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The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.
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of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).
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Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING
SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is a continuation of and claims priority in Serial No.
13/367,150, filed February 6, 2012, which is a continuation of Serial No. 09/452,348, filed
December 1, 1999, now U.S. Pat. No. 6,381,301, and claims priority in Serial No.
12/250,423, filed October 13, 2008, now U.S. Pat. No. 9,126,112, which is a continuation-in-
part of Serial No. 11/932,809, filed October 31, 2007, now U.S. Pat. No. 8,073,101, which is
a continuation-in-part of Serial No. 11/224,472, filed September 12, 2005, now U.S. Pat. No.
7,839,970, which is a continuation of Serial No. 10/351,567, filed January 24, 2003, now
U.S. Pat. No. 6,944,262, which is a continuation-in-part of Serial No. 10/134,153, filed April
27, 2002, now abandoned, which is a continuation of Serial No. 09/452,348, filed December

1, 1999, now U.S. Pat. No. 6,381,301, which are all incorporated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0002] The present invention relates generally to dental and orthopedic diagnosis

and treatment, and in particular to a densitometry modeling system and method.

2. Description of the Related Art

[0003] The field of dental diagnostics is generally concerned with locating
pathologies in the dental structure, i.¢., the teeth and the surrounding tissue and bone. Three
of the most common pathologies are: 1) caries associated with decay; 2) fractures; and 3)
apical abscesses. The system and method of the present invention are primarily, but not

exclusively, concerned with detecting these pathologies and with orthopedics.

DN 2932.2
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[0004] Early detection of dental pathologies is very important in minimizing
damage. Conventional diagnosis procedures are generally performed using dental X-rays
(both fixed beam and scanning beam), explorers, and other conventional equipment.
[0005] Incipient caries, particularly those located beneath the enamel surface,
often go undetected with conventional equipment. When such caries are finally found,
considerable damage to tooth structure may have already occurred. Subsurface, incipient
caries are located almost entirely within the enamel layer of the teeth. They are sometimes
referred to as “smooth surface” caries and are particularly difficult to locate using
conventional diagnostic equipment and procedures. By the time such incipient caries are
located, the extent of the damage is often 17% to 23% greater than it would appear to be on a
conventional X-ray negative.
[0006] Dental fractures can result from bruxism (teeth grinding), trauma, etc.
Dental structure which is weakened by various causes, such as decalcification, is particularly
susceptible to fractures. Fractures can assume various configurations, including craize line
patterns. Fracture patterns and configurations can be particularly difficult to locate using
conventional X-ray equipment and procedures. For example, fractures which are generally
parallel to the X-ray beam are often undetectable on an X-ray negative. Undetected, and
hence untreated, fractures can provide direct paths through the enamel layer of the teeth
whereby bacteria can invade the dentin and pulp layers. Pathologies in the dentin and pulp
layers are often associated with considerable pain and tooth loss.
[0007] Apical abscesses comprise yet another dental condition which can be
difficult to diagnose with conventional equipment, particularly in the early stages. Advanced
apical abscesses can cause considerable pain because they involve the neurovascular bundles

located in the root canals. Early detection of apical abscesses can lead to appropriate, early-
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-3-
stage treatment, thus avoiding advanced disease processes with resultant pain, swelling,
and/or space involvement which left untreated could ultimately result in death.
[0008] Tomography or sectional radiography techniques using scanning X-ray
beams have previously been employed for dental applications. For example, U.S. Patents No.
4,188,537; No. 4,259,583; No. 4,823,369; No. 4,856,038; and No. 5,214,686 all relate to
dental X-ray diagnosis utilizing scanning techniques and are incorporated herein by
reference.
[0009] In the medical field, densitometry procedures are used for measuring bone
morphology density (BMD) by utilizing scanning X-ray beam techniques. Examples are
shown in U.S. Patents No. 5,533,080; No. 5,838,765; and Re. 36,162, which are incorporated
herein by reference. Medical applications of densitometry include the diagnosis and treatment
of such bone diseases as osteoporosis.
[00010] The availability of relatively fast computers with large memories at
reasonable costs has led to the digitalization of X-ray images for mapping BMD models in
various formats. For example, BMD images use color to identify varying densities. Digital
BMD patient models are also used for comparison purposes with standard models and with
patients' own prior BMD histories. Age correction factors can be applied to patients' models
for diagnosing and monitoring the onset and progress of such medical conditions as
osteoporosis and the like. The present invention utilizes such densitometry modeling and
mapping techniques for dental applications.
[0010] In addition to pathology detection and diagnosis, the present invention has
applications in monitoring osseointegration. Osseointegration occurs at the interface between
bone structures and prostheses, such as implants and replacement joints. For example, dental

implants osseointegrate with patients' dental structure. The application of tomographical
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4-
densitometry techniques to osseointegration monitoring can provide the dental or medical
practitioner with important information in evaluating the effectiveness of implant procedures.
[0011] Heretofore there has not been available a system or method for applying
the technology of densitometry to dental and medical applications such as the detection of
caries and decalcification and the monitoring of osseointegration in connection with dental

and medical prostheses.

SUMMARY OF THE INVENTION
[0012] In the practice of the present invention, a dental and orthopedic
densitometry modeling system utilizes a controller with a microprocessor and memory. An
input device inputs data to the microprocessor for controlling the operation of the modeling
system and for providing a database including densitometry parameters for comparison with a
patient's densitometry model. The controller controls the operation of X-ray equipment,
which is adapted for scanning patients' dental and orthopedic structures along
preprogrammed scan paths. The X-ray output is processed by the microprocessor for creating
a densitometry model, which can be output in various formats. In the practice of the method
of the present invention, a patient and the X-ray equipment are positioned relative to each
other. A controller is preprogrammed with a scan path and with data corresponding to the
patient. The X-ray equipment emits and detects X-ray beams at first and second energy levels
to provide densitometry output. The densitometry output is digitized and merged to provide a
tomographic model, which can be compared to predetermined parameters unique to the
patient. The model can be output in various formats, including a visual image color-coded to

depict varying dental and orthopedic structure densities.
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-5-
PRINCIPLE OBJECTS AND ADVANTAGES OF THE INVENTION
[0013] The principle objects and advantages of the present invention include:
providing a dental and orthopedic diagnostic application for densitometry; providing such an
application which includes a method for modeling dental and orthopedic structure using
densitometry; providing such a method which includes dual-energy, X-ray emission and
detection; providing such a method which includes providing a color-coded output model
showing dental density; providing such a method which detects incipient caries; providing
such a method which is adapted for detecting decalcification beneath the surface of the dental
enamel layer; providing such a method which employs scanning X-ray techniques; providing
such a method which utilizes commercially available tomography equipment; providing such
a method which detects dental fractures; providing such a method which detects dental apical
abscesses; providing such a method which detects dental pathologies at the micron level;
providing such a method which facilitates the monitoring of decalcification in dental
structures for determining appropriate treatment; providing such a method which is adaptable
for monitoring osseointegration; providing such a method which can be practiced with
relatively minor changes to existing densitometry equipment; and providing such a method
which is economical in operation and particularly well adapted for the proposed usage
thereof.
[0014] Other objects and advantages of this invention will become apparent from
the following description taken in conjunction with the accompanying drawings wherein are
set forth, by way of illustration and example, certain embodiments of this invention.
[0015] The drawings constitute a part of this specification and include exemplary

embodiments of the present invention and illustrate various objects and features thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Fig. 1 is a schematic, block diagram of a dental and orthopedic
densitometry modeling system embodying the present invention.
[0017] Fig. 2 is a flowchart of a dental and orthopedic densitometry modeling

method embodying the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

I. Introduction and Environment

[0018] As required, detailed embodiments of the present invention are disclosed
herein; however, it is to be understood that the disclosed embodiments are merely exemplary
of the invention, which may be embodied in various forms. Therefore, specific structural and
functional details disclosed herein are not to be interpreted as limiting, but merely as a basis
for the claims and as a representative basis for teaching one skilled in the art to variously

employ the present invention in virtually any appropriately detailed structure.

IL. Dental Densitometry Modeling System 2

[0019] Referring to the drawings in more detail, the reference numeral 2 generally
designates a dental and orthopedic densitometry modeling system embodying the present
invention. The system 2 includes a controller 4 with a microprocessor 6 connected to a digital
memory device 7. The hardware components of the controller 4, i.e., the microprocessor 6
and the memory device 7, can comprise any of a number of suitable hardware devices which
are commercially available and are suitable for this application. In addition to various
programable logic devices (PLDs) and special-purpose microprocessors, general purpose,

commercially available personal computers can be utilized in the controller 4. The controller
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-7-
4 can be programmed in any suitable manner utilizing any of a variety of commercially
available programming languages and software development systems.

[0020] The microprocessor 6 is adapted to receive input from one or more input
devices 8, such as a keyboard, a pointing device (e.g., a mouse), a communications link, or
another computer. Without limitation on the generality of useful data which can be input via
the input device(s) 8, such data can include: 1) a patient's dental and orthopedic records,
including previous tomographical densitometry models; 2) baseline tomographical
densitometry models, which can be adjusted to accommodate for such factors as age, gender,
size, weight, etc.; and 3) a preprogrammed scan path for the X-ray equipment.

[0021] The microprocessor 6 controls a positioning motor 10 which is operably
connected to X-ray equipment 12 and is adapted for moving same through three axes of
movement. Examples of X-ray equipment adaptable for use with the present invention are
disclosed in U.S. Patents No. 5,533,080; No. 5,838,765; and No. Re. 36,162, which are
incorporated herein by reference. The X-ray equipment 12 includes an X-ray beam source 14
and a detector array 16. The X-ray beam can be suitably collimated to assume any suitable
configuration, such as fan, pencil, cone, etc. With the scanning technique disclosed, a
restricted (i.e., collimated) beam is preferred. The source and the detector array 14, 16 are
adapted for positioning on either side of a patient's dental/orthopedic structure 18.

[0022] Analog signals from the detector array 16 are output to an analog-to-digital
(A/D) convertor 20, from which digitized signals are transmitted to a merger device 22 for
merging into formats suitable for processing and analyzing by the microprocessor 6. The
microprocessor 6, using data from the merger device 22, creates a tomographical
densitometry model 24 which is transmitted to an output device or devices 26. Without

limitation on the generality of useful output devices 26, it can comprise a monitor, a display,
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-8-
a printer, a communications link, and/or another computer. For example, a color printer can
be utilized to provide a color-coded graphical representation of the tomographical
densitometry model 24. The color coding can correspond to densities, thus identifying
potential problem areas where decalcification has occurred and resulted in lower density. The
tomographical densitometry model 24 can also be useful for monitoring osseointegration,
since the density of the dental/orthopedic structure 18 (tissue and bone) in the vicinity of an
implant 28 or other prostheses can provide an important diagnostic tool for the use of the
dental or medical practitioner in assessing the effectiveness of an implant or prosthetic
procedure. The tomographical densitometry model 24 is also entered into the computer's

memory device 7.

[II. Dental and Orthopedic Densitometry Modeling Method

[0023] Fig. 2 is a flowchart of a dental and orthopedic densitometry method
embodying the present invention. The method steps include positioning a patient and
positioning the X-ray equipment relative to the patient, i.e., with the patient's
dental/orthopedic structure to be examined located between the X-ray source 14 and the
detector array 16.

[0024] Diagnostic parameters are input to the system and can comprise, for
example, the patient's prior tomographical densitometry models and standardized models.
The tomographical densitometry models can be corrected and/or adjusted to account for a
patient’s age, gender, physical characteristics, etc. The input diagnostic parameters can be
stored in the computer's memory device. A scan path for the X-ray equipment is
preprogrammed in the computer.

[0025] The scanning procedure is commenced by collimating a first energy band

beam, detecting emissions from same with a detector array, and converting the analog output
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of the detector array to a digital signal. The digital signal is output for storage in the
computer. The steps of collimating the energy band beam and detecting, digitizing and
storing same are repeated for a second energy band beam. The Bisek et al. U.S. Patent No.
Re. 36,162 discloses the use of dual-energy X-ray beams in medical densitometry
applications. As discussed therein, dual-energy densitometry can result in a more accurate
patient model.
[0026] The X-ray equipment then traverses the preprogrammed scan path and the
first/second energy band steps are repeated until the scanning procedure is complete. The
digitized detector array output is merged and compared to the diagnostic parameters which
are stored in the computer's memory. The dental/orthopedic densitometry is tomographically
modeled and output, for example to a monitor or printer for converting the model to a visual
image. The visual image is output in a visible form for use by dental and medical

practitioners.
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CLAIMS

What is claimed as new and desired to be secured by Letters Patent is:

1. A system for tomographically modeling a dental structure, the system
comprising:

a controller with a microprocessor and a memory device connected to the
microprocessor, said controller being adapted for storing computed
tomographic models of a dental structure;

an input device connected to the microprocessor;

a positioning motor connected to the microprocessor and responsive to commands
from said microprocessor;

X-ray equipment including an X-ray source, a detector array, and a restricted beam
device;

a convertor for converting a signal from said detector array, said convertor being
connected to said detector array and to said microprocessor; and

an output device connected to said microprocessor and adapted for receiving a

tomographic model from said microprocessor.

2. The system according to claim 1, wherein said restricted beam device

comprises a dual-energy level restricted beam device.

3. The system according to claim 1, wherein said tomographic model

received by said output device is a 3D tomographic model.

4. The system according to claim 1 wherein:
said x-ray source travels along a single axis; and

said x-ray source simultaneously rotates around said single axis.

5. The system according to claim 1, wherein:
said controller is adapted for storing a first tomographic model and a second

tomographic model;

said first tomographic model is a preexisting, commercially available standard model;
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said second tomographic model is a current patient model; and
said controller is further adapted to compare said first tomographic model with said

second tomographic model.

6. The system according to claim 1, wherein:

said controller is adapted for storing a first tomographic model and a second
tomographic model;

said first tomographic model is a preexisting patient model,;

said second tomographic model is a current patient model; and

said controller is further adapted to compare said first tomographic model with said

second tomographic model.

7. The system according to claim 1, wherein said X-ray source emits an X-ray

beam comprising a cone configuration.

8. The system according to claim 7, wherein said restricted beam device

comprises a dual-energy level restricted beam device.

9. The system according to claim 7, wherein said tomographic model

received by said output device is a 3D tomographic model.

10. The system according to claim 7 wherein:
said x-ray source travels along a single axis; and

said x-ray source simultaneously rotates around said single axis.

11. The system according to claim 7, wherein:
said controller is adapted for storing a first tomographic model and a second
tomographic model;
said first tomographic model is a preexisting, commercially available standard model;
said second tomographic model is a current patient model; and
said controller is further adapted to compare said first tomographic model with said

second tomographic model.
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12. The system according to claim 7, wherein:

said controller is adapted for storing a first tomographic model and a second
tomographic model;

said first tomographic model is a preexisting patient model,;

said second tomographic model is a current patient model; and

said controller is further adapted to compare said first tomographic model with said

second tomographic model.

13. A tomographic modeling system comprising:

a controller with a microprocessor and a memory device connected to the
microprocessor, said controller being adapted for creating, storing, and
comparing 3D digital tomographic models of an object without the use of
fiducial markers of said object;

an input device connected to the microprocessor;

a positioning motor connected to the microprocessor and responsive to commands
from said microprocessor;

X-ray equipment including an X-ray source, a detector array, and a restricted beam
device;

a convertor for converting a signal from said detector array, said convertor being
connected to said detector array and to said microprocessor; and

an output device connected to said microprocessor and adapted for receiving a

tomographic model from said microprocessor.

14. The system according to claim 13, wherein said restricted beam device

comprises a dual-energy level restricted beam device.

15. The system according to claim 13, wherein said controller is adapted to

compare a pre-existing tomographic model with a current tomographic model.

16. The system according to claim 13, wherein:
said x-ray source travels along a single axis; and

said x-ray source simultaneously rotates around said single axis.
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17. The system according to claim 13, wherein said X-ray source emits an X-

ray beam comprising a cone configuration.

18. The system according to claim 17, wherein said restricted beam device

comprises a dual-energy level restricted beam device.

19. The system according to claim 17, wherein said controller is adapted to

compare a pre-existing tomographic model with a current tomographic model.

20. The system according to claim 17, wherein:
said x-ray source travels along a single axis; and

said x-ray source simultaneously rotates around said single axis.

21. A system for tomographically modeling a dental structure, which system
comprises:

a controller with a microprocessor and a memory device connected to the
microprocessor, said controller being adapted for creating, storing, and
comparing 3D digital tomographic models of a dental structure without the use
of fiducial markers of said dental structure;

an input device connected to the microprocessor;

a positioning motor connected to the microprocessor and responsive to commands
from said microprocessor;

X-ray equipment including an X-ray source, a detector array, and a restricted beam
device;

a convertor for converting a signal from said detector array, said convertor being
connected to said detector array and to said microprocessor; and

an output device connected to said microprocessor and adapted for receiving a

tomographic model from said microprocessor.

22. The system according to claim 21, wherein said restricted beam device

comprises a dual-energy level restricted beam device.
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23. The system according to claim 21, wherein said X-ray source emits an X-

ray beam comprising a cone configuration.

24. The system according to claim 23, wherein said restricted beam device

comprises a dual-energy level restricted beam device.
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ABSTRACT OF THE DISCLOSURE

A dental and orthopedic densitometry modeling system includes a
controller with a microprocessor and a memory device connected to the microprocessor. An
input device is also connected to the microprocessor for inputting diagnostic procedure
parameters and patient information. X-ray equipment including an X-ray source and an X-ray
detector array are connected to a positioning motor for movement relative to a patient’s
dental or orthopedic structure in response to signals from the microprocessor. The output
consists of a tomographical densitometry model. A dental/orthopedic densitometry modeling
method involves moving the X-ray equipment across a predetermined scan path, emitting
dual-energy X-ray beams, and outputting an image color-coded to correspond to a patient’s

dental or orthopedic density.
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Doc Code: Oath
Document Description: Oath or declaration filed PTO/8B/01 (04-09)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Att Docket
4 DEGLARATION FOR UTILITY OR Atiomey Dodket o925 o )
PATENT APPLICATION First Named Inventor | Ronald E. Massie
(37 CFR 163) COMPLETE IF KNOWN
Application Number
Declaration Declaration
: Submitted After Initial ili
Vi \?\;:3]”?::}3; OR FiIinE(sircha?éen ° Filing Date
Filing (37 CFR 1.16(f)) Art Unit
required)
\ Examiner Name /

| hereby declare that: (1) Each inventor's residence, mailing address, and citizenship are as stated below next to their name;
and (2) | believe the inventor(s) named below to be the original and first inventor(s) of the subject matter which is claimed and
for which a patent is sought on the invention titled:

DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND METHOD

(Title of the Invention)

the application of which

Vi is attached hereto

OR

was filed on (MM/DD/YYYY) as United States Application Number or PCT Intemational

Application Number and was amended on (MM/DD/YYYY) (if applicable).

| hereby state that | have reviewed and understand the contents of the above identified application, including the claims, as
amended by any amendment specifically referred to above.

| acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56, including for

continuation-in-part applications, material information which became available between the filing date of the prior application
and the national or PCT international filing date of the continuation-in-part application.

Authorization To Permit Access To Application by Participating Offices

V/ If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the
Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), and
any other intellectual property offices in which a foreign application claiming priority to the above-identified patent application is
filed access to the above-identified patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the
applicant does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming
priority to the above-identified patent application is filed to have access to the above-identified patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the above-identified patent application with respect
to: 1) the above-identified patent application-as-filed; 2) any foreign application to which the above-identified patent application
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of

37 CFR 1.55 has been filed in the above-identified patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the above-identified patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing the Authorization to
Permit Access to Application by Participating Offices.

[Page 1 of 3}
This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTQO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/SB/01 (04-09)

Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEFARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

DECLARATION — Utility or Design Patent Application

Claim of Foreign Priority Benefits

| hereby claim foreign priority benefits under 35 U.S.C. 119(a)-(d) or (f), or 365(b) of any foreign application(s) for patent,
inventor's or plant breeder's rights certificate(s), or 365(a) of any PCT international application which designated at least one
country other than the United States of America, listed below and have also identified below, by checking the box, any foreign
application for patent, inventor's or plant breeder's rights certificate(s), or any PCT international application having a filing date

before that of the application on which priority is claimed.

Prior Foreign Application
Number(s)

Country

Foreign Filing Date
(MM/DD/YYYY)

Priority
Not Claimed

Certified Copy Attached?
YES NO

Additional foreign application number(s) are listed on a supplemental priority data sheet PTO/SB/02B attached hereto.

[Page 2 of 3]
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PTO/SB/01 (04-09)

Approved for use through 01/31/2014. OMB 0661-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number,

DECLARATION — Utility or Design Patent Application

The address

comespandence fo associated with 63151 OR oo
Name

Mark Brown/Law Office of Mark Brown, LLC

Address

4700 Belleview Ave., Suite 210

City State Zip

Kansas City MO 64112

Country Telephone Email

UsS 816-268-8950 uspto@midwestip.com

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documants filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the
USPTO to support a petition or an application. If this type of personal information is included in documents submitted to the
USPTO, petitioners/applicants should consider redacting such parsonal information from the documents before submitting them
to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of
the application (unless a non-publication requeast in compliance with 37 CFR 1.213(a) is made in the application) or issuance of
a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PT0-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.
Petitioner/applicant is advised that documents which form the record of a patent application (such as the PTO/SB/01) are placed
into the Privacy Act system of records DEPARTMENT OF COMMERCE, COMMERCE-PAT-7, System name: Patent Application
Files. Documents not retained in an application file (such as the PTO-2038) are placed into the Privacy Act system of
COMMERCE/PAT-TM-10, System name: Deposit Accounts and Electronic Funds Transfer Profiles.

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false statements
may jeopardize the validity of the application or any patent issued thereon.

NAME OF SOLE OR FIRST INVENTOR: A petition has been filed for this unsigned inventor
Given Name (first and middle [if any]) Family Name or Sumame
Ronald E. Massie
Inventor's Signature Date
~
A Mt G014]>
Residence: City / State Country Citizenship

Lake Ozark MO UusS us

Mailing Address

24 North Shore Drive

City State Zip Country
Lake Ozark MO 65049 us
D Additional invenlors or a lsgal representalive are being named on the supplemental sheet(s} PTO/SB/02A or 02LR altached herelo
[Page 3 of 3]
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/619,356
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 95 N/A
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A 310 N/A
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A 125 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 24 minus 20= 4 30 = 120 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = 125 - 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 650 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR =
% Independent * Minus | *** = ~ OR -
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
13/619,356 (09/14/2012 2882 950 2932.2 24 3
CONFIRMATION NO. 4681
63151 FILING RECEIPT
LAW OFFICE OF MARK BROWN, LLC
4700 BELLEVIEW SUITE 210 RO A A RN
000000056831902

KANSAS CITY, MO 64112
Date Mailed: 10/03/2012

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Ronald E. Massie, Lake Ozark, MO;
Applicant(s)

Ronald E. Massie, Lake Ozark, MO;

Power of Attorney: The patent practitioners associated with Customer Number 63151

Domestic Priority data as claimed by applicant
This application is a CON of 13/367,150 02/06/2012
which is a CON of 09/452,348 12/01/1999 PAT 6381301
and is a CON of 12/250,423 10/13/2008 PAT 8126112 *
which is a CIP of 11/932,809 10/31/2007 PAT 8073101
which is a CIP of 11/224,472 09/12/2005 PAT 7839970
which is a CON of 10/351,567 01/24/2003 PAT 6944262
which is a CIP of 10/134,153 04/27/2002 ABN
which is a CON of 09/452,348 12/01/1999 PAT 6381301
(*)Data provided by applicant is not consistent with PTO records.

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 09/28/2012
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/619,356

Projected Publication Date: Perfected
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND METHOD
Preliminary Class
378

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/619,356 09/14/2012 Ronald E. Massie 29322
CONFIRMATION NO. 4681
63151 POA ACCEPTANCE LETTER
LAW OFFICE OF MARK BROWN, LLC
4700 BELLEVIEW SUITE 210 IR A MO
000000056831852

KANSAS CITY, MO 64112
Date Mailed: 10/03/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 09/14/2012.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/lphan/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/619,356
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A o8 N/A
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A 310 N/A
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A 125 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 24 minus 20= 4 31 = 124 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = 125 - 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
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&) Bone Evaluation method.

@ A method for evaluating bone comprising the steps of: metory image is converted to the image of the bone density
(a) determining a bone pattern (i) by measuring the distribution.
photodensity of an X-ray photograph from the long shank
bone of a limb or (ii) by photon absorption metory from the
long shank bone of a limb; (b) smoothing and symmetrizing
the bone pattern to modify the same; (c) determining at least
one index selected from the group consisting of an index of
the bone cortical width (MCI), a bone width (D), a maximum
bone density (GSmax), a minimum bone density (GSmin), a
bone mineral content (£GS), and an average bone density
(ZGS/Dor ZGS/D?); and (d) evaluating the bone based on the
at least one index.

The bone evaluation also can be carried out by deter-
mining a bone density distribution, from the modified bone
pattern obtained above, by setting a bone model having an
elliptic bone cross-sectional external shape, a zonate bone
cortex, and a bone density decreasing portion in the inside of
the bone cortex. The bone evaluation can further be carried
out by first obtaining modified patterns in a plurality of por-
tions of the bone at a constant distance and, then, by deter-
mining a bone density distribution in each portion from the
modified bone pattern in each portion by setting the above-
mentioned bone model in each partion. The bone density
distribution in each portion is classified, by color, based on
u the density values, and the X-ray image or photon absorption

0 180 482 A2
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BONE EVALUATION METHOD

BACXGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a bone
evaluation method. More specifically, it relates to a
bone evaluation method in which a bone pattern is
determined by measuring the photodensity of X-ray
photographs of the long shank bone of a limb or by
photon absorption metory from the long shank bone of a
limb, the resultant bone pattern is modified, and the
bone is evaluated based on the resultant modified bone
pattern.

2. Description of the Related Art

The so—-called MD method has heretofore known
as a method for evaluating bone, for example, growth
conditions of human bone, aging degree of human bone, or
kinds of bone diseases such as osteoporosis and
osteomalacia, as disclosed in, for example, "Kotsu
Taisha"™ (i.e., Bone Metabolism) 13, pp 187-195 (1980)
and 14, pp 91-104, {198l). According to the MD method,
the photodensity of X-ray photographs is measured at the
middle site of a metacarpal bone with a microdensitometer
and various indices such as an index of the bone cortical
width (MCI), a bone width (D), a maximum bone density
(GSmax), a minimum bome demsity (GSmin), a bone mineral
content (IGS), and an average bone density (IGS/D) are
determined. The degree of osteanabrosis is thus
evaluated based on the above—-determined indices.

Another known method for evaluating bone is
so-called photon absorption metory. According to this
method, a y-ray is used instead of an X-ray and the
amount of the y-ray transmitted through bone is measured
by a detector, followed by a quantitative treatment.

However, in the MD method, various indices
such as the maximum bone density (GSmax) and the bone

cortical width (MCI) sometimes do not reflect the actual
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bone conditions and, therefore, the desired evaluation
of bane based on these imdices becomes difficult. For
example, although: it is beliewed that the maximum bone
density (GSmax) is an index representing the hone
density of a bone cortex, the &8max values will vary in
accordance with the dilameter of the bone and the bone
cortex width  even where the bones have the same bone
density. Furthermore, when the Lone is not homogeneous,
exactly what the GSmax values represent becomes unclear.

On" the other hand, it: is: known only that the
bone mineral content (BMC)] can be determined by a
conventional photon absorption metory method.

SUMMARY OF THE INVENTION-

Accordingly, the objects of the present invention.
are to eliminate the above-mentioned disadvantages of
the conventional bone evaluation methods and to provide
a novel bone evaluation method capable of reliably
evaluating bone by using indices directly reflecting the
conditions of bone with good reproducibility.

Other objects and advantages of the present inven-
tion will be apparent from the following description.

In accordance with the present invention, there is
provided a method for evalwating bone comprising the
steps of:

(2} determining a bone. pattern (i) by measur-
ing the photadensity of am X-ray photograph of the long
shank bone of a limb or (ii) by photon absocrption metory
from the:long shank bone of a limb;

()’ smoothing and symmetrizing the bone
pattern: to modify the same;

&) determining at lIeast one index selected
from the group consisting of an index of the bone
cortical width (MCE)W a bone width (D), a maximum bome
density (GSmax), @ minimum bone density (GSmin), a bene
mineral content (ZGS), and an average bone density
(ZIGS5/D or ZGS/Dz); and

(d} evaluating the bone based on the at least
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one index.

In accordance with the present invention, there is
also provided a method for evaluating bone comprising
the steps of:

(a) determining a bone pattern (i) by measur-
ing the photodensity of an X-ray photograph of the long
shank bone of a limb or (ii) by photon absorption metory
from the long shank bone of a limb;

(b) smoothing and symmetrizing the bone
pattern to modify the same;

(c) determining a bone density distribution
by setting a bone model having an elliptic bone
cross—-sectional external shape, a zonate bone cortex,
and a bone density decreasing portion in the inside of
the bone cortex from the modified bone pattern; and

(d) evaluating the bone based on the bone
density distribution.

In accordance with the present invention, there is
further provided a method for evaluating bone comprising
the steps of:

(a) determining a bone pattern in each
portion (i) by measuring the photodensity of an X-ray
photograph, at a constant distance, of the long shank
bone of a limb or (ii) by photon absorption metory from
each portion of the long shank bone of a limb;

(b) smoothing and symmetrizing the bone
pattern to modify the same;

(c) determining a bone density distribution
in each portion by setting a bone model having an
elliptic bone cross-sectional external shape, a zonate
bone cortex, and a bone density decreasing portion in
the inside of the bone cortex from the modified bone
pattern;

(d) classifying, by color, the bone density
distribution in each portion based on the density values
in each bone density distribution:

(e) converting the X-ray image of the shank
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bone of the limb, or the image obtained from the photon
absorption metory, to the image of the bone density
distribution; and

(£} evaluating the bone based on the image of
the bone density distribution.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood
from the description set forth below with reference to
the accompanying drawings, wherein:

Fig. 1 illustrates a bone pattern obtained
from the photodensity of the X-ray photograph according
to an MD method;

Fig. 2 illustrates the symmetrization of the
bone pattern according to the present invention;

Fig. 3 illustrates the smoothing of the bone
pattern according to the present invention;

Fig. 4 illustrates each index determined from
the modified bone pattern obtained by the present
invention;

Fig. 5 illustrates the bone model corresponding
to the modified bone pattern obtained by the present
invention;

Figs. 6(a) and (b) illustrate the
cross—-sectional quadratic moment and the cross-sectional
guadratic polar moment;

Figs. 7(a), (b}, and (c) illustrate the
classification, by color, of the bone density distribu-
tion to convert the X-ray image to the image of the bone
density distribution; and

Figs. 8(a) and (b} illustrate an example of
the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The first aspect of the present invention will now
be explained.

When bone is evaluated, a bone pattern is first
determined in the step (a) by measuring the photodensity
of an X-ray photograph of the long shank bone of a limb
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or by photon absorption metory from the long shank bone
of a limb.

As the long shank bone of a limb, the use of bones
coverad with soft tissues having a thin and average
thickness is preferable. Examples of such bones are the
first through fifth metacarpal bones, especially the
mid-shafts of the second metacarpal bones. The X-ray
photograph can be taken by any conventional X-ray
photographic method and the desired bone'pattern can be
obtained by measuring the photodensity of the resultant
X-ray photograph. For example, the bone pattern can be
determined according to a conventional MD method. That
is, the photodensities of the X-ray photographic image
are measured, together with the X-ray photographic image
of an aluminum step wedge consisting of, for example,

20 steps each having a minimum height of 1 mm (i.e.,
from a lowest height of 1 mm, to a total height of

20 mm) or aluminum slope, with a densitometer. Thus,
the aluminum step wedge is placed besides bones to be
examined and the X-ray photographic image is taken of
the bones and wedge together. The photodensity is
preferably measured between the nearest end and the
farthest end of the bone. The photodensities thus
measured are plotted at an enlarged scale on a graphical
paper graduated with an optical density (OD) and the
optical absorbance (OD) in each point of the bone is
converted to the corresponding aluminum step of the
aluminum step wedge (i.e., GS value) to obtain the bone
pattern as shown in Fig. 1 (see "Kotsu Taisha" (Bone
Metabolism) 13, pp 187-195 (1980); ibid 14, pp 91-104
(1981); and ibid 14, pp 319-325 (1981)). Alternatively,
the bone pattern can be obtained by reading the X-ray
photographic image of the bone, together with the X-ray
photographic image of the aluminum step wedge or aluminum
slope, by a TV camera.

Furthermore, the bone pattern can be determined
from the long shank bone of a limb by photon absorption
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metory. According to the photon absorption metory
method, a y-ray is used instead of an X-ray and the

amount of the y-ray transmitted through the bone is

measured by a detector (see "Jin to Toseki" (i.e.,
Kidney and Pialysis) Veol. 6, No. 1, pp 49 (1979) and
"Science" Vol. 142, pp 230 (1963)). In this method, the

cross—section of the long shank bone of a 1imb is
scanned by a y-ray and the count numbers of the y-ray
transmitted through the bone are drawn as an image as
shown in Fig. 1.

The bone pattern obtained above is then modified in
step (b) by smoothing and symmetrizing the bone pattern.
The symmetrization of the bone pattern will now be
explained with reference to Fig. 2. That is, the center
line (a) is drawn in the bone pattern (i.e., the solid
line in Fig. 2) obtained by the above-mentioned step (a).

The GS values (i.e., GSx, and GSxZ) at the positions

having an equal distancelX from the center line are
determined and the average of the GS values GSx (i.e.,
GSx = (Gle + GSx2/2) is plotted as the GS values at
both the positions having an equal distance X from the
center line. This procedure is repeated by changing the
distance X. Thus, the symmetrized bone pattern (i.e.,
the dotted line in Fig. 2) is obtained.

The symmetrized bone pattern thus obtained is then
smoothed or standardized. The smoothing of the
symmetrized bone pattern will now be explained with
reference to Fig. 3. That is, the bone pattern
symmetrized above is equally divided in width. For
example, a portion of the bone pattern is divided into
five sections Xil ‘ Xi2 R Xi3 R Xi4 , and Xi5.

