik, 3 [136] (B H Sk

RN 5 T 5 oK

pagic 3.6 MPa M HT 1/4 #59)

1000rad, 50d 3.4MPa

2000rad, 50d 3.2MPa

3000rad, 50d 2.4MPa

X Fii 3.4MPa

1000rad, 120d 3.3MPa

2000rad, 120d 3.2MPa

3000rad, 120d 1.8 MPa

& BRIk CRIEvALL 3 [137]

X F 0.244+0.07 MPa

P A T+ 0.7£0.2 MPa

013 ) A 3

T Ik 60 kPa BY V) fifi g A5 i 371 3 [138]
32.5kPa i FEH &

Tl R, Bk s EDALL 3 [139]

T 33.5~38.4 MPa

I 1 10.4~12.0 MPa

BT BRIk 0.56 kPa (0% NV 4%) EEvA Gl 3 [130]
2.65 kPa (50% W 4%)

& R B R 4.8kPa (i V. 4%)
240 kPa. ({3 NV 4%) 3 [51]

&R Rk, CRIEvALL 3 [52]

RN

Pagiis 20.89~37.60 (*1-¥J{H 25.35) MPa

P 0 &1 3 A 28.92~43.64 (*I*¥41H 34.08) MPa

VERELR)ATS

Z RN T AR, 4.77 kPa (W7 ) L EvA 3 [140]

BARSIES, T 2.75kPa (1)

USEE T W AR 2]

e 0.14 MPa g RN

B 0.014 MPa Ao B4 UL P

MBI, A S B A it s X [141]

el

LY
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R4 HFRARBOREEMNEERIENELR

W W R i MR 1Y) e {H VPRI i EEPEIN
N2 22 32% BN 3 [142]
103 70% i
190 100% i
¥H 2000 MPa 30% 25°C S [143,144]
200 MPa 75% 25°C
6 MPa 100% 25°C
B R 8900 MPa 1.9 26% 25°C 3 [145)
2400 MPa 7.7 68% 25°C
12MPa 140 100% 25°C
2 600 MPa 5.0 32% 37°C
110 MPa 120 32% 60°C
NPk 210 MPa 76% 17°C~21°C X [1486]
NE33S 540 MPa 85% 3 [50]
NE33S 2700~3 700 MPa ¥ [147]
W B Ik 120 MPa F& 3 [148]
26 MPa WA

=054 A RN U MEY VN e A a5 Nl o 5/ D
R TR o BRI S A A4k, A B 9 S5
etk (R AR /) A5 A R, TXRE AL 56 1 R
TR R AFAEAR N R R, e S EOAR EL M R
R KRR A Y. AR KR 43 BTk 7 2 M e ) A5
FARNE AR/ S vF 5 rp, XA LERE4T T 8- P BUE -
;{%?E{*/Attﬁ\%uﬁxj\j 0-3[747149]’ 0'33[150]’ 0-4:[151,152]7
0.48[123], 0495[153] *D 0-5[121,1547155]'

L5264 75 T, Lees 25 A 1560 4 T REA= 5,
Sk B JER B B R OURIVA A EE, R BT AR B A2 & ) 3
YRR, IF BRI s LB g g . AR (B /N T7 0.1
I, UK S 36 A5 (0 BRF 2 LSk Bk R Bl K T
1.0 [AE, 8 7757 B B2 JRRE b o T8 e 4 24

W, T AN A FE P S A . Ankersen 45 A 1 Hi4fE
W Bl AR W A ()R AN AR AR) THE TR
F TR A bl i Bl e i G FELA 0.0~1.0, B
W7 h 0.25, WHZ N 0.6. Kenedi 25 A 189 47
H TRA BRI e T B AR, IR T — A AR
R I A LA AR R 11 0.1 Rl AR
N 1.1 2 8784k, Tilleman 25 A (1320 F4 45 4% )
KBE (8 AR AR RIALERE (5 M %)
NAR) ERTUE S AR, R BIAA L 0.43. A
IR, H5 B2 IR BEAS & — AN 8, i A2 B BT
Jita O 4 823 R o 28k 3k 6 T AR 4K 571 A R g AR
FEN#E K E, Rl 0.45~0.50, 284670 FEIAR 7.

BRAT 1) B2 Bk A B B MG T3¢ 5. T B4R il

&5 KIKARBAKLL

FENEd HIA L Jiik 2 Lk
ISR N TS >1.0 XA &, NARNF 0.1 X [156]
S 0.4

W, B RS

R, gl 0.00~0.51 ("I*}J1H 0.28)
IR, R 0.18~1.00 (*I"¥J1H 0.55)
15 ¥ K e, 2 il 0.71~0.95 ("I"¥J{H 0.88)
15 8 K bk, A i 0.52~0.60 ("I"¥J{H 0.57)
P A% Bz Ik 0.43 4 0.12

Bk 0.48

4IS 0.45~0.50

3 [151, 158, 159]
X

LR EoA 91]
s 4 X [132]
R i ER 3 [160]
s 4 W X [157]




%4 I

JIORAREE « IR0 ) 2 1 RE M IR 403

R, FA LK T 0.5 IGO0 (R WISK ST b AR
/) AE = YRS R AL, K 5
TR AR AU W7 RE AR, 32 DR A B JBK A 2% W
JUPE L AEER O 35 20 19 [ PR E B A 5, i SE B B
B AE — Bl A A 2R, H 20 A AL B AR
A 0 £ 21 4 B 21 K.

3.3 EHMAK

R R4 280 o AV /(VAP), IXH AV
SEAERFRREEE . Z 2K AP B OL N, AR
VAL

e AR A BATEH T, 2720 0.3 MPa i,
B I 2 Ok Z ik — 21K 4y 1) Von Gierkel62!
R, NARRVERAL (B2 Ik B2 AR RN IE) FLAT
0.38 m?/GN K 4AFA 45 2 %7, North Fl Gilbson!'63!
AENAR BT B3RS T RABLKE (0.30 m?/GN), X ik
AN A B2 IR R0 RT R 4 1 AN 25 48 /K (0.46 m? /GN).
LSRR, Bk AE 2 B2 AR 45 A1 N A2 AH Y
ME R4 7K. A3 North F1 Gilbson[t63] [y 5126 45
Vossoughi Fl Vaishnav!™04 151 7" 7 Jik ) 8Y D) 455 1
(B TR EE Ol 0.5) MR RR B ARt R B B2 Jbk )
PR R b B ) M AR i 2~3 DR,
MTIT A A A B K 03 2 PR b F0 S 38 BF 9 eh, 2 ik
A ZRT LR 0 AN BT R4 1.

JVEAT NN TR AR in &4 A1 m =, T LA
RS 7 JIR AN R B TR T A 2 2RI T 4 R 4 17020 {1
S AT N R IUIE B K A 7K 52 Fs 77 F 2 AT R 4ii (7).
RIS £ JC O PR S 4 IR A, 8 B2 Bl AR AR AR e 2
BT 4 782 T Sk (1) 38 m i A2 4k 1) 1571 Wa AN 157
R, ELARME R TR 1) R 440 3 BRI, AR e R AR AR
G ZEHN o FR NV ) B AR S M R B, I HLO RN 430340

34 38 &

o E LRGP 9 PUhL o FE BB T, e
AT 53 o0 S W T 4 o B A BT 4. I (AR BRIR A
FEIXLE 5B AR HR b, AR 0 B2 2 d o H Y,
SE SUN PR BB R T BT B8 7K 52 (1) B3 KB A N 7).

S JHR PR 5 2 28 A FH A BR A ek R ) — AN 4R R
Bl an, SR AL 2L G4 BE SR AT B T3 O o ik
J& D651 Howes & A 1661 o 47 6 45 1 G 61 45 1) 52
JRIEAT T 58 P Aff 5 5256, Bifi 5 Sandblom[*67~169] if
LG HEAT T k. Beckwith %% A 1701 fil Glaser
ECY NS IS TSR (55 N VDA INE 1PN

iy 5 KA 2 R K ) 7 2 A i 5 I I 20 2R i
FEMIARUEA T, X — TR T AR 2 &
Eﬁ?’q%ﬁﬁq E@jj?i [167177527135,1427172,173]' Jansen
Hl Rottier33: 1741 FRAL T K4 1) 7 7 0k A6 A A B
()52 3 R 7 THI R 9% 46 4, MO L H i b ow]
PLE B, AS[A)AE 6 20 A ] 45 3% 41 2 T8) 16 4 IR
HZHMIR K. Gadd 56 AN D71 W5 T LEAN[H] 2k
TR TN G AR Bz Ik 1 5 B2 S FCHR B Ak A 1) g
73, B ou T 4 R R 70 ) 5 i B ok U, 12
(A IR AL X R A 2, AN 2 BY U1 (VIR A5 H.
Veronda 1 Westmann!'34 #JF 57 7 F7 i iR FF e 4 4
AT FRYRB IR A 00, UL A A =X 36 B2 R il A )2
PR B 4 T) B O A B IR S B 4 RT US N T B
A b B TG 1) A 2

B R A o B ff JLRAE YE TRl 2.5~16 MPaltoll,
PR o B R A O R RE R BT g AR
b, I H A 204 77 1m) (P ok B 2 vy T o Ath 77 )
(P i J (L83 177178) 0 B8 P Rz ik o a J5E E o
T2tk B R B s g O AT IARAS P o g
&E%@&Q\H@lﬁg&ﬁﬁ%% [101,1337136,1777179]7 E\%:&
A S A AR 180, by o BE ALl L5 N AR 3
BICR, AH & AEAN ] () N AR RN, W AR B AT B
F AR 8 R B[] F 0 AR S o, R AR 2
EA SRR N ) (RATBUh s L/ 1/5) B R Al
PR [178,179,182]

B ST AR AT i B = B e T e Jir o 45 A R AT
IR ST (183 A84) Rt Ry ok DR B (1) S A 1t 21 15
O ST A A T e P R P T O T8 IR R A 2
JoRAE R 34 R A AR TR I, 48 A ik B4 AT FH A
TR R AT e W 2 b D851 Rz UK 1R B K T A2
2 Y AR R T o A O ), AR BB X
S [) s y BSU WFFUR IR, Rk R BBk 5 R B
TERE I IS KB R AR I AR Ak, b Rz Tk v R s 43
AR AT O 1184,

P, N 2 S B K (RS 1) 8 DA N g (B Ok
3~14MPa(F 1) Hl 4~13 MPa(Z M), T 8% IR B X
I PR AR AR TS LN N 1.6~2.0( 5 #) Fl 1.5~2.3(&
) [133:174] 3 e i A A R A A 2 [8) R AN )4 34 21
Z A ARR, T AE AN [R] 7 Jall 2 TR]ABL P 22 i) A 6
BN &5 40 2 AR Rz Tk ) BE AR Ty ik T L S DR BT
JE AR 2 1R 5 vk P38 AR AR G 11861,

PRAT () B2 Jok ni R X6 M A1 WL 6.
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R 6 KERBALRAMIEE

ke g 3 N AR WIR/S EEDEN
N T2 Ik 4.6 MPa 54% DALl 3 [187]
BN AN HLE iy fif 3 [135]
MR 2 4 )5

Pt 0.539 MPa

R HE AL 0.503 MPa

100 mg/kg, IR

IR WA B 0.669 MPa

5mg/kg , BT F G

AL AL 4% 100 mg/kg 0.644 MPa

FR + 28 M 005 o

5mg/kg [ TS

A3 )G 10 d

X F 0.558 MPa

R HE AL 0.412 MPa

100 mg/kg, H ik

AR WA B T 1.171 MPa

5mg/kg [ TS

S HE T4k T BE 100 mg/kg 1.112 MPa

FR + 218 M 0 05 o

5mg/kg N

N FBEEATZ, 3 [142]*
ARSI IS

E7KFR7K AL 2h 9.7 g 189%

A AL, ARG 0% 16 g 18%

K Ab BN 84% 20¢g

A AL RN 100% 10g 180%

K Hh &, AR 0% 36g 12%

7K A 1 E, AR R 84% 24 g

K AR 100% 8g 113%

P e 2, ARG R 0% 56 g 18%

Tk el L 6 R Y 84% 53 g

Fi el H B, AR 100% 39g 140%

P 4 H 4 K 41 g 23%

AR 0%

ik deh 5 4 K H 39g

R 84%

P 4 H 4 K 32g 88%

AR 100%

R 5 B Ik, FL & B i S [136] Gk B Sk 1 4)
A SIS
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FERAREE < BRI ) 2 T e Mk
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xR 6 KIRBARMBE ()

FENEE 0 AR Vib/s % 2 ik
X 6.2 MPa
1000rad, 50d 5.7MPa
2000rad, 50d 3.8 MPa
3000rad, 50d 1.9MPa
X 7.1 MPa
1000 rad, 120d 6.8 MPa
2000rad, 120d 4.5 MPa
30007ad, 120d 1.2MPa
N KM, FAL Bk 11 MPa X [188]
NG, . B BRIk 9.5 MPa
NEBR S TRk 7.3 MPa
NI Sk AMEF SR 3.7MPa
N LR Bk EVALL 3 [189]
RN
X 27.1 MPa
1050 rad 24.5 MPa
2100 rad 15.3 MPa
3500 rad 8.0MPa
5200 rad 9.1 MPa
B Ik 2~15MPa DAL 3 [190]
Tl J R, B AL Al 3 [139]
T 15~16.5 MPa 59%~63%
I 11.5 MPa 102%~126%
BRI, B ARSI CRIEvALL X [91]
i HB, Hhi 7~27 MPa 42% (T-¥4I1H)
(1441 15.0)
T, A 12~28 MPa 37% (T-¥1H)
CF41H 15.2)
[z 6, 8~30MPa (T3 19)  31%(T-¥I{H)
JIE B, A 5~8 MPa 96% (I~ ¥I1H)
-1 6.3)
R TG B, 3 [191]
RN 2508.20 kPa 83.5%
¥R)G 1974.86 kPa 71.7%
BT A T FB BK, 3 [192]
RN 7.1532 MPa
¥R)a 4.818 4 MPa
&R B, 3 [52]
RN
pagist 6.58~9.52 ("I-¥J1H
7.83) MPa
GRS DIER 3 AN JT )T (1 Bk 8.48~12.5 ("I ¥Mi
9.76) MPa
00 JUI3 50 B2 Ik, S A S 5 9.67 + 0.99 MPa 3 (16, 17]
RIS 4kPa WA H X [193]
(20~25 JHK) (BYPI J)
Nz Ik, B8 ks s 3 & 1.5MPa 9.5%+1.9% ($EM)  ZhARAN VA X [194]

9.5%+1.9% (5 )

KK 55%/s)
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3.5 HEKHIFI 1

WM R 58 SO BB 52T A 0% WO i) fig
AL TSN g - AR 2R AR IR, A
) A% $ ik 52 56 R BY ) B 7] S 56 R WIT 5 Bz Ik (1)
PR LUE K AT A 199 R R KK 4 FroR.

