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(57) ABSTRACT

A method for obtaining an X-ray image of a subject on a
flexible information carrier plate for computed radiography.
A memory is affixed to a surface of the plate, wherein the
affixed memory stores information about the plate and is in
wireless communication with a computer. A first scan date is
stored in the affixed memory. Obtaining the X-ray image uses
steps of storing at least a job identifier and a scan status for the
plate in the affixed memory; acquiring image data from a scan
of the plate following exposure to X-rays, acquiring at least
the job identifier from the affixed memory, and associating the
acquired image data with the acquired job identifier; incre-
menting a scan count value and updating the scan status in the
affixed memory; erasing image content from the plate; and
storing the acquired image data in a second, computer-acces-
sible memory according to the acquired job identifier.
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METHOD AND SYSTEM FOR COMPUTED
RADIOGRAPHY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to provi-
sional U.S. Patent Application Ser. No. 61/334,331, filed May
13,20101n the names of Berger, entitled “Method and System
for Computed Radiography”, incorporated herein by refer-
ence.

FIELD OF THE INVENTION

[0002] The present invention relates to identification of
medical items to prevent their intentional or inadvertent mis-
match during use or reuse. More particularly, the present
invention refers to identification, monitoring, and tracking of
flexible information carrier plates used in computed radiog-
raphy when the plates are circulating from exposure to X-rays
to scanning. Even more particularly, the present invention
refers to identification, monitoring, and tracking of flexible
information carrier plates that are used in intra-oral dental
imaging.

BACKGROUND OF TEE INVENTION

[0003] The use of information carrier plates (also referred
to as phosphor or phosphor storage plates) for obtaining visu-
ally perceptible contrast upon exposure to X-rays is known in
the art as computed radiography (CR) and is described for
example in U.S. Pat. No. 7,211,785 (Berger).

[0004] Theimaging cycle employing such plates comprises
juxtaposing the plate nearby a specific part of the body (e.g.,
leg, arm, tooth, and the like) and then exposing the plate to
X-rays in order to obtain an image from stored radiation
energy. Following exposure, the plate is then removed from
the patient and the latent image that is stored thereon is
scanned by a laser beam or other energy source to stimulate
emission of the stored energy and to form corresponding
image data from the emitted energy. After the plate has been
scanned, the obtained image data can be displayed and stored
for further examination. The exposed and scanned plate is
then erased and can be reused in a subsequent imaging cycle.
[0005] It can be appreciated that each plate must be prop-
erly tracked throughout the imaging cycle as the plate circu-
lates from X-ray exposure, to scanning, to erasure, and to
re-use. That is, it must be possible, at each stage in this
process, to know specific plate identification information as
well as patient identification information and identification
information concerning specific treatment with which a plate
is associated.

[0006] This requirement is important for general medical
computed radiography (CR) and becomes especially com-
plex for intra-oral dental computed radiography applications.
In dental clinics, large numbers of patients undergo X-ray
examination, and therefore a large number of information
carrier plates can be in circulation at any one time, thus
increasing the probability for mismatch between a particular
plate and the patient and treatment data associated with the
plate, as well as with the obtained image on the plate. The
probability for mismatch is especially high in a working
environment where several treatment rooms, each equipped
with an X-ray generator, share the same scanning device. Any
mismatch can result in confusion, delay, waste, incorrect
diagnosis, and the need to repeat an exposure in some cases.
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Other possible errors that can occur due to mismatch include
inadvertent re-exposure of a plate that has not yet been erased.
[0007] The likelihood for error and the impact of an error
can be further compounded when a full mouth scan is
executed. This dramatically increases the number of plates
used for a particular patient and requires careful tracking to
avoid mistakes.

[0008] With intra-oral dental computed radiography, the
mismatch between CR plates is not easily detectable to the
eye, since different teeth can have a relatively similar appear-
ance. The likelihood of confusion is high when compared
with other medical radiography applications that image larger
or more distinctive parts of the body about which there can be
much less confusion.

[0009] Thus, positive and unequivocal identification, as
well as monitoring and tracking of information carrier plates,
is desired in computed radiography in general, and in intra-
oral dental computed radiography in particular, since it helps
to prevent patient mismatch and other errors.

[0010] There have been a number of attempts to address
this problem.
[0011] One example can be found in U.S. Pat. No. 5,428,

659 (Renner) disclosing digital memory configured as a PCB
(printed circuit board).

[0012] In intra-oral dental computed radiography, the
exposed information carrier plates are usually placed on a flat
holder that is divided into cells referring to different teeth. A
technician puts the CR carrier plates on the holder such that a
certain plate occupies a certain cell. The pattern of the cells
corresponds to the pattern of a template that is filled in by the
dental practitioner before submitting the plates to X-ray
exposure. The plates are moved from the treatment station to
an X-ray station and then to a scanning station, lying on the
holder in the order corresponding to the template pattern. In
particular situations, this arrangement can be unreliable, for
example, the plates can fall from the holder during handling.
Their correct re-attribution to the corresponding cell can be
complicated if the plates are not provided with some type of
identification means.

[0013] Radio Frequency Identification Devices (RFID
devices) are known for identification, tracking, and monitor-
ing of various items. RFID tracking is used for identifying
various items, like consumer goods, reusable and disposable
items, people, animals and the like. This identification tech-
nology has been implemented in various technical and non-
technical fields, including medicine.

[0014] An RFID system comprises two main components:
(1) a transponder associated with an item to be identified, and
(ii) an interrogator, separated from the transponder by a short
distance, that comprises an antenna, a transceiver and a pro-
cessing device. The interrogator component sends RF energy
and an interrogating signal (if necessary) to the transponder
and then receives an RF response signal from the transponder.
The received signal is transferred to the processing device and
is read.

[0015] Thetransponder, or so-called RFID tag, is affixed by
asuitable method to the item to be identified and comprises an
integrated circuit containing RF circuitry. This circuitry
serves as memory for storing information to be transmitted as
asignal to the processing device in the interrogator. The RFID
tag also comprises an antenna for transmitting this signal.
Reading the signal that has been sent by the transponder
allows the item bearing the tag to be identified and monitored.
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[0016] There have been attempts to implement this tech-
nology in computed radiography. Some examples are noted
below.

