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In situ distribution measurement of collagen fiber orientation
based on optical nonlinear effect in biological tissue
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We have proposed a new optical probe that can be used to characterize the orientation of collagen fibers
in tissues. A specific probing ability for collagen results from the use of second-harmonic-generation
(SHG) light induced by collagen molecules in the tissue. We have applied a polarization-resolved SHG
imaging to orientation mapping of collagen fiber in human Achilles tendon and collagen sponge, and
confirmed difference of collagen orientation distribution between them.
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Fig.1 Experimental setup. M: mirror, P:
polarizer, A/2: half waveplate, HS: harmonic
separator, L1 and L2: lenses, A: analyzer, F:
blue pass filter,DP: depolarizer, PMT:
photomultiplier.



3. AERR

R SHG Yeid. A L—Y—I@te a5 — 4 VRN HTRBEIEI RELERDBRICKEEAL
4 LEWEERE LTWVWATH, O5—F VEMEROMBICREABETNEN TH 5. K2R U D)
v R ELRARICET BZEERUKEOREDIMESHC A A—TVRRLUTED ., ZERBMLETIZHE O SHGHN
BRI X 23— TACHRYE Tl SHG BRBHI T h TV, bbb M 7R LARTRE, a5—7 UK
VTR S T B L O\ B, C DEAIREE E EBIICHET 2 78, Bm R (OA) & LU TOA-
(1,1,)/0,+1,) (1, :FE SHG 34, 1,7k SHG ) ZEBEL, TOTH A A—YEE2(JIART. THhE D,
Y R 7 E L AR TRAESMSEICD 5 T, BOENATE (0A=0.86 1 0.06) BMRT=N TWB T LW B,
KiT, 52V ARY VOREERZRIITRT, ¥ b7 F L AREENRIIC, BEELRUKFR
WTIFIFR A A—IHEENTH D, OAESIZ0.07+£005 o7, ThiE, AF—T VARV IR
e DRAPEE NS VA LEAR TH BT ERRLTND, £, B—A A—VROMES (K3()
BIXUWL) & a5—FUREORN (BE) SHEZRBL TS, ThHOBRE. MHFINRR L —
BLTHED. £ASHC HERAWEIS Y — VERENEHNTHE T LHADH %,

4. FLO

HkS— 4 Y DIEREHEMRIC K > THEE N AEASHCHEFIA LT a5 — 7 VDR A2 Fi
AEERRE L, a5—4 Y« 3V FVORAFHEISE Lz, ZOMR. BRE3a5—7 ¥V IVicE
WT. EASHOHEBERHERL .

AEFZRI SR 2 A N RS B FEBN £ (B) 15300161 DIRBI 218,

BE R

[1] S. Roth et al.: Biopolymers 20 (1981)1271.

[21Z2FHft1, 55 2 MRS TSR (2001)138.

[3] T. Yasui, et al.: Abst. International Conference on Optics Within Life Science VII (2002) 19.

1500 —/\

1500 —f
3 3
}:‘ 1000 ‘é 1000 —
é 500 — g 500 —
Q ]
% %
0 0
(@ ®) (©

Fig. 2 Polarization-resloved SHG images of human Achilles tendon with (a) polarization // orientation and
(b) polarization 1 orientation. (c) Distribution of OA value.
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Fig. 3 Polarization-resloved SHG images of collagen sponge with (a) horizontal polarization and (b)
vertical polarization. (c) Distribution of OA value.



