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REUE H RGN T 258 1 A FBR GE MEE . X
LA /N 2H PR IR & G R B R I I T Y
— 71

R XoF A= 0 R o T AT e RS I AR A L Ol 2 AR
RGBT D) e By T RS R R R Dy
FAADL 52 B 52 e 7 A i) R P 52 e — MR B Y
WFFET7 1] . K B 3 F) bk 9% K 2% 9 Schausberger"
T TR T WL A AR 3 25 72 b i BB Sk / X0 T
BB Sk B 7 2 BAT — € 1Y 5 1) 1R A JR BR AR 7R
FF-OCM 1 i 18 3o A5 v £ 8 7 ) B 30 722 48 119 2%
Ioi) [ P4 0 i 30 k. T L SO AR e B e B S R
P AT LR A% 1o ] 1% 07 R A T AR5 2 — R
PG A T LIS S 00 A ot S 0 38 A G AR L . ik
MBS AR BE A Na 2555 T —Fh 3L TR
JRAA A (Hilbert) 28 8 1 R B0 A5 {8 H
i AF A% PR RIAT 58 1l PRI 0 it ) SR A2 L il T &R
Geny G R B, A Hilbert 22 4, w] L4533
ZBRATNE S 5 09I 22 BHR L B BN S AF TR
FOLMRGMHB IR ZEA BRI AEREE, et
TR JLILAE R T MATLAB 3% L
F3 A Hilbert 28 e (— 4 Hilbert 2% #1 & 2 &
Hilbert 28 . J5 1] Hilbert Z8 1 , #1452 Hilbert 48 #t
% Hilbert 2846 UFh — 4t Hilbert 28 4) #F 17 1k
&5 i FLA UL, 7E B R AR 1 7 B AR 8] 4
Hilbert Z8 % 40 58 T — 4t Hilbert 28 e 19 % 1 & 0]
PE R 100 M 2598 . 5t BT K 24 0 2R ek 1L 45 TR

* 1 OHBRNE AT

Table 1

Ways to eliminate artifacts

Direction of research

Specific method

Acceleration of imaging speed

Use of high-speed cameras

Instantaneous phase shifting

Riesz transform-based algorithms

Hilbert transform-based image restoration technology

Algorithm improvement

Single-step phase-shifting demodulation algorithm based on Hilbert transform

Singular value decomposition-based image filtering algorithms
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#* 2 D-FFOCT 7EHSHE LR ST G i) BF 52
Table 2 Research of D-FFOCT inprecision medicine

Time Authors Sample Process Application Parameter
Cancerous cells in ]
Apelian C, ) ) Diagnose cancer
mouse Intestine
Harms F, Axial resolution: 1 pm,
2016 Introduced an
Thouvenin O, ) o ) imaging depth: 50-100 pm
| Rat liver cells inhibitor of the Study pathological
et al.
metabolic chain
Depth resolution: 1 pm,
Leroux C E, . Introduced a selective i
) Multicellular o isotropic resolution: 1 pm’
Bertillot F, inhibitor of class-11 Observe drug effect,
2016 ) aggregates ) ) (at the central 625 nm
Thouvenin O, ) myosins diagnose cancer
spheroids . ) wavelength) , imaging
et al. (blebbistatin)
depth: 60 pm
Apelian C, . .
) Mouse intestinal ) .
2017 Gastaud C, Diagnose cancer Depth resolution: 1 pm
cancer
Boccara A C.
A thick coronal Reveal individual
section of fresh ex neuron shapes and
Thouvenin O, vivo rat brain sizes
Apelian C, Ex wvivo subcutaneous ) Imaging depth:
2017 ) Diagnose cancer
Nahas A, pancreatic tumor 100-200 pm
et al. Established more
Fresh rat liver accurate angiogram
and lymphogram
Scholler J, ) Transverse resolution:
) ] ) Following in vitro ) .
Mazlin V, Creating a wound in ) 0.4 pm, axial resolution:
2019 ) Macaque cornea S sample evolution over ) .
Thouvenin O, the epithelial layer ) ) 1 pm, field of view:
long periods of time
et al. 390 pm X390 pm
Camera frame rate: 100 Hz,
Scholler J, )
transverse resolution:
Groux K, . . . . .
2020 Retinal organoids Pathological study 0.5 pm, axial resolution:
Goureau O, . .
1.7 pm, field of view:
et al.
320 pm X320 pm
Yang H P, o . . .
Breast and lymph Differentiate benign Axial resolution: 1 pm,
2020 Zhang S W, ) ) . .
) node specimens and malignant cells imaging depth: 10 pm
Liu P, et al.
Breast
El-Sadek T A, . . ) . )
. adenocarcinoma Use anti-cancer agent Diagnose cancer, drug Axial resolution: 14 pm,
2020 Miyazawa A,

Shen T W, et al.