%
|

. i

Fl

(a) By JIBTESY; (196] (b) ¥ T s (1601

B4 SR E K

R 7 5 0 B8 101 24 P PR 2
R A B W TR AT OB 07, 30 T %08
LR VR o 0 B BA 72 ) T A 071,
ST WEE A (LI 1S 4 R X
i 00840541 S0P 0 BRI ASTE %5 T2 kL R
RO T BUBILICIR SR TV R AT &
HEHAAR A 159

R = (2AX; — WoAp)/t (1)

Ao ¢ R E R A NS X AEH N R
R ZEAR 265 Wo SN AE Xp B 1 AbA R P (1) Y. AR
Ae BB, Ao A B FE R Ak AR, =X (8) &
FABGE AR R N ) - NARAT A 58k,
Wo BT LAk 0 A ) R A S 56 (8 far 328 42 1 n 21
Xy) BrAG8nn - HeRE th 2k 1 i AR K i o . N 47
B, URE R R b B il A7 1 5 AR g G E R T
MR BT - FREEAT Ny, B HL T B A )
JE.

MW AE L b, N — R MR BBy —
PR TR FE,  IF ¥ 0y 38 A ) KR ) 3 4l
TF [200.200 g SR B v ) B A7 6 RS TE AT B
2, T R R A R N AR AR N B AT DA TE S
ZLOTY Jee a5 v 1R R 2R Tk A Ay 5 T A i P A8 )
I}J [198]

R=2X;/t 2)

MBAT - PREZI R W DUEEAT R 55— 350
LI AR TR B R, 7SI R BT RE

S U WA
U=RA (3)

DR, §IvE R owT DOE s 8T - FeREdh gk i
AR P ARR I e 1 B LR AL e AR A Kt 5.

E2, XT3 kL (10 B2 Jk) ke i, R 4 il
(R AR FEAS SR8 /N, DRI TF 55490 14 I o2 200 LA
18 O8I Rkt S RIS IS, X T AR
T, SOk R BT AR A D) A TR R R T R
ST N AR B R S AN T AT 2k 12021,

M Atkins Al Mail'® ) T/, Pereira 2%
N 203U AT T By JIBY U) s, Lhoe Al b A 4
I SIS () AT O ) . BY ) BY P S ) o = I an 1] 4
Fros. AFEAL THT TR BY J) T J) 2 18], 445 55 T it
In—A 05, WRERL BY I T, BRI AR B T ] ) B
R T SR AR R T, 6 B T BT A ) 1)
SET DO R WD),

Ty R R VFU) O G248 2 3 A 02 A LA
SIS J7 %, RV T —Fews BT KEE Ak, B4l
BE) LA AR Ak A 01461 2 7 B T v
PRS2 56 Y 7B 57 S5 B S 1) &% T A= 4 21 24
) PE. X e s G iR 3R T KA KL ART TR T )
X T 1) N s P M B ) Y ) S 00 W e
753 20 (1) BUBZ I 1, B2 DU 1 0 hik SI2 56 (4 0
K —DEES. 2Bk, Pereira 55 A 203 X
T BRI ¥ 8Y ) 59 5 52 56 45 Lk L Purslow 199
(IR 1 S ik S 56 45 AR — AN B . = AR IX AR
75 5 RS I BY T J7 70 80 R R 9 s AT LA AE A
SE A 3ok AT I A S A ) BRSO i DR RE AR B L
T4 e AH S, BT 4 1 ik S0 b R R I R AR K,
FIT LA DT A5 E AR K 2R S0 i 8 8. Purslow (2000 i) H]
MRk SEIG AT T 1 BB ) o SR SR e (1
B, R S0 R R v AN R T (A
8x107° m/s &2 8x1073 m/s), PIPEME KL A
A IR L R D 5T Y 2% 1 S R AT 08, Bl
2 J5 2% JEE P B v 4 vy (201,204,205 {5 41 Wang
Al Attenburrow20°) [RIIF 5T K 0H, 4 fie SR 5 5 R (1)
BT AT, WA R ) A B 3 = Granot
N 204 (R 5 A R I, 4 e U 8 P R, /N
(1) Rz Jo A 6T AS 2 Bl 4 2. B2 JK 1390 M A % 1) S
PR AU AT T 5 it 41 4 o T7 ) 4% 3R 1)
BT 57 () B R, AR TR Gny i T 4R 4677
[ A B 16 () 200,201,208,205]



w4 FEORAEEE BP0 fe ik 407
RT7T RSB EERS

44 P )) (kJ/m?) S8 Ty v EEPUN
&R BIK, BRSNS, iR 3 [200]
FEAHH K R 5 mm/min 16.36 (*1-¥1H) Hoya R o I sk A
LA 2 50 mm/min 22.55 (- #41H)
FEAIE % 2 500 mm/min 27.81 (V- ¥1H)
&Rk, B RS, 3 [200]
FiE A E K Sy 5 mm/min B AR P P 3R A
7°C 8.46 ("I*341H)
23°C 8.08 ("T-I41H)
30.5°C 12.10 (1 #41H)
AR A TR s 50 3 [200]
FH L B A MR, A,
FEAE 2k 50 mm/min
Ji ) 11.08-+1.68%**
M 16.53+£1.34%*
J 13.7+2.20%%% 3 [201]
Y1) 22.6-£1.84%**
J& 1) 13.2:4£1.79% %%
1) 26.9-£2. 734k
T Bk 20 X [206]
TRAL N 2K A, 3.640.12% 3 [146]
AR X 76%
B EH AT 500 52 ik, BY 1By P sLa 3 [203]
RN
JH 1) 1.777+0.376
N 1.719+0.674
A NRTHEH Bk, X [203]
RN
VAT 2 I 2.365+0.234
EI =N & 2.616+0.395
& RNGE B, B s ae 3 [203]
B AL 77 i) 0.588+0.152
NS~ X [50]
TRAL B AT 85% 4.494-0.94*
ARG TRAL L, AH XTI E 85% 1.3940.13*
TRAL B AT 35% 0.584:0.06*
AR, BAASES, WSSk - RN 2.323+0.399 W T S A6 3 [207]
N B Ik, AE R SE S 30.140.6 NS X [208]

* EPEBE R 10 pm, ** R = 2X;/t, ¥** R = (20X — WoAo)/t, **** U = RA

3.6 #I5K NFAKILL 73

M Dupuytren®6! 1 Langer 56 K88 M4 15
NAT AR, NATTRE Bk WAFAERIAT 1 - RGEPER5E
Mk T ELA 150 Z4ET . 3EAR R IKAE L
WAL N AL TR JPRAS, e ATEAR BB ok
I AR 5%~30%, WA B P T B R AE B AR
R Ty RS B — ok, W BRI

CASHCK E R X PRI G RIK Ty (AN
N/m) FIHIN F7 (BT K Pa), HFR A T5K H1 RT3
jJ {120,209]'

0 TE W B R BT 5K 0, DA BE 6% 1T HE M
TR FRRL, W@t ) E S xR
IR LRI ) S AT  HEAT BRI, 5 2% BN ).
4, Chaudhry 45 A 2100 $i5 1Y i ok 2% L& g v]
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DASR AT N 20 2R3 W AR AR 73 A ) 5 B 5K R 9
W ST b USRI 1 5z Tk NI 2 A U5 T8 7 F A
AWM RS & 808 191, A I N D e ) o
ZEA E, AR T ENR 2D,

XFT R PEABL, AT VE 2 M TR AR N ) 4R,
G X SR AT I R I S R B ) (X A
FERA R T ATE G o A2 FH A G T Bz
Jik 151 AN, i AT NBR T — Rt vk 12U
Jones!?'2 FHixX —J7 ik, Wik T L7 KW 7
PR B 91 W . Diridolloul™20) $5 H i o A5 75 o
Gy AT AR AR, FH X T T v T RAKE 5K g 43 il Dk SE
I 73 18653 AT RN, 7).

B 0 (R T gk Sy BAE RS 1L B Ry e 881 Ry
fi7] 19:213~215] T AR {k, - Alexander Fl Cook!213! ) H i
AR AT K 7 2 I TR K £ 0 4 B 2 e 5K,
R T BT E I IR 415Kk ) RATP AT
T WIS R I WI5K 77 169 20%. Reihsner %5 A 1P 3
SR T AR AL A5 17 7 PR RO, R IRAE B AR A
AN AT, i T U1 E S 0152 310 S5 46 35 AR T2 AR B 5
SR S, diz /s B JER 5K g Al T 1) R S B A Kk
3805 ) R 2> 25%~50%. Bischoff 2 A 1214 441
T Gunner 55 A 161 B Al (6 26 AR B AR 52 56, R BB
ZINVE AR B Tk K 9 A X6 T B KR AR R TR 5K D A2
] LA ). 5T Manschot il Brakkeel™?) ] 5k
U6 H0 4, Shergold Al Fleck2'%) 3545 T 4 Bischoff 4%
N R gl UM ABL IR g K N S A B bk ok T &5
R

U R Ik 52 21 s 4 o I 23 LA S, De Jong
Hl Douven®2) Fl| i —HLGWF 5T T 30 4% 1 B 1) B2

JRTIEK S, K H B4 R A 1 1) R 40 387 4 S TIK
JIMFE R, I R AT B TR SE 46 HE 4T T R4
oK A v ST 45 B4 AYAF4E TS ) 0.024 MPa, T F
T-£14E 77 1) 0.009 3 MPa. Diridollou %5 A [120.121] 5
FH il 8 0GR 75 5 2 N e T AR 1) i R TR AR
A7 # R Rz S0k )T B2, AR 05 A — A B0 A5 TR AR 4
I HHE HE T T R TR PR Y. 0 R A G
XM T IEAS BTN ) 2 B A7 7 18] b B2 kAT K )
[¥1°F- 341, Diridollou &5 A 11221 Fi| 3 Fh 77 7% K 3N,
X T PR ol PR N, R JER AT Y g 8 o ) 4 16 B
BIE 0 % 3] 15~20 2 2 [6), B2 KA. 5 FRAR 1 47 6%
BUAALE 15~20 % 31| 50 %/ 2 [A], XET 50~90 & 2
[F) PR N HRE R, B2 IR A) Y ) fR) A2 AL AR /1. Dahan
28N 12090 ) Y [R18 G AR A 1 T Je R o S 2k
AEBRRT S 5 R RN, ) R B 2, 4 SR BT
BB R AR AL RS (TN, A T W $E . Bonilla
SEN B8R, AR IE AR X I, BLR ARG T
S TR DX 3SR TBORA () 52 Jok DX 388, Rz Jbk 5K 0 B 25 LAY
A 177 OR A . Bn, EE B 2 [A] DA A R 1
55 B 7T R B S5 A2 JEORA 1R, 1T £ B SR i 291 1)
AKVT5 ), B NS . AR Wilkes 25 A [49]
(IAIT 7T 45 B, B 21 4 P 4 Wl R AE AR K FEE b
T CTINY, 7 1 SRR 2 T R B, ad e A T
FEER T ) )&t o v B 4 T & T R 4 1) Jm S M
J5E 28T i SRR ) WIS R U7 i, Wl LUK )
I 7 R4 A DR IS T, E b ] DLHE 3 N )
A g 149,

H T LA 2 (1) 5z kAT 5K 0 /N T W 4 R
W 8 Fion.

® 8 EIRAZERIRRIMIGK N/ A

e W5k I3/ ) 2 Lk
N1 Rk 3 [213)]
I B 2k 5N/m

VAT T IS K 2 24N/m

N YIS F N J) (Nm/g) X [5,76]
S [ EN ST N2 FEN Ty, T %
TR (P ) 1.140.14  0.840.09

TR (A) 1.240.09  0.940.09

LB (P 1.64£0.20 1.340.18

F R (A 0.94£0.08  0.6+0.05

EL 0.4+0.04  0.24:0.01

i 2 1.240.18  0.940.17

s 0.3+£0.04  0.240.03

JigZ 0.440.04 0.2+0.04

T 0.240.01  0.1£0.01

KR (P9 1.240.14  0.940.09
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® 8 EIRAEKBRRIFKN/ A ()

[ENEd IEAISw] EEDEN
NG 0.7£0.04 0.5+0.07
JBR 5% 1.140.09  0.440.04
JWE 5 B B U s Ak 1.040.06  0.6+0.04
& 1.040.09  0.8+0.06
/N i 0.740.05 0.5+0.03
iy 0.540.04  0.340.04
R (4) 3 [5, 76]
30 0.80+0.13  0.62+0.12 16 AN i ) X 3k (1) 1 S5 {5
42 0.9040.11  0.6720.09
55 0.7840.12  0.3940.07
61 0.6140.10  0.4040.11
80 1.134£0.21  0.85+0.17
NGB B Ik, Ae RS 56 U [214]
VAT F de Kk o #l 51 kPa RHFE Gunner 2 A (174 (K150 4E
T L Kk sl 0.5kPa
N ZE TR P 0] 2 ik 14kPa S [120]
N TR Bk 7kPa
N TR Rk 13.5 & 5kPa 3 [121)
Nk 3 [122]
KN 5 00 = 9.2+ 0.4 x £} kPa
KA 00 = 8.6 + 0.6 x “E#S kPa
I8 5 00 = 21.2 — 0.2 x &} kPa
JEE oo = 18.3 — 0.3 x 4E#% kPa
0 R B Ik 63.86~64.20 kPa 3 [217)
N TR R ke, xof iR 7.62 + 3.68 kPa 3 [209)
AR o vE o 34T 16.68+7.44kPa
05 IR AL )G 3 AN )
NFN IR BRAE RS 56, e K3k D) 100kPa X [215]
R 4% Manschot Fl1 Brakkee [175] {1537
NETFF Rk 150kPa 3 [45]
3.7 MR M, B S UCHE, IX P IR AR Ak e SR BLH

A B, EAE T PR P8R I ae K R 2L (coefficient of thermal expansion, CTE)
HORES. HEAF R A RN, 7 ORI BUAT I B TR 21 23 A K AR EO (A
M RE 2 R A . DL, [z e N2 3R 9 o,

R 9 KERRYRM AR

A i B (°C) T2k 2B (1072 x °C~T) 2% Uk
B3RS WA 2 B A s )2 39~176, H AL H5 70~86 ~31.8 ¥ [218]*
B bk 1 & 0.6 3 [150]
NS N KR Wi 10~15 19.9 X [219]
15~37 9.2
M3, 4= 1M 15~20 2.5 X [220]
25~30 3.2
35~40 4.0
ML, 1 15~20 2.3
25~30 3.1
35~40 3.9

*20°C I (JF B /il BE) MAE AL Ly 5 R () LA



410 Vi 4 b3 i 2008 4 % 38 %
3.7.1 ARFR AR Ik R %L 7 96 57 TR 2 T AR T2 LA G vk B R I 1 N 3R

VT I 32 B 0T 0 480 2 P R,
HAR Y L2

_ L fdvey 1 dpr
B_VT<dT)P_ P(dT>P @
S Ve Bl pr 2 EIREE T B R ARFRI % . £
K71 P AERIRAT RS

3.7.2 LMK R

2 M 0 K 2R Ol IR S AR AL AR 2 <
AR 2 (A T AR R, VT PAR N R SRR 1 °C
Bt #s a1 K B i ik /N A2 4k

o= L—IT‘LL—TT (5)

A Ly MRS T 0K

X1 F R, W4 o FI B 2B &
mr
_Ldvr

Vp dT

1 dL3

1.dLy 1 dLy
L3 dT

ﬁ LT d—T = 3« (6)

Lanir Al Fung®? [T 58 KB, 45 4°C~40°C 1
BRI, B R AR BRI AR K (R AE#E P ER A )
FAT S I R B, AR BRI N AR K (84
IR JE ) FLATIE A Ik R 4L Tonsy222 42 1
T TR A I 2R S R (RS AR O3
PEKRE) Gtk PRIk R B HR.

