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

Yuji Tanaxa,” Eiji Hasg,”™ Shu-ichiro Fukusama,” T Tsutomu Arakr® Takeshi Yasur™ % T

Abstract

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 ix vivo without influence of motion artifact. This microscope will open the door
for in vivo measurement of collagen fiber orientation in tissue.
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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. 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: aimage).



(6) HKETS 51%1%5 (201342 A)

Furizontally sclaritation-
tesolverl SHE riage

Vertical v polarizatior-
o

wirage
Polarization
anple

. i

Y
0,3

7 RO ECEEREA W BT s 7v (e
MEEE Y ) DB RIS E SHG 4 A =2 (K
EERGLSH SHG 4 2=, W KPS SHG A
A=, HiaAf A=)

Fig. 7 Orthogonally polarization-resolvéd 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: eimage).

ETVWAEHEEZA.
4-2 v bPEREIZF—4VERO in vivo HAI

R 8(a)id, MEROBMHTFEIIL> CTHEAINAEE
WIE5m % SHG 4 2 — 2, KFERNH M SHG 4 A — ¥,
BIPaAf A=V ZRLTWE ([ A —VHEH: 500
pmX500um, ¥ 27 V256 ¥ 7 L X256 ¥ 7 &
V). WREDESHG 4/ A —VICEHT A E, A A=Y
BP & TEATW AT (HARDES) 2HRTE 5.
ChiE, B 1IREEOS Yy MEBICT LT, 4 X — Y
BEME2E / HThHirDT, 1 ORI SHG A
A=V PURT A2 MBEEDE—Ya Y - T—F 77
7 NOBEBEEZILETH L. S5, BEERLESH
SHG 4 A —T % 2 TR, BMARLREO 7D 0
FHRME (6 BREE) Z2ikh, EERLSH SHG 1 X —
VE2WTHRT AD, MAA—-VHTE—Va v
T—=F777 FORBOKRTIERLE L. TOKE, €—
Yav e T—F 777 MCLBEADKTFN, BERLES
f# SHG 4 X — 3 LAKEARINESTE SHG 41 A — Y TR -
TWh, BE=Yay - T—F777 VOFGFELL 2K
DRHETHESHG A A=V baf A -V 5ENRT L,
Y7 LVE ORMIEAENT, BinkTails (FEERL)
ERBES ORFRL) PRELEaf A=Vl hoT
LE). ZDEIhad A—Vik, EBOIT—Fr ViL
MEELRBLTE ST, invivo SHASATHETH S
EERLTWA.

vertically polarization-  Horizontally polarization- .
resolved SHG image resolved SHG image alimage
iy : (/B ’ T

K8 E—vavy - 7—F 772 2ET5H5T7y PEEDin
vivo EASR B 1% SHG 4 X — ¥ (F : BEARILS#
SHG 4 x =¥, W KEREGHESHG A A=, &
a4 A=), (a)BMRERHEERIIEIT VI ERE L
(b) Bl RILERIC L IR_ETFE.

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: eimage). (a) Conven-
tional method based on mechanical rotation of a half-
wave plate and (b ) proposed method based on rapid
polarization modulation.
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