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(57) Abstract

A method and apparatus for storing and displaying radiographs,

particularly intra-oral radiographs, is presented. Radiographs are captured,
digitized, and displayed along with an icon of a portion of the anatomy
from which the radiograph was taken. The anatomical sites represented by
the icon are arranged according to their normal anatomical relationship.
The icon is used by the system user to select a portion of the anatomy corre-
sponding to the displayed radiograph, and the radiograph is stored along
with indicia of the selected anatomical site. Then, when the stored radio-
graph is desired to be viewed, the icon is again displayed, and the appropri-
ate anatomical site is selected, which causes the corresponding radiograph
to be retrieved from storage and displayed. When processing intra-oral ra-
diographs, the icon can take the form of a dental film holder, with the posi-
tions of the film holder corresponding to anatomical sites readily recog-
nized by dentists, each position of the film holder being arranged in ana-
tomical relation to other positions of the film holder icon. An image of
dentition, for example, a dental arch, can also be used as an icon to facili-
tate the storage and display of intra-oral radiographs.
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METHOD AND APPARATUS FOR DISPLAYING STORED RADIOGRAPHS

The invention relates to methods and apparatus for
displaying stored radiographs, particularly intra-oral

radiographs.

It is well known in the field of oral radiology to
mount dental radiographs in a film holder. Use of such
film holders minimizes the possibility of
misinterpretation of radiographs which, when loose and
unmounted, can appear to be quite similar to one another.
Such film holders can hold as few as one dental
radiograph, or as many as 20 or more radiographs.
Interpretation of such mounted radiographs is facilitated
by mounting each film in normal anatomic relation to each
other. In other words, each mounting position in a
dental film holder corresponds to a particular anatomical
site or anatomical region. Such mounting of dental
radiographs also facilitates repeated study and
comparison of sets of radiographs taken at different
times in order, for example, to assess the progress of a

particular dental treatment.

In addition, the mounting of dental radiographs in
film holders in normal anatomic relation allows a
dentist, having knowledge of normal radiologic anatomy
and knowledge of anatomical landmarks, to quickly and
easily interpret any set of mounted dental radiographs.
The anatomical landmarks used by dentists include: the
maxillary molar area (including the posterior wall of the
maxillary tuberosity, the hamular process, the coronoid
process of the mandible, the maxillary sinus, and the
zygomatic process); the maxillary premolar area
(including the maxillary sinus); the maxillary incisor
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area (including the incisive foramen, the cartilage of
the nose, the nasal septum, and the nasal fossae); the
mandibular molar area (including the external oblique
line, the mylohyoid ridge and the mandibular canal); the
mandibular premolar area (including the mylohyoid ridge
and the mental foramen); and the mandibular incisor area
(including the mental ridges, lingual foramen and the
genial tubercles). Film holders present films taken of
these anatomical landmark sites in positions that are

consistent from holder to holder.

Recent advances in dental radiology include the use
of x-ray sensitive sensors in place of film to produce
digitized x-ray images which are stored in a computer
memory and viewed on a computer monitor. 1In one such
computer systenm, intra-oral x-ray images are created and
stored along with information regarding patient
jdentification and the number of the tooth in the image.
Sets of images (constituting, for example, a dental
survey), can be stored and recalled for display. When
sets of related images are displayed, miniature versions
of the images are presented in one portion of the display
monitor for selection by the user, and are displayed in

another portion of the monitor.

However, these miniature representations of the
images are in no particular order, requiring the user
carefully to assess which image among the set of images
is the image desired to be displayed and studied. This
system becomes particularly awkward as the number of
images in a set increases given the fact intra-oral

radiographs of different anatomical sites can appear to

be quite similar.

The present invention solves the above-noted
drawbacks of the prior art by providing a method and

%/
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apparatus for displaying stored radiographic images which
takes advantage of dentists’ knowledge of normal
radiologic anatomy and knowledge of anatomical landmarks.

In particular, the present invention includes an x-
ray sensor and x-ray source which are used together to
produce images of target anatomical sites. The images
are then stored, preferably after digitization, in a
computer memory. Then, the display of the stored images
is facilitated by use of a representation or icon of
anatomical sites, or of the portion of the anatomy, from
which the images were taken. The system user selects the
image to be displayed by selecting the appropriate
anatomical site from the representation of anatomical

sites or portion of anatomy.