3.8 ARNEBBRE

AN TR) B Ik J2 2 180 (R 240 oK 9 06 T 157 JER 3t A7 1) g
MIEREE ). Cook 5 N W MIBFFT KB, %
FUA - H PR B B G T IS 2R 4R 1 240 oK T et el i s
U 2k B 5% 0 A ik 10%~20%.  Vlasblom 2231 ff]
WP, #E6 1.0 em? W AR R B2 kA2 3
1.0 mm, 7 2N 8x10~3 N (IE shak fi. W5 & B,
FLR - R B R P2 R
2 VAL B T 1 TR AR A ALKy B, 0T NS R
IR HAE 255 T 904£30% MPa-s.

F T2 (193 2 R 1 B R 855 (1) 78 4k B 2l o i
WA et S B T A 81 T AIESE. AR JH R A S B 2 i
XoF T2 KA 24 h, AT 40 R TE 2% D) 23 Bk, AT fiE
FTE D (et ¥ £ 02 R B L 5 A st i 2250, 575
—IPERT R N kI A R
VSRR B (2261 I I P 7 V2 R B, AR T IR )2 (]
29 oK il A 8 A AR A1) P AN ) T A, LA e )
A 20kPa. Marks 25 A 227 @bk, R T 4

T3 AT KR HI B AL B 2%k I e H T Bz Jik g 4
BE (9 &6 VEEORLA) (45 Ak 228 {1, Xk
It Ay 52 oy TR PR TR R T 2 2 2 A JiE
faf NI I FE WAL, 22 B = N A5
M

Wu SN B2V AT Rtk g 2 50, WT L
WAL E T R RN ) 19 N R AL AR ot = ) 4
8] 2 B BE (delamination energy). fAI1&I: &
b B A JTZ ()2 B BEAE 1~8T/m? 2 [A], Jf HHAH
LGSR AT 0% 78 0 K ARAE 1) J2 B8 B Bl
THiE T BRAR; = R KA URE 7 L SN AE € 1) {8
2~4J/m?. IR R T S )2 B RE, 2
12J/m?, BB 52 56T B2 1) T e, FL 2 8 RE WT B A
RYY 4T/ m?. VAR T BN I B R K AR BE R B
N R, AR i AR R 7 L B R A B B
e R Y. ). 40 ) 2 T H BT — 4% 4 i 1R) ) 43
s, A0 TG 0 L 44 208 R 2R P TR R

Chen 25 N 2301 GF58 T N S I THT 19 B2 Jok 1 B
NHRBTAR LA, RN LA 1mm /s R E R
X B JR AN B2 i 5 AR BEAT o . S R R A%
381 e ] 1R A MO0 TR 2 T FR 222 031, AEL A T R
PR S K DR R R DR B Sk - I o7 A T ) i
R T DO R R, R - R I S
P ik F5E T B JBK JE T 1 1 i 42 v

3.9 REAREERE

Xof 7 JOR PR 1 i 1O AT 0 A X At oy 2 1 i 52
B AN 78, B K ) R B R ¥ AE AT B R
(B AR A A M AR 2 Y RE) L R
OFE . B2 Tk () R 8 5 Wi e 1 B I L AT T L ()
B 2= A, 80 a8 R (1) T R R 5 IR I 33 T
T (23U )T Rz JoR i HEAT 1) PR 4 2 T 0T LA 3.
ATTHR 7N U G Bz T s ] g Al = TR AT A8 A
1, EA RIS DL (AnAEe . R, DL R B R
T A A2 R B B S G ) AR A (1) 3K R — 2 i)
12321 G SRR 5[] B Ok FRATI R AL T R A
AR N 3 T Bk 5 VE A B2 TR 6 48 R R K Ak
PE DO R, S B2 KR KW K& B A AR
iy sl 8 590 M REATE 0 190 SCHRAH L, L5 57 bk R 4 R 4
(RN e A7 % (1% SCHRAF T > 13 25 AH 24 2D,

JEE$ P AT MU T AN T A ST F )
— My, X AR AR IS B i R el AN R T A
AR B R R R . Y AR
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T AR, B Fy BT3RS
v, R RW R
Fy = pfn (7)

A u A EEEE R AL (coefficient of friction, COF). J&&
BERBEHE I R R e SIEBERE pa
PR AR BOE SO0 8 s A X Ie s BT i 19 ) L P
T 8] ()35 [0) ) 22 B, Bl PEE R E0E O W R 1k
AR IE B I ) R ) Lk ) ) 2 L

P T PEBE R BT LA TR
DUTE 5E AH G 4 R as B g L B3A B oA
V2 Ok 17 N2 B Jok A A4 B 5 M) 0T 5 1) 25 3R,
B Dowson[?33! fy ik, LI K ik ¥T Sivamani %5
N 234235 | Gitis Fll Sivamanil'® [ 2R,

T H BTN ) PE R S HOL PEVE R g, PT R
A0 3 000 et~ A A L ik R T A A X ds Bl i B
I ) Fy M) BESE D) Fr, FRAREE N R R
Amonton 5 511G U

pa = F¢/Fn (8)

NATE 2B vt YT 25 b 454 10 52 26 A M) 4 B2
JK )3 PEE R B (W, Sivamani 45\ 232 [ £5IR).

AN R 206 T BT AL B AS [RIER AT 1) JL AT T IR A 44
et (286237 AL SIg W] Loy 2K RN FIHIR
E RN 1] J0 41 F DT A B2 bR b e e FR Rt i e s ik
A7k (2982390 — SR W) R HIAE B bk L Bl )
REFHEAT P4 (2400,

FEA R W ST AR, BT R R 7 3% 1) 284
& ELANHH [ 0, I HLAE LU e 285 1k A w3 2 3t
ATAT 2% s o) (102320 G LB RTT 5 1) 2 B ) A T
ANTR] S8 2 18] )R] R AR R WF 5 AR H
SPRIAN [7] B 6 2 [8) 4l 1 vl 73 044 7 1 (201,

OB RV T — R R R AR
HH, P ah R RGO EE KGR 0.12~0.7,
ANEE R 23 B B AR AR AL 0.2~0.5 OB L L N
B T BRI C1ARARA 2 b, 5 i 1) PR 4 2R 0
BTG AT B A2 AR EFRIE Bl . JLAT TR MBS KL A
T 1e) 13 PR M DN 1) 25 75 T £ 2 7 B 5 2 g (2520,
VR T AIF 5T N 53 BT e 10 B2 K R AR A B A T
R 10, Tk ) AT L PR R B R R R AR 11
Frzn. T4 T 5N 6 88 5 2 5] e e A
FATEF 907 LUEE A, DR B AR 1 3 28 A7 B Al
FNH P A A5 SE A P, F o 0t v e fg 384 o (2400 L)
Lo b T3 B AT M AAAE AT BRI B g vy (2481, R4y
Bl T 48 i B Tk ) PR 4 AR K

R 10 ERANERKANEZERE

FENEd JBE PR R ATE %) R EEPAN
Bk 0.5~0.6 LR X [241]
Rk 0.2 Teflon (5% VU 58 2. 45) L [240]
0.45 =)
0.3~1.3 WA
0.4 FE
S 0.4 Y B X [242]
Sk 0.2~0.45 FH RS AN 5 4 (28]
0.3~0.6 e A A
A Ak LT R ) Bz Ik 0.19~0.28 28.2 g Je X [238]
+ Bk 0.2 3 [243]
ST A e D) 0.7
IR R 258l 0.7
LARRERZS 0.5
T4 3 [29]
T 0.34 W [244]
T P A 0.26
T4 0.21
JigZ & 0.12
A5 0.25
N 2R B A AR S5 3 [245]
H 0.66 & 0.03

T 0.48 4 0.01
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412 7 2 b3 e 2008 4 i
F 10 ERANERRRMNEZERE (£)
W JBE R R 5 4k 2 Lk
0.3~0.4 I [246]
X [247]
NN 0.46 £ 0.15 X [248]
figt 1 0.40~0.62
FH# 0.62 + 0.22
0.37~0.61 PREF AR
0.37 =+ 0.09 Btk e Je
0.61 £ 0.21 B IR LR I
T A 0.24 L [249]
T P A 0.64
0.7 X [250]
A R 2.48~3.25 3 [251]
T L 3.00
T LA 2.47
FTTFH- K ER 0.78~1.39 X [252]
WTHE - K RE 0.90~1.09
WL T4 - KRR 0.14~0.34
FTH - EHRE 1.44~1.91 3 [253]
W - EghiRE 1.10~1.92
IR T4 - 25hi% 0.34~0.64
AR 0.2~0.3 X [254]
KAk B2 0.45~0.65 3 [255]
RN 1.19~1.71
it 1.25~1.81
JI8E 0 1z Ik H 4% 10mm ANEE X [234]
1.1 5g
0.78 10g
0.62 15¢
0.61 20¢g
0.60 25¢
0.66 30g
0.54 35¢
0.52 140g
0.51 45g
2 TR A 0.12 105 mN Teflon (KU LH) 3L [256]
0.42 Gl
0.74 P H AL 10 mm,
% 0.5mm/s
LE TR R R E 237g, HAE 1em,  HTEEME 3 257
T B 0.327 4+ 0.078  HiJE 23 °C I R CK E SCER I 3)
HirE 0.225 + 0.090  AH XTI 48.6%
Lo P TR ) 1.62 20 mN i 3 [258]
1.70 40mN H A% 6.35mm
1.56 80 mN
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® 11 HEZERYSZEBEZEAKRER

EEDUN

pocd X [259]
o NTOE X [249]
o N 3 [234)
e 3 [231]
Wk o N—0-17
q:ﬁﬂf o f%m
T
y‘W’J)‘(’JJL o< N—0.15
+ B o< f%047
RN
y‘W’J)‘(’JJL o< N—0.15
F R poc £9;02

3.9.2 FRPEHERKL JE P R B, A AT RAT Dt AT 5 1A 3R e

SRR 3 A7 0% B IR PRV RE AT S AR A T R IO A e PR 4 AR S [252:2600 | iy vy 3R A ) i dfs
TWPFAEARHEE ML N ARz & 12 Pros.

R 12 ANEKBRRBEZERY

R FE JEE 5 R A Rk 22 3Lk
T2 0.5~2.2 RN 3 [240]
T4 0.21 X [244)
TP 0.97(0.08) N 3 [252]
T 1.09 (0.08)

WAL T 0.18 (0.03)

FFH 1.32 (0.09) AR 3 [252]
MR 0.90 (0.11)

AT 0.14 (0.02)

FFe 1.39 (0.17) B4 3 [252]
VT3 1.00 (0.14)

WAL T 0.28 (0.15)

FFH¢ 0.78 (0.06) HRS 25 3 [252]
T 0.90 (0.09)

AT 0.25 (0.05)

FFa 0.79(0.07) R 1M Hs A6 AN 3 [252]
MR 1.01 (0.05)

A L= o 0.34 (0.04)

FFa 1.44 (0.18) ENGEL 3 [252]
VT3 1.27 (0.23)

AT 0.41 (0.06)

FFe 1.91 (0.21) oy K% 2 AN 3 [252]
FFa 1.10 (0.14)

WAL T 0.34 (0.04)

FF 1.87 (0.21) e 3 [252]
T 1.22 (0.15)

AT 0.34 (0.04)
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Jit

e

2008 4E %

®12 AEHRBKMBREZERE (5)

R PEE R AL kL 2% Sk
TTH 1.72 (0.18) FH RS 45 3 [252]
PITAS R 4 1.61 (0.23)
TR T 0.57 (0.05)
+TF 1.67 (0.17) F 1 H A6 X [252]
T4 1.92 (0.18)
WAL T 0.64 (0.08)
R R Ik LCR7ID) T 3 [260]
V448 0.49 +/— 0.08 1N

0.48 +/— 0.05 2N

0.54 4/— 0.04 3N

0.66 +/— 0.06 4N

0.53 +/— 0.09 VI
o R Rk LiRvipj] B (spenco) X [260]
V448 0.66 +/— 0.10 1N

0.60 4+/— 0.05 2N

0.72 4+/— 0.11 3N

0.80 +/— 0.08 4N

0.69 +/— 0.11 VI
o R Rk LiRvipj] SR %88 (poron) X [260]
T¥ME 0.75 +/— 0.11 1N

0.75 +/— 0.10 2N

0.69 +/— 0.04 3N

0.77 +/— 0.06 4N

0.74 4/— 0.08 T 5{E
IR R Ik LCR7ID) S e BT 3 [260]
244 0.62 +/— 0.05 1N (medium pelite)

0.69 +/— 0.09 2N

0.77 +/— 0.10 3N

0.83 4/— 0.11 4N

0.73 +/— 0.12 -5 (H
P R Rk LiRFip)] BT K 9 ) 3 [260]
@ SL(EN 0.74 +/— 0.08 1N (firm plastazote)

0.75 +/— 0.08 2N

0.82 4/— 0.12 3N

0.89 +/— 0.09 4N

0.80 +/— 0.11 VI
o R Rk LiRvipj] W R A SR 3L [260]
A SLIEN 0.67 +/— 0.08 1N (regular plastazote)

0.73 +/— 0.09 2N

0.78 +/— 0.12 3N

0.83 +/— 0.08 4N

0.75 +/— 0.11 VI
o R Rk LiRvipj] YA I R 3L [260]
T¥ME 0.73 +/— 0.12 1N

0.82 +/— 0.10 2N

0.83 +/— 0.11 3N

0.83 +/— 0.10 4N

0.80 +/— 0.11 -5 (H
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Sanders %% A 12600 HF 5% T oAb AR 1E A
ANTH] SR R R TR RN AR 1 T (R R R . A
8 7 JoR 1) PR B i S st L[] A S T R R 4
BEAN 7] 4 i, 128,29,240,259,261) - gy Jik (g 22 i 44 1 22
Ik, DAY R R K A B g O LR RE D, &
BT R Ik A R v e L [ A Rk (1 RE M AT BT
AN A, B FFT B LU SE, ML K
TR I, F R R B STV T O TN
KR k.