Then, the GS values at these points (i.e., GSxil r

GSxi2 ’ GSxi3 ’ GSxi4 , and GSxiS) are determined

and the average of these GS values is calculated. The
average GS value is designated as a GS value at the
point Xi3. This procedure is repeated and the resultant

average GS values in each portion are plotted to obtain
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the smoothed bone pattern curve. This smoothing method
is carried out according to the so-called moving-average
method.

Although there is no critical limitation to the
order of the symmetrization and smoothing in the present
invention, it is preferable to first effect the
symmetrization, followed by the smoothing.

According to the above-mentioned photon absorption
metory, the GS value is determined as 2n (IO/Ii),
wherein I, is a count number of the y-ray transmitted
through the bone and Ii is a count number of the
incident y-ray.

In the next step (c) of the first aspect of the
present invention, various indices are determined from
the modified bone pattern obtained in the above-mentioned
step (b). The indices obtained in the case of the
second metacarpal bone will now be explained with
reference to Fig. 4. 1In Fig. 4, D represents a bone
width, 4 a bone marrow width, dl a width of a ulnar
side bone cortex, and d2 a width of a radial side bone
cortex. The index MCI can be determined according to
the following equation.

MCI = (dl + dZ)/D
Furthermore, in Fig. 4, GSmin represents a minimum bone
density. The maximum bone density GSmax is determined
as an average of GSmax, in Fig. 4 (i.e., the minimum GS
value in the ulnar side bone cortex) and GSmax2 in
Fig. 4 (i.e., the maximum GS value in the raidal side

bone cortex) as follows.

GSmaxl + GSmax2
2

GSmax =

It should be noted that, according to the present
invention, GSmaxl should be equal to GSmax2 due to
the above-mentioned symmetrization of the bone pattern.

The index IGS can be obtained by integrating each
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G5 value and the average bone density IGS/D or ZGS/D2
can be obtained from the bone mineral density value thus
obtained.

According to the present invention, the desired
evaluation of bone can be effected by using at least one
index selected from the above-mentioned indices, i.e.,
MCI, D, GSmax, GSmin, IGS, and IGS/D or ZGS/DZ. These
indices, for example, the bone cortical width index
(MCI), represent the actual conditions of the bone more
accurately when compared with a conventional MD method.
Accordingly, a more accurate bone evaluation can be
effected according to the present invention.

The practical evaluation can be carried out based
on any known method. For example, the evaluation method
of osteanabrosis is disclosed in "Kotsu Taisha" (Bone
Metabolism) 13, 187-195 (1980).

The evaluation of bone growth can be carried out
according to a method disclosed in, for example, "Kotsu
Taisha" (Bone Metabolism) 14, 319-325 (1981).

The evaluation of the types of bone diseases can be
carried out according to methods disclosed in, for
example, Japanese Unexamined Patent Publication (Kokai)
Nos. 59-8935 and 59-11840. The contents of these
publications are incorporated hereinto by reference.

The second aspect of the present invention will now
be explained. As mentioned above, according to the
second aspect of the present invention, the bone is
evaluated by (a) determining a bone pattern (i) by
measuring the photodensity of an X-ray photograph of the
long shank bone of a limb or (ii) by photon absorption
metory from the long shank bone of a limb; (b) smoothing
and symmetrizing the bone pattern to modify the same;

(c) determining a bone density distribution by setting a
bone model having an elliptic bone cross-sectional

external shape, a zonate bone cortex, and a bone density
decreasing portion in the inside of the bone cortex from

the modified bone pattern; and (d) evaluating the bone
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based on the bone density distribution.

That is, according to the second aspect of the
present invention, the bone pattern is first determined
from the long shank bone of a limb by the X-ray photo-
graphy or photon absorption metory and the resultant
bone pattern is then symmetrized or smoothed to obtain a
modified bone pattern in the same manner as the steps (a)
and (b) of the first aspect of the present invention.

According to the second aspect of the present
invention, a bone density distribution is determined by
setting a bone model having an elliptic bone
cross-sectional external shape, a zonate bone cortex,
and a bone density decreasing portion in the inside of
the bone cortex from the modified bone pattern.

The procedure for determining the bone density
distribution will now be explained with reference to
Fig. 5. The modified bone pattern obtained above is
first converted to an elliptic bone model as shown .in
Fig. 5. The ellipic form is an external shape of a
certain cross-section of the bone. The preferable ratio
of major axis/minor axis of the elliptic shape is more
than 1 but not more than 1.4. 1In the case of a
metacarpal bone, the use of an elliptic shape having a
ratio of major axis/minor axis of around 1.25 is
especially preferable due to good matching to the actual
bone. On the other hand, in the case of portions around
the humerus or forearm bone being examined, the use of
an elliptic shape having a ratio of major axis/minor
axis near 1 is preferable.

The elliptic bone pattern is divided in n equal
sections. For example, the ulnar side of the bone
pattern is divided in 100 egual sections in Fig. 5. The
bone densities in each layer in Fig. 5 are designated as

1
i
Furthermore, as shown in Fig. 5, the bone model is set

u'l ’ u'2 ’ u'3 r eee U ess , and u'loo.

so as to have a zonate bone cortex and the bone density

in each zone is assumed to be constant. Thus, the bone
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density in a phase located at the egqual distance from
the outer periphery of the cross-section of the bone is
assumed to be the same. The length of the cross-section
cf the bone model at each position divided in n equal
sections can be represented as follows.

2.1

1,1
2: Iy y + I, 5)
2:(I3 4 + I3 5+ I3 3)

[

The values such as Il,l ’ I2,l s +s. Can be
easily determined from the ratio of major axis/minor
axis of the elliptic shape by a conventional method.
From these values, the following recurrence formulae can
be obtained. These formulae are in the case of the bone
pattern being divided in 100 equal sections.

GS; = 2-(I; y-u'y)

@GSy = 2:(Iy yow'y + Iy Heu'y)

GSi = 2-(Ii'l-ui' F oo + Ii,j'“i - j+l + ... +
Ty,imm'y)

GS100 = 2°(T100,1°%" 100 * -+ F T100,x % 1007% 1 *

T100,100"%r1)

The bone density (ui') in each position can be
cbtained by solving the above-mentioned recurrence
formulae and the bone density distribution can be
obtained by graphically illustrating these formulae.

The dotted line in Fig. 5 illustrates the bone density
distribution thus obtained. According to the present
invention, when the above-~mentioned recurrence formulae
are solved, the bone densities of the external portions
of bone cortices can be considered to be the same (i.e.,
u'l = u'2 = u'3 = ,..). That is, the bone pattern

of a portion in which the bone density is homogeneous in
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the exterior of the bone cortex is selected and, then,
the above-mentioned recurrence formulae can be solved by
assuming that the bone density in the selected pcrtion
is constant. Furthermore, since both end portions of
the bone pattern include large errors due to the
influence of scattered light, these portions are
negligible and the more correct value can be determined
upon neglecting both end portions. When the present
bone evaluation method is applied to such a portion that
the cross-section of the bone cannot be clearly approxi-
mated by an elliptic shape (e.g., the distalis portions
of radius), the symmetrization of the bone pattern
according to the present invention can be omitted and
the calculation can be carried out by using a bone
pattern only in the radial bone side and by applying, to
the bone model, only a portion which can be approximated
by an elliptic shape.

When the bone pattern is determined from an X-ray
photograph, the bone density (ui') obtained above is
obtained based on a GS value, which is derived by
comparing the photodensity of the X-ray image with that
of an aluminum step wedge or aluminum slope. Thus, the
bone density ui' corresponds to an X-ray diminishing
coefficient. The bone density or X-ray diminishing
coefficient can be determined by a ratio of the value,
obtained by subtracting the X-ray diminishing coefficient
(us) of the soft tissue around the bone from the X-ray
diminishing coefficient (ub) of the actual bone, to
the X-ray diminishing coefficient (ual) of aluminum as
follows:

R L P VAT
On the other hand, when the bone pattern is
determined by photon absorption metory, the resultant
bone density is derived by subtracting the y-ray
diminishing coefficient of the soft tissue around the
bone from the y-ray diminishing coefficient of the bone.

In order to determine an accurate bone density of

54 of 297



10

15

20

25

30

35

12 - C180482

each portion of a bone, scanning such as computer
tomography is regquired. However, according to the
present method, the bone density distribution can be
approximately determined by applying the modified bone
pattern obtained as mentioned above to the bone model.

The bone density distribution obtained as mentioned
above is an index accurately reflecting the actual bone
conditions, when compared with the bone density
distribution obtained by conventional MD methods.
Accordingly, more objective bone evaluation can be
effected by using the bone density distribution according
to the present invention. For example, types of bone
diseases can be determined when the bone density
distribution of a patient with a bone disease is compared
with that of a healthy person. Furthermore, according
to the present invention, the disease conditions of
renal osteodystrophy having uniform bone density can be
more accurately determined and the growth degree amnd the
aged degree of the bone can also be determined.

Furthermore, from the bone density distribution,
the cross-sectional gquadratic moment or cross-sectional
quadratic polar moment as shown in Figs. 6(a) and (b)
can be determined (see Clin. Orthop. Rel. Res., 149,
268, 1980). These indices can also represent the bone
strength and, therefore, the bone evaluation according
to the present invention becomes more accurate by using
these indices together with the above-mentioned other
indices.

The third aspect of the present invention will now
be explained. As mentioned above, according to the
third aspect of the present invention, the bone is
evaluated by (a) determining a bone pattern in each
portion (i) by measuring the photodensity of an X-ray
photograph, at a constant distance, of the long shank
bone of a limb or (ii) by photon absorption metory from
each portion of the long shank bone of a limb; (b)

smoothing and symmetrizing the bone pattern of each
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portion to modifv the same; (¢) determining a bone
density distribution in each portion by setting a bone
mocel having an elliptic bone cross-sectional external
shape, a zonate bene cortex, and a bone density decreas-
ing portion in the inside of the bone cortex from the
modified bone pattern; (d) classifying, by color, the
bone density distribution in each portion based on the
density values in each bone density distribution; (e)
converting the X-ray image of the shank bone of the
limb, or the image obtained from the photon absorption
metory, to the image of the bone density distribution;
and (f) evaluating the bone based on the image of the
bone density distribution.

According to the third aspect of the present
invention, the bone density distribution is determined
in the same manner as in the above-mentioned second
aspect of the presen£ invention, provided that the bone
patterns of a plurality of portions are determined .by
measuring the photodensity of an X-ray photograph of the
long shank bone of a limb in each portion at a constant
distance or by photon absorption metory from each
portion of the long shank bone of a limb. Thus, the
bone density distribution in each portion is determined.
This will now be further explained with reference to
Figs. 7(a) and (b).

Fig. 7(a) schematically shows the X-ray photographic
image of the second metacarpal bone, in which the shaded
parts exhibit the shadow of the X-ray. According to the
third aspect of the present invention, the X-ray photo-
graphic images are divided in a constant distance
portions and the bone pattern is determined in each
portion. The constant distances are generally 2 mm or
less. Especially, the diaphysis portions of periphery
bones can be preferably used for the evaluation. The
bone density distribution in each portion is determined
in the same manner as in the case of the above-mentioned

second aspect of the present invention. Fig. 7(b)
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schematically illustrates the bone densityv distribution
thus obtained. In the third aspect of the present
invention, the resultant bone density distribution is
classified by color depending upon the values of the
bone density (u'). For example, a portion having a high
bone density (or a normal portion) is coclored with a
reddish color and a portion having a decreasing bone
density (or a light or medium atrophic portion is
colored with pink, yellow, or blue zone, and a portion
having an extremely low bone density (or highly atropic
pertion) is colored with a bluish color. This colored
classification is carried out in each bone density
distribution.

The color classified bone density distribution is
then used to convert the X-ray photographic image of the
long shank bone of a limb to a color classified image of
the bone density distribution, as schematically illus-
trated in Fig. 7(c). These procedures can be usually
carried out, with a computer, by graphic display. In
the case of the bone pattern being determined by pheoton
absorption metory, the bone pattern in each portion is
similarly cbtained and, then, the bone density distribu-
tion and the color classified image can be obtained in
the similar manner as mentioned above.

In addition, the above-mentioned steps (a) to (c)
of the third aspect of the present invention are
effected by the conventional MD method determining a
bone density distribution (see "Kotsu Taisha" (Bone
Metabolism) 14, pp 91-104, 198l). The resultant bone
density distribution is then subjected to the steps (4)
to (e) of the third aspect of the present invention.
Thus, the bone pattern derived from, for example, an
X-ray photographic image of the long shank bone of a
limb is converted to the color classified image of the
bone density distribution, and the bone can be evaluated
based on the resultant image.

The color classified image obtained in the manner
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described abcove represents not only one cross-section of
the bone, but zlso the bone density distribution of the
entire bone. Conssquently, bonss can be mora accurately
and more practically evaluated by the color classified
image. For example, in the case of senile osteoporosis,
it is observed according to the present invention that
the bone cortex becomes thinner and a substantial
uniform decrease in the bone density occurs from a
juxtaposition to a distalis position. In the case of
rheumatoid arthritis, extensive osteanabrosis is observed
around the joints or articulatioes.

As explained above, the present invention provides
a bone evaluation method obtained by improving a
conventional MD method. According to this method, the
conditions of the bone can be more accurately and
objectively evaluated and, therefore, the present
invention is very significant in the bone evaluation
field.

EXAMPLES

The present invention will now be further illus-
trated by, but is by no means limited to, the following
Examples.

Example 1

A bone density distribution was obtained from an
X-ray photograph of the second metacarpal bone of a
woman aged 62 with osteoporosis according to the
above-mentioned third aspect of the present invention.
The result is as shown in Fig. 7. When the bone density
was determined, the bone density of the external portion
of the bone cortex was assumed constant.

The bone pattern shown in Fig. 8(a) was obtained
from the measurement by densitometry. The curve (i) in
Fig. 8(a) illustrates the bone pattern obtained by
converting the bone width to 10 mm. The curve (ii) in
Fig. 8(b) illustrates the modified bone pattern obtained
by symmetrizing and smoothing the bone pattern, and the

curve (iii) in Fig. 8(b) illustrates the bone density
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distribution.

Example 2

Bone density distributions of 19 males and
18 females, ranging in age from 20 to 40, were determined
in the same manner as in Example 1.

The bone densities (u') of the external bone cortex

thus obtained are as follows:

Male (N = 19) FPemale (N = 18)
Tndex Stan-~ Varia- Stan- Varia-
Aver- dard tion Aver~- dard tion
age devia—- (%) age devia- (%)
tion tion
u'! 0.39 0.030 7.80 0.41 0.024 5.86
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1. A method for evaluating bone comprising the

(a) determining a bone pattern (i) by
measuring the photodensity of an X-ray photograph of the
long shank bone of a limb or (ii) by photon absorption
metory from the long shank bone of a limb;

(b} smoothing and symmetrizing the bone
pattern to modify the same;

(c) determining at least one index
selected from the group consisting of an index of the
bone cortical width (MCI), a bone width (D), a maximum
bone density (GSmax), a minimum bone density (GSmin), a
bone mineral content (£GS), and an average bone density
(GS/D or ZGS/DZ); and

(d) evaluating the bone based on at
least one said index.

2. A method as claimed in claim 1, wherein said
long shank bone of a limb is the mid-shaft of a second
metacarpal bone.

3. A method for evaluating bone comprising the
steps of:

(a) determining a bone pattern (i) by
measuring the photodensity of an X-ray photograph of the
long shank bone of a limb or (11) by photon absorption
metory from the long shank bone of a limb;

(b) smoothing and symmetrizing the bone
pattern to modify the same;

(c) determining a bone density distribu-
tion by setting a bone model having an elliptic bone
cross-sectional external shape, a zonate bone cortex,
and a bone density decreasing portion in the inside of
the bone cortex from the modified bone pattern; and

(d) evaluating the bone based on the
bone density distribution.

4, A method as claimed in claim 3, wherein said
long shank bone of a limb is the mid-shaft of a second
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metacarpal bone.

5. A method as claimed in claim 3, wherein the
ratio of the major axis to the minor axis of the elliptic
bone cross-sectional external shape is more than 1 but
not more than 1.4.

6. A method for evaluating bone comprising the
steps of:

(a) determining a bone pattern in each
portion (i) by measuring the photodensity of an X-ray
photograph, at a constant distance, of the long shank
bone of a limb or (ii) by photon absorption metory from
each portion of the long shank bone of a limb;

(b) smoothing and symmetrizing the bone
pattern of each portion to modify the same;

(c) determining a bone density distribu-
tion in each portion by setting a bone model having an
elliptic bone cross-sectional external shape, a zonate
bone cortex, and a bone density decreasing portion-in
the inside of the bone cortex from the modified bone
pattern;

(d) classifying, by color, the bone
density distribution in each portion based on the
density values in each bone density distribution;

(e) converting the X-ray image of the
shank bone of the limb, or the image obtained from the
photon absorption metory, to the image of the bone
density distribution; and

(f) evaluating the bone based on the
image of the bone density distribution.

7. A method as claimed in claim 6, wherein said
long shank bone of a limb is the mid-shaft of a second
metacarpal bone.
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GSx = GSX1; GSx2
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Description

METHOD AND APPARATUS FOR IMPROVING THE ALIGNMENT OF RADIOGRAPHIC IMAGES

This invention relates generally to the field of
radiology, and has to do particularly with a method
and apparatus for improving the alignment of
radiographic imagas taken at different times of the
same tissue structure, so that the images can be
sequentially shown in aligned condition, whereby
changes in the structure can be noted.

The present invention will be described specifi-
cally in connection with dental radiology and its use
in determining on-going structural changes in teeth
and related structures (such as remineralization).
However, it will be understood from what follows that
the principles of this invention could be applied in
other areas.

it is known to utilize a computer to carry out
densitometric analyses of standardized radiographs
taken of the same tissue structure at different points
in time, in order to detect tissue change. For
example. in the dental area it is known to compare
radiographs of the same tooth structure taken at
different times, in order to detsct remineralization in
the teeth or lesions in the periodontal tissue. One
technique utilized in this procedure is called sub-
traction radiography, wherein a computer will digitize
two standardized radiographs of the same structure
taken at difterent times, and then subtract the one
from the other. If the two radiographs are identical,
the resuit will be a uniform picture with no apparent
detail. However, if the radiographs differ, for example
at anatomical locations which have changed bet-
ween the exposures, then the subtraction image will
exhibit a different density (grey level) than the
background. The above principles are well under-
stood, and form part of the prior art. Reference may
be made to an article entitled "Subtraction Radio-
graphy and Computer Assisted Densitometric Ana-
lyses of Standardized Radiographs™, by Ortman et
al, published in the Journal of Periodonial Research,
1985: 20:644-651.

Thus, it will be understcod that, when wishing to
compare radiographic images taken at different
times of the same dental structure for the purpose of
following changes in the structure, the ideal situation
is that in which both or all of the images are made
under precisely the same conditions of exposure. In
other words, for every image, the relative positions
of the film, the teeth and the source of X-rays wouid
be identical. Moreover, the degree of exposure, the
film characteristics, and the intensity of the X-ray
source would also have to be the same from
exposure to exposure. If this could be achieved
consistently, then subtraction radiography could be
carried out directly and the information thus gener-
ated would be highly reliable.

However, as a practical matter the perfection of
alignment is generally not attained. Although a bite
blcck of conventional nature can be utilized to
ensure to a large degree that the position of the film
with respect to the teeth is consistent from image to
image. it will be appreciated that even a slight
change in the geometric position of the source of the
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X-rays from image to image (further or closar, up or
down, right or left} will significantly alter the scale or
position of the image by an amount sufficient 10
interfere with analysis of structural changes by the
technique of subtraction radiography. Furthermore,
where the film is improperly inserted into the bite
block, sequential images can be mutually rotated
even where the source of the X-ray is precisely the
same.

Conventionally, attempts have been made to
overcome the alignment problem by utilizing exter-
rnal beam-image receptor alignment devices that are
very cumbersome and problematic to use. Ref-
erence may be had to an article by McHenry et al,
entitied "Methodological Aspects and Quantitative
Adjuncts to Computerized Subtraction Radio-
graphy”, published in the Journal of Periodontal
Research 1987; 22: 125-132. Even with such de-
vices, however, problems can persist in attaining
perfect alignment. For example, problems arising
through improper film insertion into a bite block are
not overcome by the external alignment devices.
And of course, such devices do not address the
problem of attaining gray-scale uniformity.

In view of the difficulties and problems outlined
above, it is an object of one aspect of this invention
{o make use of modern microprocessor capabilities
to improve the alignment of radiographic images.
More specifically, this invention involves the provi-
sion of a pilurality of marker elements in a specific,
repeatable spatial juxtaposition with respect o the
animal tissues being investigated (for example the
teeth), such that the radiographic images contain
the shadows of the marker elements. The radio-
graphic images thus produced are converied to
arrays of pixels and stored electronically. Each pixel
has a pair of geometric coordinates and also an
index number identifying its grey level. The micro-
processor or computing device then operates on
one of the pixel arrays by first identifying the
shadows of the marker elements, and then bringing
the geometric coordinates of the marker element
shadows on one array into substantially overlying
relationship with the geometric coordinates of the
marker element shadows on the other array, using
translation, rotation, scaling up, scaling down,
differential scaling, or a combination of these spatial
transformations. By incorporating an aluminum step
wedge in association with the marker elements,
such that the image of the step wedge also appears
on the radiograph, the computer can internally
adjust the gray-scale of the various pixels in order to
balance the shading in the different radiographs.
This is carried out in two separate processes. First,
the complete images are corrected for differences in
contrast using either a pseudosigmoidal function or
other parametric functions or non-parametric ap-
proaches. Then, the images of the steps of the
wedge are used to construct a calibration curve to
convert levels of radiographic density into equivalent
weights of hydroxyapatite minerai of bone. In this
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way, changes in radiographic density can be con-
verted into equivalent changes in bone density. Any
structural changes can then be determined by
subtraction radiography carried out by the com-
puter.

Even more particularly, this invention provides a
method for investigating changes in animal tissues,
comprising:
at a first point In time, providing a plurality of marker
elements in a specific, repeatable spatial juxtaposi-
tion with respect to the tissues, and making a first
image of the tissues by exposing a first recording
medium to radiation that has first passed through
both the tissues and the marker elements, whereby
the shadows of the marker elements appear super-
imposed on the first image of the tissues,
at a later point in time, providing tne same plurality of
marker elements in substantially the same specific,
repeatabie spztial juxtaposition with respect to the
tissues, and making a second image of the tissues
by exposing a second recording medium to radiation
that has first passed through both the tissues and
the marker elements, whereby the shadows of the
marker elements appear superimposed on the
second image of the tissues,
converting the first and second images to first and
second arrays of pixels and storing the pixel arrays
electronically in a memory means, wherein each
pixel has a pair of geometric coordinates and also an
index number identifiying its grey level,
using a computing device to improve the alignment
of one array of pixels with respect to the other,
wherein the computing device identifies the sha-
dows of the marker elements in the two pixel arrays,
and operates on one array in such a way as to bring
the geometric coordinates of the shadows on one
array into the closest possible coincidence with the
geometric coordinates of the shadows on the other
array, by causing said one array to undergo one or
more of the operations of:

a) translation,

b) rotation,

c) scaling up,

d) scaling down,

e) differential scaling, stering the improved
pixel array electronically in the memory means,
and assessing the intensity difference between pairs
of corresponding pixels in the improvad array and
the said other array to determine whether tissue
change is indicated.

Further, this invention provides, for a diagnostic
process in which two images are made on an image
recording medium of the same structure at the
beginning and the end of a time interval during which
the strusture changes, a method of permitting a
computing device which electronically stores the
images to improve the alignment of the images as
reproduced in the form of pixels on a monitor
screen, each pixel having a specific grey level, the
method comprising providing, when each of the
images is made, a particular spatial pattern of marker
elements in a particular juxtaposition to said struc-
ture so that the shadows of the elements arise on
the respective images, whereby the computing
device is enabled to rotate, transiate and alter the
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scale of one image with respect to the other until the
shadows of the elements on one image coincide as
closely as possibie with those on the other image.

Finalty, this invention provides, for a diagnostic
process in which two radiographic images are made
on radiographic film of the same human tissues
within or close to the teeth at the beginning and the
end of a time interval during which tissue change
occurs, a bite block for permitling a computing
device which electronically stores the images to
improve the alignment of the images as reproduced
in the form of pixels on a monitor screen, each pixsl
having a specific grey level, the bite block registering
repeatably with the same teeth of a given person and
incorporating a specific spatial pattern of marker
elements whereby when the bite block is held
between the given person's teeth the elements will
have a specific and repeatable juxtaposition with
respect to the denta! structure anrd the shadows of
the elements will arise on the respective radio-
graphic films, thereby enabling the computing
device to rotate, translate and alter the scale of one
image with respect to the other until the shadows of
the elements on one image coincide as closzaly as
possible with those on the other image.

One embodiment of this invention will be de-
scribed with reference to accompanying drawings,
in which like numerals denote like parts throughout
the several views, and in which:

Figure 1 shows a side view and top view of
digitizing apparatus for use with the method of
this invention;

Figure 2 is a perspective view of a bite block
for use with this invention;

Figure 3 is a cross-sectional view through the
bite block shown in Figure 2, also illustrating the
position of teeth with respect to the bite block;

Figure 4 is an exploded view showing the
X-ray source, several teeth, the bite block of
Figure 2 (inverted) and a piece of X-ray flim,

Figure 5 is a face view of an exposed
processed film in accordance with this inven-
tion;

Figures 5(a), (b) and (c) represent. respec-
tively, a pre-lesion X-ray image, a post-lesion
X-ray image, and a subtraction image made
after spatial and intensity alignment; and

Figures 6 through 10 contain logic flow-
charts giving an overview of the program steps
carried out in connection with this invention.

As has been explained above, the aim of this
invention is to provide a means of recording markers
on diagnostic images so that images obtainad on
successive occasions may be analyzed and oper-
ated on by a computer or microprocessor in order to
provide accurate alignment of the separate images
through calculations performed by the computer. in
additien to the alignment function, however, the
computer can also be ulilized to enhance the
images, and 1o carry out a diagnostic analysis of the
image in order to provide evidence of and guantifica-
tion of changes or differences between the suc-
cessive images.

Essentially, the markers are placed on the diag-
nostic images by interposing a plurality of marker
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elements in the beam cof a diagnostic imaging
system. in such a way that the shadows of the
markers are recorded on the image of the anatomi-
cal structures that are of diagnostic interest. These
marker images or shadows provide a permanent
record, in the image, of the positional relationship
between () the source of the diagnostic radiation for
the imaging system, {2) the anatomical structures of
interest, (3) the markers themselives, and (4) the
recording medium for the diagnostic image.

It is important to understand that the source of the
diagnostic radiation for the imaging system can take
a number of forms not restricted to diagnostic dental
X-rays. Any imaging system will be able to carry out
the principte of this invention so long as an image of
the markers is formed by the system.

While dental X-ray film is described below in
connection with the specific embodiment disclosed
in the drawings, it is well known to form images
xerographically cr even directly in the electronic
components of a camera system which is sensitive
to diagnostic radiation withou! the intermediate step
of forming an image on X-ray film.

It is further to be undarstood that the use of
markers is of general application in the head and
neck region, and is not restricted to intra-oral use.
Indeed, the basic principle of this invention (as set
out in claim 1, for example) is not even restricted to
human or animal tissues. The principle can be
applied in any structure which evidences change
over a time interval and of which images can be
made by passing radiation through it or reflecting
radiation off it {(e.g., the markers could be white dots
on an engine part, imaged conventionally). In the
case of the human being, the teeth can be used as
fixed reference points for extra-oral as well as
intra-oral diagnostic imaging. Other fixed points of
the skeleton of the head, such as the oral meati and
the bridge of the nose, can also be used as
reference points.

Tuming first to Figures 2, 3 and 4, a bite block 10
constructed in accordance with this invention in-
cludes a clamp portion 12 which is connected to a
wall 14 extending substantially perpendiculariy
therefrom. Embedded in the end of the clamp
portion 12 which is connected to the wall 14 are the
two ends 15 of a film clip 16. The film clip 18 includes
a substantially rectangular loop of wire having two
porticns 17 which are offset toward the wall 14, in
order to grip a film holder. In Figure 3, the film itself is
shown at 173, but of course it will be understood that
the film must be protected from exposure to light up
to the point of its development. For this purpose, a
standard plastic envelope would typically be pro-
vided. of a Kind well known in the art. Thus, the offset
porticn 17 of the film clip 16 would press the film
envelope against the back of the wall 14, thus
holding the film 17a itself in close juxtaposition with
the back of the wall 14.

The clamp portion 12 has a further layer 18
superimposed thereon, the purpose of the layer 18
being to contain a plurality of reference balls 19, and
a step wedge 2C. The step wedge is a block of
aluminum cut into discrete steps which present a
radiographic “face” of 1, 2, 3, 4...8 mm thickness,
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forming (roughly) cequal-shaped and equal-sized
squares on the image. Additional reference balls 22
are embedded in the wall 14, the pattern being well
seen in Figures 2 and 4.

Also shown in Figures 2 through 4 is a quantity of
bite impression material 24 which is of conventional
nature and well known in the art. This material is
placed on the layer 18 in a somewhat plastic
condition, whereupon the patient bites the bite
block, holding the teeth in contact with the material
24 until the latter has set. This ieaves an impression
of the specific teeth in the material 24, which permits
the bite block to be precisely relocated in clamped
position between the patient’s teeth for a series of
subsequent X-rays. Thus it will be appreciated that
the bite block shown in Figures 2-4 allows for the
reference balls 19 and 22 to have a specific and
repeatable juxtaposition with respect 10 the same
dental structure (teeth and periodontal tissues), and
the shadows of the balis 19 and 22 will appear on
=ach radiographic film 17a. The balls 19 and 22 are
preferably of lead, although any material could be
used, so long as it left a clearly discernable shadow
on the radiographic film.

It will thus be appreciated that, by preparing twe
radiographic images on suitable film or other
medium at the beginning and the end of a time
intervatl during which the tooth structure changes
(for example by remineralization, lesion or decay), it
will be possible firstly to convert each image to an
array of pixels each having a specific geometric
position and a specific grey level, whereby a
computer or microprocessor will be enabled to
rotate, translate and/or alter the scale of one image
with respect to the other until the shadows of the
marker elements on one image substantially coin-
cide with those on the other image.

Digitizing

To carry out the analog-to-digital conversion of
zach X-ray image, an apparatus was constructed for
mounting the three principle components used in
this process: 1. a standard (Kodak) carousel slide
projector fitted with a macro-focus lens; 2. a sheet of
neutral-density acetate stretchec on a frame, with
guide runners; and 3. an Electrohome bfack-and-
white video camera connected to the controlling
minicomputer. Seen in Figure 1, the apparatus is
designed as an optical "bench” of sorts, with a
projector 30 and camera 32 being fixed in position at
opposite ends of the apparatus, and a display screen
34 movable along the projector-camera axis.

Each X-ray is mounted in a glass photographic
slide and displayed as a 20 cm .wide by 15 cm tall
image back-projected on the acetlate screen 34
positioned approximately 40 cm in front of the slide
projector 30. In this way, the displayed size and
focus of each projected image may be controlled by
any manipulation of the iens controls of the projector
or camera, and the positioning of the projection
screen between the two devices.

Each image is digitized as a 5§12-row and 512-col-
umn matrix of values with a range of 0 to 285. At this
resoiution, it appears that the limiting step in the
imaging process is the actual exposure of the
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radiographic fiim and the photographer’'s abilities
and method. Two sources of variation appsar te
account for the majority of difficulties encountered
with current clinical methaods, each of which arises
from the susceptibility of film radiography to errors
produced by human users in a situation that does
not lend itself readily to any form of controlled
automation {technologically and socially}. Variations
in patient, film and camesz positioning from expo-
sure to exposure, and the requirements for such
accurate positioning posed by the process of
imaging a small area with a large device from a
distance ensure that comparison of images taken at
separate times (over years), by separate radiogra-
phers will be very difficult. Secondly, small (random)
variations in the X-rey beam voliage on exposure,
film quality and post-exposure processing induce
variations in both the overall intensity and the relative
distribution of the 256 possible levels of intensity
that can further obscure small changes in tissue
between exposures.

image Processing

Three software processes have been developed
for use with pairs of images, in order to: 1. correct
spatial transformations of the tissues imaged radio-
graphically as would be evident if the two images
were superimposed (spatial alignment), 2. correct
brightness and contrast differences due 1o the
above spatial transformations and fluctuations in the
radiographic beam intensity, film and processing
quality (intensity alignment}, and 3. compare two
images which have been egualized by the above two
processes so as to detect differences between
them. The software interface involves the use of a
video terminal and keyboard, and a monochrome
graphics display and "mouse” pointer. Each process
is described below, along with its associated
hardward and software.

Spatial Alignment

Hardware

Spatial alignment involves matching of reference
points on corresponding arsas of each image so that
tissue structures that remain constant (evident) on
two images may superimposs exactly, or with as
little error as possible. Radiographic images provide
poor reference markers, as they present indistinct
structural features and boundaries, which are unre-
liable and sensitive to camera paositioning error. The
alignment process described earlier introduces
non-tissue markers that provide sharp, consiant
reference poinis with a marker-iissue spatial rela-
tionship that can be controlied.

As described earlier, the reference markers
preferably consist of lead balls that have been
embedded in two perpendicular planes of a bite
block modified from those currently used to hold the
radiographic film during exposure. Lead is used for
maximum density, and balls are used for transforma-
tion invariance. (see Figures 2 and 3). The X-ray
"shadow"” produced by the balls is in effect superim-
posed on that produced by the imaged tissues, as
seen in Figure 5, and thus can serve as artificial
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reference points that can be used for all exposures
of the tissues of interest providing that the relation-
ship between the reference markers and the
underlying tissue is maintained for ail exposures
(i.e., the bite block must be seated on the same
teeth in the same position).

