HISTORY OF THE DURET RVG PATENT

Dr. Francois Duret on May 4, 1983 filed a patent for his invention of
RadioVisoGraphy as a viable means of detecting intraoral pathology of the dentition
and osseous structures of the patient. Patent number 2545349.

On June 2, 1983 Mr. Jean-Yves Sevestre, head of the Dental Division of Trophy
Radiology, wrote a letter (1A) to Dr. Duret indicating interest in the advancement of
Dr. Duret's research and proposed a possible collaboration on the project. Dr. Duret
did not respond to the letter and at no time was there another letter sent to Dr.
Duret to inquire about his desires or concerns. The letter was not delivered by
certified or registered mail.

The Trophy Company in June 1983, March 1985, February 1986, April 1987, July
1990, and February and April 1991 filed patents to develop an RVG system which is
in effect Dr. Duret’s patent of 1983.

The important facts are as follows; Dr. Duret’s patient was filed on May 4, 1983,
Trophy Corporation letter was sent to Dr. Duret on June 2 of 1983 but the Trophy
patent was filed on June 16, 1983.

At no time did the patent office or the attorneys for Trophy Radiology inform Dr.
Duret of an impending patent which was infringing on his original patent.

Dr. Duret is the inventor of the RVG and did not give a license or agree to have
Trophy Radiology use his patent to develop the RVG.

The letter of January 11, 1993 from Trophy Radiology, in response to Dr. Duret’s
letter, does not indicate that they do not want to have their patent used but instead
they are refering to only the RVG TROPHY SYSTEM (1B). The company knows that
Dr. Duret is the inventor of the RVG and that they followed his concept to develop
their own RVG System.

Therefore, with consultation with Trophy, we desire to fully develop and to have a
company or companies manufacture and sell the DURET (DRI) RVG SYSTEM.

The last letter (I C) by Dr. Duret to Trophy Corporation stating his desire to develop
his RVG was sent by registered mail and received by Trophy on January 19th and a
copy of the registered mail receipt is enclosed in the communication section
between Trophy and Dr. Duret. Trophy Corporation was to have given a reply date
of January 24th and Dr. Duret has not received a reply relative to his desire to
develop his invention.

Therefore it is apparent that the way is clear to develop the Duret system.
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trophy radiologie
radiologie, cardiologie, matériel médical
Vincennes, le 2 Juin 1983
Monsieur DURET
Rue Paul Claudel

38690 - LE GRAND LEMPS

Monsieur,

Nous avons été treés heureux de vous rencontrer & Nice et
avons écouté avec intérét la nature des recherches que vous

entreprenez actuellement sur un systéme d'imagerie dentaire en
temps réel.

Nous serions intéréssés de suivre l'avancement de vos travaux
et peut &tre pourrions nous définir une collaboration tant
financiére, technique que commerciale.

Dans l'attente de vous lire, nous vous prions d'agréer, Monsieur,
l'expression de nos salutations distinguées.

JY SEVESTRE
DIVISION DENTAIRE

—



June 2, 1983 Monsieur Duret (TRANSLATION OF THIS LETTER)
Sir:

WE WERE VERY PLEASED TO MEET YOU IN NICE AND WE ARE LISTENING
TO YOU WITH INTEREST ABOUT YOUR ACTUAL RESEARCH ON A DENTAL
IMAGING SYSTEM IN REAL TIME.

WE ARE SERIOUSLY INTERESTED IN FOLLOWING THE ADVANCEMENT OF
YOUR HARD WORK PERHAPS BEING TOGETHER WE DEFINE ONE
COLLABORATION SO FINANCIAL, TECHNIQUE IS COMMERCIAL.

IN EXPECTATION OF YOU READING THIS, WE PRESUME TO ACCEPT, SIR,
THE EXPRESSION OF OUR SINCERE SALUTATIONS.

JY SEVESTRE
DIVISION DENTAIRE
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NETHOD FOR THE ACQUIBITION OF THE SHAPE oy HUMAN ORGANS
OR PATHOLOGICAL ANOMALIES AND DEVICE FOR XITS IWLH(MATION

Applicant; ' Francois Duret
Inventor: ' [Not given)
Representative; Germain et Mauraau

The prasent invention Telates to a methed for the
acquisition of the shape of human organs or pathological
anoudlies and the device for its implamentation.

