2017/178889 A1 I 0100 10 00 OO 00

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/178889 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

31

19 October 2017 (19.10.2017) WIRPOIPCT
International Patent Classification:
A61B 1/06 (2006.01) A61B 5/00 (2006.01)

A61B 1/24 (2006.01) GO6T 7/00 (2017.01)

International Application Number:
PCT/IB2017/000513

International Filing Date:
13 April 2017 (13.04.2017)

Filing Language: English
Publication Language: English
Priority Data:

62/321,968 13 April 2016 (13.04.2016) US

Applicant: INSPEKTOR RESEARCH SYSTEMS B.V.
[NL/NL]; Gooilandseweg 10, 1406 LL Bucsum, OT (NL).

Inventor: DE JOSSELIN DE JONG, Elbert; Gooiland-
seweg 10, 1406 LL Bussum, OT (NL).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(84)

HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(34

Title: BI-FREQUENCY DENTAL EXAMINATION

Camars

Patient's teeth O

- e ney
Neounefil
A 7 S \/);{i

o

ith 2 different
ton farmps

(57) Abstract: A system and a method for improving visibility of newly decaying or carious tissue are described. Light having a
lower peak wavelength (such as 405 nm) illuminates dental tissue, and an image is captured. Light having a higher peak wavelength
(such as 450 nm) then illuminates the same dental tissue, and a second image is captured. The images are aligned, and an output im -
age is created based on at least one of the first image and the second image, modified in certain areas as a function of the relation -
ships between the red values of the first image (R1) and the second image (R2) at that location and the green values of the first image
(G1) and the second image (G2) at that location. The function may use the ratios R2:R1 and G1:G2, such as a function of the

product of those ratios, to determine the color adjustment that is applied.
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BI-FREQUENCY DENTAL EXAMINATION

Field
The present invention relates to examining oral structures to identify carious regions.
More specifically, the present invention relates to systems and methods for inducing
autofluorescence of oral structures and analyzing images thereof to differentiate between
dental surfaces covered with dental plaque and clean surfaces, and the detection of carious

lesions.

Background

With the traditional QLF technique (excitation with light having a peak wavelength of
about 405nm and image capture with a long-pass yellow filter or filter blocking the excitation
light) the fluorescence of porphyrins produced by active bacteria in the intra-oral
environment can be imaged as these appear with a red color compared to sound teeth by a
camera or by the eye.

The traditional method thus visualizes plaque covering a tooth relative to its clean
surface.

Early (voung) plaque (less than 3 days old) is difficult to distinguish in this way, as the
contrast is low between plaque covered and uncovered areas. Only plaque older than 3-5 days

can be readily detected.

Summary

A solution is presented to detect the red fluorescence of young plaque with higher
sensitivity and specificity than with the traditional method.

One embodiment according to the present disclosure is a device, system, or kit that
includes lighting elements, which provide incident light with a peak wavelength at about 405
nm and about 450 nm, respectively. The respective lighting elements are separately
energized, and the fluorescence of dental tissues under the respective lights are captured
through a long-pass filter (having a preferred cutoff frequency at 520 nm) in separate images.
The images are manipulated so that the portions of the respective images that relate to the
same physical location on the dental tissues can be accessed. A new image is created as a
function of the values of the red and green channels from the respective images, including the
baseline image plus an overlay wherein each pixel or region is selected as a function of those

red and green channels. In variations on this embodiment, the longer-wavelength lighting
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elements have a peak in the 430-490 nm range, and the filter has a corresponding cutoff
frequency in the 440-540 nm range.

In other variations, the output is a function of a ratio of ratios, where the numerator is the
ratio of red channel intensity under the longer-wavelength incident light to the red channel
intensity under the shorter-wavelength incident light, and the denominator is the ratio of
green channel intensity under the longer-wavelength incident light to the green channel
intensity under the shorter-wavelength incident light. This ratio can be shifted and scaled to
meet a variety of potential intended output contexts as will occur to those skilled in the art in
view of this disclosure.

