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GLUCOSE FLUORESCENCE MONITOR AND 
METHOD 

BACKGROUND OF THE INVENTION 

This invention relates generally to glucose monitors 
and, more particularly, to glucose monitors that deter 
mine the concentration of glucose in a sample by moni 
toring ?uorescent light produced directly by glucose. 

Glucose is a basic organic compound found in living 
organisms, food, and chemical products, and it is often 
advantageous to accurately determine the concentra 
tion of glucose in a sample. For example, a person hav 
ing diabetes has lost the ability to produce insulin that 
regulates the sugar level in their blood. The affected 
persons must continually receive insulin injections and 
must regularly monitor the level of glucose in their 
blood to regulate the timing of the insulin injections. 
Glucose monitoring of the blood ordinarily requires 
that a small amount of blood be drawn from the body. 
Each time the skin of the body is penetrated to draw the 
blood, there is a risk of infection in addition to an associ 
ated buildup of scar tissue. In addition, considerable 
time is expended in drawing, processing and testing the 
blood. 

Typical methods of determining the concentration of 
glucose in a sample, such as blood, fall into the catego 
ries of aromatic amine methods, enzymatic methods, 
oxidation methods, and most recently, infrared re?ec 
tion and absorption spectroscopy. Infrared re?ection 
and absorption spectroscopy in blood generally requires 
relatively complicated and expensive instrumentation 
and has limited resolution. 
From the discussionabove, it should be apparent that 

there is a need for a glucose monitor that is relatively 
noninvasive, that is simple and rapid to use, and that 
provides good resolution. The present invention ful?lls 
these needs. 

SUMMARY OF THE INVENTION 

The present invention is embodied in a glucose moni 
tor and related method that determines the concentra 
tion of glucose in a sample by monitoring ?uorescent 
light produced directly by any glucose present in the 
sample. The glucose monitor illuminates the sample 
with excitation light that induces any glucose in the 
sample to ?uoresce, with the ?uorescent light being 
detected and processed to determine the concentration 
of glucose in the sample. 
The glucose monitor includes a light source, a sensor, 

and a processor. The light source emits excitation light 
that is directed at the sample to induce any glucose in 
the sample to ?uoresce. The excitation light causes the 
sample to produce return light, which includes ?uores 
cent light produced by any glucose in the sample. The 
sensor monitors the return light and generates two sig 
nals representing the intensity of light within two spec 
tral wavelength bands. The ?rst signal is indicative of 
the intensity of return light having a wavelength within 
a ?rst wavelength band. The second signal is indicative 
of the intensity of light within a second wavelength 
band. The processor processes the two electrical signals 
to determine the concentration of glucose in the sample. 

In a more detailed feature of the invention, the light 
source emits narrowband light having a wavelength 
between about 250 nanometers and about 350 nanome 
ters. A typical narrowband ultraviolet light source is an 
excimer laser having a wavelength of 308 nanometers. 

5 

25 

45 

50 

55 

65 

2 
The ?rst wavelength band includes a characteristic 
spectral peak of glucose ?uorescence. The peak has a 
wavelength that is about 30 to 50 nanometers longer 
than the wavelength of the excitation light. Using an 
excimer laser, the wavelength of the characteristic spec 
tral peak of glucose ?uorescence is between 335 to 355 
nanometers. The second wavelength band is a reference 
band and is chosen from the range of about 380 to 420 
nanometers. 
The sensor monitors the return light from the sample. 

In another more detailed feature of the invention, the 
sensor has more than one detector that simultaneously 
monitors the return light within the ?rst and second 
wavelength band. In a sensor having two detectors, one 
detector determines the intensity of light within the ?rst 
wavelength band and the other detector determines the 
intensity of light within the second wavelength band. 
Each detector provides a signal indicative of the inten 
sity of light within the corresponding wavelength band. 
The processor determines the ratio of the light-inten 

sities for the two wavelength bands from the signals. 
The concentration of glucose in the sample is deter 
mined from the ratio of light intensities. 
The sample may consist of a variety of compositions 

and may be of solid or liquid form. In monitoring the 
glucose levels in a person’s mouth, the sample is the oral 
cavity tissues such as the gums or the base of the tongue. 

In another more detailed feature of the invention, the 
sensor includes a dichroic ?lter used to separate the 
excitation light from the return light, a stop having a 
slit, and a prism used to separate the turn light into its 
spectral wavelengths. The sensor may include a spec 
trograph having a detector array which is connected to 
an optical analyzer. 

