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Abstract—The detection of dysplasia in the gastrointestinal tract
can be performed using optical microsensors based on thin-film
optical filters and silicon photodiodes. This paper describes two
optical microsensors that can be used for spectroscopy data collec-
tion in two different spectral bands (one in the violet/blue region
and the other in the green region) for which two optical filters were
designed and fabricated. An empirical analysis of gastrointestinal
spectroscopic data using these specific spectral bands is performed.
The obtained results show that it is possible to accurately differen-
tiate dysplastic lesions from normal tissue, with a sensitivity and
specificity of 77.8% and 97.6%, respectively. Therefore, the devel-
oped filters can be used as a tool to aid in diagnosis. The small size
of the optical microsensors can enable, in the future, integration in
endoscopic capsules.

Index Terms—Diffuse-reflectance, Fabry–Perot optical filters,
fluorescence, spectroscopy tissue diagnosis.

I. INTRODUCTION

GASTROINTESTINAL (GI) cancers, in particular cancers
of the esophagus, stomach, and colorectum, are among

the fifth leading causes of cancer-related deaths worldwide [1].
These epithelial cancers are usually preceded by dysplastic
changes. An early identification of cancer is very important
since the chances of an effective treatment considerably in-
crease when the disease is detected at the dysplastic stage,
improving the survival rate [2], [3]. The World Health Orga-
nization has estimated that nearly one-third of cancer burden
could be decreased if lesions were diagnosed and treated at its
earliest stages. Unfortunately, dysplastic lesions are difficult to
detect using standard screening methods: dysplasia is not readily
identifiable by visual inspection during routine endoscopy. As a
consequence, physicians often take a large number of undirected
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biopsies to increase the chances of detecting invisible lesions,
which results in sampling errors and high costs associated with
the procedure [2]–[4].

Optical techniques may overcome some limitations of current
screening methods and enhance detection of dysplasia in vivo.
Diffuse-reflectance and fluorescence spectroscopy have been
proven to be highly sensitive for the identification of dysplasia,
by exhibiting different spectral features that can be correlated
with normal and cancerous tissue [2], [3]. Such techniques have
the ability to reveal biochemical and morphological tissue infor-
mation that can be used to characterize changes that take place
during disease transformation [3], [4].

Several studies have successfully applied diffuse-reflectance
and fluorescence spectroscopy for detecting and classifying dys-
plasia in a variety of GI structures [5]–[7]. In these studies, data
collection is performed using costly and bulky clinical instru-
ments, usually composed by a spectrograph, a detector, and op-
tical fibers. This instrument configuration has some drawbacks:
regular optical fibers might have low collection efficiency, thus
requiring high quantum efficiency detectors (such as charge-
coupled device (CCD) cameras), and, the detector is placed at
the distal end of the collection fiber, where considerable light
might be lost [8]. Moreover, catheter-based endoscopy systems
are invasive and very uncomfortable for the patient. The devel-
opment of a miniature spectroscopy system without using op-
tical fibers, spectrograph or CCDs would enable integration in
small and less-invasive devices for GI tract evaluation. Kfouri
et al. [9] have already developed a miniaturized fluorescence
imaging device for noninvasive diagnosis of diseases in the GI
tract. However, the full-integrated prototype is still too large
(2 cm in diameter and 10 cm in length), and further miniaturiza-
tion is compromised by the use of several incompatible CMOS
IC components. Also, only fluorescence images are acquired
to perform diagnosis. To the best of our knowledge, it was
not yet developed a miniaturized device that integrates both
fluorescence and diffuse-reflectance functions for early cancer
diagnosis.

In this study, it is described a strategy for the detection of
dysplasia in the upper GI tract and proposed the development
of a low complexity, miniaturized device for spectroscopy data
collection (fluorescence together with diffuse-reflectance). This
system, named as optical microsensor, is based on thin-film
optical filters and CMOS silicon photodiodes, for the selection
and detection of two different spectral bands that are significant
for the identification of GI dysplastic lesions. This approach re-
quires the development of two optical filters, one of which will
be used for fluorescence measurements, while the other will be
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used to collect the reflectance signal. Both filters will have a
Fabry–Perot multilayer structure made with dielectric materials
that are Si compatible, thus compatible with standard micro-
electronics fabrication and processing techniques (which is an
asset toward the development of a fully miniaturized device,
in a single chip). Also, the use of all-dielectric layers allows a
narrow and a high peak transmittance spectral band, as required
for the application [10]–[12].