Another embodiment is a method of displaying or examining dental issue. A light having
a peak wavelength of about 405 nm is shined on the dental tissue, and the fluorescence
generated is passed through a long-pass filter (having a cutoff frequency of about 520 nm)
and captured as first digital image. The 405 nm light is extinguished, and a light having a
peak wavelength of about 450 nm is illuminated. The fluorescence generated is likewise
passed through the long-pass filter and captured as a second digital image. The images are

aligned, and output (as described above) is generated as a function of both images.

Brief Description of the Drawings
Fig. 11is a schematic view of a system for capturing and analyzing images according to
one embodiment of the present disclosure.
Fig. 2 is an exemplary graph of autofluorescence responses from healthy and carious

tooth tissue under 405 nm and 450 nm incident light.

Description

For the purpose of promoting an understanding of the principles of the present invention,
reference will now be made to the embodiment illustrated in the drawings and specific
language will be used to describe the same. It will, nevertheless, be understood that no
limitation of the scope of the invention is thereby intended; any alterations and further
modifications of the described or illustrated embodiments, and any further applications of the
principles of the invention as illustrated therein are contemplated as would normally occur to
one skilled in the art to which the invention relates.

Generally, one form of the present system shines light of about 405 nm on dental tissue
and captures a filtered image of that tissue, then shines light of about 450 nm on the dental

tissue and captures a filtered image of that tissue. The images are automatically aligned, and
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the respective images at each pixel of tissue surface are analyzed. In some embodiments of
this form, and output image is generated with additional data (such as a certain color)
overlaid to indicate carious tissue. In other embodiments, a spectrum of colors and/or a
sliding scale of hue, intensity, alpha level, or other characteristics are used to illustrate a
detected age of the lesion.

The discussion herein takes advantage of the data illustrated in Fig. 2, namely, that clean
and carious tooth tissues have different autofluorescence responses when exposed to incident
light around the 405 nm and 450 nm wavelengths. These graphs provide visualization of data
captured by a multispectral camera, where each curve has been normalized at 580 nm. As can
be seen in Fig. 2, while clean tissue fluoresces more than young plaque at lower wavelengths
(in the green portion of the visible spectrum) and less than young plaque at higher (red)
wavelengths under incident light of 405 nm, while under incident light of 450 nm, clean
tissue and young plaque fluoresce about the same in the green range while diverging (with
young plaque fluorescing more) in the red range.

Turning to Fig. 1, system 100 includes a camera 102 configured to capture images
through long-pass filter 104. In this embodiment, ring 106 is generally annular and bears a
plurality of lighting elements that includes 405 nm LEDs 108 and 450 nm LEDs 109. Ring
106 is situated around the circumference of the front of camera 102 or long-pass filter 104 so
that LEDs 108, 109 emit their light substantially along the optical axis of camera 102. The
output of camera 102 is in communication with image processing apparatus 110, which in
this embodiment produces human-viewable output via display 120.

In operation, system 100 might be used to evaluate, diagnose, or characterize the
condition of one or more of a patient’s teeth 130. To this end, camera 102 is pointed in the
general direction of patient’s mouth 135 and focused on patient’s teeth 130. In some
embodiments, this focusing operation occurs manually, while in others it occurs
automatically using digital or optical techniques as will occur to those skilled in the art. In
some embodiments, focusing occurs using one or more lighting elements on ring 106, and in
some embodiments focusing occurs using ambient and/or white light from another source
(not shown).

System 100 then captures two images as will now be discussed. The first set of LEDs
108 on ring 106 is energized, exposing the patient’s teeth 130 to incident light having a peak
wavelength of about 405 nm. Patient’s teeth 130 then differentially autofluorescence as is

well understood in the art, including as described in US patent nos. 6,231,338, 7,813,787, and
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7,813,790. Long-pass filter 104 filters the light resulting from fluorescence of patient’s teeth
130, and camera 102 captures the filtered light as a first image.