[0017] U.S. Pat. No. 7,319,396 (Homanfar) and U.S. Pat.
No. 7,518,518, (Homanfar) describe using an RFID tag.
[0018] U.S. Pat. No. 7,095,034 (Haug) describes image
carriers enclosed in cassettes, with an RFID tag affixed to the
edge region of the cassette.

[0019] U.S. Pat. No. 5,418,355 (Weil) describes storage
media enclosed in a cassette wherein the media is provided
with an identification bar code.

[0020] U.S. Pat. No. 4,739,480 (Oono) describes a label
adhered to the image storage panel, with the panel stored in a
cassette. The information carried by the label represents an
identification code assigned to the panel.

[0021] U.S. Pat. No. 6,359,628, U.S. Pat. No. 5,757,021
(Dewaele) and EP Patent No. 0727696 (Dewaele) describe
media contained in a rigid cassette with an RFID tag attached
to a specific location on the cassette.

[0022] U.S. Pat. No. 4,960,994 (Muller) describes media
that is used in association with a cassette and with a memory
affixed to the cassette in a predetermined location. U.S. Pat.
No. 6,381,416 (Manico) describes use of an RFID tag in
association with photographic film used in consumer photog-
raphy, for example, for establishing conditions to be selected
for processing of the film.

[0023] While such solutions may employ RFID devices to
help support the use of X-ray cassettes, however, there can be
little or no improvement to the workflow process for dental
imaging with these solutions. Persistent problems such as
inconsistent labeling of plates, poor tacking of plate usage,
and potential mismatch of images to patients continue to
impede workflow efficiency in large dental practices.

[0024] Thus, despite attempts to employ RFID technology
with various types of imaging media, there is room for
improvement in providing an RFID solution tailored for spe-
cific workflow requirements of intra-oral dental computed
radiography.

SUMMARY OF THE INVENTION

[0025] The present invention is intended to provide simple,
convenient and reliable solution for identifying, monitoring
and tracking flexible information carrier plates used in intra-
oral dental computed radiography in order to prevent their
inadvertent or intentional mismatch.

[0026] An object of the present invention is to provide a
new method and system for dental radiography employing
flexible information carrier plates, each provided with an
RFID tag immediately affixed thereto, or using some other
storage device that is accessible using wireless communica-
tion, to enable identification, monitoring, and tracking of the
information carrier plates, whether the plates are enclosed in
disposable or in re-usable envelopes.

[0027] Another object of the present invention is providing
a new method and system for dental computed radiography
employing RFID tags that can be attached to flexible infor-
mation carrier plates, irrespective of plate size or specific
location or side of the plate.

[0028] A further object of the present invention is providing
a new method and system for dental computed radiography
employing RFID tags, wherein memory can be loaded in
wireless fashion with both permanent and temporary identi-
fication information.
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[0029] Yet another object of the invention is providing a
new method and system for computed dental radiography
employing RFID tags in which memory can be loaded with
identification information concerning the information carrier
plate itself, as well as with identification information con-
cerning a dental treatment to be carried out.

[0030] Another object of the invention is providing a new
method and system for computed dental radiography in
which the identification information concerning dental treat-
ment comprises at least data associated with a patient and
with specific conditions for examination.

[0031] Still another object of the invention is providing a
new method and system for dental computed radiography in
which the identification information concerning the informa-
tion carrier plate comprises e.g., plate size and type, manu-
facturing date, first scan date (activation date), scan count, job
number, resolution, destination address and scan status.
[0032] Still another object of the invention is providing a
flexible, information carrier plate for intra-oral computed
radiography, the plate being substantially flat and defined by
two opposite sides, the plate bearing a RFID transponder
affixed immediate to one of its opposite sides, the transponder
comprising a memory for storing information therein.
[0033] According to one embodiment, the present inven-
tion provides a method for obtaining an intra-oral X-ray
image of a subject on a flexible information carrier plate for
computed radiography, die method comprising: affixing a
memory to a surface of the information carrier plate, wherein
the affixed memory stores information about the plate and
wherein the affixed memory is in wireless communication
with a computer; storing at least a first scan date in the affixed
memory; obtaining the intra-oral X-ray image of the subject
using steps of: (i) storing at least a job identifier and a scan
status for the plate in the affixed memory; (ii) acquiring image
data from a scan of the flexible information carrier plate
following exposure to X-rays, acquiring at least the job iden-
tifier from the affixed memory, and associating the acquired
image data with the acquired job identifier; (iii) incrementing
a scan count value and updating the scan status in the affixed
memory of the exposed flexible information carrier plate; (iv)
erasing image content from the flexible information carrier
plate; and (v) storing the acquired image data in a second,
computer-accessible memory according to the acquired job
identifier.

[0034] For a better understanding of the present invention
as well of its benefits and advantages, reference will now be
made to the following description of various exemplary
embodiments taken in combination with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 shows a general treatment room used by a
practitioner and provided with a chair working station.
[0036] FIG. 2 depicts examples of working environment in
which several practitioners occupy separate working stations
and share the same scanning station.

[0037] FIGS. 3 and 4 show examples of flexible carrier
plates provided with RFID tags in accordance with the
present invention.

[0038] FIG. 5A shows a working cycle in which tagging of
carrier plates is carried out at the scanning station.

[0039] FIG. 5B shows a working cycle in which tagging of
carrier plates is carried out at the working station and at the
scanning station.
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[0040] FIG. 6 depicts schematically a system for intra-oral
computed radiography in accordance with the present inven-
tion.

[0041] FIG. 7 is a block diagram of the input, acquisition,
and output of data circulating in the system shown in FIG. 6.
[0042] FIG. 8 depicts schematically the structure of infor-
mation stored in the memory of an RFID tag attached to
flexible carrier plates shown in FIG. 3 and 4.

[0043] FIG. 9 shows an example of a GUI template used by
a practitioner before acquisition of images from a scanning
station.

[0044] FIG. 10 shows an example of a GUI template after
acquisition of images from a scanning station.

[0045] FIG. 11 is a block diagram of the working cycle
shown in FIG. 5A.

[0046] FIG. 12 is a block diagram of the working cycle
shown in FIG. 5B.

DETAILED DESCRIPTION OF THE INVENTION

[0047] Itis noted that the present invention is not limited to
medical radiography in general or to intra-oral dental radiog-
raphy in particular. The present invention is suitable for other
medical and non-medical applications as well.