In practice, a patient would be fitted with a bite
block (or several) at the time of first consuliation
which would be used for all exposures of the tissues
of interest (for which they were first employed). As
described, the soft impression of the biting surface
of the teeth to be imaged permits accurate position-
ing on the teeth, to maintain a constant marker-
tissue relationship. The spatial arrangement of the
reference points allows the best empirical alignment
possible with the software algorithm used, appear-
ing as white disks ferming two concentric rectangles
surrounding the region of interest (see Figure 4). We
currently use a ball diameter of 1/32 inch.

Software

Once the reference and comparison images are
digitized, the alignment process consists of three
stages: 1. selection of reference points, 2. alignment
of reference points on one image to the correspond-
ing points on the other and, by this, all other image
points, and 3. repair of image *fractures” caused by
the transformations required to accomplish the
alignment. Three separate sofiware programs per-
form the separate stages, although they could be
combined into one larger program.

Because the balls present a well-known radio-
graphic appearance, they can be selected with ease
by an operator equipped with a mouse poinier that
controls a cursor on the monochrome display
screen. The operator indicates (with a crosshair
cursor) the centre of each reference marker to be
used, and the coordinates of the selected point are
stored. The seguence of markers selected must
remain the same for both images, although there is
no empirical effect of overall selection order.

Once reference markers have been chosen, and
their spatial coordinates known, the process of
alignment is started with the determination of the
coordinate differences between each corresponding
pair of points. Each difference (along X and Y} is
squared and summed and presented to a curve-fit-
ting algorithm that tries to minimize this difference
by iterative modifications (transformations} applied
to the to-be-matched (TBM) image’s reference
marker coordinates. The transformations used in-
volve application of (fixed and predetermined)
sequences of trigonometric functions 10 the TBM
coardinate values, so as to produce translations
along the X- and/or Y-axes, rotations around X-, Y-
or Z-axes, and dilation or contraction of the X-
and/or Y-axes {see Table 1). The algorithm applies
differing amounts of each transformation in turn, and
terminat2s when the lowest possible global image
difference is determined (as measured by the sum of
squared differences between reference-image mar-
ker and TBM-image marker centre coordinates}. The
parameters used for this "optimal" sequence of
transformations are stored and applied to every
peoint on the TBM image. In essence, the program

74 of 297



9 EP 0314 506 A1 10

determines the best way to shift, rotate, expand or
contract the TBM image, so thai its markers besi
superimpose on those of the “standard” image and
then apply these operations to every other point on
the TBM image.

Tabie 1. Alignment models tested Each model is
composed of iwo or three successive fransforma-
tions:

Model 1:

(1) Translation along X- and Y-axes
(2) Rotation around Z-, Y-, and X-axes

Model 2:

(1) Translation along X- and Y-axas
{2) Rotation around Z- and Y-axes
(3) Dilation (size change) of X- and Y-axes

Model 3:

(1) Perspective transformation with manipu-
lation of
- viewing projection, and
- projection plane

{2) Rotation around Z-, Y-, and X-axas

Model 4:

(1) Translation along X-and Y-axes
{2) Dilation (size change) of X- and Y-axes
(3) Rotation around Z-axis

Because of limits on computational precision and
image resolution, and differences in camera distanc-
ing from the tissues, the transformed image may
contain regions for which no discrete transformed
point can be calculated. For example, a TBM image
that is smaller than the reference (or initial) image
will require fractional expansion for proper align-
ment, and the fioating-point coordinates used to
represent each new image coordinate pair are
rounded up or down to the nearest integer for
display. This error would appear as a pattern of
no-intensity horizental, vertical and/or diagonal lines
({solid or broken) of one unit width superimposed on
the transformed image. For all transformations
performed to-date (and those expected), these lines
can be easily removed by writing to each no-intensity
point the average of its (up to eight) nearest
non-zerc neighbors.

Once the spatially-transformed image has been
computed, it can be stored in place of the TBM
image, as it will represent the best spatial fit of that
image to the reference image. The pair of images to
be compared can then be further manipulated for
purpcses of enhancement (perhaps io increase
contrast or definition), or in some cases may be
amenable to immediate comparison. It has been
found, however, that an additional source of image
difierences, unrelated to pathological differences
and resulting from inadequacies in the technology
and practice of film-screen radiography, often
necessitate an additional stage of image equalization
before proper comparison and measurement may be
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performed.

Intensity Alignment

Software

After spatial alignment, and before comparison,
images must be equalized for variations in exposure
duration, film response, and processing controls.
One program: controls this alignment stage with little
operator intervention. The frequency disiribution of
intensity levels of each image is calculated and
converted into a relative frequency distribution.
These distributions in turn can then be converied
into probability density functions for sach image by
calculating @ cumulative frequency distribution. The
probability density function determined for each
image can then be transformed to fit an"ideal”
{specified) distribution, and the image's new fre-
quency distribution can be reconstituted. Currently,
the ideal distribution is a pseudo-sigmoidal function
with those image points in the top or bottom 5% of
the frequency distribution sei to their respective
extremes, and the intermediate S0% of the distribu-
tion fit ta a linear function with a slope of 1 (see
Figure §). An alternate disiribufion currently being
tested is the gamma probability density function,
which, when its parameters are set appropriately,
assumes a shape much like that found empirically
with X-ray images (i.e., a positively-skewed guasi-
normal distribution of posilive values), and thus can
effect an initial, equalizing, fit with fewer and smaller
intensity-value transformations than distributions
with other forms.

Once this final phase of image equalization has
been accomplished, the two images can be com-
parad with a minimum of non-pathological image
difference. Other operations can ziso be enacied on
the images prior to comparison. Further intensity
distribution manipulations may be used to highlight
selected corresponding regions on each image
(e.g., fitting to normal, exponential or sigmoidal
curves). image "definition" may be enhanced tc
show detail, or reduced to remove “grain”.

Image Comparison

Subtraction of one image from another is the most
straightforward process by which images can cur-
rently be compared. An informal method, involving
rapid display of each of a pair of images in
succession, can be used for an initial and easily-rec-
ognized visual identification of obvious differences.
For quantifiable differences, however, more sophis-
ticated methods must be employed, and this
display-oriented method will not be discussed
further.

One central subtraction method is currently used
to perform all comparisons {on pairs of images),
although several analylic software routines are
available to provide parameters controlling the
subtraction operation. As was done for the spatial
alignment transformations, a “reference” image is
selected; for comparison, the oldest of a pair of
exposures would usualiy be considered for this role.
The intensity of each comparison-image point is
subtracted from the intensity of its corresponding
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point in the reference image.

The subtraction produces at each point oche of
three classes of values: positive, negative and zerc
indicating, respectively, tissue gain, tissue loss, and
no tissue change (see Figure 6). The resulting
"difference" image can be displayec directly {as an
image of absolute differences) or coded to reflect
the result of the subtraction at each point, with
tissue gain appearing as high intensity (white), ioss
appearing as low intensity (black) and n¢ change
appearing as medium intensity (grey). Because the
image equalizations performed are still subject to
operator error or calculation and disptay limits, a
certain margin of error remains that may hinder
measurement of true differences. For this reason the
subtraction process can be constainad by limits on
the amount of numeric difference between sub-
tracted points that is considered acceptable and to
be ignored by the measurement software.

Several methods can be used to determine those
intensity changes that are considered to be non-sig-
nificant and, conversely, those 1hat exceed a
particutar threshold. The simpiest, and thus first
introduced, method will involve opsrations on the
distribution of image-pair differences resulting from
subtraction (centered on 0 and ranging from 0-255
positively and negatively): specifically. the use of the
distribution’s standard deviation (or 5th and 95th
percentiles) to determine the upper and lower
thresholds for “difference”.

Measurement of Change

Once suitable limits on point differences have
been established, only those pairs of image points
that are found to differ "significantly” (gain or loss)
will be considered for further analysis. It is expected
that further enhancement will be required to con-
strain the search for signiiicant differences to
specific image regions, and to exclude arsas of
difference smaller than those of clinical interest
(e.g., scattered unitary points).

Once the final regions of difference have been
localized, their absolute difference can then be
related to a recognized msasure of tissuz density.
The step-wedge located at the top of each image
can be used as a reference density with which all
pathological tissue densities can be compared.

The operator, again using the mouse pointer and
the screen cursor as for spatial alignment, selects
the center of each grey square presented by the
step-wedges of the reference and TBM images. The
average of all intensities in @ N x N unit square
centered on the point selected by the operator is
used as the intensity value of the selected point. This
averaging is performed to remove noise introduced
by the film's grain, and minimize intensity variations
remaining after all equalizing transformations.

Once all points have been chosen, a mean value
for each step-wedge density is calculated from the
vaiues presented by each image, and these values
are used to dstermine the particutar function that
characterizes the reiationship between step-wedge
density and resulting intensity level. When this
function (and its parameters) have been determined,
the mean difference of the area or areas that have
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been marked as significantly different is then
translated into a specific density of aluminum. A
standard empirical relaticnship can then be used to
translate the aluminum-density value into a value of
hydroxyapatite-density, a widely-used density me-
tric.

In Figure 5, the expesed processed film shows the
shadows 40 of the lead reference balls, along with
the skeletal bone 42, the individual teeth 44, and the
image of the step-wedge 46.

In Figure 5, part (a) is a pre-lesion radiograph, and
part (b) is a post-lesion radiograph. In the image (b),
a first arrow 50 points to the bottom edgs of the
image, above which a demineralization location is
found about one third of the way up. The arrow 52
shows a remineralization location, again about one
third of the way up.

Figure 5 (¢) shows an idealized subtraction image,
where the black portion 54 indicates loss of tissue,
whereas the white portion 56 shows tissue gain. The
remainder of the image (c) shows no change.

Ciaims

1. For a diagnostic process in which two
images are made on an image recording
madium of the same structure at the kbeginning
and the end of a time interval during which the
structure changes, a method of permitting a
computing device which electronically stores
the images to improve the alignment of the
images as reproduced in the form of pixels ona
monitor screen, each pixel having a specific
grey level, the method comprising providing,
when each of the images is made, a particular
spatial pattern of marker elements in a particu-
lar juxtaposition to said structure so that the
shadows of the elements arise on the respec-
tive images, whereby the computing device is
enabled to rotate, transiate and alter the scale
of one image with respect to the other until the
shadows of the elements on one image coin-
cide as closely as possible with those on ihe
other image.

2. The invention claimed in claim 1, in which
the structure is human teeth, in which the
imagss are radiographic images made on
photosensitive film, in which the radiation is
X-radiation, and in which the marker clements
are separated metallic balls incorporated in a
bite block, the X-radiation passing in order
through the teeth, the marker elements, and the
film.

3. The invention claimed in claim 2, in which at
least some of the metallic balls are all substan-
tially in the same plane aligned with the plane of
the film.

4. The invention claimed in claim 2, in which a
portion of the metaliic balls are all substantially
in a first plane aligned with the plane of the film,
and the remaining metallic balls are positioned
in a second plane at right angles to the first
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plane.

S. The invention claimed in claim 2, in which
the bite block incorporates an aluminum step
wedge tc allow the computing device to align
the grey scales of the two images.

6, For a diagnostic process in v/hich two
radiographic images are made cn raaiographic
film of the same human tissues within or close
1o the teeth at the beginning and the end oi a
time interval during which tissue change oc-
curs, a bite black for permitting a computing
device which electronically stores the images to
improve the alignment of the images as repro-
duced in the form of pixels on 2 monitor screen,
each pixel having a specific grey level, the bite
block registering repeatably with the same
teeth of a given person and incorporating a
specific spatial pattern of marker elements
whereby when the bite biock is held between
the given person’s teeth the elerments will have
a specific and repeatable juxtaposition with
respect 1o the dental structure and the sha-
dows of the elements will arise on the respec-
tive radiographic films, thereby enabling the
computing device to rotate, transiate and alter
the scale of one image with respect to the other
until the shadows of the elements on one image
coincide as closely as possible with those on
the other image.

7. The invention claimed in ciaim 6, in which
said marker elements are metallic balls con-
tained within a fixad portion of the bite block.

8. The invention claimed in claim 6, in which
said marker elements are lead balls of which at
least a portion are all substantially in the same
plane aligned with the plane of the film.

9. The invention claimed in claim 6, in which
the marker elements are metallic balls, a portion
of the metallic balls being all substantially in a
first plane aligned with the plane of the film, and
the remaining metallic balls being pasitioned in
a second plane normal tc the first plane.

10. The invention claimed in claim 6, in which
the bite block incorporzates an aluminum step
wedge tc allow the computing davice to align
the grey scales of the two images.

11. A method for investigating changes in
animal tissues, comprising:
at a first point in time, providing a plurality of
marker elements in a specific, repeatable
spatial juxtaposition with respect 1o the tissues,
and making a first image of the tissues by
exposing a first recording medium to radiation
that has first passed through both the tissues
and the marker elements, whereby the shadows
of the marker elements appear superimposed
on the first image of the tissues,
at a later point in time, providing the same
plurality of marker elements in substantially the
same specific, repeatable spatial juxtaposition
with respect to the tissues, and making a
second image of the tissues by exposing a
second recording medium to radiation that has
first passed through both the tissues and the
marker elements, whereby the shadows of the
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marker elements appear superimposasd on the
second image of the tissues,

converting the first and second images to first
and second arrays of pixels and storing the
pixel arrays electronically in a memory means,
wherein each pixel has a pair of geometric
coordinates and also an index number ident-
ifying its grey level,

using a computing device to improve the
alignment of one array of pixels with respect to
the other, wherein the computing device ident-
ifies the shadows of the marker elements in the
two pixel arrays, and operates on one array in
such a way as to bring the geometric coordi-
nates of the shadows on one array into the
closest possible coincidence with the geome-
tric coordinates of the shadows on the other
array, by causing said one array to undergo one
or more of the operations of:

g) translation,

b) rotatior,

¢) scaling up,

d) scaling down,

¢) differential scaling,

storing the improved pixe! array electronically in
the memory means,

and assessing the intensity differences bet-
ween pairs of corresponding pixels in the
improved array and the said other array to
determine whether tissue change is indicated.

12. The invention claimed in claim 11, in which
said animal tissues are within or close to human
teeth, in which the image is a radiographic
image made on photosensitive film, and in
which the radiation is X-radiation.

13. The invention claimed in claim 12, in which
the provision of the marker elements in a
specific, repeatable spatial juxtaposition with
respecl to the tissues is accomplished by
providing a bite block incorporating the marker
elements, and arranging for the bite biock to be
gripped in a reproducible fashion at the same
location between the same teeth prior to the
making of each radiographic image.

14. The invention claimed in claim 13, in which
the marker elements are all substantially in the
same plane aligned with the plane of the film.

15. The invention claimed in claim 13, in which
a majority of the metallic balls are substantially
in the same plane aligned with the plane of the
film, and at least one medtallic ball is positioned
out of the plane of the others.

16. The invention claimed in claim 13, in which
the marker elements are metallic balls.

17. The invention claimed in claim 13, in which
the bite block incorporates a step wedge, and
wherein the computing device utilizes the
images of the step wedge on the two pixel
arrays to align the grey scales of the arrays.
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DIGITISE IMAGES FROM SLIDE-MOUNTED RADIOGRAPHS

l

FOR EACH IMAGE: T T BT T
1. COLLECTION OF COORDINATES OF CENTRES OF I IMAGZ-MANAGEMENT
A. REFERENCE MARKERS !
B. STEP-WEDGE FACES I I _JI__..
| IMAGE
2. COLLECTION OF IMAGE PIXEL-VALUE l mALac
—— =T DATA AND
HISTOGRAMS | Solakaiiv
|
3 COLLECTION OF IMAGE STATISTICS o S —

(MEANS, VARIANCES, ETC.) i

| iMAGES

4. LABELLING OF:
A. REFERENCE MARKER CIRCLES ———T—~
B. STEP-WEDGE OUTLINES l

—_—

SPATIAL TRANSFORMATION FOR ALIGNMENT

FLOW-CHART 1: IMAGE DIGITISATION AND CHARACTERIZATION

FIG.6
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REFERENCE AND COMPARISON IMAGES AND
MARKER CENTER-COORDINATES

FOR ALL REFERENCE MARKERS, COMPUTE SUM

ol OF SQUARED DIFFERENCES BETWEEN CENTER-
COORDINATES OF REFERENCE-COMPARISON

MARKER PAIRS (OVERALL MISALIGNMENT)

APPLY MODEL (AND NEW-FOUND
YES OPTIMAL PARAMETERS) TO
COORDINATES OF ALL
COMPARISON-IMAGE POINTS

SUM IS
MINIMAL
OR ZERQO?

|

ADJUST PARAMETERS OF STORE NEW (ALIGNED) IMAGE AS
GEOMETRIC MODEL IN USE ADDITIONAL IMAGE OR IN PLACE
l OF OLD COMPARISON IMAGE

TRANSFORM ALL COMPARISON-IMAGE
REFERENCE-MARKER COORDINATES

(WITH MODEL AND NEW REPAIR OF TRANSFORMATION-
PARAMETERS) INDUCED IMAGE “FRACTURES":

: FOR EACH POINT WITH A VALUE
OF 0 REPLACE THE POINT WITH
THE MEAN OF ITS EIGHT NEAREST
NON-ZERO NEIGHBORS

l

IMAGE GREY-SCALE EQUALISATION

FLOW CHART 2: SPATIAL TRANSFORMATION FOR ALIGNMENT

FIG. 7
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FOR EACH IMAGE: l
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|
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OF REFERENCZ-COMPARISON
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THREE-DIMENDIONAL PANDORAMIC DENTAL BADIOGRAPHY
METHOD AND APPARATUS WHICH AVOIDS THE SUBJECT'S SPINE

Figld of the Inwvention

This invention relates to radiographic
imaging and mora particularly to dental radiographic
imaging.

Backoround of the nvention

Tonmography is an analog imaging process which
ig widely ussd feor radiographic iwmaging. In
tomography, an x-ray beam source amd an x-ray film are
moved in predetevmined directions relative to ons
ancther, such that the fulorum of relative movemsnt

ketween the source and the [ilm defines z reglion of

o

interest. Since relative novemsent at the Ffulerum is

iim.

iy

2era, bthis region is projected unchanged onto the
The radiographic projections of all tissuss lving
cuteide this region move during exposure, so that they

appeay more or lsss bhilurred depending on theilr distance

From the fulerum. Ths amount of Blur is directly

proportional to their distance from the fulorun.
Accordingly, the region or fulorum is often referved to
ag the "foeal planae®.

In summary, ths tonographlic process
capitalizes on the angular disparity produced by
relative motion between x-ray scurves and x-vay detestor
to selsctively isolate a region, the location of which

90 of 297



WO Sy 7T

(31

g

15

(94
311

PCT/URBLI861S

g

~

can be varisd by conbrolling nebtion ralative to tha
tigsuss of interest. In tomographlis imsging, Tinear
motion of the sourse and detectors nay be used {#linear
tomography®) or clvoulay mobion of the source and
detector may be ussad {(Yolroulaw tomographyyy .

Depending upon the dlagnostic task, other nore compley
motions may be used, such as hypereyoeloddal mobion
{¥hyperoyoloidal tonography®}.

A related but counputatiopally distinet
imaying process fovr obtaining tomegraphle sglices? is
somputed tomography. In coppubed tomagraphy, tha
projection geomstry is charactarized by a Fan-shapsd X-
ray beam which liss in the sams plane as a detactor.
This geonetyy renders detalls in ons fopal plane .
indepandent from those in anothey focal plans, but at
the sypense of havimg the plane of the sourcs and
detector motion coincident with the fecal plane.

Linesy tomography has bsen used in dental
vadiography to obtain insges of individual teeth ov
groups of teath. Cowpubad tomography also has besen
peed in dental radiography to obtain a slice thyough &
sublect's head, pavallel to the plane of the subjectts
tasth.

In the above desoriptio, and in the
deseription te follow, vefersnoe Is made to the ®plane
of the testh®, which is defined as the plane formed by
the intersaction of a subjectis uppsy and lowsr teebh.
This piane, which is parsllel to thea plane of the jaw,
iz typieally o horizental plane when the subject is in
a normal upright (standing or sitting) position.
&ﬁamrdinglyg the term Yhovizontal® will be used tu
vefar to a directisn parallsl to the plane of the
testh, which is btypically a horizontal plane. Tha term
syprbical® will be used fo refer to a divection
parpsndicular to the plane of the teeth, whish is
ganerally parallel to a sublech's spine, and is
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vertical whan the subjset is in the typical upright
position.

The process of tomography has been extended
to digital towmosynthesis, which produces a seories of
discrete iwagss taken from different positions as the
¥>yay sourece and deteptor move about a fiwxed fulorum.
Bach discrete image corresponds to a different relative
position of the sourse and Filw plane, rather than a
single image produced sontinuously. In linear
tomography and linsar tomosvathesis the source and the
detector move in a straight line about a fulorum Iving
in the tissues which define the plane to be seen
sharply in the reconstruction.

It has besn shown that the tomosynthetic
process is thesretiecally indistinguishable from the
tomographic procass, provided that the size of the
smallest detail of interest can be gspecified angd the
number of digcrete projections is sufficiently large.
These processes are indistinguishable becausse they both
operate by isolating a fewal plane thyough a controllied
blur as described above. However, tomosynthesis has an
sdvantage over tomography, basause simple manipulation
of the radicgraphic intenzity data obtained from the
multiple images pormits the position of the focal plane
to be adjusted after the fact, Accordingly, a computer
can be used to selectively search through the wmultiple
images and to render the image of a particular
structurs of interest in propsr focus, irrsspective of
its location.

The theprastical and practical designs of a
tomosynthetis x-~ray system ars well known to thoss
having skill in the azt, and are described, for
axample, in an article entitled Tomosynthesis: A
Thres-Dimensional Radiegraphic Imaging Pachnigue by D.
G, Grant, published in the IEER Transactions on Rio-
Medical Enginesving, Vol. BME~19, No. 1, January, 1872,

PR. 20~328. The prasant inventor likewiss has
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cosuthored a nunbar of artieles gesceribing cosputer
tomosynthesis, Ses the articles entitled Computerdzed
vomosynthesis of Dental Tissues, poauthored with
Grosphuiz and Rutbtinann, published in Gral Surgery.
vol. 56, No. 2, pp. 208-314, Augqust, 1983; A& Erwitotype
pigital Tomographic X-Ray System For bental
Appliications coaubhored with Groenhuis and Rottimann,
pubklished in the IEXE International Symposium on
Medioal Tweages and loons, July 24=27, 1884, pp. 218=
331 Restoration of Digital Multiplape Tomosynthasis BY
2 conmtraiped Tterabion Method, coauthorsd with
Rabbimann and Croentuls, published in the IEEE
Transactions on Nedical Imaging, Vel. MI-3 Septenber,
1984, pp. 141~143; and Syathesy ix of Avbitrary X-ray
Projections from a Fianite Number of Bxisting
Projections coauthored with Ruabtimann, Sroeniiiis and
Faholn, publisbed in Socisty of Photo-optical
Tnetrunentation of Bngineers, Application of optioal
Tnetyumentation in Nedicine XIXX, Vol. S35, pp. 84 ~B{,
1888,

vanoramic dental radiography is also widely
used for dental imaging.  In contrast with conventional
single tooth ewposures, panoranic dental radiography
attempts to “unwrap® the curved jaw and teeth Into a
£lat panoramic image. In other words, panoramic dental
radiography is a unigue Iimasging tachnique for showing
all of the testh and related dsntal tissuss o 8 aingle
asxpossd Filwm in one Spanoramie sweep®., It results from
a system that dynamically alters thae swept projection
using an suposure gsonelry that establishes Yool that
sre different in the horizontal and vertical
dirsctions.

ranoramic radiograpby vessmbles lineaw
tomography to the sxtent that it producss images
characterized by a region of sharp foous that is
a&n&r&ll ad by the metion of the x-vay beanm ami ths 2~
TRY £iim relative ko the irradiated tlssuss. However,
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unlike tomography ths image is produced from a fan~
shaped x-~yay besam which seans agross a moving £ilm as
the source of yadiation noves In a compllcated path
ground the patientis head. The result is an image
whtich shows ralatively sharp images of the teeth
unwrappaed from the dental arvch, dub buried in blurred
images of cother tissues laying further away from the
region of interest.

Fanoramia

G
rotation of a single fan-shaped x-ray beam and an xX-yay

~

radiography involves horizontal

detector, such as a photographic plats, aboubt an axis
which is generally paralisel to the subject’s spine and
orthoegonal to the plane of the testh. 7Ths single fane
shaped bean i3 a vertical hean, which extends
srthogonal to the plane of ths testh, In contrast with
tomography, the x-ray film is also moved relative to
the x-vay beam, at 8 constant velooity which is
synchronized te the rotation of ths x-ray source and
film. In the limit {i.e. wvhen the fan-shaped besam iz
infinitely thin), this movemant placses the affective
tomographioc fulerum abt infinity, thus precliuding all
Tomographic blur. On the other hand, by incresasing the
thickness of the fan-shapsd bean, 1t is possible to
introduce wmore and wmore tomographic blurring into the
resulting pancramlic radicograph, o rendar sharp only
the inage of structures lying a focal plane determined
by the relative movement of the source and detactor.

In sunmmary, panoranic radiography sweeps an
sxtended filwm with a modulated fan-shaped bsam to
produce an sxbended image with a lateral extent and
projective atitvibutes lupessible to produce directly
from & single exposurse. Ths dagree toe which the
unwanted out-of-plane structures are tomegraphically
blurred is determinsd by ths horizontal width of ths
Fan bsam as it is projscbed onto the moving film, and
by the relative movement of the x~rvay scurce and
profected tissues relative to thes plane of the fuloruw.
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Taken togethsy, these Procasses pesult in an lmaging
sysbam that permite the testh to e wviswed
tomographicslly in spits of the fact that they lie in
an srched arvangenment inside the head,

Panoramic radiography sysbtens are described
in U.S. Patents 4,989,122 to Nieminen entitlsd
Paporanis Tomography X-ray Apparaius; 45,783,783 Lo
virta obt al. entitled Yeray Apparatus for Panoranic

Pomography Inviuding control Systemy 4,847,881 to
Heubsck entitlsd Dental Y=ray Disgnostics Installation
For Producing Pancramnic Tomograms of the Jaw of &
Patienty and 4,878,334 to Pheiffer st al. entitied
pental X-pay Diagunostics Installation for Produsing
Panorams Slice Bxposures of the Jayw of & Patient.

altheugh usaful for producing panoranic

imagss of a subject's teell, knewn panoranic dental

radiographic systems DOSsess & nunber of shorteomings
Por exanple, the ussfulness of dental panoramic
radiography depends greatly on the degree to which thsa

struckures of interest lie oloss ko the fogsl plans.
IF the reglon of relstive lack of blur is too wide,
sErgebtures other than beeth and jaws also appeay sharp,
and obscurs details of ths structure of diagnostic
interest.  Rence, in order to prevent unwanted Faatures
from appeaving olearly, tomagraphic bluwy ing btyplonlly
is adjusted Lo vender enly images guite near the focal
plane in relative Foous. Unfortunately, such a design
nakes the avsten highly sansitive to subisct
positioning. I the subjsck is nobt posibioned
properly, the dental struetuves of intevest may ot bw
present in the vegion of vlear tomographic foous, o
that the image of important dlagnestic dstails bstowes
viurred.

& particular problem related to dental
panoranic radicgraghy stems from the fact that the
images of unwanted strootuvas subtside the reglen of
clesr focus are only blurved, rather than belng
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“eliminated completely. coordingly, & largs diffuse

tracture is less influnensed by the blurring process
than & anall, sharply éeliﬂ&atem tigsee detaill. This
is a parbticulay problewm in dental pancramic radiography
because the vertical fan-shaped x~ray beam passes
through the spine. The nidlins position of the spins
has heretofove preciuded x-ray projections which avoeis

the sping.

The need Lo pass an ¥-ray baam through ths
spine in a dental rvadiographic applications, produces
tws deleterious effects. First, it reguires a higher
xeray dose than would sthervwise be raquir&& in order
¥y at the tseth after

)

to provide sufficient x-ray dens
passing through the spine. Morsover, it producss a
large nassive bluy on the x-ray Film which often
obsoures structurss of interegt.

¥at ancther problam with conventional
paneranic radiographic systems is the overlap of the
teeth in the pancramic radiograph. This overlap takes
Pplace becange the x-ravs are nobt alwaves dirsctsd
betwsen the proximal surfacesz of the teath.
Aocordingly, the interpraximal vegions of a number of
testh typically overlap in the panoranmis radiograph,
thereby obscuring neceasary detalis.

It iz known that multiple beang can be
produced from s single x-vray source, using a sultable
xeray collinator. Ses UW.8. Patent 4,364,834 to
Tosswill sntitled Par Fiseld Imaging, which describes a
callimator fovr use in imaging far field sources, and
U.8. Pabent 4,304,9%% Lo Richey st al. entitled
Eocantric Sonrse Collimator Assembly for Rotating
Source CF Secanner. Multiple besans, which may be
producsed by collimating a single x-ray source, may be
used in multiple bear computey tomography as daseribsd
in U.8. Patent 4,315,157 to Rarnes entitled Maltiple
Bean Computed Tomograpghy [OP) Scanner. It is also
known to use ab lsast tvo fareshaped beams having

96 of 297



WO 83711787

52

t
84

PCTAUSSEIG61S

o B

different enargy spectra which ars obbained from &
sirgrle weray source to produce several negatives oX
sxposurss of a single avea O a2une, and to supsypase
thagse aypposurss, ag dascribsd in U.S. Patent 4,731,807
o Plessis 28 al. sntitled eray Framination Apparatus.

Pinally, it iz also known o obtain panoramnic
dental x-ray lmages frowm multiple diverging fan~shapead
beams, which exband orthogonsl oo tha planse of the
taath, by synchronomsly rotabting the fan~shaped beams,
and corresponding detectors, abomal an axis orthogonal
+o the plane of the teebh. . Hsa L. JPatent 4,481,850 to
Rinanern. Five vertical fan-shag cod boams ave used, with
oo baam belingy a centrally located beam which passas
radiation through ths subjisctis spine. The remaining
beans ares sympstrically arrangsd about the aentral
baaw.

In swmmary, nown panoramic dental
radiography technigoss, which use singls or nultiple
far~shaped x~rvay beans arve highly position sensibive,
inelude excessive overlap of intsrproximal areas of the

teath, reguire higher doges, and producs interpretive
artifacts due to the sffects of the spine.

Surswrary of the Invention

6 i tharefors an obisct of the praessnt
invention to provide an luproved panoramic deatal
radiography method and apparatus.

T is ancther obiscet of the prassnbt invention
to provide a panoramic dental radiography mathod and
apparatus whickh reduces the sffect of the spine on X

ray dose and imags guality.

Thess and other cohieots avs provided,
acsording to the present lnvention, by singltaneously
projecting & plorality of vartical {L.e. axtanding
orthegenal to the plane of a subjectis teath)
divarging, fas-shapad radiation beams through a
subiect s testh, which ssoll fan-shaped bsam ayeiding
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CEhegsubject's spine.  Tha attenuated radiation which

’emefges through the teeth iz detected, with the
 datected attenuatsd radistion being fres of attenuvation

produced by the spins. The radiographic source and

n

radiographic detector ave synchronously rotatsd about a
vertieal axis {i.e. orthogonal to the plane of the
subject's teeth), with each of the fan-shaped beans
avelding the spine during retation thereof. The
detected atbenuated radiation produces malitipls
18 panoramic images of the teeth which arve fres of image
artifacts produced by irradiation of the spine.
Aocording to the invention, the plurality of
diverging vertical fan-shaped radiation beans pass
through a subject’s head, with each of the fan~shaped
15 beans aveldding the subjsct's spine. The fan-shaped
heams pass on either side of the spine but no bean
passes through the spine, Accerdingly, image arbifacts
caussd by irradiation of tha spine are eliminated.
Horeover, a reducsd dosage rTasulis, beoause the primary
20 x~ray bsams need not pass through the spine. Finally,
aexposura of the radiosensitive marvow producing spine
is eliminated.
The plurality of diverging vsrtical fane-
shaped d~ray beans way be produced by & collimated x-
25  ray sourse. A linear rvadiation detsctor, such as a
vertical, linsar Charge Coupled Device (CCOIN avray, may
be positionsd to intercept a respesctive ons of the fane
shapad beams which emergs from the subjsctis head, with
sach of the bsams avolding the subjsot’s spine. The
30 signals detected by the detectors may bs processed as
conventional pansranic data to produce a pancranic
image of the teeth. The images so producad have
deorsased sensitivity to subject positioning and
raduoed interproximal overlap compared to conventional

iy
R4

panoranic inmages.

98 of 297



POT/USII/EGIS

W31

10

Ak
A

30

g

The images prodused according to the
invention may be thought of as bedng sguivalent to thab
produced from & nypothetioal Dwo-siap progess:

1} & highly nonlinsaw warping transformation

that opens the head frowm the back and

Filattens it oub such that the teeth ars

srisnted in o rolatively straight line rather

than bent into the avch-shaped gonfiguration
that they normally scoupy, and

3} applicatisn of lineay vonosynthesis o

the resulting grossiy distorted tissus nass.

The desived tomosynbhetic slives are produced

from focal planes parallel to the now

flattenad plané containing the Sunwrappsd®
testh. '

The  invention produses reducsd bIurvimg
without extreme sensitivity to subjsot position, The
Aistortion and dosage effecte of the spine are
eliminated, and veduced interproximal overlap is
provided.  The invention may ba practiced by modiiying
conventional dlgital tomosynthesis systems o provide
multiple vertical Ffan-shapad haans which avold the
sping, and muitiple vertical Linear debecbor avrays, e
abtain simaltanecus acguisition of maltiple panorvamic
projections, sach produced at & different  angle.
Ponogynthetic provesaing may then be used Lo abtain
threae~dimensional information.

Srief Desorintion of the Drawings

Figure 1 schematically illustrates a
corveantional copputead tomogyraphic system.

Figurs 2 schematically illustrates a
conventional panoranic dentel radiography systewm.

Figorse 3 schematieally illustrates a
tomosynthetic panoramis dental radiography systen
aosording to the present invention.
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Figure 4 gchematically illustrates a cross
sectional view of the tomosynthetic panoramic dental
radiography systen of Piguve 3 taken through the plane
of ths bteeth.

