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Optical coherence tomography of the human skin

Julia Welzel, MD,? Eva Lankenau, MSc,? Reginald Birngruber, PhD,P and
Ralf Engelhardt, MScP Liibeck, Germany

Background: Optical coherence tomography (OCT) is a new diagnostic method for tis-
sue characterization.

Objective: We investigated normal and pathologic structures in human skin in several
locations to evaluate the potential application of this technique to dermatology.
Methods: Based on the principle of low-coherence interferometry, cross-sectional images
of the human skin can be obtained in vivo with a high spatial resolution of about 15 pm.
Within a penetration depth of 0.5 to 1.5 mm, structures of the stratum corneum, the liv-
ing epidermis, and the papillary dermis can be distinguished.

Results: Different layers could be detected that were differentiated by induction of exper-
imental blisters and by comparison with corresponding histologic sections. Furthermore,
OCT images of several skin diseases and tumors were obtained.

Conclusion: OCT is a promising new imaging method for visualization of morphologic
changes of superficial layers of the human skin. It may be useful for noninvasive diagno-
sis of bullous skin diseases, skin tumors, and in vivo investigation of pharmacologic

effects.
(J Am Acad Dermatol 1997;37:958-63.)

Several imaging methods have been created to
investigate morphologic changes in the skin.
Epiluminescence microscopy and high-frequency
ultrasound! are already established as diagnostic
procedures. In combination with experimental
methods such as confocal microscopy? and mag-
netic resonance tomography’ it is possible to
obtain information about skin surface morphology
and dermal changes.

Optical coherence tomography (OCT) was
introduced as a method for noninvasive investiga-
tion of the human eye.*® Several studies have
demonstrated that this technique can be used for
visualization of low-scattering tissues like the
cornea, lens, and retina. We created an OCT sys-
tem for measuring the human skin.!0-16 The tech-
nique and its potential use in dermatology are
described.
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MATERIAL AND METHODS
Technique

The OCT system is based on the principle of
Michelson interferometry using short coherence length
light. Infrared light from a 8§30 nm superluminescence
diode is coupled into an optical fiber interferometer.
The optical path length distribution of the sample beam
measured by the interference modulation of the axial
OCT scan can be interpreted as the depth resolved
reflection signal of the sample. Interference occurs
only when the propagation distance of both beams
match within the coherence length of the light source.
The amplitude of the interference modulation is detect-
ed, digitalized by an analog digital converter (ADC),
and converted to a logarithmic gray scale. The low
coherence length (here about 15 pm) determines the
depth resolution of the system. Lateral scanning of the
axial OCT scans results in two-dimensional cross-sec-
tional images. The high dynamic range of 100 dB
allows the detection of ultra-weak light signals and
therefore tomographic images of maximal detection
depth. The images can be compared with B-mode high-
frequency ultrasound images but represent optical and
not acoustical inhomogeneities of the tissue. The sys-
tem is described elsewhere in detail. 1413

Human subjects

Numerous male and female adult volunteers partic-
ipated in the study. The study was approved by the
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