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PROBE USING DIFFUSE-REFLECTANCE 
SPECTROSCOPY 

0001. This application claims priority to U.S. Provisional 
App. No. 60/238,600, filed Oct. 6, 2000 entitled PROBE 
USING DIFFUSE-REFLECTANCE SPECTROSCOPY. 

FIELD OF THE INVENTION 

0002 The invention generally relates to a device and 
method for use in quantifying and monitoring inflammation 
of the epithelium. More particularly, the invention relates to 
fiber optic probes useful in a method for determining inflam 
mation of epithelium tissue, which is relevant in a number 
of fields, including but not limited to dentistry, general 
medicine and internal medicine. 

BACKGROUND OF THE INVENTION 

0.003 Diagnosis of mammalian oral health often focuses 
on the epithelium. The epithelium is the covering of internal 
and external Surfaces of the body, including the lining of 
vessels and other Small cavities. It is made up of cells that 
are joined by Small amounts of cementing Substances. Epi 
thelium is classified into different types, based on the depth 
of the layers and the Shape of the cells residing at the Surface. 
0004. The oral epithelium has a base layer of progenitor 
cells that are constantly replicating. AS the newly replicated 
cells are formed at the base, they push the overlying cells 
toward the upper epithelial Surface. AS these cells approach 
the Surface, they are flattened, eventually detached from the 
Surface and will Slough off. A healthy oral epithelium has a 
thickness in the range of 50-150 lum. 
0005 The first clinical symptom of an unhealthy oral 
epithelium is inflammation. Inflammation of the oral epi 
thelium may result from either an increased proliferation 
rate of progenitor cells, a decreased detachment rate from 
the upper Surfaces of the oral epithelium, or a combination 
thereof. Inflamed cell populations, including inflamed oral 
epithelium regions, produce cytokines that can Specifically 
Stimulate growth of evolving cancer clones. Normal epithe 
lium populations will also respond to the chronic presence of 
mitogenically active cytokines by increasing their rate of 
cell growth. This increased cell growth is called hyperplasia. 
Normal epithelial cell hyperplasia can thereby be a measure 
of the promotional environment of a cancer clone. 
0006 The general health of the oral epithelium can 
Sometimes be determined by Visual inspection. For a more 
thorough diagnosis however, the thickness of the epithelium 
should be quantified. In order to quantify the thickness, more 
advanced techniques, Such as endoscopy must be used. 
0007 Endoscopy is the visual inspection of a cavity of 
the body by use of an endoscope. An endoscope is generally 
a highly flexible viewing instrument that may also be 
capable of diagnostic and therapeutic functions. EndoScopy 
is widely used to diagnose, monitor and treat a number of 
diseases and maladies of the digestive System. Many dis 
eases of the human digestive tract can be diagnosed by 
Visual appearance, for example tumors possess a character 
istic Salmon pink color. In practice, these factors combine to 
allow one procedure, endoscopy, to be a relatively simple, 
non-Surgical diagnosis and monitoring tool of many diges 
tive tract diseases. 
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0008 Use of diagnostic scopes as clinical tools was 
greatly advanced by the development of fiber optics in the 
1950s. The use of fiber optics in diagnostic scopes allowed 
better images to be recorded. It also allowed more organs to 
be viewed because of the flexibility that fiber optics brought 
to the instrument. The flexibility added by fiber optics also 
decreased the incidence of puncturing body tissue and 
organs that occurred more often with rigid Scopes. 
0009. Diffuse reflectance spectroscopy is a technique that 
was developed for use in Surface analysis of powdered 
organic and inorganic Samples. The technique is based on 
the diffuse reflectance of radiation that occurs when it is 
directed onto a Surface with a matte finish or a powdered 
Sample. The reflected radiation penetrates the Sample and 
interacts with it before the radiation emerges from the 
sample as a “reflection'. While the radiation is in the sample, 
Scattering occurs Such that the diffusely reflected light 
emerges from the Sample at all angles, as opposed to the one 
angle that would be observed if the Scattering had not 
occurred. 

0010 Reflectance spectroscopy has been used previously 
in a clinical Setting. For example, reflectance spectroscopy 
has been used to determine oxygen levels in the myocardium 
in Vivo. For details of Such uses See, for example, Arai, A. 
E., Myocardial oxygenation in Vivo: optical spectroscopy of 
cytoplasmic myoglobin and mitochondrial cytochromes. 
Heart Circ. Physiol. 46: H683-H697, 1999; or Gandbakh 
che, Visible-light photon migration through myocardium in 
vivo. Heart Circ. Physiol. 46: H698-H704, 1999. 
0011. The use of reflectance spectroscopy in the diagno 
sis of oral health problems would provide a noninvasive, 
Simple and inexpensive manner of diagnosis. However, little 
has been done furthering the diagnosis of oral health prob 
lems using Such techniques. Further, the early diagnosis of 
maladies, Such as gum disease and oral cancer often reduces 
the need for painful, if not disfiguring medical intervention. 
Therefore, there is a need for devices and methods that 
utilize reflectance spectroScopy that could be used in the 
diagnosis of oral health problems. 

SUMMARY OF THE INVENTION 

0012. The invention utilizes diffuse reflectance spectros 
copy to create a method and device whereby the epithelium/ 
stroma boundary can be located in vivo with little or no 
discomfort to a patient, and epithelium inflammation can be 
quantified and monitored. 
0013 The invention is used for quantifying and monitor 
ing inflammation of the epithelium layer and includes an 
optical bundle, a handle region and a head region that can be 
pivoted. Preferably, the optical bundle is configured in such 
a way that Some of the fibers are utilized as detectors and 
others, utilized as Sources are at angles of less than about 60 
from normal. More preferably, the device includes an image 
guide as the detector and two fibers at angles of about 0 and 
45 from normal as the source. 

