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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to the field of medical de-
vices. In one embodiment, this invention relates to the
field of filmless dental radiography.

Description of the Related Art

[0002] In clinical practice, medical devices are very of-
ten used in conjunction with an auxiliary component. A
common example is a conventional oral thermometer,
which when used to take a patient’s temperature, is cov-
ered with a protective sheath. The thermometer performs
the primary function of taking a temperature and the
sheath performs the ancillary function of providing a hy-
gienic barrier between the thermometer and the environ-
ment within the patient’s oral cavity. The auxiliary com-
ponent in that situation serves only to provide the hygienic
barrier, and does not serve other purposes.
[0003] Auxiliary components are also used in the field
of filmless dental radiography. By way of general back-
ground, dentists and oral surgeons typically use x radi-
ation to obtain images of their patient’s teeth, mouths and
gums to aid in diagnosis and treatment. In traditional oral
and dental radiography, a cartridge containing photo-
graphic film is placed in the patient’s mouth, for example
behind a patient’s tooth, and an x-ray beam is projected
through the tooth and onto the film. The film, after being
exposed in this manner, is developed in a dark room or
a closed processor using special chemicals to obtain a
photographic image of the tooth.
[0004] In the last several decades, the field of filmless
dental radiography has emerged. In filmless dental radi-
ography, an x-ray beam is still projected through the pa-
tient’s tooth, but no photographic film is used. Instead,
an electronic sensor is placed in the patient’s mouth be-
hind the tooth to be examined. The electronic sensor may
include a charge-coupled device (CCD), a complemen-
tary metal-oxide semiconductor (CMOS) active pixel
sensor (APS) array or any other filmless radiation sensor.
The x-rays pass through the tooth and impinge on the
electronic sensor, which converts the x-rays into an elec-
trical signal. The electrical signal is transmitted to a com-
puter, either directly or through a module containing in-
termediate processing circuitry. The computer then proc-
esses the signal to produce an image on an associated
output device, such as a monitor or a printer.
[0005] Filmless dental radiography offers several ad-
vantages over traditional film-based radiography. Most
importantly, the electronic sensor is much more sensitive
to x-rays than is film, allowing the dosage of x-rays to the
patient to be lowered by as much as 90%. Also, the image
of the tooth is generated by the computer almost instan-
taneously, thus eliminating the entire development proc-

ess, including the use of potentially harmful chemicals.
In addition, because the images are generated electron-
ically, they can be stored electronically in a computer
database.
[0006] Because electronic sensors, unlike film, are re-
usable from patient to patient, it is common to use a ster-
ile, x-ray permeable sheath that surrounds the sensor.
For example, U.S. Patent No. 6,811,312 depicts a sheath
12 that surrounds a sensor 10 and cable 14. Such
sheaths are typically disposable, and are changed be-
tween examinations, so that no sheath is used for more
than one patient. In this manner, the sheath protects the
re-usable sensor from contamination. Protective
sheaths, however, have heretofore been used only for
the purpose of providing a hygienic barrier, and there has
been little or no efforts at utilizing them for any other pur-
poses.
[0007] On the other hand, conventional digital dental
radiography systems are not without their drawbacks.
For example, the connection between the sensor and the
processing module or computer is most conventionally
made via a cable. Such a cable, however, can be un-
comfortable for and annoying to the patient in whose
mouth the intraoral sensor is placed. The cable is also
bothersome to the dental practitioner when positioning
the sensor in the patient’s mouth.
[0008] In addition, the repeated acts of positioning and
re-positioning the cable, which involve a good deal of
bending, twisting and pulling of the cable, puts mechan-
ical stresses on the cable. These stresses can eventually
lead to cable failure, and indeed cable-related malfunc-
tions are one of most prevalent reasons for product fail-
ures and returns in this field.
[0009] One class of solution to this problem is to elim-
inate the cable altogether, and provide an electronic sen-
sor that communicates with a processing module or com-
puter over a wireless link. Such a solution has been set
forth, for example, in U.S. Patent Nos. 7,193,219 and
6,924,486. Such wireless solutions, while excellent for
their intended purposes, increase the complexity of the
sensor, and impose limitations on the amount of power
available to the sensor. Accordingly, such solutions may
not always be the most desirable.
[0010] Another solution that has been proposed is to
utilize a removable cable, which can be attached to and
detached from the sensor body by the dental practitioner.
Such a solution is described in U.S. Patent No.
6,030,119. This solution, however, does not solve all of
the aforementioned problems. In particular, while this ap-
proach may be effective to minimize the mechanical
stresses that are put on the cable, and to that extent
increases cable life and reduces cable failure rate, it does
little to address positioning problems and nothing to ad-
dress patient comfort problems, since large protrusions
are required to receive the detachable cable (see for ex-
ample projected portions 43 shown in Figs. 5 and 6 of U.
S. Patent No. 6,030,119). These protrusions hamper po-
sitioning efforts as much or nearly as much as the cable
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itself, and contribute significantly to overall patient dis-
comfort.
[0011] The short-comings of the apparatus of U.S. Pat-
ent No. 6,030,119 highlight why a wholly-satisfactory so-
lution to the cable problem has heretofore been so elu-
sive, namely as a result of the requirements of the cable
itself. On the one hand, the cable must survive multiple
cycles of bending, twisting and pulling during its lifetime,
and in that sense it is desirable to make the cable as
sturdy as possible. On the other hand, the cable should
be flexible, soft, comfortable and utilize a connection
junction as small as possible so as to provide simple po-
sitioning for the dental practitioner and allow comfortable
placement in the patient’s oral cavity during an x-ray ex-
am. These requirements, which in a certain sense are at
odds with one another, have heretofore prevented a so-
lution which addresses all of the problems presented by
the cable, including the positioning problems, comforta-
ble problems and failure problems, without detracting
from the overall performance of the system.
[0012] Accordingly, the problems presented by the ca-
ble in a wired digital dental radiography system have not
been adequately solved. At the same time, the auxiliary
component with which the electronic sensor is conven-
tionally used, namely the sheath, has heretofore only
served to provide a hygienic barrier between the sensor
and the patient’s oral cavity, and its presence and avail-
ability has yet to be exploited for any other purpose. Doc-
ument WO-A-94/12096 discloses a medical diagnosis
system according to the preamble of claim 1.