The preferred application for the present invention
is in intra-oral radiology. In such an application, sets
of stored radiographs are displayed by using a
representation of a dental film holder, or of dentition
such as a dental arch. The system user selects the
portion of the representation corresponding to the
desired image to be displayed,.and the desired image is
then retrieved and displayed. Use of a representation of
a dental film holder permits a dentist to use his or her
knowledge of the anatomical significance of the positions

of the mounting positions in the film holder.

Thus, the present invention combines the
organizational and interpretational advantages of film
holders, with the advantages of digital x-ray imaging

techniques.

Fig. 1 is an apparatus embodying the present

invention.
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Fig. 2 is a screen display, in accordance with the
present invention, produced by the apparatus of Fig. 1.

Fig. 3 is another screen display, in accordance with
the present invention, produced by the apparatus of Fig.

1.

Figs. 4A and 4B are flow charts of the method of the

present invention.

Figs. 5A-S are examples of representations of film

holders usable as icons in the present invention.

Figs. 6 and 7 are examples of representations of

dentition, usable as icons in the present invention.

Referring to Fig. 1, a computer-based system is

presented embodying the present invention.

The computer-based system includes central
processing unit (CPU) 21, which, in operation, first
loads software embodying the present invention into
memory 22 from program storage medium 23. The software
of the present invention is presented in flow chart form
in Figs. 4a and 4B. Program storage medium 23 can be any
machine readable storage medium such as, for example, a
floppy or hard magnetic or optical disk, or a
programmable read-only memory. The computer system
further includes display 24 which is connected in a known
manner through display control bus 26, display interface
27, and internal data/address bus 28 to CPU 21. The
computer-based system also includes an x-ray sensor 29
which is connected through sensor cable 31, digitizer 32,
and internal data/address bus 28 to CPU 21. To acquire
x-ray images, sensor 29 is used with x-ray source 33 to

produce two-dimensional x-ray images of dentition 34.
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The computer system can be any computer and hardware
display. In the preferred embodiment, an IBM AT
compatible PC computer, available from Jameco Electronics
is used. This preferred computer system includes an
Intel 33 MHz 80386 CPU with 8 megabytes of system RAM, 40
megabytes of hard disk drive, 5.25 and 3.5 inch floppy
disk drives, a SuperVGA noninterlaced 1024 x 768 pixel
display adapter, a noninterlaced SuperVGA monitor, and an
AT 101 key style keyboard. However, other combinations
of commercially available components can also be used
without departing from the scope of the invention.

The preferred x-ray sensor is a Sens-A-Ray sensor,
available from Regam Medical Systems AB. This preferred
sensor produces a 576 x 386 pixel analog image which is
digitized by digitizer 32 before application to
data/address bus 28. Digitizer 32 is preferably a frame-
grab board available from Regam Medical Systems AB,
however, other commercially available image digitizers
can also be used. Digitizer 32 is required in the
preferred embodiment because the preferred sensor 29
produces a pixelized analog signal. However, if sensor
29 produced a digital signal, sensor 29 could be
connected directly to data/address bus 28, and digitizer

32 could be eliminated.

X-ray source 33 can be any commercially available x-
ray source appropriate for the particular application.
For example, for intra-oral radiography, x-ray source 33
can be, for example, a type Gendex 1000 x-ray source
available from Gendex Corp. Of course, other types of
commercially available x-ray sources are also acceptable.

Referring now to Figs. 2 and 3, shown are images
displayed on display 24 (Fig. 1) which are illustrative
of the present invention. Referring first to Fig. 2,
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shown is a patient query dialog field 36 and exam/study
selection dialog field 37. Patient query dialog field 36
includes several subfields in which are entered patient
specific data. For example, subfields 38, 39 and 41
include, respectively, the patient’s name, the patient’s
chart number, and the patient’s date of birth. Subfields
42 and 43 respectively display the date and time of
examination. Subfields 44 and 46 relate to the referring

physician.

Subfield 47 displays the modality of the particular
examination (for example panoramic, intra-oral,
extraoral), and subfield 48 displays the type of
examination (for example full mouth, bitewing, complete
panorama, cephalometric). Subfield 49 reveals the
interpretation status, and subfields 51 and 52 indicate
whether the user wishes to interactively choose the
images to be displayed (manual), or whether display in a

predetermined sequence is desired (CINE).

