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Description

FIELD OF THE INVENTION

[0001] This patent relates to methods and products for analyzing soft tissues of an oral cavity.

BACKGROUND OF THE INVENTION

[0002] Imaging systems for analyzing hard tissues, such as teeth, are known in the art. An example is described in
U.S. Patent Application Serial No. 2003/0059381, "Structures and compositions increasing the stability of peroxide
actives" to Goodhart, et al. Some methods for analyzing soft tissues of the oral cavity also exist, such as the Löe and
Silness Gingival Index as described in "Periodontal Disease in Pregnancy: Prevalence and Severity", the Modified
Gingival Index as described in "A modified gingival index for use in clinical trials" by Lobene, et al., and the Ainamo and
Bay Gingival Bleeding Index as described in "Problems and proposals for recording gingivitis and plaque" by Ainamo
and Bay. However, there is a continuing desire to provide more objective methods and products for analyzing oral cavity
soft tissue condition or health. Further, there is a continuing desire to provide methods and products for semi-automated
or automated analysis of soft tissues, wherein the methods and products can be used to compare the soft tissues of
one or more subjects or to analyze the effect upon soft tissues of one or more products or regimens. A computerized
digital image analysis technique to assess gingivitis comprising measuring the color of the gingiva in bands adjacent to
and at a specified distance from the teeth is known from Miller: "A digital image analysis technique for assessing gingivitis
(DIAG)" research presented at the 76th general session of the IADR, Nice, June 24-27, 1998. A method and a system
according to the invention is defined in the independent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] While the specification concludes with claims particularly pointing out and distinctly claiming the subject matter
that is regarded as the present invention, it is believed that the invention will be more fully understood from the following
description taken in conjunction with the accompanying drawings. Some of the figures may have been simplified by the
omission of selected elements for the purpose of more clearly showing other elements. Such omissions of elements in
some figures are not necessarily indicative of the presence or absence of particular elements in any of the exemplary
embodiments, except as may be explicitly delineated in the corresponding written description. None of the drawings are
necessarily to scale.

FIG. 1 is an example of a general purpose computer for use with the described method and system;

FIG. 2a is an example of a R, G and B color scale;

FIG. 2b is an example of a color scale wherein the R value is displayed against varying values of both G and B;

FIG. 3 is an example of healthy and diseased gingival tissue images, along with the corresponding R, G, and B
component values in grey tones;

FIG. 4 is an example of a system for implementing the described method;

FIG. 5 is an example of a gingival tissue image and display;

FIG. 6 is a flowchart describing a method of one example of using the system of FIG. 4 to analyze gingival tissues;

FIG. 7a is an example of a gingival tissue image and a plurality of selected analysis points;

FIG. 7b is an example of a gingival tissue image and a selected gingival margin;

FIG. 7c is an example of a gingival tissue image and a selected gingival band;

FIG. 8 is a flowchart describing a another method of using the system of FIG. 4 to analyze gingival tissues;

FIG. 9a is an example of a gingival tissue image and a plurality of selected analysis points;
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FIG. 9b is an example of a gingival tissue image and a selected gingival margin;

FIG. 9c is an example of a gingival tissue image and a selected gingival band;

FIG. 9d is an example of a gingival tissue image and a selected gingival band divided into a plurality of sub-bands;

FIG. 10 is a flowchart describing yet another method of using the system of FIG. 4 to analyze gingival tissues;

FIG. 11a is an example of a gingival tissue image and a plurality of selected analysis points;

FIG. 11b is an example of a gingival tissue image and a selected gingival margin;

FIG. 11c is an example of a gingival tissue image and a selected gingival band;

FIG. 11d is an example of a gingival tissue image and a selected gingival hand divided into a plurality of sub-bands;

FIG. 11e is an example of a selected gingival margin and a gingival margin lower boundary;

FIG. 11f is an example of a gingival margin divided into a plurality of lengths;

FIG. 11g is an example of a sub-band divided into a plurality of cells;

FIG. 11h is an example of a plurality of sub-bands divided into a plurality of cells;

FIG. 12a is an example of an analysis performed on an image;

FIG. 12b is another example of a gingival analysis performed on an image;

FIG. 13a is an example of a gingival analysis performed on an image;

FIG. 13b is another example of a gingival analysis performed on an image;

FIG. 14 is an example of a displayed result of gingival analysis;

FIG. 15 is a graphical example of a displayed result of gingival analysis; and

FIG. 16 is a tabular example of a displayed result of gingival analysis.

