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Fig. 1. Typical implementation schemes of PAIL (a)
Photoacoustic tomography [12]; (b) photoacoustic mi-

croscopy 181,
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Fig. 2. PA images presenting the chemical information of biological tissues. (a) Vasculature

structure in a mouse ear [211; (b) mouse iris !
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Fig. 9. PA super-resolution imaging based on photo-
bleaching. (a) Super resolution PA microscopy based
on the photobleaching rate dependence on the local
excitation intensity. The first excitation bleaches the
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ential signal between the before- (left panel) and after-
bleaching (middle panel) images results in a smaller
effective excitation size and thus a resolution enhance-
ment, as shown by the dashed circle in the right panel;
(b) super resolution imaging of gold nanoparticles with

enhanced lateral resolution of 80 nm [45].
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Abstract

Photoacoustic imaging is a hybrid imaging technique based on the photoacoustic effect. As a non-invasive and
non-ionizing modality, photoacoustic imaging takes the both merits of the conventional acoustic imaging and optical
imaging. Firstly, the contrast of photoacoustic imaging primarily depends on the optical absorption. The unique optical
spectra of atoms and molecules makes optical methods to be a widely used modality to probe the molecular and chemical
information of biological tissue. Therefore, photoacoustic imaging has its inherent advantage in high-contrast functional
and physiological imaging of biological tissue, as well as the optical imaging method. Secondly, photoacoustic imaging has
the high spatial resolution in deep tissue in comparison with the pure optical imaging method. Since the strongly optical
scattering in biological tissue, pure optical imaging method is difficult to obtain the high-resolution image in the tissue
deeper than ~1 mm. Whereas, acoustic wave suffers much less from scattering than optical wave, the acoustic scattering
coefficient is about 2—3 orders of magnitude less than the optical scattering coefficient. Photoacoustic imaging can
achieve a fine resolution in deep tissue, which equivalent to 1/200 of the imaging depth. Thirdly, non-ionizing radiation
used for photoacoustic imaging is much safer than X-ray. Moreover, the low-temperature rises make photoacoustic
imaging be safely used in live tissue. A laser-induced temperature rise of 1 mK yields an initial pressure of ~800 Pa
in soft tissue. Such a sound pressure level has reached the sensitivities of typical ultrasonic transducers. Fourthly,
photoacoustic imaging has the ability of extracting multiple contrasts, including biochemical parameter, biomechanical
parameter, blood velocity distribution, tissue temperature, and microstructure information. Photoacoustic imaging can
capture more specific and reliable information about the tissue structure, function, metabolism, molecule, and gene. As
a result, photoacoustic imaging has become one of the fastest growing biomedical imaging techniques in the past decade.

In this review, we will explain photoacoustic effect and the principle of photoacoustic imaging. Then, we introduce
the two classical photoacoustic imaging schemes, including photoacoustic tomography and photoacoustic microscopy.
Their main specifications, such as resolution, are also presents. We review the ability of photoacoustic imaging in
extracting multiple contrasts and discuss their biomedicine applications. In addition, we also introduce the remarkable
breakthroughs in super-resolution photoacoustic imaging. Finally, we look the further development and the limitations

of photoacoustic imaging.
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PACS: 81.70.Cv, 43.35.+d DOI: 10.7498/aps.64.098102

* Project supported by the National Basic Research Program of China (Grant No. 2012CB921504), the National Natural
Science Foundation of China (Grant Nos. 11422439, 11274171, 11274167), and SRFDP (Grant No. 20120091110001).

1 Corresponding author. E-mail: taochao@nju.edu.cn;

1 Corresponding author. E-mail: liuxiaojun@nju.edu.cn

098102-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.098102

	1引 言
	2光声成像原理和典型成像方案
	Fig 1

	3多参量的光声图像
	Fig 2
	Fig 3
	Fig 4
	Fig 5
	Fig 6
	Fig 7
	Fig 8
	Fig 9


	4展 望
	References
	Abstract