0014. The method of the invention allows quantification 
and monitoring of general epithelium inflammation. Prefer 
ably, the method utilizes reflected photon intensity to locate 
the boundary of epithelium and Stroma within a patient's 
mouth. More preferably, the method utilizes a ratio of 
photon intensity from Sources at different angles to locate the 
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epithelium/Stroma boundary and compare it to a normal 
epithelium/Stroma boundary location or a prior boundary 
location of the same patient. The method also allows the 
epithelium thickness to be quantified by comparing the 
results to Standards. 

BRIEF DESCRIPTION OF THE FIGURES 

0015 FIG. 1 is a plan view of an embodiment of a device 
of the invention. 

0016 FIG. 2 is a cross sectional view of a side elevation 
of an embodiment of a device of the invention. 

0017 FIG. 3 depicts a bottom plan view of the head 
region of the embodiment of the invention shown in FIG. 2, 
from the bottom of the head region of the device. 
0.018 FIG. 4 is a cross sectional view of a side elevation 
of a further embodiment of the device of the invention. 

0019 FIG. 5 depicts a bottom plan view of the head 
region of the embodiment of the invention shown in FIG. 4 
from the bottom of the head region of the device. 
0020 FIG. 6 is a cross sectional view of a side elevation 
of a further alternative embodiment of a device of the 
invention. 

0021 FIG. 7 depicts a bottom plan view of the head 
region of the embodiment of the invention shown in FIG. 4 
from the bottom of the head region of the device. 
0022 FIG. 8 is a block diagram illustrating a path that 
light takes in the oral diffuse-reflectance SpectroScopy pro 
CCSS. 

0023 FIG. 9 is a graph that illustrates the detection of the 
epithelium/Stroma boundary and illustrates Standard graphs 
that allow quantification of epithelium thickness. 

0024 FIG. 10 is a schematic representation of a device 
of the invention as it could be configured to be part of a 
System for collecting data from a patient and analyzing it. 

0.025 FIG. 11 is a graph that shows data collected, using 
a device and method of the invention, from the lip of a 
patient with a history of leukoplakia. 

0.026 FIG. 12 is a graph that shows data collected, using 
a device and method of the invention, from the lip of a 
normal patient. 

0.027 FIG. 13 is a graph that compares the left lip of a 
normal patient and a patient with a history of leukoplakia; 
and the right lip of a normal patient and two patients with 
history of leukoplakia. 

0028 FIG. 14 is an illustration of one embodiment of a 
oral diffuse reflectance SpectroScopy probe. 

0029 FIG. 15 depicts plots of raw data from an oral 
probe with eight different Source-detector combinations. 
0030 FIG. 16 is a graph of CCD intensity as a function 
of photon wavelength and integration time. 

0031 FIG. 17 is a graph of the log of the ratio of the 
intensities for different detector numerical apertures. 
0.032 FIG. 18 is a graph depicting the absorption of 
different types of hemoglobin at variable wavelengths. 
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0033 FIG. 19 is a graph depicting the log of the intensity 
ratio for layers of differing thicknesses. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0034. The device of the invention allows for non-invasive 
quantification and monitoring of epithelium inflammation. 
The device utilizes diffuse reflectance spectroScopy and the 
physical characteristics of the epithelium and Stromal layers 
of the tissue. 

0035) The device 101 includes a handle region 102, a 
head region 104 and an enclosed optical bundle 105 (FIG. 
2). FIG. 1 depicts one example of a physical configuration 
of the device 101. 

0036) The handle region 102 allows the user to employ 
and manipulate the device 101. The handle region 102 can 
be made of any Suitable material, including for example 
plastic or epoxy. Handle region 102 is generally configured 
so that the optical bundle portion of the device can be 
contained therein. Handle region 102 is preferably config 
ured So as to be easily and comfortably manipulated by the 
user. Preferably, handle region 102 is made of plastic. 
0037. The handle region 102 is preferably connected to 
the head region 104 by a hinge assembly 103. The hinge 
assembly 103 is configured so that the head region 104 can 
be easily pivoted to allow correct and comfortable place 
ment of the device 101 within the patient's mouth. The hinge 
assembly 103 is generally configured to allow the enclosed 
optical bundle 105 (shown in FIG. 2) to pass from the 
handle region 102 to the head region 104 without interfer 
ence from the hinge assembly 103. Hinge assembly 103 can 
offer from 10 to 150 degrees of rotation. Hinge assembly 
103 can be made of any acceptable material, including but 
not limited to plastic or Stainless Steel Spring. Preferably, 
hinge assembly 103 is a Stainless Steel Spring, and offers 
about 120 degrees of rotation. 
0038. The head region 104 houses the optical bundle 105. 
Head region 104 is also configured to provide the area of 
contact between the device 101 and the patient. Generally, 
head region 104 is configured so that it is comfortable and 
easily maneuvered within a patient's mouth. The head 
region 104 is configured so that the optical bundle 105 ends 
at the open end of the head region 104. Head region 104 can 
be constructed of any Suitable material, including but not 
limited to plastic or epoxy. Preferably, head region 104 is 
made of plastic. 
0039. A device of the invention also includes an optical 
bundle 105. The purpose of the optical bundle 105 is two 
fold. The optical bundle 105 functions as the source of the 
light and the detector for the ultimate Signal from the patient. 
Optical bundle 105 can be configured so that the individual 
fibers function as a Source, as a detector, or as both a Source 
and a detector. One embodiment of optical bundle 105 
includes first Source fiber 110, second source fiber 111, and 
detector fibers 112. The optical bundle 105 is constructed in 
Such a way, and of acceptable materials So it can be enclosed 
by the handle region 102 and head region 104. At the distal 
end of the handle region 102, the optical bundle 105 is 
configured So as to allow connection to both the light Source 
and the data collection and analysis System. 
0040. An example of an embodiment of an optical bundle 
105 is depicted in FIG. 2. The optical bundle 105 is made 
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up of individual optical fibers. In the optical bundle 105, 
Some of the fibers are dedicated Source fibers, while others 
are dedicated detector fibers. In the embodiment depicted in 
FIG. 2, first Source fiber 110 and second Source fiber 111 are 
configured as Sources of radiation. Embodiments of the 
invention generally have at least two fibers as Sources. The 
fibers configured as Sources generally have two different 
angles, that is a first angle and a Second angle from normal. 
Devices of the invention are configured with at least one 
fiber as a detector, or alternatively have another type of 
detector, Such as an image conduit. 