I T o T ORI D RS 10 T R R N %
AR, OB IR T 877 1 B AR

S8 DL B H TR 2 M b R R R, T A
Bl PR R AL

FHEAE BT R B 1) 777 & B IE I & —
};]3 Hﬁijtil#]ﬁ [26,28,29,238,240,241,244,262~264] [F]F):I‘-j:&
T P 777 92 S A 2880 ) PR i R AR T V. RN
ROL, R REUOIEE N 0.14 RE R RGN
WNER T2 MM REERE) 2 1.39 (BEah
T2 A EEERE) 2 h). X4 RO 5)
TR 53 A T3 B TR R 5 2R O I8 R 1) S E

1 0 TF- 4 PR VE BE IR W) AR F 70 &5 1 261 3¢ 1,
FETH AOHS M S HE NG R ) L AEAE T ST i T K P
DA B T 1R 7K AR R R B 43 4 i AT 2252 1. Comaish
Fil Bottoms!240) I, T4 1) I 20 2 (R 1) PR 8 R
BN 0.5~2.2; ABATTHE L T 5 p R R SR A7 A
AT X R R I ) R R A LT
ALK T 5 T PS8 %oF T 5 1 Tk PR it R 5 ) g e R
Highley %5 A 2381 $8 1, T X B2 ik I K AL AS g
R, S BT E REE R RN R G 2
Pl B, (RIS, BT R (0 1 7 R RO R A REAS ],
i T BT B Tk PR 5 2R B0 e 4 R AN T 1 PR
Z—. Buchholz &5 A 129 FiJ FH — 7t & 5 ] it {30 0 52
(T4 2 JIR R R R B 0.27~0.66, I HR L%
Jik L5 22 FLAA R Z TR A7 A (19 7K 43 R AT JRE i 2R 4093 il
PE 61% (FHRHT)~ 68% (X /N2 %) Fil 59% (%t
4%). Cadoret F1 Smith 245 A (2641 B0 s () PR 38 &
$h 0.2~1.4, T Smith %5 A 2631 Fpic 5% () B3 R
B Ky 1.0~2.0. Bobjer % A ROU GF5Y T & WAy
W Hh S A R TS AR S 4 R 2R
50 (14 2 THT A — et e i 2 T A 22 Ak 1 = 5 2 JBk 1) 52
Wi, % B4 T R Tk T AR I Sl T R TR A R A
KB R BN 2.22, T 240 V5 YW TEAE R, 6
R P = W B /N B PR B R R 0.09. IX THUATE 5
(R4 SR I, R i 2R ORI By Bz Ok 42 fid £ 2 1T 7 T

BUR/NAT IR, 2 FEIRAF AL AT il I, AR 9 R 2R
LU T X FEE R BCRBLL B A I, {2 2 5
A4 A2 TR, U1 R TR) S8 A ) 2 T T AR G R 455 3
JRE Y AT S

4 SEMRH M

TR T FIEAENT R LA TT R R,
(1) AR /AEAR BRI 2 ST (2) ARl

I B B AL U SR P (3) R A B
A1 11 B k%

4.1 BBR 715 i R AROR Y 5] R

BIRAATELAEA T KK EXF Bk Ay 25 i
17T KRS, ER UhRIEAT — 28 5¢ T Bk i
O (1 T 5 G A 4 B R 25, X e ) { b, A — 4y
W R B JTK 2 R 1 TOUAL B R R S R
X R Ly I TR AW AR (K90 R, DA B BT K 4 A
SWE L Bk AR S 2 )R R 2R (B,

UBAh, TEAT T VA ) A, 9 Rk A i N
AT T A W] S Ty ACHEA T S0 R AL M i) D5 5.
L F A AT R BT (R 2 BEAH BE, B2 EK 0 5 18 R A3 3]
R IWES, AR T AR SRR R AE e R
AT IR A AT T RE AT A AE
FHELIPCR, Herp — AN A A DA T 53— A~
LA 25 5 (2651,

T3 R T5 TE) 2 T BOMATE SR . BR IR
FORHRE S A O KRG W 7y 1 0, Tk
PR AL B A RN LT HE S (29 1 pm). i
TR M2, B A SR I 2T 4 s AT PR
MIARLe PR Ty - NAR WY, JF HL7R 52 80K 1 AR
ATERe, XL N 3 L[] T 80T KR AW 2347,
T L8 g 24T Jh AR M F A% 46 ) AR Ry i K i ik
AR IRV PR SE2 36 D MA R A 70 £y 2 SR 7 oK 46
INIZ LT EAT A, IR T R A
LBk R i gy (2661,

FEAR B2 IR A 0y " MR e T B REAT RE— 2P 1
WESE. 5 K B IKR AL 10 00 2 PR R A3 ) T 5 4
WFFEI 2 B EL LR 75 L8 IE AR A A e AR
SN Z M AR Ty AR TR R R . ) AN IR AF A
3 — A 1) 8 5 2 AT A ol & Y RE D, T
WO H LR S R R Y. AR
WAV 2 AETE AR N 0FFT R A 23 00 2 4 P
BITE B BORANGG b B, WA TSR 2 1 it id.
B JKAE ) T3 2 R 98 5 1 V% o REE — 25 R B JIk



416 71 4

b3 i 2008 4 i 38 #

ML APt PR A LLR BRAL PR 5 (0 R 95 %
JVLICFR AL A, BB Tk 2B 4 0 o IS AT 5 e B by
WARWETL, 4 Jn ke H TR R G

4.2 BBk N F 1 REEE

R YR M Bk I BOHE 1, B
T E o 5 R L e A AR R R S B I, B
VL2 Bb, 3 AT A5 Fof B IR 908 38 s B IOy 1 2 B
AR R B, A R 78 2 AT A A
ol e Xt B Dk PR LV B L £ R S TR R AR B K T
SNSRI UL ARV R s, H 1K L83
H L g 7 21 2R AR 2R B AR AR AR O IEE, ATT Rg
TR FARR A AR A2 W 1 I i
A BRI SE BRI HIAH 45 6, WF9TCR B
i PAC S FE A N H 2 B i 55, IF HL oW H Al B4 2328
Y0737 # RO FL 3 AT 26 (0 2 % Rl .

4.3 5RE/ARGAERNKKNZF

WO PRB AN AL A 1 e B e R T A8 Je
SRR L (U0 B B Be i) T i gt
Ji. X B R LA FRT 7 1) H b AR B2 IR T DA
JUEE A RS BN RS B 0 5 3 3 0, (HL 204N 52 i
JE 3 ) A B . SX AT BRI )M 5 2 4
B IR EA LG 0 B/ 0541 SR 1 T A PR Re. 21 H T
Ak, AATEZR IEFRE KB RA 2 “# 1
REREAT T )32 AL AR 0 3 A S 06 U, 0 0 v
AT B 4 0 27 1k e LR 384Ty A D 2447 0
Z AVRE A 7 T RIS N BEAT A3 A% 2D

TATAEARTCE 1.1 1 rp B2 3R 21, 5 [
JRIK T oy, PO T B R A £ T E A 4 R A
PUBSCHE. AL I T, B P 5 1 32
i, B R AT AR E TR R A AT I A
FTRE, A9 S5 5 v JEE AT (1 o 4 4 Ry e 22 Ohy
ST R BEROR A P67 X i el AR
P, ZOW _EAH N A I A A Bl . bk P ik
SADRKFEEEA (5 BRI ER 0.1%), X
SR A LA AR R A AR E I 268 IV TN b K
W TN I T AR BE S ORI L, T AN R A W
AR DR, S FRATT I 8 B SR AE AN R R A 45 R
(I AT I, B e iRt 5 F i e

Bt il S 1) T e, R TR R R AR AR ARSI
JE AR R R AR AR A AN A I R
gify, T HIEAE KK, Bk, #erte @
BUR S 1A &R LR (1910 0y 2 P g [269~2821
%%\“Alﬁgﬁg [283~286] %“%%‘rﬁiﬁé [196,287~295]) ﬁiﬁ%

(A, A B K AR L B A 2R 1 B o e i s 4
J AR, AE i H IR B Ik 41 23 R AR M RIE 5T A0 A 24
296~299]_
MNTESAEVF 2 B R L (i )
O B T i s, XL S e th L R
JRA LR A T TR A . Chen 4%
N RO op R i i SR BEAT T R A B A S
i, i R, AR TR () e i Ry
MERS ) 7 = cem™/T, S IRWCAE AR IEIT ] =
ce PP em/Ty SRR TR LR INFRIN 18], VT 345 [ e
6 L 0 P I TR) AR B ARG R, BRI T
PR - R - PG AR DR AL
BT SR KR, Chen A A B721 2 T AN
G5 REA A R S T ZH 2R r e I T R E R A
#14)j. FIH Danielsen00) 3R A HEW, Al A7) K
P —Fh 22 B AR u] DUAR 4 o 4 - ) 52Nk
D S BT 5 A 1R B R A m) W i €. 5 — PR
T DOl 2R 1 0 A L b 0 3 R JER A 0 B4 TR A )
PRI S 7 WA DL R T A4 X 3

§=(1-f) (Ao + Av) + f(v) (a0 + arv), Vv (9)

|

KF v =1In(r/m); 7 = e@HBPIem/T: Ay Ay .\ ag F
ar NMPRVE G f e [0,1] W EAMEAT o A o A, E

ea(vfum)

f(V):l—efgzm
Vv € (In(7a/72), In(1/72)) (10)
X T A2 X
£(t) = By — By (1 — e /) (11)

X By =& Mt =0MI4E; Bo— By =& Mk
55 W WA, te AL REH AL

Diaz 5% N B7] HEAT T — TG T4 B A2 806
TR [R) 5 27 i [ 16 SE 56 0T 9, R B AE T kst B
R R Y. R R AR B R R AR T B R R AR 4k,
PR AL FRRLRE T, A ) 8 R ).

Chao % N 12761 U5 7 4o~ & o M5 2 11 76 38
J6HE S WA IR B AR AR, AR AT B 2 X P AR Ak A 2k
BPEAT N, BUETESE TR PR R, &5 R R O
SRUVEAP I PR O 6.08 MPa, TTAESS 1. 2. 3
UG 282 RO U It R o R BT S, S AL 1 )
W BN 5.41 MPa, 4.94 MPa, 5.05 MPa, 4.17 MPa;
4.23MPa, 3.71 MPa. /KA Z )G, 3 PEf = N
PR IR E, b 5.33 MPa.



w4

PTALE < SR R A

417

Chae 5 N BT SRHIZA&R - J1 % 0 Hr AR
e AR, R 588 RS R P T,
Xof L B[] - 9 RE AR OGRS i A7 AR 1 R ) S A ot
HEAT T 52505, &5 R0 (1) H8 5K (R i A7 A
ek R 2 1) T R T /DN, e SRR AN R (i A5 U
N 85%~90%) 1£ 58°C~60°C X [il; (2) T WL 8L 5| £
50°C~57°C Z [A) A2 T MFE TR A4 S 7 KA 5t AT Ay
Ir) 6 5V N g A s AT A R By, X AN I
o N T 5 Ky 738 A P B0 A 3 FEE X .

Aksan Y McGrath2™ Szigaf 93 F &40 T 5
VY 2% G R B E I AR 5 RS PR A - g 2 AR
A AT R BT T- BT AT (R 52 90 R A, AN L3RI 0 2%
D3 S ey, 5 A S 56 sk R LM ) o ERBT BT
W N AR & SR Bk, Hi

oc=01+0Cy exp(Cga) (12)

d_O’ = 030' — 0103
de
X Cr, Gy, Oy ARLATSEIG T 46 T BT 22 AR 0 4t

Pi @ K&, = XN

(13)

Cy = 7.738 + 95.79 exp(—0.102 Y _e3) (14)
22 | en(—0.648 90/0. ) (15)
€2 max

12.41
max = 23.77 16

€2,ma Ty exp(T — 0.364/0.025 58) (16)

2 = 15.796 exp(7.857T) (17)

XL ey NFHI AR, 02, K CIL R R P
At 50% AR M UAE b AR A5 A

Dahan %5 A 1209 WL 8¢ 31 7 1 AR AT 7 (i
JE) R 2 B v, BIDAAL BT 9 7.62, 42 3 HI AR ke
I PEBOLREAT SR 5 IKSZ AL B S 3 A H Y 16.68.

DI, A5 B2k 70 A WF 58 1 o — A AR L T
FRIJT T) e B2 Jk FAAT D R g 24T D 22 TR AR A, B
BTk 5 BRI B A g ot AR K B
JRI — T R BEA SO 2 B, i T AR A
EENE B TNV R NG ST G At U TRy SS9 7S
PLAMI LD I3 AT N R AL X Z 7R R e RAT AR
R R S, T HL AT DAAE B G R A AU A
75 205 B Y H.