The proposed device has three major advantages over pre-
vious systems: 1) it is miniaturized and, thus, suitable for a
future integration in a less-invasive medical device (e.g., endo-
scopic capsule); 2) it integrates components that are compati-
ble with standard microelectronics fabrication and processing
techniques; and 3) it combines two different spectroscopy tech-
niques: diffuse-reflectance and fluorescence.

II. DIFFUSE-REFLECTANCE AND

FLUORESCENCE SPECTROSCOPY

In diffuse-reflectance spectroscopy, white light delivered to
the tissue is absorbed and multiple scattered by tissue con-
stituents and part of it returns, carrying information about tissue
optical properties (scattering and absorption) [4], [13]. Scatter-
ing is mainly originated by collagen fibers in connective tissue,
whereas absorption is mainly due to hemoglobin. The major
hemoglobin absorption peaks are nearly the 420 nm and 540–
580 nm regions [4]. A decrease in scattering is associated with
increasing dysplasia: epithelial thickness increases, and there-
fore the amount of light propagating to the connective tissue with
collagen is reduced. Additionally, with dysplasia some enzymes
are released that will cleave the collagen cross links [3], [14].
An increased hemoglobin concentration, which translates into
an increased absorption, may be associated with angiogenesis
that is proved to be linked with some types of early cancers [15].

Epithelial tissues produce fluorescence when excited by ultra-
violet (UV) or short-wavelength visible light. This fluorescence
is originated by several fluorophores that are related to the struc-
tural arrangement and metabolism of cells. Each fluorophore is
excited by a specific wavelength and has particular emission
characteristics, supplying different biochemical information. A
modification in fluorescence emission may be related to the
emergence of pathological conditions. The dominant fluorescent
tissue layer is the submucosa, where collagen and elastin emit
around the 400 nm spectral band [4], [16], [17]. NAD(P)H and
collagen are considered fluorescent biomarkers of precancerous
changes in epithelial tissues [14]. An increase in NAD(P)H is
associated with an increase in cellular metabolic activity and
proliferation, both of which occur with the progression of dys-
plasia. A decrease in collagen can be an indicator of loss of
structural integrity and is translated by low fluorescence inten-
sity. Thus, fluorescence intensity of dysplastic epithelial tissue
is generally lower compared to healthy tissue [14], [18], [19].
This concept, together with diffuse-reflectance signal informa-
tion, can be used to distinguish the presence and absence of
malignancy.

An empirical analysis of fluorescence and diffuse-reflectance
signal from GI tissue is described. The intensity of fluorescence

Fig. 1. Cross-sectional view of the optical microsensor with optical filters and
photodiodes (not scaled).

and diffuse-reflectance within only two specific spectral bands
will be used for the discrimination of dysplastic and normal
tissue.

III. DESIGN OF THE OPTICAL MICROSENSOR

An optical microsensor for spectroscopy data collection was
designed (see Fig. 1). This device is based on thin-film opti-
cal filters and silicon photodiodes that will, respectively, select
and detect several light wavelengths of interest for the diag-
nosis of GI dysplasia. The use of these components obviates
the need for expensive and sophisticated detection equipment
and optical fibers for light collection from tissues. In addi-
tion, small-size UV and white light-emitting diodes (LEDs)
could be incorporated in the instrument as the illumination
sources for fluorescence and diffuse-reflectance measurements,
respectively.

The designed microsensor can be scaled down to a few mil-
limeters, and like that has potential to be integrated in very small
and thus less-invasive devices, such as the endoscopic capsule.
For this particular application, a control of the capsule direction
and distance to the tissue surface has first to be achieved. Promis-
ing developments in this field have already been made, which
may allow, in the future, to place the capsule into gentle con-
tact with the tissue, in a controlled way, to collect spectroscopy
data [20], [21]. This placement of the detection system close to
the sample allows us collecting most of the reemitted light.

Concerning power supply requirements, for the proposed op-
tical microsensor, it will be similar to the one used in commercial
endoscopic capsules. A 50-mAh capacity with a 3-V nominal
voltage would be used, being enough for 6-h work. Also, it is
important to notice that the illumination sources will not spend
more energy than the one currently available since when the UV
LEDs are turned ON, the white LEDs are turned OFF and vice
versa.