In another more detailed feature of the invention, a 
waveguide is used to guide the excitation light from the 
light source to the sample. The same waveguide or 
another waveguide is used to guide the return light 
from the sample to the sensor. If ?ber-optic waveguides 
are used, they may be held together in a bundle for ease 
of use. 

In another more detailed feature of the invention, the 
waveguides are housed in a probe. The probe may take 
many forms depending upon the application. The probe 
may be a catheter for monitoring the concentration of 
glucose in an extra-corporal blood ?ow. The probe may 
also be adapted to percutaneously monitor the concen 
tration of glucose in a person’s body through the skin 
such as in the oral cavity tissues of the mouth. 
Other features and advantages of the present inven 

tion should become apparent from the following de 
scription of the preferred embodiment, taken in con 
junction with the accompanying drawings, which illus 
trate, by way of example, the principles of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the glucose monitoring 
system embodying the invention. 
FIG. 2 is a graph of the intensity of glucose ?uores 

cence versus wavelength when a glucose sample is 
illuminated with laser light having a wavelength of 308 
nanometers. 
FIG. 3 is a graph of the intensity of plasma ?uores 

cence versus wavelength when a human plasma sample 
is illuminated with laser light having a wavelength of 
308 nanometers. 
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FIG. 4 is a graph of the concentration of glucose 
versus the ratio of the intensity of light in a wavelength 
band characteristic of glucose ?uorescence to the inten 
sity of light in a reference wavelength band. 
FIG. 5 is a block diagram of a ?rst embodiment of a 5 

glucose monitoring system using ?ber-optic wave 
guides. 
FIG. 6 is a block diagram of a second embodiment of 

a glucose monitoring system using a ?ber-optic wave 
guide, which simultaneously carries excitation light to 
the sample and response light from the sample. 
FIG. 7 illustrates a ?ber-optic catheter for use in 

monitoring the concentration of glucose in a blood 
?ow. 
FIG. 8 illustrates a ?ber-optic probe for use in moni 

toring the concentration of glucose in a person percuta 
neously. 
FIG. 9 illustrates a ?ber-optic probe for use in moni 

toring the concentration of glucose percutaneously in 
the oral cavity tissues of a person’s mouth such as the 
gums. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As shown in the exemplary drawings, the present 
invention is embodied in a glucose monitoring system 
10 for determining the concentration of glucose in a 
sample 12 by monitoring the ?uorescence of glucose 
directly, without the use of ?uorescent dyes or the use 
of other indirect methods. Also, the glucose ?uores 
cence monitoring system uses relatively inexpensive 
instrumentation and provides better resolution than 
prior optical spectroscopy methods. The glucose ?uo 
rescence monitoring system is relatively noninvasive, 
gives immediate results and is easily adapted to most 
laboratory and clinical units. The monitoring system 
does not require drawing blood from the body since it 
can monitor the glucose concentration percutaneously 
thus eliminating the related blood processing techniques 
such as centrifugation, storing and other time consum 
ing testing. 

In the glucose monitoring system 10 shown in FIG. 1, 
a light source 14 directs ultraviolet excitation light 16 at 
the sample 12, to induce any glucose within the sample 
to ?uoresce. A sensor 18 monitors return light 20 from 
the sample, such return light including glucose ?uores 
cence, and generates two electrical signals correspond 
ing to the intensity of return light within two predeter 
mined wavelength bands. The ?rst electrical signal 
represents the intensity of return light within a wave 
length band that includes a characteristic spectral peak 
of glucose ?uorescence. The second electrical signal 
represents the intensity of return light within a refer 
ence wavelength band. The ?rst and second electrical 
signals are communicated from the sensor to a proces 
sor 22 on lines 24 and 26, respectively. The processor 
then processes the two electrical signals to determine 
the concentration of glucose in the sample. 
The light source 14 is also referred to as the excitation 

source. The excitation light 16 from the light source can 
have a wavelength from 250 nm to 350 nm. The excita 
tion light can be produced from any type of narrow 
band ultraviolet light source. In the preferred embodi 
ment, the light source is an ultraviolet excimer laser 
having a wavelength of 308 nm and an energy density of 65 
12 millijoules per square millimeter. Alternatively, a 
nitrogen laser, an optically-chopped helium-cadmium 
laser, a frequency-multiplied diode laser, or a solid-state 
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laser can be used. The intensity or energy density of the 
excitation light should exceed one millijoule per square 
millimeter but should not exceed 15 millijoules per 
square millimeter. If the energy density is too high, 
ablation of the sample can occur, whereas if the energy 
density is too low, obtaining a suf?cient electrical signal 
can be dif?cult. 
The detectors in the sensor 18 can be as simple as 

individual light-sensitive diodes, with appropriate band 
pass ?lters, or as complicated as an optical multichannel 
analyzer that analyzes a broad spectrum of the return 
light. Preferably, a simple CCD array is used to monitor 
a variety of wavelengths as desired with each individual 
cell monitoring a speci?c wavelength region. 

