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IMAGING 

Deep-Tissue Imaging by Dual-Axis OCT

L ight scattering in tissue funda-
mentally limits the penetration 

depth of almost all optical imaging 
techniques. Many conventional imag-
ing methods rely on separating the 
component of returned light that has 
been scattered a single time. However, 
these methods struggle to provide 
satisfying images beyond the most 
superficial layers. Interferometric 
imaging techniques, such as optical 
coherence tomography (OCT), offer 
imaging at extended depths using 
the coherence properties of light. Yet 
depth penetration in soft tissues is 
still typically below 1 mm, and full-
thickness imaging of human skin is 
not possible.

We have recently developed dual-
axis optical coherence tomography 
(DA-OCT) for deep-tissue imaging.1 
The DA-OCT system has a center 
wavelength of 770 nm and a bandwidth of 108 nm, and uses 
an off-axis illumination/detection configuration to preferen-
tially detect multiply forward-scattered photons from deep 
tissue.2,3 In our recent work, a microelectromechanical-
system (MEMS) mirror laterally scans the beam across the 
sample while maintaining the off-axis illumination/detec-
tion geometry. This allows a fast acquisition speed (56 μs 
line time) that opens the door to both in vivo and volumetric 
imaging capabilities.1

Imaging of porcine ear skin tissue ex vivo shows 
DA-OCT’s increased penetration depth. We acquired a 
512×300×2048-voxel (1.2×1.2×2-mm) image volume in less 
than 4 minutes. This depth improvement by DA-OCT 
allows visualization of deep-tissue structures otherwise 
inaccessible by conventional OCT imaging. Dermal struc-
tures (epidermis and dermis) are clearly resolved, and 
subsurface features such as blood vessels and subcutane-
ous tissue can also be identified. 

DA-OCT offers the possibility of effective in vivo imag-
ing of deep tissues. Although the technique sacrifices some 
axial resolution by the detection of multiply forward-
scattered photons, we have demonstrated that it can provide 

deep-tissue-imaging capabilities significantly beyond those 
offered by conventional OCT systems. Spectroscopic contrast 
can also provide greater diagnostic capabilities for various 
clinical applications in surgery and dermatology, while 
imaging in other spectral windows, such as near 1300 nm, 
can further extend penetration depths. OPN
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Left: Imaging scheme of DA-OCT system. Top right: Representative images of porcine 
ear skin acquired by DA-OCT and conventional OCT. E, epidermis; D, dermis. Bottom 
right: DA-OCT 3-D volume snapshots of porcine ear skin sample. V, blood vessel; S, 
subcutaneous tissue. (See online video for full 3-D volume of the sample.)

Visit www.osa-opn.org/optics-in-2017 to view the video 
that accompanies this article.
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