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Abstract
Endoscopic diagnosis currently relies on the ability of the operator to visualize abnormal patterns in
the image created by light reflected from the mucosal surface of the gastrointestinal tract. Advances
in fiber optics, light sources, detectors, and molecular biology have led to the development of several
novel methods for tissue evaluation in situ. The term “optical biopsy” refers to methods that use the
properties of light to enable the operator to make an instant diagnosis at endoscopy, previously
possible only by using histological or cytological analysis. Promising imaging techniques include
fluorescence endoscopy, optical coherence tomography, confocal microendoscopy, and molecular
imaging. Point detection schemes under development include light scattering and Raman
spectroscopy. Such advanced diagnostic methods go beyond standard endoscopic techniques by
offering improved image resolution, contrast, and tissue penetration and providing biochemical and
molecular information about mucosal disease. This review describes the basic biophysics of light-
tissue interactions, assesses the strengths and weaknesses of each method, and examines clinical and
preclinical evidence for each approach.

White light endoscopy currently is the primary method used for wide-area imaging in the
gastrointestinal tract.1 Because this method of detection is limited to the observation of
reflected visible light from the mucosal surface, conventional endoscopy represents only the
first of many possible methods to analyze tissue in vivo. The current practice of endoscopy
often requires biopsies with ex vivo histological analysis and interpretation to make clinical
decisions. This method of evaluation creates a significant delay in diagnosis, introduces the
possibility of sampling error, and adds to the risk and cost of the procedure.2–5 Furthermore,
the lack of quantitative parameters for evaluation often results in significant interobserver and
intraobserver variability.6 Recent technological advances in fiber optics, light sources,
detectors, and molecular biology have stimulated the unprecedented development of numerous
optical methods that promise to significantly improve our ability to visualize and evaluate
human epithelium in vivo.7–12 These methods, collectively termed “optical biopsy,” are
nondestructive in situ assays of mucosal histopathologic states using light that can provide
instantaneous tissue assessment. In this review, the basic biophysics of light-tissue interaction
and relevant clinical and preclinical data for each experimental method are presented.

Clinical end points for optical biopsy in the gastrointestinal tract are listed in Table 1. Primary
goals include: (1) targeting premalignant mucosa for removal by biopsy, (2) grading and
staging cancer progression, and (3) reducing the risk of physical biopsy. Cancer surveillance
is challenging because the surface areas of disease involvement, such as that for Barrett’s
esophagus and ulcerative colitis, are large, ranging from 10’s to 100’s of square centimeters.
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In addition, deep-tissue penetration of light is needed to detect lesions present below the
mucosal surface, for example, the presence of abnormal glands beneath the squamous
epithelium of the esophagus (Figure 1),13,14 and to evaluate submucosal tumor invasion, in
many instances to determine the appropriateness of endoscopic mucosal resection.15,16 Thus,
methods of imaging in the vertical cross-section (plane perpendicular to the mucosal surface)
are needed. Furthermore, a comprehensive evaluation of disease may require visualization of
subcellular features, such as nuclei (size, number, and chromatin content) and organelles.

All methods of optical imaging collect backscattered photons from the mucosa.17–19
Conventional endoscopy observes reflected visible light (400–700 nm) from the mucosal
surface. However, the light spectrum extends to shorter wavelengths in the ultraviolet (UV)
and longer wavelengths in the near-infrared (NIR) that also can be used for endoscopic imaging
(Figure 2). UV and blue light are absorbed by biomolecules to produce fluores-cence.20 The
visible band is dominated by hemoglobin absorption and thus has relatively short penetration
depths, typically <100 μm, useful for imaging.21 NIR light is much less sensitive to tissue
scattering and hemoglobin absorption20 and thus can usually penetrate <1000 μm through the
mucosa.22 Video endoscopes use charge-coupled device (CCD) detectors that are sensitive to
both visible and NIR light.23,24 Also, light can undergo elastic or inelastic scattering (Figure
3), in which the returning photons have the same or longer wavelength as that of the incident,
respectively.25 In addition, ballistic photons return through the tissue without additional
scattering events and are useful for deep-tissue imaging, whereas diffuse photons return after
several scattering events and are useful for measuring fine morphological structures.26 In
addition to imaging methods, point detection techniques can be used to collect molecular
information during endoscopy with optical fiber probes inserted through the instrument
channel. These methods have the potential to be extended to imaging. A description of the
basic mechanism of how light interacts with tissue and the potential clinical use of each optical
biopsy method discussed in this review is provided in Table 2.