There exist dirferent methods for the asquisition of the
shape of a human organ.
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Tha first consists of using X-rays vhich are perfactly
suited for visualizing the conteur and density of bone but which
present the dravback of being dangerous beyend a cartain valus of
irradiation; also, they cannot be used except for & very short
period.

In addition, X-rays give only an imperfact image of
nonosseous tissues, particularly soft tissues.

. Othar maethods which use ultrasound, infrared or NMR (nuclear
magnetic resonance) and 8+ radiation have the advantage of not
being dangercus, of giving a good image of the tissues, -and of
permitting the 1ocalisat1oh of a zone of heating with regard to,
for example, infrared radiation, but they do not give a preciss
izage of the oswseocus uwasses, or [do so] only at very high costs
requiring extensive implemantation. :

The eximting techniques thus present a considerable lack in
cartain applications, such as the monitoring of an intervention
in the dental, gastroenterclogical or pneunolegical fields, and
they often make it imposeible to monitor a surgical procedure
whether in madicine or eleswhera.

For this purpose, the methed which the invention deals with
consists in conducting two [operations of] acquimition of shapes
of the organ or organs considered, simultanecusly or with a very
glight delay in time, respectively, with X-rays and with other
radiation, for example ultrascund, infrared or NMR, followad by
the processing of these two types of information té obtain an
image resulting from the superposition of two types of
aoquigition of shapa.

The superposition of the data obtained from the operations
of acquisition of shape permits the visualization of a good
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omsaous contour thanks to tha X-ray and the visualization of soft
tissua organs or contours thanks to the othar type of radiation.

According to an advantageous embodipent, this mathod
consigts in oconducting, after the initial double acquisition of
shapes, continuously or at predetarmined time intervals, new
operations of .aqutoition using a second radiatien, for .xanélo
ultrasound, ingrared, NMR or B+, and in superposing the images
obtained in thig wanner over the initial image obtained with X-
rays.

The image obtained with ultraseund radiatien should be used
particularly to follow dynamically general movements of benes or
to maonitor an intervention in the zone studied. The image
obtained frem infrared radiation should be used particularly to.
visualize physiological or pathological tempexature increases.

Otheyr characteristics of the invention will bedoms clear
after the follewing description of a certain number of
embodipents of this mathod and 8 device to realize saiqa
exbodigents with reference to the appended diagrammatic drawing
in which:

Figure 1 is a blook diagram of the realizatien of the two
initial operations of acguisition of shapas;

Figure 2 is a block diagram corvesponding to several
successive operations of acquisition of shapes;

Pigures 3 and 4 are two diagrammatic views of tha adaptation
of two different operations of acquisition of shapes;

Figures 5 and 6 ars twe viaws, one in a perspective view and
one in c¢ross section, of an apparatus for the opsrations of
acquisition of shapes of a part of tha lower jaw;




Pigure 7 is a top view of tha lower jawv and of two
apparatuses parmitting the acquisitien of shapes;

Figures 8 and 9 are two views, one in cross section and one
from below, respectively, of an apparatus parmitting opexations
of acquisition of shapes of a part of tha uppor jJav of an
individual;

Figure 10 iz a very diagramsatic view of an X-ray capturing
device;

Pigures 1l threugh 13 represent three devices for the
implementation of an acguisition of shapes;

Pigwe 14 is a general view of an apparatus parmitting the
woquisition of the shapes of the jaw of an individual from the
exterioyr of the jaw; x :

Figure 15 is a detailed view of a part of this apparatus.

As shown in rigure 1 of the sppanded dilagrammatic drawing,
the method according to the invention consists in sonducting an
scquisition of shapes of the zone to be studied through the
intormediary of X=ray (1), in conducting an analog-digital
conversion of the inforvation ¢ollected in a sone (2), in storing
this information at (3), in making a ekxeletal represantation at
(¢) of the contour of thae shapes which have basen acquired and of
storing them at (5), then simultanecusly or after a vary short
time dalay, in initiating from a cloek (6) an acquisition of
shapes by means of infrared, ultrasound, NMR or B+ radiatioh at
(7), in conducting an analog~digital conversion at (8) of tha
information colleeted, in processing, at the level of intarface
(9) or zone (10), the information from the capturing (7) and the
zone of storage (1) of the contour, in order to realize a

- vvi
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superposition of these two images at (11) whiech can then be
stored in mesory (112).