SUMMARY OF THE INVENTION

[0013] It is an object of the present invention to provide
an auxiliary component that is conventionally used for
one purpose, with additional functionality, so that the aux-
iliary component may be utilized for an additional purpose
or purposes.
[0014] It is another object of the present invention to
provide additional functionality to an auxiliary compo-
nent, that enables the auxiliary component to solve a
problem of the medical device.
[0015] It is another object of the present invention to
provide an electronic dental sensor that exhibits im-
proved positioning capability.
[0016] It is another object of the present invention to
provide an electronic sensor that is more comfortable to
the patient.
[0017] It is another object of the present invention to
provide an electronic sensor that exhibits a reduced cable
failure rate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is a block diagram of a first embodiment of the
present invention.

Fig. 2 is a block diagram of a second alternative em-
bodiment of the present invention.
Fig. 3 illustrates a sheath in accordance with an em-
bodiment of the present invention, having a pair of
conductive traces integrated therein.
Fig. 4 illustrates a sheath in accordance with another
embodiment of the present invention.
Fig. 5 illustrates a sheath in accordance with yet an-
other embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0019] The present invention equips a protective
sheath that is conventionally used to provide a hygienic
barrier between an electronic intraoral sensor and a pa-
tient’s oral cavity, with conductive capability such that the
sheath additionally functions as a conduit for signal and
power transfer to and from the sensor. More specifically,
in such an embodiment the present invention provides a
sheath with integrated conductive traces, so that the
sheath serves as an intermediate electrical connection
between the electronic sensor and a cable. The sheath
is disposable. The sensor communicates with conduc-
tors integrated into the sheath, and the conductors in turn
communicate with the cable.
[0020] The cable may be connected directly to a com-
puter or to an interface board in a computer, or may be
connected to an intermediate processing module. In the
latter case, communication between the processing
module and computer may be over a bi-directional wired
or wireless link. The computer, interface board and/or
processing module may perform control and processing
functions, which may include, among other things, con-
trolling the operation of the sensor, reading out data from
the sensor, effecting analog-to-digital conversion, exe-
cuting an event detection algorithm and processing data
read-out of the sensor into a form suitable for transmis-
sion, such as for example transmission from the process-
ing module to the computer.
[0021] In clinical practice, a sheath is typically dispos-
able and used for only one or a few examinations. Thus,
a marked advantage of the present invention is that the
sheath and its conductive traces will be subject to most
of the mechanical stresses to which the cable would be
subject in a conventional system, but because the sheath
is disposable, it need not meet the rigorous survival re-
quirements of a conventional cable. The cable in the
present invention, on the other hand, is not subjected to
the same mechanical stresses as a cable in a conven-
tional system, and will therefore exhibit a much lower
failure rate and a much longer life span.
[0022] A block diagram of an embodiment of the
present invention is shown in Fig. 1. Sensor 1 is sur-
rounded by sheath 2. The sheath may be made of a va-
riety of materials. Some examples include plastic films
(such as polyethylene, cellulose, vinyl, PVC and the like),
thermoplastic elastomers, silicones, rubbers and syn-
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thetic paper (such as Tyvek® and the like). Other syn-
thetic or non-synthetic materials may be used as well.
[0023] Integrated in the sheath 2 are miniature electri-
cal connectors 2a and 2b and a conductive trace 3 be-