Fluorescence Endoscopy
When biomolecules absorb light (hνa), electrons elevate to greater energy levels, and
subsequent relaxation to the energy ground state results in the emission of fluorescence (hνf)
at longer wavelengths (Figure 4).21 Fluorescence can be collected from endogenous
fluorophores, such as collagen, the reduced form of nicotinic-adenine dinucleotide, flavin
adenine dinucleotide, and porphyrin.27,28 Differences in peak wavelength and intensity
between normal and diseased mucosa result from variations in the concentration and
distribution of these metabolically active biomolecules and changes in tissue microarchitecture.
29–33

The LIFE (light-induced fluorescence endoscope) system (Xillix Corp., Richmond, British
Columbia, Canada) uses blue light (425–455 nm) from an xenon lamp for excitation, a fiber-
optic endoscope to transmit fluorescence, and intensified CCD cameras for detection (Figure
5).34–36 Fluorescence is spectrally divided into 2 color regimes by a dichroic mirror and then
filtered into the green (480–580 nm) and red (620–720 nm) regions. Intensified cameras are
needed because of the relatively weak fluorescence intensity. The white light image can still
be detected with a color CCD camera. A ratio of the red to green images is determined to
compensate for variations in the distance and angles from various sites of the mucosa. An
example of a ratio fluorescence image of Barrett’s esophagus collected in vivo using LIFE is
shown in Figure 6.35 The region of red enhancement (arrowheads) is suspicious for disease
and was found to contain high-grade dysplasia (HGD) on histological examination. Clinical
evidence for the usefulness of endogenous fluorescence endoscopy as a guide for biopsy is
beginning to emerge with mixed results. A recent study using targeted biopsy performed first
under endogenous fluorescence imaging with the LIFE system in 34 patients with short-
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segment Barrett’s esophagus found a greater number of sites of HGD than under subsequent
conventional endoscopy (9 vs. 1 sites; P = 0.016).37 In another study, 35 patients with Barrett’s
esophagus were evaluated first by autofluorescence endoscopy and then by random 4-quadrant
biopsy.38 However, fluorescence imaging was found to have a collective sensitivity of 21%
for the detection of neoplastic lesions, including 88, 19, and 12 specimens of low-grade
dysplasia (LGD), HGD, and cancer, respectively.

Biomolecules that accumulate in neoplastic cells and increase detection specificity and
fluorescence intensity can be administered to patients harboring neoplasia. An example of such
a biomolecule is aminolevulinic acid (ALA), a naturally occurring substrate in the heme
synthetic pathway. ALA is converted intracellularly into protoporphyrin IX (PPIX).39,40 The
addition of exogenous ALA results in increased porphobilinogen deaminase levels and
decreased ferrochelatase levels, which, in turn, cause greater production and retention of PPIX
in neoplastic cells, respectively. Excitation is provided with blue light from a xenon lamp (375–
440 nm bandpass filter). A longpass filter (450 nm) placed at the proximal end of a fiber-optic
endoscope blocks reflected excitation light and allows the red PPIX fluorescence (>600 nm)
for detection by a conventional (nonintensified) CCD camera.41 An example of a fluorescence
image collected ~6 hours after oral administration of ALA (15 mg/kg) shows increased red
intensity at the site of the lesion (Figure 7), and well-differentiated carcinoma in situ was found
on histological examination.42 Clinical evidence of ALA use also was shown with quantitative
measurements of exogenous PPIX fluorescence spectra from 20 patients with Barrett’s
esophagus administered oral ALA (10 mg/kg); it distinguished HGD from nondysplastic
mucosa with a sensitivity and specificity of 77% and 71%, respectively.43

Optical Coherence Tomography
Optical coherence tomography (OCT) is novel method of imaging based on the principle of
low-coherence interferometry.44,45 A low-coherence source delivers modulated NIR light
through an optical fiber that is then divided by a coupler (Figure 8). Most of the light is focused
into the tissue by an objective, and the rest travels to a reference mirror.46 Light returning from
both paths is recombined by the coupler and detected. The signal is demodulated, digitized (A/
D), and displayed. A light source with a short coherence length produces a signal only when
the distance traveled by light in both paths of the interferometer are approximately the same.
The intensity of the signal depends on the amount of light backscattered from tissue
microstructures at a depth determined by the length of the reference path. The axial and
transverse (lateral) resolutions are determined by the source coherence length and numerical
aperture of the focusing objective, respectively, and typically are ~10 and 25 μm, respectively.
Images are acquired at a rate of 4 frames/s, which is sufficient to avoid motion artifact.47,48