[0048] In the context of the present disclosure, the equiva-
lent terms “flexible information carrier plate”, “flexible
plate”, “CR plate” or simply “plate” refer to photo-stimulable
phosphor plates (PSP plates) that are used for image storage
in the computed radiography CR arts, deployed in a manner
analogous to the photographic plates that they have replaced
in many applications. The information carrier plate is consid-
ered flexible when it has at least some degree of conformance
to curvatures useful for intra-oral imaging.

[0049] In the context of the present disclosure, the term
“scanner” or “scanning device” refers to a device or apparatus
that is capable of obtaining stored image data from the flex-
ible information carrier plate following exposure of the plate.
The scanner typically stimulates the phosphor storage media
using a laser beam. As the beam energy passes over the plate
surface, it frees electrons “trapped” in “color centers” in the
crystal lattice of the X-rayed phosphor plate. The light emit-
ted during laser stimulation can be collected and the resulting
signal converted into a digital image by a computer or other
dedicated logic processor. The location at which the scanner
is deployed is referred to as a scanning station.

[0050] Referring now to FIG. 1, there is shown a typical
dental treatment room 10 of a practitioner. The treatment
room inter alia comprises a treatment chair 12 having a con-
sole with various instruments as required for denial treatment,
e.g. intra-oral treatment.

[0051] The treatment room is preferably equipped with a
suitable interface terminal that serves as a processing and
acquisition station for input output, and management of data
and possibly including a keyboard with mouse. It is not shown
specifically but should be appreciated that the interface com-
municates over a network, for example, via a local Ethernet
network, with a suitable server providing access to a database
and a software application enabling management of medical
and personal data related to a medical case. The application
also allows acquisition, viewing, and processing of images
obtained after scanning, archiving the images and related
data, and other functions. In an alternate embodiment, such as
in a small clinic, the interface may communicate with a local
computer workstation or personal computer (PC), instead of
with a networked server.
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[0052] The treatment room is suitable for computed intra-
oral dental radiography and is equipped with a monitor 16,
e.g., a LCD (Liquid Crystal Display) for displaying images
acquired after X-ray exposure and scanning. Itis not shown in
FIG. 1 but should be appreciated that a plurality of flexible
information carrier plates are available, typically stored in the
vicinity of the treatment chair.

[0053] While not shown in FIG. 1, it would be appreciated
that the treatment room can also comprise an X-ray generator,
which may be situated either in the treatment room itself or
adjacent thereto. In a small treatment room, a scanner can also
be provided for obtaining the stored image data obtained after
exposing the information carrier plates to X-rays. However
location within the treatment room is not compulsory, since
the practitioner can alternately use a scanner that is situated
apart from the treatment room.

[0054] Inthepresentdisclosure, the treatment room is alter-
nately referred to as a working station. If the working station
is equipped with a scanner dedicated solely to this station,
then the possibility for mismatch of the plates is less likely.
This possibility, however still exists and therefore it would be
desirable to render the plates identifiable in some way even
for such a basic system.

[0055] FIG. 2 shows a schematic of another exemplary
working environment for infra-oral computed radiography.
This environment is more prone to mismatch than the single
working station of FIG. 1 and therefore requires more careful
identification of the information carrier plates. This working
environment comprises a plurality, for example three, sepa-
rate working stations 17, 18, 20. Working stations 17 and 18
are used by two respective practitioners 22 and 24. Working
station 20 is used by two neighboring practitioners 26 and 28.
Each working station is equipped with a respective X-ray
generator 30, 32, 34. The generator 34 is shared by practitio-
ners 26 and 28.

[0056] Each practitioner has sufficient stock 36, 38, 40, 42
of flexible information carrier plates, here designated as
media. Each working station has a computer with respective
LCD monitor 44, 46, 48, 50 and respective keyboard and
mouse.

[0057] It is also seen in FIG. 2 that all working stations
communicate with a common scanner 52 installed in a sepa-
rate room, e.g., a disinfection room or a surgery room. This
scanner is shared by all practitioners and therefore, in order to
organize the workflow efficiently, the scanning step should be
synchronized with the X-ray exposure step so that each prac-
titioner reserves the scanner for plate processing before send-
ing the exposed plates to scanning.

[0058] In an environment such as that shown in FIG. 2, a
substantial number of exposed plates requiring scanning can
be generated (especially where full mouth imaging is needed
for one or more patients). The likelihood of mismatch is high.
In the event of such a mismatch, the scanning step constitutes
a bottleneck to the whole workflow. Therefore, in a working
environment of this type wherein a single scanner is shared by
several working stations, it is especially important to prevent
mismatch between plates as they circulate between many
working stations and scanner.

[0059] In accordance with the invention, the mismatch can
be prevented by providing the plates with identification
means rendering them immediately attributable. It would
then be possible to improve the workflow and to proceed
through the treatment plan more efficiently without disrupt-
ing daily operation.
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[0060] Inaccordance with the present invention, the infor-
mation carrier plates are provided with an affixed RFID tran-
sponder or tag that has a memory that can be loaded with both
permanent and temporary information. The RFID tag enables
memory on the information carrier plate to be in communi-
cation with a computer. Also provided is an RFID interrogator
or tagging device. Here by tagging device is meant any read/
write device that is capable of reading data stored in the
memory of the RFID tag as well as capable of loading the
RFID tag’s memory with permanent and/or temporary data
and/or updating the temporary information stored in the
memory. The tagging device is provided either only at the
scanner or at both the scanner and the working station and can
be, but is not necessarily, located near the corresponding
scanner or working station, but may be separated from other
equipment, such as using wireless communication. Regard-
less of'its location, the tagging device communicates with the
data management software and is automatically detected by
the software. Thetag’s affixed memory can be loaded with the
information and the stored information can be read using the
tagging device.

