3734 W)
2008 12 H

Pi R  4
ACTA PHOTONICA SINICA

Vol.37 Sup.2
December 2008

e ik Rt N BRURE IR B 4 B 2 SUAE S R

B, EAGE, SEE, FE

(TR AT P 5 e R B R 2 B
BB SEOR BT I T S0 R, AR T HORE NS, R M 350007)

1 B BFIURMR T BT R AR G B, AT R BiAG Rk 6Y R B SR IRS A 0L, AR, A
SN GRA SN, 2, AREREG R (560-1 200 nm ) B5H R R R K. B
St P RRULEE Bk 6 B i RUR , VA B LA BE B A ARG BIAARAE, KRR R A kit s
B ARG 50%KPTE R EF ZBAE EDsy. ELE R L, A A e A TAL, EIBURIP R

AR BME. R AR T R R AGIRIZ Bk 6915 5L

oL, ZIARREFZ. R BRI S5

HEHREET, SWERE, HleRESFZ ML
KHRIA: RFAT EAT AL REROT R B4R S

FES%ES: R318.51

03l

NFEXF B R — EAEA A0 b G
SN (RPIZRZE R S @ S e TN D = Ve
BRUER T B pe iy 22 JXUBE HE LA G TR A2 A1
sR ik #pt (Intense Pulsed Light, IPL ) YEF Rz ik4H
LUPDEHE RO AR, K ARZH 2 e (9 1 D
P YE AL AR RS, R R A A,
AR E A, R E R BRAERAL R

IPL 7EIGRAE RS, SERlEEEE 2
JEIE A R AR IPL 3 i AN R a0t # (A
VPR GER ) |, S8 Bisgit (aFEA
[FIREEFIA/ NI . B4 . ARAL) BTREEAH
VERC i de PRI TR, A A AR K k26
RURIAT G A AT LA S bl T R 6 3 Wi i Y
s IR

N T B Ik B R ) AR LA IR YT i R
FRRIE T A=, B fet A o7 0 1l e 2 D
SRR, DRI G SR B JER A 01 70 e R 22 i ik
TR AR 1) DG B ) i

WAL, W EE A R R IR AT OG0 . 5
LT BOR 0 B2 Bk IS AR 200 R WA 1 ik A=
FRRVBLATECE , (R RRITEAR LA L] 7 35 | E)
R IRIEE Y Eryes, (el Frid ik,
[, & OSRT ) M H AL IO A {7 & E A B
R, FAEBRIEVERIGT, DRI TCH WSy A E T
AR R FE A DR3P, S A 24T L ( Optical
Coherence Tomography,OCT ) WiJe—FRA A S AY

"EF HREES (60578056 ) M E T F i 4EHN ¥ By
%l (BD0050) #thh

"Tel:0591-83465373
et H #: 2008-9-10

Email: hli@fjnu.edu.cn

CEkFRIRAS: A

TEAS UG T, AT A& PR SR B 2 bl
Tt LI B PR A B0 A LR B0 2 52 ) K JER 1 D25
A, MDLESRSUE 2 OCT FEIR i
FIGOKBE(E, adad Xt i 26 S o8, Fef Tl LI
BRER SR AB SARDL.

AT EEl i IPL RGN B RS, PR
WL, HE e U] p2Enl b, ORISR
N BRI R L, I OCT BRER i T
BIEA IO T B BRI IS 1 7.