An OCT image collected in vivo from normal esophagus (Figure 9) obtained using a 2.4-mm
diameter radial scan probe shows the discrete layers of mucosa, including squamous
epithelium, lamina propria, muscularis mucosae, submucosa, lymph nodes, and muscularis
externa.46 Recently, high-resolution OCT prototypes showed an axial resolution ~2 μm.49
Clinical studies have shown the ability of OCT to distinguish normal layers of esophageal
mucosa and have defined image features of Barrett’s esophagus, including: (1) the absence of
normal layers populated by vertical pit and crypt morphological characteristics, (2)
disorganized inhomogeneous architecture and an irregular mucosal surface, and (3) the
presence of submucosal glands.50,51 These criteria were evaluated prospectively and have a
sensitivity and specificity of 97% and 92% for the detection of Barrett’s, respectively.
Furthermore, the ability to distinguish dysplasia in the colon in vivo was studied using colonic
adenomas with 44 polyps in 24 patients (30 adenomas, 14 hyperplastic polyps). On OCT,
adenomas, compared with hyperplastic polyps, had significantly less structure (organized crypt
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pattern and mucosal layering) and light scattering (progression of intensity) by subjective
appearance and less reflectance by digital image analysis.52

Confocal Microendoscopy
Confocal microscopy performs optical sectioning in tissue by eliminating photons that are out
of focus.53 Instruments designed for endoscopy use optical fibers with small-core diameters
that function as a pinhole for collecting light that originates only from within a micron-sized
volume of tissue.54,55 Light scattered from outside the focus will not have the correct trajectory
to enter the fiber. An image is created by 2-dimensional scanning, and a set of images collected
over a range of depths can be used to generate a 3-dimensional image. The challenge of confocal
microendoscopy is to achieve subcellular resolution and deep-tissue penetration with an
instrument reduced to millimeter dimensions. The Optiscan confocal microscope (Optiscan
Pty., Ltd., Notting Hill, Victoria, Australia) uses a single high numerical aperture lens. The
scanning mechanism has dimensions of several millimeters and moves the fiber across the face
of the objective.56 This method collects fluorescence images with the use of intravenous
fluorescein isothiocyanate–dextran for enhancing contrast.57

The dual-axes confocal architecture uses 2 low numerical aperture lenses to cross the
illumination and collection beams at an angle (Figure 10) and has the ability to achieve 5-μm
resolution at λ = 1345 nm in esophageal tissue ex vivo.58 Furthermore, light scattered along
the illumination path not in focus is not collected. In addition, this method is capable of
collecting both reflectance and fluorescence59 and thus can characterize cellular and tissue
morphological characteristics, as well as detect biochemical and molecular changes in the
mucosa. This architecture can be reduced to millimeter dimensions by using micro-electro-
mechanical systems technology.60 An ex vivo reflectance image was collected with a table-
top prototype from a freshly excised biopsy specimen at the neosquamocolumnar junction (z-
line) of a patient with Barrett’s (Figure 11). The mucosa on the left half of the image appears
to be organized into horizontal layers, which, by direct comparison to histological examination,
correspond to epithelium, muscularis mucosa, submucosa, and muscularis propria.58 The
epithelium on the right half is disrupted by invaginating structures (arrows) that appear to be
glands associated with the pit epithelium.

Light-Scattering Spectroscopy
Light-scattering spectroscopy (LSS) provides morphological information about such
subcellular constituents as nuclei and mitochondria from elastically scattered visible light
(Figure 4).61 The spectrum from photons that undergo a single scattering event within the
mucosa is obtained by first subtracting the contributions from multiple scattered light within
the submucosa. A mathematical model is used to calculate the frequency and amplitude of
oscillation of the collected spectrum to determine the size distribution and density of the
scatterers, respectively.62 Clinical evidence of this method for the detection of dysplasia has
been shown in a study of 13 patients with 4, 5, 12, and 52 sites with HGD, LGD, indefinite for
dysplasia, and nondysplastic intestinal metaplasia, respectively.63 Logistic regression and
cross-validation were used to compare the spectral classification with that of histopathologic
examination. The sensitivity and specificity of LSS for detecting dysplasia (either LGD or
HGD) were 90% and 90%, respectively, with all HGD and 87% of LGD sites correctly
classified. This method has the potential to detect very early changes associated with cancer
transformation.64