DETAILED DESCRIPTION OF THE INVENTION

[0004] There are broadly described herein methods and systems for analyzing soft tissues. A system and method
employing image analysis may provide an objective measure of the state or condition of soft tissue. For simplicity of
discussion, gingival tissue will be discussed hereafter as an example of soft tissue suitable for use with the present
invention. A region of analysis on an image of gingival tissue may be divided into pixels. Each pixel may have an
associated color that may be characterized by one or more color values. As used herein, the term "color value" is intended
to refer to one or more numeric values that represent a spectral or other color or pixel characteristic. The characteristic
associated with the color value is generically referred to as a color characteristic. Examples of color characteristics
include components of a color space (e.g., RGB color space, CIELAB color space, and LCH color space), brightness,
luminance, hue, saturation, chroma, color temperature, contrast, intensity, lightness, reflectance may have color values.
The color value can include, but is not limited to, a single value, a range of values, multiple values, a statistical value,
or any value mathematically calculated from several values or from an algorithm. For instance, a gradient or slope derived
from several values or a summation of several values can also constitute a color value. For simplicity and ease of
discussion, RGB color space component values, referred to herein as R, G, and B, will be discussed most frequently
hereafter. In one embodiment, a user may obtain an objective measurement of oral cavity soft tissue health or disease
(and other conditions) by determining an objective measurement of one or more component color values of a gingival
tissue image region and performing statistical analysis on the color values. Other uses for the present invention may
include, but are not limited to, determining the relative safety of a product, drug, or regimen by analyzing the soft tissue
for changes in redness which might indicate irritation or other adverse reaction to a product or regimen. For example,
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the fit, integration, or retention of implants and prosthetics can be evaluated based upon changes in redness of soft
tissue, which can be an indication of irritation. In another embodiment, specific regions of the soft tissue may be analyzed.
For instance, interproximal gingival tissues may be a region of interest, particularly where changes in redness (or other
colorimetric tissue changes) may be useful for determining the effectiveness of particular products or regimens with
respect to the interproximal tissues. In yet another use, the safety and/or tolerability of products, such as a denture
adhesive, can be evaluated based upon changes in redness.
[0005] According to the invention, the computer-implemented system and methods automatically analyze gingival
tissues. In another embodiment not according to the invention, a computer system semi-automatically analyzes gingival
tissues and a human user provides some of the analysis and/or inputs to the computer system.
[0006] Referring to Fig. 1, a computer system 100 may include a processing unit (CPU) 102, for example, an Intel
Pentium™ class microprocessor. One or more memory devices 104 may be connected to a bus 106, including random
access memory (RAM) 108 and read only memory (ROM) 110. A basic input/output system (BIOS) 112, containing the
routines that may transfer information between elements within the computer 100, is typically stored in ROM 110. RAM
108 typically contains immediately accessible program modules such as the operating system 114 or application programs
115 currently used by the CPU 102. A display 116 may be connected to the system bus 106 though a video interface
118. Input 120 devices may be connected to the system bus 106 though an input interface 122. Input devices may
include a mouse 124, a keyboard 126, a camera 128, a scanner 130 or other image capture device. Output 132 devices
may be connected to the system bus 106 through an output interface 134 and may include a printer 136, a plotter 138,
a facsimile device 140, a photocopier 142, and the like.
[0007] The computer system 100 may include a computer-readable medium having a computer program or computer
system 100 software accessible therefrom. The computer program may include instructions for performing methods.
The computer-readable medium may be stored on a non-removable, non-volatile memory device 144 such as a hard
disk, or a removable, non-volatile memory device such as a floppy disk drive 146 or an optical disk drive 148. The non-
removable, non-volatile memory device 144 may communicate with the computer 100 system bus 106 through a non-
removable, non-volatile memory interface 150. The computer-readable medium may include a magnetic storage medium
(disk medium, tape storage medium, microdrives, compact flash cards), an optical storage medium (compactdisks such
as CD-ROM, CD-RW, and DVD), a non-volatile memory storage medium, a volatile memory storage medium, and data
transmission or communications medium including packets of electronic data, and electromagnetic or fiber optic waves
modulated in accordance with instructions. Thus, the computer readable medium tangiblyembodies a program, functions,
and/or instructions that are executable by the computer system 100 to perform methods as described herein.
[0008] The computer system 100 may be connected to a network, including local area networks (LANs) 152, wide
area networks (WANs) 154, portions of the Internet such as a private Internet, a secure Internet, a value-added network,
or a virtual private network. Suitable network clients 156 may include personal computers, laptops, workstations, dis-
connectable mobile computers, mainframes, information appliances, personal digital assistants, and other handheld
and/or embedded processing systems. The signal lines that support communications links to clients 156 may include
twisted pair, coaxial, or optical fiber cables, telephone lines, satellites, microwave relays, modulated AC power lines,
and other data transmission "wires" known to those of skill in the art. Further, signals may be transferred wirelessly
through a wireless network or wireless LAN (WLAN) using any suitable wireless transmission protocol, such as the IEEE
series of 802.11 standards. Although particular individual and network computer systems and components are shown,
those of skill in the art will appreciate that the present invention also works with a variety of other networks and computers.
[0009] Referring to FIG. 2a, color scales 200 representing each of the R 205, G 210, and B 215 components in the
RGB color space may be combined to form a spectrum of colors 220. Component values of other color systems, e.g.
CIE L*a*b* and HLS, may also be combined to form a spectrum of colors, as known in the art. A value ranging from 0
to 255 of each R 205, G 210, and B 215 color components may be combined to form colors along the color scale 220.
Thus, R, G, and B values combined represent a color along the color scale 220. Referring to FIG. 2b, an RGB color
scale 250 may be illustrated wherein the R value 260 is saturated to the highest level (255). The R value may be nearly
saturated particularly in images or specific pixels exhibiting a high degree of visible redness.
[0010] The degree to which an image or individual image regions present healthy or diseased tissues may be related
to the degree of redness. For example, as shown in FIG. 3, diseased tissues 375, 377 may exhibit a higher degree of
redness, as measured by either the G or B component color values, than healthy tissues 379, 381. While not intending
to be bound by any theory, it is believed that the amount of "redness" can be characterized in one instance by the G, or
B, component color values due to the absorption characteristics of blood, and more particularly hemoglobin, which is
present in an increasing amount as tissue progresses from healthy to diseased, or due to other conditions which can
lead to inflammation of the soft tissue. In an alternate arrangement, a change in redness can be measured by a multi-
spectral imaging analysis of the green and/or blue wavelengths. In one embodiment, one or more wavelengths between
about 380 nm and about 565 nm are measured. In another embodiment, one or more wavelengths between about 520
nm and about 565 nm are measured. In yet another embodiment, one or more wavelengths between about 435 nm and
about 500 nm are measured. Other absorptive or reflective wavelengths can also be measured that are associated with
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other blood components (e.g., red cells, white cells, platelets, plasma, blood clotting factors, sugars, lipids, vitamins,
minerals, hormones, enzymes, antibodies, bacteria, and proteins), biomarkers of inflammation (e.g., cytokines), soft
tissue components, disease response, or disease conditions.
[0011] Fig. 3 illustrates, in gray tones, the R, G and B component values for healthy and diseased tissues. The gray
tones signify the relative value of the R, G, and B components. For instance, the gray tones for the R component 377,
381 show less variation than the gray tones of the G 375, 379 and B 376, 380 components. Other color values can also
be used to characterize the amount of redness where the color value/color characteristic is related to the spectral
absorbance of blood or components such as hemoglobin, including, but not limited to, ratios of R, G and B component
values (e.g., G/R and B/R), algorithms involving R, G and B component color values (e.g., 2R-B-G), and L* or a* in the
LAB color space. R, G, and B component values will be discussed hereafter for simplicity.
[0012] With reference to FIG. 1 and FIG. 4, an automated system 400 for analyzing gingival tissues may include a
first input device in the form of a digital camera 128, a second input device in the form of a mouse 124, a third input