The first set of LEDs 108 on ring 106 is then deenergized, and the second set of LEDs
109 on ring 106 is energized, exposing patient’s teeth 130 to incident light having a peak
wavelength at about 450 nm. Patient’s teeth 130 then differentially autofluorescence in a
slightly different way (see Fig. 2), long-pass filter 104 filters the light resulting from the
autofluorescence, and camera 102 captures a second image.

Image processing device 110 receives the two images from camera 102, puts them in the
same position and thus comparable so that the pixels derived from each image that
correspond with the same location on patient’s teeth 130 can be mathematically operated
upon. Various techniques known to those skilled in the art can be used for this repositioning,
or “registration,” step. In some embodiments, the second image is automatically selected
from a video stream by an automatic system that compares the first image (taken under LEDs
108) with each frame of the video stream (taken under LEDs 109) until a sufficiently
registered frame is found and captured. One exemplary dynamic comparison technique is
shown in US Patent 6,597,934, but other techniques may be used as will occur to those
skilled in the art.

Image processing device 110 then produces an output image wherein the visual
components of each pixel are a function of the color values of pixels derived from
corresponding positions on the two input images. In some forms of the present embodiment,
the output pixel is calculated as

E;::;'L = (i Rizonm . Gsosnm E 5) .o

Rsgsnm  Fasonm

where o is a scaling constant, [} is a constant that biases the result to a desired range, single-
color pixel values Rysomm, R405mm, Ga05nm, and Gysonn are the red or green pixel color values in
the image captured under incident light of the indicated frequency, and Gpix . In some
embodiments, [ is a function of the optical properties of the equipment being used; empirical
data regarding relative pixel values Rysomm, Rs0smm, G05nm, and Gysonm; and/or the intended
downstream uses of Gpix.

In one implementation of the embodiment illustrated in Fig. 1, image processing device
110 creates one of two kinds of images for display on display device 120. In one kind of

image, the output image is constructed of red, blue, and green channels, where the blue and
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green channels are chosen as a function of the overall brightness of the original images at that
pixel location (e.g., (Rs05mm + Rusomm + Gaosum + Ga50mm + Baoswm + Bysonnm)/6), and the red
channel is Gpi.

Another kind of image is generated in some embodiments by creating a base image that
takes the average of the respective pixel color values from each channel of the original
images, then overlays color as a function of G at that location. In some embodiments, this
overlay is a constant, bright red whenever G exceeds a particular threshold at that location.
In other embodiments, the overlay is a red color that is adjusted in brightness as a function of
Gpix (e.g., where both the red channel R of the output image and G, are on a 0-255 scale, R =
128 + (Gpi/2)). In yet other embodiments, the base image is a third image captured under
white light or a color-corrected version of one or both of the images captured under LEDs
108 and/or 109. In still other embodiments, the color of the output pixel is selected to have a
hue, alpha value, brightness, or other characteristic that varies with Gpi.

Thus, one method of examining dental tissues includes illuminating dental tissues with a
405 nm light, filtering the fluorescence produced through a long-pass filter having a cutoff
frequency of about 520 nm, and capturing a first image. A 450 nm light is then illuminated,
the fluorescence produced is likewise passed through the long-pass filter, and a second image
is captured. The two images are analyzed to determine how to map respective portions of
each image to the dental tissue and/or particular positions, and output is generated as a
function of one or two color components of the first and second images at the respective
points related to the same portion of tissue.

The various image processing activities performed by the various implementations of
this system and method are implemented using special programming stored in a memory
device and executed by a processor, all as will occur to those skilled in the art. For example,
an “image processing device,” as this example has generically been referred to, includes a
processor in communication with a memory, input interface(s), output interface(s), and a
network interface. The memory stores a variety of data, but is also encoded with
programming instructions executable to perform the functions described. Power, ground,
clock, and other signals and circuitry are used as appropriate as will be understood and easily
implemented by those skilled in the art.

