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Abstract Diffuse optical imaging is widely used in biomedical research and clinics. Compared with other medical imaging
methods, such as magnetic resonance imaging (MRI), X-ray computed tomography (CT), positron emission tomography
(PET), and ultrasound imaging, diffuse optical imaging uses diffused light absorbed and scattered by tissues for imaging.
This approach is non-invasive and label-free, has a wide field, and quantitatively measures the concentrations of various
components such as oxyhemoglobin, deoxyhemoglobin, blood oxygen, water, lipids, and melanin. Furthermore, it
collects and assesses tissue functional information. Diffuse optical imaging is advantageous in terms of safety, specificity,
and system cost. This article introduces the basic principles of diffuse optical imaging, including the interaction between
light and tissue and light propagation models, and summarizes the relevant methods and applications of diffuse optical
imaging, including pulse oximetry, diffuse optical spectroscopy, diffuse optical tomography, fluorescence molecular
tomography, and spatial frequency domain imaging. Moreover, the prospects for the future development of diffuse optical

imaging are presented.
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Fig. 1 Three types of optical transmission
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Fig. 2 Three imaging modalities of diffuse optics, and I, is incident light signal, I is transmitted light signal, u, is absorption

coefficient, p! is reduced scattering coefficient. (a) Illustration of diffuse optical light transmission; (b) continuous wave mode;

(c) frequency domain mode; (d) time domain mode
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Fig. 12 Chromophore concentration maps in the breasts of a patient with tumor in the right breast™”
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Fig. 13 Evaluation of brain function". (a) Imaging cap structure of DOT system, subject position, and audiovisual stimuli; (b) schematic

of source and detector locations, where blue represents the detector and other colors represent light sources in different areas;

(c)—(f) evaluation of distributed brain function mapping by imaging hierarchical language processing
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Fig. 14 Functional imaging of neonatal brain”. (a) A newborn infant wearing the DOT system; (b) source-detector channels;

(c) source positions and detector positions shown on the scalp surface of the head model
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Fig. 15 Hemodynamics monitoring of visual cortex"". (a) Schematic of imaging area; (b) image slice in the axial direction;

(¢) distribution of oxyhemoglobin at different time; (d) concentration changes of oxyhemoglobin (red), deoxyhemoglobin (blue),

and total hemoglobin (green)
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Fig. 18 FMT of small animal tumor models". (a) FMT for small animal imaging; (b) imaging of mouse tumor models using FMT
(@) (® (©

Total Hemoglobin Concentration

L =]

I?BSﬂm] =
<MLL

ICG Concentration

A e
5

B 19 ARFUBRIE P60 FIEN R ™ . (a) FMT H T FLIRE AN R G0 R B 5 (b) FMT Bf% s 5 —dedlim &, G LR 448
Jl‘[lélﬁlélﬁ&x\m%fﬁiﬂE\éﬁ4£ﬂﬁ§T%ﬂlﬂ ICGHe B ; (¢) FMT =4k gt 45 4

Fig. 19 FMT of breast cancer in humans™”

. (a) FMT system for breast cancer detection; (b) 2D cross-section images acquired by
FMT, including total hemoglobin concentration, oxygen saturation, reduced scattering coefficient, and ICG concentration;

(¢) 3D reconstruction using FMT
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Fig. 24 Cervical carcinoma screening'””. (a) Photograph of cervical carcinoma tissue specimen; (b) reduced scattering coefficient map;

(c) backscattering probability map; (d) light spreading length map; (e)-(h) stained histological images of the highlighted regions
in Fig. 24 (a)-(d)
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