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Optical coherence elastography (OCE) is based on optical coherence tomography (OCT), which is a noninvasive, high-resolution,
cross-sectional imaging technique. In this paper, we have developed dynamic optical coherence elastography to measure elasticity,
a mechanical property of tissue, by phase difference. A piezoelectric actuator was used for sinusoidal mechanical loading of
samples. Before applying this method to biomaterial, we assessed the feasibility of OCE with samples of sponge, eraser, and sharp
lead. Cross-sectional and phase-difference images of the sample were obtained under sinusoidal loading. The strain rate was
calculated from the phase-difference information. To obtain the envelope of the phase-difference oscillations along the horizontal
direction, Hilbert transformation was performed at each depth. The elevation of the envelope was represented by color mapping,
and we could measure the relative elasticity within the sample by comparing the elevations. Finally, there was an advantage when
we calculated the shear rate using self-interference in the sample arm, instead of the interference between sample and reference arms.
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Fig. 1. Schematic diagram of an OCE system; LCL, low coherence light source; CM, collimator; FL, focusing lens; DG, diffraction grating;
LSC, line scan camera.
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Fig. 2. Schematic diagram of a sample arm in external excitation
OCE system.
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Fig. 4. (a) Phase difference image before Hilbert transform, (b) Phase difference image after Hilbert transform.
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Fig. 5. Sponge and eraser. (a), (b) are images taken by OCT and
dynamic OCE, respectively. Unit: 1/sec.
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Fig. 6. Eraser and sharp lead. (a), (b) are images taken by OCT
and dynamic OCE, respectively. Unit: 1/sec.
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Fig. 7. Eraser and sharp lead. (a),(b) are images taken by OCT and
dynamic OCE, respectively, using self-interference. Unit: 1/sec.

29 7% AU oldsfe] AT BYIolct A
SINGh MO THE MBS, ZE EENAE T5]
Sfato] Yol thste] 5° 71l olu gt Afolch. 1e]
U G4l 7 se a9 6ake we) AEo] 71&o] Mol
A7k Gk AR sk 2ol 2,7k xSk ATHgle] FA 002
25T 5 ol WYL= Aol Jﬂaonxm A7\

o1§HA oW MEY F1old JEE AL SO %
Wow o % xo| Gegen EHh AISEE A
Zofof g,

A ST FEe AR, ALy FEe
[e]
=

2977} ¥ s} ke A

4L AT o] AF — Ao - ool 103

o] = Tt AEgelstedn|2016H)2] A

References

. X. Liang, V. Crecea, and S. A. Boppart, “Dynamic optical

coherence elastography: a review,” J. Innov. Opt. Health
Sci. 3, 221-233 (2010).

. K. V. Larin and D. D. Sampson, “Optical coherence

elastography - OCT at work in tissue biomechanics [Invited],”
Biomed. Opt. Express 8, 1172 (2017).

. R. K. Wang, Z. Ma, and J. Kirkpatrick, “Tissue Doppler

optical coherence elastography for real time strain rate and
strain mapping of soft tissue,” Appl. Phys. Lett. 89, 144103
(2006).

. J. Weickenmeier, R. de Rooij, S. Budday, P. Steinmann,

T. C. Ovaert, and E. Kuhl, “Brain stiffness increases with
myelin content,” Acta Biomater. 42, 265-272 (2016).

. B. F. Kennedy, T. R. Hillman, R. A. McLaughlin, B. C.

Quirk, and D. D. Sampson, “In vivo dynamic optical
coherence elastography using a ring actuator,” Opt. Express
17, 21762-21772 (2009).

. Y.-C. Ahn, W. Jung, and Z. Chen, “Optical sectioning for

microfluidics: secondary flow and mixing in a meandering
microchannel,” Lab. Chip 8, 125-133 (2008).

. X. Liang, S. G. Adie, R. John, and S. A. Boppart, “Dynamic

spectral-domain optical coherence elastography for tissue
characterization,” Opt. Express 18, 14183-14190 (2010).