0041. In one embodiment of the invention, first and 
second source fibers 110 and 111 have angles from about 0. 
to 60 from the normal. In this instance, normal is the axis 
X-X' which is at an angle of 90 from the contact area 114. 
AS can be seen, the optical fiberS may be normal to the 
contact area 114 in the Space adjacent the contact area 114. 
Preferably optical bundle 105 is configured with first source 
fiber 110 having a 30° angle (a, FIG. 2) and second source 
fiber 111 having a 60° angle (cp, FIG. 2) from the normal as 
defined by the detector fibers. 
0042. In one embodiment, the fibers of optical bundle 
105 are polymer based fibers. Polymer based fibers allow the 
contact area 114 to be polished to create the angles necessary 
in first and second source fibers 110 and 111. 

0043 FIG. 3 depicts a view of this embodiment of the 
invention from the perspective of the bottom of the head 
region 104. This view shows the vertical arrangement of the 
optical fibers of the optical bundle 105. The first and second 
Source fibers 110 and 111 are oval in shape because they are 
polished in a plane defined by contact area 114 to create the 
desired angles. 

0044) Another embodiment of the device 101 of the 
invention is depicted in FIG. 4. First, second and third 
optical fibers 130, 131 and 132 are the source of the light for 
the device 101. Detector fibers 133 function to detect the 
intensity of the light reflected back from the Sample being 
tested. The first, second and third optical fibers 130, 131 and 
132 have angles of about 60, 45 and 0, respectively, from 
normal. The first, second and third optical fibers 130, 131 
and 132 are preferably joined together to create the above 
angles by a transparent optical epoxy in the contact region 
134. An example of suitable epoxies includes Norland 
optical adhesives, part nos.: 61, 63 or 6801 (Norland Optical 
Inc., New Brunswick N.J. 08902). The use of optical epoxy 
obviates the need for polishing the fibers to achieve the 
desired angles. Therefore, the fibers in this embodiment 
need not be polymer based, and Virtually any type of optical 
fibers can be utilized. 

004.5 FIG. 5 depicts a plan view of this embodiment of 
the invention from the perspective of the bottom of the head 
region 104. This view shows the vertical arrangement of the 
optical fibers of the optical bundle 105. The first, second and 
third source fibers 130, 131 and 132 are encased in trans 
parent optical epoxy to maintain the desired angles. 

0.046 Generally, the device utilizes two source fibers 130 
and 131. The third Source fiber 132, in this embodiment 
provides a third angle for use in analysis of the epithelium 
Stroma boundary. AS one will understand, having this speci 
fication, this third Source provides further data for use in 
diagnosis of epithelial maladies. 
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0047 FIG. 6 depicts yet another embodiment of the 
invention. First and second optical source fibers 150 and 151 
are the source of the light for this device. First and second 
optical source fibers 150 and 151 form angles of about 0. 
and 45 from normal. The first and second optical source 
fibers 150 and 151 are again joined by a transparent optical 
epoxy in the contact region 134. The image guide 152 
functions as the detector for this embodiment of the inven 
tion. Specific image conduits that may be utilized in this 
Specific embodiment include for example, high resolution 
fiber image conduit with fused glass rods -12 um resolution, 
305 mm in length with a 3.2 mm total diameter (Edmund 
Industrial Optics Catalog N997A pg. 207 stock # J38-302) 
and high resolution fiber image conduit with fused glass rods 
-24 um resolution, 305 mm in length with a 6.4 mm total 
diameter (Edmund Industrial Optics Catalog N997A pg. 207 
stock #J38-304). The image conduit 152 can be connected 
to a charge coupled device (CCD) camera (not shown). 
0048 FIG. 7 depicts a plan view of this embodiment of 
the invention from the perspective of the bottom of the head 
region 104. This view shows the vertical arrangement of the 
optical fibers and the image guide 152 of the optical bundle 
105. The first and second optical source fibers 150 and 151 
are encased in the transparent optical epoxy at contact region 
134 in order to maintain the desired angles. 
0049 Previous embodiments that were discussed can be 
used as part of a System in order to produce a signal, collect 
the data, and analyze the data. FIG. 8 is a block diagram 
illustrating a possible configuration of Such a System, and 
how the device is used within a method of the invention. 

0050 A system utilizing a device of the invention, as 
illustrated in FIG. 8 contains a white light source, connected 
to a Source multiplexer. The Source multiplexer transmits the 
Source energy to a device of the invention referred to in FIG. 
8 as “oral probe'. The oral probe then transmits light into the 
patient’s mouth. Some of the light transmitted into the 
patient’s mouth is reflected back and is received by the oral 
probe. This energy is then transmitted to a detector fiber 
multiplexer and then to a spectrometer which detects and 
measures the amount of light. The measurement of the 
amount of light is then saved into a data file. This data file 
is Subjected to data analysis to output the thickness of the 
epithelium within the region of the patient's mouth that was 
Subjected to the oral probe. Alternatively, the Source multi 
plexer, the detector fiber multiplexer, the Spectrometer, and 
the data file can all be controlled by a Single System of 
Software. In yet another alternative, the data analysis and 
output can also be controlled by the same Software, or can 
be processed by another System. The invention includes 
embodiments of the device that contain elements capable of 
carrying out functions of other portions of the System, Such 
as for example, components that produce a signal and collect 
data. 