In its simplest form, the processor 22 receives the 
electrical signals from the sensor 18 and almost instanta 
neously provides a ratio of the signals. The processor 
can further process the ratio to determine and indicate 
the presence, absence, or concentration of glucose in 
the sample 12. 
The process of determining of the concentration of 

glucose in the sample is better understood with refer 
ence to FIGS. 2-4. The spectrum shown in FIG. 2 is the 
?uorescence spectrum of glucose after excitation with 
an ultraviolet excimer laser light having a wavelength 
of 308 nanometers. The spectrum is shown to have a 
double peak that is characteristic of all glucose solu 
tions. One spectral peak corresponds to a broad ?uores 
cence band 28 centered at approximately 440 nanome 
ters, and the other spectral peak corresponds to a nar 
row ?uorescence band 30 centered at approximately 
345 nanometers. The wavelength of the peak of the 
narrow ?uorescence band is approximately 30 to 50 
nanometers longer than the wavelength of the excita 
tion light. The narrow glucose ?uorescence band is the 
characteristic wavelength band of glucose that is moni 
tored to determine the concentration of glucose in the 
sample. ‘ q ' 

As shown in FIG. 3, the ?uorescence spectrum of 
human plasma, when excited by ultraviolet excimer 
laser light having a wavelength of 308 nanometers, is 
distinct from the ?uorescence spectrum of glucose. The 
?uorescence spectrum of human plasma has a broad 
?uorescence band 32 centered at approximately 380 
nanometers and a narrow ?uorescence band 34 cen 
tered at approximately 345 nanometers. The narrow 
?uorescence band 34 corresponds to the narrow ?uo 
rescence band 30 of glucose ?uorescence and is indi 
cated by a small peak having a wavelength that is ap 
proximately 30 nanometers shorter than the wavelength 
of the larger peak of the broad ?uorescence band 32 of 
human plasma. The narrow ?uorescence band 34 is the 
characteristic wavelength band of glucose ?uorescence 
that is monitored to determine the concentration of 
glucose in the sample. The reference band is chosen 
from a wavelength band that is distinct from the narrow 
?uorescence band 34 of glucose ?uorescence. 
As disclosed in FIG. 4, the glucose concentration Cgl 

in the sample is determined from the ratio of measured 
light intensities within the desired wavelength bands 
(Igl/Iret). The ?rst light intensity Igl represents the 
intensity of light measured within a ?rst wavelength 
band corresponding to the characteristic wavelength 
band 34 of glucose ?uorescence disclosed in FIG. 3. 
The second light intensity Iref represents intensity of 
light measured within a second wavelength band corre 
sponding to the reference wavelength band. When 
using an excimer laser, the ?rst wavelength band ex 
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tends from about 335 nanometers to about 355 nanome 
ters and the second wavelength band extends from 
about 380 nanometers to about 420 nanometers, or some 
portion thereof. The ratio Igl/Iref increases with in 
creasing glucose concentration in the sample. The exact 
relationship between the glucose concentration and the 
intensity ratio is empirically derived. 
FIG. 5 shows a ?rst embodiment, in which the con 

centration of glucose in the sample 12 is determined by 
illuminating the sample and by capturing the resulting 
?uorescence spectrum using ?ber-optic waveguides, 36 
and 38. A ?rst ?ber-optic waveguide 36 guides the laser 
or excitation light 16 from the excitation source 14 to 
the sample. The excitation light is collimated when it is 
emitted from the excitation source and is directed 
toward the ?ber using a mirror 40 that is highly re?ec 
tive to ultraviolet light having a wavelength of 308 
nanometers. The excitation light is focused into the ?rst 
?ber-optic waveguide using a lens 42. The excitation 
light travels along the ?rst ?ber-optic waveguide to the 
sample. 
The excitation light 16 causes the sample 12 to pro 