To the extent that subsequent capturing operations ave
conductad with the second radiation, the aoquired shapae is
Buperposed over the initial shape of the contour obtained with Xe
rays and stored in memory (8).

According to another one of its characteristics, this mathod
congiats in realizing an adaptation of one or the other images to
be superposed to permit a correct superposition of the images.

This adaptation of one or tha other of the images is
necessary to obtain a good superposition, to the axtant that tha
enjitter and/or receptor may be shifted during the operations of
acguigition of shapées after the initia) operations, with respact
to the objact itsgelr, or to the extent that the emitters and
receptors of the two typas of radiation have different positions
from each other and are independent. |

Plgure 3 rapresents a block diagram in which box (13)
reprasents the acquisition of shapes by means of X-rays, with
representation in skeletal form of tha contour of the shapes at
(14) before storage at (15).

The operation of acquisition of shapes by ultrasound,
infrarad or other radiation at (16), which is conducted
simultanecusly or naarly at time t0, producas a fuasy definition
of the osseous contqur, but the definition is clear and with
numerous details which cannct be defined by X-rays, of a dudet
(17), for example. This form is represented in skaletal form in
(18), then, after treatment [is) superposed at (19) over tha
contour stored at (15), to obtain the imege shown at (20). At a
later period ti a simple opsration of acquisitioen of shapes with
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ultragound, infrared or other radiations at (22) is conducted,
vhich gives yise to tha representation in skeletal Zorm at (23),
with the skeletal image being treated with raspect to the initial
contowr ugsing an adaptor which is represanted diagramantically at
(19) producing at (24) an image obtained by the superposition of
the stored contour obtained by X-rays and the shapes aoquired at
(22) by ultrasound, infrared or othar radiations, allowing, for
exanple, viewing probe (28) inside duct (17).

The adaptation of one or the other of the two images to pe
superposed San be obtained by using refarences consisting of a
system of three points at least, or a grid, as diagramsed in
Figure 3 before transformation to skeletal forw, The three
points or end points (grid/frame) are attached to the objact, and
will therefors undexge a change in shape if the angle of analysis
of the captors varias with respect to the line perpendicular to
the plane.

It is enough for the zoftware to deform the image obtained
until an axact superposition with a theoretical model of the grid
is attained. The deformed global image corresponds necassarily
to the same incidance as that of the initial view, and
consequently the second view is superposable over the storad
X-ray image of the first view. The principle can be repeated n
tises in real or delayed time during the entire analysis.

‘The advantage of this method is that it wakes thae software
of aorrection and analyzed image indapendant of sach other, and
that thig correction can be made before trangformatien to

skeletal form.




The adaptation of two views can be made taking into
considaration the contours, as shown in Figure 4, where tha
conptour obtained by X-rays as the reference (36), sfter
transtormation to the skaleta)l form and the acquisition of shapss
attained by ultrasound initially carries reference (27), ensuring
the obtention of image (28) by a superposition whioh must be
adapted, (for later use), in view of its superposition over an
image (39) acquired later. After adaptation, contour (28) was
wodified to form centour (30). .

The second mathod of dynamic correstions consists in using
a8 3 base the knewledge of particularly clear and visible
structures during the first ultyasound or infrared raading
(contouxr of a vessel--osseous margin), in assodiating that
Knovledge with the reading of the X-ray view and in modifying the
new remding as 8 function of the deformations in the projection
of this organ onto the captor, '

This system has the advantage of making unnecessary tha use
of refarences on the object, which requires a more complex
software,

This adaptation can also ba eonducted dynamically by
progressive corraction during the deformation resulting from any
phenomenon, by acting on the vectors of the iwmage, which allows
superposition at any time.

The prinociple of superposition of several images originating
from, on the one hand, X-rays and, on the other hand, frem
intrared, ultrasound or NMR radiation, sllowe the monitoring:

- of a treatument procedure in the organ studied, such as
penastration of a nerve extractor into a tooth, while preserving a
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fairly (clear) image of the tooth, thanks to the contour obtained
vwith X-ray or,

v of a8 mvenent of the organ itself such as wmandibular
Botlun, associaking tho aynamia study of the movement of the
mandible vith a gtatic viev, while incorporating a certain number
of data to detect posgibla pathologies.