0051 One example of a more self-contained device in 
accordance with the invention comprises a laser. Preferably 
the laser comprises a green HeNe laser or an orange HeNe 
laser. Embodiments with self-contained light sources obvi 
ate the need for a spectrometer to be part of the System. A 
multiplexer may be used in the Self-contained device to 
Switch from one light Source to the other. A Self-contained 
device could further be equipped with a microprocessor in 
order to carry out the data collection, data Storage and data 
analysis StepS. 
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0.052 Devices of the invention may also include optical 
fibers configured So that the absorption and Scattering char 
acteristics of the epithelium and Stroma layer can be utilized 
to monitor epithelium inflammation. This includes the illus 
trated embodiments above with different types or varieties of 
optical fibers. It also includes devices constructed by using 
image guides as detectors. It further contemplates Similar 
advances in radiation detection methods. 

0.053 Methods of the invention are based on the physical 
differences between the epithelium and Stroma layers. In one 
embodiment of the invention, a device of the invention is 
utilized. The device of the invention shines light from at 
least two different angles onto the area of interest. The 
device of the invention then detects the intensity of the 
reflected radiation at increasing distances from the Source 
fibers. The log of the ratio of the intensities from the two 
different wavelengths is graphed versus the detector dis 
tance. 

0.054 Graphs produced from this process are then used to 
locate the epithelium/stroma boundary. The boundary is 
detected by noting the point at which the slope of the line 
shifts. This slope shift can then be utilized in one of three 
different ways. 
0.055 A line from the graph of the intensity ratio versus 
detector distance of a single patient can be monitored over 
time to detect any shift in the epithelium/Stroma boundary. 
This shift could show either more or less epithelial inflam 
mation. 

0056 Alternatively, the intensity ratio versus distance 
line of a Single patient can be compared to theorized lines of 
differing epithelium thickness to get a qualitative measure 
ment of epithelium thickness. The epithelium layer can then 
be given a definite thickneSS which could allow comparison 
to normal thickness. Alternatively, it could allow monitoring 
of the epithelium thickness over time. 
0057 Yet another alternative allows the intensity ratio 
Versus distance line of a Single patient to be compared to an 
intensity ratio versus distance line for a normal patient. This 
comparison can be used as a pre-Screening technique. One 
use of this technique would be to detect patients with a risk 
of developing oral cancers and thereby locate candidates for 
chemo-preventative treatments. The patients intensity ratio 
versus distance line could then be utilized further to monitor 
the chemo-preventative treatment and the further risk of 
development of oral cancers. 
0.058. The method of the invention also contemplates 
other methods of calculating the epithelium/Stroma bound 
ary. The invention further contemplates other methods of 
determining epithelium thickneSS by utilizing the different 
absorption and Scattering characteristics of the epithelium 
and Stroma. The method also includes monitoring and detec 
tion of epithelium inflammation in other regions of the 
digestive tract. The method of monitoring epithelium 
inflammation can be used to monitor oral lesions, oral 
cancers and chemotherapeutic treatments and can also be 
used as a prescreening technique for disease and cancers that 
afflict the epithelium tissues. 

WORKING EXAMPLES 

0059. The following examples provide nonlimiting illus 
trations of the device and methods of the invention. 
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Working Example #1 

0060 Leukoplakia are highly localized, firmly attached, 
thick white patches found on the tongue or other mucous 
membranes. They often occur as pre-cancerous growths. 
Leukoplakia on the oral epithelium is thought to develop in 
response to chronic irritation. Common causes of Such 
chronic irritation are badly fitting dentures, Smoking ciga 
rettes, or chewing tobacco. 
0061 Leukoplakia is often visually diagnosed by a phy 
Sician upon a routine examination of the mouth. Leuko 
plakia is the most common oral lesion worldwide. In a Study 
of 23,616 white U.S. adults (97% white) who were over 35 
years of age, 1.45% had leukoplakia. The prevalence is 
higher in males, with 2.81% of males having leukoplakia. 
Dental Abstracts, vol. 32, p. 423, 1987. Biopsies done on 
leukoplakia show a prominent thickening of the epithelial 
layer; from a normal 10-20 um (average of three to five cell 
layers) up to approximately 100 um (with corresponding 
proliferation of cell layers). 
0062. It seems highly likely that there is a connection 
between leukoplakia and oral cancer because Virtually all 
patients that have oral cancer also have leukoplakia. Oral 
cancer is the Sixth most common malignancy worldwide for 
individuals over the age of 35. Approximately 3% of patients 
with precursors of oral cancers have the afflicted region of 
the oral epithelium Surgically removed. Oral cancers that 
directly follow leukoplakia are treated by Surgically remov 
ing the afflicted region 0.03% of the time. 

0063 A randomized, double blind, placebo controlled, 
Phase 118 trial of Ketorolac mouth rinse on oropharyngeal 
leukoplakia was performed. Cyclooxygenase (Cox) inhibi 
tion leads to a decrease in PGE2 levels, as it is an enzyme 
necessary in the biosynthesic pathway. Since an increase in 
PGE2 and Cox-2 levels are associated with immunosup 
pression and carcinogenesis, a reduction in Cox-2 may be 
beneficial in arresting cancer development. This trial was 
aimed at evaluating the effect of reducing the inflammation 
of the oral epithelium by Ketorolac, and assessing its favor 
able effect upon the development of leukoplakia (and per 
haps oral cancers). The inflammation in the epithelial layer 
over a three-month period was monitored using three dif 
ferent methods: an invasive punch biopsy and immunohis 
tochemistry, optical coherence tomography (OCT), and a 
method and device of the invention. 