Exam/study selection dialog field 37 lists the
various exams which are stored relating to the patient
jidentified in patient query dialog field 36. For
example, in Fig. 2, exam/study selection dialog field 37
indicates that five examinations have been completed
including a complete panorama, three intra-oral
examinations including a full mouth 20-film examination
(FMX-20), a 4-film bitewing (BW-4), and a 2-film bitewing
(BW-2). The fifth examination is a cephalometric
extraoral examination. The entry for each examination in
exam/study selection dialog field 37 includes three
jtems: examination modality, examination type, and date
of examination. When different examinations are to be
selected for review, fields 42, 43, 47 and 48 of patient
query dialog fields 37 are updated, as appropriate, by a

system user.
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After a particular examination has been selected for
review, the screen shown in Fig. 3 is displayed to the
system user. Referring to Fig. 3, depicted are patient
query dialog field 36 (displaying the same information as
in field 36 of Fig. 2), icon or representation field 53,
and image display fields 54. Although Fig. 3 depicts
three image display fields 54, it will be understood that
one or more image fields can be used. In Fig. 3, icon
field 53 comprises an image of a full mouth examination
20-film holder. Within the icon in icon field 53 of
Fig. 3 are film positions 56-74, each of which relate to
a specific anatomical site. Specifically, position 56 is
a periapical view of the right maxillary molaré, position
57 is a periapical view of the right maxillary premolars,
position 58 is a bitewing view of the right maxillary and
mandibular molars, position 59 is a bitewing view of the
right maxillary and mandibular premolars, position 60 is
a periapical view of the right mandibular molars,
position 61 is a periapical view of the right mandibular
premolars, position 62 is a periapical view of the right
maxillary canine area, position 63 is a periapical view
of the right maxillary lateral incisor area, position 64
is a periapical view of the maxillary central incisor
area, position 65 is a periapical view of the left
maxillary lateral incisor area, position 66 is a
periapical view of the left maxillary canine area,
position 67 is a periapical view of the right mandibular
canine area, position 68 is a periapical view of the
mandibular central incisor area, position 69 is a
periapical view of the left mandibular canine area,
position 70 is a periapical view of the left maxillary
premolars, position 71 is a periapical view of the left
maxillary molars, position 72 is a bitewing view of the
left maxillary and mandibular premolars, position 73 is a
bitewing view of the left maxillary and mandibular

molars, position 74 is a periapical view of the left
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mandibular premolars, and position 75 is a periapical

view of the left mandibular molars.

In addition, although the icon illustrated in Fig. 3
comprises an image of a full mouth examination 20-film
holder, different examinations may require different
jcons. For example, the icon appearing in icon field 53
for a 2-film bitewing examination would be that of a 2-
film holder, for example as shown in Figs. 5A, 5B or 5C,

described in more detail below.

The flow charts of Figs. 4A and 4B reveal the
operation of the apparatus of Fig. 1 in combination with
the display screens of Figs. 2 and 3 to practice the
method of the present invention. Fig. 4A relates to
capturing and storing radiographs according to the
present invention, whereas Fig. 4B relates to retrieving

and displaying stored radiographs in accordance with the

present invention.

Referring to Fig. 4A, after the process has begun,
in block 76 a user enters patient specific data using
patient query dialog field 36 shown in Fig. 2. Then, in
block 76, the user enters exam/study selection data using
exam/study selection dialog field 37, also shown in
Fig. 2. Then, control passes to block 78 where the
display of Fig. 3 is presented along with an appropriate
icon in icon field 53, in accordance with the examination
data entered in blocks 76 and 77. control then passes to
block 79 where, using x-ray source 33, sensor 29 and
digitizer 32 (Fig. 1), an x-ray image is captured and
displayed in field 54 of Fig. 3. Then, in block 86, the
system user uses the icon in field 53 to select the
anatomical site within icon 53 that is to be associated
with the x-ray image captured in block 793. Such
selection can be accomplished by use of a keyboard,
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mouse, touch-sensitive screen, or other functionally
equivalent user input device. After the selection has
occurred, control passes to block 82 where the captured
image is stored along with indicia of the associated
location in the icon. The steps presented in block 79,
81 and 82 are repeated until images have been captured
and associated with each of the anatomical sites
represented by the icon in field 53. The image capture

and store process is then ended.