1 MRlfFA*E
1.1 #maiE

EWI/NA 20 2, B 8 i, MK 28+2¢.
2% B HEZ4 0.3 mL JE RSN BES
JRIE, TERARTM, HREHRE, EEARERG
BRI, 4 FU/IN RS B A 4375 AN BRI £ X
W, IBHEN DR, AhAs =

1.2 IPL BB 5+

KA IPL Queen YeFZIREIAI L (Lolkhit) ,
BN 560~1 200 nm. 7EFSLKS H EL K0 2 [ (E
PIREGAR, DU G, 30E 4 RIS T
SEH . SRR N 560~1 200 nm 1697k, BkihECh
2, BKFE4THI N 2.8 ms. 3.4 ms, Fknpla]pgaEiR
)4 30ms, FERE AR 28 Jem®, 32 Jem?,
34 J/em?, 38 J/em®. 20 HU/NRU NPRAL, H—4H 10
T8 B SE 0, B RE It 2% B 4 i B 5 1
ZRA—M, RIESRIE RS 15 AME;
10 H, B rAdmE, HERRTT SEH OCT Xf#ih
TRAS B Rz IR A 7SR



174 ¥ F # R 37%:

1.3 WMERIRER

1.3.1 BB BAAT A

I SE— AR, 7 RDWEEC % B IR AR O
DIRIH BRI IR AT DLLTBE (M 7 ) A543 1)
SERRE, /DT ARSI T EE R, s
L HBCN TR B T . A, fiIfE HLE 4
U Ve H A
1.3.2 OCT ¢ BBk 44515 249 SRIZ AT 52

OCT JE3 T T ¥ E I G H A . AL 1)
OCT RGHEIEH LI 850 nm, = T 50 nm,
DI 7 mW, 225 R (0 T 4 4 il 4E 3R 46
(RSOD), {5 5T AR 42 K. RSl 49
6.4 pm, HEEFHEEN 20 pm. /N IRIARL
FERE N 1 mm, HRBURTEE 3 s. 78 IPL a4
i BESH R OCT X5 gk e, H 2405 11 3%
AMEH.

1.4 it abig

F SAS ST T R AL B SR A HE
FHf7EE (Bliss B2 560~1 200 nm JAY7 L3545
B{E EDso Mz 95% 8 {5 X ],

2 GRS
2.1 KBERIRIATER

/INERBZ RAE TPL RES I s B0 A% RS54 L 36 1.
HERT 2 IR TPL AR BB 235 BERR R, K Bk 3z k™
&, HAARWECR. 7ERE RS AR LT
(28J/em®) , IPL HES}/5 RIB A BRLTBE, BI (4R,
IF H¥pZemf AR, (UFEEor s IH k. e
B, DUZTBERE (B ERTR, 7R AR R R s 1
A ST B2 R 2 N T 2N e

< 1560~12 00 nm ;A7 LT BRI G1ER

WU MERE R RN (320/em®) HOTELLT,
IAEFE R BAM BRI B, SR Az
JRE R G /N T RE R R I L.

(a)The energy density is 32chmlm (b) The energy density is 38chn'.1’._
H 19K 560~1 200 nm, fikoF £t 2,IPL 58 4% 5 /0 BLK Bk Y
HE %6 H K
Fig.1 The histological section with H.E staining ( 560~1200
nm ), 2pulses

22 REEkBARE

XF IPL BT R RAG 5 BB A B A 2 00
P BB SE 1 7. RTINS A7, LA
IPL Sl TR AR AR bR, DA 43390
ARFR, A TIIACE S B 30T, 4531 50 % (45 38
RAE R RE. SRR 2.

< 2 F Bliss &1 8 (560-1200nm)#5 1% SI1E

an mos e PUT soep mam

VA 23
Wemd) MRy %
(%)
28 15 5 33 4.1585 4.0432
3 15 9 60 49166 50362
34 15 10 67 5.4303 5.4871
38 15 14 93 65014 63142

Bl =L
REH %

RE 28 32 34 38
(J/em?)
P TR

U e e oo, a
B pk pmp ok oo

Bk
meE
;u/cmz FMFE  0.18£0.03  1.27+0.09 1.77+0.05

1O RRE . BRI DS S RIAR SR/ N,
VR K2k HLE B @01 6 R TPL X Bz KAt £ 3
FURPGRAT, 5B EIR S R
AR, DRI T A B B AR A R A W B 473 1 T 2
A NEIPRTLUE S, AREEE AR (381/em®) [
THOLT, AW AL e R AR, T2t
A, RIEAYER I L, S, REIE
T2 WARGEHY , ARB IR ISLET HE 2 (BT IR A e —
&, eI SBLLR S ROIRTCES I BT, 2