It is possible to asasocaiate with the operations of
acquisitions of shapes indicatad above values of
electromyographic recordings for the study of joint or mimic
(facial] movements (ODF [expansion unknown}). .

After having conducted the two initial cperations ot
acquisition of shapes, it is poesible to moniter the movamentu of
the mandible, thanks to ultrascund or infrared radiatien which
provides information on the trajectories and £low rates of
ciroulation and of musole contractions, which can he sonfirmed by
¢lectrowyography.

On the subject, during the movemants, if the analysis doals
exelusively with an organ in movement, 1t would be apprepriute to
kXeep 46 information of intaxest for tha analysis only points
whose vedtoriasl information must bs changed. It is known that
pathematically a point which varies [moves] in space, has a
vector which changes, while a fixed point does not vary [wova).
By applying this principle to the analysis describad above, it
will be possibla to wonitor only the dynamic movements on a
perfectly clear (X-ray) and static background.

Tt will ba possible to wmonitor the movement of the musocles
of a lag without opening, as it will bs possible to monitor tha
prograession of a medical instrument (nerve extractor-probe, eto,)
practically without using any X-rays.




Thus, in asgoociation with elactromyography or any other

diagnostic mathod, progress in therapesutic research will thus be
wade,

It is therefors of intersst to use this method for
endodontic, prosthetio, periedontic, pedodontic or surgical
diagnoses in medicine and dentistry.

Thue, in endodontics it i possible to monitor the Progress
wade by milling instruments with respact to the pulp, the use of
intrared radiation indicating a possible heating of the pulp,
Similarly, it is posaible to wonitor the progress of sndocanal
instruments, thus avoiding traume to the pariapex, to provide
guidance to the movements of the practitioner.

The extremities of the instruments used can be squipped with
an infrared emittar to ba better detsotable (heating of the tip).
In the same manner, tha use of infrared or ultrasound

radiation agsociated with the gontour [wvhich is) stored in
BOMOYY, obtained by X-rays, allows the localisation and diagnosis
of inflammatiens, oysts or other pathologies and the
localizatien, without danger and at a mavigum of precision, of
the lesions,

On this subject, it should ba noted that until now tha
association of an artificial coloring always referred to grey
levels (batter visual diécrimination). It is proposed to index
the colors not by grey levels of an image, but by the increases
in temperature noted with thae ultrasound, infrared and other
techniques. The monitor would thug present a colored view in
vhich each coler would be a function of temperature. Thae
teuperature could reflect a pathological indication, and thus it
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would be possidble for the practitioner to visualize the sengitive
sones.

XIf the colors are automated by a connsetien to a pathology
table, it would be possible to make a suggasted diagnosic as a
function of the response to the method used (difference batween
cyst-granuloma-~infection, eto).

The application of this method in dental prasthesis allews
(ohe] to locate the sxact connestion of tha tooth to be treated
and neighboring and antagonistic teeth with regard to bona level,
and to better learn its mobility {n all the directicns and,
consequently, its value as support and possibilities for
dvilling. 5

For this purpose, tha datermination of tha pulp volume and
above all its reaction to drilling is visualized by means of
infrared and ultrasoynd radiation to provide a maximum of details
(X-ray stored). An increase in temperaturs can manifest {tself

@W“ by a visual signal (different colors) or by a sound signal. The
mobllity can be ranked by the displacexent of a limit represented
in skeletal form of the teeth.

In the figld of periodontology, the method accerding to the
invention allows one to determine osseous, circulatory and
nervous pathologles to better learn where to act and algo how to
monitor the action of the inatruments during the procedurs and
after, using the techniques dageribed above.

In surgery, it is possible to localizae the tumors, the
organs, the bones, the teeth, while at the same time monitoring
the procedure being carried out and while studying the
connections within the zone which is the objeot of the analysis
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vith regard to veins wnd arteries nangly. The monitoring of the
displacement of the instrument allows one to aveid aceidents,

The davice ror the implementation of this method couprises
an emitter and receptor of X-rays located on both sides of the
one to be anulysed, and an enitter-raceptor for another
radiation, ultrascund, infrared or NMR, located on the sare side
of the szone to be analyzed, which is the side on which the X-ray
omittear is lqcated.

rigures S and 6 of the appended diagrammatic drawving
represent an apparatus intended for the acquisition of shapes of
several teath of a lower jaw. This apparatus ‘comprises an arch
(32) intended to cover tha zona to bs studied, which is kept in
place with respect to it (the zone], by weans of a plate (33)
vhich rests against the chin of the patient.