device in the form of a keyboard 126, and a display 116. The digital camera 128 may he connected directly to the
computer 100 for transferring images thereto or images may be stored on a portable computer readable medium which
may be read by a device connected to the computer 100. The digital camera 128 may be configured to have a sensor
405, such as a Bayer Pattern Sensor or 3 CCD sensors such as those found in a 3-chip camera, that has an array of
rows and columns of photosensitive detectors (such as a charge-coupled device or CCD) for detecting light 410 from
an image 415. The captured image 415 may be any combination of the R, G, and B wavelengths (i.e., single- or multi-
spectral). A processor within the digital camera 128 converts the output from the sensor 405 into a data file that records
one or more color values associated with each photosensitive detector. The color value is typically a luminance value
for one or more of R, G, and B values. The values may range between 0 and 255 for an 8-bit camera. A higher bit depth
camera may be used, in which case the values may have a much greater range (e.g., a 12-bit camera has a range of
0 to 4,095).
[0013] With reference to FIG. 1, FIG. 2, FIG. 4, and FIG. 5, the display device 116 may display captured images 415
as any number of picture elements, or pixels 500. A pixel 500 of the display device 116 of the system 400 may display
a color based upon the R, G, and B color values recorded from the digital camera 128, to reproduce the captured image
415 as a displayed image 420 on the display 116. For example, the camera 128 may record and the computer 100 may
display values of 255 for R, 128 for G and 128 for B for the pixel 500. The color values can be stored in a variety of
digital file formats, including Joint Photography Experts Group standard (JPEG) and Tagged Image File Format (TIFF).
Other file formats may be used as known in the art. The position of the pixel 500 within the displayed image 220 and
the display 116 may also be recorded on the computer system 400. The position of the pixel 500 may be expressed as
a set of coordinates, x and y, for example, where "x" may represent the pixel 500 position along a horizontal axis and
"y" may represent the pixel 500 position along a vertical axis. The pixel’s 500 RGB values and position may be stored
on the system 400. While a digital camera is illustrated, it may be appreciated that an analog camera may also record
images on film. The film images may then be scanned by a scanner 130 connected to the computer 100 and the images
recorded on a computer readable medium connected to the system 400.
[0014] Referring to FIG.1, FIG. 2, FIG. 4, FIG. 5, FIG. 6a-c, and FIG. 7, a method, which may be computer implemented,
is illustrated. The method may comprise a plurality of operations for analyzing a gingival image and displaying the analysis
results. The method may include any combination of the several operations as herein described. At 605, a camera 128
may create a captured image 415 of a subject’s soft tissue(s). The soft tissues may include one or more of the marginal
gingiva, gingival sulcus, interdental gingiva, gingival gum structure on the lingual and buccal surfaces up to and including
muco-gingival junction, and the palate. The gingival tissues may include tissues of the maxillary and/or mandibular
arches and may also include soft tissue adjacent one or more of (or portions of) the incisors (central and/or lateral) and
canines of the maxillary and/or mandibular arches, bicuspids, molars and edentulous spaces orsites adjacentto implants
or other fixed or removable prostheses. Instruments, such as retractors, may be employed to expose the desired portion
of the soft tissue for an image capture and analysis.
[0015] A captured image 415 may be obtained with a digital camera 128 under controlled lighting conditions. An
example of a digital camera 128 may be the Finepix™ S2-Pro as produced by Fuji Photo Film Co., Ltd., of Tokyo, Japan.
The camera 128 may be of suitable resolution for capturing color gradations, particularly the color variances in gingival
tissues. For example, a digital resolution of 800 x 600 pixels may be suitable. Further, the digital camera 128 may be
able to obtain captured images 415 in a selected one of the R, G, or B color wavelengths, or may be a multi-spectral
camera. The camera 128 may also be configured with a linear polarizing lens 417 that may capture cross-polarized light,
or any other lens that may reduce the amount of glare or other light interference received at the camera 128. An example
of a suitable lens may he the Micro Nikkor lens with a linear polarizing filter produced by Nikon Corp. of Tokyo, Japan.
A standard, fixed set-up may be used to ensure reproducible conditions with respect to light-subject=camera geometry.
A digital camera 128 may be mounted a fixed distance away from a cup-type chin restwith lights positioned on each
side of the camera 128. The body of the camera may be a distance from the front of the chin rest. Dedo™ lights of the
type produced by Dedotec, USA, Inc. of Cedar Grove, New Jersey may be mounted on each side of the camera 128
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and equipped with a series of filters. Each light may be positioned a distance from the system centerline. The lights may
also be placed at an angle relative to the centerline of the system. The light filters may be a heat shield, a polarizer, and
a bluing filter. The heat shield may serve as a comfort measure for the subjects, the polarizer may provide polarized
light to the tooth surfaces, and the bluing filter may raise color temperature. The filters may be attached to the front of
the lights using a custom mounting bracket that positions the filters a distance from the front of the light lens. Each
Dedo™ light may be fitted with a suitable bulb, for example, the Xenophot™ type, 150W, 24V as produced by Sylvania
of Danvers, MA. The bulb may be powered with a tunable voltage power supply and powered in series. The slideable
bulb socket of the Dedo™ light may be positioned at the back of the light housing and locked down. A power supply
equipped with a rheostat may be used to set the voltage to approximately 46V. A difference between the series bulb
voltage and initial set-point may protect against accidental overpowering of the bulbs and may provide adjustment latitude
during calibration and standardization. The camera 128 may obtain a captured image 415 in a setting configured to
eliminate any extraneous light from windows or other light sources. For example, the only light in the room may be
provided by the imaging system light sources. The system may be placed a distance away from camera-visible walls,
such that, the camera may not detect light reflected off of the walls.
[0016] A zoom lens may be attached to the camera 128 for better imaging. The lens may be a 4 x 75mm type lens as
produced by Fujinon Corp. of Saitama, Japan. The focal plane of the lens may be set a distance from the lens and the
lens may be locked down to prevent adjustments. A polarizer may be added to the zoom lens and rotated to a position
of cross polarization relative to the light polarizer. The cross polarization may be set by placing a chrome ball or other
reflecting surface at the focal plane and rotating the polarizer on the lens until the glare spots on the reflecting surface
disappear. A suitably-sized chrome ball may be approximately 19 mm in diameter. This combination of lighting, camera
and lens settings may produce RGB values of approximately equal and not saturated for a pure white sample, to assure
that the camera may not be saturated on any of the color channels.
[0017] The height of the chin rest may be mounted such that the floor of the chin rest may be a distance from a support
surface. Other fixation may be used, such as a forehead rest. Images may be captured without any fixation.. Similarly,
the bottom of the camera base may be a distance from the support surface. The camera 128 may be controlled by a
general purpose computer 100. One example of a general purpose computer may be produced by Dell, Inc, of Round
Rock, Texas.
[0018] While in use, the system 400 may be black / white balanced and standardized to two color reference standards.
The black balance may be established by putting the lens cover on and capturing an image 415. The black balance may
be adjusted until uniformity is achieved across the R, G and B channel. A gray reference standard image in the focal
plane may then be captured and the white balance adjusted to bring the color channel values to uniformity across R, G
and B channels. After white balancing, a second image of the gray standard may be captured. The gray value of each
pixel may be normalized to the mean intensity of the image to generate a position dependant ratio correction for any
variations in lighting intensity across the field of view of the camera. This intensity correction may be applied to each
subsequently captured image.
[0019] An image of a color standard may be captured as a separate image or as part of an image of the oral cavity.
The average R, G and B values of each color may be extracted and compared to a standard set of values which serve
as the standardization point for the camera 128. These standardization values may be determined by using several
cameras to capture images under the conditions established with the system 400. If the R, G and B values are within
pre-established tolerance values, then no further system 400 adjustment may be needed. If the values are outside
tolerances, the system 400 may be adjusted. For example, the light intensity may be adjusted to bring the system 400
within the tolerances. To color correct for inevitable remaining differences between the captured values and the standard
values, a polynomial color correction may be established by regressing the standard values for each channel against
the captured values including the cross channel terms where:

Rcorrected = f(Rinput, Ginput, Binput);

Gcorrected =f(Rinput, Ginput, Binput); and

Bcorrected = f(Rinput, Ginput, Binput).

[0020] The system 400 may be color calibrated approximately every hour during use or more frequently as needed.
After successful standardization, the position dependent intensity correction and the color correction may be applied to
each subsequently captured image until the next calibration cycle. If a color standard is captured in each image, stand-
ardization may be performed separately for each image. Each calibration set including raw values and calibration results
may be written to a text file each time the system is calibrated. A complete system 400 calibration to include, but not
limited to, light standardization, light-camera-subject geometry, polarization calibration, black/white balance, and color
standardization may be performed before daily use.
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[0021] A subject may use cheek retractors such as those supplied by Salvin Dental Specialties of Charlotte, North
Carolina to pull the cheeks back and allow for unobstructed illumination of the gingival tissues. Prior to use, the clear
retractors may be given a matte finish to avoid the possibility of depolarizing the light and producing glare in the captured
image 415. Each subject may then put their chin in the rest, while the operator provides instructions to properly align
the subject based on a live output view from the camera 128. The subjects may hold the maxillary 477 and mandibular
479 incisors tip to tip to avoid an overlap of the maxillary and mandibular teeth. The subjects may be instructed to look
straight on to the camera 128 to avoid any left right rotation and forward or backward tilting of the head, and to pull
retractors by the ends of the handles toward the ears to avoid any shadowing resulting from the retractors or the subject’s
hands. Retractors may also be of a one-piece design that may expose the desired area of gingival tissue automatically
without the subject’s involvement. The subject may also retract the tongue away from the teeth. If excess saliva is
observed, the subject may remove the retractors, close their mouth to clear the saliva before repositioning. When in
position, the image 415 may be captured, processed through the intensity and color correction, and saved to the system
400.
[0022] Referring to Fig. 6, at 610, the captured image 415 from 605 may. be transferred to the display 116 to become
a displayed image 420 of the system 400 as, for example, ,in FIG. 4 and FIG. 5.
[0023] At 615, a gingival margin may be identified. As used herein, the gingival margin may be an edge of the soft
tissue (i.e., the boundary at the end or edge of the soft tissue and the hard tissue) or may be a selected boundary that
is near, adjacent to, or close to the edge of the soft tissue. The gingival margin may also be some,distance from the
edge of the soft tissue and the location of the boundary may vary depending on the type of analysis desired.
[0024] With reference to FIG. 7a, at 620, a series of points 705 on the displayed image 420 may be selected to identify
the gingival margin for analysis. Points 705 may be selected to measure the color of the gingiva while selecting as few
of the pixels 500 representing the tooth as possible. As used herein, a tooth may be any naturally hard structure found
in the jaws and used for chewing, or any man-made material representing a tooth such as, but not limited to, crowns,
caps, dentures, partial dentures, dental implants, bridges, and the like. Points 705 may be selected using a mouse 124,
any suitable pointing device, or the keyboard 126. Also, the display 126 may be modified to include a sensor configured
to discern the selection of points 705 on the displayed image 420. Each point 705 may be a pixel 500 and may be stored
within a memory component of the computer 100 as a coordinate. Pixel coordinates 705 may be identified separately
for each arch (maxillary, mandibular) moving left to right across the displayed image 420. The pixel coordinates 705
may be chosen to be close enough together so that interpolating between them may allow for accurate definition of a
gingival margin 710. For example, approximately one hundred pixels may be selected per arch per displayed image 420
under a camera resolution of approximately 45 pixels per millimeter. A suitable and readily-available computer application
such as the ImageJ freeware application may be used to identify the pixel coordinates 705. Other information may also
be collected and saved with the data representing the pixel coordinates 705 such as a time or type of visit prompting
the analysis, an indication of whether the data represents an analysis of the mandibular or maxillary arch, an indication
of the order in which each pixel coordinate 705 was selected, and an indication of the physical location of the pixel 705
in the displayed image 420. Papilla pixel coordinates 708 selected from the displayed image 420 may also represent
the pixels at the tips of the papilla. The area between the papilla pixel coordinates 708 may further define a region of
the gingival margin 710 associated with a tooth 712. Any number of pixel coordinates 705, 708 may be selected. For
example, approximately 15 to 25 pixel coordinates 705, 708 may be selected per tooth, though more may be chosen.
Further, the number of teeth may be increased and may depend on the curvature of the subject’s dental arches. Also,
any range of teeth from any region of the subject’s mouth may be selected and images 420 selected from different angles
of the mouth. Lingual surfaces may also be selected and points chosen.
[0025] With reference to FIG. 7b, a line 710 may be constructed through the pixel coordinates 705 using linear inter-
polation or any other tool known in the art for linking the pixel coordinates 705 in order to define the gingival margin 710.
[0026] With reference to FIG. 7c, at 625, the pixel coordinates 705, image data, and other measurements may be
organized or arranged to define a gingival band 715. The gingival band 715 may have a width 720 that may identify a
specific region of the gingiva. For example, the gingival margin 710 may define a first margin or boundary of the gingival
band 715 while the gingival band boundary 725 opposite the gingival margin 710 may define a second boundary of the
gingival band 715. The pixel coordinates 708 that identify the tips of the papilla of the gingival margin 710 may then
define a region of the gingival band 715 associated with each tooth 712. The width 720 of the gingival band 715 may
vary depending upon the type of analysis desired. Forexample, the width 720 of the gingival band 715 may vary between
approximately 0.1 to 5 mm. In one embodiment, the width is between about 1.25 mm and about 1.5 mm. Additionally,
the gingiva for more or different teeth may be selected, as well as the gingival from lingual gingiva. The gingival band
715 may be described as a region of interest for analysis. For the mandibular arch, the gingival margin 710 may define
the upper edge of the region of interest. The lower edge of the region of interest may be the set of pixels 500 running
the length of the gingival margin 710 that is a uniform proximity to the gingival margin. For example, for each horizontal
coordinate (X) along the gingival margin 710, a vertical coordinate (Y) may be identified such that the shortest distance
between the (X,Y) position and all the pixels on the gingival margin 710 is a set distance. The set distance may be within
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a range of 0.1 to 5 nun. The set of (X,Y) coordinates that satisfy this criteria may define the lower boundary 725 of the
region of interest for the mandibular arch. Maxillary arch calculations follow the same process, - though the upper/lower
orientation is reversed. All calculations and analyses may be performed using the Statistical Analysis System (SAS) as
produced by SAS Institute Inc. of Cary, North Carolina.At 630, color values of the pixels, consisting of a value of each
R, G, B color component, within the gingival band 715 may be mathematically manipulated and analyzed for patterns
and trends that may permit the matching of a diagnosis. For example, the color values of the pixels within the gingival
band 715 may be averaged to calculate one or more color values for the band 715. The pixels may be grouped into cells
so and the color values for that grouping or cell may he averaged or otherwise mathematically manipulated. The regions
or cells can have a variety of shapes and/or sizes, depending upon the desired analysis. The values for the pixels within
a cell so averaged or manipulated are referred to herein as cell values. Alternatively, the color values for the pixels of
the entire band 715 may be averaged. Results may be calculated separately by arch (maxillary, mandibular) or both
arches may be combined. An example for a region or cell 727 of the band 715 containing 10 pixels where the pixels
within the cell have been averaged is set forth below in Table 1.