SAS Bt R R, 560~1 200 nm AR
J7RN, B RS B (ER A 31.695 Jem?®, 95% B
Z X [0] 2 (26.682 ~ 34.620 Jem?). Jz Bk B45 4 [ (i
e A BV 2T B S N R R WY, SRR R AT I, |
A OB IR LT A BEYSs . T RP ASF 21 B s oy I R
JERE P4 A g i AR i ) 3 ) R
(I EME, PTRACAFRIIETT B SR,

23 OCT REEKKIRG1EE

453 Bz ok A 06 A2 S P 5 B B9 TPL ) P
H¥, G 28 Jem?, 32 Jem®, 34 J/em?,
38 J/em®fy TPL MEETS, &R 00T 580, 10
K, 13K, 17 K. (1B AR 08 ™ B Y
i THEE SERCIITTERY ) AT, AR R RE L2 3
BB A, E G BT T A B B IR )t
BRI IGE R AE U R AR, /INEU B R
RIE AR AN
23.1 #BFEE A 32 Jem® 89 IPL B4 T 6945 4
P9z

M2 (a) Fil (b) FATLIFS], IPL BESE,
USRI B B REAL (B TP AR AL /)



HET PR, 5 - SR bt /N SRR IR 5475 B S A S i 7 175

SRR 5 1B K IR RS 1R AY). 181 3 Hr, TPL R
S B, PR A0 'aa I s , B EsR EE EA,
JEsR A RENR (P MR R ) JFRAT 2
AR, XS T A IS B A BRI B2
OCT WYMBIRENE S TREZMAL BJZ, H
B kR BT LG o e St B IR A T2 2
RN A T, Pl 1 BRI HE, - Ross
ST RERW], IPL RYFARUY REW] A 1 Y
hdot S LN o TR RINE RS LR A = W R ()
BN A B I S AR R AE A B A . e /N
JERB (ERAIE ), SECTCR R, OCT
SR BR) 2 I 1) B G A 55 JBE ' ) R Dl A i SR 5 |
AL T R G L I, AT S ZCRE A~ TPL HRARS
DRI, T OCT REEEANRMIN , A flifT
P R 1 TR O S 21,

400

350-

300 -1

71;_350 el

27200

150
100
50-

0 . . () - I— = .

0 100 200 300 400 0 100 200 300 400
Lateral length Lateral length

(a)The tissue before irradiated by IPL (b)Iimmediately after irradiated

400 400 5100

350- l.
300 " 30
=250+ - 250 g -
2200 200
8 150 2 150

0 NS,
0 100 200 300 400
Lateral length

0 '
0 100 200 300 400
Lateral length
(c)1d after irradiated (d) 10d after irradiated

2 TPL 4 & %% 32 J/em® , K 560~1 200 nm , 3 Jik
# | —fL &y OCT H
Fig.2 OCT image at 32 J/cm?, 560~1200nm, 2pulses

0.8

0.7+ Before irradiated

0.6} ===[mmediataly after irradiated ]
’;;0'5 | :_l =-=10 day after irradiated
S )
20.4¢ L
172} d
5031 Y
=
—0.2f 1

0.1f -

oo finair] b b

0 50 100 150 200 250 300 350 400
Depth

Bl 3 IPL & %% 32 Jem?, K 560~1 200 nm, 3k,
Bl — (L& PR AT AT, BBAT R BTES, LLRCHE A 10 R(BE 7 HK)
JG 1 OCT P 5 58 2 40~ A ey 2.

Fig.3 32J/em®, 560~1200nm, 2pulses, intensity profiles of

the tissue before irradiated, immediately after irradiated and
10d after irradiated by IPL.