[0061] FIGS. 3 and 4 show a few examples of flexible
intra-oral dental plates provided with RFID identification
means in accordance with the present invention. FIG. 3 shows
carrier plates 54, 56, 58, 60, 62 of different sizes. The plates
are shown without disposable sachets or envelopes in which
plates are normally enclosed when the practitioner places
them in the patient’s mouth for exposure to X-rays. Each plate
bears a respective integrated circuit 540, 560, 580, 600, 620
constituting an RFID tag. The RFID tag is disposed immedi-
ately on the plate’s surface and can be secured thereon by
adhesive, for example. In FIG. 3, the tags are secured imme-
diately on a rear side of the plates. The tags can be affixed to
different locations of the plates depending on the plate’s size.
InFIG. 4, a plate 64 has an RFID tag 640 affixed immediately
to a frontal side of the plate such that information about
manufacturer and plate’s sue is also visible. FIG. 4 shows an
embodiment with an RFID tag affixed to a frontal side of a
plate of smaller size. It can be appreciated that, in accordance
with embodiments of the present invention, the RFID tag
could be affixed immediately to the rear side of a plate.

[0062] A suitable RFID tag can include a type of commer-
cially available RFID transponder, e.g., HF 15x15 mm Dry
Inlay, sales code 3001059, manufactured by UPM Raflatec,
Finland. Other commercially available transponders can be
used as well. A suitable interrogator can similarly be a com-
mercially available product, e.g. HNI002 HF, manufactured
by ClarlDy Solutions, Inc., Taiwan.

[0063] In FIG. 5A is depicted an example of a working
cycle suitable for information carrier plates with affixed
RFID tags in accordance with an embodiment of the present
invention. A processing and acquisition station (PAS) has an
interface 14 coupled with monitor 16 on which are displayed
images acquired during previous scanning. It is seen also that
aplurality of intra-oral information carrier plates 65, enclosed
in disposable envelopes, proceed as shown by arrow A1, front
the processing and acquisition station to X-ray generator 66.
The plates intended for exposure are not yet imaged, with any
previously obtained image erased from their surface after
scanning. Each plate is provided with an RFID tag that has its
memory loaded with permanent information referring to
manufacturing data and plate size. The memory is also loaded
with temporary information that can be updated by the tag-
ging device in the course of the working cycle. Among tem-
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porary information writable in the memory of the affixed
RFID tag is data such as first scan date, scan count and scan
status. Scan status can include information such as Scanned
and Erased or Tagged and Ready for Exposure, for example.
[0064] The plates are put in the mouth of a patient nearby
the teeth to be examined. Upon completing X-ray exposure,
the plates pass, as shown by an arrow A2, to the scanning
station for scanning in a scanner 68. Before scanning the
envelopes are removed from the plates. One such plate is
designated by numeral 70; the plate itself may also include
other useful information, such as a size or number indicative
of size, for example. The plate is ready for insertion into the
entry slot of the scanner. A tagging device 72 is deployed at
the scanner, preferably housed within the scanner, and is in
communication with the computer or processing and acqui-
sition station. Tagging device 72 enables communication of
the RFID tags with the computer or host workstation that is
associated with the treatment room.

[0065] The tagging device has an antenna communicating
with the respective antenna of the RFID tag affixed to the
plate, so that information stored in the tag’s memory is read-
able and can be available to the practitioner on the monitor of
the working station or, if the scanner has a dedicated display,
at the scanner itself. When the plate passes scanning the first
time, the tagging device writes the first scan date in the
memory of the RFID tag. Upon each subsequent scanning
operation, the tagging device sends a signal that is received by
the antenna of the RFID tag and that increments the scan
count stored in the tag’s memory. This signal also updates the
scan status of the plate, i.e. whether the plate has already been
scanned or not. This feature makes it possible to more easily
monitor the service life of the plate and its scan status. For
example, the scan count can be compared against a threshold
count value and the result reported when a plate exceeds the
threshold. Optionally, the tagging device can be set up to
disable use of a plate having a scan count above a threshold
value.

[0066] When scanning is completed, the scan count is
updated in the tag’s memory and the obtained image is sent by
the scanner to the processing and acquisition station (PAS). If
the scanner is provided with a display, the image can be
viewed on that display as well. Then, the plate is erased and
proceeds back to the processing and acquisition station. FIG.
5A shows schematically a plurality of erased plates proceed-
ing back to the processing and acquisition station as indicated
by an arrow A3. At the working station, the erased plates are
put into disposable envelopes and are ready for the next
working cycle.

[0067] The above working cycle is especially suitable for
small clinics, in which the available scanner is not shared by
several practitioners.

[0068] in FIG. 5B, there is shown another example of a
working cycle in accordance with the present invention. This
working cycle is suitable for the situation in which several
practitioners share the same scanning station. In general, this
working cycle is rather similar to the previous one and there-
fore similar elements are designated by the same reference
numerals. However in contrast to the working cycle embodi-
ment shown in FIG. 5A, the FIG. 5B embodiment provides an
additional tagging device, namely secondary RFID interro-
gator 74. This tagging device is intended for tagging a plu-
rality of erased image carrier plates 65 before they are put in
the patient’s mouth at the X-ray station. As a suitable second-
ary RFID interrogator one can use, for example, an Explore-R
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RFID reader, type HFE-00-003 manufactured by Tracient
Technologies Ltd., New Zealand.

[0069] The plates are tagged while enclosed in envelopes.
The tagging device, interrogator 74, communicates with the
processing and acquisition station (PAS) by a suitable wired
or wireless connection.

[0070] It is noted that tagging devices and interrogator
devices are associated with and in communication with scan-
ner and processing and acquisition station devices, but may be
positioned at some other location rather than at these devices
themselves, such as at a location that is more favorable for the
workflow. In one embodiment, wireless communication
between tagging and interrogator devices and their corre-
sponding processing and acquisition station or scanner
devices allows considerable flexibility for device placement.
[0071] During this working cycle, updating of information
in the memory of the RFID tag takes place before scanning at
the processing and acquisition station and then at the scan-
ning station.

[0072] During the tagging step, which takes place at the
processing and acquisition station (PAS), the tagging device
writes temporary information into the memory of the RFID
tag. The temporary information comprises inter alia, job
number or other type of job identifier that relates to a particu-
lar imaging session or “job”, resolution, destination address.
Furthermore the temporary information comprises patient
identification data that is up-loaded from the database system,
to which the processing and acquisition station has access.
The patient identification data is also accessible in the data
base at the processing and acquisition station. This data refers
to job number or other type of job identifier, a random number
written in the memory of the RFID tag. When scanning is
completed and the image is sent from the scanner to the
processing and acquisition station, it is displayed on monitor
16.