Raman Spectroscopy
Raman spectroscopy is performed by illuminating tissue with NIR photons that are absorbed
by the unique vibrational/rotational modes of molecular bonds associated with chemical
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functional groups specific to mucosal proteins, lipids, and nucleic acids (Figure 4).65,66 A
small fraction of these photons subsequently are inelastically scattered to form detailed spectral
patterns that are often reduced to their principal components with multivariate statistics.
However, the Raman effect is much weaker than that of fluorescence and can be obscured
easily by fluorescence from the tissue or optical fiber itself. Recent advancement in CCD
detector sensitivity and special filtered probes have allowed for the collection of Raman spectra
in vivo.67 Clinical evidence for the potential of this approach has been shown with the use of
a laser diode at λ = 785 nm. Raman spectra were first collected ex vivo from 34 adenomatous
and 20 hyperplastic polyps in 8 patients to validate the diagnostic algorithm and then collected
in vivo from 10 adenomatous and 9 hyperplastic polyps in 3 patients to show the ability to
distinguish polyp type with 100% sensitivity, 89% specificity, and 95% accuracy.68

Molecular Imaging
Molecular imaging is performed with the use of injected probes consisting of such small
molecules as enzyme substrates, receptor ligands, monoclonal antibodies, and peptides tagged
to a fluorescence dye to achieve high-affinity binding to specific biochemical and molecular
markers of disease.69 This approach is being developed primarily as a research tool with
transgenic animals. The potential of this method has been shown with cathepsin B, a protease
that has increased expression in neoplastic cells.70 This probe is synthesized from a polymer
tagged to Cy 5.5, an NIR dye, that is inactive in its native state, but releases fluorescence after
being cleaved by cathepsin B. Figure 12 shows a fluorescence image of an excised specimen
of the colon from an adenomatous polyposis coli (APC) min mouse after cathepsin B injection.
71 The image shows several large polyps ranging in diameter from 2–5 mm and several
adenomas as small as 50 μm (arrows). Microendoscopes are being developed to study this
method in vivo.72

Discussion
Performance parameters, including field of view, tissue penetration depth, spatial resolution,
and image contrast, for the optical biopsy methods presented are listed in Table 3. A large field
sufficient to perform wide-area surveillance can be achieved with fluorescence imaging by
using conventional fiber-optic endoscopes. Tissue penetration through the mucosa is achieved
with methods that use NIR light, including fluorescence and molecular imaging, OCT, and
confocal microscopy, techniques that use visible light image no further than ~100 μm below
the mucosal surface. Subcellular imaging requires high spatial resolution in both the axial and
transverse dimension, which has been accomplished to date only with confocal
microendoscopy. It is conceivable that ultrahigh-resolution OCT methods that use high
bandwidth lasers may ultimately achieve this level of performance. Fiber-optic endoscopes do
not perform optical sectioning and thus have poor axial resolution. Methods based on
reflectance only, such as OCT, have image contrast limited to the intrinsic differences in tissue
refractive index, whereas techniques that use fluorescence have the potential for significantly
better contrast, depending on the mechanism used. A glossary of technical terms is presented
in Table 4.

Ultimately, the clinical success of each method of optical biopsy will depend on the extent of
additional improvements in detection sensitivity and specificity and on instrument cost. Also,
accurate histological validation of these techniques must be performed and can be achieved
using endoscopes equipped with dual-instrument channels for proper registration of the optical
and standard pinch biopsies. Furthermore, large-scale clinical trials are needed to validate and
standardize these technologies, building confidence in the medical community for their use.
Fluorescence endoscopy offers the advantage of wide-area surveillance; however, artifacts may
be introduced by the presence of such metabolic changes as inflammation, ischemia, and blood.
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In addition, such structural changes as collagen thickening in polypoid lesions may crowd out
sources of endogenous fluorescence. Low-noise CCD detectors with greater sensitivity are
being developed for video collection of fluorescence. OCT offers wide-area vertical cross-
sectional imaging with high resolution, but this method is not sensitive to fluorescence and the
image resolution is degraded by a speckle pattern associated with coherent light. Confocal
microendoscopy is sensitive to both reflectance and fluorescence with subcellular resolution.
However, the field of view is limited, and, presently, this technique has been shown ex vivo
only. Although point spectroscopy methods that use light scattering offer detailed information
about tissue microstructure and molecular bonds, their use is likely to be primarily as an adjunct
to imaging methods because of the small volume of tissue sampled. Raman spectroscopy faces
the additional challenge of sufficient signal collection to perform real-time diagnostics.