[0027] The average color values for several regions or cells 727, 730, the entire gingival band 715, or any portion of
the gingival band 715 may be similarly averaged or mathematically manipulated. For instance, regions 727 and 730
may be selected according to user preference, for example, if the user determines that the regions 727 and 730 should
be examined more closely. Other regions 732, 734 may be selected as related to a particular tooth as define by the
papilla pixel coordinates 708. The color values for a plurality of cells or regions may be averaged to determine repre-
sentative color value for the entire band 715 or a subset thereof, such as a plurality of regions or cells. An example for
a band 715 containing 6 regions whose values have been averaged to determine composite R, G, and B values for the
band is set forth below in Table 2.

[0028] At 635, the averaged values from 630 may be saved to a computer-readable medium either on the system 400

TABLE 1

Pixel (x,y) R Value G Value B Value

(1,1) 149 125 118

(2,1) 149 125 118

(3,1) 146 128 116

(4,1) 145 127 115

(5,1) 145 127 115

(6,1) 145 127 115

(7,1) 146 127 115

(8,1) 147 128 116

(9,1) 147 130 115

(10,1) 147 130 115

Average Cell Values 147 126 116

TABLE 2

Region R Average G Average B Average

#1 149 125 118

#2 149 125 118

#3 147 128 116

#4 147 127 115

#5 146 127 115

#6 145 127 115

Average Band Values 147 126 116
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or sent to a network computer 156 and stored for archival purposes or further processing.
[0029] At 640, the computer 100 may perform several analyses on the data collected at 630.
[0030] At 645, the system 400 may display data, statistics, and images related to the analysis of 640.
[0031] With reference to FIG. 1, FIG. 4, FIG. 6, FIG. 8, and FIG. 9, another method, which may be computer imple-
mented, is illustrated. The method may comprise a plurality of steps for analyzing a gingival image and displaying the
analysis results. The method may include any combination of the several processes as herein described in any suitable
order. As previously described in relation to FIG. 6, at 805, a camera 128 may obtain a captured image 415 of a portion
of a subject’s soft tissue(s). At 810, the data from the image capture 805 may be displayed on the display 116 of the
computer system 400. At 815, a gingival margin may be identified. With reference to FIG 9a and FIG. 9b, at 820, a series
of points 905 on the displayed image 420 may be selected to identify the gingival margin 910 for analysis. With reference
to FIG 9c, at 825, a gingival band 915 may be created.
[0032] With reference to FIG. 9d, at 830, the gingival band 915 may be sub-divided into a plurality of sub-bands 920
that extend mesially or distally along mandibular and/or maxillary arches. A sub-band may also be considered an elon-
gated cell, or grouping of pixels, that merely extends in mesial or distal direction. The number of sub-bands created,
however, may vary widely depending upon the desired analysis and the pixel size. In one embodiment, between about
8 and about 12 sub-bands 920 may be created. The sub-bands may have varying, uniform or dissimilar width. For
example, the width of each sub-band 920 may vary between 1 and 50 pixels. Lines defining a boundary between each
sub-band 920 may be created in a manner similar to the gingival band 915 creation of 825. The lines may be, but need
not be, approximately parallel to the gingival margin 910.
[0033] At 835, color values of the pixels, consisting of a value of each R, G and B color component, within the gingival
band 915 may be mathematically manipulated and analyzed for patterns, trends, diagnosis, and the like. For example,
the color value averages as described in relation to 630 may be calculated for any part of the gingival band 915, for
example, each sub-band 920. The average value for each sub-band 920 may then be combined to create an average
for the entire gingival band 915 or each sub-band 920 average may be separated for later, individual analysis. At 840,
the averaged values from 835 may be saved to a computer-readable medium either on the system 400 or sent to another
computer 100 and stored for archival purposes or further processing. At 845, the system 400 may perform several
analyses on the data saved at 840. At 850, the system 400 maydisplay data, statistics, and images related to the analysis
of 845.
[0034] With reference to FIG. 1, FIG. 4, FIG. 6, FIG. 10, and FIG. 11, yet another method according to the invention,
which is computer implemented, is illustrated. The method may comprise a plurality of steps for analyzing a gingival
image and displaying the analysis results. The method may include any combination of the several processes as herein
described in any suitable order. As with the steps previously described in association with FIG. 6, at 1005, a camera
128 may obtain a captured image 415 of a portion of a subject’s soft tissue(s). At 1010, the data from the image capture
1005 may be displayed on the display 116 of the computer system 400. At 1015, a gingival margin is identified. With
reference to FIG 11a and FIG. 11b, at 1020, a series of points 1105 on the displayed image 420 may be selected to
identify the gingival margin 1110 for analysis. With reference to FIG 11c, at 1025, a gingival band 1115 is created. With
reference to FIG. 11d, at 1030, the gingival band 1115 is sub-divided into a plurality of sub-bands 1120.
[0035] With reference to FIG. 11e-h, one or more sub-bands 1120 are sub-divided into a grid of cells 1135. Steps
1040 through 1060 may be substituted or performed in combination with the creation of the gingival sub-bands, 830,
1030 described above. While the following steps describe the process as performed on the mandibular arch, it may be
performed on the maxillary arch as well. The cells 1135 may have a variety of shapes and sizes. The cells 1135 may
be uniform in shape and/or size or may vary from cell to cell. In one em bodiment, they may be approximately rectangular
and have a length and/or width determined by the width and contour of the tooth. For example, a computer program
written using the SAS software product may divide the sub-bands 1120 into cells 1135.
[0036] With reference to FIG. 11e, at 1040, the lower boundary 1125 for a first sub-band 1120 may be identified. The
lower boundary 1125 may be defined as the set of points with a minimum distance of approximately’d’ pixels from the
gingival margin 1110. On the mandibular arch, these points may be on or below the gingival margin 1110. The collection
of all pixels between the upper and lower boundary may become the sub-band 1120.
[0037] With reference to FIG. 11f, at 1045, the gingival margin 1110 may be partitioned into equal-length segments
1130. The number of segments 1130 per tooth may be equal or, if individual tooth analysis is desired, the number of
segments 1130, may be different for each tooth. Further, if only a portion of the tooth is presented for analysis, the
gingival margin 1110 may be broken into a number of segments 1130 equal to the fraction of the tooth shown in the
displayed image 420.
[0038] With reference to FIG. 11g, at 1050, each equal-length segment 1130 created at 1045 may be converted into
a cell 1135 having a length equal to the equal-length segment 1130 and a height equal to the distance d. At 1055, each
pixel in the sub-band 1120 may be assigned to the cell 1135 that contains it. The height of each sub-band may be
between about 0.1 mm to about 1 mm. The cells may have length between about 0.1 mm to about 1 mm. The cells may
contain between about 1 and 10,000 pixels or such other number of pixels as technology may allow.
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[0039] With reference to FIG. 11h, at 1060, if the desired number of sub-bands 1120 are divided into cells 1135, the
color values of the pixels (consisting of a value of each R, G and B color component within the sub-band 1120 or cell