The network interface connects the computer to a data network for communication of
data between the computer and other devices attached to a data network, such as cellular,

satellite, Wi-Fi, WiMAX, or other system as will occur to those skilled in the art. The input
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interface(s) manage communication between the processor and one or more touch screens,
sensors, pushbuttons, UARTS, IR and/or RF receivers or transceivers, decoders, or other
devices, as well as traditional keyboard and mouse devices. Output interface(s) provide a
video signal to a display, and may provide signals to one or more additional output devices
such as LEDs, LCDs, or audio output devices, local multimedia devices, local notification
devices, or a combination of these and other output devices and techniques as will occur to
those skilled in the art.

The processor in some embodiments is a microcontroller, graphics processing unit,
accelerated processing unit, or general-purpose microprocessor that reads its program from
the memory. The processor may be comprised of one or more components configured as a
single unit. Alternatively, when of a multi-component form, the processor may have one or
more components located remotely relative to the others. One or more components of the
processor may be of the electronic variety including digital circuitry, analog circuitry, or
both. In some embodiments, the processor is of a conventional, integrated circuit
microprocessor arrangement, such as one or more CORE i3, i5, or 17 processors from INTEL
Corporation of 2200 Mission College Boulevard, Santa Clara, California 95052, USA, or
SEMPRON, ATHLON, or A-Series processors from Advanced Micro Devices, One AMD
Place, Sunnyvale, California 94088, USA. In some embodiments, one or more reduced
instruction set computer (RISC) processors, graphics processing units (GPU), application-
specific integrated circuits (ASICs), general-purpose microprocessors, programmable logic
arrays, engine control units, or other devices may be used alone or in combinations as will
occur to those skilled in the art.

Likewise, the memory in various embodiments includes one or more types such as solid-
state electronic memory, magnetic memory, or optical memory, just to name a few. By way
of non-limiting example, the memory can include solid-state electronic Random Access
Memory (RAM), Sequentially Accessible Memory (SAM) (such as the First-In, First-Out
(FIFO) variety or the Last-In First-Out (LIFO) variety), Programmable Read-Only Memory
(PROM), Electrically Programmable Read-Only Memory (EPROM), or Electrically Erasable
Programmable Read-Only Memory (EEPROM); an optical disc memory (such as a
recordable, rewritable, or read-only DVD or CD-ROM); a magnetically encoded hard drive,
floppy disk, tape, or cartridge medium; a solid-state or hybrid drive; or a plurality and/or

combination of these memory types. Also, the memory in various embodiments is volatile,
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nonvolatile, or a hybrid combination of volatile and nonvolatile varieties of non-transitory
signal.

When an act is described herein as occurring “as a function of” a particular thing, the
system is configured so that the act is performed in different ways depending on the identity
or one or more other characteristics of the thing.

All publications, prior applications, and other documents cited herein are hereby
incorporated by reference in their entirety as if each had been individually incorporated by
reference and fully set forth. While the invention has been illustrated and described in detail
in the drawings and foregoing description, the same is to be considered as illustrative and not
restrictive in character, it being understood that only the preferred embodiment has been
shown and described and that all changes and modifications that come within the spirit of the
invention are desired to be protected.

What is claimed i1s:
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1. A system for visually examining dental tissue, comprising:
a first light having a first peak wavelength;
a second light having a second peak wavelength that is at least 10 nm longer than the
first peak wavelength;
a processor;
a memory in communication with the processor, the memory storing programming
instructions executable by the processor to:
capture a first image of dental tissue under the first light;
capture a second image of the dental tissue under the second light;
determine a first red value and a first green value associated with a point
on the dental tissue as shown in the first image;
determine a second red value and a second green value associated with
the point on the dental tissue as shown in the second image;
create a third image of the dental tissue, where a portion of the third
image depicting the point on the dental tissue is adapted using a modification
function that is a function of both
(1) arelationship between the first red value when the second red
value, and
(i) arelationship between the first green value and the second green

value.