tween the connectors 2a and 2b. Such components may
be integrated in the sheath 2 by a variety of methods,
such as for example by a lamination process. Other meth-
odologies which may be used include a direct deposi-
tion/printing process, a bonding/secondary assembly
process and a process in which the components to be
integrated are molded-in. Other alternatives exist as well.
[0024] Miniature connector 2a connects to the sensor
1 via a connection point provided on the sensor 1. Mini-
ature connector 2b connects to the cable 4 and conduc-
tive trace 3 provides for communication between the two
miniature connectors. Electrical signals are conveyed to
and from the electronic sensor 1 via the conductive trace
3. The electrical signals may be for example electronic
information signals and/or electrical power.
[0025] In one embodiment of the present invention, a
band, such as an elastic band, may be provided around
the sheath in the vicinity of the connector 2a to ensure a
proper connection between the connector 2a and the
connection point on the sensor 1. Cable 4 connects on
its other end to processing module 5, which in turn con-
nects to computer 7 via link 6. Link 6 may be wired or
wireless, and should provide for bi-directional communi-
cation between processing module 5 and computer 7.
[0026] Fig. 2 depicts an alternate embodiment of the
present invention, in which cable 4 connects directly to
computer 7, rather than via a processing module and
additional link. In this alternative embodiment, a special-
ized interface board may be housed in computer 7, which
interface board may receive signals from the cable in the
first instance. In either the embodiment of Fig. 1 or 2, the
connection to the computer may be via the PCI slot, the
ISA slot or the USB port.
[0027] In one preferred embodiment of the present in-
vention, trace 3 comprises multiple traces, such as for
example conductive trace 3a for conveying electronic in-
formation signals such as image data signals and control
signals, and conductive trace 3b for conveying electrical
power. This configuration is depicted schematically in
Fig. 3.
[0028] Alternatives to the configurations of Figs. 1, 2
and 3 are also possible. For example, as shown in Fig.
4 connector 2a might be replaced with a near field trans-
ceiver 2c integrated into the sheath 2, which can com-
municate with sensor 1 via near field coupling, such as
capacitive coupling, inductive coupling and the like. As
shown in Fig. 5, connector 2a might also be replaced with
an optical transceiver 2d integrated into the sheath 2,
which can communicate with the sensor via an optical
link. Combinations of the foregoing are also possible. For
example, both a near field transceiver and a miniature
electrical connector (or an optical transceiver and a min-
iature electrical connector) may be integrated into the
sheath in lieu of miniature electrical connector 2a alone,

such that data and control signals are communicated to
and from the sensor via the near field transceiver (or op-
tical transceiver) and power is communicated to the sen-
sor via the miniature electrical connector. Other varia-
tions are possible as well. In each of the foregoing vari-
ations, the sensor 1 is configured with near field trans-
ceiver or optical transceiver as well, which communicates
with the corresponding transceiver that is integrated in
the sheath 2.
[0029] The foregoing provides several concrete exam-
ples of how an auxiliary component that is commonly
used with a medical device may be modified to provide
it with additional functionality. As a result of such modi-
fications, the auxiliary component is made to perform an
additional function, wholly different from its conventional
function, and thereby solve a problem that has plagued
the device itself.
[0030] Moreover, it is understood that the above de-
scription and drawings are illustrative of the present in-
vention and details contained therein are not to be con-
strued as limitations on the present invention. Changes
in components, procedure and structure may be made
without departing from the scope of the present invention
as defined in the following claims.