1135) may be mathematically manipulated and analyzed for patterns, trends, diagnosis, and the like at 1065. For example,
the color value averages as described in relation to 630 may be calculated. The average may be calculated for any part
of the gingival band 1115, for example, each cell 1135, a portion of a sub-band, an entire sub-band, or the entire band
1115. For Instance, the average value for each cell 1135 may be combined to create an average for the entire gingival
band 1115 or each cell 1135 average may be separated for local analysis. If, at 1060, the desired number of sub-bands
1120 are not divided into cells 1135, the process may repeat beginning at 1040. At 1070, the averaged values from
1060 may be saved to a computer-readable medium either on the system 400 or sent to another computer 100 and
stored for archival purposes or further processing. At 1075, the system 400 may perform several analyses on the data
collected and saved at 1080. At 1080, the system 400 may display data, statistics, and images related to the analysis
of 1075.
[0040] Several different types of analyses may be performed on the data saved at 635, 840, and 1070. Each analysis
may be performed alone or in combination with other types of analyses. With reference to FIG. 12a and FIG. 12b, the
homogeneity of the gingival color within a single image is calculated. As used herein, homogeneity is intended to refer
to the amount of color (e.g., "redness") variation (or lack thereof) within a region of interest. Homogeneity can be measured
in variety of ways using a variety of color values and/or color characteristics. Healthy tissue may be light pink at the
gingival margin 1210 and increase in redness with increasing distance from the gingival margin 1210. Therefore, redness
homogeneity may be lower in healthy tissue. The onset of gingivitis may increase redness at the gingival margin 1210
and, therefore, result in higher redness homogeneity. The rate of change in gingival redness as a function of distance
from the gingival margin 1215 may be calculated in the gingival band 1215 to quantify redness homogeneity. For example,
the slope of a line representing G or G/R versus distance from the gingival margin 1215 as obtained by regression
analysis of the region, sub-band, or cell data may be a suitable measure of color homogeneity. FIG. 12b provides a
graphical representation of redness as a function of distance from the gingival margin. The homogeneity regression
analysis may be represented as data taken from either the mandibular 1225 or maxillary 1230 arch. As shown in FIG.
12b, for healthy gingival tissue, the average value of ’G’ 1235 may decrease as the distance 1240 from the gingival
margin 1210 increases. The healthier the tissue, the higher the G value may be at the closest point to the gingival margin
1210.
[0041] In contrast, with reference to FIG. 12a, FIG. 13a, and FIG. 13b, diseased tissue may be more red as measured
by a decrease in the G or G/R value of the image at the gingival margin 1310 as compared to the color of the healthy
gingival-margin 1210 of FIG. 12a. In addition to have lower G or G/R value, the redness versus distance from gingival
margin slope of unhealthy tissue may be smaller and/or in opposite sign compared to healthy tissue. Therefore, an
analysis of the redness present in gingival tissue versus the distance from the gingival margin may indicate the level of
gingivitis.
[0042] In addition to displaying the change in redness versus distance graphically, as shown by way of example in
Figs. 12b and 13b, the change in redness versus distance within a single image can also be displayed pictorially. For
instance, one or more display colors may be associated with one or more ranges of values for the slope of the lines
1225 and/or 1230 (or portions thereof) and the display colors may be displayed or superimposed on a mandibular and/or
maxillary image or other display image to communicate the amount of homogeneity or heterogeneity of the redness of
one or more regions of the gingival tissues of a subject. The image can be the image of a single subject within a study
or clinical or may be a standardized image that used for all displays for consistency. The display colors can be super-
imposed over the regions of the mandibular or maxillary images that are associated with the calculated slope of the lines
1225 and/or 1230. This pictorial display could also be used to display the results for a group of subjects, where the slope
of the lines 1225 and/or 1230 for a plurality of subjects are averaged together or otherwise statistically manipulated to
arrive at a slope value representative of the plurality of subjects.
[0043] Further, at steps 635, 840, and 1070, an analysis of the gingival band 715, 915, 1115 color may be made on
a region 727, 730 specific basis to compare the same relative location of gingival tissue for the same subjects between
two different images 420. Values across sub-bands 920, 1120 may also be analyzed to generate a separate average
value for each sub-band 920,1120, either together or separately by arch. Further, values across cells 1135 may generate
a separate average value for each cell, separately by arch. Within-subject comparisons may be made separately for
each region 725, sub-band 920, 1120, or cell 1135. For example, a region 725, sub-hand 920, 1120, or cell 1135 may
be analyzed over time by statistically comparing the color average of several later images 420 (e.g. paired t-test, de-
scriptive statistics, etc.). Statistical comparisons may be performed separately by arch or results may first be averaged
across arches prior to statistical comparison.
[0044] Similarly, at 635, 840, and 1070, between-subject comparisons maybe made on a site or region-specific basis
to compare the same relative location of gingival tissue between two different subjects or groups of subjects. Between-
subject comparisons may allow the evaluation of a hygiene regimen or product across a particular group. Further, the
comparisons may be made against normative data. For example, averages of a region 727, 730 may result in a single
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average value of the endpoint per subject per arch. Averaging by sub-band 920, 1120 may generate a separate average
value for each sub-band 920, 1120 separately by arch. Averaging by cell 1135 may generate a separate average value
for each cell 1135 separately by arch. The subject-level average values may then be compared between groups using
an appropriate statistical analysis method (e.g., descriptive statistics, analysis of covariance, etc). Analyses may be
performed separately by arch or results may first be averaged across arches before comparing groups.
[0045] With reference to FIG. 6, FIG. 8, FIG. 10, FIG. 14, FIG. 15, and FIG. 16, at 645, 850, and 1080, the analysis
data at 635, 840, and 1070 may be displayed or reported in a tabular format, a graphical format, or a pictoral format that
superimposes color-coded results on a clinical photograph or other image, as previously discussed above. Within-subject
results for one or the average result across more than one subject may be pictorially represented. For example, a range
of colors 1410 associated with the change in redness 1415 over a period of time may be superimposed as a color-coded
gingival margin 1420 on an image of one person’s arches or a representation of more than one person’s arches 1425.
The color-code or color scale 1410 can be used to pictorially illustrate the amount of color change undergone by a
subject, a group of subjects, or comparatively between subjects or groups of subjects. For example, the change in
redness, as measured by a color value such as G, at a first location or distance from a gingival margin can be calculated
at a plurality of points in time in a single (or plurality) regimen or clinical study (e.g., once a day or every 2, 3, 4, 5, 6, 7,
8, 9, 10, 14, 21, or 28 days or 2, 4, 6, 8, 10, or 12 months within a study).
[0046] A clinical study or trial is a research study in human volunteers to answer specific health questions. There are