At the present time, clinicians should resist the temptation to use these very promising, but
experimental, technologies in making patient management decisions. Available data, although
highly encouraging, are insufficient to allow us to draw conclusions about the optimal manner
in which to screen and survey patients during endoscopy. The most successful clinical methods
of optical biopsy likely will evolve in the form of a combination of imaging techniques that
can provide wide-area surveillance, deep-tissue penetration, and high subcellular resolution,
with possibly the addition of point detection methods for special applications. Future
surveillance with endoscopy likely will include wide-area surveillance with fluorescence using
NIR molecular probes that have high sensitivity and specificity to premalignant lesions present
through the mucosa. The first disease targets likely will be flat dysplasia, such as that associated
with Barrett’s esophagus and ulcerative colitis. The cost and size of image detectors necessary
for fluorescence detection have been decreasing steadily. As an adjunct, point detection
methods and confocal microendoscopy can be used to further evaluate target lesions. These
instruments can be reliably and inexpensively mass produced with use of optical fibers and
micro-electro-mechanical systems technology.

The advances in endoscopic imaging described in this review provide a preview of the many
exciting diagnostic possibilities that may soon enhance conventional endoscopy. Clinical and
preclinical evidence suggest significant improvements can be achieved in terms of image
resolution and tissue penetration, in addition to biochemical and molecular information about
disease processes. Standard endoscopic imaging may be joined by fluorescence endoscopy for
enhanced visualization of the mucosal surface. Greater disease specificity may be feasible with
the administration of exogenous agents, such as high-affinity probes. Moreover, light emerging
from deep within tissue can be imaged with high resolution by using molecular imaging, OCT,
or confocal microendoscopy. Furthermore, detailed morphological and molecular information
can be acquired with light-scattering and Raman spectroscopy, respectively. These methods
of optical biopsy are unlikely to replace conventional biopsy with histopathologic interpretation
of excised tissue at any time soon. Rather, they are more likely to provide a more accurate and
efficient approach to target biopsy of diseased tissue, thus reducing the number of conventional
biopsies required, increasing surveillance intervals, and reducing cost.
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Abbreviations used in this paper
ALA  

aminolevulinic acid

APC  
adenomatous polyposis coli

CCD  
charge coupled device

HGD  
high-grade dysplasia

LGD  
low-grade dysplasia

LSS  
light-scattering spectroscopy

NIR  
near-infrared

OCT  
optical coherence tomography

PPIX  

WANG and VAN DAM Page 10

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2007 December 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