0064. The absorption of photons in a particular type of 
tissue was characterized, and a coefficient determined. The 
Scattering of photons in that Same tissue was characterized 
and a coefficient determined. When light was directed 
toward the epithelium, more light was Scattered by the 
overlying epithelial layer than is Scattered by the underlying 
Stroma. Consequently, absorption was higher in the Stroma 
than it is in the epithelium layer. This was due to a higher 
presence of hemoglobin in the Stroma. The invention took 
advantage of these differences in Scattering and absorption 
between the epithelium and the Stroma in order to locate the 
boundary between the two layers. 

0065. In order to provide better depth resolution, two or 
more oblique angles were utilized. Further, in order to 
ensure that measurement was localized in the Surface of the 
tissue, wavelengths of light that are more absorbed at the 
Surface are utilized. High absorption at the Surface also 
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allowed use of a single Scattering model of photon transport 
in the tissue, which simplifies the calculations. 
0.066 Our assessment technique utilized optical reflec 
tance spectroscopy (ORS), specifically oblique angle reflec 
tance spectroScopy, in a time-efficient and non-invasive 
manner. Since the epithelium and Stroma have different 
Scattering (u) and absorption (u,) properties (specifically 
the Stroma has a greater concentration of hemoglobin due to 
increased vascularization) analysis of the decrease in photon 
intensity as the distance of the detector increases allowed; 
1.) the boundary between the two layers to be found; and 2.) 
the quantification of tissue thickness. 
0067. The thickness of the epithelium layers was quan 
tified by using known thicknesses of epithelium layers to 
produce an array of Standard curves. Monitoring of both the 
boundary and the thickness over time allows for an assess 
ment of the efficacy of a treatment protocol. 
0068 A theory that would predict the location of the 
epithelium/Stroma boundary was also developed. Simula 
tions based on a two-layer Single Scattering model have 
shown that a graph of the log of 

photon intensity from a 60 source 
photon intensity from a 30 source 

0069 exhibits transitions from one slope to a lower slope 
(breakpoints) which correspond to the photons going out of 
the epithelial layer and into the stroma. This observed 
breakpoint represents the distance at which the boundary 
between the two layers occurs. Ultimately this is the point 
that should be monitored in patients. Additionally the value 
of the logarithmic ratio appears to be on the order of 0-5. An 
output for one such simulation is shown in FIG. 9. 
0070 FIG. 9 is a theoretical plot that allows epithelium 
thickness to be quantified. Line a and b represent the 
epithelium and Stroma respectively. Lines a and b represent 
graphs of Scattering coefficients of 15 and 0.1, and are 
chosen because they are representative of the Scattering in 
the epithelium and Stroma respectively. 
0071. The remaining lines represent two layer systems of 
material scattering with a coefficient of 15 and 0.1 (epithe 
lium and Stroma respectively). The two layer Systems rep 
resent different thicknesses. The lines c, d, and e have slope 
shifts which represent the boundary between the layer 
representing epithelium and the layer representing Stroma. 
0.072 By utilizing this theoretical plot, the thickness of an 
unknown epithelium layer can be predicted. The resolution 
of epithelium thickness is limited only by the number and 
spacing of the detector fibers or the resolution of the imaging 
guide. 

0073 Materials and Methods for Data Collection: 
0.074 The instrumentation used in the spectra collection 
included a device of the invention, configured as a fiber optic 
probe, a Fiber Optics Multiplexer, an Ocean Optics Spec 
trometer, National Instruments LabView Software and a 
Dell ComputerS Laptop. The analysis was performed using 
Microsoft Excel. Aschematic of the data collection is shown 
in FIG. 10. 
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0075. The probe was placed on a specific site in the 
patient's oral cavity and the Virtual Instrument (VI) pro 
gram, written using LabView, was initiated. The program 
Switched between the two light sources and controlled the 
multiplexer, which in turn Switched between the four detec 
tor fibers. The spectrometer was also controlled by the VI 
program and recorded the Spectra from each detector-Source 
combination and Sent it to the VI program to be recorded. 
The VI program would record the Spectra as a data file and 
this data file was input into Microsoft Excel for analysis. 
0076 Various sites within the oral cavity were analyzed, 
in particular the bilateral lower lip, bilateral buccal mucosa, 
and an observable leukoplakia lesion. Four individuals were 
tested; a nineteen year old non-Smoking adult male (used as 
a control), and three elderly males with a positive history of 
leukoplakia who presented with observable oral leukoplakia 
lesions. 

0077. Data Analysis: 
0078. The spectra recorded in the data collection process 
were Saved as data files. Each file contained eight arrayS. 
Each array represented the photon intensity acroSS Various 
wavelengths for a specific Source-detector pairing. 
0079 Since the difference between the optical properties 
of the epithelial and Stromal layerS is due mainly to the 
higher concentration of hemoglobin in the Stroma, wave 
lengths where the hemoglobin absorption peaks lay were 
utilized. These peaks occur between 500 and 600 nanom 
eters. After the Spectral data was collected, it had to be 
corrected based on four factors. 

0080 1) Dark Count-In the absence of a light 
Source the spectrometer Still showed a photon count. 
This count increased with time and was a function of 
wavelength. Thus the Spectra were adjusted for this 
“Dark Count,” so that the readings were only due to 
the light source. The Dark Count was modeled to a 
two-parameter function, F(A,t), and Subtracted from 
the input spectra. 

0081) 2) Light source intensity- The two light 
Sources that Supplied the 30 and 60 source fibers 
had different output intensities. A linear Scaling fac 
tor was applied to the data to account for this 
difference. 