[0073] Now with reference to FIG. 6 an embodiment of a
system for intra-oral computed radiography in accordance
with the present invention will be explained. In this embodi-
ment the system comprises the following basic elements;
[0074] a) a plurality of working stations 75, 76, 78 each of
which is equipped with a treatment chair and X-ray generator
and each having a respective processing and acquisition sta-
tion 80, 82, 84 with access to appropriate application soft-
ware;

[0075] b) a plurality of scanning devices 86, 88, 90 pro-
vided with respective tagging devices 860, 880, 900;

[0076] c)aplurality of flexible information carrier plates 92
having respective RFID tags affixed immediate to one of their
sides;

[0077] d)aplurality of tagging devices 800, 820, 840 asso-
ciated with and in communication with respective working
stations PAS 80, 82, 84 sod operable for tagging information
carrier plates before the plates are exposed to X-rays; and
[0078] e)aserver 94 providing access to a database 940 and
appropriate data management system.

[0079] As is shown in FIG. 6, working stations, scanners,
and server can communicate between each other via connec-
tion over an appropriate network, e.g., Ethernet network 96.
With network connection, messages can readily be sent from
the scanner to the processing and acquisition station and vice
versa, as well as files with scanned images for storing the
database.

[0080] In the system of FIG. 6, tagging devices 800, 820,
840 that refer to working stations 75, 76, and 78 can commu-
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nicate with respective processing and acquisition stations 80,
82, 84. In one embodiment, this communication uses a USB
connection. Wireless communication is available in an alter-
nate embodiment, through WiFi (Institute of Electrical and
Electronics Engineers (IEEE) 802.11 standard, generally
termed WiFi) or Bluetooth connection. One should appreciate
that these devices can communicate as well through any other
suitable wire or wireless connection that enables exchange of
data.

[0081] It is noted that the system of the present invention
may have more or fewer than three working stations and three
scanners as depicted in FIG. 6. For example, one can contem-
plate a system comprising a single working station and one
scanner, or one working station and several scanners, or sev-
eral working stations and one scanner. The number of work-
ing stations need not be equal to the number of scanners and
vice versa. One should also bear in mind that in a configura-
tion when the system consists of single working station and
single scanner, the tagging device at the working station can
be absent and such a system can function in accordance with
the working cycle explained in connection with FIG. 5A. This
is irrespective of the sequence in which the plates have been
tagged. It is appreciated that this is advantageous since it
saves practitioner time required for matching between an
individual plate and the template window associated with the
plate. The template and its windows are explained in more
detail subsequently.

[0082] Insuch asystem, the server and networked commu-
nication via the Ethernet are not necessary; instead, the work-
ing station itself can be equipped with a PC loaded with
database, data management system, and processing and
acquisition software.

[0083] It is noted that tagging devices that are provided at
working stations and at scanners, that is, are in communica-
tion with computer and other equipment at working stations
and with scanners, are operable to both read and write or
amend information stored in the memory of RFID tags in
order to update it as part of the tagging operation.

[0084] FIG. 7 shows ablock diagram of the data flow taking
place in the system of the present invention. The flow of data
comprises input, processing and acquisition, and output of
data. This flow is enabled and controlled by data management
system software 98, e.g. a department patient management
system. The management system is provided with a database
for archiving data and with appropriate software module 100
for acquisition of images and data. One example of suitable
software is KDIS (Kodak Dental Imaging Software).

[0085] The Input step is designated by reference numeral
102. The data inputted by the software module is downloaded
from the database. This data comprises patient details, previ-
ous treatment detail, and previously stored images. The input
step 102 also comprises retrieval of appropriate templates that
should be completed prior to treatment.

[0086] The processing and acquisition of data is designated
by reference numeral 104. This step is associated with the
scanner, when scanned image is sent from scanner to working
station. This step is also associated with tagging when the
tagging device (at the scanner and/or at the working station)
writes information in the memory of the RFID tag and com-
municates with the data management system to report about
various events which have taken place or should take place. If
the system is provided with a tagging device at the scanner
and there is no tagging device at the working station, the
reported event, inter alia, is “scanning is completed”. If the
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tagging device is provided at the working station then the
reported event is, inter alia, the necessity of assigning new job
number or other type of job identifier, which should refer to
the data downloaded from the database. The job number is an
assigned number, such as a random number that can be gen-
erated by the data managing system itself or can be taken from
the stock of previously generated and stored random num-
bers.

[0087] The output of data is designated by reference
numeral 106. This step takes place upon completing the scan-
ning and comprises acquisition of the image and sending it to
the database for archiving. The acquired image is archived
preferably as DICOM file (Digital imaging and Communica-
tions in Medicine Format Bitmap file).

[0088] InFIG.8, there is shown the structure of information
that is stored in the memory of the RFID tag according to one
embodiment. As previously stated, this information consists
of permanent data, which is written once and is not amended
during the working cycle, and of temporary data, which can
be amended during the working cycle by tagging. This data
will be referred to further as dynamic data.

[0089] The permanent data comprises data written by
manufacturer of the plate and data written by the tagging
device. The dynamic data is always written by the tagging
device.

[0090] So, for example, the permanent data written by the
manufacturer comprises data 108 referring to manufacturing
date, plate size and type. The memory allocated to data 108
comprises two blocks of 32 bits each in one embodiment.
[0091] Permanent data which is written once by the tagging
device at the scanning station comprises data 110, which
stores the activation date (first scan date). Size and other
characteristics of the plate can also be stored in the permanent
data. The memory allocated for this comprises one block of
32 bits in one embodiment.

[0092] Dynamic data is designated by reference numeral
112 and may comprise, for example, the following types of
data: job number or other type of job identifier, required
resolution of scanning (high, medium, low), destination
address (to which working station to send the scanned image
for acquisition), scan status (whether or not the plate has
already been scanned) and scan count (number of scans the
plate has undergone). The memory allocated for dynamic
data comprises five blocks 0f 32 bits each in one embodiment.
[0093] Depending on type, the dynamic data can be
amended either by the tagging device available at the working
station, or by a tagging device available at the scanner. So, for
example, scan count and scan status is amendable by the
tagging device at the scanner, while job number or identifier,
resolution and destination address are amendable by the tag-
ging device at the working station.

[0094] The dynamic data written by the tagging device is
recognizable by the software application available at the pro-
cessing and acquisition station, such that patient identifica-
tion data extracted from the database during the input step is
always linked with the job number or other type of job iden-
tifier that is written in the memory of the RFID tag.