2 x i

1

10

11

12

13

14

15

16

Lanir Y. Skin mechanics. In: Skalak R, Chien S,
eds. Handbook of Bioengineering. McGraw-Hill, 1987.
11.11~11.25

Parsons K C. Human Thermal Environments. UK: Taylor
& Francis, 1993

Silver F H, Siperko L M, Seehra G P. Mechanobiology of
force transduction in dermal tissue.
Technology, 2003, 9(1): 3~23
Dombi G W, Haut R C. The tensile strength of skin and

correlations with collagen content. 1985 Advances in Bio-

Skin Research and

engineering. In: The Winter Annual Meeting of the Amer-
ican Society of Mechanical Engineers, Miami Beach, FL,
USA, ASME, New York, NY, USA, 1985. 95~96
Reihsner R, Balogh B, Menzel E J. Two-dimensional elas-
tic properties of human skin in terms of an incremental
model at the in vivo configuration. Medical Engineering
& it Physics, 1995, 17(4): 304~313

Cotta-Pereira G, Rodrigo G, Bittencourt-Sampaio S. Oxy-
talan, elaunin, and elastic fibers in the human skin. The
Journal of Investigative Dermatology, 1976, 66: 143~148
Weber L, Kirsch E, Muller P, et al.
tribution and macromolecular organization of connective
tissue in different layers of human skin. The Journal of
Investigative Dermatology, 1984, 82(2): 156~160
Holzapfel G A. Biomechanics of soft tissue. In: Lemaitre
J, ed. Handbook of Materials Behavior Models, vol.
III, Multiphysics Behaviors, San Diego: Academic Press,
2001. 1057~1071

Elsner P, Berardesca E, Wilhelm K P, et al. Bioengineer-
ing of the Skin: Skin Biomechanics. Boca Raton: CRS
Press LLC, 2002

Gitis N V, Sivamani R K. Tribometrology of skin. Tribol
Trans, 2004, 47: 461~469

Hollander D A, Erli H J, Theisen A, et al. Standardized
qualitative evaluation of scar tissue properties in an an-
Wound Repair Regen, 2003,

Collagen type dis-

imal wound healing model.
11(2): 150~157

Kitzmiller W J, Visscher M, Page D A, et al. A controlled
evaluation of dermabrasion versus COg laser resurfacing
for the treatment of perioral wrinkles. Plast Reconstr
Surg, 2000, 106(6): 1366~1372; discussion 1373~1364
Duchemin G, Maillet P, Poignet P, et al. A hybrid posi-
tion/force control approach for identification of deforma-
tion models of skin and underlying tissues. Ieee Transac-
tions on Biomedical Engineering, 2005, 52(2): 160~170
Gambarotta L, Massabo R, Morbiducci R, et al. In
vivo experimental testing and model identification of hu-
man scalp skin. Journal of Biomechanics, 2005, 38(11):
2237~2247

Molinari E, Fato M, De Leo G, et al. Simulation of the
biomechanical behavior of the skin in virtual surgical ap-
plications by finite element method. IEEE Transactions
on Bio-medical Engineering, 2005, 52(9): 1514~1521
Zeng Y, Xu C Q, Yang J, et al. Biomechanical compar-
ison between conventional and rapid expansion of skin.
The British Association of Plastic Surgeons, 2003, 56:
660~666



418 Ji % it J 2008 4 5 38 %
17 Zeng Y J, Liu Y H, Xu C Q, et al. Biomechanical proper- 34 Brett P N, Fraser C A, Henningan M, et al. Automatic
ties of skin in vitro for different expansion methods. Clin surgical tools for penetrating flexible tissues. IEFEE Engi-
Biomech (Bristol, Avon), 2004, 19(8): 853~857 neering and Medical Biology, 1995, 13(3): 264~270
18 Saulis A S, Lautenschlager E P, Mustoe T A. Biomechani- 35 Larrabee W F, Jr. A finite element model of skin defor-
cal and viscoelastic properties of skin, SMAS, and compos- mation. I. Biomechanics of skin and soft tissue: a review.
ite flaps as they pertain to rhytidectomy. Plast Reconstr Laryngoscope, 1986, 96(4): 399~405
Surg, 2002, 110(2): 590~598; discussion 599~600 36 Edwards C, Marks R. Evaluation of biomechanical proper-
19 Thacker J G, Stalnecker M C, Allaire P E, et al. Practi- ties of human skin. Clin Dermatol, 1995, 13(4): 375~380
cal applications of skin biomechanics. Clinics in Plastic 37 Pierard G E. EEMCO guidance to the in vivo assessment
Surgery, 1977, 4(2): 167~171 of tensile functional properties of the skin —— Part 1:
20 Powell H M, Boyce S T. EDC cross-linking improves skin Relevance to the structures and ageing of the skin and sub-
substitute strength and stability. Biomaterials, 2006, cutaneous tissues. Skin Pharmacology and Applied Skin
27(34): 5821~5827 Physiology, 1999, 12(6): 352~362
21 Goodwin A W, Wheat H E. Sensory signals in neural pop- 38 Wilhelmi B J, Blackwell S J, Mancoll J S, et al. Creep
ulations underlying tactile perception and manipulation. vs. stretch: A review of the viscoelastic properties of skin.
Annual Review of Neuroscience, 2004, 27: 53~T7 Annals of Plastic Surgery, 1998, 41(2): 215~219
22 Birznieks I, Jenmalm P, Goodwin A, et al. Encoding of di- 39 D1Ma1(‘) V J. Pcnctra.tlon and p01.rforat10n of skin by bullct.s
rection of fingertipforces by human tactile afferents. Jour- and missiles. A review of the literature. Am J Forensic
nal of Neuroscience Methods, 2001, 21: 8222~8237 Med Pathol, 1981, 2(2): 107~110
93 Moy G, Singh U, Tan E, et al. Human psychophysics for 40 Karwoskl. A C. Testing and a.nalys:.ls -of.the peeling of medi-
teletaction system design. Haptics-e, 2000, 1(3): 1~20 i?ia%}givgz(f)r;m human skin. Virginia Tech, Blacksbureg,
24 Biggs J, Srinivasan M A. Tangential versus normal dis- ’ ' .
. . . . 41 Cook T, Alexander H, Cohen M. Experimental method
placements of skin: Relative effectiveness for producing o ) ) ) .
. . . for determining the 2-dimensional mechanical properties
tactile sensations. In: Proceedings of the 10th Interna- o .

. . . . of living human skin. 1977, 15(4): 381~390
tional Symposium on Haptic Interfaces for Virtual En-

. . 42 Vogel H G, Denkel K. Methodological studies on biome-
vironment and Teleoperator Systems, Orlando, Florida, bani ¢ i L din vi A
I[EEE Computer Society, 2002. 121~128 chanics of rat skin comparing in vivo and in vitro results.

] ) . . Bioengineering Skin, 1982, 4: 71~79

25 lida I, Koyanagi T, Isobe Y, et al. Studies on typifica- . X .

. . o R 43 Vogel H G. Mechanical properties of rat skin as compared

tion of cosmetics application of sensory evaluation T . ) ) . )
. . . by in vivo and in vitro measurement. Bioengineering Skin,
to classify milky lotion. J Soc Cosmet Chem Jpn, 1987, 1982, 3: 198209
20(3): 225~231 P
. . 44 Marangoni R D, Glaser A A, Must J S, et al. Effect of
26 Sulzberger M B, Cortese T' A, Fishman L, et al. Studies on . . C .
blist duced by fricti The J L ofi tioati storage and handling techniques on skin tissue properties.
j is cri Izro u;;;gﬁ y47r11;(én.4656 ournal of investigative Ann NY Acad Sci, 1966, 136(16): 439~454
ermatoogy, T 45 Jacquet E, Gwendal J, Khatyr F, et al. A new experi-
27 Zimmerer R E, Lawson K D, Calvert C J. The effects of . ., . .
i ) i e mental method for measuring skin’s natural tension. Skin
wearing diapers on skin. Pediatric Dermatology, 1986, 3: Research and Technology, 2008, 14: 1~7
95N191 ) ) ] o 46 Marks M G, Doillon C, Silver F H. Effects of fibroblasts
28 El-Shimi A F. In vivo skin friction measurements. J Soc and basic fibroblast growth-factor on facilitation of der-
Cosmet Chem, 1977, 28: 37~51 mal wound-healing by type-i collagen matrices. Journal
29 Buchholz B, Frederick L J, Armstrong T J. An investi- of Biomedical Materials Research, 1991, 25(5): 683~696
gation of human palmar skin friction and the effects of 47 Rodrigues L, Group E. EEMCO guidance to the in vivo as-
materials, pinch force and moisture. Ergonomics, 1988, sessment of tensile functional properties of the skin, Part
31: 317~325 II. Instrumentation and test methods. Skin Pharmacol
30 Wang Q, Hayward V. In vivo biomechanics of the finger- Appl Skin Physiol, 2001, 14: 52~67
pad skin under local tangential traction. J of Biomechan- 48 Greenleaf J F, Fatemi M, Insana M. Selected methods for
ics, 2006, 40(4): 851~860 imaging elastic properties of biological tissuesy. Annu Rev
31 Moy G, Wagner C, Fearing R S. A compliant tactile dis- Biomed Eng, 2003, 5: 57~78
play for teletaction. In: Proceedings of the IEEE Interna- 49 Wilkes G L, Brown I A, Wildnauer R H. The biomechan-
tional Conference on Robotics and Automation, San Fran- ical properties of skin. CRC Critical Reviews in Bioengi-
cisco, CA, USA, IEEE 2000. 3409~3415 neering, 1973, 1(4): 453~495
32 Levesque V, Pasquero J, Hayward V, et al. Display of vir- 50 Nicolopoulos C S, Giannoudis P V, Glaros K D, et al. In
tual Braille dots by lateral skin deformation: Feasibility vitro study of the failure of skin surface after influence of
study. ACM Transactions on Applied Perception, 2005, hydration and preconditioning. Archives for Dermatolog-
2(2): 132~149 tcal Research, 1998, 290(11): 638~640
33 Drewing K, Fritschi M, Zopf R, et al. First evaluation 51 Eshel H, Lanir Y. Effects of strain level and proteoglycan

of a novel tactile display exerting shear force via lateral
displacement. ACM Transactions on Applied Perception,
2005, 2(2): 118~131

depletion on preconditioning and viscoelastic responses of
rat dorsal skin. Annals of Biomedical Engineering, 2001,
29: 164~172



FERAREE < BRI ) 2 T e Mk

419

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

The effects of
ovariectomy on the mechanical properties of skin in rats.
Maturitas, 2002, 43(1): 65~74

Shergold O A, Fleck N A, Radford D. The uniaxial stress
versus strain response of pig skin and silicone rubber at

Ogzyazgan I, Liman N, Dursun N, et al.

low and high strain rates. International Journal of Impact
Engineering, 2006, 32(9): 1384~1402

Spencer T S, Smith S E, Conjeevaram S. Adhesive interac-
tions between polymers and skin in transdermal delivery
systems. Polymeric Materials: Science and Engineering,
1990, 63: 337~339

Vogel S, Papanicolaou M N. A constant stress creep test-
ing machine. J Biomechanics, 1983, 16: 153~156

Langer K. Sitzungsberichte der mathematisch-natur- wis-
senschaftlichen classe der kaiserlichen academie der wis-
senschaften. Die Spannung der Cutis, 1861, 45: 133~142
Lanir Y, Fung Y C. Two-dimensional mechanical proper-
ties of rabbit skin. I. Experimental system. J Biomech,
1974, 7(1): 29~34

R, Menzel E J.
relaxation behavior of human skin as influenced by non-

Reihsner Two-dimensional stress-
enzymatic glycation and the inhibitory agent aminoguani-
dine. Journal of Biomechanics, 1998, 31(11): 985~993

Vito R P. The mechanical properties of soft tissues

I: A mechanical system for bi-axial testing. Journal of
Biomechanics, 1980, 13(11): 947~950

Nielsen P M, Hunter P J, Smaill B H. Biaxial testing
of membrane biomaterials: testing equipment and pro-
cedures. Journal of Biomechanical Engineering, 1991,
113(3): 295~300

Wan A W. Biaxial tension test of human skin in vivo.
Biomed Mater Eng, 1994, 4: 473~486

Thubrikar M, Eppink R T. A method for analysis of bend-
ing and shearing deformations in biological tissue. Journal
of Biomechanics, 1982, 15(7): 529~535

Hung C T, Williams J L. A method for inducing equibi-
axial and uniform strains in elastomeric membranes used
as cell substrates. Journal of Biomechanics, 1994, 27:
227~232

Mitchell S B, Sanders J E, Garbini J L, et al. A de-
vice to apply user-specified strains to biomaterials in cul-
ture. leee Transactions on Biomedical Engineering, 2001,
48(2): 268~273

Sanders J E, Mitchell S B, Wang Y N, et al. An explant
model for the investigation of skin adaptation to mechan-
ical stress. IEEE Transactions on Bio-Medical Engineer-
ing, 2002, 49(12 Pt 2): 1626~1631

Dupuytren G. Traité théorique et pratique des blessures
par armes de guerre. Lib Dumont, Bruzelles, 1834, 1835:
1~66

Gibson T, Kenedi R M. Biomechanical properties of skin.
The Surgical Clinics of North America, 1967, 47(2):
279~294

Gibson T, Stark H, Evans J H. Directional variation in
extensibility of human skin in vivo. Journal of Biome-
chanics, 1969, 2: 201~204

Manschot J F, Brakkee A J. The measurement and mod-
elling of the mechanical properties of human skin in vivo
—— II. The model. J Biomech, 1986, 19(7): 517~521

70

71

72

73

74

75

76

7

78

79

80

81

82

83

84

85

Manschot J F, Brakkee A J. The measurement and mod-
elling of the mechanical properties of human skin in
I. The measurement. J Biomech, 1986, 19(7):

vivo
511~515

Wan Abas W A, Barbenel J C. Uniaxial tension test of
human skin in vivo. J Biomed Eng, 1982, 4(1): 65~71
Wan Abas W A B, Barbenel J C. Response of human skin
to small tensile loads in vitro. Biomed Mater Eng, 1995,
5(2): 59~63

van Ratingen M R,Petterson R,Drost M R, et al. Mixed
numerical experimental method to find Langer’s lines of
skin. In: Bertram L A, Brown S B, Freed A D, eds. Pro-
ceedings of the 1993 ASME Winter Annual Meeting, 1993-
11-28~12-03. New Orleans, LA, USA, Publ by ASME,
New York, NY, USA, 1993. 63~65

Khatyr F, Imberdis C, Vescovo P, et al. Model of the vis-
coelastic behaviour of skin in vivo and study of anisotropy.
Skin Res Technol, 2004, 10(2): 96~103

Kirkpatrick S J, Duncan D D, Fang L. Low-frequency sur-
face wave propagation and the viscoelastic behavior of
porcine skin. Biomed Opt, 2004, 9(6): 1311~1319
Reihsner R, Menzel E J. On the orthogonal anisotropy of
human skin as a function of anatomical region. Connect
Tissue Res, 1996, 34(2): 145~160