0082 3) Collection Efficiency of Detector Fibers 
Each detector fiber (2-5) varied in its ability to detect 
photons, therefore normalization factors were 
applied to the data according to collection efficiency 
of each fiber. 

0083) 4) Distance from source to detector-the con 
figuration of the device led to a difference in the 
Source to detector spacing, Since the number of 
photons detected by the detector decreases exponen 
tially with distance, a logarithmic and linear calibra 
tion factor was applied. 

0084. The adjusted data was then analyzed in two man 
ners. First, the logarithmic ratio of the 60 to the 30 source 
photon drop-off with distance was graphed for each site. The 
purpose of this was to characterize the photon path and to 
determine if a breakpoint was seen, as was predicted by the 
theoretical calculations discussed above. Second, the ratio of 
the previous graph with respect to number of photons Seen 
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at the first detector to the number of photons at the last 
detector acroSS Various wavelengths was plotted. This graph 
was constructed to monitor the degree of inflammation 
acroSS the different Sites monitored. 

0085 Preliminary Findings & Conclusions: 
0.086 Analysis of the first patient's spectra revealed 
discrepancies in the results. These discrepancies were due to 
insufficient intensity at the greatest Source-detector distance. 
Quantification of this data was not performed. 
0087. In regards to patients 2 and 3, a lower initial to final 
intensity (detector 1/detector 4) ratio of the two Sources was 
observed when compared to the control. Table 1 below 
relates the ratio values. 

TABLE 1. 

Site Control Adult Male Patient 2 Patient 3 

Lower Lip 149-183 O90-13 0.68-0.95 
(left lip only) 

Buccal Mucosa 1.13-1.24 O.98-106 O.78-102 
(left side only) 

0088. This depressed ratio in the patients with a history of 
leukoplakia relates to the photon migration difference due to 
an inflamed epithelium as compared with a normal non 
inflamed epithelium. Further analysis of this observed dif 
ference can be performed to quantify the epithelial thick 
CSS. 

0089 Analysis of the logarithmic ratio of the intensity of 
the light from the 60 to the 30 source showed a maximum 
peak at a distance at or between detectorS2 and 3 in the Sites 
that were from leukoplakia patients, FIG. 11. While the 
Same graph for the control patient revealed no peak but 
rather a log-linear fall off, FIG. 12. The data from the 
patients are combined in FIG. 13. These trends are, quali 
tatively, in agreement with the theory plots. The peaks 
observed in the patients with leukoplakia are Similar to the 
breakpoint in the theory plots, the peak is the point where the 
photon travels through the boundary between the epithelium 
and the Stroma. The distance at which this peak occurs is 
directly related to the thickness of the epithelial layer. The 
reason that Such a peak was not noted in the control patients 
data is due to the fact that the epithelium in the non-Smoking 
non-leukoplakia patients was not inflamed. Thus, the epi 
thelial thickness is Smaller and the transition point may be 
either undistinguishable or occur before the first Source 
detector Separation distance. Additionally the value of the 
logarithmic ratio was between 0-5, which is in agreement 
with the theoretical data. 

0090. It is important to note that there was considerable 
variability of ratio value both between patients and between 
different Sites on the same patient. Therefore one cannot 
make a generalization about the inflammation acroSS the oral 
cavity, rather various Sites must be measured and quantified. 
The degree of inflammation appears to vary amongst dif 
ferent Sites within the patient and from patient to patient. 
0.091 Monitoring of the location, specifically source to 
detector Separation, at which the breakpoint occurs in the 
logarithmic ratio of intensity versus distance graphs, will 
enable an assessment of the trend in the inflammation of the 
epithelium and thereby the efficacy of leukoplakia treat 
mentS. 

Aug. 8, 2002 

Working Example #2 

0092. This example illustrates one method of detecting 
the boundary between the epithelium and Stroma using a 
device and method of the invention. FIG. 14 depicts the 
probe used in this and the previous example with the 
detector and source fibers labeled. The optical wavelength 
resolution of the Spectrometer used with the probe is 2 nm 
which spans approximately 6.3 charge coupled device 
(CCD) elements. Thus, the measurements oversample with 
respect to the optical characteristics of the device, in that 
measurements may be duplicative. This may be advanta 
geous by allowing the intensities in adjacent positions to be 
averaged in order to reduce noise in the measurements. In 
this analysis, intensities of the 10 larger and Smaller CCD 
elements are averaged So that intensity values used in the 
analysis cover a wavelength band of 6.35 nm, which is 3.2 
times the fundamental resolution of the instrument. 

0093. The spectrum from each of eight source-pair com 
binations is shown in FIG. 15. To isolate the effect of the 
tissue, the filtering and effects of the Source and transmission 
and detector fibers must be removed from the intensities 
measured by the Spectrometer. 
0094. Due to manufacturing properties of the probe and 
fibers, each fiber has different light transmission character 
istics. These different transmission characteristics are pri 
marily due to coupling at the multiplexer and tissue inter 
faces. In order to isolate the effect of the tissues from these 
and other differences in transmission characteristics, it is 
necessary to mathematically remove these differences. 
0.095 The measured fiber correction factors from the 
coupling at the multiplexer and tissue interfaces are shown 
in Table 2. 