Figurs % schematically illustrates the
mechanical configuration of the system of Figure 3.

Figures 8& snd 8B illustrate alternate
configurations for the detector arravs of the system of
Yigure 3.

Plgursa 7 illustrates a general elesctrical
schenmatic diagram of the systenm of Figure 3.

Figure & illustrabtes a nors detailled
slectrical schematic disgranm of the electronic
controller of Figure 7.

Figuras 33-90 illustryate the thaoraetical
morphological transformation of a subiectts head during
ranoramic radiographic operations.

Figures 10& and 10E illustrate irvadiation of
the norphologioally transformed head of Figure 0
during conventional panoramic radiography and during
panoramic tomosynthesis underlyving the prassent
invention,

FPigure 11 illustrates a general schematic
diagram of an alternative smbodiment of a panoramic

dental radiography system of ths present inveantion.

Desoription of a Prafered Embodiment

The present invention nov will bs desoribesd
mors Fully hereinafter with rafersnce to the '
accompanying drawings, in which a preferred subodiment
ot the invention is shown. This invention may,
however, be smbodiad in many diffsrent Fforms and should
not e construsd as limited to the smbodiment set forth
hevedns vathey, this embodiment is proavided so that
this disclosure will be thorough and complets, and will

fully convey the scope of the invention to those
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skilled in the art. Like mumbers vefer o like
elements throughout.

riaor to desoriding the panor mic radicgraphy
nebhod and appurabus of the present invention, &
desaription of a cownpubsd fonography systen will be
provided, fellowed by & dascription of a vonventional
pancramic radiographic system, Pigure 1 schemablcally
{iliusbrates s compubted tomography system, which is
orisnted to obtain a slios theough the head, including
the plane of the testh. Awn shown, computed btonography
aysten 19 projscbts a singles, novizontal faneshaped X~
ray beam 311 from a scures I8 to s Tinsar detegtor array
13. The x-ray sourcs IR and virtual 1insar detegltor
array i3 are vobtatsd in a hoarizsontal rotation pabth 34,
without translational movement betwsen the source 12
and the detector 13, Horizontal ratation typleally
rakes place aboub a vertiosal axis 315 which is centersd
pear the spine of the sulvject I8,

n circular tombgraphy, the datector arvay 13
would be replaced by an x-wvay filw cassstte, and ths
rotation iz typleally a continusus rotation. In
computed tomOGraphy ., mualtiple discrets line integrals
are prodused, sash sovresponding to s different
relative positicn of the source and detecton, rathay
+han a continuous tomographic veproduction.

Tomography and tonesynthesis both rely on the
blurring of unwanted details which ave oubs ide the
region of sharp Toous. Hovever, tomosynthasis
ﬁmammmﬁaﬁ & unigue advanbage over tonography baoause
simple manipulation of dats obtained frow the meltiple
imagres permits the position of the Ffooal plans to be
adjusted afher the facts In partiouiar, & compuber San
be used to selsotively seavch through multipls images
and render ths image of a pavitioular structurs of
interest in proper foous, vsgardless of its particular
location. Norsover, ths projsction geomabyy
responsible for the blurs, at any distance frow the
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focal plane, is known in advance. Accordingly, the
2ract nature of the blurring process produced by
unwanted structures way be predicted with certainty.
This means that deconveluting algorithms may be used to
further suppress blur resulting from structures lving
cutside thse fooal plans.

Referring now to Figure 2, a schematic
illustration of a panovamic radiogvaphy system is
shmwﬁ, System 20 includes an x-ray source 22 which
projects a single, vertical, fan-shaped x-ray beam 23
onto an x-ray film #3. & s1it collimator 28 may be
uged to reducs the effects of wnwanted radiation. The
source 22 and film 23 ave rotated about horizontal
rotation path R4 centered about a moving vertical axis
RF, typiecally located anterior to typically the spine
of the subject 8%. In contrast with the tomosynthetic
syshem of Flgure 1, thers is relative motion between
the source 22 and film 23. The relative motion is
synehronized with the rotational movement of the sourcs
22 and film 23 about axis 25. Aoecordingly, an extended
Tilm 23 iz swept with a nodulated fan-shaped beam to
produce an extended imags with a lateral extent and
projective abtwibubss impossible to produce directly
from a single exposure.

Although the systen of Filgure 2 is widely
used for panoramic dental radiography, it has been
found that this system is highly sensitive to subject
positioning. Also, ths hean passss through the
subjeak’s spine, which contributes te the ¥~ray dose so
that it is higher than would ordinmarily be reguired for
imaging the testh and jaw. Moraover, the spine croates
& blurrad artifact on the panoramic image which oftean
interferes with proper diagnosis.

In the description of Flgures 1 and 2, and
the description of the inwvention to follow, the terms
*rnorizontal® and fvertical? are referanced to an
wpright {(sitting or standing} subject 18, 2%, In an
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upright subject, the systems 14, 20 arve votated
horizontally, with beam 11 being a horizontal fan-
shaped baanm and beam 23 being & verbtical fan-shaped
heam. However, it will be understood by thoss paving
skill in the ayt that the terms shorizonbal®. and
syeriical? ave generally defined relative to the plane
of the teeth, which is formed by the intersaction of
the upper row of testh 13, 3¥ and the lowsy row ol
tosth 18, 28, and which is parvallel to the bobbom of
the jaw. A divsoction parallel to the plans of the
resth iz referred to ss Shorizoantal® and a direction
which is orthogonal to the plane I the testh will ke
raforred to as Svertical® in this description.

Refarring now to FPlgurs 3, the panoramic
dental radiography system of the present invention will
now be deseribed. Aas shown in Flgure 3, panpranic
radiography system 30 includes & plurality, here six,
of wvertical (orthogonal to the plans of tha taeeth) fan-
shaped diverging bozme Sis~31f, preduced by a sourcea
22,  The besms 31 may be produced from a single sgures
33 using a six~way collimator, as is well known o
those having skill in the arbk.  A&s also shown in Figure
3, a vertical detector array having & plurality, here
six, of linsar detectors 33a~33%, is positioned sa that
a vespscbive one of the beans 31 inpingas on a
vespaective one of the detsetors 33 after passing
theough the subjsct 8. For refsrencs purposas, upper
and lower rows of teeth 37 and 38 are also shown. As
alse shown, sourcs 38 and detector 33 ave rotated in a
horigontal rotation path 34, sbout a vertieal axis 38
which wmay rTun through the subject’s spine.

The system of Flgure 3 may be viewad as
having & very navrow fan beam, rasulting in &
relatively wide region of sharp foous, so as to
pracinde significant blurring of malpesitioned
structures of diagnostic intevest, Multiple syposures
are taken at cavefully solssted angles, so that all
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areas of diagnostic intarest are seen, and not obsoursd
by superimposed images of irrelevant tissues in at
least one projectien. This results in a system that is
characterized by multiples panoramic scans, sach
involving & differsnt projection angle, to vield
maltiple, discrete, asymmetrical panoramic projsctions.
By kesping track of the angles vesponsible for the
resulting projsctions relative to the position of the
subject, it is possible te tomosynthetically synthesize
the resulting two-dimsnsional projections into a true
three-dimensional representation of the tissues.

Referving now to Filgure 4, a cross-sectional

view of Figure 3 taken through ths plane of the teeth

iz shown. Figurs 4 illustrates that all of the beanms
3%a-31F are projected on sither side of the spine 41,
throughout the 380”7 rohation of the systenm around the
subject. In particular, beams 3ls~31¢ are on one side
af the sping 41 and beawms 318~33F ars on the opposite
side of the zpine 41. The spine is theveby minimally
arpesed to ¥-rave and the spine cannot agt as a scurce
for blurring the resulting imags. As an sxample of the
geometbtyy of Filgure 4, beanms 331a~31f wmay bs spaced about

respectively, with the length of sach beam being
approximately 40 inches, and ths distance frowm source
32 to center axis 35 being approximately 20 inches.
Axis 35 may coincide with the center of spine 41 or may
e placed between spine 41 and testh 37.

The signals produced by dstector arvays 33a-
33¥ may bs processsd tonosynthetically. However, in
contrast with conventional tomosynthesis, the multiple
discrete angular projections reguired for panoramic
tonosynthetic reconstruction are gensrated
simultansously rather than serially. This is
accowplished through the use of wultiple fans~shaped e
ray beams, sach exposing the tissues frowm a different
dirsction as the singls x-ray source and multiple

104 of 297



WO B3 LI87 PCT/USHR/ 10618

i G

detector system rotabtes aboul a fixed or noveabls

panter. .

The pressnt Inventiom produces a number of
advanbages over nown pancramis dental radiography

5 sysbems. Ths x-yvays oan pompletely avold the spine, =0
that no primary radistion reaches rhe radicosensitive
narrow space in the spine. Hoprsover, projective
artifacts of the spine do not find their way inte the
muitiple panoramic imagss which ave produced. Finaldlly:

10 the dose nay e voducsd beoauss the X-rays are not
directed through the spine.

The present invention also pan diffeventially
weight the dose distribution in the hsad so that it is
concentrated in the tissues of dlagnostic intersesi.

15 For oxampls, veferring again to Figure 4, the disk
shaped region defined by ths seotor betwaen beams 3
and 314, as they rotate over 3807, is not sxposed o
any radistion dosage. The anmmlar ragion between beans
31b and 3ie {and 314 and 318} is exposad to two beams

20 as thesse beams rotats.  The amular raglon between
beams 3is and 2B (and beame 3ls and 33 is exposed to
four hesms. The remaininyg annular region is exposed to
a total of six beams. Actordingly, the system tends to
reduce and sgualize the maximum intensity distribution

35 of the z-rays.

The present invention produses multiple
projections, at lsast one of which is 1ikely to open
magt of the points of interproximal contact betwsan ths
tepth. As is well known to those having ekill in the

30 art, it is desirabls for 3 vadiography system to allow
points of interproximal contagdl between the tasth to he
ascurately viewad. ,

The pancramic inags may bs obiained by the

pragsent invention without the precise subject placement

4

heretonfors reguired. ¥Finally, since theory and

Lo

existing software have denonstrated that tomogynthetic
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projection, tissus changes can be quantitatively
obtained from careful comparison of existing panoramic
radiographs and thoss produced according to the presant
invention.

The present invention can utilize well known
commercially available components to achisve improved
results. In particular, a conventional source 22 such
as sontained on a model Panex-El machine, marketed by
Morita Corporation, and a customized wulti~slit
eslliimator may be used to produce the multiple vertical
fan-shaped beams. A plurality of detectors, such as
six model THY 1089 linsar x-ray detectors, marketed by
Thompson C85F, may ba used to detest the radiation.

This device is a 4% inch linear arvay of 1000 CCD
elemants.

In contrast with conventlonal radiography of
Figure 2, reslative movement betwsen detectors 32 and
sourcs 38 is not necassary, so that mechanical
synchronization is not reguired. The signals from the
detectors 33 may be processed using conventional
tompgraphic processing steps, so that new progessing
algorithme need not be developed, and known
tonosynthetic enhancement technigues may be used. For
example, Computer corrastion of artifacts such as
variations in contrast and differential magnifications,
and computer pattern recognibtion technigues may be
usad. The slectronic imagss produced wmay be
transmitted from one compubtar to ancther, Ffacllitating
communications for dimmostic and forvensio Purposes.

Referring now to Figure 5, a simplifisd
schematic illustration of the mechanical configuration
of the system 38 of the present invention will now ha
described.  As shown, X-ray source 32 and collimator 43
are carriad st ong end of support arm €4, with the
detectors 33a-33f being mountasd at the other end
theresf. The detectors 33 may be mounted on a detector
suppoert 47. As ghown, ark 44 1is sounted for horizontal
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movenent about axis 3% using a aotor &5 which is
mounted on support member 48,

apparatus 3% also inoludes subject
positioning wmeans, foU positioning the sukjact ralative
o the source 32 and detechtor arvay 33 to obtain the
geometric relationship described in connection with
Pigures 3 and 4. The subjsct support may include & jaw
support 48 nountad on a base 48, and may also include
an optional skull suppor® 1. The supports 48 and 53
are prafevably adjustable, to permit praciss
positioning of a subject’s head 39 relative to the
apparatns'sﬁi The detailed mechanical design may be
basad wpon known pancramic dental x-vay systans, and
need not be desoribed hersin further. For example, @
Panex~E machine, narketsd by J. Hovita Corp., Tustin,
R, may be madified.

Referring nov to Figuves SA and 8B, alternate
embodiments for the detectors of Figure § are showi.
Figure §& illustrates four debactor ayvays 33s¥-334%,
such of which include a plurality {sush as thres) of
vows of OO0Ds. The twow-dimensional detector arrays 33¢
may encompass the Full extent of a widenad but still
sollimated fan-ghapad bean. Accordingly, the nanber of
independent projection angles Tox tomasynthatic
reconstruct lon nay be multiplisd by the number of rows
of CCDs. The array of Figure SA incveases the
flexibility of the systen, which may permit tailoving
the projsction geometry o & gpeaific imaging task.

For example, a hybrid sysben may be generated which
anisotropically samplss both at low and at high angulaw
resolutions depending on the importance of the
stroctures passing theough the fan-shaped beams st
speoific robtational angles. Plgure 8B iliustrates &
single largs two~dimensional matviw of gdataector
slements $3, which provides the ultimate in
flexibiliby.
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5 Referrvimy now to Pigurs 7, a general hardware
block diagram of the apparatus 30 of the present
invention will now be desoribed. as shown, an
slectronic controller such as a stored progran
microcomputar may be electrically connected to X=LRY
source 32, motor €% and detector array 33, for
electronically contrelling x-ray generation by z~ray
sgurce 32, and the retation of motor $8. The signals
from the detector array 33 may be stored in controller
38 and may b2 processed therein as desavibad below in
connection with Figure 8. The processed signals may be
transferred to a rawmote computer 52 for remote analysis
er viewing., The image may also be projectsd onto a
visual display 34 such as a cathode ray tube {(ORT
goraen. The manner of connsobing the slesments of
Figure 7 are well known to those having skill in the
art and nsad not be describsd in further detail herein.

Referring now to Figure &, a detailed
dascription of centroller $¢ will now be descoribed. As
shown, a plurality of signal linss 353 may connect
detector array 33 to a buffsr 56 in controller 88, to
allow high speed parallel transmission of data.
Alternatively, ssrvial Transsission over Ffewer lines may
be provided, It will alsc be undsrstood by those
having skill in the art that less than all of the
linear arrays may bes activated during a given scan, so
that the depth of field arvound the Focal plane may be
altersd during the process of data acguisitisn, This
decreases the rveguired frame buffer sizs, and the
reguired data transfer rates. '

After appropriats storage of the signals in
the buffer 5§, a nonlinear transformation may be
applisd by transforming means $7 in order to convert
the curved detector geometry of Figuve 3 into the
eguivalent of the flat deteotor gaeometry of Figure 1.
Adltarnatively, this transformation need not be
performed, and the data produced by the gaomatyy of
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Figure I nay be directly procsssed somesynthetically,
ag desoribed below. Conventional tomosynthetic
procaasing means 38 may B used to synthasize
tomosynthetic slicses, A cemventional display convertel
may be usad to convert the pomosynthetie signals intae a
Formak for dlsplay on display 54, The design of these
elements are well known to those having skill in the
srk and need not be desaribed herein Further.

The data produced by the geometyy of Pigurse 2
nay ba directly processed tonosynthetically hegause the
projaction procsss responsible for cooventional
panoranic imaging is the congeptual seguivalant of
applying a worphologlioal sransTormation to the actual
haead of the subject and then irradiating the resuliing
grossly distoried tissue nass with parallsl gollimated
x~rays as might be produced fyom a convantional x-ray
machine Figures 32~3%C illustyate schematically how the
head 3% wmight be cut along line 83, and stretchad to
achieve this result. Thse srrows $§3 indicate the
direction of the warpiny displacements and they slsc
approximate the altersd divection of tha w-radiablion as
it passes through the tissuwes. In the 1limdit, ths
arrows §3 becoms parallel, suggesting that a
conventlonal fixed transmizsion radiograph of the
distorted tisste mass wonld produce the eguivalent of &
conventional panoramis radiograph.

rReferving to Plgure 10, instead of
irradiating the disterted tissus nass with a single
beam of collimated w~rays coming from a single source
ag ghown in Figure 10&, the distorted tissue mass i
irradiated with multiple beams directed from multiple
angles in such a way that sach projecticn is producsd
independently from the others, as shown Ffor thras
arbitrary angles in Figure 10B. The wesulbting
projections on x-ray films labeled Sda, €4b and S40 may
wa considernd to be the sguivalent of threse {or any
reasonable nmumber) tonesynthetic component projections
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80 produced that ne=d only be shifted laterally and
added together to yield tomosynthetic slices which
would parallel the filw planes in this conceptual
simalation, and which would pass through any desired
depth in the distorted tissus mass. The multiple fan
beams of the present invention, achieve this effect
sinultanecusly while the panoramic sweep is perfcrmed,
The result is hybrid tomesynthetic component
projections that may be shifted and added to yield
slices which whan rslated to the undistorted head arve
of nommniform thickness and are curved in a pattern
which parallels ths dental aveh in the region of the
teath.

Referring now to Filgure 11, an additional
aspect of the present invention is illustrated. Pigure
8 illustrates the sawe geometrical projection as Figure
4, except that the apparatus has robtated 20° clockwise.
In this position, half the beams 314, 3ie, and 31f pass
through an avea of no dental intersst. Acocordingly,; to
ninimize the subjsctis radiographic dosags, at least
one of the beams arve suppressed during a portion of the
rotation thersol. In particnlar, & shield sia is
provided to block beoams 314, 3is and 31f in synchronism
with the rotation of the apparatus. Similarly, a
shield §1b may be provided te block beams 3ila, 31b and
3is at the appropriate times during the rotation.
Shields $la~81b may be moved in the direction shown by
arrows §33, 83, to block one or wore of the fan-shaped
beams 31 when they are nobt imaging sn area of intsrest.
Dosage is thereby reducsd further without reducing the
guality or rssclution of the radiographins image, It
will be understood by those having skill in the art
that the beawms way also be individually turned off at
various rotational positions, rather than bhlooksd, o

suppress the bsaws and achisve lowesr subjsob dosags.
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In the drawings and speseification, there have
hean disclossd typical preferved anbodinents of the
invention and, although specifilc terms are amployed,

they arve used in a generie and desoriptive ssnss only

o

and not for purposes of limitation, the scops of the
invention baing set forth in the following claims.
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CLAIMS:

1. A dental radiography systen comprising:

radiographic source means, for simultansously
projecting a plurality of diverging, fan~shaped
radiation beams through a subjectis teeth, each fan-
shaped beawm lying in a plane which is orthogonal to the
plane of the testh, with zach fan-shaped bean avoiding
the subijectis spine:

radiographic detecting means, for detecting
attenuated radiastion which smerges through the teeth,
the detscted attenuated radiation being free of
attenuation produced by the subjsct's spine; and

maans Tor synchronously rotating said
radiographic source means and said radiographic
detecting neans sbout an axis which is orthogsonal to
thae plane of the testh, sach of said fan—-zhaped beans

aveiding the subisct's spine during rotation thareof,
s A

such that the detectsd attenuated radiation produce
panoramic image of the testh, which is free of image

-artifacts produced by irrvadiation of the spine.

2. The dental radicogrvaphy system of Claim 1
wherein said plurality of diverging, Fan-shaped besuns
are symmetrically projected about the subjectts spine,
and whersin each of said fan-shaped beams avolds the

subjectis spina.

3. The dental radiography system of Claim 1
further comprising mesns for positioning a subjectts
head such that said plurality of diverging fan~shaped
beans pass through the subjsob's testh, lie in a plane
which is orthogonal to the plane of the subject's
tasth, and avoid the subject's spine, and said
radiographic source msans and saild radiographic
detecting means synchroncusly robate on opposite sides
of the subjectis head, about an axis which is
orthogonal to the plane of the subject's teeth, with
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gach of sald fan-shaped beans avoiding the subjectis
spine during rotation shereot, such that the detected
radiabion produces a panoramie image of the subject’s
sesth which is free of image avtifacts produced by

irradiastion of ths spins.

4.  the dental radiography system of Claim 1
wherein said yadiocgraphic detecting means Qomprises &
1ike plurality of lineaw radiation dstectors,
srihogonal o the plans st the testh, & respective one
sf which is positionsd to intercept a respective one of
the fan-shaped beams which emerge thoough the teelh,
Free of attspuation prodused by the subject's spine.

5. The dental radiography system of Claim 4
wharein sach linsar vadiation deteator COWMPTises &
Lineay avrvay of solid state detestors, arvrangsd in &
single vow orthogonal to the plane of the teath.

&. ‘The dental radiography system of Claim 4
wharsin eacsh linear radiation detectow comprises &
linear avray of solid state deteQtors, arranged in a
plurality of rows pythogonal £0 the plane of the taeith.

. The dental wadliography system of Claim 1
whersin said radiographic detecting means somprisss a
rwo-dimengional array of solid state detectors, fov
intercepting a1l of said fan~shaped beams which smerge
thoeough the testh, frse of attenuation producsd by the

subrjects spins.
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8. The dental radiography syshtem of Clainm 1

wherein sald synchronous rotating means conprises means

for synchronously rotating sald radiographic source
means and sald radicgraphic detscting means about ap
axis which is srthogonal to the plane of the teeth and
passes through the subisctis spine.

9. Thes dental radiography system of Clainm 1
further comprising elecironic controliling means,
electrically comnnected to said radiographic detecting
neans, for producing a representation of a panoramic
dental image from ths detespted atbsnuataed radiation
which smerges through the testh.

1¢.  The dental yadiogvaphy system of Claim L
wherein at least one of said fan-shaped beams Fails to
pass through the teeth during a portion of its rotation
about said axig, sald dental radiography syvsten further
comprising means for sslectively suppressing said at
least one of sald radiation beams during sald portion
of rotation thersef, o rsduse ths subjectfs radiation

dozaage.

11. The dental radiography svstam of Claim
10 whereln said selective suppressing means comprizes =a
noveable radiation shield, for selectively blocoking
sald at least one of sald radiation beams during said
portion of rotation thersof.

12. A dental radiography methdd comprising
the shteps of:

simultanscusly projecting

W

plurality of
diverging, fan-shaped radiation beams through a
subject!s teeth, sach fan-shaped beam lving in a plane
which is orthogonal to the plane of the teeth and
aveiding the subjectis spine;
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rotating said plurality ef diverging, fan~
shaped radiation heams about an axis which is
arthogonal to the plane of the tasth, cach of said fan~
shaped beawns aveiding the subjachtis spine during
rotation thersod; and

deteoting atbemated radiation which emesrges
through the testh, the detected attenuated radiation
being free of attenuation producsd by the gubject's
sping, to produce a pancranic imags ol the tanth which
ig Tree of image artifacts praducsd by irradiation of

e zpins.

1%. ‘the dental radiography mathod of Claim
13 wherein sald simultansously projecting step
comprises the step of symmetrically projecting the
plurality of diverging, fan-shaped beams about the
subject’s spine, with sach of said Ffan-shaped beans

avoiding the subject’s spine.

14, The dental radiography wmethod of Claiwm
12 wherein said dstecting step comprises the step of
individually detecting each of said plurality of fan-
shapad radiation beams al an individual radiation

atantor.

15. The dental radisgraphy method of Claim
19 whersin said robating step conprises the step of
rotating said radiographic beams about an axis which is
orthegonal to the plane of the teath and passes through

the subject’s apine.

15, The dentul radiography wethed of Claim
12 further comprising the step of producing a
repregentation of a panorvawmic dewntal image from the
deteotad abtenuated vadiation which emergyes through the
testh, fres of abtemuation produced by the subjects

sping,
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17. The deantal radiography method of Claim
12 whersin at lsast one of sald fan-shaped beams fails
Lo pass through the testh during a portion of its
rotation about aaid axis, said method further
comprising the step of sslectively suppressing said av

least one of said radiation beams during said portion

iy
of rotation thersof, te reducs the sublectfs radiation

dosage.

18, The dental radiography method of Clainm
17 whersin zaid selective suppressing step comprises
the step of sslectively blocking said at least one of
said radiation beams during said portion of rotation

therent.
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Computed tomography scanner.

@ A computed tomography scanner for obtain-
ing a tomographic image of a subject to be
examined including a radiation emitting device
for emitting radiation in a shape of a fan beam
to the subject, a radiation detecting device for
detecting the radiation that has passed through
the subject to obtain detection data with res-
pect to a tomographic plane of the subject. The
radiation emitting device and the radiation de-
tecting device determines a scanning area con-
stituting a data collection region in a radiation
plane of the fan beam. The subject has external
dimensions exceeding the scanning area. The
computed tomography scanner further includes
a scanning device for relatively moving the
subject, the radiation emitting device and the
radiation detecting device in a condition that
the radiation plane and the tomographic plane
are on a same plane and a device for obtaining
the tomographic image of a part of the subject
corresponding to the scanning area from the
detection data obtained by the radiation detect-
ing device.

T(TRAVERSE) v
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BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a computed tomography scanner that is adapted, for example, to non-destructive
examination devices.

Description of the Related Art

Computed tomography scanners of this kind (hereinbelow abbreviated to CTs) include second-generation
CTs of, for example, the traverse/rotation (hereinbelow abbreviated to T/R) system shown in Fig. 9 and third-
generation CTs of the rotate/rotate system (hereinbelow abbreviated to R/R) shown in Fig. 10.

In a second-generation CT of the T/R system shown in Fig. 9, an X-ray fan beam 4 of fan angle o that is
output from an X-ray source 1 is directed on to a subject to be examined not shown, placed on a T/R table 3
corresponding to the scanning area. Meanwhile, T/R table 3, on which the subject is placed, is rotated as shown
by an arrow R and is traversed as shown by an arrow T, thereby effecting scanning. The X-rays that have
passed through the subject are detected by a detector 2. This X-ray transmission data of the subject that is
thus detected is collected, and this collected X-ray transmission data of the subject is subjected to processing
by a reconstruction device, not shown, to obtain a tomographic image of the subject. With T/R table 3, the nec-
essary scanning area is guaranteed by the space between X-ray source 1 and detector 2. From the point of
view of efficiency of utilization of the X-rays, a distance SDD between X-ray source 1 and detector 2 should
be very small.

Hereinafter scanning will be described in more detail. A prescribed distance traverse operation as shown
by arrow T in Fig. 9 is performed such that T/R table 3 is made to traverse through the fan angle a of the X-
ray beam. Indexing of the angle of rotation of T/R table 3 is performed with fan angle a, and data collection is
performed by effecting rotation through an angle o for each traverse.

The prior art second-generation CT of the T/R system described above is disclosed in detail in U.S. Patent
No. 5,027,378 issued on June 25, 1991.

However, when a subject is placed on T/R table 3, if some parts of the subject stick out from T/R table 3,
they interfere with, for example, the X-ray shutter, the collimator and the frame etc, not shown, on X-ray source
1 side, or interfere with structural objects, not shown, on detector 2 side, with the result that scanning cannot
be achieved. In general, T/R table 3 would be capable of 360° rotation.

In the case of the third-generation CT of the R/R system shown in Fig. 10, the arrangement of X-ray source
1 and detector 2 is the same as in Fig. 9. In this system, instead of both traverse and rotation only rotation can
be performed, and the scanning action is achieved solely by rotation of a R table 5, by rotating R table 5 as
shown by arrow R.

Also, when a subject is placed on R table 5, just as in the case of the T/R system described above, if the
subject is placed on R table 5 with some parts sticking out, such parts of the subject interfere with structural
items, not shown around the periphery of X-ray source 1 or detector 2, preventing scanning. Also, in general,
R table 5 can be rotated through 360°.

As described above, in the case of the prior art CTs as shown in Fig. 9 and Fig. 10, if the subject has external
dimensions larger than the scanning area, there is the problem that scanning cannot be achieved.

SUMMARY OF THE INVENTION

Accordingly, one object of this invention is to provide a computed tomography scanner which can achieve
CT scanning and can obtain a tomographic image of a subject to be examined even when parts of the subject
project beyond the scanning area.

Another object of this invention is to provide a computed tomography scanner in which the distance be-
tween the radiation emitting device and the radiation detecting device can be made smaller, and which can
raise the radiation utilization efficiency and can be reduced in size and weight.

Still another object of this invention is to provide a computed tomography scanner which can scan only a
specified part of a subject to be examined and can thereby obtain a tomographic image of increased spatial
resolution and SN ratio.

These and other objects of this invention can be achieved by providing a computed tomography scanner
for obtaining a tomographic image of a subject to be examined including a radiation emitting device for emitting
radiation in a shape of a fan beam to the subject, a radiation detecting device for detecting the radiation that
has passed through the subject to obtain detection data with respect to a tomographic plane of the subject.

2
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The radiation emitting device and the radiation detecting device determines a scanning area constituting a
data collection region in a radiation plane of the fan beam. The subject has external dimensions exceeding
the scanning area. The computed tomography scanner further includes a scanning device for relatively moving
the subject, the radiation emitting device and the radiation detecting device in a condition that the radiation
plane and the tomographic plane are on a same plane and a device for ocbtaining the tomographic image of a
part of the subject corresponding to the scanning area from the detection data obtained by the radiation de-
tecting device.

With a computed tomography scanner of this invention, a subject that projects outside the scanning area
can be arranged on one side only towards the radiation detection device side or radiation emitting device side.
For data collection, scanning is carried out such that the rotation is (180° - fan angle «) in the case of the tra-
verse/rotation system or (180° + fan angle a) in the case of the rotate/rotate system, and a reciprocating rotary
action can be performed that is symmetric with respect to the line joining the centers of the radiation emitting
device and radiation detecting device.

BRIEF DESCRIPTICN OF THE DRAWINGS

A more complete appreciation of the invention and many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by reference to the following detailed description when con-
sidered in connection with the accompanying drawings, wherein:

Fig. 1 is a block diagram illustrating the layout of a computed tomography scanner according to an em-

bodiment of this invention;

Fig. 2 is an explanatory diagram of the X-ray geometry of a second-generation CT of the T-R system ac-

cording to an embodiment of this invention;

Fig. 3 is an explanatory diagram of the X-ray geometry of a second-generation CT of the T-R system;

Fig. 4 is an explanatory diagram of the X-ray geometry of a second-generation CT of the T-R system ac-

cording to an embodiment of this invention;

Fig. 5 is an explanatory diagram of the X-ray geometry of a third-generation CT of the R-R system ac-

cording to an embodiment of this invention;

Fig. 6 is a view showing the X-ray geometry of the embodiment with the mechanical unit illustrated in Fig.

7;

Fig. 7 is a view showing the detailed layout of the mechanical unit of the embodiment illustrated in Fig. 1;

Fig. 8 is a diagram illustrating a method of varying the scanning area in a T/R system according to another

embodiment of this invention;

Fig. 9 is a view illustrating a prior art example of a second-generation CT of the T/R system; and

Fig. 10 is a view illustrating a prior art example of a third-generation CT of the R/R system.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, wherein like reference numerals designate identical or corresponding parts
throughout the several views, the embodiments of this invention will be described below.

Fig. 1 is a block diagram illustrating the layout of a computed tomography scanner 100 according to an
embodiment of this invention. In this Figure, a scanner 10 is composed of X-ray source 1 consisting of an X-
ray tube that continuously emits X-rays, a collimator 7A that shapes the X-rays emitted from this X-ray source
1 to a fixed fan beam shape, a collimator 7B that prevents incidence of the X-rays outside the prescribed di-
rections, detector 2 that detects X-rays that have passed through the subject, and a data collection unit 11
that executes processing such as A/D conversion on the detection data output from detector 2 and outputs as
projection data. Furthermore, scanner 10 includes a mechanical unit 13 which is provided with, in the case of
the T/R system, a traverse mechanism and rotation mechanism, or, in the case of the R/R system, a rotation
mechanism etc, and an operating panel 15 for inputting the settings of various measurement conditions etc.

Also, detector 2 is composed of, for example, a combination of 22 detection blocks each constituted by 8
photodiodes and 8 scintillators respectively, thereby providing 176 channels (8 channels per block). In the case
of the R/R system, there would be at least 512 channels in detector 2.

A CPU 17 is connected to scanner 10, a console 19 and a control panel 21. CPU 17 controls the operation
of computed tomography scanner 100 as a whole, and reconstructs a tomographic image of the subject whilst
applying various kinds of correction, using the projection data that are input from data collection unit 11.

Console 19 is used to control the execution of various operations, and is connected to an image pickup
unit 23, display 25 and X-ray controller 27.

Display 25 displays the setting conditions etc that are input from operating panel 15 and also displays a
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tomographic image of the subject that is reconstructed by CPU 17.

Image pick-up unit 23 picks up and records the tomographic image that is displayed on display 25 under
the control of CPU 17 through console 19.

Control panel 21 is connected to mechanical unit 13, operating panel 15, CPU 17, console 19, and X-ray
controller 27. Control panel 21 controls mechanical unit 13 and X-ray controller 27 in accordance with control
instruction from CPU 17 or operating instructions from operating panel 15 and console 19. X-ray controller
27 controls the voltage and current of X-ray tube.

A high voltage transformer 29 together with a high voltage generator 31 generates high voltage drive power,
which is supplied to X-ray source 1. An oil cooler 33 cools X-ray source 1 and high voltage transformer 29.

Fig. 2 is a diagram illustrating the X-ray geometric system and scanning system of the second generation
CT of the T/R system. In Fig. 2 (a), scanning area 6 is formed on the side near X-ray source 1 with respect to
X-ray fan beam 4 determined by X-ray source 1 and detector 2, and T/R table 3Ais provided, being of a shape
which projects from scanning area 6 towards detector 2. In Fig. 2 (b), scanning area 6 is formed on the side
near detector 2, and T/R table 3B is arranged so as to project towards X-ray source 1 from scanning area 6.
Also, in these case, traversing is performed in the direction as shown by arrow T, and rotation is performed
through (180° - o), as shown by arrow R.

T/R systems shown in Figs 2 (a) and (b) can be employed in the embodiment of this invention shown in
Fig. 1.

