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In vivo Imaging of Collagen Fiber Orientation with Rapid,
Orthogonally Polarization-resolved SHG Microscopy

Yuji Tanaka,” Eiji Hasg,"

Abstract
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Shu-ichiro Fukusama,™ T Tsutomu Arakr” Takeshi Yasur™ " T

Polarization-resolved second-harmonic-generation (SHG) microscopy is a powerful tool to visualize

distribution of collagen fiber orientation in tissue with little invasion. However, long image acquisition time,
resulting from mechanical rotation of a half-wave plate, makes this microscopy easy to suffer from motion artifact
of a sample and hence has limited its use to iz vivo application. In this paper, we constructed rapid, polarization-
resolved SHG microscopy by combination of an electro-optics-modulator-based polarization modulation with
improved data acquisition method. The constructed SHG microscopy enables us to visualize orientation mapping
of dermal collagen fiber in rat skin 7z vivo without influence of motion artifact. This microscope will open the door
for im vivo measurement of collagen fiber orientation in tissue.

Keywords : second-harmonic-generation, microscopy, polarization, collagen, orientation, iz vivo.
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Fig.1 Collagen-sensitive SHG microscopy.
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Fig.2 Acquisition method of pixel data in orthogonally
polarization-resolved SHG imaging. (a) Conventional
method based on mechanical rotation of a half-wave
plate and (b) proposed method based on rapid
polarization modulation.
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Fig.3 Experimental setup. EOM: Electro-optic modulator,

PMT: photomultiplier.
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Fig. 6 Orthogonally polarization-resolved SHG imaging of
sliced human peroneal tendon with uniaxial orienta-
tion of collagen fiber using proposed method based
on rapid polarization modulation (left: Vertically
polarization-resolved SHG image, middle: horizontally
polarization-resolved SHG image, and right: @ image).
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Fig. 7 Orthogonally polarization-resolved SHG imaging of
sliced human peroneal tendon with uniaxial orienta-
tion of collagen fiber using conventional method based
on mechanical rotation of a half-wave plate (left:
Vertically polarization-resolved SHG image, middle:
horizontally polarization-resolved SHG image, and
right: @ image).
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Fig. 8 Orthogonally polarization-resolved SHG imaging of rat
skin with motion artifact (left: Vertically polarization-
resolved SHG image, middle: horizontally polarization-
resolved SHG image, and right:e image). (a)
Conventional method based on mechanical rotation of
a half-wave plate and (b ) proposed method based on
rapid polarization modulation.
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T =7 UHBHEEE RIS XD ISR L TW 5%, o
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TUEACERL (Rta) 2MEM BRGSO TS (B
KEERSY). SNSRI S, ml - ERRE5 % SHG
VISR X % in vivo GRS RECH B 2 L 5 H 5.
B, TTTRINTWVWSEA A—=TIL, SHG HENET

100 um) DFJ 1 um DEE S IRFETHFRICE Y Sz
(FTTFA AN kT yamryTENT) bDODTHA.
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(44) AARETS 51% 1% (2013462 )

WHETHIEIZEY, E=Yary - T—F 777 b
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T v NEE D in vive FH 24T\, EMEC T T — 7 VLM
PRETEXL I EZMERELZ. 2Ly, as—7r Ui
MEDRE G720 ThR L, B D in vivo 51 S W] B
o7z,

S, E MEFOH U ROILE Vo 7z LbIKEAL
B E35 =7 VERM%E in vive 5HIL, ¥ 7 ERGERE
BT 237—7r RAOFGZHET L2 FPETHL. £
7z, BEIEFHFSE LA T, AL - —FiCBI 5 3
I —7 VBRI TR L L CoFH LI TE 5.

BB AR H A IRE SR F - SR AR0EJE (A)
23240069, H:#EWFZE (B) 22300154 & OF Bk ik 1 i 2 0F %8
23650260 & ) =B % 2T 7.
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