The proximity of the two edges of the arch are provided with
canulas (34) for the suction of saliva.

on both sides of the arch (32) two small arches (38) are
also provided which serve as a support for the. cotten (36) whieh
absorbe the saliva, Ona of arches (35) carrias assembly (37)
comprising X-ray emitters, as well as an emitter-receptor for
another radiation, ultrasound, infrared or NMR, while tha other
arch (35) carries receptor (38) for X-rays.

This device is& shown in cross section in rigure 6.

Figure 7 represents a jaw squipped with two types of
apparatuses, a rectilinear apparatus (39) on its left side, suoh
as the ona shown in Figures & and 6, and in its central part an
apparatus (40) along the curvatura of the jaw.

Pigures 8 and 9 of the drawing represent an apparatus
intendad for the acquisition of shapas of the upper part of the
Jaw. Forxr this purposa, this apparatus (42) compriges at lsast
one elagtic arch (43) which can apply pressure against teath (44)
to which it mugt ba attached.



On the side of tha chweex, arch (45) is provided, which
supports the cotton (46) wnich abvsorbs the saliva., Thig
Apparatus (42) carrias auitter~recaptor agsemblies (37) anda (38)
placed on both wides of the tooth, aimilar to those described
with referance to Pigurec 8 and 6. :

IC should be noted that the emitter and the raeceptor of X-
ray radiation can possibly ke withdrawn after the first
acquisition of tha shapes sinos Cthey are no longer used for the
remainder of the procedurs. Under such conditiona, it ig
necessary to preserve a striot referancing, tQo attach to the
organ studied any raeference independent of the emission and
capturing system.

Advantageously, and as shown in Figure 10 of the Arawing,
the X-ray receptor comprises a saintiliator (47), u system for
the transwmission of information through optical fibers (48) or by
Reans of a mirzor towards a captor such as a watrix or linear cep
photosensor (49). :

The purpose of the scintillator is to transform the X-ray
radiation into photons which can be analyzed by a CCD or a
vidicon tubs. If the photon analysis system is not in the mouth.
of tha patient, an optical fibar placed bahind the sointillatox,
or another system which transforms the X-rays into photons,
transnits these photons to a CCD or a vidicon tube.

The usa of a CCD ia of great interest because it allovs a
waximun efficacy with a minimum of radiation, both with regard to .
the definition of the image ana its digitization,

The infrared immge is uged with a capturing by vidicon tube
or CCD sensitive at this frequancy.
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In the ambodiment snown in Figure 11, the emitter (%50) of X-
rays and the receptor (52) are located on both sides of zone (53)
studied, with emitter-receptor (54) of the other radiation being
located on the same side as emitter (50). Recepter (52) and
enitter-raceptor (54) form an angls a which should be as amall as
possible to avoid the deformation of the image obtained By the X-
ray radiation in comparison to that obtained by the othar
radiation. Por this purposs, it is possible to play on [changs
as nesded) the foousing of the infrared or ultrasound radiatien;
both radiation types obey the laws of traditional opties.

In the embodiment form shown in Figure 12, amittsr (55) and
receptor (56) of X~ray radiation are located on beth sidag of
objact (57) to be analyzed. The enmitter~receptor (58) of the
other radjation concentrically surrounds emitter (55).

In the embodiment shown in Figure 13, in which the game
elements are designated by the same references as used in Figure
12, the emitter~-receptor of the other radiation is not centered
with respect to emitter (55) but shifted with respect to {t.

This implies the necessity of adapting one of the inages to the
other omna.

Figures 14 and 15 represent an apparatus which permite the
acquisition of the shapes or the jaw of an individual from the
outside, roquiring perfect immobility of the patient. For thisg
purpose, & head support (59) and a device (60) for supporting the
heck of the patient are provided, with emitters-recaptors (62,
63) being placed on both sidaes of the jaw and intricately
connaectad with a link (64) in the form ¢f a helmet. This systam
can bs attached to tha practitioner’s chair.
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As shown above, the invention provides a great improvement
to the existing technique by supplying a method which, when
implewented, allows a cunulation of the advantages of saveral
traditional methods, without the drawbacks of those methods.