[0095] The patient identification data is displayed in the
electronic template at the beginning of the working cycle. In
FIG. 9, there is shown an example of a suitable GUI template
that can be associated with a study folder in one embodiment.
Other GUI templates can be used as well. The electronic
template automatically opens during the input step and con-
sists of empty windows arranged in a pattern compatible with
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the normal arrangement of human teeth. When the template
opens, it displays patient identification details, date of treat-
ment and the like. During the input step, the practitioner can
select, e.g. by clicking with mouse, those windows that refer
to teeth to be treated, and then highlights the selected win-
dows. In the electronic template shown in FIG. 9, two win-
dows are seen as being highlighted during the input step. The
highlighted windows refer to particular teeth that should be
examined. Ifthe working station is equipped with the tagging
device, then selection of windows can be synchronized with
the tagging such that during tagging, a particular information
carrier plate is assigned to a particular tooth of a particular
patient.

[0096] Furthermore, during the tagging process, a job num-
ber or other type of job identifier is also generated. The job
number is written in the memory of the RFID tag by the
tagging device and is stored by the software application in
association with the extracted patient identification data.
Thus, a particular job number or other identifier constitutes a
link between a certain plate and between details of treatment
of'a particular tooth of a particular patient. With this arrange-
ment, it would be possible to positively identify the plate and
attribute it to a particular patient and to a particular treatment.
Eventually, all required windows in the electronic template
GUI of FIG. 9 are highlighted by the practitioner in accor-
dance with the treatment plan and linked by the job number
with respective carrier plates.

[0097] For certain treatment plans, e.g., hall mouth shot,
selection of windows during the tagging process might take
place automatically without that patient identification data
extracted from the database during the input step is always
linked with the job number or other type of job identifier that
is written in the memory of the RFID tag.

[0098] The patient identification data is displayed in the
electronic template at the beginning of die working cycle. In
FIG. 9, there is shown an example of a suitable GUI template
that can be associated with a study folder in one embodiment.
Other GUI templates can be used as well. The electronic
template automatically opens during the input step and con-
sists of empty windows arranged in a pattern compatible with
the normal arrangement of human teeth. When the template
opens, it displays patient identification details, date of treat-
ment, and the like. During the input step, the practitioner can
select, e.g. by clicking with mouse, those windows that refer
to teeth to be treated, and then highlights the selected win-
dows. In the electronic template shown in FIG. 9, two win-
dows are seen as being highlighted during the input step. The
highlighted windows refer to particular teeth that should be
examined. Ifthe working station is equipped with the tagging
device, then selection of windows can be synchronized with
the tagging such that during tagging, a particular information
carrier plate is assigned to a particular tooth of a particular
patient.

[0099] Furthermore, during the tagging process, a job num-
ber or other type of job identifier is also generated. The job
number is written in the memory of the RFID tag by the
tagging device and is stored by the software application in
association with the extracted patient identification data.
Thus, a particular job number or other identifier constitutes a
link between a certain plate and between details of treatment
of'a particular tooth of a particular patient. With this arrange-
ment, it would be possible to positively identify the plate and
attribute it to a particular patient and to a particular treatment.
Eventually, all required windows in the electronic template
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GUI of FIG. 9 are highlighted by the practitioner in accor-
dance with the treatment plan and linked by the job number
with respective carrier plates.

[0100] For certain treatment plans, e.g., full mouth shot,
selection of windows during the tagging process might take
place automatically without clicking a mouse or using some
other selection device. That is, a fixed sequence may be fol-
lowed for assigning each plate in the series.

[0101] Upon completing the input step the tagged carrier
plates pass to subsequent processes: exposure to X-rays fol-
lowed by scanning. The obtained images are sent by the
scanner to the working station where they are displayed on the
monitor in the windows corresponding to assigned plates. An
example of such a template displaying the acquired images in
respective windows is seen in FIG. 10. In one embodiment,
the displayed template corresponds to the study folder that is
set up for patient images, as described previously, so that
there is a 1:1 correspondence between template images and
study folder images.

[0102] The block diagram of FIG. 11 shows the interaction
that takes place between the processing and acquisition sta-
tion and the scanning station during computed intra-oral radi-
ography in embodiments of the present invention. In the
sequence of FIG. 11, only a single tagging device is deployed
at the scanning station. In this situation, information carrier
plates are provided with RFID tags with memory storing
permanent data 108 (manufacturing date and plate size) as
well as written-once data 110 (first scan date) and dynamic
data 112 (scan count and scan status). The other types of
dynamic data (job number, resolution, destination address)
are not written, although memory blocks are allocated for this
dynamic data to be written when necessary.

[0103] In the beginning of the working cycle, the process-
ing and acquisition application software prepares the working
cycle. This creates a study folder with patient identification
information (patient data) and other treatment study data
available from the database. This process step is designated
by reference numeral 114. The study folder along with the
treatment details (job details), e.g. tooth number, scan reso-
lution and the like is also sent to the scanner which receives it
and temporarily stores it as designated by a step 116. The
software also displays, on the working station screen, a tem-
plate with the study data and with windows assigned to cer-
tain teeth to be treated, as has been already explained above
with reference to FIG. 9.

[0104] Continuing with the sequence of FIG. 11, erased
image carrier plates that were assigned to the selected win-
dows now proceed to X-ray exposure. The plates are typically
enclosed in disposable envelopes; however, the envelopes
may be re-usable. The plates are put in the patient’s mouth and
exposed to X-rays. Upon exposure, the plates are taken out
from the patient’s mouth, envelopes are torn open, and the
exposed plates proceed to scanning.

[0105] In one arrangement, the application software sends
the scanner an instruction to reserve the scanner, so that only
scanning of plates selected for the created study folder is
conducted. The scanner receives the “to reserve scanner”
instruction and is reserved for scanning. This step is desig-
nated as step 120 in FIG. 11.

[0106] Withthe scanner reserved, its LCD monitor displays
reservation job details (such as patient identification informa-
tion and the like). All other images scanned by the “reserved”
scanner from the plates associated with the created study
folder will refer to the same job. Thus, there is little likelihood
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of mismatch with plates assigned to the other study folder. It
can be observed that where a single working station is pro-
vided with its own scanner (the “one to one” configuration),
the scanner can remain in “Auto Reserved” mode and there is
no need to reserve it.