A. Optical Filters Structure and Materials

The detection of specific spectral bands requires the use of
thin-film optical filters placed on top of silicon photodiodes.
The filtering system is based on Fabry–Perot thin-film optical
resonators. These consist of two flat parallel mirrors separated
by a specific distance, with a resonance cavity in the middle (see
Fig. 2). The thickness of the resonance cavity determines the
transmitted wavelength band, as explained by the equation λq
= 2nd, where n is the refractive index of the cavity medium, d is
the cavity length or thickness, λ is the transmitted wavelength,
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Fig. 2. Designed Fabry–Perot resonator, composed by 11 layers, and with
dielectric mirrors.

Fig. 3. Diffuse-reflectance (dashed lines) and fluorescence (solid lines) spectra
examples. Higher intensity spectra correspond to normal tissue, whereas dys-
plastic tissue sites exhibit low-intensity spectra. For this illustration, reflectance
and fluorescence intensity spectra were normalized to their maximum intensity
values for a better comparison of their spectral shape (peaks and valleys).

and q is the interference order. For the designed filters (see
Fig. 2), the mirrors are dielectric mirrors composed of a stack of
TiO2 and SiO2 thin-films (materials with high and low refractive
index in the visible spectrum, respectively) which offer good
optical performance characteristics, high transmittance and low
full-width half-maximum (FWHM), with low-absorption losses
[12], [22].

B. Optical Filters Simulations

To design the optical microsensors, i.e., to define the two spe-
cific transmittance spectral bands of the optical filters, diffuse-
reflectance and fluorescence data from normal and dysplastic GI
tissue were used (examples are shown in Fig. 3). This dataset
comprised nine dysplastic tissue sites and 42 normal tissue sites.

From Fig. 3, and using only two spectral bands, the optical
filters should be able to select one fluorescence band in the
violet/blue region of the spectrum (centered at 420 nm) and one
reflectance band in the green region of the spectrum (centered
at 540 nm). These central wavelengths were selected in order
to detect approximately the maximum fluorescence emission of
tissues, and to detect one of the hemoglobin absorption peaks in
the reflectance signal. Previous studies [23] have shown that it is
very important to take into account a green reflectance band, to
help in the differentiation of inflammation from tumors, and thus
reduce the number of false positives. For this reason, the 540 nm
spectral band was selected for the reflectance measurements,
instead of the 420 nm spectral band.

Fig. 4. Simulated spectral transmittance of the two Fabry–Perot optical filters:
(a) violet/blue region; (b) green region. Maximum intensity peaks at (a) 420 and
(b) 540 nm.

For the violet/blue region, the mirrors are composed by
45 nm-thick TiO2 and 70 nm-thick SiO2 layers, whereas for the
green region, the mirrors are composed by 52 nm-thick TiO2
and 95 nm-thick SiO2 layers. The resonance cavity thickness,
i.e., the sixth layer, is equal to 138 and 192 nm for the violet/blue
and green filter, respectively. In each spectral region, the optical
filters can be easily tuned to a different central wavelength by
adjusting only the thickness of the sixth layer, and keeping the
same mirror layers. Thus, it would be possible to produce a fil-
ter centered at 450 nm by simply increasing the cavity thickness
from 138 to 180 nm, or to create a filter centered at 500 nm by
reducing only the cavity thickness from 192 to 155 nm. This
procedure enables the fabrication of several optical filters in
each region of the spectrum, whereas, minimizing the global
deposition time.

Thin-film optics software TFCalc 3.5 (Software Spectra, Inc.,
Portland, OR) was used for the structural optimization of the
optical filters. In Fig. 4, the simulated transmittances for the two
Fabry–Perot optical channels are presented.

The simulated results show that each filter is sensitive to its
specific spectral band, with FWHM less than 12 nm. Also, the
peaks transmittance is higher than 90%. However, the tails of
both filters at wavelengths farther from its transmittance peak
may raise some concerns. For the violet/blue optical filter, the
transmittance increases from 550 to 650 nm. Given that this op-
tical filter is going to be used solely for fluorescence measure-
ments, this collection of out-of-band light is not a problem once
fluorescence emission in this band tends to zero (see Fig. 3). On
the other hand, as it is designed, the green optical filter will be
collecting significant out-of-band light that will confound the
reflectance analysis. Still, this problem can also be exceeded
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Fig. 5. Simulated spectral transmittance of the green filter with the optical
effect of the n+/p-epilayer photodiode included.

when the effect of the silicon photodiode is integrated in the
measurements, together with the green filter, to produce the
final device.