Naturally, the invention is not limited to only tha -
eubodiment of the method or embodimenta of tha device described
above, on the contrary, it covers all variants. Thus, notably,
the enitter-raceptor assembly for radiation other than X-ray
radiation can be located on the side of the X-ray receptor.

Slsims

1. NMethoa for the acquisition of the shape of human organs
or pathological anomalies for dynamic monitoring of an
intervention, comsisting in conduocting a doubla aoquisition of
the shape of the organ(s) considered, on the one hand, with Xeray
radiation and, on the other bhand, with ultrasound, ' infrazed or
NMR radiation, for sexample, characteriged in that it censists in
first realizing, in a known manner, two ocperations of scquisition
of the shape of the organ(s) considered, simultanecusly or with a
very slight time delay, respectively, with X-ray radiation or
with another radiation, for example ultrascund, infrared or NMR,
(consisting) in treating these two types of information te obtain
an image resulting from the twe operations of acquisition of
shapa, and then in conducting continuously, or at predatermined
time intervals, new operations of acgquisition using the second
radiation, ultrasound, infrared or NMR, and in the superpogition
of the images obtained in this manner with the infitial image
ebtained using X-rays.
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2. Method according to claim 1, charvacterized in that it
consists in conducting an acquisition of the shapes of the gone
t0 be studied thrangh tha intarnediary of X-rays (1), in
conducting an analog-digital conversion of the information
collected in a zone (2), in storing this information at (3), in
transforming into a skeletal form at (4) the oontour of the
acquized shapes and in storing them at (5), and then,
simultanecusly, or after a vary short time delay, in initiating
from olock (6) an operation of acquisition of the shapes by msans
of infrared, ultrasound or NMR radiation at (7); in conducting an
analog-digital conversion at (8) of the information collected, in
processing at the level of interface (9) or sons (10) the
information frow capturing (7) and from the gone for storage (1)
of the contour, in order to realize a superposition of these two
izages at (11) which oan then be stored in wemory (13) .

3. Method according to any one of Claims 1 to 2,
characterized in thet it consists i{n preparing an adaptatien of
one or the other of the images to be superposed, in order to
allow a correct superposition of tha images.

4. Method aceording to Claim 3, characterized in that tha
adaptation of one of the images for its superposition over ths
other image is obtained by a reference system comprising at least
three points, such as a grid or a frame, attached to the o¥gan
whose shape is to be acquired, the grid of one of the iwages
being deformed if necessary, bafore transformation to the
sKoletal form, in order to provide for auperposition with the
grid of the other imaga.

5. Method according to Claim 3, characterirzed in that the
adaptation of one of the images for superposition over the other
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inage is obtained by deformation of the contour of the image
considered, before transformation to skaletal form of the centour
of the twe images.

6. Device for the implementation of the xathod according to
any one of Claimg 1 to 8, characteriged in that it couprises an
enittar (50, 35) and a raceptor (83, 56) for X-ray radiation
located on both sides of zone (53, 87) to be analyzed, and an
enittar~receptor (54, %8) for another radiation, ultrasound,
Infrared or NMR, located on the saxe side of the zone to be
analyzed, which is the sida on which the X-ray enitter is
located. '

7. Device according to Claim 6, characterized iam that it
comprises a scintillator (47), a wystem for the trangnission of
information by optical fibers (48) or by a mirror, towvaras a
5en8or such as s matrix or linear CCD photosansor (49).

8. Device acoording to any one of Claims s and 7,
characterized in that in the case of its application to the
acquisition of the shapa of teath, it comprises a pieca (34, 43)
in the form of an arch, intended to cover the part of the Jaw
couprising the zone to be studied, and carrying, at its
extreuities, on the one side (37) the X-ray emitter and the
smitter-receptor for the other radiation, and en the other side
the X-ray receptor (3s).

9. Device acoording to Claim 8, characterized in that the
part (34, 43) in the form of an arch, and tha emitters and
receptors (37, 38) for radiation are attached to the
practitioner s sgeat.
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