2. The system of claim 1, wherein:
the relationship between the first red value and the second red value is a ratio of the
second red value to the first red value; and
the relationship between the first green value and the second green value is a ratio of the

first green value to the second green value.

3. The system of claim 1, wherein the modification function is a function of:
the ratio of the second red value to the first red value, times

the ratio of the first green value to the second green value.
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4. The system of claim 1, wherein the modification function is a function of Gy,

where:
G = {1 Rizonm _ fsasnm 4 kg 3 o
Moy T R n
295nm S45omm

5. The system of claim 4, wherein in portions of the third image in which Gpx
exceeds a predetermined threshold, the adaptation increases the brightness of such portions

relative to the remaining portions of the third image.

6. The system of claim 4, wherein in portions of the third image in which Gy
exceeds a predetermined threshold, the adaptation increases the intensity in the red color

channel of such portions relative to the remaining portions of the third image.

7. The system of claim 1, wherein the adaptation is a change to a hue, alpha value, or

brightness of the portion of the third image.

8. The system of claim 1,
further comprising a display; and
wherein the programming instructions are further executable by the processor to show

the third image on the display.

9. The system of claim 1,
further comprising a nonvolatile storage device; and
wherein the programming instructions are further executable by the processor to save the

third image to the nonvolatile storage device.

10. The system of claim 1, wherein:
the first peak wavelength is at least 400 nm and not more than 410 nm; and

the second peak wavelength is at least 415 nm and not more than 500 nm.

11. The system of claim 1, wherein:
the first peak wavelength is about 405 nm; and

the second peak wavelength is about 450 nm.
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12. A method of observing dental tissue, comprising:
illuminating the dental tissue with a first light having a first peak wavelength and
capturing a first image of the dental tissue;
illuminating the dental tissue and a second light having a second peak wavelength and
capturing a second image of the dental tissue;
determining a first red value and a first green value associated with a point on the dental
tissue as shown in the first image;
determining a second red value and a second green value associated with the point on the
dental tissue as shown in the second image;
creating a third image of the dental tissue, where a portion of the third image depicting
the point on the dental tissue is adapted using a modification function that is a function of
both
(1) arelationship between the first red value when the second red value, and

(i1) a relationship between the first green value and the second green value.

13. The method of claim 12, wherein:
the relationship between the first red value and the second red value is a ratio of the
second red value to the first red value; and
the relationship between the first green value and the second green value is a ratio of the

first green value to the second green value.

14. The method of claim 12, wherein the modification function is a function of:
the ratio of the second red value to the first red value, times

the ratio of the first green value to the second green value.

15. The method of claim 12, wherein the modification function is a function of Gy,

where:

o~

1 Rigsmm  Tssonm

~ , 1 Rasonm  Caosnm A
oo = _ Basgnm | 3% . .
Gpix = (1 +8) -«

16. The method of claim 15, wherein the adaptation is to increase the brightness of

portions of the third image in which G, exceeds a predetermined threshold.
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17. The method of claim 15, wherein the adaptation is to increase the intensity in the
red color channel of portions of the third image in which Gy exceeds a predetermined

threshold.

18. The method of claim 12, wherein the adaptation is a change to a hue, alpha value,

or brightness of the portion of the third image.

19. The method of claim 12,
further comprising a display; and
wherein the programming instructions are further executable by the processor to show

the third image on the display.

20. The method of claim 12,
further comprising a nonvolatile storage device; and
wherein the programming instructions are further executable by the processor to save the

third image to the nonvolatile storage device.

21. The method of claim 12, wherein:
the first peak wavelength is at least 400 nm and not more than 410 nm; and

the second peak wavelength is at least 415 nm and not more than 500 nm.

22. The method of claim 12, wherein:
the first peak wavelength is about 405 nm; and

the second peak wavelength is about 450 nm.
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