Fig. 3 shows the X-ray geometry and scanning system of a second-generation CT which is also of the T/R
system, like Fig. 2 (a). Scanning area 6 is likewise arranged on the side near X-ray source 1 with respect to
X-ray fan beam 4 determined by X-ray source 1 and detector 2, and T/R table 32 is arranged within scanning
area 6. In this case also, just as in the case of Fig. 2 (a), traversing as shown by arrow T and rotation are per-
formed, and rotation is likewise through (180° - o). Next, the cases are considered in which T/R table 32 projects
towards detector 2, as shown by the dotted line 32a. In a first case in which rotation is performed within the
range (180° - a), as shown in Fig. 3, projecting portion 32a of T/R table 32 does not collide with X-ray source
1, so that distance SDD between X-ray source 1 and detector 2 is comparatively shorter, as shown. But in a
second case in which T/R table 32 rotates through 360° as shown by the double-dashed lines, the required
distance between X-ray source 1 and detector 2 becomes SDD’ as shown in the drawings. Consequently, when
T/R table 32 projects towards detector 2 as shown by 32a, distance SDD in the first case becomes smaller
than distance SDD’ in the second case of 360 degree rotation by the difference between distances SCD and
SCD’ of X-ray sources 1 and center C of scanning area 6, through a distance CDD between center C of scan-
ning area 6 and detector 2 is not changed in the two cases.

As described in Fig. 3, in the case of Fig. 2 (a) or (b), the distance SDD between X-ray source 1 and detector
2 can be reduced, enabling the overall equipment size to be reduced, by having T/R table 3A or 3B offset to-
wards X-ray source 1 or detector 2 and having it projected on the opposite side, and performing rotation through
(180° - o). It should be noted that data collection can still be performed without violating the requirements of
CT projection data by performing rotation with an Angle of (180° - a) during scanning.

Fig. 4 is a view showing the X-ray geometry of a second generation CT of the T/R system. In this Figure,
a T/R table 33 is provided that projects towards detector 2 from scanning area 6 with respect to X-ray fan beam
4 determined by X-ray source 1 and detector 2. The arc portion near X-ray source 1 of T/R table 33 coincides
with scanning area 6 and its radius is r. The radius from the center C of scanning area 6 of the part of T/R table
33 projecting towards detector 2 is R.

T/R table 33 shown in Fig. 4 can be used in mechanical unit 13 of the embodiment shown in Fig. 1.

Fig. 5 shows the X-ray geometry of a third generation CT of the R/R system. In this Figure, scanning area
6 is positioned near to detector 2 within X-ray fan beam 4 determined by X-ray source 1 and detector 2. Table
41 is arranged having a portion that projects with fan angle o, the same as fan beam 4, towards X-ray source
1 from scanning area 6.

In the case of a CT of the R/R system, as shown in Fig. 5, fan angle o must provide an angle sufficient to
cover scanning area 6. In general, because of restriction on the X-ray emission angle of the X-ray source 1,
distance SCD between X-ray source 1 and center C of scanning area 6 is large. On account of this, as shown
in Fig. 5, the case of projection of table 41 towards X-ray source 1 enables distance SDD between X-ray source
1 and detector 2 to be made smaller than in the case of projection towards detector 2.

The tomographic plane can be reconstructed by picking up the projection data within the angular range
(180° + a). Of course, in the case of an X-ray source 1 whose fan angle a can be taken larger, an arrangement
can be adopted in which projection is allowed towards detector 2.

In Fig. 5, the radius of the portion of scanning area 6 constituted by table 41 is r, and the radius of the
portion projecting towards X-ray source 1 from this portion is R, as shown.

Table 41 shown in Fig. 5 can also be used in mechanical unit 13 of the embodiment shown in Fig. 1.
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Fig. 4 and Fig. 5 show the boundaries of the table shape determined from the X-ray geometry. The various
restricting conditions may be summarized as follows in table 1.

[Table 1]
Scanning system r R Extension of table
T/R (Fig. 4) Scanning area Distance from Scanrnng Wlder area in which scanning
center to structural item area is enclosed by a
R/R (Fig. 5) As above As above Narrower area in which
scanning area is enclosed by o

The difference between the extents of the tables in the T/R system and R/R system is determined by the
angle (180° + o) through which the table can rotate in the scanning system in question. Also reciprocatory op-
eration is performed within the range of rotation through angle (180° + a).

Hereinbelow mechanical unit 13 of the embodiment shown in Fig. 1 will be described in detail. Fig. 7 is a
view showing the detailed layout of mechanical unit 13 of the embodiment illustrated in Fig. 1. Fig. 6 is a view
showing the X-ray geometry of the embodiment with mechanical unit 13 shown in Fig. 7. Mechanical unit 13
shown in Fig. 6 and Fig. 7 is adapted to a CT for tyres which images a tomographic plane of one side of a tyre,
as an example. The tomographic plane on one side of the tyre is arranged to be imaged by an arrangement
with the same geometry as Fig. 2 (a). Fig. 7 (b) is a view seen from the direction of arrow A in Fig. 7 (a). Fig.
6 shows the X-ray geometry at a tomographic plane 117 shown in Fig. 7 (b).

In Fig. 6 and Fig. 7, a tyre 101 is supported by a wheel 102 and the load is applied to tyre 101 by a loading
plate 112. Fig. 7 (a) and (b) show how the load is applied to tyre 101. A support base 104 is fixed on a T/R
table 3A that constitutes the scanning means capable of traverse/rotation. T/R table 3A is provided with tra-
verse function provided by a rail and traverse mechanism etc. and rotation function. Support base 104 is pro-
vided with a holder 107 which is rotatable and constitutes tyre support means, through a rotary support unit
106 constituted by a bearing. A rotary drive unit 109 is provided between the bottom end of holder 107 and
T/R table 3A. Holder 107 is arranged to be rotated by extension and contraction of rotary drive unit 109 by a
control signal from control panel 21. The subject, constituted by tyre 101, is mounted on ordinary commercial
wheel 102 and is maintained in holder 107 by means of screws 111 at the hub portion of this wheel 102.

Above and below holder 107 there are provided drive means for pressing a pressure plate or load plate
112 constituting load means against tyre 101. Drive means is composed of a drive unit 113, a drive screw rod
115, a support shaft 116 and a drive motor 114. By means of this mechanism, load plate 112 can be moved in
the left or right direction of Fig. 7 (b). Also, as described above, X-ray source 1 and detector 2 are arranged
opposite each other in positions on either side of tyre 101 supported on holder 107.

The tomographic plane 117 that is scanned by the X-rays on the fan beam that is emitted from X-ray source
1 is usually formed as shown in Fig. 7 (b) on a plane passing through the wheel center, which is also the center
of tyre 101. A pressure measurement device, not shown, is provided on the pressurizing mechanism including
load plate 112 so that the load force or pressurizing force can be suitably regulated.

Inthe CT for tyres constructed as above, in non-destructive inspection of tyre 101, tyre 101 is first mounted
on holder 107 by the hub portion of wheel 102. Then, tyre 101 is rotated and held by rotary drive unti 109 such
that the tomographic plane 117 of the desired tomographic image coincides with the plane of the X-ray fan
beam that is emitted by X-ray source 1. In this condition, load plate 112 is driven by drive unit 113 so that a
suitable load is applied to tyre 101. After this, a prescribed distance traverse operation as shown by arrow T
in Fig. 6 is performed such that T/R table 3A is made to traverse through the fan angle o of the X-ray beam.
Indexing of the angle of rotation of T/R table 3A is performed with fan angle a, and data collection is performed
by effecting rotation through an angle a for each traverse.

As described above, with this embodiment, a tomographic image can be obtained in a condition in which
load is applied to tyre 101. X-ray source 1 does not need to be inserted into the hollow space of tyre 101 as it
would with a conventional CT for tyres. An ordinary commercial wheel 102 can therefore be used without mod-
ification. Tyre 101 can be mounted from A direction in Fig. 7 (a) by using holder 107, so convenient operation
can be achieved. since there are provided rotary holding unti 106 of tyre 101 and rotary drive unit 109 of tyre
101, the scanning position i.e. the position of the tomographic plane can easily be altered. Consequently, a
tomographic image can be obtained with respect to the portions of tire 101 from the road-contacting region of
tyre 101 to the raised portions of the tyre tread.

Combination with mechanical tests of the tyre enables various load tests of tyre braking, steering, side
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walls and bead in addition to the test described above. Also, CT scanning can be performed under other ex-
perimental conditions, not just under a condition with load applied to tyre 101 by a load plate as described
abave.

As described above, with this embodiment, scanning can be performed of a part of a subject to be exam-
ined that projects beyond the scanning area. Also, compared with a CT that scans the entire subject to be scan-
ned, distance SDD between X-ray source 1 and detector 2 can be made smaller, and the X-ray utilization ef-
ficiency can be raised. Also, the computed tomography scanner as a whole can be reduced in size and in weight.

Since distance SDD between X-ray source 1 and detector 2 can be made small, the number of channels
of detector 2 can be reduced, enabling detector 2 to be made of smaller size. As shown in Figs. 2 (a) and 3,
the distance between X-ray source 1 and scanning area 6 can be made small, so, if the dimensions of the X-
ray focal spot are small, the spatial resolution can be raised. Also, the traverse distance can be shortened,
enabling the computed tomography scanner as a whole to be reduced in size and weight. As scanning of a
part of a subject is possible, spatial resolution and/or image SN ratio can be improved.

In the embodiment shown in Fig. 6 and Fig. 7, CT scanning can be performed in a condition in which air
pressure is applied to the tyre and in a condition with load applied to the tyre. Also, scanning can be performed
whilst conducting other mechanical tests. Furthermore, in a CT for tyres, scanning can be reduced to the por-
tion of the tyre under test. So, the traverse distance can be shortened and scanning area 6 will be nearer to
the X-ray focal spot, thereby enabling a tomographic image of increased spatial resolution and SN ratio.

It should be noted that, although, in the above embodiments, second generation and third generation CTs
were described, the same benefits can be obtained with CTs using other scanning systems by taking into con-
sideration fan angel a and data collection range. Also, the same benefits can be obtained with other types of
radiation source and detector, not just X-rays.

The scanning area can be altered, in the case of the T/R system, by altering the traverse distance and
data sampling pitch etc, or, in the case of the R/R system, by shifting the center of rotation between the X-ray
source and the detector.

Fig. 8 is a diagram given in explanation of a method of varying the scanning area of the T/R system. X-
ray source 1 and detector 2 are shifted to positions 1°, 2’ as shown by the dotted lines, whilst maintaining dis-
tance SDD between X-ray source 1 and detector 2 constant. By this shifting scanning area 6 is made much
wider as shown by 61, since the space wherein there is no interference with the subject of scanning can be
widened.

Also, the same effect can be obtained by fixing X-ray source 1 and detector 2 and shifting the traverse
position of the T/R table in the left or right direction.

In the alteration of the scanning area described above, the scanning area was varied with the geometry
between X-ray source 1 and detector 2 kept fixed. However it is also possible to move X-ray source 1 and de-
tector 2 with respect to the center of scanning so as to vary the geometry by changing the distance SDD be-
tween X-ray source 1 and detector 2. If this is done, the path (angle) of incidence of X-rays onto detector 2
from the X-ray source will change, so separators between the channels of detector 2 or countermeasures to
prevent cross-talk must be fully considered.

As described above, with this invention, the subject to be examined can be arranged sticking out from the
scanning area towards one only of the radiation detecting device or radiation emitting device, so a partial to-
mographic image can be obtained even from a subject whose external dimensions are larger than the scanning
area. Also, the distance between the radiation emitting device and radiation detecting device can be made
smaller, so the radiation utilization efficiency can be raised and the computed tomography scanner as a whole
can be reduced in size and weight.

Furthermore, as scanning of a specified part of a subject is possible, spatial resolution and/or image SN
ratio can be improved.

Obviously, numerous modifications and variations of the present invention are possible in light of the above
teachings. It is therefore to be understood that within the scope of the appended claims, the invention may be
practiced otherwise than as specifically described herein.

Claims

1. A computed tomography scanner for obtaining a tomographic image of a subject to be examined, com-
prising:
radiation emitting means for emitting radiation in a shape of a fan beam to said subject;
radiation detecting means for detecting said radiation that has passed through said subject to obtain
detection data with respect to a tomographic plane of said subject;
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said radiation emitting means and said radiation detecting means determining a scanning area con-
stituting a data collection region in a radiation plane of said fan beam; characterised by

scanning means for relatively moving said subject, said radiation emitting means and said radiation
detecting means in such a way that said radiation plane and said tomographic plane are in the same plane;
and

means for obtaining said tomographic image of a part of said subject corresponding to said scan-
ning area from said detection data obtained by said radiation detecting means;

whereby a relatively large subject may be scanned with a scanning beam of smaller area.

The computed tomography scanner according to claim 1, wherein:

said scanning means includes a traverse/rotation system for executing relative traverse/rotation
movement to said subject, said radiation emitting means and said radiation detecting means; and

said scanning means performs scanning operation with rotation by an angle of (180° - o), where
an angle of said fan beam is a fan angle (a).

The computed tomography scanner according to Claim 2, further comprising:

movement means for relatively moving said subject, said radiation emitting means and said radi-
ation detecting means in a direction of a line joining centers of said radiation emitting means and said
radiation detecting means such that a distance (SCD) between said radiation emitting means and a center
of traverse of said scanning area is changed, when a distance (SDD) between said radiation emitting
means and said radiation detecting means is fixed;

whereby said scanning area is variable.

The computed tomography scanner according to Claim 2, wherein:

said scanning means is provided with a base to which said subject is supported;

said scanning area is formed on a side near said radiation emitting means;

said base has a shape provided with a portion corresponding to said scanning area and a portion
projecting from said scanning area toward said radiation detecting means; and

rotation in the scanning operation is performed symmetrically with respect to a line joining centers
of said radiation emitting means and said radiation detecting means.

The computed tomography scanner according to Claim 2, wherein:

said scanning means is provided with a base to which said subject is supported;

said scanning area is formed on a side near said radiation detecting means;

said base has a shape provided with a portion corresponding to said scanning area and a portion
projecting from said scanning area toward said radiation emitting means; and

rotation in the scanning operation is performed symmetrically with respect to a line joining centers
of said radiation emitting means and said radiation detecting means.

The computed tomography scanner according to Claim 2, wherein:

said scanning means is provided with a base to which said subject is supported;

said base has a shape extending with a fan angle (a) of said fan beam in one direction, and defined
by having dimensions in which a radius on a first side for said radiation emitting means is a first value (r)
and a radius on a second side for said radiation detecting means is a second value (R) larger than said
first value (r); and

rotation in the scanning operation is performed symmetrically with respect to a line joining centers
of said radiation emitting means and said radiation detecting means.

The computed tomography scanner according to Claim 1, wherein:

said scanning means includes a rotate/rotate system for executing relative rotation movement to
said subject, said radiation emitting means and said radiation detecting means; and

said scanning means performs scanning operation with rotation by an angle of (180° + a), where
an angle of said fan beam is a fan angel (a).

The computed tomography scanner according to Claim 7, further comprising:

movement means for relatively moving said subject, said radiation emitting means and said radi-
ation detecting means in a direction of a line joining centers of said radiation emitting means and said
radiation detecting means such that a distance (SCD) between said radiation emitting means and a center
of rotation of said scanning area is changed, when a distance (SDD) between said radiation emitting
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means and said radiation detecting means is fixed;
whereby said scanning is variable.

The computed tomography scanner according to Claim 7, wherein:

said scanning means is provided with a base to which said subject is supported;

said scanning area is formed on a side near said radiation detecting means;

said base has a shape provided with a portion corresponding to said scanning area and a portion
projecting from said scanning area and narrowing with a fan angle (a) of said fan beam toward said radi-
ation emitting means; and

rotation in the scanning operation is performed symmetrically with respect to a line joining centers
of said radiation emitting means and said radiation detecting means.

The computed tomography scanner according to Claim 7, wherein:

said scanning means is provided with a base to which said subject is supported;

said base has a shape narrowing with a fan angle (o} of said fan beam in one direction, and re-
spectively restricted by spaces on the side of said radiation emitting means and on the side of said radi-
ation detecting means; and

rotation in the scanning operation is performed symmetrically with respect to a line joining centers
of said radiation emitting means and said radiation detecting means.

The computed tomography scanner according to Claim 1, wherein:

said subject includes a tyre having said external dimensions exceeding said scanning area;

said radiation emitting means includes an X-ray source for emitting X-ray in said shape of said fan
beam to said tyre;

said radiation detecting means includes an X-ray detector for detecting said X-rays that have
passed through said tyre to obtain said detection data with respect to said tomographic plane of said tyre;

said scanning means includes a table to which said tire is supported for moving said subject be-
tween said X-ray source and said X-ray detector in said condition that said radiation plane and said to-
mographic plane are on said same plane; and

said means includes a reconstruction device for obtaining said tomographic image of said part of
said tyre corresponding to said scanning area from said detection data obtained by said X-ray detector.
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DEVICE AND METHOD FOR DETERMINING FUTURE FRACTURE RISK

Field

This patent specification relates to the general field of osteoporosis diagnosis, bone density,
and vertebral imaging, and in particular to using a single device to predict future fracture risk
by combining several measurements made on a single device along with biographical and/or

other information about a patient to produce an estimate of the patient’s future risk of bone

fracture.

Background

Dual-energy bone densitometers such as the QDR machines manufactured by the assignee
hereof, Hologic Corporation of Bedford, MA, and similar devices manufactured by LUNAR
Corporation and Norland Corporation are used to measure Bone Mineral Density (BMD) and
Bone Mineral Content (BMC) of the spine, hip, and peripheral sites. See, e.g., U.S. Patents
5,771,272, 5,778,045, 5,835,555, and 5,838,765, which are hereby incorporated by reference.
These devices use the information from a particular BMD measurement at a particular site to
classify patients with respect to their risk for future fractures. Further, some of the bone
densitometer machines, namely the QDR4500A by Hologic and the Expert by LUNAR are
capable of imaging the spine in the supine lateral position. The image of the spine thus
obtained is used for quantitative morphometric analysis by the placing of points on the image
and measuring morphometric parameters as discussed, for example, in U.S. Patents 5,850,836,

5,673,298, and 5,483,960, which are hereby incorporated by reference. These quantitative
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morphometric measurements may be combined with values related to the bone mass to
indicate the likelihood of future vertebral fractures in the vertebra. However, in spite of
attempts at automating the calculation of morphometric indicia and the placement of points on
the digital image provided by the bone densitometers, the procedure of quantitative
morphometry to determine vertebral deformity (or fracture) can be labor intensive and tedious.
Further, some of the bone densitometry machines use both a single energy and dual energy
scan of the lumbar-thoracic spine. The single energy scan is faster and has a lower dose, but
in the thoracic part of the spine soft tissue can sometimes obscure the vertebral endplates.

The dual-energy scan subtracts out the soft tissue artifacts seen in the thoracic region and
displays only the bone image. But dual-energy imaging, because it is effectively a difference
of two images, has difficulty obtaining a high enough signal-to-noise ratio in the lumbar
region of thicker patients using the low dose x-ray sources typically employed in
densitometry. Besides morphometric imaging in the supine lateral position (patient lying on
her or his back), some bone densitometers (e.g. QDR4500C by Hologic) have an imaging
mode that allows imaging of the vertebral column while the patient is in a decubitus position,
lying on her or his side. This positioning of the patient allows the physician to look for
fractures in much the same way as when a supine lateral view is taken. There are services
available on the Internet or through software licenses that combine information obtained from
BMD measurements, information about significant prevalent fractures, ethnicity and age of a
patient to calculate Remaining Lifetime Fracture Probability (RLFP). In the service located at
www.medsurf.com, the physician types in information about the patient and the software

generates a report, which includes an estimate of the likelihood of future fractures. In

148 of 297



10

15

20

WO 01/38824 PCT/US00/31478

particular, this software emphasizes the probability that a patient, typically a woman, will
have a fracture during her remaining lifetime. Many other methods of reporting fracture have
been discussed in the literature and include the probability of a fracture within a specified
time frame (e.g., 1 year), the relative risk of fracture compared to other patients of the same
sex, ethnicity, and age, or simply qualitative measures such as not increased, increased, and
high risk compared to a reference population (which may or may not have the same sex, age,
and/or ethnicity). Factual bases for determining a patient’s future risk of fracture are
discussed in many studies of a relationship between future fracture risk and such factors as
age, sex, ethnicity, BMD, prevalent vertebral fracture, maternal history of fracture, corticoid
use, etc. Other information can also be used for fracture risk estimates, including information
from ultrasound bone units such as the Sahara unit manufactured by Hologic and from
biochemical test strips. See, e.g., U.S. Patent 5,785,041, incorporated herein by reference.
Fracture risk can also be divided by fracture site, with hip fractures often being a separate

category because of the significant cost and morbidity associated with this type of

osteoporotic fracture.

The following documents may be of interest to the device and method disclosed
herein, and are hereby incorporated by reference: (1) J.A. Rea et. al. — Bone Vol. 23, Number
5, Supplement pg. S160; (2) S.R. Cummings et. al. The New England Journal of Medicine,
March 23, 1995 Vol. 332 No. 12 “Risk Factors for Hip Fracture in White Women;” (3) C.C.
Gluer et. al. — Radiology 1996;199:725-732 “Osteoporosis: Association of Recent Fractures
with Quantitative US Findings;” (4) D.C. Bauer et. al., Archives of Internal Medicine March

2. 1997, Vol. 157 Pg. 629 “Broadband Ultrasound Attenuation Predicts Fractures Strongly and
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independently of densitometry in Older Women;” (5) H. Genant et al.— Journal of Bone and
Mineral Research Vol. 8, Number 9, 1993, pg. 1137 and J. Bone and Mineral Research Vol.
11 Number 7, 1996; (6) J.A. Kanis — Osteoporsis Int. (1997) 7:390-406 “Guidelines for
diagnosis and management of Osteoporosis;” (7) J.A. Kanis Osteoporosis International (1997)
7 (Suppl. 3):S108-S116 “Diagnosis of Osteoporosis;” (8) National Osteoporosis Foundation
Guidelines 1998 (see, e.g., Fig. 4); (9) Merrill’s Atlas of Radiographic Positions and |
Radiologic Procedures 9th ed. Vol. 1 pg. 420-421; (10) M.C. Nevitt et. al. Bone Vol. 25 No.
5, November 1999:613-619; (11) P.D. Ross et. al. Osteoporosis Int. (1993) 3:120-126
“Predicting Vertebral Fracture Incidence from Prevalent Fractures and Bone Density among
Non-Black, Osteoporotic Women;” (12) S.J. Jacobsen et. al. Epidemiology 1992 3(6):515-8
“Hospitalization with vertebral fracture among the aécd: a national population-based study;”
(13) M.A. Kotowicz et. al., Journal of Bone Mineral Research “Risk of hip fracture in
women with vertebral fracture;” (14) P.D. Ross et.al. Osteoporosis International 1993;
3(3):120-126 “Predicting vertebral fracture incidence from prevalent fractures and bone
density among non-black, osteoporotic women;” (15) L.J. Melton 31d, et. al. Osteoporosis
International 1999 10(3):214-221 “Vertebral Fractures Predict Subsequent Fractures;” (16) The
Merck Manual of Geriatrics — Section 82 “Disorders of Mineral Metabolism™
www.merck.com/pubs/mm_geriatrics/toc.htm; (17) FDA 510k —FDA pre-market notification
k9972775 clearance date Oct. 1 1999. MXA-II software option; (18) QDR 4500 Image Works

— View User Guide Hologic Doc. No. 080-0570 Rev. C Copyright 1996.
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Summary

This patent specification discloses a device and a method in which an integrated device that
not only measures bone mineral density (BMD) and provides an image that is useful for
determining prevalent vertebral fractures, but also combines the BMD and the prevalent
vertebral fracture information with biographical information and/or other risk factors to
provide an indicator of a patient’s future fracture risk to the physician (or other health
services provider). This saves the physician time, prevents transcription errors, and provides a
single report that the physician can provide to and discuss with the patient or the patient’s
referring physician. It also can help increase the accuracy of the diagnosis, since usually risk
factors are not completely independent of each other, and could be combined based on
relationships found in clinical studies. To combine such risk factors otherwise can be tedious
and time consuming, and can require an extensive literature search. Moreover, by
summarizing this information along with the scan reports and making this quickly available,
the device and method disclosed herein can allow the physician to immediately discuss these
results with the patient and can eliminate the need for the patient to have a return visit.
Further, this arrangement can provide a single-energy X-ray scan of the entire lumbar-
thoracic region, with the operator selecting a part of this region for repeat scanning using a
dual-energy X-ray scan mode. This is useful because the single-energy scan is of a much
lower dose and is much quicker, and only sometimes will it be necessary to repeat a certain
part of the scan with a dual-energy scan. Thus, dose to the patient and time are conserved,
especially since scan time for the dual-energy scan is approximately linearly proportional to

the length of spine under examination. A typical single-energy high resolution scan requires
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12 seconds for 18 inches, compared with 6 minutes for 18 inches for dual-energy on a
QDR4500A. Also allowed, is for a scan window to be set on a dual-energy image, and
another scan with different technique factors (collimators, dose, dual- or single-energy)
performed based on the window set. The arrangement disclosed herein also allows different
images to be displayed side by side and compared, for example, a single and dual energy

lateral image, or two images taken on different dates.

Brief Description of the Drawing

Fig. 1 illustrates a prior art DEXA (dual energy x-ray absorptiometry) system.

Fig. 2 illustrates a report in accordance with one embodiment of the disclosed device
and method.

Fig. 3 illustrates another example of a report.

Fig. 4 illustrates main steps in practicing an embodiment of a disclosed method.

Description of Preferred Embodiment

A preferred embodiment uses an x-ray bone densitometer to be offered under the name Delphi
by Hologic, which can determine the bone density of a patient and produce a lateral image of
a patient’s spine with the patient in a decubitus position, lying on her or his side, and the X-
rays in a vertically oriented fan-shaped beam using both a single-energy and/or dual-energy
X-ray mode. The lateral image can be viewed by the physician to determine prevalent
vertebral fractures and thus current fracture data. The study typically consists of, at least, a

BMD measurement and a lateral image of the spine. The BMD measurement can be done
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following the user guide for the QDR 4500 bone densitometer manufactured by Hologic, as
described in Hologic Document No. 080-0451 Rev. G and incorporated by reference herein.
The lateral image can be obtained by following the QDR 4500 Image Works —View User’s
Guide Document No. 080-0570 Rev. C and incorporated by reference herein. In performing
the scan, the operator can fill in the patient’s name, sex, age, ethnicity, height, weight, and
other biographical or other data that may be relevant to the physician and this information is
displayed on the report and stored with the measurement results in a database. The report can
be displayed on a computer monitor and/or printed with a suitable printer or other output
device, and can be archived in digital form, such as DICOM format.

The lateral image can be viewed by the physician, either on the computer monitor, or
by other high-quality output devices for the presence of vertebral fractures. This can be
preferable to the placement of points and ‘quantitative analysis of the morphometry of the
image because it is more convenient, expeditious and intuitive. Further, the combination of
age, sex, BMD and prevalent vertebral fracture are strong predictors of future fracture risk.

In one embodiment, the device gives the physician the opportunity to input into the
database the number of prevalent vertebral fractures seen by the physician in the single or
dual-energy image(s). The software combines this information with other information in the
database, such as age, sex, ethnicity, BMD of the spine and/or BMD of the hip to produce a
report with prediction of future bone fracture risk. The prediction of fracture risk may be
relative fracture risk compared to an age, sex and ethnicity matched population, or an absolute
fracture risk based on a specific time frame, such as one year or projected remaining lifetime.

Alternatively, along with the lateral image of the spine, the device includes in the displayed
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report fracture risk data such as an indication based on no vertebral fractures, one vertebral
fracture, or two or more vertebral fractures. The physician can then view the image for
fractures, and determine which future fracture risk applies to this patient. The physician can
then write his report based on his findings, incorporating the appropriate future fracture risk.

In another embodiment, the risk of future fractures is expressed as the risk of future
hip fractures and the risk of other fractures.

In a further embodiment, other clinical risk factors are input into the database, such as
corticoid use, maternal history of osteoporotic fracture, ultrasound measurements of bone
quality such as made by the Sahara bone sonometer manufactured by Hologic, results of
biochemical markers, serum calcium and albumin levels, estrogen use, alendonate use,
lifestyle factors, family history, etc. These additional risk factors are incorporated into the
future fracture risk prediction, thus integrating all of the clinical risk factors into a single
number (or two if the risk of hip fractures is reported separately). Usually, risk factors are
not completely independent of each other, so it is may not be easily apparent to the physician,
without a tedious literature search, how each additional risk factor increases or decreases a
patient’s future fracture risk. For example, the additional relative risk factor of a low
altrasound bone measurement when a patient has a BMD measurement is only about 1.5,
while if nothing is known about the patients BMD, the relative risk of a low ultrasound bone
measurement is about 2.0 (Bauer 1997 reference). In another embodiment, the value of
treatment is incorporated into the risk model. In this embodiment, the doctor is given the
patient’s future risk of fracture under the assumption of no treatment, or various treatment

options which could include life-style modifications, estrogen replacement therapy, or BMD-
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increasing medications. How much a given treatment option decreases a patient’s future
fracture risk may be dependent on that patient’s specific risk factors. For example, calcium
supplementation may significantly reduce the risk factor of a patient who is calcium deficient
as evidenced by serum calcium and albumin levels, but have very little effect on a patient
who is not calcium deficient.

Another embodiment allows the operator, after finishing the single-energy X-ray scan,
to select a part of the spine to scan with a user selected technique factor, for example, in dual-
energy mode or in a higher resolution single energy mode. While it may not always be
necessary, a different technique scan can be useful in cases of soft tissue artifacts or where
there is a motion artifact. By limiting the portion of the spine over which the additional scan
is acquired, the dose to the patient and the time of examination can be kept low. This
additional scan can be part of the same study as the single-energy scan, and the physician can
refer to either image to determine vertebral fractures. In the preferred embodiment, there are
two indicators or lines that can be moved on the single energy image with a mouse or other
pointing device. These two lines delimit the area of the scan that will be done with a
different scan mode. QDR 4500 devices manufactured by Hologic have the ability to use the
information, along with the encoders of the instrument, to accurately reposition over the area
10 be rescanned. After the second image is acquired, the software allows both images to be
viewed simultaneously, or for several images to be viewed, even images which were obtained
at an earlier date. By comparing images, the physician can diagnose incident-fractures on

repeated visits, and this can be a method of monitoring treatment efficacy.
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Referring to Fig. 1, which illustrates a prior art QDR 4500 x-ray bone densitometer, a
scanning system 30 includes a patient table unit 32 comprising a patient table 50 and a C-arm
56 serving as a source-detector support. A workstation 34 controls patient table unit 32 and
C-arm 56 and processes scan data into numerical bone density data such as BMD and images.
Workstation 34 includes a power supply module 36, a host computer 38 with a mass data
storage device 40, an operator console keyboard 42, a display monitor 44 and a printer 46.
Table 50 can move up and down and along its long dimension. C-arm 56 also moves along
the length of table 50 to scan a patient thereon with a fan beam of x-rays from source 52 so
that a detector array 54 and associated electronics can produce dual energy or single energy
scan data. The C-arm can also move across the table to correctly position the source and
detector over the desired body part.

The Delphi bone densitometer to be offered by Hologic and incorporating an
embodiment described in this patent specification is generally similar to the QDR 4500
illustrated in Fig. 1 and described in the patents incorporated by reference, and has two
models, one with whole body (Delphi — W) and one without whole body (Delphi — C). The
designation Delphi refers to both models. The Delphi C and W correspond épproximately to
the existing QDR4500 C and QDR4500W, with certain enhancements, some similar to
features of QDR4500 SL. For example, the detectors in the Delphi models are approximately
half the size as the detectors in the 4500 C and W, providing 2x better image resolution
perpendicular to the scan direction, as is the case with the existing 4500 SL model. The

Delphi has two collimators (slits), a 1 mm and a 0.5 mm collimator, while the QDR4500C/W
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have only the 1 mm collimator. The additional 0.5 mm collimator is used to provide better
resolution in the direction of scanning., as in the QDR4500 SL model.

The Delphi models provide an Instant Vertebral Assessment feature of the Delph
using the process of future risk estimation discussed above. The Delphi models need not
have a rotating C-arm, in which case a lateral view image can be obtained with the patient in
the decubitus position, lying on her side instead of her back, which is a well know X-ray
technique that can be done well with proper training. An advantage of this position is that
certain patients tend to be thinner in the direction of the x-rays than if supine (body mass can
hang forward instead of around the sides), and this can reduce image noise and enhance
contrast between bone and soft tissue. Another advantage is that the source can be closer to
the patient, increasing the magnification and improving the effective image resolution.
Another improvement in the Delphi system is an Auto Analysis feature, that can use a region
of interest locator of the type described in U.S. Provisional Patent Application Ser. No.
60/148,027, hereby incorporated by reference. This includes improved placement of the

femoral neck box. Another improvement is a Dual Hip feature.

Fig. 2 illustrates an example of a patient report produced in accordance with an
embodiment described in this patent specification. Box 100 contains patient-specific
information that can be entered by the operator or can come from a database. At 102, the
report shows scan information (which in this illustration is representative rather than specific
to a patient or to a scan). Box 104 shows representative numeric bone characteristics data
such as BMD estimates for the lumbar vertebrae. A lateral image of the patient’s thoracic and

lumbar spine is shown at 106, obtained in a single and unidirectional scan at single energy.

11

157 of 297



10

15

20

WO 01/38824 PCT/US00/31478

This image demonstrates a vertebral fracture or deformation, i.e., current fracture data to the
effect that this patient has a vertebral fracture or deformation. Box 108 illustrates future bone
fracture risk estimates that take into account both numerical bone characteristics data (BMD)
and current fracture data. A 3D graph at 108 shows relative future fracture risk (relative to
risk of umity for a patient with no current fracture of deformation and high BMD). For this
patient, with one fracture, the three columns in the back of the graph are pertinent (relative
risk of 10.2, 14.9 and 25.1), \and the particular column pertinent to this patient is determined
by the patient’s numerical BMD data, classified as illustrated at 110, for example. This
patient has a medium BMD T-score, so a relative future bone fracture risk of 14.9. The
physician can enter comments at 112, for example through keyboard 42, identifying the
current fracture or deformity data observed in the image at 106 — in this case a wedge
deformity at lumbar vertebral body L2.