different kinds of clinical trials, including those to study: prevention options, new treatments or new ways to use existing
treatments, new screening and diagnostic techniques, options for improving the quality of life for people who have serious
medical conditions. Clinical trials are conducted according to a plan called a protocol. The protocol describes what types
of patients may enter the study, schedules of tests and procedures, compositions, dosages, and length of study, as well
as the outcomes that will be measured.
[0047] The change in redness between time points can be calculated by subtracting a first color value from a second
color value to calculate a difference between the values. The difference can have a display color, such as a color from
the range of colors 1410, associated therewith that can be superimposed on a maxillary or mandibular image, such as
shown in Fig. 14, to communicate pictorially the change in gingival redness or the value of’G’. For instance, in Fig. 14,
the change in gingival redness or the value of G that occurred after two-weeks of no oral hygiene for 20 subjects or for
a single subject who did not brush their teeth for 7 days but received professionally administered flossing may be
illustrated by the differently-colored areas of FIG. 14. Other comparisons can be made. The change in redness can be
with respect to a single subject, a group of subjects, for a single regimen or products, or a plurality of regimens or groups
of products. Any mathematical values (including statistical values or any values derived from any algorithm) generated
or calculated by comparing or manipulating color values from a plurality of images, plurality of subjects, plurality of
regimens, or plurality of products is broadly referred to herein as comparison data. For instance, the change in redness
between a first group of subjects and a second group of subjects can be made, wherein the first group might have used
a first product or regimen and the second group might have used a second product or regimen. When a plurality of
subjects are involved (or even for a single subject), the mathematical difference (or other mathematical values such as
a sum, a ratio, etc.) in the color values for the subjects can be statistically manipulated (e.g., the differences for the
plurality of subjects can be averaged or the variance, standard deviation, average deviation or mean absolute deviation,
confidence interval, standard error, median, quartile, etc. can be calculated) to arrive at one or more representative
statistically values that represents the plurality of subjects. The representative difference (or other statistical value) can
be color-coded by having a display color associated with it and displaying the display color on a display image, as shown
by way of example in Fig. 14. Further, the average change in gingival redness may be illustrated as a graph 1510, as
shown by way of example in Fig. 15. The graph 1510 may be divided into different study periods 1515 in which different
hygiene-related methods or products 1520 are used. The change or gradient of a color value from the gum line 1525
may be measured over a period 1530 between a subject or many subjects’ upper 1535 and/or lower 1540 arches.
[0048] The average change in gingival redness may also be displayed in tabular form 1610, as shown by way of
example in Fig. 16. Results may also be determined and displayed to compare the effects of different prophylaxis methods
or regimens, different dental hygiene products or product combinations, demographic groups, or any combination of
hygiene, products, prophylaxis, or demographic groups. Results may also be displayed as part of an advertising or
marketing campaign to promote the effectiveness of a particular product or regimen.
[0049] The methods described above may be performed in a variety of settings for a variety of purposes. For example,
the methods may be performed as part of a point of sale kiosk where a customer may try a dentifrice or other hygiene
product for a period of time in order to determine its effectiveness. For example, the kiosk may contain a system for
capturing an image of the customer’s gingival tissues. The system may then analyze the image using any one or a
combination of the methods as previously described. The system may then present the user with an analysis of his
gingival tissues and include specific suggestions for suitable products to remedy any observed malady. For example,
after analyzing the customer’s gingival tissues, the kiosk may recommend a specific dental floss, dentifrice, powered or
manual brush, rinse, adhesive, emollient or technique, or combinations thereof, to remedy the problem or potential
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problem. After trying the method or product for a period of time, the customer may return to the kiosk for another gingival
tissue analysis. The system may then compare the results of the latest analysis with the previous analysis to determine
the effectiveness of the product, technique, or regimen the customer used. A similar method may be employed to allow
the customer to compare the effectiveness of competing products. The kiosk may also compare the individual customer’s
data with a repository of other customer data to provide further comparative information. The kiosks or any system as
previously described to capture and analyze gingival tissue images may be distributed to allow the customer, a trained
professional, or a technician to perform an analysis or comparison at many convenient locations. In addition to using
the system and method in a point-of-sale setting, it may be used as part of a professional dental exam where the subject’s
gingival health may be determined as part of a periodic oral examination and comparisons are made between the
condition or health of the tissue between dental visits. Further, the system may be employed as a mobile unit where
technicians administer the test to subjects and provide an analysis without having to employ a trained professional to
make an initial gingival health assessment.
[0050] The results of many analyses may also be used as marketing or advertising information to promote the effec-
tiveness of particular products, combinations of products, and techniques. Examples of advertising claims that could be
placed on product packaging that might be substantiated by the present invention include, but are not limited to, estab-
lishment claims (e.g., "clinically proven" or "tests show"), before and after claims (e.g., "10% less gingivitis after use"),
monadic claims, comparative claims, factor claims (e.g., "3x reduction in gingivitis"), and prevention and treatment claims.
For example, product packages may refer to an analysis and demonstrate objectively-proven effectiveness or compar-
isons of the product. Also, analysis data may be used in clinical information related to different regimen that may or may
not by used in combination with different products or groups of products.
[0051] Although the forgoing text sets forth a detailed description of numerous different embodiments, it should be
understood that the scope of the patent is defined by the words of the claims set forth at the end of this patent. The
detailed description is to be construed as exemplary only and does not describe every possible embodiment because
describing every possible embodiment would be impractical, if not impossible. Numerous alternative embodiments could
be implemented, using either current technology or technology developed after the filing date of this patent, which would
still fall within the scope of the claims.
[0052] Accordingly, it should be understood that the methods and apparatus described herein are illustrative only and
are not limiting upon the scope of the claims.
[0053] It will be appreciated that any of the features, steps, or aspects of the present invention described herein may
be combined, in whole or part, with any other feature, step, or aspect of the present invention described herein.