The integration of optical filters, photodiodes, and readout
electronics on a single chip requires the system to fit in a mi-
croelectronic process, preferably CMOS. This technology fea-
tures electronics in a small silicon area and offers low power
consumption, an important requirement for the reported appli-
cation. For the violet/blue spectral band, a photodiode with im-
proved quantum efficiency at low-visible wavelengths is being
designed. Regarding the green spectral band, we will use p-n
junction photodiodes fabricated in a standard 0.7-μm CMOS
process, without additional masks or steps.

The CMOS process provides three photosensitive structures
as vertical junction photodiodes. At a particular wavelength,
their quantum efficiency varies according to their junction depth.
In the visible spectrum, blue light is more efficiently collected
by a shallower junction (p+/n-well and n+/p-epilayer) and red
light by a deeper junction (n-well/p-epilayer). However, despite
its shallow junction, the n+/p-epilayer photodiode has high
quantum efficiency around 550 nm due to the different doping
concentration between the n- and the p-side. This extends the
p-side depletion area more deeply [24]. Therefore, this photo-
diode was selected for the microsystem. The green optical filter
will be vertically aligned with the photodiode to build the op-
tical channel for the collection of reflectance data. A detailed
characterization of the fabricated n+/p-epilayer photodiode can
be found in [24].

New computational simulations were then performed for the
green optical filter taking into account the effect of using an
n+/p-epilayer photodiode to read the signal. The thickness of
the photodiode junction depth is fixed by the microelectronics
foundry, and equals to 350 nm. Fig. 5 illustrates the signal at-
tenuation in the violet/blue region to less than 20%. The peak
transmittance is also lower than what was initially simulated
due to the optical effect of the detector.

IV. RESULTS AND DISCUSSION

A. Thin-Film Optical Filters Characterization

Before the optical filters fabrication, single layers of SiO2 and
TiO2 were deposited on silicon substrates to calibrate deposition
rates and indexes of refraction. After, the multilayer filters were

Fig. 6. SEM photograph showing the cross section of the green Fabry–Perot
optical filter (magnification 100 000 times).

Fig. 7. Surface 3-D map of the green Fabry–Perot optical filter.

deposited by ion–beam deposition on a glass substrate using a
Nordiko 3000 deposition tool. Multilayer filters were analyzed
by a cross-sectional scanning electron microscope (SEM) in
order to assess layer thicknesses and interface quality between
the different layers (see Fig. 6).

In Fig. 6, it is noticeable the separation between the SiO2
and TiO2 layers, with very low interface mixing (brighter lay-
ers correspond to elements with high atomic number—TiO2 ).
The film thicknesses are in good agreement with the outlined
values. It is also shown very good film flatness along the entire
area. This feature allows us to guarantee the parallelism of the
mirrors concerning to the resonance cavity, which is crucial for
reproducible optical measurements.

The multilayer surface roughness was also evaluated, in a
400 by 400 μm area, using a profilometer (Dektak 150 Surface
Profiler, Veeco Instruments, Inc., Plainview, TX). The surface
3-D map for the green optical filter is shown in Fig. 7.

From Fig. 7, it can be seen that, in general, the optical filter’s
surface is smooth, as would be desirable in order to minimize
potential interferences to the incident light beam. Its roughness
profile is in average equal to 2.31 nm. Several tiny irregularities
inherent to the filters manufacturing process are present in the
surface; yet, these are not a major concern due to their small
size.

Finally, the transmittance performance of the optical filters
was assessed (see Fig. 8). Optical spectra measurements on the
filters show that they are sensitive to their particular spectral
band. However, the violet/blue filter peak is slightly deviated
from what was initially simulated, being centered at 422 nm,
which is explained by the fabrication process tolerance. This
process has a tolerance of 2% in the thickness of the thin-film
layers being deposited, which is more evident in the SiO2 : some
SiO2 layers might have been deposited about 1 or 2 nm thicker
than what was initially designed; an increase in the layers thick-
ness shifts the spectral peak to the right. Still, this is a very small
deviation that does not affect the performance of the overall
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Fig. 8. Measured transmittance spectra of the two Fabry–Perot optical fil-
ters: (a) violet/blue filter, measured with the UV-3101 PC spectrophotometer (a
CMOS photodiode is currently being designed and optimized for this spectral re-
gion); (b) green filter (measured with the fabricated n+/p-epilayer photodiode).
Maximum intensity peaks at (a) 422 and (b) 540 nm.

system. This filter spectral shape is in good agreement with the
simulations, with a maximum transmittance around 70% and an
FWHM of 12 nm. The FWHM of the green filter is a little wider
than expected by computational simulations (around 23 nm). Its
ratio of maximum transmittance to background noise is greater
than 50/15, which is acceptable for the interference filter since
the transmittance peak has more than twice the intensity of any
background noise that appears in the considered spectral range.