duce scattered return light 20 having a spectrum that 
depends upon the composition ‘of the sample. The re 
turn light includes any re?ected excitation light and the 
?uorescent light produced by the sample including 
?uorescent light produced by any glucose present in the 
sample. The return light is collected by a second ?ber 
optic waveguide 38 and is guided to and emitted unfo 
cused towards the entrance of a spectrograph 44. At the 
entrance of the spectrograph is a long pass ?lter (not 
shown) having a cutoff wavelength of about 335 nano 
meters which excludes from the return light any re 
?ected excitation light. Also at the entrance of the spec 
trograph is a slit having a width of 100 micrometers. 
The slit is followed by a diffraction grating having 150 
grates per millimeter and a prism (not shown) that re 
solves the return light along an axis. A position along 
the axis corresponds to a wavelength of the return light. 
Along the axis is positioned a detector 46, preferably 

a l024-element charge-coupled device array. Each ele 
ment of the detector array corresponds to a spectral 
wavelength of the return light. The detector array pro 
vides an analog signal 48 that is converted into a digital 
signal for determination of the concentration of glucose 
in the sample 12. The digital signal contains data repre 
senting the intensity of light received for each of the 
spectral wavelengths. The data may also be displayed 
on the screen of an optical-multichannel analyzer 50 or 
saved on a data disk. In the preferred embodiment, the 
detector is a 1024 element charge-coupled device array, 
part number EG&G 14226. 
The concentration of glucose in the sample 12 is 

calculated from the ratio of the light intensity collected 
in two spectral wavelength bands or regions. Using the 
data from the detector array, the intensity of light 
within the ?rst wavelength band is compared with the 
intensity of light from the second wavelength band. 
A related embodiment is shown in FIG. 6. This em 

bodiment uses a single ?ber-optic waveguide 52 to 
transmit the excitation light 16 to the sample 12 and to 
collect the return light 20 from the sample. A ?rst lens 
42’ focuses the excitation light into the end of the ?ber 
optic waveguide 52 and also collimates the collected 
return light that is emitted from the ?ber-optic wave 
guide. The collimated return light passes through the 
ultraviolet mirror 40 and through a long pass optical 
?lter 54. The long pass optical ?lter has a cutoff wave 
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6 
length of 335 nanometers to ?lter re?ected excitation 
light from the return light. The ?uorescent light is fo 
cused into another ?ber-optic waveguide by a second 
lens 56. This second ?ber-optic waveguide 58 transmits 
the return light to the entrance of a spectrograph. As 
discussed above, the spectrograph resolves the ?uores 
cent light into its individual spectral components which 
are analyzed to determine the concentration of glucose 
in the sample. 

In yet another embodiment shown in FIG. 7, the 
waveguide is contained within a catheter 60. The cathe 
ter may contain one fused silica ?ber or a bundle of 
many ?bers. The catheter can be indwelling for use in 
an on-line monitoring system. It may also sense the 
glucose in an extra-corporeal blood ?ood, such as in a 
heart-lung machine or in a dialysis system. 

Alternative embodiments of the catheter 60 are 
shown in FIGS. 8 and 9. In FIG. 8, the catheter 60’ is 
shown to monitor the glucose of a human body 62 per 
cutaneously, or through the skin. In FIG. 9, the ?ber 
optic catheter 60" preferably is used to percutaneously 
monitor the glucose concentration in the oral cavity 
tissues of a person’s mouth, such as the gums 64 or at the 
base of the tongue. Thus the glucose concentration in 
the human body can be monitored through this rela 
tively noninvasive approach that uses ultraviolet ?uo 
rescence spectroscopy. 
The glucose ?uorescence monitoring system 10 func 

tions with other bodily ?uids as well as with solid or 
gans. It is also applicable to a broad range of glucose 
sensing needs in food processes such as bread making, 
wine making and soft drink manufacturing. The glucose 
concentration within many translucent or transparent 
bodies can be monitored. Also, all kinds of biological 
and nonbiological ?uids can be monitored including 
plasma, urine, soda, food products, wine, etc. 
From the foregoing, it will be appreciated that the 

concentration of glucose in a human body can be moni 
tored without requiring blood to be drawn from the 
body. The glucose monitor monitors the ?uorescence 
of the glucose directly giving a direct determination of 
the glucose concentration. The ?ber-optic waveguides 
simplify the delivery of the excitation light to the sam 
ple and the collection of the return light from the sam 
ple. The glucose monitor provides almost instantaneous 
monitoring of the glucose concentration. 
Although the foregoing discloses preferred embodi 