Fig. 3 illustrates another report format that is otherwise similar to Fig. 2 but contains
comments that can be automatically generated as a result of the scan data analysis by the
densitometer and the entry by the physician of current fracture or deformity data observed in
image 106. The densitometer in this case reports the physician’s entry of “one vertebral
fracture” and automatically generates a report based in that entry and on the BMD estimates,
stating in narrative form that the patient’s relative risk of future fracture is 14.9 (without
treatment). Moreover, the densitometer includes in the report estimates of future fracture risk
with different treatment scenarios — with hormone replacement therapy, the relative risk is
10.3 and with alendronate, the relative risk is reduced to 7.9. Still further, the densitometer

calculates and prints out in the report at 116, estimates of absolute risk of fracture during the
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year after the scan in three different scenarios — 2.4% without treatment, 1.7% with hormone
replacement therapy, and 1.3% with alendronate.

Fig. 4 illustrates main steps in a process carried out in a suitably programmed
computer, such as computer 36 in Fig. I, to generate reports such as those illustrated in Figs.
2 and 3. A patient is scanned with a densitometer such as the Delphi from Hologic at 118,
and produces x-ray scan data at 120 that can be dual energy and/or single energy. The scan
data includes dual energy data for numerical estimates of bone characteristics as well as single
and/or dual energy data for a lateral image of at least a majority of the patient’s thoracic and
lumbar vertebrae. At 122 the scan data is processed as in known in the art to produce an
image displayed at 124 as well as numerical estimates of bone characteristics data such as
BMD. Processing step 126 receives such numeric bone characteristics data, as well as current
fracture or deformation data provided on the basis of observing the image displayed at 124, or
otherwise, and also can receive other data from 128 that can be used in estimating future
fracture risk, such as data from biochemical analysis of bone resorption, data from previous
patient examinations, etc. Processing step 126 then produces estimates of future bone fracture
risk, such as those illustrated in Figs. 2 and 3, for example by accessing a database relating
combinations of inputs to estimates of future fracture risk. At 130, reports such as those
illustrated in Figs. 2 and 3 are displayed and/or printed.

The scan data produced at 120 for the lateral view can be for a single energy image of
some or all of the patient’s spine, or can include a dual energy image for a part of the spine,
for example some or all of the thoracic vertebrae. The dual energy image can be produced by

rescanning a part of the spine designated by the operator by markers placed on the single
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energy image. Alternatively, a part of the spine can be scanned for a single energy image and
the remainder scanned for a dual energy image, with the change taking place during the scan,
at a point indicated by the operator or detected by the densitometer, for example on the basis
of the exposure received at the detector.

While in the preferred embodiments described above the current fracture data is
derived from a visual observation of the lateral image, an alternative is to use a known
automated or partly automated processes to computer-analyze the scan data for the purpose of
detecting vertebral fractures or deformities. Each approach can provide the requisite current
fracture data. The reports can be displayed in a number of ways, for example on a monitor or
by printing them or by storing them for later viewing or printing or otherwise displaying
them, and can be a single page or screen or multi-page reports. While in preferred
embodiments the lateral image is taken with the patient recumbent on her or his side on the
patient table and the central ray of the x-ray beam generally vertical, it is possible to derive a
useful lateral image in other patient positions and x-ray beam orientations, such as with the

patient supine and the central x-ray beam generally horizontal.

While various embodiments have been described above, it should be clear that they are
merely illustrative of the inventions set forth in the following claims that encompass other

variations that are not specifically described above.
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Claims:

1.

A method of using an x-ray bone densitometer to derive and display each of
numerical bone mineral density (BMD) data for the patient, a lateral image of at least
a majority of both the lumbar and thoracic vertebrae of the patient, and future bone

fracture risk data for the patient, comprising:

using the same x-ray densitometer to scan a patient with x-rays and generate both
numerical bone mineral density (BMD) data for the patient and a lateral image
of at least a majority of both the lumbar and thoracic vertebrae of the patient;

providing current fracture data relating to the presence or absence of vertebral

fractures or deformities in the image;

computer-processing the BMD data and the current fracture data to produce future

bone fracture data taking into account both the BMD data and the image-based

data; and
displaying a report showing the numeric BMD data, the image, and the future bone

fracture risk data.

A method as in claim 1 in which the lateral image is taken with the patient recumbent

on her or his side.

A method as in claim 2 in which the image is a single energy image.
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A method as in claim 2 in which a selected portion of the image is a single energy

image while another portion is a dual energy image.

A method as in claim 1 in which the step of scanning the patient to derive said image

comprises scanning the patient in a single, unidirectional scan and changing technique

factors during the scan.

A method as in claim 4 in which the change of technique factors during the scan

includes changing from single energy scanning to dual energy scanning during the

scan.

A method as in claim 4 in which the change of technique factors during the scan

includes changing the scanning speed during the scan.

A method as in claim 4 in which the change of technique factors during the scan

includes changing relative contributions to the image of x-ray measurements in

different x-ray energy ranges.

A method as in claim 1 in which the report comprises a lateral image of the patient’s

spine, numerical BMD data of the patients lumbar vertebrae, and a graphical display of

the future bone fracture risk data.
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10.

11.

12.

13.

14.

15.

16.

A method as in claim 1 in which the report comprises a lateral image of the patient’s

spine, numerical BMD data of the patients lumbar vertebrae, and a narrative display of

the future bone fracture risk data.

A method as in claim 1 further comprising producing future bone fracture risk data
based on selected treatments and displaying in said report the future bone fracture risk

in the absence of treatment and in the presence of the respective treatments.

A method as in claim 1 in which the lateral image is taken with the patient in a supine

position.

A method as in claim 1 in which the lateral image is taken with a central ray of the x-

rays in a generally vertical orientation.

A method as in claim 1 in which the lateral image is taken with a central ray of the x-

rays in a generally horizontal orientation.

A method as in claim 1 in which the step of using the densitometer to scan comprises

using a dual energy densitometer.

A method as in claim 1 in which the step of providing current fracture data comprises

providing data based on a visual assessment of the lateral image.
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17.

18.

19.

20.

A method comprising:

scanning a patient with an x-ray bone densitometer to produce x-ray scan data;

using the x-ray scan data to produce both numerical bone characteristic data and a
lateral image of both lumbar and thoracic spine of the patient;

using the image to produce current fracture data regarding the presence or absence of
vertebral fractures or deformations;

using both the numerical bone characteristic data and the current bone fracture data to

produce and display a report indicative both of numeric data regarding current

bone characteristics and regarding future bone fracture risk for the patient.

A method as in claim 17 in which said scanning comprises scanning both with single

energy x-rays and with dual energy x-rays.

A method as in claim 18 in which said scanning includes scanning the patient in a

recumbent position on the patient’s side.

A method as in claim 19 in which the scanning comprises scanning a part of the

patient’s spine with single energy x-rays and a part with dual energy x-rays.
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21.

22.

23.

24.

A method as in claim 17 in which the scanning comprises changing x-ray technique

factors during a single, unidirectional scan of the patient with x-rays.

A method as in claim 21 in which the changing of x-ray technique factors during a

scan comprises changing from one to the other of single to dual energy scanning.

A method as in claim 17 in which the step of using the scan data to produce a lateral

image comprises using dual energy x-ray data and different proportions of two x-ray

energy ranges for different parts of the image.

A system comprising:
a bone densitometer scanner selectively producing x-ray scan data for a lateral image

of at least a major portion of the thoracic and lumbar spine of a patient in a
single scan and scan data for numerical bone characteristics estimates;

a processor receiving x-ray scan data from the scanner and processing the received

data to produce numerical estimates of bone characteristics and a lateral image
of at least a major portion of the patient’s thoracic and lumbar spine, and
responsive both to data regarding said numerical estimates and to data
regarding current fractures or deformities in the patient’s spine derived from
said lateral image to produce estimates of future fracture risk; and

a display showing the lateral image as well as said numerical data and said estimates

of future fracture.
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26.

27.
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A system as in claim 24 in which the x-ray scan data comprises dual energy data.
A system as in claim 24 in which the numerical estimates comprise BMD data.

A system as in claim 24 in which the bone densitometer comprises an x-ray source

scanning the patient with a generally vertically oriented beam of x-rays to produce the

scan data for said lateral image.
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DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING

SYSTEM AND METHOD

Background of the Invention

1. Field of the Invention
The present invention relates generally to dental and orthopedic diagnosis and

treatment, and in particular to a densitometry modeling system and method.

2. Description of the Related Art

The field of dental diagnostics is generally concerned with locating pathologies in
the dental structure, i.e. the teeth and surrounding tissue and bone. Three of the most
common pathologies are: 1) caries associated with decay; 2) fractures; and 3) apical
abscesses. The system and method of the present invention are primarily, but not
exclusively, concerned with detecting these pathologies and with orthopedics.

Early detection of dental pathologies is very important in minimizing damage.
Conventional diagnosis procedures are generally performed using dental X-rays (both
fixed beam and scanning beam), explorers, and other conventional equipment.

Incipient caries, particularly those located beneath the enamel surface, often go
undetected with conventional equipment. When such caries are finally found,
considerable damage to tooth structure may have already occurred. Subsurface, incipient

caries are located almost entirely within the enamel layer of the teeth. They are
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sometimes referred to as “smooth surface” caries and are particularly difficult to locate
using conventional diagnostic equipment and procedures. By the time such incipient
caries are located, the extent of the damage is often 17% to 23% greater than it would
appear to be on a conventional X-ray negative.

Dental fractures can result from bruxism (teeth grinding), trauma, etc. Dental
structure which is weakened by various causes, such as decalcification, is particularly
susceptible to fractures. Fractures can assume various configurations, including craize
line patterns. Fracture patterns and configurations can be particularly difficult to locate
using conventional X-ray equipment and procedures. For example, fractures which are
generally parallel to the X-ray beam are often undetectable on an X-ray negative.
Undetected, and hence untreated, fractures can provide direct paths through the enamel -
layer of the teeth whereby bacteria can invade the dentin and pulp layers. Pathologies in
the dentin and pulp layers are often associated with considerable pain and tooth loss.

Apical abscesses comprise yet another dental condition which can be difficult to
diagnose with conventional equipment, particularly in the early stages. Advanced apical
abscesses can cause considerable pain because they involve the neurovascular bundles
located in the root canals. Early detection of apical abscesses can lead to appropriate,
early-stage treatment, thus avoiding advanced disease processes with resultant pain,
swelling, and/or space involvement which left untreated could ultimately result in death.

Tomography or sectional radiography techniques using scanning X-ray beams

have previously been employed for dental applications. For example, U.S. Patents No.
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4,188,537; No. 4,259,583; No. 4,823,369; No. 4,856,038; and No. 5,214,686 all relate to
dental X-ray diagnosis utilizing scanning techniques and are incorporated herein by
reference.

In the medical field, densitometry procedures are used for measuring bone
morphology density (BMD) by utilizing scanning X-ray beam techniques. Examples are
shown in U.S. Patents No. 5,533,080; No. 5,838,765; and Re. 36,162, which are
incorporated herein by reference. Medical applications of densitometry include the
diagnosis and treatment of such bone diseases as osteoporosis.

The availability of relatively fast computers with large memories at reasonable
costs has led to the digitalization of X-ray images for mapping BMD models in various
formats. For example, BMD images use color to identify varying densities. Digital BMD
patient models are also used for comparison purposes with standard models and with
patients’ own prior BMD histories. Age correction factors can be applied to patients’
models for diagnosing and monitoring the onset and progress of such medical conditions
as osteoporosis and the like. The present invention utilizes such densitometry modeling
and mapping techniques for dental applications.

In addition to pathology detection and diagnosis, the present invention has
applications in monitoring osseointegration. Osseointegration occurs at the interface
between bone structures and prostheses, such as implants and replacement joints. For
example, dental implants osseointegrate with patients’ dental structure. The application

of tomographical densitometry techniques to osseointegration monitoring can provide the
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dental or medical practitioner with important information in evaluating the effectiveness
of implant procedures.

Heretofore there has not been available a system or method for applying the
technology of densitometry to dental and medical applications such as the detection of
caries and decalcification and the monitoring of osseointegration in connection with

dental and medical prostheses.

Summary of the Invention

In the practice of the present invention, a dental and orthopedic densitometry
modeling system utilizes a controller with a microprocessor and memory. An input
device inputs data to the microprocessor for controlling the operation of the modeling
system and for providing a database including densitometry parameters for comparison
with a patient’s densitometry model. The controller controls the operation of X-ray
equipment, which is adapted for scanning patients’ dental and orthopedic structures along
preprogrammed scan paths. The X-ray output is processed by the microprocessor for
creating a densitometry model, which can be output in various formats. In the practice of
the method of the present invention, a patient and the X-ray equipment are positioned
relative to each other. A controller is preprogrammed with a scan path and with data
corresponding to the patient. The X-ray equipment emits and detects X-ray beams at first
and second energy levels to provide densitometry output. The densitometry output is

digitized and merged to provide a tomographic model, which can be compared to
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predetermined parameters unique to the patient. The model can be output in various
formats, including a visual image color-coded to depict varying dental and orthopedic

structure densities.

Principle Objects and Advantages of the Invention

The principle objects and advantages of the present invention include: providing a
dental and orthopedic diagnostic application for densitometry; providing such an
application which includes a method for modeling dental and orthopedic structure using
densitometry; providing such a method which includes dual-energy, X-ray emission and
detection; providing such a method which includes providing a color-coded output model
showing dental density; providing such a method which detects incipient caries;
providing such a method which is adapted for detecting decalcification beneath the
surface of the dental enamel layer; providing such a method which employs scanning X-
ray techniques; providing such a method which utilizes commercially available
tomography equipment; providing such a method which detects dental fractures;
providing such a method which detects dental apical abscesses; providing such a method
which detects dental pathologies at the micron level; providing such a method which
facilitates the monitoring of decalcification in dental structures for determining
appropriate treatment; providing such a method which is adaptable for monitoring

osseointegration; providing such a method which can be practiced with relatively minor
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changes to existing densitometry equipment; and providing such a method which is
economical in operation and particularly well adapted for the proposed usage thereof.
Other objects and advantages of this invention will become apparent from the
following description taken in conjunction with the accompanying drawings wherein are
set forth, by way of illustration and example, certain embodiments of this invention.
The drawings constitute a part of this specification and include exemplary

embodiments of the present invention and illustrate various objects and features thereof.

Brief Description of the Drawings

Fig. 1 is a schematic, block diagram of a dental and orthopedic densitometry
modeling system embodying the present invention.
Fig. 2 is a flowchart of a dental and orthopedic densitometry modeling method

embodying the present invention.

Detailed Description of the Preferred Embodiments

I. Introduction and Environment

As required, detailed embodiments of the present invention are disclosed herein;
however, it is to be understood that the disclosed embodiments are merely exemplary of
the invention, which may be embodied in various forms. Therefore, specific structural

and functional details disclosed herein are not to be interpreted as limiting, but merely as
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a basis for the claims and as a representative basis for teaching one skilled in the art to
variously employ the present invention in virtually any appropriately detailed structure.
II. Dental Densitometry Modeling System 2

Referring to the drawings in more detail, the reference numeral 2 generally
designates a dental and orthopedic densitometry modeling system embodying the present
invention. The system 2 includes a controller 4 with a microprocessor 6 connected to a
digital memory device 7. The hardware components of the controller 4, i.e. the
microprocessor 6 and the memory device 7, can comprise any of a number of suitable
hardware devices which are commercially available and are suitable for this application.
In addition to various programable logic devices (PLDs) and special-purpose
microprocessors, general purpose, commercially available personal comiauters can be
utilized in the controller 4. The controller 4 can be programmed in any suitable manner
utilizing any of a variety of commercially available programming languages and software
development systems.

The microprocessor 6 is adapted to receive input from one or more input devices
8, such as a keyboard, a pointing device (e.g., a mouse), a communications link, or
another computer. Without limitation on the generality of useful data which can be input
via the input device(s) 8, such data can include: 1) a patient’s dental and orthopedic
records, including previous tomographical densitometry models; 2) baseline

tomographical densitometry models, which can be adjusted to accommodate for such
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factors as age, gender, size, weight, etc.; and 3) a preprogrammed scan path for the X-ray
equipment.

The microprocessor 6 controls a positioning motor 10 which is operably
connected to X-ray equipment 12 and is adapted for moving same through three axes of
movement. Examples of X-ray equipment adaptable for use with the present invention
are disclosed in U.S. Patents No. 5,533,080; No. 5,838,765; and No. Re. 36,162, which
are incorporated herein by reference. The X-ray equipment 12 includes an X-ray beam
source 14 and a detector array 16. The X-ray beam can suitably collimated to assume any
suitable configuration, such as fan, pencil, cone, etc. With the scanning technique
disclosed, a restricted (i.e. collimated) beam is preferred. The source and the detector
array 14, 16 are adapted for positioning on either side of a patient’s dentz;l/orthopedic
structure 18.

Analog signals from the detector array 16 are output to an analog-to-digital (A/D)
convertor 20, from which digitized signals are transmitted to a merger device 22 for
merging into formats suitable for processing and analyzing by the microprocessor 6. The
microprocessor 6, using data from the merger device 22, creates a tomographical
densitometry model 24 which is transmitted to an output device or devices 26. Without
limitation on the generality of useful output devices 26, it can comprise a monitor, a
display, a printer, a communications link, and/or another computer. For example, a color
printer can be utilized to provide a color-coded graphical representation of the

tomographical densitometry model 24. The color coding can correspond to densities,
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thus identifying potential problem areas where decalcification has occurred and resulted
in lower density. The tomographical densitometry model 24 can also be useful for
monitoring osseointegration, since the density of the dental/orthopedic structure 18 (tissue
and bone) in the vicinity of an implant 28 or other prostheses can provide an important
diagnostic tool for the use of the dental or medical practitioner in assessing the
effectiveness of an implant or prosthetic procedure. The tomographical densitometry
model 24 is also entered into the computer’s memory device 7.
III. Dental and Orthopedic Densitometry Modeling Method

Fig. 2 is a flow chart of a dental and orthopedic densitometry method embodying
the present invention. The method steps include positioning a patient and positioning the
X-ray equipment relative to the patient, i.e. with the patient’s dental/orthopedic structure
to be examined located between the X-ray source 14 and the detector array 16.

Diagnostic parameters are input to the system and can comprise, for example, the
patient’s prior tomographical densitometry models and standardized models. The
tomographical densitometry models can be corrected and/or adjusted to account for

patient h cs
£

ts’ age, gender, physical characteristics, etc. The input diagnostic para
be stored in the computer’s memory device. A scan path for the X-ray equipment is
preprogrammed in the computer.

The scanning procedure is commenced by collimating a first energy band beam,
detecting emissions from same with a detector array, and converting the analog output of

the detector array to a digital signal. The digital signal is output for storage in the
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computer. The steps of collimating the energy band beam and detecting, digitizing and
storing same are repeated for a second energy band beam. The Bisek et al. U.S. Patent
No. Re. 36,362 discloses the use of dual-energy X-ray beams in medical densitometry
applications. As discussed therein, dual-energy densitometry can result in a more
accurate patient model.

The X-ray equipment then traverses the preprogrammed scan path and the
first/second encfgy band steps are repeated until the scanning procedure is complete. The
digitized detector array output is merged and compared to the diagnostic parameters
which are stored in the computer’s memory. The dental/orthopedic densitometry is
tomographically modeled and output, for example to a monitor or printer for converting
the model to a visual image. The visual image is output in a visible form for use by

dental and medical practitioners.
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CLAIMS
What is claimed and desired to be secured by Letters Patent is as follows:
1. A system for tomographically modeling dental and orthopedic structure

densitometry, which includes:

a) a controller with a microprocessor and a memory device connected to the
MICroprocessor;

b) an input device connected to the microprocessor;

c) a positioning motor connected to the microprocessor and movable in

response to signals from said microprocessor;

d) X-ray equipment inclqding an X-ray source and a detector array;

€) conversion means for converting a signal from said detector array, said
conversion means being connected to said detector array and to said
microprocessor; and

1)) an output device connected to said microprocessor and adapted for

receiving a tomographical densitometry model from said microprocessor.

2. The system according to Claim 1 wherein said positioning motor is adapted for

positioning said X-ray equipment with respect to three axes of movement.

3. The system according to Claim 1 wherein said conversion means comprises an

analog-to-digital convertor connected to said detector array.

11
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The system according to Claim 3 wherein said conversion means includes a
merger device connected to said analog-to-digital converter and to said

MICTOProcessor.

The system according to Claim 1 wherein said X-ray equipment comprises a dual

energy level, restricted beam device.

The system according to Claim 1 which includes:
a) a preprogrammed scan path for said X-ray equipment, said scan path being

programmed into said microprocessor.

The system according to Claim 1 wherein said output device includes a color

monitor adapted to receive said tomographical densitometry model output color-

coded to represent densitometry.

The system according to Claim 1 wherein said output device includes a color

printer adapted to print images color-coded to correspond to the densitometry of

said model.

12
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9. The system according to Claim 1 wherein said controller includes:
a) means for storing a pre-existing tomographical dental/orthopedic
densitometry model; and
b) méans for comparing pre-existing and current tomographical densitometry

models.

10. A method of tomographically modeling dental and orthopedic densitometry,
which includes the steps of:
a) providing a controller with a microprocessor and a memory device

connected to said microprocessor;

b) providing an input device connected to said microprocessor;

c) inputting patient diagnostic parameters with said input device;

d) storing said diagnostic parameters in memory;

€) providing X-ray equipment with an X-ray source and an X-ray detector
array;

f) positioning said X-ray equipment and a patient’s dental/orthopedic

structure relative to each other with said patient’s dental/orthopedic
structure between said source and said detector array;

g) emitting an X-ray beam from said source through said dental structure and
to said detector array;

h) outputting a signal from said detector array to said microprocessor;

13
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i) forming with said microprocessor a tomographical densitometry model of
said dental/orthopedic structure;
i) providing an output device connected to said microprocessor; and

k) outputting said densitometry model to said output device.

11. The method according to Claim 10 which includes the additional steps of
emitting, detecting, digitizing, and storing signals corresponding to first and

second energy levels from said X-ray source.

12. The method according to Claim 10 which includes the additional steps of:
a) inputting to said controller a predetermined scan path for said X-ray
equipment; and

b) traversing said X-ray equipment along said scan path.
13. The method according to Claim 12 which includes the additional steps of:
a) providing a positioning motor connected to said microprocessor and to

said X-ray equipment for moving same through three axes of movement

along said scan path.

14
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18.
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The method according to Claim 10 which includes the additional step of detecting

incipient carics with said tomographical densitometry model.

The method according to Claim 10 which includes the additional step of detecting

dental fractures with said tomographical densitometry model.

The method according to Claim 10 which includes the additional step of detecting

apical abscesses with said tomographical densitometry model.

The method according to Claim 10 which includes the additional step of analyzing
the extent of osseointegration of a dental or orthopedic prostheses with respect to
a patient’s dental or orthopedic structure with said tomographical densitometry

model.

The method according to Claim 10 which includes the additional steps of:

a) inputting to said microprocessor a pre-existing tomographical
densitometry model; and

b) comparing said patient’s current densitometry model to said pre-existing

densitometry model.
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19.

20.

The method according to Claim 10 which includes the additional steps of:

a) providing a color output device connected to said microprocessor; and

b) color coding said densitometry model in colors corresponding to the
patient’s dental or orthopedic structure density and outputting said

densitometry model to said output device.

A method of tomographically modeling dental and orthopedic densitometry,

which includes the steps of:

a) providing a controller with a microprocessor and a memory device
connected to said microprocessor;

b) providing an input device connected to said microprocessor;

c) inputting with said input device dental or orthopedic patient diagnostic
parameters, including a pre-existing densitometry model;

d) storing said diagnostic parameters in said memory device;

e) providing X-ray equipment connected to said microprocessor, said
equipment including an X-ray source and an X-ray detector array;

f) positioning said X-ray equipment and a patient’s dental or orthopedic
structure relative to each other with said patient’s dental or orthopedic

structure located between said X-ray source and said detector array;
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g)

h)

j)
k)

D

p)

q)
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emitting an X-ray beam from said source at a first X-ray beam energy
level, passing same through said dental or orthopedic structure, and
detecting same with said detector array;

outputting a signal corresponding to said detected X-ray beam from said
detector array;

digitizing said detector array output signal,

storing said digitized output signal in said memory device,

repeating steps f) - j) at a second X-ray beam energy level;

merging said stored output signals to form a present tomographical
densitometry model of said dental or orthopedic structure;

comparing said present densitometry model with said pre-existing
densitometry model;

adjusting said present densitometry model to account for patient
parameters including age and gender;

providing an output device connected to said microprocessor;

color coding said present tomographical densitometry model with colors
corresponding to dental or orthopedic structure density; and

outputting said color-coded model to said output device.

17
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ABSTRACT

A dental and orthopedic densitometry modeling system includes a
controller (4) with a microprocessor (8) and & memory device {7} connacted {o the
microprocessor (8). An input device (8} is also connected to the MiCroproLessor
(8} for inpuiting diagnostic procedure parameters and patient information. X-ray
equipment including an X-ray source (14) and an X-ray detector array {16) are
connected to & positioning motor (10} for movement relative to a patisnt's dental
or orthopedic structure (18} in response to signals from the microprocessor (8).
The output consists of a lomographical densitormetry modal. A dentaliorthopedic
densitomstry modeling method involves moving the X-ray syuipment across a
predetermined scan path, emitling dual-energy X-ray beams, and outputting an
fmage color-coded (o correspond fo a patisnt’s dental or orthopedic density.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN BEXCLUSIVE
PROPERTY OR PRIVILEGE IS CLADMED ARE DEFINED &8 FOLLOWS:

1. A systera for tomographically modelling dental and orthopaedic structure
densitometry, inchuding: a controller (4) with & microprocessor (5) and & memory device
{7} comnected to the microprocessor (6); an inpul device connectad to the THCTOPIOCeSSOr
(6} Xray equipment {12) including an Xeray sowrce (14) and a detector array (16},
conversion means (20) comprising an analop-to-digital (A-D) converter (287 connected (o
said detector array {16} and to sald microprocessor (6) and being aranged 1 convert a
signal from said detector array {16); an output device {26} conneoted to said
mieroprocessor (6} and adapicd for receiving & tomographical densitometry model from
said microprocessor {6); and a merger device {32) connected to said converter {20y and 1o
said microprucessor (6); said tomograpbical modeling system including:

8 positioning moter (10) adapted for positioning said X-ray equipment
(12} with respeet to three axes of movamant;

sard H-ray equipment (12) comprising a dual energy level, restricted heam
deviee (14}

mgeans (7} for storing pre-existing, graphical dental or orthopaedic denstiometry
maodels comprising a patient’s previous graphical denstiometry models and baseling
standardized graphical densitometry models;

a preprogrammed scan path for said 3ray equipment (12), said scan path
‘being progranuned into sald microprocessor (6) and said scan path including movement
of said X-ray equipment in threa axes;

said microprocessor {6) reoaiving digital data corresponding 1o g graphical
densitometry dental or orthopedic model and converting said densitometry model to a
visual image \

computer means (6) for digitally comparing pre-existing and current
tomographical densitometry models, said output device (26) displaying a visual
represertation of said comparisen of said pre-existing and current graphical densitometry

models,

(=]
Bumei
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2. The system according to claim 1 wherein said output devics includes a
colour monitor (26) adapted to receive said tomographical densitometry model output

colour-cided to represem densttomelry.

3 The syster aceording io claim 1 whersin said ouipit device includes &
colour printer (26 adapted to print images colewr-codad o corrzspond to the

densitometry of sald model.

4. & aethod for topographically modelling dental and orthopasdic strocture
densitometry including the steps of providing: a controlier (7} with = waieroprocessor (6)
and & memory device (7) connected to the microprocossor (6% an input device (8)
commected to the microprocessor (6); Xoray equipment (12) including an X-ray souree
{14} and » detector array (16); an analog-to-digital {A-D) converter (20) connected o said
detector arvay (16} and to said microprocessor () for converting a signal from said
detector array (163 an output deviee (26) connected to said microprocessor {6) and
adapted for receiving a tomographical densitometry model from said microprocessor {63;
which method farther Includes the steps of'

inputting patient diagnostic paramoters with said input device 8

inputting baseline diagnostic parameters with said input device M

storing said diagrostic parameters in said memory devics (7

positioning said X-ray equipment (12) and & patieat’s dental or
orthopaedic structure (18) relative to cach other with said patient’s dental or orthopaedic
structure (18) betwoen said source (14 and said detector atray (16);

emitting an X-ray beam from suid sowrce (14} through said dersal or
orthopaedic stracture (18) and to said detector armay {16

outputling & signal from said detector sreay (16) to said MICTOprocessor (§)
and storing said signal from said detector array (16) in said ICEOPIOCESSOT; ‘

farming with said mictoprocessor (6) a current tomographical

densitometry model of said dental or orthopasdic structure (18);
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converting said curvent torographical densitometry nwdel to a visual
image;

outputting sald current tomographical densitometry model t said output
device (26);

emitting, detecting, digitizing and storing signals corresponding to first
and sceond energy levels from said Xeray sourge (14};

inputting to said controller (4) 2 predeterniined scan path including
riovement with respect to three axes for said Xeray eguipment (12);

traversing said X-ray cquipmert (12} along said scan path;

providing a positioning moter {10) connected to said microprocessor (6)
and to sad X-ray equipment {12} for moving same througl three axes of movement along
said scan path;

inputting to said micropmoessor (6) & patient's pre-existing tomographical
densitometry modsl;

digitally comparing said patfent’s current densitometry niodel to said pre-
existing tomographical densitomelry model ; and

visually displaying with safd output device (26) a visual representation of

said comparison of sald patient's pre-existing and current densitometry models,

iR The method aceording to claim 4, which inchudes the additional step of

detecting incipient caries with ssid tomogeaphical densttontetry model.

6. The method according to claim 4, which includes the additional step of

detecting dental fractures with spid tomographical densitometry model.

7. The method according to claim 4, whizh includes the additional siep of

detecting apical abscesses with said tomographical densitometry model.,

8. The method sccording o clabm 4, which includes the additional siep of

analysing the extent of psseointegration of u dental or orthopasdic prosthests with respect

2!
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to said patient's dental or orthopagdic structure with said tomographieal densitometry

el

g, The method according o claim 4, which includes the additional steps of:

1) providing & colour output device {26) connected to said microprocessor

(6); and

b} colour voding said densitometry mode! in colours corresponding o the

patient’s dental or orthopaedic stracture density and outpuiting said densitometry model to

said output deviee (26),

10, The method according to claim 4, which includes the additional steps of;
repeating said microprovessor input, datector syoay oulput, x-ray
equipment positioning and detector array output signal sloving steps;
muerging said stoved detector array output signals to form a present
tomographical densitometry model of said dental or orthopsedic structure (18);
comparing said present densitometry model with said pre-existing
densitometry madel;
adjusting said present densitometry moded to aceount for patient

parameters incloding age and gendery

colour coding said present tomographicsl densitometry model with colours

eorresponding to denial or orthopaedic structurs {18) density; and

sutputting said colour-coded model to said cutpit device (26),
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DENTAL &N_ﬁ ORTHOPEDIC DENSITOMETRY MODELING
SYSTEM AND METHOR
" Backeveund of the Tnventiss

i Bield of the Invention

The presant invention relates generally fo dental and orthopedic diagnosis sad

trestment, and in particnlst to & densttometry modeling system and method.

2. Description of b Bolated Axd

The feld of dental disgrostics is generally concerned with locating patholoxgiss
in the dengal struclure, Le. the testh and sueraumding thsse and bone. Three of the
mast conunon pathologies are: 1} caries sssocinted with decay; 23 Aactares; and 1)
apicad absoesses.  The system and method of the present isvention are primarily, bus
not exchusively, concerned with detecting these pathologies and with orthopedics.

Enely detection af dental pathalogies is very important in minimizing damsge.
Conventional disgnosis procedures are generally performed using dental ¥erays (both
fixed boam and scanning beam), explosers, and other conventional equipment,

Incipient caries, panticularly those locuted beneath the enumel surface, often go

undetected with conventional equipment, When such caries ars finally found,
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wncipient caries are located almost entirely within the snamel fayer of the teeth. They
are sometines referred to as “smooth surfice” caries and are particularly difficult to
Jocate using conventional diagnostic equipment and procedures. By the thne such
incipient curies ars located, the extent of the damusge is often 17% 1o 2394 greater than
it would appear to be on & conventional Xeray negative.

Dental fructares can rosult from broddsm (teeth wrinding), traums, sle. Dental
structure which is weakened by vatious causes, such as decaloification, is particululy
susoeptible to fractures. Fractures can assutne various configurations, mcluding craien
fine patterns. Frachere patterns and configurations can be particularly difficult to locats
using conventional X-ray equipment and provedures, For cxample, firctures which are
generally parallel to the Xoray beam sre often endetectable on sn X-ray negative,
Undetected, and hence untreated, factures can provide direct paths through the
enamel layer of the teeth whereby bacteria can invade the dentin snd pulp layers,
Pathologies in the dentin and pulp layers are ofien assoviated with considersble pain
and tooth loss.

Apical abscesses comprise yet another dental condition which can be difficult 1o
diagnose with conventional equipment, particularly in the early stages. Advanced
spicsl absgesses can cause considerable pain bevause they iwvolvs the neurovaseutar
bundies located in the ropt canals. Early detection of apisal abscesses can lead to
appropriate, early-siage treatment, thus svoiding advanced disease processes with
resuliant pain, swelling, and/or space involvement which left untreated could ultimately

rasult in death,

AMFNNED SHEET
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Tomography o sectional radiography teclisiques using scanning Xeray beams have
previously been eomployed for dental applications. For example, U.8. Pat. No. 4,188,537
U.S. Pat, No. 4,259,583; Li8. Pat. No. 4,823,369; U.S, Pat. No. 4,856,038; and U8, Par.
No. 5,214,686 all relate to dental X-ray disgnosis uti Hizing scanning techniques.