The overall performance of the optical filters could be im-
proved by increasing the number of dielectric layers, but the
fabrication process complexity would also increase. Therefore,
it must be achieved a compromise between the filters accuracy
to perform diagnosis and the constraints inherent to the filters
fabrication process (e.g., materials, number of layers, FWHM,
and maximum transmission).

B. Diffuse-Reflectance and Fluorescence Spectra Analysis

A new strategy based on the use of only two spectral bands
for the detection of dysplasia in the upper GI tract was studied.
The feasibility of using the developed optical microsensors for
distinguishing dysplasia from normal tissue was theoretically
assessed with a spectral analysis. For this study, the optical fil-
ters transmittance curves were used together with spectroscopy
diffuse-reflectance and fluorescence data. Histopathology diag-
noses are used as the standard against which the spectroscopic-
qualitative diagnoses are compared.

In this analysis, all diffuse-reflectance and fluorescence spec-
tra (not normalized) were first multiplied by the green and vio-
let/blue filters measured transmittance curves, respectively (see

Fig. 8). The resulting Gaussian distributed spectra were then in-
tegrated over the full transmittance range (from 350 to 650 nm).
The obtained integrated intensity values correspond to the signal
that will be read by the photodiodes.

Subsequently, a statistical analysis was performed on the
processed spectral data using the Student’s t-test, the Mann–
Whitney test, and the logistic regression model. This analysis is
performed in order to extract any relevant diagnostic algorithm
that provides diagnostic differences between normal and dys-
plastic tissues. A statistical software (IBM R© SPSS R©) was used
for this study.

The Student’s t-test and the Mann–Whitney test, respectively,
were used to compare normally and not normally distributed
continuous variables (diffuse-reflectance intensity in the green
spectral band and fluorescence intensity in the violet/blue spec-
tral band) for two distinct groups of tissue sites: dysplastic
and normal. A p-value less than 0.05 was considered to be
statistically significant. For both variables, the null hypothesis
was rejected. This means that the measured intensity values of
diffuse-reflectance at 540 nm, and of fluorescence at 420 nm,
are significantly different between the two groups. In nearly all
cases, compared with dysplasia, normal tissue sites exhibit sig-
nificantly higher intensity values, both for diffuse-reflectance
and fluorescence, as it was theoretical expected. As explained in
Section II, a decrease in the fraction of collagen fibers with
progression of dysplasia is translated by low fluorescence
intensities, and by a reduced reflectance signal as a result
of low scattering. Also, a high hemoglobin concentration,
which is characteristic of dysplastic tissues, may attenuate the
diffuse-reflectance and endogenous fluorescence signals due to
absorption.

The spectral algorithm for classifying tissue as normal or
dysplastic was developed by using binary logistic regression.
A model with a good predictive capability includes both the
diffuse-reflectance and fluorescence data. The accuracy of the
final logistic regression model is evaluated by the area under
the receiver operating characteristic (ROC) curve (AUC), and
the sensitivity and specificity. The box plots of the reflectance
and fluorescence variables, as well as the ROC curve for the
differentiation of dysplasia from normal tissue are presented in
Fig. 9.

From the results of Fig. 9, one can say that the violet/blue
fluorescence and green diffuse-reflectance intensities are good
predictors for the discrimination of tissue disease status. The
model has an overall accuracy of 94.1%. Dysplasia and nor-
mal tissue can be distinguished with an AUC, sensitivity, and
specificity of 0.995, 77.8%, and 97.6%, respectively. Sensi-
tivity is defined as the fraction of dysplastic tissue sites cor-
rectly identified by the model, whereas specificity is defined as
the fraction of correctly identified normal tissue sites. The not
very high value of sensitivity might be explained by the small
number of dysplastic tissue sites used, which is a limitation in
this study. The positive predictive value, which is the probability
that a positive result is accurate equals to 87.5%. The negative
predictive value (NPV), which is the probability that a negative
result is accurate, is equal to 95.3%. A high NPV (low num-
ber of false negatives) is very important for an effective clinical
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Fig. 9. Discrimination of normal from dysplastic tissue sites. (a) ROC curve
for the logistic regression algorithm: ROC curve (blue solid line); 45◦ green
line (AUC = 0.5). The AUC measures the accuracy of the model to correctly
classify normal and diseased tissue. A perfect discrimination is achieved with
an AUC value of 1; an AUC value of 0.5 indicates an inability to differentiate
the two tissue types. Box plots of the two variables included in the model.
(b) Fluorescence data from the violet/blue spectral region for the two tissue
types. (c) Reflectance data from the green spectral region for the two tissue
types. Outliers are symbolized by circles.