(MCF7 cell line)
spheroids

(paclitaxel)

response evaluation

lateral resolution: 19 pm
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Abstract

Significance Optical coherence tomography (OCT) is a label-free, non-invasive, and high-resolution coherent
imaging technology coupled in many fields, such as biology, medicine, and materials. It can obtain cross-sections in
subcellular resolution and accumulate microstructures in three-dimensional space with high-isotropic spatial
resolution. Arising from the early 90s, during its development, higher resolution, more contrasts on specific
structures, and wider range of applications are its main development directions. Based on time-domain OCT, the full-
field OCT (FF-OCT) employs an identical pair of high numerical aperture microscopic objectives and a low-cost and
broadband white light source to improve the imaging resolution of the system to the submicron level.

It is known that different structures of biological tissues, such as nuclei and cell media, have different
backscattering capabilities of light. FF-OCT detects and extracts intrinsic signals related to refractive index variance
of biological tissues at the subcellular level. However, the performance of FF-OCT can be tricky when the
interference of strongly scattering media reduces image contrast during single-cell imaging, and it will lose behavioral
information during metabolism activities.

Recently, a dynamic FF-OCT (D-FFOCT) shows the ability to visualize metabolic contrast in mouse organoid,
which bring a new imaging mechanism to deal with those problems. The idea combines the principles of FF-OCT and
dynamic scattered light measurement. It can detect subcellular dynamic activities for cells or tissues. The special
distinguishing ability of D-FFOCT makes it possible to differentiate the types and functions of cells. Since D-FFOCT
was first proposed, some scientific studies have been reported. Therefore, it is necessary to summarize the existing
research to extract the principle key points and attract more attention for related researchers.

Progress First, the current D-FFOCT technology development is described, and the tradeoff between functions
and performance is elaborated. D-FFOCT was first proposed by Clement Apelian et al. (2016). It can generate
dynamic signals through the metabolic movements of the cells over time. Additionally, it is a set of mathematical
tools for analyzing the time fluctuations of FF-OCT signals. There are some bottlenecks to be solved. The weak
signal generated by the sample fluctuations and the tradeoff between imaging depth and resolution, the imaging depth
is very shallow because it is difficult to image cells in vivo. However, the operations require fixation and mechanical
sectioning, making the progress of dynamic phenomena complicated and time-consuming during surgery.

Then, the basic principle and performance of D-FFOCT are illustrated as follows. 1) The D-FFOCT system
inherited from conventional FF-OCT has a similar imaging device structure, making it easy to design and naturally
form multimodal imaging modality. 2) The multimodal imaging technique of the D-FFOCT system is introduced as
well as corresponding advantages. 3) The evaluation parameters of the system performance, such as spatial
resolution, system sensitivity, image contrast, signal-to-noise ratio, and imaging depth of the imaging system, are
interpreted. The latest development status of these parameters is also summarized.

Additionally, several attempts have been made to improve the performance of D-FFOCT. To address the current
defects of D-FFOCT based on image artifacts caused by the susceptibility of the interference signal to perturbation,
several methods, such as the use of high-speed cameras, instantaneous phase-shift method, Hilbert transform-based
algorithm, and singular value decomposition-based image filtering algorithm to eliminate artifacts are analyzed and
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summarized in Table 1. Cell culture studies and automatic planar locking systems are introduced to gain a wider range
of applications, and in vivo time-lapse imaging studies of organs by D-FFOCT are prospected.

Finally, we absorb and outline the essence to discuss the research progress of D-FFOCT in basic biology,
precision medicine, and drug research. According to the purpose of using D-FFOCT, applications in the medical field
can be classified as diagnosing cancer, studying pathology, and observing the efficacy of drugs. We also summarize
high-contrast imaging mechanisms in D-FFOCT images and foresee the development prospects and future research
directions of D-FFOCT technology in these fields. The main applications and parameters are summarized in Table 2.

Conclusions and Prospects We review several techniques of D-FFOCT suitable for metabolic activity visualization
mechanisms in fundamental biology, precision medicine, and drug research. With advanced theories, ingenious
algorithms, and latest optoelectronic devices, D-FFOCT may become a widely used, faster, and more convenient
image method with an augmented label-free higher resolution and multi-contrast.

Key words  biotechnology; label-free imaging; full-field optical coherence tomography; dynamic scattered light

measurement; motion artifact; precision medicine
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