ments of the present invention, it is understood that 
those skilled in the art may make various changes to the 
preferred embodiments shown without departing from 
the scope of the invention. The invention is de?ned only 
by the following claims. 
We claim: 
1. Apparatus for determining the concentration of 

glucose in a sample, comprising: 
a light source that emits excitation light that is di 

rected at a sample to produce return light from the 
sample, such return light including ?uorescent 
light produced by any glucose present in the sam' 
ple; 

a sensor that monitors the return light and generates 
a glucose ?uorescence signal indicative of the in 
tensitylof return light within a wavelength band 
associated with the direct ?uorescence of glucose 
and generates a reference signal indicative of the 
intensity of return light within a reference wave 
length band; and 
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a processor that processes the glucose ?uorescence 
signal and the reference signal to determine the 
concentration of glucose in the sample. 

2. Apparatus for determining the concentration of 
glucose in a sample, comprising: 

a light source that emits narrowband excitation light 
that is directed at a sample to produce return light 
from the sample, the excitation light having a 
wavelength between about 250 nanometers and 
about 350 nanometers; 

a sensor that monitors the return light and generates 
a ?rst signal indicative of the intensity of return 
light within a ?rst wavelength band, the ?rst wave 
length band being within a range that is about 30 to 
50 nanometers longer than the wavelength of the 
excitation light, and wherein the sensor also gener 
ates a second signal indicative of the intensity of 
return light within a second wavelength band, the 
second wavelength band extending from about 380 
nanometers to about 420 nanometers; and 

a processor that processes the ?rst and second signals 
to determine the concentration of glucose in the 
sample. 

3. Apparatus for determining the concentration of 
glucose in a sample as de?ned in claim 2, wherein: 

the wavelength of the excitation light is about 308 
nanometers; 

the ?rst wavelength band extends from about 335 
nanometers to about 355 nanometers; and 

the second wavelength band extends from about 380 
nanometers to about 420 nanometers. 

4. Apparatus for determining the concentration of 
glucose in a sample as de?ned in claim 2, and further 
comprising one or more waveguides transmitting the 
excitation light from the light source to the sample and 
transmitting the return light from the sample to the 
sensor. 

5. Apparatus for determining the concentration of 
glucose in a sample as de?ned in claim 4, wherein the 
one or more waveguides comprises: 
a ?rst ?ber-optic waveguide transmitting the excita 

tion light from the light source to the sample; and 
a second ?ber-optic waveguide transmitting the re 

turn light from the sample to the sensor. 
6. Apparatus for determining the concentration of 

glucose in a sample as de?ned in claim 5, and further 
comprising a probe housing the one or more ?ber-optic 
waveguides. 

7. Apparatus for determining the concentration of 
glucose in a sample as de?ned in claim 6, wherein the 
probe is a catheter adapted to be placed in an extracor 
poreal blood ?ow. 

8. Apparatus for determining the concentration of 
glucose in a sample as de?ned in claim 2, wherein the 
sensor includes: 

a ?rst detector that detects the return light within the 
?rst wavelength band and generates the ?rst signal; 
and 

a second detector that detects the return light within 
the second wavelength band and generates the 
second signal. 

9. Apparatus for determining the concentration of 
glucose in a sample as de?ned in claim 2, wherein the 
sensor includes: 

a spectrograph having an array of detectors, the spec 
trograph resolving the return light such that each 
detector of the array detects a different spectral 
wavelength of the return light and generates a 
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8 
separate electrical signal representing the intensity 
of light in its wavelength; and 

an optical analyzer that analyzes the plurality of elec 
trical signals from the spectrograph and generates 
the ?rst and second signals. 

10. Apparatus for determining the concentration of 
glucose in a sample as de?ned in claim 2, wherein the 
sensor comprises: 

a dichroic ?lter that rejects the return light having a 
wavelength equal to the wavelength of the excita 
tion light and transmits the return light within the 
?rst and second wavelength bands; 

a stop having a slit aperture, wherein a portion of the 
return light that is transmitted through the dichroic 
?lter passes through the slit; 

a prism that spreads the return light that passes 
through the slit such that the return light is spread 
along an axis by a distance proportional to the 
wavelength of the return light; and 

?rst and second electro-optical detectors that gener 
ates the ?rst and second signals, respectively, the 
?rst electro-optical detector located along the axis 
at a distance corresponding to the ?rst wavelength 
band and the second electro-optical detector lo 
cated along the axis at a distance corresponding to 
the second wavelength band. 