Referring now to Fig. 4B, the image retrieval and
display process is presented. After the process is
begun, a user enters patient specific data in block 83.
Then, in block 84, the set of examinations associated
with that patient retrieved. Control then passes to
block 86 wherein the display of Fig. 2 is presented
including patient specific data in field 36 and
study/examination data in field 37. After a particular
exam/study is selected for review by the user, control
passes to block 87 where the image of Fig. 3 is presented
including the appropriate icon in icon field 53. Then,
in block 88, the system user selects an image to be
displayed by selecting the appropriate anatomical site of
the icon in icon field 53. This user selection can be by
use of a kefboard, mouse, touch screen, or any other
functionally similar user input device. After the
particular anatomical site has been selected, control
passes to block 89 where the image is displayed. The
steps of blocks 88 and 89 can be repeated to display
additional images from the examination selected in block
86. The image retrieval and display process is then

ended.

Referring now to Figs. 5A-S, presented are various
icons of film holders that can be used in the present

invention for displaying in icon field 53 (Fig. 3) to
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facilitate user selection of images to be displayed based

on desired anatomical site.

Figs. 5A, 5B and 5C are known as 2-film bitewings,
Figs. 5D and S5F are examples of 3-film bitewings, Fig. 5E
is a 4-film bitewing, and Figs. 5G-S are examples of full
mouth surveys having various numbers of films. For each
of the film holders depicted in Figs. 5A-S, each of the
film positions corresponds to a particular anatomical

site within the dental arch.

Figs. 6 and 7 are examples of different types of
graphical representations of dentition that can also be
used as the icon displayed in icon field 53 (Fig. 3), in
accordance with the present invention. The graphical
representation of Fig. 6 includes maxillary dental arch
91 and mandibular dental arch 92. The graphical
representation of Fig. 7 includes a panorama of maxillary
dental arch 93 and a panorama of mandibular dental arch
94. Also depicted in the graphical representation of
Fig. 7 are panoramas of immature (baby teeth) maxillary
and mandibular dental arches 96 and 97. Tooth numbers
are also shown in the graphical representation of Fig. 7,

but can be eliminated if desired.

When using the graphical representations of Figs. 6
and 7 as icons in icon field 53 (Fig. 3), user
positionable frame 98 can be displayed along with the
icon and can be moved (once again by use of a keyboard,
mouse, touch-sensitive screen, or functionally equivalent
user input device) to select the anatomical site
corresponding to the desired image to be stored or

displayed.
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CLAIMS:

1. A method of displaying stored intra-oral

5 radiographs, comprising:

displaying a representation of an intra-oral
radiograph holder including target intra-oral
radiological sites arranged according to

10 anatomical location of said sites;

selecting one of said target intra-oral radiological

sites; and

15 displaying a stored intra-oral radiograph
corresponding to said selected target intra-

oral radiological site.

20 2. A method for storing and displaying intra-oral

radiographs, comprising:

generating and displaying intra-oral radiographs of
dentition;
25
generating and displaying a representation of an
intra-oral radiograph holder including
selectable intra-oral radiological sites
arranged according to anatomical location of

30 said sites;

storing said intra-oral radiograph images responsive
to selecticn of intra-oral radiological sites
in said representation along with indicia of
35 respective selected intra-oral radiological

sites; and
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subsequently retrieving and displaying said intra-
oral radiographs responsive to selection of

respective intra-oral radiological sites in

said representation.

A device for storing and displaying intra-oral

radiographs, comprising:

an x-ray source;

a sensor for producing x-ray images of dentition
placed between said source and said sensor;

a memory in which said x-ray images are stored;

a display;

means for generating and displaying on said display
a representation of an intra-oral radiograph
holder including selectable intra-oral
radiological sites arranged according to
anatomical location of said sites; and

means, responsive to selection of said selectable
sites, for displaying corresponding stored x-

ray images.
The device of claim 3, further comprising:
an image digitizer for digitizing x-ray images

produced by said sensor before storage in said

memory.

&
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