In the medical field, densitometry procedures are used for measuring bone
morphology density {BMD) by utilizing scanning Xoray beam technigues. Bxamples are
shown in U8, Pat. No. §,533,080; U.S. Pat. No. 5 B538,765; and U S, Pat. No. Re. 36,162,
Medical applications of densitometry include the diagnosis and treatment of such bone
diseases as psteoporosis,

The availability of relatively fast computers with lar 2¢ memorics at reasonable
costs has led to the digitalization of Xeray images for mapping BMD modals in various
formats. For example, BMD images use color to idenitfy varying densities. Digital BMD
patient models are also used for comparisen purposes with standard models and with
patients’ own prior BMD histories. Age correction factors can be applied to patients’
modeis for diagnosing and monitoring the onset and progress of such medical eonditions
as osteoporosis and the like. The present invention utilizes such densitmmetry modeling
and mapping techniques for dental applications.

I addition to pathology detection and diagnosis, the present invention has
applications in monitoring vsseointegration. Usseointegration occurs at the inferface
batween bone structures and prostheses, such as implants sud replacement joints. For

example, dental implants ossecintegrate with patiems' dental structure. The
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I application of tomagraphical densitometry techniques to osssointegration monitoring

T

can provide the dental or medicgd practitioner with baportant informstion in svalusting
3 the effectivensss of implant procedures,

4 Heretolore there has not been avaifsble 2 system or method for spplying the

5 technology of densitometry to dental and medical applications such as the detection of
& . carizs and decslcification and the monitoting of ossecintegration in connection with

7 dentad snd medival prostheses,

8
8 Summary of the Tnvention
10 In the practice of the pressnt invention, a dental and orthopedic densitomstry

11 modeling system utilizes & controlier with a micruprocessor and memory, An nput
12 device inputs dats to the microprocessor for controlling the operation of the modeling
13 system and for providing a dstabase lnchuding densitometry paramaters for comparison

14 witha patient’s dengitometry model. The controller contrals the operation of Xeray

\J
5

equipment, which is adapted for scanning patients’ dental and orthopedic structures

16 slong preprogrammed scan paths. The X-ray output is processed by the

17 microprocessor for creating & densitometry model, which can be utput in various

18 formats. In the practice of the method of the present invention, & patient and the X-ray
19 equipment are positioned relative to gach other. A controller is preprogrammed with a
20 scan path and with data corresponding 1o the patient, The Xeray squipment emits and

21 detects X-ray beams at Bret and second energy levels to provide densitometry output.

b3
3

The densitomstry output is digitized and merged to provide a tomographic model,

AMENDED SHEET
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which can be comﬁaren‘l tor predetermived parameters unique w the patient. The mode) can
be output in various formats, including & viseal image color-coded to depiet varving derial
and orihopaedic structure densities.

In a broad aspect, the prasent mve:nii;m relates a system for toma graphically
modeling dental and erthopacdic structare densitometry, including: a controller with a
microprocessor aad a memory device connected 1o the microprocessor; an i put device
connested {o the microprocessor; X-way equipment including sn Xoray source and g
detector array; conversion means comprising an analog-to-digital converter connected to
said detector array and 1o said micreprocessor and bei ng arvanged to convert a signai from
said detector array: an output device conrected o said niieroprocessor and adapted for

Jreeeiving a tomographical densitometry model from said microprocessor; and @ merger
device connected to said converter and to said neroprocessor; said tmographical
modeling systen inclading: a positioning niotor adapted for positioning suid Xeray
exuipment with respect to three axes of movement; said ¥-may equipment cornprising a
dual energy level, restricted beam device; means for storiag pre-existing, graphical dental
or ortbopaedic densitometry modsls comprising # patient's previous graphical
densitomnetry models and basaline standardized graphival densitometry models; a
preprogrammed scan path for said X-ray equipment, said scan path being programmed into
said myicroprocessor and said scan path including movement of said Xeray equipnient in
three mees; said microprocessor receiving digital data carresponding to a graphical
densitometey dental or orthopedic model and converting said densitoractry moded 1o a
visual image computer means for digitally comparing pre-existing and current
tomographical densitomstry models, said output device displaying « visual representation

of said conparison of aid pre~existing and corrent graphical densitometry models.

wn
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In another broad aspsct, the present invention relates to a method for
topographically modelling dewtal and oriopasdic structure densitemetry ineluding the
steps of providing: a controfler with a microprocessor and a memory device connected to

the microprocessor; an input device connected to the wHeroprocessor; X-my equipment

(e

inchiding an X-ray source and a detector array; an analog-to-digital convertsr connected 1o
said detector array and to said muereprocessor for converting a signal from said detector
array; an ouipul device commected to said microprocessor and adapted for rege ving a
omographical densitometry model from said microprocessor; whish method further
inchedes the steps oft  inputting patient diagnostic parameters with said inpw device:

10 inpuiting baseline diagnostic parameters with said input devive: storing said diagnogtic
parameters in sald memory devies; positioning said 3-ray equipment and a patient’s denta
or orthopaedic structurs relative to each other with said patient's dentsl or orthopasdic
structure betwoen said source and said detestor arreyy emitting an X-ray besm from said

source through said dental or orthopacdic structure and to said detecior array; owputting a

-
wh

signal from said detector array to said microprovessor and storing said si gnal from said
detector array in said microprocesaor; forming with said IHCTOPIOCESSOr & Curtent
tomographical densitometry model of said derdad or orthopaedic siructure; converting said
current tomographici] densitometry moda! to a vigua) lmage; outpotting sald ourrent
tomographical densitomelry model to said ottput device; emitting, detecting, di sitizing
20 and storing signals comesponding to frst and secong cnergy levels from said Xeray source;
inputting to said controller a predstermined scan path weluding movement with respect 1o
three axes for said Xoray equipment; traversing said Xeoray az;ﬁipnmnt along said scan path;
pmviding i positioning motor connected 1o said microprocessor and to said Xeray

equipment for moving same through three axes of movement slony said sean path;
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Inputiing to said microprocassor & pationt's pre-existing tomegraphicsl densitometry
model; digitally comparing said patient's current densitometry model to said pre-gxisting
tomographical densitometry model ; and vigually displaying with said output devige a

visual representation of said comparison of said patient’s pre-existing and carrent

1941

densitometry modsls.

Principle Obisets and Advamtapes of the Invention

The principle ohjects and advantages of the present invention include: providing a
dental and orthopaedic diagnostic application for densitometry; providing such an
18 application which includes a methed for modslling dental and orthopaedic structure wsing
densilometry; providing such a method which inchudes dual-energy, X-ray emission and
detection; providing such a method which includes providing a color-coded output model
showing dental density; providing such a methesd which detects incipient varies; providing

such a method which is adapted for detecting decalcification baneath the surface of the

,_.‘
L5y

dental enamel 1&}}@1“; providing such a method which smploys scanning X-ray technigues:
providing such a method which utilizes commercially available tomography sqeipment;
providing such a method which detects dental fractures; providing such & method which
detect dental apical abscesses; providing such a method which detects dental pathologies
at the micron fevel: providing such a method which facilitates the manitoring of

20 decalcification in dental structures for determining approprite treatment; providing such a
method which is adaptable for monitoring osseointegration; providing such a method
which can be practiced with relatively minor changes to existing densi’t:ometry equipment;

and providing such a

25

L
o
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muethod which i3 economical in operation snd partisularly well adapted for the
propossd usage thereof
Cther objects and advantages of this invention will become apparent from the
following description taken in conjunction with the ascompanying drawings whersin
are set forth, by way of ifustration and example, certain embodinenss of s invention.
The drawings constitute a part of this specification and include exemplary
embodiments of the present invention and illustrate various objects and features

thersof

Beief Dazeription of the Drawings
Fig. 1 is & schematic, block diagram of 3 dents! and srthopedic densitometry
modeling system embodying the prevent lavention,
Fig. 2 is 2 flowchart of a dental and orthopedic dengitomatry modeling method

smbuodying the preseat invention.

Detaled Desoription of the Preferred Habodinents
L Introduciion sad Eavironment
As required, detailed embodinents of the present invention are disclosed
herein; however, it is to be understood that the disclosed embodiments are merely
exemplary of the invention, which may be embodied in various forms, Therefors,
specific structural and functional details disclosed herein zre not to be interpreted as

limiting, but merely 35 2 basis for the claims and as a representative basis for teaching
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one skilled in the art to variously smploy the present invention in virtually sny
sppropristely detsiled struchure.
B Deslad Beusitometry Modsling System 2

Referring 1o the drawings i more detuil, the reference numeral 2 generally
d@signateas a dentad and orthopedic densitometry modeling system embodying the
present invention, The system 2 inclodes # contraller 4 with & microprocessor §
connecied to 3 digited memory devive 7. The hardware companemts of the controlier
4, Le. the microprovessor 6 and the mepmory devies 7, can comprise any of & numbsr of
suitable hardware devicas which are commercially available snd sre suitable for this
application. In addition to various programable logie devices (PLDs) and specigd-
purpose nucroprocessers, gencesl purposs, comunercially svailable personsl computers
cait be utilized in the controller 4. The controlier 4 can be programnied in any sultable
manner utilizing any of & variety of conmercially availabla prograusning languages and
software developnent systems.

The microprocessor 6 is sdapted to receive input ffom one or more input
devices 8, such as a keybonrd, 8 pointing device {e.g., 3 mouse), 3 communications
link, or another computer. Without lnuitation on the generality of usefil data which
can be input vis the input device(s) 8, such duta can inclade: 1} & patient’s dentst aad
onthopedic records, including previous tomographival densitometry models; 2} basaline
womographical densitometry models, which can be adjustsd to sccommodate for such
factors as age, gender, sive, weight, st and 3) a preprogrammed scan path for the Xe

ray squipment,
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The mieroprocessor & conirals « positioning motor 10 which is operably
connedted (o Xeray equipment 12 and is adapted for moving same through three axes
of movement. Examples of X-ray equipment adaptabls for use with the present
fnvention are disclosed in U.8. Patens Vo, 3,533,080; Wo. $,838,765; and No. Re.
36,162, The Xemy equipmant 12 inchudes an X-my beam sourcs 14 and a delector
array 16, The Neray beam can suitably collimated 1o assume any suitable
vonfiguration, such as fan, pencil, cone, ste, With the scanning technique disclosed, a
restricted {i.¢. colimated) beam is preferred. The source and the detecior array 14, 18
are xdapted for positioning on either side of a patient’s dental/orthopacdic strucaare
18

Analog signals from the detector amray 16 are output to an analog-to-digitst
(A0} convertor 20, from which digitized signals are transmitiod to a merger devies 33
for merging into formuts suitable for processing snd saslysing by the IICTOPTOCeSSOr
&. The microprocessor 6, using dats frons the merger sievim\ili&, creaies s
tomographicsl deasitonetry nsodsl 24 which is transmitted to an cutput device or
devices 26, Without limitation on the generality of usaful output devices 28, it can
comprise 8 mositor, a display, & printer, 3 communications Bode, sndfor another
computer. For example, a color printer can be utilized to provide a color-coded
graphical representation of the tomogvaphical densitometry mods! 4. The color
coding can corresponid to densities, thus identifying potential problsm argas where
decaloification has oecurred and resulted in lower density. The tomographical

densitometry model 24 can also be usefid for monionng osssointegration, sincs the
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density of the dental/orthopedic structure 18 {tissue and bone} in the vicinity of an
implant 28 or other progtheses van provide an important disgnostic tool for the use of
the dental or medics! praciitioner in assessing the effectivenssy of an implant or
prosthetic procedure. The tomographical densitometry model 24 is also entered into

the computer's memory device 7.

HEL  Beatst and Onthopadic BensBometey Madsting Mothog

Fig. 2 is a flow chart of 3 dental sad orithopedic densitonsetry method
embodying the present invention. The mathed steps include positioning a patient and
positioning the X-ray squipment relative to the patient, 1.e. with the patient’s
dental/orthopedic structurs to be sxamined located batween the Heray sourcs 14 and
the detsctor array 16,

Diagnostic parsmeters are input to the system and can comprise, for example,
the patient’s prior tomographical dessitonmetry models and standardized modsls. The
tomographical densitometry modads can be comecied and/ar adjusted to scomunt for
patients’ age, gender, physical characteristics, ete. The input diagnostis parsmeters
can be stored in the vomputer’s memory device, & sean path for the Keray equipment
is preprogrammed in the computer.

The scanning procedure kv commenced by collimating & first energgy band Beam,
detecting emissions ffom same with a detector array, and converting the anslog output
of the detector array to a digitel signsd. The digital signal is putpot for storage in the

computer. The steps of collimating the energy band bear and detecting, digitizing and
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storing same are repested for 8 second energy band besm. The Bigek ot o 1.5, Potent
No. Be. 36,362 discloses the use of dual-energy Xeray beams in medical densitometry
applivations. As discussed therein, dual-energy densitonetry can result in & morg
accurate patient moded.

The Xovay squipment then traverses the preprogrommed scan path snd the
first/second energy band steps are repested untl the sesnning procedure is complete.
The digitized detector array output is merged and compared to the diagnostic
parameters which are stored in the computer’s aemory. The dentalforthopedic
densitometry is tomographically modsled and oupul, for example to 2 monitor or
printer for converting the mode! to & visual image. The viaual image is output in &

visible form for use by dental and medicat praclitioners,
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Description

[0001] The present invention relates generally to den-
tal and orthopedic diagnosis and treatment, and in par-
ticular to a densitometry modeling system.

[0002] The field of dental diagnostics is generally con-
cerned with locating pathologies in the dental structure,
i.e. the teeth and surrounding tissue and bone. Three of
the most common pathologies are: 1) caries associated
with decay; 2) fractures; and 3) apical abscesses. The
system and method of the present invention are primarily,
but not exclusively, concerned with detecting these
pathoiogies and with orthopedics.

[0003] Early detection of dental pathologies is very im-
portant in minimizing damage. Conventional diagnosis
procedures are generally performed using dental X-rays
(both fixed beam and scanning beam), explorers, and
other conventional equipment.

[0004] incipient caries, particularly those located be-
neath the enamel surface, often go undetected with con-
ventional equipment. When such caries are finally found,
considerable damage to tooth structure may have al-
ready occured. Subsurface, incipient caries are located
almost entirely within the enamel layer of the teeth. They
are sometimes referred to as "smooth surface" caries
and are particularly difficult to locate using conventional
diagnostic equipment and procedures. By the time such
incipient caries are located, the extent of the damage is
often 17% to 23% greater than it would appear to be on
a conventional X-ray negative.

[0005] Dental fractures can result from bruxism (teeth
grinding), trauma, etc. Dental structure which is weak-
ened by various causes, such as decalcification, is par-
ticularly susceptible to fractures. Fractures can assume
various configurations, including craize line patterns.
Fracture patterns and configurations can be particularly
difficult to locate using conventional X-ray equipment and
procedures. For example, fractures which are generally
paraliel to the X-ray beam are often undetectable on an
X-ray negative. Undetected, and hence untreated, frac-
tures can provide direct paths through the enamel layer
of the teeth whereby bacteria can invade the dentin and
pulp layers. Pathologies in the dentin and pulp layers are
often associated with considerable pain and tooth loss.
[0006] Apical abscesses comprise yet another dental
condition which can be difficult to diagnose with conven-
tional equipment, particularly in the eary stages. Ad-
vanced apical abscesses can cause considerable pain
because they involve the neurovascular bundles located
in the root canals. Early detection of apical abscesses
can lead to appropriate, early-stage treatment, thus
avoiding advanced disease processes with resultant
pain, swelling, and/or space involvement which left un-
treated could ultimately result in death.

[0007] Tomography or sectional radiography tech-
niques using scanning X-ray beams have previously
been employed for dental applications. For example,
U.S. Patents No. 4,188,537; No. 4,259,583: No.
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4,823,369; No. 4,856,038; and No. 5,214,686 all relate
to dental X-ray diagnosis utilizing scanning techniques.
[0008] In the medical field, densitometry procedures
are used for measuring bone morphology density (BMD)
by utilizing scanning X-ray beam techniques. Examples
are shown in U.S. Patents No. 5,533,080; No. 5,838,765;
and Re. 36, 162, Medical applications of densitometry
include the diagnosis and treatment of such bone dis-
eases as osteoporosis.

[0009] The availability of relatively fast computers with
large memories at reasonable costs has led to the digi-
talization of X-ray images for mapping BMD models in
various formats. For example, BMD images use color to
identify varying densities. Digital BMD patient models are
also used for comparison purposes with standard models
and with patients’ own prior BMD histories. Age correc-
tion factors can be applied to patients’ models for diag-
nosing and monitoting the onset and progress of such
medical conditions as osteoporosis and the like. The
present invention utilizes such densitometry modeling
and mapping techniques for dental applications.

[0010] In addition to pathology detection and diagno-
sis, the present invention has applications in monitoring
osseointegration. Osseointegration oceurs at the inter-
face between bone structures and prostheses, such as
implants and replacement joints. For example, dental im-
plants osseointegrate with patients’ dental structure. The
application of tomographical densitometry techniques to
osseointegration monitoring can provide the dental or
medical practitioner with important information in evalu-
ating the effectiveness of implant procedures.

[0011] Heretofore there has not been available a sys-
tem or method for applying the technology of densitom-
etry to dental and medical applications such as the de-
tection of caries and decalcification and the monitoring
of osseointegration in connection with dental and medical
prostheses.

[0012] The invention is defined in claim 1.

[0013] Inthe practice of the present invention, a dental
and orthopedic densitometry modeling system utilizes a
controller with a microprocessor and memory. An input
device inputs data to the microprocessor for controlling
the operation of the modeling system and for providing
a database including densitometry parameters for com-
parison with a patient’s densitometry model. The control-
ler controls the operation of X-ray equipment, which is
adapted for scanning patients’ dental and orthopedic
structures along preprogrammed scan paths. The X-ray
output is processed by the microprocessor for creating
a densitometry model, which can be output in various
formats. In the practice of the method of the present in-
vention, a patient and the X-ray equipment are positioned
relative to each other. A controlleris preprogrammed with
a scan path and with data corresponding to the patient.
The X-ray equipment emits and detects X-ray beams at
first and second energy levels to provide densitometry
output. The densitometry output is digitized and merged
to provide a tomographic model, which can be compared
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to predetermined parameters unique to the patient. The
model can be output in various formats, including a visual
image color-coded to depict varying dental and ortho-
pedic structure densities.

[0014] The principle objects and advantages of the
present invention include: providing a dental and ortho-
pedic diagnostic application for densitometry; providing
such an application which includes a method for mode-
ling dental and orthopedic structure using densitometry;
providing such a method which includes dual-energy, X-
ray emission and detection; providing such a method
which includes providing a color-coded output model
showing dental density; providing such a method which
detects incipient caries; providing such a method which
is adapted for detecting decalcification beneath the sur-
face of the dental enamel layer; providing such a method
which employs scanning X-ray techniques; providing
such a method which utilizes commercially available to-
mography equipment; providing such a method which
detects dental fractures; providing such a method which
detects dental apical abscesses; providing such a meth-
od which detects dental pathologies at the micron level;
providing such a method which facilitates the monitoring
of decalcification in dental structures for determining ap-
propriate treatment; providing such a method which is
adaptable for monitoring osseointegration; providing
such a method which can be practiced with relatively mi-
nor changes to existing densitometry equipment; and
providing such a method which is economical in opera-
tion and particularly well adapted for the proposed usage
thereof.

[0015] Other objects and advantages of this invention
willbecome apparentfromthe following description taken
in conjunction with the accompanying drawings wherein
are set forth, by way of illustration and example, certain
embodiments of this invention.

[0016] The drawings constitute a part of this specifica-
tion and include exemplary embodiments of the present
invention and illustrate various objects and features
thereof

Fig. 1 is a schematic, block diagram of a dental and
orthopedic densitometry modeling system embody-
ing the present invention.

Fig. 2 is a flowchart of a dental and orthopedic den-
sitometry modeling method embodying the present
invention.

[0017] As required, detailed embodiments of the
present invention are disclosed herein; however, it is to
be understood that the disclosed embodiments are mere-
ly exemplary of the invention, which may be embodied
in various forms. Therefore, specific structural and func-
tional details disclosed herein are not to be interpreted
as limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to
variously employ the present invention in virtually any
appropriately detailed structure.
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[0018] Referring to the drawings in more detail, the ref-
erence numeral 2 generally designates a dental and or-
thopedic densitometry modeling system embodying the
present invention. The system 2 includes a controller 4
with a microprocessor 6 connected to a digital memory
device 7. The hardware components of the controlier 4,
i.e. the microprocessor 6 and the memory device 7, can
comprise any of a number of suitable hardware devices
which are commercially available and are suitable for this
application. In addition to various programable logic de-
vices (PLDs) and speciai-purpose microprocessors, gen-
eral purpose, commercially available personal comput-
ers can be utilized in the controller 4: The controlier 4
can be programmed in any suitable manner utilizing any
of a variety of commercially availabie programming lan-
guages and software development systems.

[0019] The microprocessor 6 is adapted to receive in- -
put from one or more input devices 8, such as a keyboard,
a pointing device (e.g., a mouse), a communications link,
or another computer. Without limitation on the generality
of useful data which can be input via the input device(s)
8, such data can include: 1) a patient’s dental and ortho-
pedic records, including previous tomographical densit-
ometry models; 2) baseline tomographical densitometry
models, which can be adjusted to accommodate for such
factors as age, gender, size, weight, etc.; and 3) a pre-
programmed scan path for the X-ray equipment.

[0020] The microprocessor 6 controls a positioning
motor 10 which is operably connected to X-ray equipment
12 and is adapted for moving same through three axes
of movement. Examples of X-ray egquipment adaptable
for use with the present invention are disclosed in U.S.
Patents No. 5,533,080; No. 5,838,765; and No. Re.
36,162. The X-ray equipment 12 includes an X-ray beam
source 14 and a detector array 16. The X-ray beam can
suitably collimated to assume any suitable configuration,
such as fan, pencil, cone, etc. With the scanning tech-
nique disclosed, a restricted (i.e. collimated) beam is pre-
ferred. The source and the detector array 14, 16 are
adapted for positioning on either side of a patient’s dental/
orthopedic structure 18.

[0021] Analog signals from the detector array 16 are
output to an analog-to-digital (A/D) convertor 20, from
which digitized signals are transmitted to a merger device
22 for merging into formats suitable for processing and
analyzing by the microprocessor 6. The microprocessor
6, using data from the merger device 22, creates a tom-
ographical densitometry model 24 which is transmitted
to an output device or devices 26. Without limitation on
the generality of useful output devices 26, it can comprise
a monitor, a display, a printer, a communications link,
and/or another computer. For example, a color printer
can be utilized to provide a color-coded graphical repre-
sentation of the tomographical densitometry model 24.
The color coding can correspond to densities, thus iden-
tifying potential problem areas where decalcification has
occurred and resulted in lower density. The tomograph-
ical densitometry model 24 can also be useful for moni-
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toring osseointegration, since the density of the dental/
orthopedic structure 18 (tissue and bone) in the vicinity
of an implant 28 or other prostheses can provide an im-
portant diagnostic tool for the use of the dental or medical
practitioner in assessing the effectiveness of an implant
or prosthetic procedure. Thetomographical densitometry
model 24 is also entered into the computer's memory
device 7.

[0022] Fig. 2 is a flow chart of a dental and orthopedic
densitometry method embodying the present invention.
The method steps include positioning a patient and po-
sitioning the X-ray equipment relative to the patient, i.e.
with the patient’s dental/orthopedic structure to be exam-
ined located between the X-ray source 14 and the de-
tector array 16.

[0023] Diagnostic parameters are input to the system
and can comprise, for example, the patient's prior tom-
ographical densitometry models and standardized mod-
els. The tomographical densitometry models can be cor-
rected and/or adjusted to account for patients’ age, gen-
der, physical characteristics, etc. The input diagnostic
parameters can be stored in the computer's memory de-
vice. A scan path for the X-ray equipment is prepro-
grammed in the computer.

[0024] The scanning procedure is commenced by col-
limating a first energy band beam, detecting emissions
from same with a detector array, and converting the an-
alog output of the detector array to a digital signal. The
digital signal is output for storage in the computer. The
steps of collimating the energy band beam and detecting,
digitizing and storing same are repeated for a second
energy band beam. The Bisek et al. U.S. Patent No. Re.
36,162 discloses the use of dual-energy X-ray beams in
medical densitometry applications. As discussed therein,
dual-energy densitometry can result in a more accurate
patient model.

[0025] The X-ray equipment then traverses the pre-
programmed scan path and the first/second energy band
steps are repeated until the scanning procedure is com-
plete. The digitized detector array output is merged and
compared to the diagnostic parameters which are stored
in the computer's memory. The dental/orthopedic densi-
tometry is tomographically modeled and output, for ex-
ample to a monitor or printer for converting the model to
a visual image. The visual image is output in a visible
form for use by dental and medical practitioners.

Claims

1. A system for tomographically modeling dental and
orthopedic structure densitometry, said system in-
cluding:

a controller (4) comprising a microprocessor (6)
and a memory device (7) connected to the mi-
croprocessor (6);

an input device connected to the microproces-
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sor (6);

X-ray equipment (12) including an X-ray source
(14) and a detector array (16);

a positioning motor (10) adapted for positioning
said X-ray equipment (12) with respect to three
axes of movement;

said X-ray equipment (12) comprising a dual en-
ergy level, restricted beam device (14);
conversion means (20) comprising an analog-
to-digital (A-D) converter (20) connected to said
detector array (16) and said microprocessor (6)
for converting a signal from said detector array
(16); comprising

amerger device (22) connected to said con-
verter (20) and to said microprocessor (6);
said memory device (7) storing a pre-exist-
ing graphical dental/orthopedic densitome-
try model for comparison with a patient's
densitometry model;

said microprocessor being programmed
with a preprogrammed scan path for said
X-Ray equipment (12) and being arranged
to adjust the patient’s densitometry model
to account for patient parameters including
age and gender and to compare said pre-
existing and current tomographical densit-
ometry models;

a colour output device (26) connected to
said microprocessor (6) and adapted to re-
ceive and output a tomographical densitom-
etry model from said microprocessor (6) col-
our coded in colours corresponding to the
patient’s dental or orthopedic structure den-
sity.

The system according to claim 1, wherein said output
device includes a colour monitor (26) adapted to re-
ceive said tomographical densitometry model output
colour-coded to represent densitometry.

The system according to claim 1, wherein said output
device includes a colour printer (26) adapted to print
images colour-coded to correspond to the densitom-
etry of said model.

A method for tomographically modeling dental and
orthopedic structure densitometry, said method in-
cluding the steps of providing:

a controller (7) with a microprocessor (6) and a
memory device (7) connected to the microproc-
essor (6);

an input device (8) connected to the microproc-
essor (6);

X-ray equipment (12) including an X-ray source
(14) and a detector array (16);

an analog-to-digital (A-D) converter (20) con-
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nected to said detector array (16) and to said
microprocessor (6) for converting a signal from
said detector array (16);

a colour output device (26) connected to said
microprocessor (6) and adapted to receive and
output a tomographical densitometry model
from said microprocessor (6) colour coded in
colours corresponding to the patient’s dental or
orthopedic structure density;

a positioning motor (10) connected to said mi-
croprocessor (6) and to said X-ray equipment
(12) for moving same through three axes of
movement along said scan path; which method
further includes the steps of:

inputting patient diagnostic parameters with
said input device (8);
storing said diagnostic parameters in said
memory device (7);
positioning said X-ray equipment (12) and
a patient's dental/orthopedic structure (18)
relative to each other with said patient's
dental/orthopedic structure 18 between
said source (14) and said detector array
(16);
inputting to said controller (6) a pre-existing
tomographical densitometry model;
inputting to said controller (4) a predeter-
mined scan path for said X-ray equipment
(12);
emitting an X-ray beam corresponding to
first and second energy levels from said
source (14) through said dental/orthopedic
structure (18) and to said detector array
(16);
outputting a signal from said detector array
(16) to said microprocessor (6);
traversing said X-ray equipment (12) along
said scan path;
forming with said microprocessor (6) a
" present tomographical densitometry model
of said dental/orthopedic structure (18);
adjusting said present densitometry model
to account for patient parameters including
age and gender,;
comparing said patient’s current densitom-
etry model to said pre-existing densitometry
model;
colour coding said densitometry model (18)
in colours corresponding to the patient’'s
dental or orthopedic structure density;
outputting said colour-coded densitometry
model to said output device (26).

5. The method according to claim 4, which includes the

additional steps of:

‘repeating said input, output, positioning and

2190

storing steps; and

merging said stored output signals to form. a
present tomographical densitometry model of
said dental or orthopedic structure (18).
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System zum tomographischen Modellieren dentaler
und orthopadischer Strukturdensitometrie, wobei
das System aufweist:

eine Steuerung (4) mit einem Mikroprozessor
(6) und einem mit dem Mikroprozessor (6) ver-
bundenen Speicherbauelement (7);

eine mit dem Mikroprozessor (6) verbundene
Eingabevorrichtung;

eine Roéntgenanlage (12) mit einer Rontgen-
quelle (14) und einem Detektorarray (16);
einen Positioniermotor (10), der zum Positionie-
ren der Rontgenaniage (12) im Hinblick auf drei
Bewegungsachsen geeignet ist;

wobei die Rontgenanlage (12) eine Vorrichtung (14)
mit zwei Energieniveaus und begrenztem Strahl auf-
weist;

eine Umwandlungseinrichtung (20) mit einem Ana-
log-Digital- (A-D} Wandler (20), der mit dem Detek-
torarray (16) und dem Mikroprozessor (6) verbunden
ist, zum Umwandeln eines Signals vom Detektorar-
ray (16); mit

einer Zusammenfuahrungsvorrichtung (22), die mit
dem Wandler (20) und mit dem Mikroprozessor (6)
verbunden ist;

wobei das Speicherbauelement (7) ein schon vor-
handenes graphisches dentales/orthopadisches
Densitometriemodell zum Vergleich mit einem Pati-
enten-Densitometriemodell speichert;

wobei der Mikroprozessor mit einem vorprogram-
mierten Abtastweg fir die Réntgenanlage (12) pro-
grammiert und so angeordnet ist, daf3 er das Pati-
enten-Densitometriemodell einstellt, um Patienten-
parametern, darunter Alter und Geschlecht, Rech-
nung zu tragen, und das schon vorhandene sowie
das aktuelle tomographische Densitometriemodell
vergleicht;

eine Farbausgabevorrichtung (26), die mit dem Mi-
kroprozessor (6) verbunden und geeignet ist, ein to-
mographisches Densitometriemodell vom Mikropro-
zessor (6) zu empfangen und auszugeben, das in
Farben farbcodiert ist, die der dentalen oder ortho-
padischen Patientenstrukturdichte entsprechen.

System nach Anspruch 1, wobei die Ausgabevor-
richtung einen Farbmonitor (26) aufweist, der geeig-
net ist, das tomographische Densitometriemodell zu
empfangen, das so farbcodiert ausgegeben ist, dai3
es Densitometrie darstelit.
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System nach Anspruch 1, wobei die Ausgabevor-
richtung einen Farbdrucker (26) aufweist, der geeig-
net ist, Bilder auszudrucken, die so farbcodiernt sind,
daf3 sie der Densitometrie des Modells entsprechen.

Verfahren zum tomographischen Modellieren den-
taler und orthopéadischer Strukturdensitometrie, wo-
bei das Verfahren die Schritte des Bereitstellens von
folgendem aufweist:

einer Steuerung (4) mit einem Mikroprozessor
(6) und einem mit dem Mikroprozessor (6) ver-
bundenen Speicherbauelement (7y;

einer mit dem Mikroprozessor (6) verbundenen
Eingabevorrichtung;

einer Rontgenanlage (12) mit einer Rontgen-
quelle (14) und einem Detektorarray (16);
einem Analog-Digital- (A-D) Wandler (20), der
mit dem Detektorarray (16) und dem Mikropro-
zessor (6) verbunden ist, zum Umwandeln eines
Signals vom Detektorarray (16); einer Farbaus-
gabevorrichtung (26), die mit dem Mikroprozes-
sor (6) verbunden und geeignet ist, ein tomo-
graphischés Densitometriemodell vom Mikro-
prozessor (6) zu empfangen und auszugeben,
das in Farben farbcodiert ist, die der dentalen
oder orthopéadischen Patientenstrukturdichte
entsprechen;

einem Positioniermotor (10), der mit dem Mikro-
prozessor (6) und mit der Rontgenanlage (12)
verbunden ist, zum Bewegen derselben Uber
drei Bewegungsachsen entlang dem Abtast-
weg;

wobei das Verfahren ferner die Schritte aufweist:

Eingeben diagnostischer Patientenparameter
mit der Eingabevorrichtung (8);

Speichern der diagnostischen Parameter im
Speicherbauelement (7);

Positionieren der Rontgenaniage (12) und einer
dentalen/orthopéadischen Patientenstruktur (18)
relativ zueinander, wobei sich die dentale/ortho-
padische Patientenstruktur (18) zwischen der
Quelle (14) und dem Detektorarray (16) befin-
det;

Eingeben eines schon vorhandenen tomogra-
phischen Densitometriemodells in die Steue-
rung (4);

Eingeben eines vorbestimmten Abtastwegs fiir
die Rontgenanlage (12) in die Steuerung (4);
Abstrahlen eines Réntgenstrahls, der einem er-
sten und einem zweiten Energieniveau ent-
spricht, von der Quelle (14) durch die dentale/
orthopadische Struktur (18) und zum Detek-
torarray (16);

Ausgeben eines Signals vom Detektorarray (16)
zum Mikroprozessor (6);
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Verfahren der Rontgenaniage (12) entlang dem
Abtastweg;

Bilden eines aktuellen tomographischen Densi-
tometriemodells der dentalen/orthopadischen
Struktur (18) mit dem Mikroprozessor (6);
Einstellen des aktuellen Densitometriemodells,
um Patientenparametern, darunter Alter und
Geschlecht, Rechnung zu tragen;

Vergleichen des aktuellen Patienten-Densito-
metriemodells mit dem schon vorhandenen
Densitometriemodell;

Farbcodieren des Densitometriemodells (18) in
Farben, die der dentalen oder orthopadischen
Patientenstrukturdichte entsprechen:;
Ausgeben des farbcodierten Densitometriemo-
dells zur Ausgabevorrichtung (26).