11. A method of determining the concentration of 
glucose in a sample, comprising: 

directing excitation light at a sample to cause the 
sample to produce return light, such return light 
including ?uorescent light produced by any glu 
cose present in the sample; 

monitoring the return light and generating first and 
second signals, the ?rst signal indicative of the 
intensity of the return light within a ?rst wave 
length band and the second signal indicative of the 
intensity of return light within a second wave 
length band; and 

processing the ?rst and second signals to determine 
the concentration of glucose in the sample. 

12. A method of determining the concentration of 
glucose in a sample, comprising: 

directing narrowband excitation light having a wave 
length between about 250 nanometers and about 
350 nanometers at a sample to cause the sample to 
produce return light, such return light including 
?uorescent light produced by any glucose present 
in the sample; 

monitoring the return light and generating ?rst and 
second signals, the ?rst signal indicative of the 
return light within a ?rst wavelength band, the ?rst 
wavelength band being within a range that is about 
30 to 50 nanometers longer than the wavelength of 
the excitation light, and the second signal indica 
‘tive of the intensity of return light within a second 
wavelength band; the second wavelength band 
extending from about 380 nanometers to about 420 
nanometers; and 

processing the ?rst and second signals to determine 
the concentration of glucose in the sample. 

13. A method of determining the concentration of 
glucose in a sample as de?ned in claim 12, wherein: 

the wavelength of the excitation light used in the step 
of directing is about 308 nanometers; 

the ?rst wavelength band used in the step of monitor~ 
ing extends from about 335 nanometers to about 
355 nanometers; and 
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the second wavelength band used in the step of moni 

toring extends from about 380 nanometers to about 
420 nanometers. 

14. A method of determining the concentration of 
glucose in a sample as de?ned in claim 12, wherein the 
step of directing excitation light at a sample further 
comprises the step of guiding the excitation light to the 
sample. 

15. A method of determining the concentration of 
glucose in a sample as de?ned in claim 12, wherein the 
step of monitoring the return light further comprises the 
step of guiding the return light from the sample. 

16. A method for determining the concentration of 
glucose in a sample as de?ned in claim 12, wherein the 
step of monitoring the return light further comprises: 

detecting the return light within the ?rst wavelength 
band to generate the ?rst signal; and 

detecting the return light within the second wave 
length band to generate the second signal. 

17. A method of determining the concentration of 
glucose in a sample as de?ned in claim 16, wherein the 
step of monitoring the return light further comprises the 
step of resolving the return light into its different spec 
tral wavelengths to detect the light within the respec 
tive ?rst and second wavelength bands. 

18. Apparatus for determining the concentration of 
glucose in the tissues of a person’s mouth, comprising: 

a light source that emits excitation light; 
a ?rst ?ber-optic waveguide transmitting the excita 

tion light from the light source to the tissues of a 
person’s mouth to cause the tissues to produce 
return light, such return light including ?uorescent 
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light produced by any glucose present in the tis 
sues; 

a sensor that monitors the return light; 
a second ?ber-optic waveguide transmitting the re 

turn light from the tissues of the mouth to the sen 
sor, wherein the sensor generates a glucose ?uores 
cence signal indicative of the intensity of return 
light within a wavelength band associated with the 
direct ?uorescence of glucose and generates a ref 
erence signal indicative of the intensity of return 
light within a reference wavelength band; and 

a probe housing the first and second ?ber~optic wave 
guides, wherein the probe is adapted to enter the 
mouth; and 

a processor that processes the glucose ?uorescence 
signal and the reference signal to determine the 
concentration of glucose in the tissues of a person’s 
mouth. 

19. A method of determining the concentration of 
glucose in a sample, comprising: 

directing excitation light at a sample to cause the 
sample to produce return light, such return light 
including ?uorescent light produced by any glu 
cose present in the sample; 

monitoring the return light and generating a glucose 
?uorescence signal and a reference signal, the glu 
cose ?uorescence signal indicative of the intensity 
of the return light within a wavelength band associ 
ated with the direct ?uorescence of glucose and the 
reference signal indicative of the intensity of return 
light within a reference wavelength band; and 

processing the glucose ?uorescence signal and the 
reference signal to determine the concentration of 
glucose in the sample. 

* * * * * 
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