TABLE 2 

Fiber d2 Fiber d3 Fiber d4 Fiber d5 

Raw Intensity 232O 24OO 2581 2469 
Normalized O899 O.93O 1.OOO 0.957 
Efficiency 

0096. This embodiment of the device of the invention has 
two Source fibers that are connected to Separate tungsten 
halogen lamps. A correction factor for the fiber transmission 
characteristics is also used to account for differences in 
intensity of the two lamps: it is assumed that the lamps are 
identical and differences in light reaching the tissue are due 
to the Source fibers. The main cause of different intensities 
from the two source fibers is internal reflection at the end of 
the 60 degree Source fiber due to the Sharp angle at the tip 
of the fiber. The Sharp angle of incidence reduces the light 
that enters the tissue: empirically, Iseo(0)=0.88Iso(0) where 
Iseo(0) is the wavelength-dependent intensity at the end of 
the fiber connected to the 60-degree Source and Isao(0) is the 
wavelength-dependent intensity at the end of the fiber con 
nected to the 30-degree light Source. 
0097. The two source fibers in the probe are at opposite 
ends of the probe seen in FIG. 14. If the two sources were 
on the same Side of the probe at exactly the same point, the 
distances to the detector fibers would be identical for each 
Source. It is difficult to have the two Sources at the same 
location, however, So the probe has the Source fibers on 
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opposite Sides. Due to manufacturing tolerances for posi 
tioning the fibers, the distance from the S60 Source to its 
nearest detector fiber is different from the distance from the 
S30 Source to its nearest detector fiber. A correction must he 
applied before the ratio of these two measurements may be 
taken. Table 3 shows the position for each of the six fibers 
in the probe. AS expected, it may be seen that the more 
angled Source fiber, S60, has a larger span. 

TABLE 3 

Point on Fiber S60 Fiber d2 Fiber d3 Fiber d4 Fiber d5 Fiber S30 
Fiber (mm) (mm) (mm) (mm) (mm) (mm) 

Inside O.OO 1.35 2.33 3.35 4.36 5.64 
Edge 
Center O.30 155 2.59 3.55 4.59 6.03 
Outside 0.57 1.76 2.84 3.73 4.88 6.43 
Edge 

0.098 An exponential interpolation scheme was used to 
correct intensity measurements for the known Source-detec 
tor distance errors. 

0099 where I is the measured intensity at point z and I' 
is the desired intensity value at point X". The parameter b is 
obtained by fitting the known intensity data, I(X), to an 
exponential function before interpolation. 

0100 Given detector intensity measurements, the X posi 
tion, or offset from the Source, were obtained from the 
difference in Source-detector positions using the center or 
edge positions given in Table 3. Initially, the center-to-center 
distances were used, but it was found that the nearest 
edge-to-edge distance was a better choice. This was because 
the intensity falls off exponentially with distance. The prob 
ability is highest that a detected photon was emitted from the 
edge of the Source fiber that is closest to the detector and 
entered the detector on the edge closest to the Source. 

0101. In the absence of any photons, the CCD has a small 
dark current that accumulates charge and results in a mea 
Sured intensity. The measured intensity was a function of 
both the integration time of the CCD and the wavelength. 
Since the intensity values of the closest and farthest fiber 
may change by a factor of up to 100, the integration time of 
the CCD must be increased for measurements on the more 
distant fibers to obtain a signal that was significantly above 
the dark-current value, or dark count. This results in Source 
detector measurements at different integration times. To 
compare measurements made at different integration times, 
the dark count must be determined and Subtracted from the 
measurementS. 

0102 Dark counts for intensities at 2048 wavelengths 
were collected for Several integration times. The data were 
fitted to a linear model, which resulted in the following 
relationship. 

I=(W,t)=0.0004Wi+0.0537t+0.0041W-4.2576 (2) 

0103 where 2 is the wavelength in nanometers and t is 
the CCD integration time in milliseconds. Typical values are 
plotted in FIG. 16. 
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0104 Putting it all together, the intensity measured by the 
CCD from the 60 degree source may be written as follows. 

Iced soo(wlin)-la(wlin)+lsoo()Hsoofibe Plsoo, 
Ll LP'sso L2H2Hscoreciber (3) 

0105 where Hsconte characterizes the Source fiber, Plso 
L1 is the mean path-length in layer one of photons emitted by 
the 60 degree Source, Plso 2 is the mean path length in 
layer two of photons emitted by the 60 degree Source, H. 
and H characterize the optical properties of layer one and 
layer two respectively and Hsion characterizes the opti 
cal properties of the receiver/detector fiber which carries the 
photons to the spectrometer. 
0106) The ratios plotted in FIG. 17 are: 

plso Li HL Plso L2HL2 (4) ls6OS30(A. tint) = 
y int pls.30 L HL Plso L2HL2 

0107 where plssol and Plso are mean path-lengths 
in layer one and layer two for photons emitted by the 30 
degree Source. To convert the measured data as expressed in 
Eq. 3 to the form in Eq. 4, first the dark-count, I must be 
Subtracted from the raw measurements. Occasionally, Sub 
tracting the dark-count will result in a negative value. Since 
the CCD output can never be negative, negative values are 
not allowed and Zero is used instead. AS Stated before, it is 
assumed that the two Source intensities are the same with 
any actual differences contained in the respective Source 
fiber H term. Correcting also for the different fiber charac 
teristics yields 

(iccd.S60 - la (, lin) His30 fiber His30 reciber (5) Isoso(A., ii) = C (loca.S60 - la (A. tint)) Hs60 fiber-Hs60 reciber 

0.108 where Hso characterizes the 30 degree Source 
fiber and Hso is for the different detector fiber used 
with the 30 degree source. Empirically, the ratio 

His30 fiber = 1 f(0.88 
Hs60 fiber f 

0109) as stated above. The ratio 

His30 reciber 
Hs60 reciber 

0110 accounts for different coupling efficiencies and 
manufacturing errors in fiber position. Using the values 
given in Table 2 and 3 with Eq. 1 one gives the values in 
Table 4. 