[0107] The tagging device provided at the scanning station
reads the data stored in the memory ofthe RFID tag and, in the
event that this is the very first scan for this plate, it writes the
scanning date in the tag’s memory. When the date of the first
scan is stored, it will not be updated subsequently.

[0108] The tagging device reads the current scan count
value and increments it. Optionally, the tagging device may
also compare the scan count value to a threshold count value
and report a carrier plate whose scan count meets or exceeds
the threshold count value, so that the reported carrier plate can
be removed from service at an appropriate time. These steps
are designated as steps 122 and 124.

[0109] Inastep 126, the scanner reads patient identification
data from the study folder, scans the plate, and displays the
obtained image on the scanner’s LCD monitor along with
patient identification data. The displayed image can be a
preview image, at reduced resolution, displayed within a tem-
plate that is associated with the study folder, as described
earlier. Eventually, in a step 128, the obtained image is stored
as a DICOM file and is moved to the study folder. In a step
130, the study folder with the stored DICOM file passes to the
processing and acquisition station. Here, the received
DICOM file is processed, displayed on the screen of the
working station, and sent to the database for archiving in a
step 132.

[0110] Afterthe plate is scanned and the image is obtained,
the plate is erased and evacuated from the scanner. Then the
plate is sealed in a disposable envelope to be ready for a new
working cycle. After all plates have been scanned and all
DICOM files have been acquired and archived, the applica-
tion software issues the instruction “delete study folder” to
the scanner. This is done in steps 134 and 136. Upon receipt
of this instruction, the study folder is deleted from the scan-
ner.

[0111] The software can issue an instruction to stop the
reservation of the scanner (i.e., “unreserved scanner”). This
instruction would be sent to the scanner. An unreserved scan-
ner is noted in FIG. 11 at step 140.

[0112] The processing and acquisition process is com-
pleted.
[0113] Each plate can be identified in terms of its manufac-

turing date, size, first scanning date, and number of scanning
cycles. With this arrangement, it is possible to monitor the
plate’s service life and to replace the plate when it becomes
necessary.

[0114] The block diagram of FIG. 12 shows the interaction
between processing and acquisition station and scanning sta-
tion that takes place during computed intra-oral radiography
in accordance with another embodiment of the present inven-
tion. FIG. 12 refers to a situation where there is a tagging
device deployed both at the scanning station and at the work-
ing station.

[0115] In this situation, information carrier plates have
RFID tags with memory that stores written permanent data
108 (manufacturing date and plate size), written-once data
110 (first scan date) and various types of dynamic data 112
(scan count and scan status, job number, resolution, destina-
tion address).
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[0116] In the beginning of this working cycle, the process-
ing and acquisition application software prepares the working
cycle. In a step 144, a study folder is formed with patient
identification information (patient data) and other previous
treatment study data available from the database. The folder
also indicates details of the current treatment, like moth num-
ber, scan resolution, shot type (full mouth shot or single shot)
and the like. Simultaneously with creation of the study folder,
the software application issues a unique reference associated
with this folder and with the required treatment. This refer-
ence or job number can be an assigned or a random number
generated by the software itself or taken from the stored stock
of random numbers. The study folder, along with the treat-
ment details (job details), e.g. tooth number, scan resolution
and the like is also sent to the scanner which receives it and
temporarily stores it as designated by a step 146.

[0117] Then, in a step 148, tagging is initiated and the
plates, enclosed in disposable envelopes, are sequentially
tagged by the tagging device deployed at the working station.
During tagging, the above mentioned dynamic information is
written in the memory of the RFID tag. After the all plates
have been tagged, they proceed to exposure to X-rays as
explained in connection with the previous embodiment.
[0118] The exposed plates are extracted from the patient’s
mouth, their envelopes are torn open, and the plates proceed
to a scanner in which the study folder, job details, and job
number are stored. The software at the processing and acqui-
sition station issues the instruction “reserve scanner”. After
the scanner is reserved, the first plate with RFID tag is
inserted into the scanner. The tagging device at the scanning
station reads dynamic information written in the memory of
the RFID tag and increments the scan count, thus increasing
the instant scan count. Furthermore, the plate is scanned at the
resolution indicated in the dynamic data and the tagging
device deletes the present job number. Furthermore, the tag-
ging device updates the status of the plate to “scanned”.
[0119] The obtained image is displayed on the scanner’s
LCD monitor along with patient identification data. The
obtained image is stored in the study folder as a DICOM file
with a header containing patient identification information,
job details and job number. The sequence of processes for
scanning, processing, and storing the obtained image is
shown in steps 152, 154, 156, 158, and 160 of FIG. 12.
[0120] The processing and acquisition station waits until it
receives the saved DICOM file for processing and display in
an appropriate window on the template. Upon completing the
acquisition, the DICOM file proceeds to the database for
archiving. This sequence of events is designated by steps
162,164 and it repeats with all plates that were tagged and
scanned as part of the same examination session.

[0121] When the plate is scanned, it can be erased so that it
is ready to proceed to the working station. Here, it is enclosed
into a disposable envelope to be available for the new working
cycle.

[0122] When the last DICOM file for an exam is archived,
the software application deletes the created study folder from
the processing and acquisition station, as well from the scan-
ner. The acquisition step comes to its end and the scanner
receives status “unreserved”. This sequence is shown in steps
166, 168, and 172.

[0123] With this arrangement, wherein each carrier plate
has an RFID tag immediately affixed to one side, it is always
possible to identify, monitor, and track the plates during the
entire working cycle, whether or not they are enclosed within
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the envelopes. Having the RFID tag applied to the plate can
also help to assist in plate orientation, so that the exposure
source is on the side of the phosphor coating, rather than on
the opposite side that has the RFID tag. Because the RFID tag
stores both permanent and temporary information, it is pos-
sible to unequivocally identify the plates during each part of
the working cycle, whether or not the plates are scanned. This
is possible because the RFID tag has a unique job number
associated with the patient identification information and
with job details.

[0124] Other benefits of the present invention that result
from providing the RFID tag with both permanent and tem-
porary information include the capability for monitoring
plate service life by establishing manufacturing date, first
activation date, and number of scanning cycles passed. Stor-
ing this data can help the user to monitor overall usage and
manage plate allocation and replacement. In one embodi-
ment, the scan count is checked at the beginning of each
working cycle and, if appropriate, the Scan status field in
memory is flagged as Past Useful Life or identified as Unus-
able.

