RV - ooE % Ok Vol. 47, No. 2
2020 4F 2 J CHINESE JOURNAL OF LASERS February, 2020

A A A

Bl . E AU B P I P AR 1L Rl B)
I A 12 Wi % g

WTLEY?, Bhit®, HEE, X P, L
UE AR K ERYNE BTG A BE , TR A AR e 2T 5 iR TR AR AT L
TRYIT TC40 W I 5 ) B 2 R J A 930 5, i 5 AR A 52 B, TR IR 518055
YRR Y RS TR AR, JL 1000845
SE R B EAATRIEINELE, R BRI 5180715
RIS S N R BEBE (R L BE B , A b B R FURINE BE, T 7R WY1 5180525
VEHR R AR . dLat 100084

WE AR B BTG 200 00 B B b PR AR 0 (0 4R T D AR O 2 AR B R TE AR W B U 1 N 5%
Wiz, BRI DR AT L) SE A R R B A R AR A S, EL DU B 0] SR GOL AR AR A WA G T AW E AR
i BRI o TR B, 5 A R 0 27 T R AH L BB 8 B T S U K 45 M BURR L 3 AT DA A B L AR BT L e e PR A
P B AR G G 2% 45 1) S PR o A0 2 T A R P D 4R AR 1 B A RS R (R R S 1 4R IR 1)
SRR A P OSSO PR P B O R U £ S A AR W R A A I o BT — g R D T I R IR R TR )
S P LA A 98 L 2L 9 L e g 45 22 P s S A 2l B 2 W v Y e IE 5 E TR L AR I R I O R BUAR A R — b A
FRIC 8 AL TO T 1 DR RS T B AR, 7 2R B A U s )R A I R

KB BEADLY BEIERE AR 5O BORES ;s AP BE

FESES 04363 XERERS A doi: 10.3788/CJL202047.0207001

Mueller Matrix Polarimetry: A Label-Free, Quantitative Optical Method for
Clinical Diagnosis

Shen Yuanxing"?, Yao Yue’, He Honghui', Liu Shaoxiong', Ma Hui"**"

'Guangdong Research Center of Polarization Imaging and Measurement Engineering Technology, Shenzhen Key
Laboratory for Minimal Invasive Medical Technologies, Institute of Optical Imaging and Sensing ,
Shenzhen International Graduate School , Tsinghua University, Shenzhen, Guangdong 518055, China;
*Department of Biomedical Engineering, Tsinghua University, Beijing 100084, China ;

* Tsinghua-Berkeley Shenzhen Institute, Tsinghua University, Shenzhen, Guangdong 518071, China ;
*Shenzhen Sixth People’s Hospital (Nanshan Hospital), Huazhong University of Science and Technology
Union Shenzhen Hospital, Shenzhen, Guangdong 518052, China ;

*Department of Physics, Tsinghua University, Beijing 100084, China

Abstract Of late, with the emergence of new optical devices and technological advances in data processing,
polarization techniques are being increasingly used in biomedicine. Mueller matrix calculus is suitable for describing
the polarization properties of biomedical specimens because of its mathematical completeness and compatibility with
common optical equipment. Compared with traditional non-polarization optical methods, Mueller matrix polarimetry
is sensitive to the scattering induced by subwavelength structures and can provide more information about

anisotropic optical properties, including the birefringence and diattenuation of a sample. In this review, we introduce
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Mueller matrix calculus and related technologies that have great application potential in biomedical studies, including
the Mueller matrix decomposition and transformation methods, transmission Mueller matrix microscopes,
backscattering Mueller matrix imaging equipment, Mueller matrix endoscopes, and polarization staining techniques.
Further, we summarize the improvements in clinical diagnosis made using Mueller matrix polarimetry, such as
detection of liver cancer, gastrointestinal cancer, and breast ductal carcinoma tissues. As a label-free, noninvasive,

quantitative, and rapid imaging method, Mueller matrix polarimetry has broad application prospects in biomedical

studies and clinical diagnosis.
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Fig. 1 Schematics. (a) Schematic of the backscattering Mueller matrix imaging equipment; (b) photograph and schematic of

transmission Mueller matrix microscope
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Fig. 2 Backscattering Mueller matrices of four biological sampl
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;820 All the Mueller matrix elements are normalized by the

my: . The color codes are from —1 to 1 for m1,, ms, ms;, and my, and from —0.1 to 0.1 for other elements.

(a) Chicken heart tissue, the black arrow line in m;, indicates the approximate orientation of muscle fibers;

(b) bovine skeletal muscle tissue; (c) porcine liver tissue; (d) porcine fat tissue
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Fig. 3 Average values of MMT parameter A for three nude mouse skin samples without and with the application of

sunscreen[“]

. The areas under the frequency distribution curves are normalized to 1, and the horizontal axis is

divided into 400 parts. (a) Without the application of sunscreen; (b) with the application of sunscreen; (c) not

exposed to UV radiation
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Fig. 4 Images of 8-um-thick dewaxing slice of liver tissue with fibrosis in different stages and quantitative representation of

some polarization parameters™/ .
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values of parameters ¢ and ¢ in different stages; (f) statistical distribution histograms of experimental results for

parameter 0 in different stages
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(a)(b) Crohn's disease samples; (c)(d) gastrointestinal luminal tuberculosis tissues
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Fig. 6 Mueller matrixs, retardances and fast axis directions of the different samples and statistic histograms (mean value

and the standard deviation of the retardance) of different samples measured by the GRIN lens cascades and a
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