Claims

1. A computer-implemented method for evaluating oral cavity soft tissue of at least one subject, comprising:

identifying a gingival margin (710, 910, 1110) of at least one gingival tissue image (420);
creating a gingival band (715, 915, 1115), the gingival band including the gingival margin (710, 910, 1110) and
an ending boundary (725, 1125) and
dividing the gingival band into at least one gingival sub-band (1120) and wherein the at least one gingival sub-
band is further sub-divided into a grid of cells (1135), associating at least one color value with each cell the
color value being determined from the gingival tissue image, and wherein the at least one color value associated
with each cell is analyzed and wherein the gingival sub-band includes a sub-band boundary, which is positioned
generally parallel to the gingival margin and wherein the analysis comprises calculating the homogeneity of the
gingival color within a single image.

2. A method according to claim 1, wherein the oral cavity soft tissue comprises at least one of a marginal gingiva, a
gingival sulcus, an inter-dental gingiva, gingival gum structure on lingual or buccal surfaces up to and including
muco-gingival junction, a palate, and gingival tissues.

3. A method according to any of the preceding claims, wherein the gingival tissues include at least one of a maxillary
arch tissue or a mandibular arch tissue.

4. A self-contained kiosk for analyzing gingival tissues, the kiosk comprising:

a photosensitive detector;
gingival tissue image data, the gingival tissue image data captured by the photosensitive detector;
a computing device configured to evaluate the oral cavity soft tissue of at least one subject according to the
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method of Claim 1;
an analyzed gingival tissue image; and
a display device.

Patentansprüche

1. Computerimplementiertes Verfahren zur Evaluierung von Mundhöhlenweichgewebe mindestens eines Probanden,
umfassend:

Identifizieren eines Gingivasaums (710, 910, 1110) an mindestens einem Gingivagewebebild (420);
Bilden eines Gingivastreifens (715, 915, 1115), wobei der Gingivastreifen den Gingivasaum (710, 910, 1110)
und eine Abschlussgrenzlinie (725, 1125) beinhaltet, und
Unterteilen des Gingivastreifens in mindestens einen Gingivateilstreifen (1120), wobei der mindestens eine
Gingivateilstreifen weiter in ein Raster von Zellen (1135) unterteilt wird, Assoziieren mindestens eines Farb-
wertes mit jeder Zelle, wobei der Farbwert aus dem Gingivagewebebild ermittelt wird, und wobei der mindestens
eine Farbwert, der mit jeder Zelle assoziiert ist, analysiert wird und wobei der Gingivateilstreifen eine Teilstrei-
fengrenze beinhaltet, die im Allgemeinen parallel zum Gingivasaum angeordnet ist, und wobei die Analyse das
Berechnen der Homogenität der Gingivafarbe innerhalb ein und desselben Bildes umfasst.

2. Verfahren nach Anspruch 1, wobei das Mundhöhlenweichgewebe mindestens eines von einem Gingivasaum, einer
Gingivafurche, einer interdentalen Gingiva, einer Zahnfleischstruktur auf lingualen oder bukkalen Oberflächen bis
hin zu und einschließlich einer Mucosa-Gingiva-Grenze, eines Gaumens und Gingivagewebe umfasst.

3. Verfahren nach einem der vorstehenden Ansprüche, wobei die Gingivagewebe Oberkieferzahnbogengewebe
und/oder Unterkieferzahnbogengewebe beinhalten.

4. Eigenständiger Automat zum Analysieren von Gingivagewebe, wobei der Automat Folgendes umfasst:

einen lichtempfindlichen Detektor;
Gingivagewebe-Bilddaten, wobei die Gingivagewebe-Bilddaten von dem lichtempfindlichen Detektor erfasst
werden;
eine Rechenvorrichtung, die dafür ausgelegt ist, das Mundhöhlenweichgewebe mindestens eines Probanden
gemäß dem Verfahren nach Anspruch 1 zu bewerten;
ein analysiertes Gingivagewebebild;
eine Anzeigevorrichtung.

Revendications

1. Procédé mis en oeuvre par ordinateur destiné à évaluer un tissu mou de cavité buccale d’au moins un sujet,
comprenant :

l’identification d’un bord gingival (710, 910, 1110) d’au moins une image de tissu gingival (420) ;
la création d’une bande gingivale (715, 915, 1115), la bande gingivale incluant le bord gingival (710, 910, 1110)
et une limite finale (725, 1125) et
la division de la bande gingivale en au moins une sous-bande gingivale (1120) et dans lequel ladite au moins
une sous-bande gingivale est en outre subdivisée en une grille de cellules (1135), associant au moins une
valeur de couleur à chaque cellule, la valeur de couleur étant déterminée à partir de l’image de tissu gingival,
et dans lequel ladite au moins une valeur de couleur associée à chaque cellule est analysée et dans lequel la
sous-bande gingivale inclut une limite de sous-bande, qui est positionnée généralement parallèle au bord
gingival et dans lequel l’analyse comprend le calcul de l’homogénéité de la couleur gingivale au sein d’une
image unique.

2. Procédé selon la revendication 1, dans lequel le tissu mou de cavité buccale comprend au moins l’un parmi un bord
de gencive, un sillon gingival, une gencive inter-dentaire, une structure de tissu gingival sur les surfaces linguales
ou buccales jusqu’à et y compris la jonction muco-gingivale, un palais, et des tissus gingivaux.
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3. Procédé selon l’une quelconque des revendications précédentes, dans lequel les tissus gingivaux incluent au moins
l’un parmi un tissu d’arc maxillaire ou un tissu d’arc mandibulaire.

4. Borne autonome pour l’analyse de tissus gingivaux, la borne comprenant :

un détecteur photosensible ;
des données d’image de tissu gingival, les données d’image de tissu gingival capturées par le détecteur
photosensible ;
un dispositif informatique conçu pour évaluer le tissu mou de cavité buccale d’au moins un sujet selon le procédé
de la revendication 1 ;
une image de tissu gingival analysé ; et
un dispositif d’affichage.
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