Vexler A, Polyansky I, Gorodetsky R. Evaluation of skin
viscoelasticity and anisotropy by measurement of speed of
shear wave propagation with viscoelasticity skin analyzer.
J Invest Dermatol, 1999, 113: 732~739

Douven L F A, Meijer R, Oomens C W J. Characterisation
of mechanical behaviour of human skin in vivo. Proceed-
ings of SPIE —— The International Society for Optical
Engineering, 2000, 3914: 618~629

Melling M, Pfeiler W, Karimian-Teherani D, et al. Differ-
ential scanning calorimetry, biochemical, and biomechani-
cal analysis of human skin from individuals with diabetes
mellitus. The Anatomical Record, 2000, 259(3): 327~333
Kirkpatrick S J, Chang I, Duncan D D. Viscoelastic
anisotropy in porcine skin: Acousto-optical and mechani-
cal measurements. In: Valery V I, Tuchin V, eds. Sara-
tov Fall Meeting 2004: Optical Technologies in Biophysics
and Medicine, Saratov, Russian Federation, International
Society for Optical Engineering, 2005. 174~183
Manschot J F M, Wijn P F F, Brakkee A J M. The angu-
lar distribution function of the elastic fibres in the skin as
estimated from in vivo. In: Huiskes R, Campen D V, Wijn
J D, eds. Biomechanics: Principles and Applications, The
Hague: Martinus Nijhoff Publ, 1982. 411~418

de Jong L A M, Douven L F' A. Pre-tension and anisotropy
in skin. Nat. Lab. Unclassified Report NL-UR 023/95.
Philips Research Laboratories, 1996

Finlay B. Scanning electron microscopy of the human
dermis under uni-axial strain. Bio-medical Engineering,
1969, 4: 322~327

Stark H L. Directional variations in the extensibility of
human skin. Br J Plast Surg, 1977, 30: 105~114

Ridge M D, Wright V. Mechanical properties of skin: a
bioengineering study of skin structure. J Appl Physiol,
1966, 21(5): 1602~1606



420

7 4

& 2008 4 3 38 &

P

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

Kenedi R M, Gibson T, Daly C H. Bioengineering studies
of the human skin. In: Jackson S F, Harkness J M, Tris-
tam G R, eds. Structure and Function of Connective and
Skeletal Tissue, London: Butterworths, 1964

Maurel W, Wu Y, Magnenat Thalmann N, et al. Biome-
chanical Models for Soft Tissue Simulation. Berlin:
Springer-Verlag, 1998

Bonilla C M A, Massanet A R F, Almodévar N V. Mechan-
ics of biomaterials: skin repair and grafts. In: Proceedings
of Applications of Engineering Mechanics in Medicine,
University of Puerto Rico - Mayaguez, 2005. D1~D24
Van der Voorden W K L, Douven L F A. Characterisa-
tion of the in-plane mechanical behaviour of human skin.
A Mixed numerical-experimental approach employing a
structural skin model. Nat. Lab. Unclassified Report
NL-UR 014/96. Philips Research Laboratories, 1996
Meijer R, Douven L F A. Characterisation of anisotropic
and non-linear behaviour of human skin. Nat. Lab. Un-
classified Report NL-UR 013/97. Philips Research Labo-
ratories, 1997

Ankersen J, Birkbeck A E; Thomson R D, et al. Puncture
resistance and tensile strength of skin simulants. Proc Inst
Mech Eng, 1999, 213(6): 493~501

Lanir Y, Fung Y C. Two-dimensional mechanical proper-
ties of rabbit skin. II. Experimental results. J Biomech,
1974, 7(2): 171~182

Flynn D M, Peura G D, Grigg P, et al. A finite ele-
ment based method to determine the properties of pla-
nar soft tissue. Journal of Biomechanical Engineering-
Transactions of the Asme, 1998, 120(2): 202~210
Borges A F. Relaxed skin tension lines (RSTL) versus
other skin lines. Plastic and Reconstructive Surgery, 1984,
73: 144~150

Choi H S, Vito R P. Two-dimensional stress-strain rela-
tionship for canine pericardium. Journal of Biomechan-
ical Engineering, Transactions of the ASME, 1990, 112:
153~159

Harris J L, Humphrey J D. Kinetics of thermal damage
of a collagenous membrane under biaxial isotonic loading.
IEEE Trans Biomed Eng, 2004, 51: 371~379

Wells P B, Harris J L, Humphrey J D. Altered mechanical
behavior of epicardium under isothermal biaxial loading.
ASME J Biomech Eng, 2004, 126: 492~497

Saxer C E, de Boer J F, Park B H, et al. High-speed fiber-
based polarzationsensitive optical coherence tomography
of in vivo human skin. Opt Lett, 2000, 25: 1355~1357
Jiao S, Todorovic M, Stoica G, et al. Fiber-based
polarization-sensitive Mueller matrix optical coherence to-
mography with continuous source polarization modula-
tion. Appl Opt, 2005, 44: 5463~5467

Yasui T, Tohno Y, Araki T. Determination of collagen
fiber orientation in human tissue by use of polarization
measurement of molecular second-harmonic-generation
light. Appl Opt, 2004, 43: 2861~2867

Rollhauser H. Tensile Strength Human Skin. Germany:
Marburg-Lahn, 1950. 341~346

Grahame R. In vivo Observations on the Elastic Proper-

ties of Human Skin. London London University, 1968

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

Grahame R, Holt P J L. The influence of aging on the
in vivo elasticity of human skin. Gerontologia, 1969, 15:
121~139

Sanders R. Torsional elasticity of human skin in vivo.
Pflugers Arch, 1973, 342(3): 255~260

Alexander H, Cook T H. Variations with age in the me-
chanical properties of human skin in vivo. In: Kennedy
R M, ed. Bedsore Biomechanics, Bath: McMillan Press,
1976. 109~118

Agache P G, Monneur C, Leveque J L, et al. Mechanical
properties and Young’s modulus of human skin in vivo.
Arch Dermatol Res, 1980, 269(3): 221~232
Leveque J L, de Rigal J, Agache P G, et al.

of ageing on the in vivo extensibility of human skin at a

Influence

low stress. Archives for Dermatological Research, 1980,
269(2): 127~135

Leveque J L, Corcuff P, de Rigal J, et al. In vivo studies
of the evolution of physical properties of the human skin
with age. International Journal of Dermatology, 1984,
23(5): 322~329

Wijn P F F. The alinear viscoelastic properties of human
skin in-vivo for small deformation. Katholieke Universteit
Nijmegen, The Netherlands, 1980

Bader D L, Bowker P. Mechanical characteristics of skin
and underlying tissues in vivo. Biomaterials, 1983, 4(4):
305~308

Manschot J F M. The mechanical properties of human skin
in vivo. Neitherlands: Catholic University of Nijmegen.
1985

Manschot J F M, Brakkee A J M. Characterisation of in
vivo mechanical skin properties independent of measuring
configuration. Bioeng Skin, 1987, 3: 1~10

Escoffier C, de R J, Rochefort A, et al. Age-related me-
chanical properties of human skin: an in vivo study. J
Invest Dermatol, 1989, 93(3): 353~357

Agache P. Noninvasive assessment of biaxial Young’s mod-
ulus of human skin in vivo.
SkinSendai, 1992

Barel A, Courage W, Clarys P. Suction method for mea-

In: 9th Int Symp Bioeng,

surement of skin mechanical properties: the Cutometer.
In: Serup J, Jemec G B E, eds. Handbook of Non-Invasive
Methods and the skin. Boca Raton: CRC Press, 1995.
335~340

Clark J A, Cheng J C Y, Leung K S. Mechanical proper-
ties of normal skin and hypertrophic scars. Burns, 1996,
22(6): 443~446

Pan L, Zan L, Foster F S. In vivo high frequency ultra-
sound assessment of skin elasticity. Proc-IEEE Ultrason
Symp, 1997, 1082: 1087~1091

Zhang M, Zheng Y P, Mak A F. Estimating the effective
Young’s modulus of soft tissues from indentation tests-
nonlinear finite element analysis of effects of friction and
large deformation. Med Eng Phys, 1997, 19(6): 512~517
Barel A O, Lambrecht R, Clarys P. Mechanical function
of the skin: state of the art. In: Elsner P, Barel A O, Be-
rardesca E, et al, eds. Skin Bioengineering Techniques and
Applications in Dermatology and Cosmetology, Current

Problems in Dermatology. Basel: Karger, 1998. 69~83



FERAREE < BRI ) 2 T e Mk

421

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

Diridollou S, Black D, Lagarde J M, et al.

site-dependent variations in the thickness and mechanical

Sex- and

properties of human skin in vivo. International Journal
of Cosmetic Science, 2000, 22: 421~435

Diridollou S, Patat F, Gens F, et al. In vivo model of the
mechanical properties of the human skin under suction.
Skin Res Technol, 2000, 6(4): 214~221
Diridollou S, Vabre V, Berson M, et al.

changes of physical properties of human skin in vivo.

Skin ageing:

International Journal of Cosmetic Science, 2001, 23:
353~362

Dandekar K, Raju B I, Srinivasan M A. 3-D finite-element
models of human and monkey fingertips to investigate the
mechanics of tactile sense. Journal of Biomechanical En-
gineering, Transactions of the ASME, 2003, 125: 682~691
Pedersen L, Hansen B, Jemec G B. Mechanical proper-
ties of the skin: a comparison between two suction cup
methods. Skin Res Technol, 2003, 9(2): 111~115
Gennisson J L, Baldeweck T, Tanter M, et al. Assessment
of elastic parameters of human skin using dynamic elastog-
raphy. IEEE Transactions on Ultrasonics, Ferroelectrics,
and Frequency Control, 2004, 51(8): 980~989
Grebenyuk L A, Uten’kin A A. Mechanical properties of
the human skin: Communication I. Human Physiology,
1994, 20(2): 157~162

Hendriks F M, Brokken D, Oomens C W, et al. The rela-
tive contributions of different skin layers to the mechanical
behavior of human skin in vivo using suction experiments.
Med Eng Phys, 2006, 28(3): 259~266

Daly C H. Biomechanical properties of dermis. J Invest
Dermatol, 1982, 79 Suppl 1: 17s~20s

Maeno T, Kobay-Ashi K, Yamazaki N. Relationship be-
tween the structure of human finger tissue and the location
of tactile receptors. Jsme International Journal Series C-
Mechanical Systems Machine Elements and Manufactur-
ing, 1998, 41: 94~100

Pan L, Zan L, Foster F S. Ultrasonic and viscoelastic prop-
erties of skin under transverse mechanical stress in vitro.
Ultrasound Med Biol, 1998, 24(7): 995~1007

Silver F H, Freeman J W, DeVore D. Viscoelastic proper-
ties of human skin and processed dermis. Skin Res Tech-
nol, 2001, 7(1): 18~23

Tilleman T R, Tilleman M M, Neumann M H A. The
elastic properties of cancerous skin Poisson’s ratio and
Young’s modulus. Isr Med Assoc J, 2004, 6: 753~755
Jansen L H, Rottier P B. Some mechanical properties
of human abdominal skin measured on excised strips: a
study of their dependence on age and how they are in-
fluenced by the presence of striae. Dermatologica, 1958,
117(2): 65~83

Veronda D R, Westmann R A. Mechanical characteriza-
tion of skin-finite deformations. Journal of Biomechanics,
1970, 3(1): 111~124

Vogel H G. Antagonistic effect of aminoacetonitrile
and prednisolone on mechanical properties of rat skin.
Biochim Biophys Acta, 1971, 252(3): 580~585

Ranu H S, Burlin T E, Hutton W C. The effects of x-
irradiation on the mechanical properties of skin. Phys
Med Biol, 1975, 20(1): 96~105

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

Oxlund H, Manschot J, Viidik A. The role of elastin in
the mechanical properties of skin. J Biomech, 1988, 21(3):
213~218

Pereira J M, Mansour J M, Davis B R. Dynamic Mea-
surement of the Viscoelastic Properties of Skin. Journal
of biomechanics, 1991, 24(2): 157~162

Greven H, Zanger K, Schwinger G. Mechanical proper-
ties of the skin of Xenopus laevis (Anura, Amphibia). J
Morphol, 1995, 224(1): 15~22

Tatridis J C, Wu J R, Yandow J A, et al. Subcutaneous
tissue mechanical behavior is linear and viscoelastic un-
der uniaxial tension. Connective Tissue Research, 2003,
44(5): 208~217

Chi X, Nian L, Zhongyou G, et al.
ing elasticity of equivalent material for human skin. Conf
Proc IEEE Eng Med Biol Soc, 2005, 6: 5862~5864
Wildnauer R H, Bothwell J W, Douglass A B. Stra-

tum corneum biomechanical properties.