Claims

1. A medical diagnostic system comprising:

a primary component (1) configured to perform
a main function; and
an auxiliary component (2) configured to per-
form a first ancillary function and further config-
ured to perform a second ancillary function sep-
arate and distinct from the first ancillary function,
wherein the primary component is an electronic
component, the first ancillary function is a me-
chanical function and the second ancillary func-
tion is an electrical function,
wherein the auxiliary component includes a me-
chanical sub-component that performs the first
ancillary function and an electrical sub-compo-
nent (2a, 2b, 3) integrated in the mechanical
sub-component that performs the second ancil-
lary function and
wherein the first ancillary function is to provide
a hygienic barrier around the primary compo-
nent surrounding the primary component pro-
tecting the primary component from contamina-
tion, wherein the second ancillary function is to
convey electrical signals to and from the primary
component, characterized in that the auxiliary
component is a disposable sheath.

2. A medical diagnostic system according to claim 2,
wherein the primary function is an imaging function.
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3. A medical diagnostic system according to one of the
claims 1 to 2, wherein the electrical sub-component
comprises at least one conductive trace.

Patentansprüche

1. Medizinisches Diagnosesystem, das umfasst:

eine primäre Komponente (1), die so konfiguriert
ist, dass sie eine Hauptfunktion ausführt; und
eine Nebenkomponente (2), die so konfiguriert
ist, dass sie eine erste Hilfsfunktion ausführt,
und die ferner so konfiguriert ist, dass sie eine
zweite Hilfsfunktion ausführt, die von der ersten
Hilfsfunktion getrennt ist und sich von dieser un-
terscheidet,
wobei die primäre Komponente eine elektroni-
sche Komponente ist, die erste Hilfsfunktion ei-
ne mechanische Funktion ist und die zweite
Hilfsfunktion eine elektrische Funktion ist,
wobei die Nebenkomponente eine mechani-
sche Teilkomponente, die die erste Hilfsfunktion
ausführt, und eine elektrische Teilkomponente
(2a, 2b, 3) beinhaltet, die in der mechanischen
Teilkomponente integriert ist, die die zweite
Hilfsfunktion ausführt, und
wobei die erste Hilfsfunktion darin liegt, eine Hy-
gienebarriere um die primäre Komponente vor-
zusehen, die die primäre Komponente umgibt,
wobei sie die primäre Komponente vor Konta-
mination schützt, wobei die zweite Hilfsfunktion
darin liegt, elektrische Signale zu und von der
primären Komponente zu übertragen, dadurch
gekennzeichnet, dass die Nebenkomponente
eine Hülse für den Einmalgebrauch ist.

2. Medizinisches Diagnosesystem nach Anspruch 2,
wobei die primäre Funktion eine Bildgebungsfunkti-
on ist.

3. Medizinisches Diagnosesystem nach einem der An-
sprüche 1 bis 2, wobei die elektrische Teilkompo-
nente zumindest eine Leiterbahn umfasst.

Revendications

1. Système de diagnostic médical, comprenant :

un composant principal (1), configuré pour ef-
fectuer une fonction principale, et
un composant auxiliaire (2), configuré pour ef-
fectuer une première fonction accessoire et en
outre configuré pour effectuer une seconde
fonction accessoire séparée et distincte de la
première fonction accessoire,
dans lequel le composant principal est un com-

posant électronique, la première fonction acces-
soire est une fonction mécanique et la seconde
fonction accessoire est une fonction électrique,
dans lequel le composant auxiliaire comprend
un sous-composant mécanique qui effectue la
première fonction accessoire et un sous-com-
posant électrique (2a, 2b, 3) intégré au sous-
composant mécanique et qui effectue la secon-
de fonction accessoire, et
dans lequel la première fonction accessoire con-
siste à procurer une barrière hygiénique autour
du composant principal, entourant le composant
principal pour protéger le composant principal
d’une contamination, dans lequel la seconde
fonction accessoire consiste à transmettre des
signaux électriques vers et depuis le composant
principal, caractérisé en ce que le composant
auxiliaire est une gaine jetable.

2. Système de diagnostic médical selon la revendica-
tion 2, dans lequel la fonction principale est une fonc-
tion d’imagerie.

3. Système de diagnostic médical selon l’une quelcon-
que des revendications 1 à 2, dans lequel le sous-
composant électrique comprend au moins une piste
conductrice.
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