practice, especially when the system is going to be used to guide
biopsies, since the physician has to be confident that none of the
dysplastic lesions are identified as normal, and consequently
not subjected to biopsy. A low NPV might be indicative that
cancerous tissue is left in the patient without being identified.

Mayinger et al. [18] described a measurement system that
uses differences in the fluorescence spectral intensities to iden-
tify cancerous tissue in the upper GI tract. Tissues were excited
with violet-blue light and fluorescence spectra were collected
using an optical fiber and analyzed with a spectrograph. The
developed algorithm was based on the intensity ratio in the
green and red spectral bands and provided a sensitivity of 97%
and a specificity of 95% for the diagnosis of esophageal can-
cer. However, in this study, it was not included data for benign
lesions (e.g., inflammations) that might influence fluorescence
spectroscopy. Uedo et al. [23] found that a superficial neoplasm
and an inflamed tissue with edema could be misunderstood us-
ing only fluorescence measurements. In this study, the addition
of green reflectance information proved to be helpful for the
differentiation of inflammation from tumors.

Bourg-Heckly et al. [6] also used a fluorescence spectroscopy
system for the detection of dysplasia in the upper GI tract. The
instrument was composed by a UV xenon lamp, bandpass filters,
optical fibers for light delivery and collection, and a spectrome-
ter with a CCD camera for detection. Overall, this optical setup
is not portable and compact, which might be cumbersome in the
clinical environment. In this study, a model based only on the flu-

orescence intensity ratio at two different wavelengths (390 and
550 nm) was able to discriminate neoplastic tissue from normal
mucosa with a sensitivity of 86% and specificity of 95%.

In our study, we not only combine information from diffuse-
reflectance and fluorescence, which combination was shown
to be helpful for the discrimination of benign and malignant
lesions, but we also demonstrate that it is possible to identify
dysplastic and healthy tissue sites, with a suitable sensitivity and
specificity, using a much smaller instrument, compared with the
instruments used in similar studies. Replacing the spectrograph
by thin-film optical filters and the CCDs by silicon photodiodes
will enable the development of a more portable, low cost, and
simple spectroscopy system, with similar throughput.

The obtained results with only two optical filters are very
promising but further study should be done. As an important
next step, the performance of the presented diagnostic algo-
rithm should be tested in a large clinical study using the optical
microsensor incorporated in a conventional endoscope. This
optical microsensor must have not only the optical filters post-
processed directly on top of the CMOS photodiodes but also
the readout electronics, all bonded together on the same chip.
A separated fabrication was used as a first approach, since it
enabled the characterization and optimization of the different
parts.

V. CONCLUSION

Diffuse-reflectance and fluorescence spectroscopy proved to
be sensitive methods for the detection of early cancerous le-
sions in the GI tract. This study reports a new approach for
the identification of dysplasia using a simple and miniaturized
system for spectroscopy data collection. The proposed device is
based on thin-film optical filters and silicon photodiodes for the
selection and detection of two spectral bands that will provide
information for diagnosis.

An empirical study was performed using spectroscopy data
from dysplastic and normal GI tissue sites to demonstrate the
feasibility of replacing the spectrograph in standard clinical
prototypes by two optical filters in the miniaturized system. The
spectral performance of the fabricated interference filters was
shown to be sufficient for the intended final goal. The over-
all results have proven that healthy and diseased tissue can be
differentiated with a sensitivity and specificity of 77.8% and
97.6%, respectively.

It is reasonable to envision an important clinical utility for
the proposed optical microsensor since due its reduced size it
could be incorporated in a standard endoscope making it more
compact and portable. Moreover, it could also be, in the future,
integrated in an endoscopic capsule platform for guiding biopsy
of invisible lesions in the GI tract. With this device, the sampling
error and healthcare costs associated with unnecessary biopsies
could be significantly reduced.
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