Bl 2 (c) Ml (d) SR RAZUE TPL )5
B, MEIF Rl L, IPL BEEF 1| KPS, BIE

IREE B —Ef i, 2256 10 RIER Seint, K
PR B = C it IPL R ISR, miEl 3 o, 18
10 RIEMABE G . U a0 B4 B 5 RIS A5 T 4
SR, R BT KO (A IR, DGR
Vol A BEUT T U BH SR RIS (RPRAR/N ) . FEIB R
Y, IPL UL S EBRIEN ORI BT,
A AT e s, IR S ZUBAMILE, fE 2k
FEJEA R, TR T B IR T R R I
HES Y P g S PR £ RS . TR 1E & 5E B
F14) R JoR HP 0 JE D 25 TR 437 A BEG R SR04 53
RIS ) S AT S , PR R BRI
REREAR, LRSI IREE A BT IR, SRy
A1 FH 2R B BHRAE /N,
232 REREEE B A Lag iR

K 4 ¥ ARIRE R Y OCT FURIHA T HLER , AN
[FIREEL BT, /N BRIE 58 U 1 OCT IS AT
B 25, ReRBERARMNELT, BURIREH S
BMR HEROUFFRI (K1), GERBEKK
TEOLF, PSRN R RR, e
&, PfrdscR, B, a]RLLE S RER A Al LR )
WA YA TG, T KRR (A1 7 B R 2 1vl
S HS L AELE M, e B2 IR LR Hh 32 30 ) 23
W/, ik, EUREREA B, Hijx
J A FIRR B, AR TE—HRA
5%,

0 100 200 300 400
Lateral length
(a)OCT image of the tissue before (b) OCT image after irradiated,

(- —_——
0 100 200 300 400
Lateral length

irradiated, 32 J/lcm? 32 Jem?

400~ - 100 400~ -100

j::: 50 - |,
; 25{')_ o s _Ii: 15
2200 &200

()

= 150+
100+
50

) 100 200 300 400
Lateral length

(c)Before irradiated, 38 J/em?
A 4 IPL 3% 560~1200 nm ,IPL ¥ % 45 OCT E %
Fig.4 OCT image at 560~1 200 nm

3 4ig

ACE ST IPL B9 560~1 200 nm 36573k RS/ N
FERRELE, BFFEAS [R5 B ()G RE ST B Rk 2H 2R A3t
Bitstd, 15 B A0 BB oy 31.695 J/em?,

0 100 200 300 400
Lateral length
(d) After irradiated, 38 J/em?



176 N F o2 374

95% ‘B X[H] 4 (26.682 ~ 34.620 J/em?), [AIH;ZMHT
IPL XAEYIA RN, I RO EE Bl
T ANRIERE G A= Wy 20 2 I 2T 2 B S A AR iR
225, JCBURL BRI Z IS . fight . BRI
(BKFE) « FRRZERIRIRALSE R R . Sy 1 ik
FIELFRIRITRCR, NOIZIRIEH SIS0 . M
ok LG BRI R R R SR Y
IPL 4. 10Ah, FH OCT SRR MEL n]—fe e 2
FERERT IR ANE SR, LR R R a2 B I e 52,
R BB iR LA RO R pd A7 76 B B AR AR X 1),

PRI T X — R B R 2 S AR A S A i 3
ASCHE IPL /N R 3 1) — PP ARER ik
TR T RGE . HIRAMAFS. IL4h, OCT 1EMF
FETE A B IR A ZH 2 o Sy T R B B K
W1, FRe R BN .

B30

[1] CHRISTIAN R,BARBEL GHORTENSIA G, IPL Technology:A
Review[J] .Lasers surg med, 2003, 32:78-87.

[2] GAMBICHLER T, KUNZLBERGER B, PAECH Vet al. UVAI and
UVB irradiated skin investigated by optical coherenceTomography
in vivo: a preliminary study[J]. Clin Exp Dermatol, 2005, 30(1): 79-
82,

[3] GAMBICHLER T, BOMS S, STUCKER M.t al..Epidermal
thickness assessed by optical coherence tomography and routine
histology: preliminary results of method comparison[J]. J Eur Acad
Dermatol Venereol, 2006 Aug;20(7):791-5.