[0125] The invention has been described in detail with par-
ticular reference to certain preferred embodiments thereof,
but it will be understood that variations and modifications can
be effected within the scope of the invention. For example,
various types of data can be stored in the RFID tag or in the
memory circuitry that is used by the interrogator.

[0126] Thus, there is provided a system and method for
identification, monitoring, and tracking of flexible informa-
tion carrier plates used in intra-oral dental computed radiog-
raphy.

What is claimed is:

1. A method for obtaining an intra-oral X-ray image of a
subject on a flexible information carrier plate for computed
radiography, comprising:

affixing a memory to a surface of the information carrier

plate, wherein the affixed memory stores information

about the plate and wherein the affixed memory is in
wireless communication with a computer;

storing at least a first scan date in the affixed memory; and

obtaining the intra-oral X-ray image of the subject by;

(1) storing at least a job identifier and a scan states for the
plate in the affixed memory;

(i1) acquiring image data from a scan of the flexible
information carrier plate following exposure to
X-rays, acquiring at least the job identifier from the
affixed memory, and associating the acquired image
data with the acquired job identifier;

(iii) incrementing a scan count value and updating the
scan status in the affixed memory of the exposed
flexible information carrier plate;

(iv) erasing image content from the flexible information
carrier plate; and

(v) storing the acquired image data in a second, com-
puter-accessible memory according to the acquired
job identifier.

2. The method of claim 1 wherein obtaining the X-ray
image further comprises storing a destination address for the
acquired image data in the affixed memory.

3. The method of claim 1 wherein obtaining the X-ray
image further comprises storing a resolution value for the
obtained image in the affixed memory.
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4. The method of claim 1 farther comprising wirelessly
tracking the use of the flexible information carrier plate by
checking the scan count.

5. The method of claim 1 wherein storing the job identifier
further comprises associating the job identifier with a data
field within an electronic template that comprises a plurality
of data fields.

6. The method of claim 5 further comprising displaying the
acquired image within the electronic template.

7. The method of claim 1 wherein obtaining the X-ray
image further comprises associating the acquired image with
an electronic study folder.

8. The method of claim 7 further comprising associating
patient data with the study folder.

9. The method of claim 1 wherein acquiring the image data
further comprises sending an instruction to reserve a scanner.

10. The method of claim 9 further comprising sending an
instruction to un-reserve a scanner following acquisition of
the image data.

11. The method of claim 1 wherein storing the acquired
image comprises storing the image in DICOM format.

12. The method of claim 1 wherein storing the job identifier
in the affixed memory further comprises obtaining data over
a wireless network connection.

13. A method for tracking a plurality of flexible informa-
tion carrier plates having intra-oral dental images associated
with a patient, comprising:

affixing a memory to a surface of each of the information

carrier plates, wherein the affixed memory is accessible

using wireless communication and wherein the affixed
memory stores at least a manufacturing date for the plate
and provides storage for information related to a job;

forming a study folder in a second, computer-accessible
memory external to the information carrier plates,
wherein the study folder is associated with the patient;
and

for each carrier plate associated With the patient:

(1) storing at least a job identifier and scan status for the
carrier plate in the affixed memory;

(i1) acquiring image data from a scan of the flexible
information carrier plate following exposure to
X-rays, acquiring at least the job identifier from the
affixed memory, and associating the acquired image
data with the acquired job identifier;

(iii) incrementing a scan count value and updating the
scan status in the affixed memory of the exposed
flexible information carrier plate;

(iv) erasing image content from the flexible information
carrier plate; and

(v) storing the acquired image in the study folder of the
computer-accessible memory according to the job
identifier.

14. The method of claim 13 further comprising associating
the study folder with a displayed template of user images
obtained for the patient.

15. The method of claim 13 further comprising comparing
the scan count value to a threshold count value and reporting
a carrier plate whose scan count meets or exceeds the thresh-
old count value.

16. A method for associating a plurality of images to a
patient, comprising:

affixing a memory to a surface of each of a plurality of

information carrier plates, whereto the affixed memory
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stores at least a manufacturing date for the plate and

provides storage for information related to patient

images and wherein the affixed memory is accessible
using wireless communication;

forming a study folder m a second computer-accessible

memory external to the information carrier plates,

wherein the study folder is associated with the patient;
and

for each of the plurality of carrier plates:

(1) storing at least a job identifier associated with the
patient and scan status for the plate in the affixed
memory using wireless communication;

(i1) acquiring image data from a scan of the flexible
information carrier plate following exposure of the
patient to X-rays;

(iii) incrementing a scan count value and updating the
scan status in the affixed memory of the exposed
flexible information carrier plate using wireless com-
munication:

(iv) erasing image content from the flexible information
carrier plate;

(v) storing the acquired image in the study folder of the
second computer-accessible memory according to the
job identifier; and

(vi) displaying image contents of the study folder of the
second computer-accessible memory as part of a tem-
plate.

17. The method of claim 16 wherein storing the job iden-
tifier further comprises associating the plate with a position in
the template.

18. The method of claim 16 further comprising checking
the scan count value to determine usage of the carrier plate.

19. A system for obtaining an intra-oral X-ray of a patient,
the system comprising:

one or more information carrier plates, each information

carrier plate having an affixed memory;

at least one processing arid acquisition station in commu-

nication with a secondary wireless tagging device that is
operable to read and write temporary information into
the affixed memory of the one or more information car-
rier plates over a first wireless communication channel;
and

at least one scanner in communication with a primary

wireless tagging device that is operable to read and write

temporary information into the affixed memory over a

second wireless communication channel, wherein the at

least one scanner is actuable to obtain an image from
each of the one or more information carrier plates.

20. The system of claim 19 wherein the affixed memory is
part of a radio-frequency identification device.

21. The system of claim 19 wherein the one or more infor-
mation carrier plates are computed radiography plates.

22. The system of claim 19 further comprising a disposable
envelope enclosing any of the one or more information carrier
plates.

23. A dental computed radiography plate comprising a
flexible information carrier plate, wherein the information
carrier plate is substantially flat, with two opposing sides,
wherein one of the sides has an affixed radio frequency iden-
tification device with a memory storing a job identifier.
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