0111. The underlying theory requires that absorption be 
on the order of the same magnitude as Scattering. For this to 
occur in tissue requires the use of a wavelength with high 
absorption. Hemoglobin provides Such high absorption for 
wavelengths between 500 nm and 600 nm as may be seen in 
FIG. 18. 
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0112 Since the probe only measures four spatially 
resolved positions, it was not possible to quantify thickneSS 
by matching to the plots shown in FIG. 19 (which represents 
theoretical optical coefficients closest to those expected in 
patients). For the clinical work, a simple feature that indi 
cated an approximate level of inflammation was desired. AS 
may be seen in FIG. 19, the greater the inflammation, the 
greater the intensity ratio becomes at an offset of 3.8 mm 
which corresponds to the outermost probe fiber. Further, the 
greater the inflammation, the Smaller the intensity ratio at an 
offset corresponding to the innermost probe fiber of approxi 
mately 0.77 mm. Thus, the ratio of the intensity ratio of the 
outer point over the inner point will be smaller for healthy 
patients and larger for inflamed tissue. 
0113. From the foregoing detailed description, the inven 
tion has been described in a preferred embodiment. Modi 
fications and equivalents of the disclosed concepts are 
intended to be included within the Scope of the appended 
claims. 

What is claimed is: 
1. A device for measuring the thickness of the epithelium 

layer, the device comprising: 

a handle, a head, and an optical fiberbundle, wherein Said 
optical fiber bundle comprises a Source and a detector, 
Said Source comprising first and Second respective 
optical fibers, Said first optical fiber positioned at a first 
angle relative to normal and Said Second optical fiber 
positioned at a Second angle relative to normal wherein 
Said first and Second angles are different. 

2. The device of claim 1, wherein said optical fiberbundle 
comprises at least four individual fibers. 

3. The device of claim 2, wherein said individual fibers 
have an outer diameter less than or equal to about 0.25 mm, 
with a core diameter less than or equal to 240 um. 

4. The device of claim 2, wherein said individual fibers 
are polymeric. 

5. The device of claim 4, wherein said fibers result from 
the reaction of more than one monomeric precursor. 

6. The device of claim 2, wherein said individual fibers 
are aligned. 

7. The device of claim 1, wherein the optical fiber bundle 
comprises at least Six individual fibers. 

8. The device of claim 1, wherein the first and second 
angles are 30 and 60 from normal. 

9. The device of claim 1, wherein said optical fiberbundle 
consists of at least nine individual optical fibers. 

10. The device of claim 9, wherein three of said individual 
fibers are utilized as a Source of energy, and Six of Said 
individual fibers are utilized as detectors of energy. 

11. The device of claim 10, wherein said three individual 
fibers utilized as a Source of energy are configured So as to 
be at angles of 60, 45 and 0 from normal. 

12. The device of claim 11, wherein said three individual 
fibers are fused together using a transparent optical epoxy. 
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13. The device of claim 1, wherein said device consists of 
at least two Separate pieces joined as to allow movement 
about the joined region. 

14. The device of claim 1 additionally comprising an 
external light Source, and an external multiplexer. 

15. The device of claim 1 additionally comprising an 
external light Source, an external multiplexer, an external 
Spectrometer, and an external computer System. 

16. The device of claim 1 additionally comprising at least 
one internal light Source. 

17. The device of claim 16 additionally comprising an 
internal multiplexer. 

18. The device of claim 17 additionally comprising an 
internal microprocessor. 

19. A device for measuring the thickness of the epithelium 
layer, the device comprising an image condui, and at least 
one other optical fiber. 

20. The device of claim 19, wherein said image conduit is 
a high resolution fiber image conduit. 

21. The device of claim 20, wherein said high resolution 
fiber image conduit has resolution of at least 12 um. 

22. The device of claim 20, wherein said high resolution 
fiber image conduit has a diameter of at least 3.2 mm. 

23. The device of claim 19, further comprising at least two 
other optical fibers configured as a Source of light. 

24. The device of claim 23, wherein said two other optical 
fibers are at angles of 0 and 45 to normal. 

25. A method of detecting inflammation of the epithelium 
layer in the oral region comprising: 

Shining light on the epithelium layer to be analyzed, 
wherein Said light is shown on the epithelium from at 
least two different angles, 

detecting the intensity of light that is reflected back from 
the epithelium layer; 

determining the ratio between the two intensities of light 
reflected back from the epithelium; 

graphing the log of the ratio of the intensities versus the 
detector distance to determine the location of the 
boundary between the Stroma and the epithelium layers 
by noting the point at which the slope changes. 

28. The method of claim 27 additionally comprising: 
comparing the location of Said boundary in the patient of 

interest to the location of the boundary in a normal 
patient. 

29. The method of claim 27 additionally comprising: 

comparing the location of Said boundary in the patient at 
the time of interest to the location of the boundary in 
the patient at a time defined as providing the baseline 
amount of inflammation. 

30. The method of claim 28 additionally comprising: 

diagnosing a possible oral cancer when the boundary is 
deeper into the tissue than it is in a normal patient. 

31. The method of claim 29 additionally comprising: 

determining whether an oral disease or cancer is progreSS 
ing if the boundary is getting deeper, or determining 
that the oral disease or cancer is being Suspended or 
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effectively treated if the boundary is remaining Station 
ary or getting closer to the Surface. 

32. The method of claim 29 additionally comprising: 
comparing the location of Said boundary for a patient 

prior to a treatment of interest and after the treatment of 
interest to monitor the efficacy of the treatment. 

33. The method of claim 29 additionally comprising: 
comparing the location of Said boundary for a patient 

prior to the chemotherapeutic treatment of interest and 
after the chemotherapeutic treatment of interest to 
monitor the efficacy of the chemotherapeutic treatment. 
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34. The method of claim 28 additionally comprising: 
determining if the patient is at a higher risk for oral cancer 

if the patient's epithelium boundary is deeper than a 
normal patient. 

35. The method of claim 27 additionally comprising: 
comparing the point at which the slope Shifts to theoreti 

cal plots of log of ratio of intensities to epithelium 
thickness to determine the thickness of the patient's 
epithelium. 