protoporphyrin IX

UV  
ultraviolet
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Figure 1.
Histological examination of esophagus shows the presence of glands below the squamous
epithelium, illustrating the need for optical methods to evaluate below the mucosal surface and
for sub-cellular resolution in the axial and transverse dimensions. Scale bar, 50 μm.
(Hematoxylin and eosin.)
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Figure 2.
Electromagnetic spectrum used for novel methods of optical biopsy includes ultraviolet (UV),
visible, and near-infrared (NIR) light, resulting in different depths of tissue penetration through
the mucosa (graded layers) and submucosa (>1 mm depth).
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Figure 3.
Optical fiber probes can be used for mucosal point detection to collect elastic (red arrows) or
inelastic (green arrow) scattered light. Ballistic (red arrows) and diffuse (blue arrows) photons
return after a single and several scattering events, respectively.
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Figure 4.
Light absorbed by biomolecules (hνa) is released as transitions occur between energy levels.
Fluorescence (hνf) results from electrons relaxing to the ground state, releasing light at
wavelengths longer than that of incident. Raman (inelastic) and elastic scattering occur when
biochemical functional groups change in vibrational energy levels.
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Figure 5.
Schematic of LIFE camera unit. Excitation provided by blue light from a filtered xenon lamp
produces fluorescence that is collected by a fiber-optic endoscope. The red (R) and green (G)
spectral components are separated by a dichroic, bandpass filtered, and then imaged by two
separate intensified cameras. A mirror can be flipped away to allow detection of white light
(WL).
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Figure 6.
Focus of high-grade dysplasia (arrowheads) localized within Barrett’s segment revealed by
fluorescence collected with LIFE endoscopy system. Reprinted with permission.35
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Figure 7.
Red fluorescence image of aminolevulinic acid–induced protoporphyrin IX from distal
esophagus shows a superficial esophageal carcinoma that was not visible on white light.
Reprinted with permission.42
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Figure 8.
Schematic of optical circuit in optical coherence tomography imaging system.
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Figure 9.
Optical coherence tomographic image from normal esophagus shows outer surface of the probe
(P) and discrete layers of mucosa, including squamous epithelium (E), lamina propria (LP),
muscularis mucosa (MM), submucosa (SubM), lymph nodes (L), and muscularis externa (ME).
Reprinted with permission.46
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Figure 10.
Dual-axes confocal architecture uses separate illumination and collection objectives to reduce
axial resolution (black oval), increase long working distance, and decrease light scattering.
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Figure 11.
Dual-axes confocal image of the neosquamocolumnar metaplastic junction of resected human
esophagus shown over a depth of 1 mm shows intact squamous epithelium (E), muscularis
mucosa (MM), submucosa (SubM), and muscularis propria (MP) on the left and columnar
mucosa with pit epithelium (arrows) on the right. Reprinted with permission.58
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Figure 12.
Near-infrared fluorescence image of an excised specimen of the colon from an APC min mouse
after injection with the cathepsin B probe. Several 2–5-mm diameter polyps and adenomas as
small as 50 μm (arrows) can be seen. Reprinted with permission.71
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Table 1
Clinical End Points for Optical Biopsy in the Gastrointestinal Tract

Minimize number of target biopsies and frequency of surveillance
Detect and localize high-grade dysplasia in Barrett’s esophagus
Identify neoplasia beneath neosquamous esophageal mucosa
Assess depth of tumor invasion for possible mucosal resection
Preoperative identification of tumor margins
Evaluate effectiveness of pharmacological therapy
Detect and localize dysplasia in the setting of ulcerative colitis
Distinguish adenomatous from hyperplastic polyps
Avoid biopsy in patients with bleeding diatheses
Surveillance of polypectomy and mucosal resection site
Differentiate malignant and benign ulcers and strictures
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Table 2
Summary of Light-Tissue Interaction Mechanisms and Potential Clinical Use

Method Light-tissue interaction mechanism Potential clinical use

Fluorescence endoscopy Endogenous biomolecules, photosensitizers Wide-area surveillance
Optical coherence tomography Backscatter, low-coherence interferometry Cross-sectional histopathologic examination
Confocal microscopy Backscatter, spatial filtering Cross-sectional histopathologic examination
Light-scattering spectroscopy Elastic scattering, diffuse visible photons Subcellular morphological examination
Raman spectroscopy Inelastic scattering, diffuse near-infrared photons Molecular histopathologic examination
Molecular imaging Fluorescence triggered by molecular interaction Molecular imaging
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Table 4
Glossary of Technical Terms

Term Description

Ballistic photons Light detected after undergoing single backscattering event
Charge-coupled device Silicon image detector sensitive to both visible and near-infrared light
Coherence Spatial extent over which light has reliable phase
Confocal Reduction of scattering by spatially limiting light beam with pinholes
Diffuse scattering Photons that undergo multiple backscattering events
Elastic scattering Photons backscattered with same wavelength as that of incident
Field of view Surface area of mucosa imaged by detector
Fluorescence Light emitted by electrons relaxing from higher to lower energy levels
Inelastic scattering Photons backscattered with a longer wavelength than that of incident
Mie theory Mathematical description of light scattering by particles of all sizes
Molecular beacons Probe that releases fluorescence after specific molecular interaction
Optical biopsy Nondestructive in situ assay of tissue histopathologic characteristics using light
Micro-electro-mechanical systems Microfabrication of silicon substrate suitable for mass production
Near-infrared Light with wavelengths longer than that of red, not visible to human eye
Numerical aperture Angle of light convergence within tissue produced by objective
Raman scattering Inelastic scattering by vibrational/rotational modes of molecular bonds
Working distance Distance between region of focus and closest surface of objective
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