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Optical Coherence—Gated Imaging
of Biological Tissues

Y. Pan, E. Lankenau, J. Welzel, R. Birngruber, and R. Engelhardt

Abstract— We present optical coherence-gated tomography
(OCT) in turbid biological tissues. The fast OCT system that
is used in this study is a single-mode fiber-optic interferometer
with low-coherence light at 830 nm which can perform a cross-
sectional image of 250–600 pixels in a few seconds. Preliminary
results suggest that OCT can provide high-resolution imaging
in low-scattering and high-scattering superficial tissues. In vitro
imaging of porcine cornea after being coagulated with a laser
shows that OCT is a promising tool for the evaluation of patho-
logical structures in low-scattering tissue. This technique can
also be used to diagnose diseases in high-scattering tissues like
bladder and living skin. In addition, 50-MHz ultrasound images
and histological pictures are presented for comparison with OCT.

I. INTRODUCTION

NONINVASIVE OPTICAL imaging of living tissues, as an
attractive alternative to the currently developed imaging

modalities such as X-ray tomography, magneto-resonant to-
mography (MRT), and ultrasound imaging, has shown growing
interest in early-stage diagnostics of tissue malformations
such as tumors [1]. Optical methods have many advantages
over conventional procedures in both safety and low costs.
However, most biological tissues are characterized by the
overwhelming light scattering in the “therapeutic window” of
the wavelength range (600
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medium and the reference mirror to give
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Fig. 2. (a) In vitro OCT image of a porcine cornea after being treated by
a laser and (b) a Sirius-red-stained histology of the same specimen. The
dimensions in the OCT image are lateral 4 mm and axial 1.7 mm. The shape
and the distribution of the laser-coagulation zone in both pictures correspond
well except the overall shrinkage of cornea thickness, which is an artifact
induced by histological preparation.

A. In Situ Visualization of Biological Tissues with OCT
Laser thermal keratoplasty (LTK) is a new technique for

correction of refractive errors by the use of defined laser-
induced peripheral corneal shrinkage which adjusts the central
corneal curvature. Fig. 2(a) and (b) shows an in vitro cross-
sectional OCT image and the related light microscopy of
a porcine cornea after laser coagulation. Although the light
microscopy shows more microstructural details than the OCT
image, the thermal-induced effects coincide fairly well in both
pictures. On the other hand, OCT images are free of artifacts
induced by histological processing and show the changes at the
coagulation spot as well as the curvature of the cornea outside
the coagulated sites. OCT seems to be a promising technique
for noninvasive, in vivo evaluation of LTK effects which may
provide more information than computer keratoscopy. Further
laboratory study is in process.

Further improvement of the OCT system could lead to
a method to detect invasion of the tumors into the lamina
propria, submucosa, and muscularis layers.

Fig. 3(a) shows an in vivo OCT image of a porcine bladder
with two laser-coagulated spots. Fig. 3(b) shows the corre-
sponding 50-MHz ultrasound image. During both measure-
ments, the bladder was stretched and laser coagulation was

(a)

(b)

Fig. 3. (a) In vitro OCT image of a porcine bladder after laser coagulation
and (b) 50-MHz ultrasound image of the same specimen. Two coagulation
spots were made to align both OCT and ultrasound lateral scans. The
dimensions of both pictures are lateral 5 mm and axial 2 mm. The overall
coagulation area, and especially the dark structures in the OCT image on
the left, coincide closely with those of the ultrasound in (b). The vertical
band in (b) is an artifact because of an air bubble in the water above. The
low-scattering epithelium is not shown because of detachment during sample
preparation. The Lamina propria, about 400 �m thick, is shown as a high
signal region in OCT in (a), whereas the coagulation area shows a lower
signal.

used to navigate the OCT scan. It can be seen that morpho-
logical details in mucosa and submucosa cannot be resolvable
due to strong light scattering of bladder tissue. Structural
differences such as the lamina propria
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Fig. 4. (a) In vivo OCT image of a human fingertip and (b) a HE-stained
histology. The dimensions of both pictures are lateral 2 mm and axial 1.3 mm.
The skin was treated with glycerin to enhance OCT contrast. The functional
structures such as the 450-�m-thick stratum corneum followed by a thin layer
(dark stripe) and the living epidermis (high signal) which corresponds well to
the structures shown by the histology.

High-resolution visualization of living skin is highly de-
manded not only for clinical diagnostics of skin diseases but
also for skin protection and cosmetics. Confocal microscopy
has been successfully utilized to visualize cells of superficial
skins, i.e., the epidermis. However, multiple scattering limits
the penetration depth to 200–300
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Fig. 5. (a) 50-MHz ultrasound, (b) in vivo OCT image of a nevus, and (c)
HE-stained histology of the same specimen. The dimensions of the three
pictures are lateral 2 mm and axial 1.3 mm. The nevus cells are aggregated in
nests in the upper dermis of a female forearm. The overall nevus distribution
shown as a dark shadow or “echo poor” in the ultrasound in (a) and the OCT
image in (b) correspond to the nevus-cell region in the histology in (c). Note
that there is a second thin high signal layer under the surface of the nevus in
the OCT image. This is caused by a high melanin concentration at the end
of the epidermis.

paper, we can conclude that OCT provides less microstructural
details such as the cellular and even subcellular structures than
light microscopy. This is caused by the speckle appearance
due to the path randomization by scattering and a coherence
length
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to provide a profound understanding of contrast differences
between normal and cancerous tissues. The speed of the
imaging system should be increased to minimize the influence
of tissue movement. The contrast and penetration depth of
OCT can be further improved by use of light sources at longer
wavelengths.
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