[4] WANG Ling, DING Zhihua. Phase modulation by resonant driving
of the galvo in rapid scanning optical delay line[J]. Acta Photonica
Sinica, 2008,3 7(2):351-355.

F¥, TG, BET PR AR LR AT A AR LR R
1. 6], 2008, 37(2):351-355
[5] LIU Xin-wen,WANG Hui-nan,QIAN Zhi-yu. Denoising process of

OCT image based on wavelet transform[J]. Acta Photonica Sinica,
2006, 35(6): 935-939.

XUHISC, FHER, BRRRAR /N OCT BIRIFEIRAL HR[I).
JeF2£4H, 2006, 35(6): 935-939.

[6] WELZEL J, REINHARDT C, LAKENAU E.et al. Changes in
function and morphology of normal human skin: evaluation using
optical coherence tomography[J]. Br J Dermatol.2004; 150: 220-
225.

[7] CHEN Wei, XUE Ping, YUAN Tao, etal. Development of fiber-
based optical coherence tomographic imaging system[J]. Acta
Photonica Sinica, 1999, 28(11): 970-973.

BRAE, B, SRR, 45 OB T IEHTUSE AR I =212 W
[. STk, 1999, 28(11): 970-973.

[8] SHAO Yi-xiang. The Tutorial of Laboratory Animal[M ]. Nan jing:
Southeast University Press, 2003: 229-234.

B AR, PR Ssesh P s B (M), AR kL, 2003, 229-
234.

[9] SLINEY DH, MELLERIO J, GABEL VP, et al. What is the
meaning of threshold in laser injury experiments Implications for
human exposure limits[J]. Health Phys,2002 Mar;82(3):335-47.

[10] DENG Xiang-dong; LI Shi-rong. The study of the relationship
between erythematous response and ideal photorejuvenation[J].
Chinese Journal of Practical Aesthetic and Plastic Surgery, 2006,
17(6): 404-406.

X1 2 AR ZLBE N S BRAED G TR A R RS 0]
ERBIL AN, 2006, 17(6):404-406.

[11]ROSS EV, SMIRNOV M, PANKRATOV M, et al. Intense pulsed
light and laser treatment of facial telangiectasias and
dyspigmentation: some theoretical and practical comparisons[J].
Dermatol Surg,2005 Sep;31(9):1188-98.

[12] YEH AT, KAO B, JUNG WG, et al. Imaging wound healing using
optical coherence tomography and multiphoton microscopy in an in
vitro skin-equivalent tissue model[J]. J Biomed Opt, 2004, 9(2):
248-53.

[13] OMI T, KAWANA S, SATO 8, et al. Ultrastructural changes elicited
by a nonablative wrinkle reduction laser[J]. Lasers Surg Med, 2003,
32: 46-49.

[14] ZELICKSON B,KIST D.Effect of pulsed dye laser and intense pulse
light source in dermal extracellular matrix remodeling[J]. Lasers
Surg Med, 2000, 12:68.

Study of Mouse Skin Injury Threshold of IPL Exposure
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Abstract: This thesis is devoted to investigate injury effects of mouse skin exposed to intense pulsed light (IPL) ,

establish injury threshold of light dose, and observe recovery process. A mouse was chosen and moulted, and then

irradiated by the IPL system in vivo under certain wavelengths with different energy densities. The immediate

effect was observed for determine of EDs, right by naked eye and histological examination of skin sections after

IPL exposure. And then, the skin injury recovery process was observed by optical coherence tomography. The

results indicate that the optical parameters of tissue with different energy densities exposure and different stages

have changed distinctly. The reasons concerning some complications were analyzed by the optical parameters’

changes and it could provide reference for clinical value.

Key words: Optical coherence tomography; IPL; Injury threshold; Recovery
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