Investigating test-

I. Influence of
relative humidity on normal and extracted human stra-
tum corneum. The Journal of Investigative Dermatology,
1971, 56(1): 72~78

Park A, Baddiel C. Rheology of stratum corneum i. a
molecular interpretation of the stress-strain curve. Jour-
nal of the Society of Cosmetic Chemists, 1972, 23: 3~12
Park A C, Baddiel C B. Rheology of stratum corneum ii.
a physio-chemical investigation of factors influencing the
water content of the corneum. Journal of the Society of
Cosmetic Chemists, 1972, 23: 13~21

Papir Y S, Hsu K H, Wildnauer R H. The mechanical
I. The effect of water

and ambient temperature on the tensile properties of new-

properties of stratum corneum.

born rat stratum corneum. Biochim Biophys Acta, 1975,
399(1): 170~180

Koutroupi K S, Barbenel J C. Mechanical and failure be-
haviour of the stratum corneum. Journal of Biomechan-
ics, 1990, 23(3): 281~287

Gardner T N, Briggs G A. Biomechanical measurements
in microscopically thin stratum comeum using acoustics.
Skin Res Technol, 2001, 7(4): 254~261

Yuan Y, Verma R. Measuring microelastic properties of
stratum corneum. Colloids and Surfaces, 2006, 48(1):
6~12

Smalls L K, Wickett R R, Visscher M O. Effect of der-
mal thickness, tissue composition, and body site on skin
biomechanical properties. Skin Research and Technology,
2006, 12(1): 43~49

Deng Z S, Liu J. Non-Fourier heat conduction effect on
prediction of temperature transients amd thermal stress in
skin cryoperservation. Journal of Thermal Stress, 2003,
26: 779~T798

Gefen A, Chen J, Elad D. Stresses in the normal and dia-
betic human penis following implantation of an inflatable
prosthesis. Medical & Biological Engineering & Comput-
ing, 1999, 37: 625~631

Retel V, Vescovo P, Jacquet E, et al.
of skin mechanical behaviour analysis with finite element
method. Skin Res Technol, 2001, 7(3): 152~158

Zhang Y, Goldgof D B, Sarkar S, et al. A modeling ap-

proach for burn scar assessment using natural features and

Nonlinear model



422

7 4

& 2008 4 3 38 &

P

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

elastic property. IEEE Transaction on Medical Imaging,
2004, 23(10): 1325~1329

Majaron B, Lukac M. Thermo-mechanical laser ablation
of hard dental tissues: an overview of effects, regimes, and
models. Proceedings of SPIE —— The International So-
ciety for Optical Engineering, 1999, 3593: 184~195
Magnenat-Thalmann N, Kalra P, Leveque J L, et al. A
computational skin model: fold and wrinkle formation.
IEEE Trans Inf Technol Biomed, 2002, 6(4): 317~323
Lees C, Vincent J F', Hillerton J E. Poisson’s ratio in skin.
Biomed Mater Eng, 1991, 1(1): 19~23

Wu J Z, Dong R G, Smutz W P, et al. Non-linear and
viscoelastic characteristics of skin under compression: ex-
periment and analysis. Biomed Mater Eng, 2003, 13(4):
373~385

Gefen A, Chen J, Elad D. A biomechanical model of Pey-
ronie’s disease. Journal of Biomechanics, 2000, 33(12):
1739~1744

Gefen A, Megido-Ravid M, Azariah M, et al. Integrating
a Photoelastic Device into Open MRI for Soft Tissue Me-
chanics Studies. In: Allison I M, ed. 11th International
Conference on Experimental Mechanics, Oxford, UK, Tay-
lor & Francis, 1998. 829~833

Delalleau A, Josse G, Lagarde J M, et al. Characterization
of the mechanical properties of skin by inverse analysis
combined with the indentation test.
chanics, 2006, 39(9): 1603~1610

Hvidberg E. Investigation into the effect of mechanical

Journal of biome-

pressure on the water content of isolated skin. Acta Phar-
mac, 1960, 16: 245~259

Von Gierke H E. Biomechanics of impact injury. In: Pro-
ceedings of the Impact Acceleration Stress Symposium,
National Academy of Sciences, National Research Coun-
cil, 1962. Publication No. 977

North J F, Gibson F. Volume compressibility of human
abdominal skin. J Biomech, 1978, 11(4): 203~207
Vossoughi J, Vaishnav R N. Comments on the paper “vol-
ume compressibility of human abdominal skin”. Journal
of Biomechanics, 1979, 12(6): 481

Sekhon K S. Ultrasonic techniques to study wound heal-
ing. American Society of Mechanical Engineers, Applied
Mechanics Division, AMD, 1976, 450~455

Howes E L, Sooy J W, Harvey S C. The healing of wounds
as determined by their tensile strength. JAMA, 1929, 92:
42~45

Sandblom P. Determination of the tensile strength of the
healing wound as a clinical test. Journal international de
Chirurgie, 1953, 13(4): Extra pages, 1~4

Sandblom P, Petersen P, Muren A. Determination of the
tensile strength of the healing wound as a clinical test.
Acta Chirurgica Scandinavica, 1953, 105(1-4): 252~257
Sandblom P. Tensile strength of healing wounds, an ex-
perimental study. Acta Chir Scand, 1944, Suppl. 89
Beckwith T G, Brody G S, Glaser A A, et al. Standard-
ization of methods for measuring mechanical properties of
wounds. New York, NY, United States, American Society
of Mechanical Engineers (ASME), 1963. 7

Glaser A A, Marangoni R D, Must J S, et al. Refinements

in the methods for the measurement of the mechanical

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

properties of unwounded and wounded skin. Med Elec-
tron Biol Eng, 1965, 3(4): 411~419

Ankersen J, Birkbeck A E, Thomson R D, et al. Puncture
resistance and tensile strength of skin stimulants. Proc In-
stn Mech Engrs, 1999, 213(part H): 493~501

Haut R C. The effects of orientation and location on the
strength of dorsal rat skin in high and low speed tensile
failure experiments. Journal of Biomechanical Engineer-
ing, 1989, 111(2): 136~140

Jansen L. H, Rottier P B. Comparison of the mechanical
properties of strips of human abdominal skin excised from
below and from above the umbilic. Dermatologica, 1958,
117(4): 252~258

Gadd C W, Lange W A, Peterson F J. Strength of skin
and its measurement. American Society of Mechanical
Engineers (ASME), 1965. Paper No. 65-WA /HUF-68
Fazekais I G, Kosa F, Basch A. Uber dieR eissfestigkeit
derH aut verschiedener Korperregionen (Experimental, in
vitro, human skin). Dt Z Ges Gericht Med, 1968, 64:
62~92

Mendoza S A, Milch R A. Age variations of nominal ten-
sile strength of Wistar rat skins. Gerontologia, 1964, 10:
42

Wenzel H G. Untersuchungen einiger mechanischer Eigen-
schaften der Haut, insbesondere der Striae cutis distensae.
Archiv Patol Anat Physiol, 1950, 317: 654~706

Fry P, Harkness M L, Harkness R D. Mechanical proper-
ties of the collagenous framework of skin in rats of different
ages. Am J Physiol, 1964, 206: 1425~1429

Sussman M D. Aging of connective tissue: physical prop-
erties of healing wounds in young and old rats. The Amer-
ican Journal of Physiology, 1973, 224(5): 1167~1171
Arumugam V, Naresh M D, Sanjeevi R. Effect of strain
rate on the fracture behaviour of skin. J Biosci, 1994,
19(3): 307~313

Fry P, Harkness M L R, Harkness R D, et al. Mechanical
properties of tissues of lathyritic animals. J Physiol, 1962,
164: 77

Harkness R D. Functional aspects of connective tissues of
skin. In: Balazes E A, ed. Chemistry and Molecular Bi-
ology of Inter Cellular Matrix. London: Academic Press,
1970. 1309~1340

Felsher Z. Physiology and Biochemistry of Skin. Chicago:
University of Chicago Press, 1954. 391

Wainwright S A, Biggs W D, Curry J D, et al. Mechanical
designs in Organisms. London: Edward Arnold, 1976
Bailey A J, Peach C M, Fowler L. J. The Chemistry and
Molecular Biology of the Intercellular Matrix. New York:
Academic Press, 1970. 385~404

Yamada H. Strength of Biological Materials. Baltimore,
MD: Williams and Wilkins Co. 1970. 226~231

Duck F A. Physical Properties Of Tissue: A Comprehen-
sive Reference Book. New York: Academic Press, 1990
Ranu H S. Effects of radiotheraphy on the mechanical
properties of human skin. IEEE Engineering in Medicine
and Biology, 1991, 10(2): 55~57

Silver F H, Kato Y P, Ohno M, et al. Analysis of mam-
malian connective tissue: relationship between hierarchi-

cal structures and mechanical properties. J Long Term



FERAREE < BRI ) 2 T e Mk

423

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

Eff Med Implants, 1992, 2(2-3): 165~198

Zhou L, Li Z, Guo S Z, et al. Biomechanical and histomor-
phological changes in stretched pig skin. Chinese Journal
of Aesthetic Medicine, 2000, 9(4): 244 ~250

Zhang G J. Biomechanical characteristics of expanded
skins after transplantation. Chinese Journal of Biome-
chanical Engineering, 2002, 21(2): 144~148

Tsubouchi K, Enosawa S, Harada K, et al. Evaluation of
the relationship between the viscoelastic stress and strain
of fetal rat skin as a guide for designing the structure and
dynamic performance of a manipulator for fetal surgery.
Surgery Today, 2006, 36(8): 701~706

Jacquemoud C, Bruyere-Garnier K, Coret M. Methodol-
ogy to determine failure characteristics of planar soft tis-
sues using a dynamic tensile test. Journal of Biomechan-
ics, 2007, 40(2): 468~475

Serrat M A, Vinyard C I, King D. Alterations in the
mechanical properties and composition of skin in human
growth hormone transgenic mice. Connective Tissue Re-
search, 2007, 48(1): 19~26

Pickering J W, Posthumus P, van Gemert M J. Continu-
ous measurement of the heat-induced changes in the opti-
cal properties (at 1064 nm) of rat liver. Lasers Surg Med,
1994, 15(2): 200~205

Mai Y W, Atkins A G. Further comments on J-shaped
stress-strain curves and the crack resistance of biological
materials. Journal of Physics D: Applied Physics, 1989,
22(1): 48~54

Purslow P P. Fracture of non-linear biological materials:
Some observations from practice relevant to recent the-
ory. Journal of Physics D: Applied Physics, 1989, 22(6):
854~856

Rivlin R, Thomas A. Rupture of rubber: I Characteristic
energy for tearing. J Polymer Sci, 1953, 10: 291~318
Purslow P P. Measurement of the fracture toughness of ex-
tensible connective tissues. Journal of Materials Science,
1983, 18(12): 3591~3598

Purslow P P. Positional variations in fracture toughness,
stiffness and strength of descending thoracic pig aorta.
Journal of Biomechanics, 1983, 16(11): 947~953
Shergold O A, Fleck N A. Experimental investigation into
the deep penetration of soft solids by sharp and blunt
punches, with application to the piercing of skin. Journal
of biomechanical Engineering, 2005, 127(5): 838~848
Pereira B P, Lucas P W, Swee-Hin T. Ranking the fracture
toughness of thin mammalian soft tissues using the scis-
sors cutting test. Journal of Biomechanics, 1997, 30(1):
91~94

Granot I, Bartov I, Plavnik I, et al. Increased skin tearing
in broilers and reduced collagen synthesis in skin in vivo
and in vitro in response to the coccidiostat halofuginone.
Poult Sci, 1991, 70(7): 1559~1563

Wang Y L, Attenburrow G E. Strength of Brazilian
Goatskin Leathers in Relation to Skin and Animal Charac-
teristics. Journal of the Society of Leather Technologists
and Chemists, 1994, 78(2): 55~60

Atkins A G, Mai Y W. Elastic and Plastic Fracture.
Chichester: Ellis Horwood, 1985

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

Doran C F, McCormack B A O, Macey A. A simplified
model to determine the contribution of strain energy in
the failure process of thin biological membranes during
cutting. Strain, 2004, 40(4): 173~179

Davis S P, Landis B J, Adams Z H, et al.

microneedles into skin: measurement and prediction of in-

Insertion of

sertion force and needle fracture force. Journal of Biome-
chanics, 2004, 37(8): 1155~1163

Dahan S, Lagarde J M, Turlier V, et al. Treatment of neck
lines and forehead rhytids with a nonablative 1540 nm Er:
glass laser: a controlled clinical study combined with the
measurement of the thickness and the mechanical prop-
erties of the skin. Dermatol Surg, 2004, 30(6): 872~879;
discussion 879~880

Chaudhry H R, Bukiet B, Findley T, et al. Evaluation
of residual stress in rabbit skin and the relevant material
constants. J Theor Biol, 1998, 192: 191~195

Guzelsu N, Federici J F, Lim H C, et al. Measurement of
skin stretch via light reflection. J Biomed Opt, 2003, 8(1):
80~86

Jones M H, Pouchak M A, Mikelsons R H. A method for
measuring skin tension. ISA Trans, 1988, 27: 21~26
Alexander H, Cook T H. Accounting for natural tension in
the mechanical testing of human skin. J Invest Dermatol,
1977, 69(3): 310~314

Bischoff J E, Arruda E M, Grosh K. Finite element mod-
eling of human skin using an isotropic, nonlinear elastic
constitutive model. Journal of Biomechanics, 2000, 33:
645~652

Shergold O, Fleck N A. Mechanisms of deep penetration of
soft solids, with application to the injection and wounding
of skin. Proc R Soc London Ser A, 2004, 460: 3037~3058
Gunner C W, Hutton W C, Burlin T E. Apparatus for
measuring the recoil characteristics of human skin in vivo.
Med Biol Eng Comput, 1979, 17(1): 142~144

Yang J, Zeng Y J, Liu X J. Biomechanical properties of
skin expanded by different methods in vivo. Journal of
Biomechanical Engineering, 2003, 20(4): 58~582
Humphries W T, Wildnauer R H. Thermomechanical
analysis of stratum corneum. I. Technique. The Journal
of Investigative Dermatology, 1971, 57(1): 32~37
Fidanza F, Keys A, Anderson J T. Density of body fat
in man and other mammals. J Appl Physiol, 1953, 6:
252~256

Phlillips R A, van Slyke D D, Hamilton P B. Measure-
ment of specific gravities of whole blood and plasma by
standard copper sulphate solutions. J Biol Chem, 1950,
183: 305~330

Incropera F P, DeWitt D P. Fundamentals of Heat and
Mass Transfer. Hoboken: Wiley, 2001

El-Tonsy M M. Low cost technique for measuring ther-
mal expansion of thin polymer samples. Polymer Testing,
2003, 22(1): 57~62

Vlasblom D C. Skin Elasticity. The Netherlands: Univer-
sity of Utrecht, 1967

Lowe L B, van der Leun J C. Suction blister and dermal-
epidermal adherence. 1968, 50:
308~314

J Invest Dermatol,



424

7 4

& 2008 4 3 38 &

P

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

Weigand D A, Gaylor J R. Removal of stratum corneum
in vivo an improvement on the cellophane tape stripping
technique. The Journal of Investigative Dermatology,
1973, 60: 84~87

Marks R, Nicholls S, Ritzbeorge D. Measurement of in-
tracorneal cohesion in man using in vivo techniques.
The Journal of Investigative Dermatology, 1977, 69(3):
299~302

Marks R, Barton S, King C S, et al.
horny layer in psoriasis-primarily defective or secondarily
affected. Acta Derm Venereol Suppl (Stockh), 1979, 87:
77~83

Dykes P J, Heggie R, Hill S A. Effects of adhesive dressings
on the stratum corneum of the skin. Journal of Wound
Care, 2001, 10(2): 7~10

Wu K S, Stefik M M, Ananthapadmanabhan K P,
et al. Graded delamination behavior of human stratum
corneum. Biomaterials, 2006, 27(34): 5861~5870

Chen Y, Davis B, Valdevit A. Regional differences in
strength at the plantar skin-fat interface. In: IEEE 28th
Annual Northeast Bioengineering Conference, 2002-04-
20~21. Philadelphia, PA, Institute of Electrical and Elec-
tronics Engineers Inc., 2002. 69~70

Adams M J, Briscoeb B J, Johnson S A. Friction and lu-
Tribology Letters, 2007, DOI:

Formation of the

brication of human skin.
10.1007/s11249-007-9206-0
Sivamani R K, Goodman J, Gitis N V, et al. Coefficient
of friction: tribological studies in man
Skin Res Technol, 2003, 9(3): 227~234
Dowson D. Tribology of the skin surface. In: Wilhelm K
P, et al, eds. Bioengineering of the Skin: Skin Surface
Imaging and Analysis. Boca Raton, FL: CRC Press, 1997
Sivamani R K, Goodman J, Gitis N V, et al. Friction co-
efficient of skin in real-time. Skin Res Technol, 2003, 9(3):
235~239

Sivamani R K, Stoeber B, Wu G C, et al. Clinical mi-
croneedle injection of methyl nicotinate: stratum corneum
penetration. Skin Res Technol, 2005, 11(2): 152~156
Akers W A. Measurements of friction injuries in man. Am
J Ind Med, 1985, 8: 473~481

Sivamani R K, Maibach H I. Tribology of skin. Proc
IMechE Part J: J Engineering Tribology, 2006, 220:
729~737

Highley D R, Coomey M, DenBeste M, et al. Frictional
properties of skin. J Invest Dermatol, 1977, 69: 303~305
Comaish J S, Harborow P R, Hofman D A. A hand-held
friction meter. The British Journal of Dermatology, 1973,
89(1): 33~35

Comaish S, Bottoms E. The skin and friction: deviations

an overview.

from Amonton’s laws, and the effects of hydration and
lubrication. Br J Dermatol, 1971, 84(1): 37~43

Naylor P F. The skin surface and friction. The British
Journal of Dermatology, 1955, 67(7): 239~246

Prall J K. Instrumental evaluation of the effects of cos-
metic products on skin surfaces with particular reference
to smoothness. J Soc Cosmet Chem, 1973, 24: 693~707
Gerrard W A. Friction and other measurements of the skin
surface. Bio Eng Skin, 1987, 3: 123~139

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

Cua A B, Wilhelm K P, Maibach H I. Frictional proper-
ties of human skin: relation to age, sex, and anatomical
region, stratum corneum hydration and transepidermal
water loss. British Journal of Dermatology, 1990, 123:
473~479

Elsner P, Wilhelm D, Maibach H I. Frictional properties of
human forearm and vulvar skin: influence of age and cor-
relation with transepidermal water loss and capacitance.
Dermatologica, 1990, 181: 88~91

Johnson S A, Gorman D M, Adams M J, et al. The fric-
tion and lubrication of human stratum corneum, thin films
in tribology. In: Dowsonet D, ed. Proceedings of the 19th
Leeds-Lyon Symposium on Tribology. San Diego, CA: El-
sevier, 1993. 663~672

Cua A B, Wilhelm K P, Maibach H I. Skin surface lipid
and skin friction: relation to age, sex and anatomical re-
gion. Skin Pharmacol, 1995, 8(5): 246~251

Zhang M, Mak A F T. In vivo friction properties of hu-
man skin. Prosthetics and Orthotics International, 1999,
23: 135~141

Koudine A A, Barquins M, Anthoine P, et al. Frictional
properties of skin: proposal of a new approach. Int J
Cosmet Sci, 2000, 22: 11~20

Asserin J, Zahouani H, Humbert P, et al. Measurement of
the friction coefficient of the human skin in vivo. Quan-
tification of the cutaneous smoothness. Colloids and Sur-
faces B: Biointerfaces, 2000, 19: 1~12

Li F X, Margetts S, Fowler I. Use of chalk in rock climb-
ing: sine qua non or myth? J Sports Seci, 2001, 19(6):
427~432

O’Meara D M, Smith R M. Static friction properties be-
tween human palmar skin and five grabrail materials. Er-
gonomics, 2001, 44(11): 973~988

O’Meara D M, Smith R M. Functional handgrip test to de-
termine the coefficient of static friction at the hand/handle
interface. Ergonomics, 2002, 45(10): 717~731

Egawa M, Oguri M, Hirao T, et al. The evaluation of skin
friction using a frictional feel analyzer. Skin Res Technol,
2002, 8(1): 41~51

Sivamani R K, Wu G C, Gitis N V| et al.
testing of skin products: gender, age, and ethnicity on the
volar forearm. Skin Res Technol, 2003, 9(4): 299~305
Elkhyat A, Courderot-Masuyer C, Gharbi T, et al. Influ-
ence of the hydrophobic and hydrophilic characteristics of

Tribological

sliding and slider surfaces on friction coefficient: in vivo
human skin friction comparison. Skin Res Technol, 2004,
10(4): 215~221

Polliack A A, Scheinberg S. A new technology for reduc-
ing shear and friction forces on the skin: implications for
blister care in the wilderness setting. Wilderness & Envi-
ronmental Medicine, 2006, 17(2): 109~119

Elleuch K, Elleuch R, Zahouani H. Comparison of elastic
and tactile behavior of human skin and elastomeric mate-
rials through tribological tests. Polymer Engineering and
Science, 2006, 46: 1715~1720

Wolfram L J. Friction of skin. J Soc Cosmet Chem, 1983,
34: 465~476

Sanders J E, Greve J M, Mitchell S B, et al. Material

properties of commonly-used interface materials and their



FERAREE < BRI ) 2 T e Mk

425

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

static coefficients of friction with skin and socks. J Rehabil
Res Dev, 1998, 35(2): 161~176

Bobjer O, Johansson S E, Serque P. Friction between hand
and handle. Effects of oil and lard on textured and non-
textured surfaces; perception of discomfort. Applied Er-
gonomacs, 1993, 24: 190~202

Nacht S, Close J A, Yeung D, et al. Skin friction coef-
ficient: changes induced by skin hydration and emollient
application and correlation with perceived skin feel. J Soc
Cosmet Chem, 1981, 32: 55~65

Smith A M, Cadoret G, St-Amour D. Scopolamine
increases prehensile force during object manipulation
by reducing palmar sweating and decreasing skin fric-
tion. Ezperimental Brain Research, Experimentelle Hirn-
forschung, 1997, 114(3): 578~583

Cadoret G, Smith A M. Friction, not texture, dictates
grip forces used during object manipulation. Journal of
Neurophysiology, 1996, 75: 1963~1969

Jemec G B, Selvaag E, Agren M, et al. Measurement of
the mechanical properties of skin with ballistometer and
suction cup. Skin Res Technol, 2001, 7(2): 122~126
Sacks M S. Biaxial mechanical evaluation of planar bi-
ological materials. Journal of Elasticity, 2000, 61(1-3):
199~246

Flory P J, Garrett R R. Phase transition in collagen and
gelatin systems. J Am Chem Soc, 1958, 80: 4836~4845
Davidson J M, Giro M, Sutclie M, et al. Regulation of
In: Tamburro A M, Davidson J M,
eds. Elastin: Chemical and Biological Aspects. Galatina,
Ttaly: Congedo Editore, 1990

Chen S S, Wright N T, Humphrey J D. Heat-induced
changes in the mechanics of a collagenous tissue: isother-
J Biomech Eng, 1997, 119(4):

elastin synthesis.

mal free shrinkage.
372~378

Chen S S, Wright N T, Humphrey J D. Heat-induced
changes in the mechanics of a collagenous tissue: isother-
mal, isotonic shrinkage. J Biomech Eng, 1998, 120(3):
382~388

Chen S S, Humphrey J D. Heat-induced changes in the
mechanics of a collagenous tissue: pseudoelastic behavior
at 37 degrees c. J Biomech, 1998, 31(3): 211~216

Chen S S, Wright N T, Humphrey J D. Phenomenological
evolution equations for heat-induced shrinkage of a col-
lagenous tissue. IEEE Transactions on Biomedical Engi-
neering, 1998, 45(10): 1234~1240

Chae Y, Aguilar G, Lavernia E J, et al. Characterization
of temperature dependent mechanical behavior of carti-
lage. Lasers Surg Med, 2003, 32(4): 271~278

Aksan A, McGrath J J. Thermomechanical analysis of
soft-tissue thermotherapy. J Biomech Eng, 2003, 125(5):
700~708

Diaz S, Lavemia E, Wong B J F. Mechanical behavior of
cartilage during laser irradiation. San Jose, CA, Society of
Photo-Optical Instrumentation Engineers, 2001. 192~197
Chao K K H, Burden M A, Wong B J F. Dynamic changes
in the elastic modulus of lagomorph nasal septal cartilage
during Nd:YAG (A = 1.32 pm) laser irradiation. San Jose,
CA, Society of Photo-Optical Instrumentation Engineers,
2001. 247~254

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

Wang J C, Kabo J M, Tsou P M, et al. The effect of
uniform heating on the biomechanical properties of the in-
tervertebral disc in a porcine model. Spine J, 2005, 5(1):
64~70

Kondo E, Yasuda K, Kitamura N, et al. The effect of
electrothermal shrinkage on the biomechanical properties
of the anterior cruciate ligament: an experimental study.
Arthroscopy, 2005, 21(4): 448~456

Wells P B, Harris J L, Humphrey J D. Altered mechanical
behavior of epicardium under isothermal biaxial loading.
J Biomech Eng, 2004, 126: 492~497

Spoerl E; Wollensak G, Dittert D D, et al. Thermome-
chanical behavior of collagen-cross-linked porcine cornea.
Ophthalmologica Journal International D’Ophtalmologie.
International Journal of Ophthalmology, 2004, 218(2):
136~140

Harris J L, Humphrey J D. Kinetics of thermal damage
to a collagenous membrane under biaxial isotonic load-
ing. IEEFE Transactions on Biomedical Engineering, 2004,
51(2): 371~379

Bass E C, Wistrom E V, Diederich C J, et al. Heat-
induced changes in porcine annulus fibrosus biomechanics.
J Biomech, 2004, 37(2): 233~240

Tsereteli G I, Belopol’skaia T V, Mel’'nik T N. Thermal
properties of collagen-water system. 1. Increments of
heat capacity during denaturation and glass transition.
Biofizika, 1997, 42(1): 68~74

Siapi E, Mavromoustakos T, Trandafir V, et al. The use
of differential scanning calorimetry to study the effects
of gentamycin on fibrous collageneous membranes. Ther-
mochimica Acta, 2005, 425(1-2): 165~171

Naseef G S, 3rd, Foster T E, Trauner K, et al. The ther-
mal properties of bovine joint capsule. The basic science
of laser- and radiofrequency-induced capsular shrinkage.
The American Journal of Sports Medicine, 1997, 25(5):
670~674

Davis E D, Doss D J, Humphrey J D, et al. Effects of
heat-induced damage on the radial component of thermal
diffusivity of bovine aorta. J Biomech Eng, 2000, 122(3):
283~286

Bosman S. Heat-induced structural alterations in my-
ocardium in relation to changing optical properties. Ap-
plied Optics, 1993, 32(4): 461~463

Agah R, Gandjbakhche A H, Motamedi M, et al. Dy-
namics of temperature dependent optical properties of tis-
sue: dependence on thermally induced alteration. IEEE
Transactions on Bio-medical Engineering, 1996, 43(8):
839~846

Jun J H, Harris J L, Humphrey J D, et al. Effect of ther-
mal damage and biaxial loading on the optical properties
of a collagenous tissue. J Biomech Eng, 2003, 125(4):
540~548

Ritz J P, Roggan A, Isbert C, et al. Optical properties
of native and coagulated porcine liver tissue between 400
and 2400 nm. Lasers Surg Med, 2001, 29(3): 205~212
Ritz J P, Roggan A, Germer C T, et al.

ous changes in the optical properties of liver tissue dur-

Continu-

ing laser-induced interstitial thermotherapy. Lasers Surg
Med, 2001, 28(4): 307~312



426 Ji % it J 2008 4 5 38 %
292 Essenpreis M. Thermally induced changes in optical prop- Connect Tissue Res, 1985, 13: 145~155
erties of biological tissues. University College London. 297 Melling M, Pfeiler W, Karimian-Teherani D, et al. Differ-
1992 ential scanning calorimetry, biochemical, and biomechani-
293 Thomsen S, Vijverberg H. Changes in optical properties cal analysis of human skin from individuals with diabetes
of rat skin during thermal coagulation. In: SPIE Proceed- mellitus. The Anatomical Record, 2000, 59: 327~333
ings of Laser-Tissue Interaction, 1993. 230~236 298 Reihsner R, Melling M, Pfeiler W, et al. Alterations of bio-
294 Schwarzmaier H J, Yaroslavsky A N, Terenji A, et al. . . . . . .
i ! ) chemical and two-dimensional biomechanical properties of
Changes in the optical properties of laser-coagulated and human skin in diabetes mellitus as compared to effects of
thermally coagulated bovine myocardium. In: Jacques S L . . o ) .
in vitro non-enzymatic glycation. Clinical Biomechanics,
L, ed. Laser-Tissue Interaction IX SPIE 1998. 361~365 2000. 15: 379~386
295 Lin S Y, Duan K J, Lin T C. Simultaneous determina- ’
. . . . . 299 Pierce M C, Sheridan R L, Park B H, et al. Collagen
tion of the protein conversion process in porcine stratum . . . K
. . denaturation can be quantified in burned human skin us-
corneum after pretreatment with skin enhancers by a com- ) larizati 4 tical coh ¢ .
bined microscopic FT-IR/DSC system. Spectrochimica 1;1g po ZE;Z 1;)(;1—5;1151 15\/1070p feal coherence tomography:
Acta - Part A Molecular Spectroscopy, 1996, 52(12 PART urns, T ~
A): 1671~1678 300 Danielsen C C. Thermal stability of reconstituted collagen
296 Le Lous M, Cohen-Solal L, Allain J C, et al. Age related fibrils: Shrinkage characteristics upon in vitro maturation.

evolution of stable collagen reticulation in human skin.

Mech Aging Develop, 1981, 15: 269~278

MECHANICAL PROPERTIES OF SKIN: A REVIEW”

LU Tianjian®

XU Feng?

IMOE Key Laboratory of Strength and Vibration, Xi’an Jiaotong University, Xi’an 710049, China
2Engineering Department, Cambridge University, Cambridge CB2 1PZ, UK

Abstract Due to the importance in clinical and cosmetic applications, the mechanical properties of skin

tissue in vivo and in vitro have been studied extensively. In this paper, we present a comprehensive review

on the recent developments of skin mechanics.

The methods and apparatus of experiments in vivo and in

vitro are summarized. The main mechanical properties and their anisotropy are reviewed, which includes

Young’s modulus, Poisson ratio, compressibility, strength, toughness, initial stress/tension, thermal expansion

coefficient, binding force/delamination energy, and skin friction coefficient. Data from the literature are grouped

and tabulated. Finally, future research directions in special areas are discussed.
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