5. Verfahren nach Anspruch 4, das die zusatzlichen
Schritte aufweist:

Wiederholen des Eingabe-, Ausgabe-, Positio-
nier- und Speicherschritts; und
Zusammentfiihren der gespeicherten Ausgabe-
signale, um ein aktuelles tomographisches Den-
sitometriemodell der dentalen oder orthopadi-
schen Struktur (18) zu bilden.

Revendications

Systéme pour la modélisation tomographique de
densitométrie de structure dentaire et orthopédique,
ledit systéme comprenant :

un contréleur (4) comprenant un microproces-
seur (6) et un dispositif de mémoire {7) connecté
au microprocesseur (6) ;

un dispositif d’entrée connecté au microproces-
seur (6) ;

un équipement de radiologie (12) comprenant
une source de rayons X (14) et un réseau de
détecteurs (16) ;

un moteur de positionnement (10) adapté pour
positionner ledit équipement de radiologie (12)
par rapport a trois axes de mouvement ;

ledit equipement de radiologie (12) comprenant
un dispositif a faisceau limité & deux niveaux
d’énergie (14) ;

des moyens de conversion (20) comprenant un
convertisseur analogique-numérique (A-N) (20)
connecté audit réseau de détecteurs (16) et
audit microprocesseur (6) pour convertir un si-
gnal provenant dudit réseau de détecteurs (16) ;
comprenant :

un dispositif de fusion (22) connecté audit
convertisseur (20) et audit microprocesseur

) ;
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ledit dispositif de mémoire (7) mémorisant
un modéle de densitométrie dentaire/ortho-
pédigue graphique préexistant pour une
comparaison avec un modele de densito-
métrie d'un patient ;

ledit microprocesseur étant programmeé
avec un trajet de balayage préprogrammé
pour ledit équipement de radiologie (12) et
étant agence pour ajuster le modéle de den-
sitométrie du patient pour prendre en comp-
te des parameétres de patient comprenant
Iage etle sexe et pour comparer lesdits mo-
deles de tomodensitomeétrie préexistant et
actuet ;

un dispositif de sortie couleur (26) connecté
audit microprocesseur (6) etadapté pour re-
cevoir et délivrer un modéle de tomodensi-
tométrie dudit microprocesseur (6) codé par
couleurs en couleurs correspondant a la
densité de la structure dentaire ou orthopé-
dique du patient.

Systéme selon la revendication 1, dans lequel iedit
dispositif de sortie comprend un écran couleur (26)
adapté pour recevoir ladite sortie de modele de to-
modensitométrie codé par couleurs pour représen-
ter la densitométrie.

Systéme selon la revendication 1, dans lequel ledit
dispositif de sortie comprend une imprimante cou-
leur (26) adaptée pour imprimer des images codées
par couleurs pour correspondre a la densitométrie
dudit modéle.

Procédé pour la modélisation tomographique de
densitométrie de structure dentaire et orthopédique,
ledit procédé comprenant les étapes consistant a
prévoir :

un contrdleur (4) comprenant un microproces-
seur (6) et un dispositif de mémoire (7) connecté
au ricroprocesseur (6) ;

un dispositif d'entrée (8) connecté au micropro-
cesseur (6) ;

un équipement de radiologie (12) comprenant
une source de rayons X (14) et un réseau de
détecteurs (16) ;

un convertisseur analogique-numérique (A-N)
(20) connecté audit réseau de détecteurs (16)
et audit microprocesseur (6) pour convertir un
signal provenant dudit réseau de détecteurs
(16) ;

un dispositif de sortie couleur (26) connecté
audit microprocesseur (6) et adapté pour rece-
voir et délivrer un modéle de tomodensitométrie
dudit microprocesseur (6) codé par couleurs en
couleurs correspondant a la densité de la struc-
ture dentaire ou orthopédique du patient ;
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un moteur de positionnement (10) connecté
audit microprocesseur (6) et audit équipement
de radiologie (12) pour déplacer le susdit selon
trois axes de mouvement le long dudit trajet de
balayage ; lequel procédé comprend les étapes
consistant a :

entrer des parametres de diagnostic de pa-
tient au moyen dudit dispositif d’entrée (8) ;
mémoriser lesdits paramétres de diagnos-
tic dans ledit dispositif de mémoire (7) ;
positionner ledit équipement de radiologie
(12) et une structure dentaire/orthopédique
(18) d'un patient un par rapport & {'autre
avec ladite structure dentaire/orthopédique
(18) du patient entre ladite source (14) et
ledit réseau de détecteurs (16) ;

entrer dans ledit contréleur (6) un modéle
de tomodensitométrie préexistant ;

entrer dans ledit contréleur (4) un trajet de
balayage prédéterminé pour ledit équipe-
ment de radiologie (12) ;

eémettre un faisceau de rayons X correspon-
dant & des premier et deuxitme niveaux
d’énergie & partir de ladite source (14) a tra-
vers ladite structure dentaire/orthopédique
(18) et vers ledit réseau de détecteurs (16) ;
fournir un signal dudit réseau de détecteurs
(16) audit microprocesseur (6) ;

déplacer ledit équipement de radiologie
(12) le long dudit trajet de balayage ;
former, avec ledit microprocesseur (6), un
modeéle de tomodensitométrie actuel de la-
dite structure dentaire/orthopédique (18) ;
ajuster ledit modeéle de densitométrie actuel
pour prendre en compte des parametres de
patient comprenant 'age et le sexe ;
comparer ledit modéle de densitométrie ac-
tuel dudit patient audit modéle de densito-
métrie préexistant ;

coder par couleurs ledit modéle de densito-
métrie (18) en couleurs correspondant a la
densité de structure dentaire ou orthopédi-
que du patient ;

fournir ledit modéle de densitométrie codé
par couleurs audit dispositif de sortie (26).

Procédé selon la revendication 4, qui comprend les
étapes supplémentaires consistant a :

répéter lesdites étapes d’entrée, de fourniture,
de positionnement et de mémorisation ; et
fusionner lesdits signaux de sortie mémorisés
pour former un modéle de tomodensitométrie
actuel de ladite-structure dentaire ou orthopédi-
que (18).
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1. Statement

Novelty (N) Claims 34, 8, 12 YES
Claims 1-2, 5-7, 9-11 and 13-20 NO

Inventive step (IS) Claims NONE YES
Claims 1-20 NO

Industrial applicability (IA) Claims 1-20 YES
Claims NONE NO

2. Citations and explanations:

Please See Continuation Sheet
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V. 2, Citations and Explanations:

Claims 1-2, 5-7, 9-11 and 13-20 lacks novelty under PCT Article 33(2) as being anticipated by Schuller et al. (US
4941164).

Regarding claim 1, Schulier teaches a digital modeling system for creating dental or orthopedic models of patients, which
system COmprises:

a computer (column 4 line 41) including a digital memory adapted for storing patient densitometry information, an input and
an output (column 6 line 12);

a dental or orthopedic input device including an energy source (x-ray source, figure 4) and an energy sensor (17a or digital
sensor, column 5 line 2-3);

said source (x-ray source) and said sensor (17a) being adapted for placement with at least a portion of the patient's dental or
orthopedic structure therebetween (figure 4);

said sensor (17a with film scanner as shown by 1a, or digital scnsor column 5 line 2-3) being adapted for transferring signals
to the computer input (processor);

said signals representing densitometry of the patient's dental or orthopedic structure (figure 5);

said computer being adapted for creating, storing and comparing digital densitometry models of patient dental or orthopedic
structure (column 9 line 56); and

an output device (display) connected to said computer output and adapted for communicating densitometry model
comparison information (column 9 line 68-column 10 line 1).

Regarding claim 2, Schuller teaches that said source is external (figure 4).

Regarding claim 5, Schuller teaches that said sensor is intra-oral (figure 4).

Regarding claim 6, Schuller teaches that said energy being collimated (see x-ray source in figure 4); imaging software
(column 7 line 48) associated with said computer; and a display (column 9 line 68) associated with said output device and adapied for
displaying densitometry model information.

Regarding claim 7, Schuller teaches a patient-specific database (digitalized dental image) of dental or orthopedic
densitometry data corresponding to respective patients (column 6 line 11+); and

time-lapse, automated digital comparisons of said patient-specific database (column 1 line 25), said

comparisons identifying dental or orthopedic densitometry changes in the dental or orthopedic structures of individual
patients (column 10 line 25+-).

Regarding claim 9, Schuller teaches said patient-specific database includes information pertaining to one or more the
following: general dental health, dental hygiene, systcmic influences, oncology, zerostornia, medications, susceptibility to infection
and susceptibility to tooth decay (column 9 line 67+).

Regarding claim 10, Schuller teaches a predictive patient model (later taken image).

Regarding claim 11, Schuller teaches localized, tooth-specific densitometry model information (column 9 line 10+).

Regarding claim 13, Schuller teaches a dental or orthopedic densitometry modeling method, which comprises the steps of:

building an initial patient-specific densitometry model (dental x-ray film);

obtaining current densitometry data on said patient (digitalized dental data, column 6 line 13+); and

Form PCT/ISA/237 (Supplemental Box) (January 2004)
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updating said patient-specific densitometry model (comparison, column 10 line 26 +).

Regarding claim 14, Schuller teaches the additional steps of :

building a database of dental or orthopedic densitometry data; and

building a predicrive densitometry model for a patient based on information from said database (later taken image).

Regarding claim 15, Schuller teaches the additional step of : updating said database with information obtained from a patient-specific
densitometry model (later taken image).

Regarding claim 16, Schuller teaches the additional steps of:

including in said patient-specific densitometry model dental densitometry information obtained from a dental examination of
one or more the following areas: periodical, bite wing, whole mouth, panoramic or cephalometric (figure 3).

Regarding claim 17, Schulier teaches the additional steps providing a hand-held energy or field source (x-ray source);

providing a sensor for energy or a field emitted by said source;

placing said source and sensor on opposite sides of a patient's dental or orthopedic structure to be modeled; and

emitting energy or a field from said source, passing same through said patient’s structure; and

sensing said energy or field with said sensor (column 4 line 38+).

Regarding claim 18, Schuller teaches said source is a hand-held CRT.

Regarding claim 19, Schuller teaches the additional step of:

identifying a localized dental or orthopedic structure area as a watch area based on densitometry model change! with respect
to a patient;

directing said CRT towards the localized dental or orthopedic structure watch area; and

obtaining specific, localized densitometry information concerning the densitometry model of said area (column 7 line 10+).

Regarding claim 20, Schuller teaches the additional step of: converting a former procedure using subjective or analog
information in a dental or medical office to the use of digital densitometry data (column 6 line 13+),

Claims 8 and 12 lacks an inventive step under PCT Article 33(3) as being obvious over Schuller.

Regarding claims 8 and 12, Schuller fails to teach that the densitometry data includes variables {or age and gender.

Dental patient information system having data categorized by age and gender is known in the art.

It would have been obvious to one of ordinary skill in the art at the time of the invention to adapt the system of Schuller with
known variables for age and gender, since the variable would provide more accurate patient management,

Claims 3-4 lacks an inventive step under PCT Article 33(3) as being obvious over Schuller in view of Weiss (US 4104532).

Regarding claims 3-4, Schuller fails to teach said source is intra-oral or said sensor is external (figure 4).

Weiss teaches an intra-oral x-ray source (23) and exiernal sensor (34).
It would have been obvious to one of ordinary skill in the art at the time of the invention to provide the system of Schuller with the

intra-oral x-ray source as taught by Weiss, since the source of Weiss would provide high resolution, panoramic radiograph (column 1
line 21-22).
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Application No. Applicant(s)

13/619,356 MASSIE, RONALD E.
Office Action Summary Examiner Art Unit

IRAKLI KIKNADZE 2882

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

)X Responsive to communication(s) filed on 14 September 2012.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)X Claim(s) 1-24 is/are pending in the application.

5a) Of the above claim(s) ______is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)X] Claim(s) 1-24 is/are rejected.
8)[]] Claim(s) ____is/are objected to.
9 Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway
program at a participating intellectual property office for the corresponding application. For more information, please see
hitp:/Avww.usplo.gov/patents/init_events/oph/indsx.jsp or send an inquiry to PPHsedback@uspio.qoy.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 14 September 2012 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[JSome * ¢)[] None of:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ____
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) D Notice of References Cited (PTO-892) 3) D Interview Summary (PTO-413)
Paper No(s)/Mail Date.

2) & Information Disclosure Statement(s) (PTO/SB/08) 4) D Other:

Paper No(s)/Mail Date 11/07/2012.

U.S. Patent and Trademark Office
PTOL-326 (Rev. 09-12) Office Action Summary Part of Paner Nia /Mail Nata 2012120A
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DETAILED ACTION

Priority

1. Applicant’s claim for the benefit of a prior-filed application under 35 U.S.C.
119(e) or under 35 U.S.C. 120, 121, or 365(c) is acknowledged. Applicant has not
complied with one or more conditions for receiving the benefit of an earlier filing date
under 35 U.S.C. 119 (e) or 120 as follows:

This application is claiming the benefit of prior-filed nonprovisional application
No. 09/452,348 under 35 U.S.C. 120, 121, or 365(c). Copendency between the current
application and the prior application is required. Since the applications are not
copending, the benefit claim to the prior-filed nonprovisional application is improper.
Applicant is required to delete the reference to the prior-filed application from the first
sentence(s) of the specification, or the application data sheet, depending on where the
reference was originally submitted, unless applicant can establish copendency between

the applications.

Double Patenting

2. The nonstatutory double patenting rejection is based on a judicially created

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the

unjustified or improper timewise extension of the “right to exclude” granted by a patent
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and to prevent possible harassment by multiple assignees. A nonstatutory
obviousness-type double patenting rejection is appropriate where the conflicting claims
are not identical, but at least one examined application claim is not patentably distinct
from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the conflicting application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

3. Claims 1-24 are rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claim 1, 2, 4, -7, 9, 10 and 45-59 of U.S.
Patent No. 13/367,150. Although the conflicting claims are not identical, they are not

patentably distinct from each other because of following reasons:
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4. The application 13/367,150 claims a tomographic modeling system
comprising: a controller with a microprocessor and a memory device connected to the
microprocessor, the controller being adapted for storing a computed tomographic model
of an object; an input device connected to the microprocessor; a positioning motor
connected to the microprocessor and responsive to commands from the
microprocessor; X-ray equipment including an X-ray source, a detector array, and a
restricted beam device; a convertor for converting a signal from the detector array, the
convertor being connected to the detector array and to the microprocessor; and an
output device connected to the microprocessor and adapted for receiving a tomographic
model from the microprocessor (see claims 1, 2, 4-7, 9 and 10) that clearly anticipate
the currently pending applications claims 1-4 and 7-10.

5.  The application 13/367,150 claims a tomographic modeling system
comprising a tomographic modeling system comprising: a controller with a
microprocessor and a memory device connected to the microprocessor, the controller
being adapted for creating, storing, and comparing 3D digital tomographic models of an
object without the use of fiducial markers of the object; an input device connected to the
microprocessor; a positioning motor connected to the microprocessor and responsive to
commands from the microprocessor; X-ray equipment including an X-ray source, a
detector array, and a restricted beam device; a convertor for converting a signal from
the detector array, the convertor being connected to the detector array and to the

microprocessor; and an output device connected to the microprocessor and adapted for
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receiving a tomographic model from the microprocessor (see claims 45-59) that clearly
anticipate the currently pending applications claims 13-24.

6. The application 13/367,150 claims a tomographic modeling system claims a
controller that is adapted for storing a first tomographic model and a second
tomographic model; the first tomographic model is a preexisting, commercially available
standard model; the second tomographic model is a current patient model; and the
controller is further adapted to compare the first tomographic model with the second
tomographic model and/or wherein: the controller is adapted for storing a first
tomographic model and a second tomographic model; the first tomographic model is a
preexisting patient model;
the second tomographic model is a current patient model; and the controller is further
adapted to compare the first tomographic model with the second tomographic model
(see claims 14-20) that clearly anticipate the currently pending applications claims 5, 6,

11 and 12.

Conclusion

7. Any inquiry concerning this communication or earlier communications from

the examiner should be directed to IRAKLI KIKNADZE whose telephone number is

(671)272-2493. The examiner can normally be reached on 9:00-5:30.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Toan Ton can be reached on 571-272-2303. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Irakli Kiknadze
/lIrakli Kiknadze/
Primary Examiner, Art Unit 2882

/1. K./ December 13, 2012
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US-4985907 01/15/1991 | Moteni, Roberto
US-5093852 03/03/1992 | Nishikawa et al.
US-5195114 03/16/1993 | Saireniji et al.
US-5214686 05/25/1993 | Webber
US-5306306 04/26/1994 | Bisek et al.
US-5335260 08/02/1994 | Arnold
US-5480439 01/02/1996 | Bisek et al.
US-5503559 04/02/1996 | Vari
US-5528645 06/18/1996 | Koivisto
US-5533080 07/02/1996 | Pelc
US-5579361 11/26/1996 | Augais et al.
US-RE35423 01/14/1997 | Adams et al.
US-5677940 10/14/1997 | Suzuki et al.
US-5784429 07/21/1998 | Arai
US-5785041 07/28/1998 | Weinstein, Joel B., et al.
US-4104532 08/01/1998 | Weiss
US-5793837 08/11/1998 | Mezhinsky et al.
US-5828720 10/27/1998 | Syrjanen
US-5828721 10/27/1998 | Schulze-Ganzlin et al.
US-5828722 10/27/1998 | Ploetz et al.
US-5835555 11/11/1998 | Barry et al.
US-5836876 11/17/1998 | Dimarogonas, Andrew D.
US-5838765 11/17/1998 | Gershman
US-RE36162 03/23/1999 | Bisek et al.
US-5917882 06/29/1999 | Khutoryansky et al.
EXAMINER  /lrakli Kiknadze/ DATE CONSIDERED 12/04/2012

Substitute Disclosure Statement Form (PTO-1449)
* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant.1 Applicant's unique citation designation number (optional) 2 Applicant is to place a check mark here if English language Translation is attached

ALL REFERENCES CONSIDERED EXCEPT WHERE LINFD THROUGH  /IK/
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Receipt date: 11/07/2012

13619356 - GAU: 2882

PTO/SB/08a(04-07)
Approved for use through 7/31/2006. OMB 0651-0031
US Patent & Trademark Office; U.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Substitute for form 1449A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

Complete if Known
Application Number 13/619,356

Filing Date September 14, 2012

First Named Inventor Massie, Ronald E.

Art Unit 2882

Examiner Name fhertebber  /irakli Kiknagze/

Sheet 2 of 3

Attorney Docket No: 2932.2

US PATENT DOCUMENTS

Examiner Cite Document Number Publication Name of Patentee or Applicant of Cited Filing Date
Initial * No Date Document If Appropriate
US-5917883 06/29/1999 | Khutoryansky et al.
US-5930327 07/27/1999 | Lin
US-5995583 11/30/1999 | Schick et al.
US-6038287 03/14/2000 | Miles, Dale A.
US-6069935 05/30/2000 | Schick et al.
US-6320931 11/20/2001 | Arnold
US-6381301 04/30/2002 | Massie, Ronald E.
US-6385283 05/07/2002 | Stein et al.
US-6424694 07/23/2002 | Molteni
US-20020114425 | 08/22/2002 | Lang et al.
US-20020178032 | 11/28/2002 | Benn et al.
US-6496558 12/17/2002 | Graumann
US-6664986 02/16/2003 | Kopelman et al.
US-6690761 02/10/2004 | Kopelman et al.
US-6821116 11/23/2004 | Severance
US-6405071 09/23/2005 | Analoui
US-7099428 08/29/2006 | Clinthorne, Neal H., et al.
US-7203273 04/10/2007 | Linnosaari, Matti
FOREIGN PATENT DOCUMENTS
Exa_\r_niner Cite Foreign Patent Publication Name of Patentee or Applicant of cited T2
Initials* No Document Date Document
EP-0180482 05/07/1986 | Hirano, Yoshio
EP-0314506 05/03/1989 | Schuller, Paul D.
WO0-9311707 06/24/1993 | Webber, Richard L.
EP-0652433 05/10/1995 | Fuijii, Masashi
WQO-0138824 05/31/2001 | Stein, Jay A, et al.
WO-01/39667 06/07/2001 | Massie, Ronald E.
CA-2390334 11/18/2008 | Massie, Ronald E.
EP-1237483 11/26/2008 | Massie, Ronald E.

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

EXAMINER flrakii Kiknadze/

DATE CONSIDERED

12/04/2012

ALL REFERENCES CONSIDERED EXCEPT WHERE LINFD THROUGH  /IK/
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Receipt date: 11/07/2012 13619356 - GAU: 2882

PTO/SB/08a(04-07)

Approved for use through 7/31/2006. OMB 0651-0031

US Patent & Trademark Office; U.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Substitute for form 1449A/PTO

INFORMATION DISCLOSURE Complete if Known
STATEMENT BY APPLICANT Application Number 13/619,356
Filing Date September 14, 2012
First Named Inventor Massie, Ronald E.
Art Unit 2882
Examiner Name ftrakli Kiknadze/

(Use as many sheets as necessary)

Attorney Docket No: 2932.2

Sheet 3 of 3
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item T’
Initials* No' (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s),

publisher, city and/or country where published.

"Final Decision for Rejection", Japan Patent Application No. 2006-502953
based on PCT/US2001/001825, (03/30/2010),

"International Search Report", PCT/US00/32905, (01/26/2001),

"Notice of Reason for Rejection", Japan Appl. No. 2001-541403 based on
PCT/US00/32905, (03/19/2010),

"NOTICE OF REASON FOR REJECTION", Japan Patent Application No.
2006-502953 based on PCT/US2004/001825, (08/03/2009),

"Notice of Reason for Rejection", Japan Patent Application No. 2001-541403
based on PCT/US00/32905, (11/24/2009),

"Supplemental European Search Report", Massie Application No. 04704878.0,
PCT/US2004001825, June 10, 2008,

"Written Opinion of the ISA", PCT/US/04/01825, 25 Feb. 2005,
BOYDE, A. et al., "The Mineralization Density of lliac Crest Bone From Children
with Osteogenesis Imperfecta”, A. Boyde, R. Travers, F.H. Glorieux, S. J. Jones,
The Mineralization Density of lliac Crest Bone From Children with Osteogenesis
Imperfecta, Calcified Tissue International, Vaolume 64 Issue 3, Mar 1999, pg
185-190, (Mar 1999),185-90
BRANEMARK, M.D., PH.D., INGVAR et al., "Tissue-Integrated Prosthese,
Osseointegration in clinical denistry", Quintessence Publishing Co., Inc., 1985,
11-70
ELSASSER, URS, P., et al., "Bone Density Measurement with Computed
Tomography", British Medical Bulletin Vol. 36, No. 3, (1980),293-296
EXNER, G., M., et al., "Bone Densitometry Using Computed Tomography",
British Journal of Radiology, Vol. 52, (1979),14-23
KRENNMAIR, GERALD, MD et al., "Maxillary Sinus Aspergillosis: Diagnosis and
Differentiation of the Pathogenesis Based on Computed Tomography
Densitometry of Sinus Concretions", American Association of Oral and
Maxillofacial Surgeons,(1995),657-663

EXAMINER /lraldi Kiknadze/ DATE CONSIDERED  12/04/2012

Substitute Disclosure Statement Form (PTO-1449)
* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant.1 Applicant's unique citation designation number (optional) 2 Applicant is to place a check mark here if English language Translation is attached
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PTO/SB/08a(04-07)
Approved for use through 7/31/2006. OMB 0651-0031

US Patent & Trademark Offi

Substitute for form 1449A/PTO

ice; U.8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE Complete if Known
STATEMENT BY APPLICANT Application Number 13/619,356
Filing Date September 14, 2012
First Named Inventor Massie, Ronald E.
Art Unit 2882
Examiner Name Kiknadze, Irakli

(Use as many sheets as necessary)

Sheet 1

of

Attorney Docket No: 2932.2

US PATENT DOCUMENTS

Examiner Cite Document Number Publication Name of Patentee or Applicant of Cited Document Filing Date
Initial * No Date If Appropriate
US-4741007 04/26/1988 | Virta, Arto et al.
US-5224140 06/29/1993 | Virta, Arto et al.
US-5267293 11/30/1993 | Virta, Arto
US-5900883 05/04/1999 | Crucs, Kevin
US-6233305 05/15/2001 | Muller, Timo
US-6332891 12/25/2001 | Himes, David M.
US-6398549 06/04/2002 | Koivisto et al.
US-6452997 09/17/2002 | Muller, Timo et al.
US-6466641 10/15/2002 | Virta, Arto et al.
US-6470069 10/22/2002 | Muller, Timo
US-6516216 02/04/2003 | Fontenot, Mark G., et al.
US-6530688 03/11/2003 | Muller, Timo
FOREIGN PATENT DOCUMENTS
El)r(]?t?;ilr;fr ‘ (;li:)e | Fog:ig:n:’:rt]t:nt PUbsi::: ion Name of Patentee or Applicant of cited Document T2

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Examiner
Initials*

Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item T’
No' (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s),

publisher, city and/or country where published.

"Apteryx, Inc. 501(k) Summary for Xray Vision — K983111",
hitp://www.accessdata.fda.gov/cdrh docs/pdf/K983111.pdf, (11/16/1998)

"Sirona Dental Systems GmbH Special 501(k) Summary for SIDEXIS Digital
Radiography Imaging System — K992644",
http://www.accessdata.fda.gov/cdrh_docs/pdf/K992644.pdf, (08/23/1999)

LINDH, et al., "Quantitative Computed Tomography of Trabecular Bone in the
Mandible", Dentomaxillofac. Radiol., Vol. 25, No. 3, pp. 146-150, (06/1996)

EXAMINER

DATE CONSIDERED

applicant.1 Applicant's unique citation designation number (optional) 2 Applicant is to place a check mark here if English language Translation is attached

Substitute Disclosure Statement Form (PTO-1449)
* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
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Electronic Patent Application Fee Transmittal

Application Number: 13619356

Filing Date: 14-Sep-2012

. . DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND
Title of Invention:

METHOD
First Named Inventor/Applicant Name: Ronald E. Massie
Filer: Mark E. Brown/Autumn Winegar
Attorney Docket Number: 2932.2
Filed as Small Entity
Utility under 35 USC 111(a) Filing Fees
Description Fee Code Quantity Amount Sub-Total in
UsD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Miscellaneous:
Submission- Information Disclosure Stmt 1806 1 180 180
Total in USD ($) 180
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Electronic Acknowledgement Receipt

EFSID: 14682797
Application Number: 13619356
International Application Number:
Confirmation Number: 4681

Title of Invention:

DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND
METHOD

First Named Inventor/Applicant Name:

Ronald E. Massie

Customer Number:

63151

Filer:

Mark E. Brown/Autumn Winegar

Filer Authorized By:

Mark E. Brown

Attorney Docket Number: 2932.2
Receipt Date: 11-JAN-2013
Filing Date: 14-SEP-2012
Time Stamp: 18:06:32

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $180

RAM confirmation Number 5847

Deposit Account 503424

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)

252 of 297




Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document
Number

Document Description

File Name

File Size(Bytes)/
Message Digest

Multi
Part /.zip

Pages
(if appl.)

Information Disclosure Statement (IDS)

Form (SB08)

123901

2932-2SupplDS011113.pdf

6f7d995a0ecc006a2de30b3158d75330d3¢|

b6c67

no

Warnings:

Information:

This is notan USPTO supplied IDS fillable form

Non Patent Literature

K983111.pdf

361952

5423161abd 15db7086413b678ce5f1fdad4]
<0420

no

Warnings:

Information:

Non Patent Literature

172787

K992644.pdf

d109d73ce06c5fc07212c88e04bb63cdf69
ee07

no

Warnings:

Information:

Non Patent Literature

Lindh.pdf

1881130

0708ab8b99095363fc214f2ada51f4bcb1¢8
580d

no

Warnings:

Information:

Fee Worksheet (SB06)

fee-info.pdf

30674

815f67829¢3dd6f0450b2cb1f960baal5284]

no

Warnings:

Information:

Total Files Size (in bytes);

2570444

253 of 297




This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/619,356 09/14/2012 Ronald E. Massie 29322
CONFIRMATION NO. 4681
63151 PUBLICATION NOTICE
LAW OFFICE OF MARK BROWN, LLC
4700 BELLEVIEW SUITE 210 LR e

KANSAS CITY, MO 64112

Title:DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND METHOD

Publication No.US-2013-0022164-A1
Publication Date:01/24/2013

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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PTO/SB/25

Doc Code: DIST.E.FILE U.S. Patent and Trademark Office

Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce
Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING

REJECTION OVER A PENDING "REFERENCE" APPLICATION

Application Number 13619356
Filing Date 14-Sep-2012
First Named Inventor Ronald Massie
Attorney Docket Number 2932.2

Title of Invention

DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND METHOD

X Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

X] Thiselectronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

Osseo iMaging, LLC 100%

The owner(s) of percent interest listed above in the instant application hereby disclaims, except as provided below, the terminal
part of the statutory term of any patent granted on the instant application which would extend beyond the expiration date of the
full statutory term of any patent granted on pending reference Application Number(s)

13367150 filed on 02/06/2012

as the term of any patent granted on said reference application may be shortened by any terminal disclaimer filed prior to the
grant of any patent on the pending reference application. The owner hereby agrees that any patent so granted on the instant
application shall be enforceable only for and during such period that it and any patent granted on the reference application are
commonly owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its
sUCCessors or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of any patent granted on said reference application, "as the
term of any patent granted on said reference application may be shortened by any terminal disclaimer filed prior to the grant of
any patent on the pending reference application,” in the event that any such patent granted on the pending reference
application: expires for failure to pay a maintenance fee, is held unenforceable, is found invalid by a court of competent
jurisdiction, is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321, has all claims canceled by a
reexamination certificate, is reissued, or is in any manner terminated prior to the expiration of its full statutory term as shortened
by any terminal disclaimer filed prior to its grant.

@ Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.
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| certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

O

(O Applicant claims SMALL ENTITY status. See 37 CFR 1.27.
(O Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
@ Applicant(s) status remains as SMALL ENTITY.

O Applicant(s) status remains as other than SMALL ENTITY.

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and
that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 30361
(O Asoleinventor
(O Ajointinventor; | certify that | am authorized to sign this submission on behalf of all of the inventors
(O Ajointinventor; all of whom are signing this request

(O Theassignee of record of the entire interest that has properly made itself of record pursuant to 37 CFR 3.71

Signature /Mark Brown/

Name Mark Brown

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.
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Electronic Patent Application Fee Transmittal

Application Number: 13619356

Filing Date: 14-Sep-2012

Title of Invention:

DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND

METHOD
First Named Inventor/Applicant Name: Ronald E. Massie
Filer: Mark E. Brown/Autumn Winegar
Attorney Docket Number: 2932.2
Filed as Small Entity
Utility under 35 USC 111(a) Filing Fees
Description Fee Code Quantity Amount Sub-Total in
UsD($)
Basic Filing:
Statutory or terminal disclaimer 2814 1 80 80
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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o ) Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Total in USD ($) 80
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 13619356
Filing Date: 14-Sep-2012

Applicant/Patent under Reexamination:  Massie et al.

Electronic Terminal Disclaimer filed on  February 8, 2013

X APPROVED

This patentis subject to a terminal disclaimer

] DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office
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Electronic Acknowledgement Receipt

EFSID: 14913484
Application Number: 13619356
International Application Number:
Confirmation Number: 4681

Title of Invention:

DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND
METHOD

First Named Inventor/Applicant Name:

Ronald E. Massie

Customer Number:

63151

Filer:

Mark E. Brown/Autumn Winegar

Filer Authorized By:

Mark E. Brown

Attorney Docket Number: 2932.2
Receipt Date: 08-FEB-2013
Filing Date: 14-SEP-2012
Time Stamp: 13:56:29

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $80

RAM confirmation Number 160

Deposit Account 503424

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

34133

1 Electronic Terminal Disclaimer-Filed eTerminal-Disclaimer.pdf no 2

0d21db6a732718dfa74be5f1c9f96fH999d2|
6828

Warnings:

Information:

30509
2 Fee Worksheet (SB06) fee-info.pdf no 2

18345bcaead776b58e7c44508060d5ba454
3ed95

Warnings:

Information:

Total Files Size (in bytes); 64642

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No. : 13/619,356 Confirmation No. 4681

Applicant . Ronald E. Massie

Filed . 09/14/2012

TC/AU. . 2882

Examiner : Irakli Kiknadze

Title : DENTAL AND ORTHOPEDIC DENISTOMETRY MODELING
SYSTEM AND METHOD

Docket No. : 29322

Dated: :02/08/2013

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

AMENDMENT WITH TERMINAL DISCLAIMER

Commissioner:

In response to the Office action of December 17, 2012 please amend the
above-identified application as follows:

Amendments to the Specification begin on page 2 of this paper.
Remarks begin on page 3 of this paper.

An Electronic Terminal Disclaimer is being filed herewith.

Page 1 of 3

X:\Applications\Pat Appl\2000s\2932.2 Massie Straight Cont 2.0\0A 121712 First\Amendment with Terminal Disclaimer.doc
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Serial No. 13/619,356
Amdt. Dated February 8, 2013
Reply to Office action of December 17, 2012

Amendments to the Specification

The following paragraph of the specification should be amended as indicated:

[0001] This application is a continuation of and claims priority in Serial No. 13/367,150, filed
February 6, 2012, which is a continuation of SertalNe—09/452.348-filed-December1+-1999now
HSPatNe—6;381304; and claims priority in Serial No. 12/250,423, filed October 13, 2008,

now U.S. Pat. No. 942612 8,126,112, which is a continuation-in-part of Serial No. 11/932,809,

filed October 31, 2007, now U.S. Pat. No. 8,073,101, which is a continuation-in-part of Serial
No. 11/224,472, filed September 12, 2005, now U.S. Pat. No. 7,839,970, which is a continuation
of Serial No. 10/351,567, filed January 24, 2003, now U.S. Pat. No. 6,944,262, which is a
continuation-in-part of Serial No. 10/134,153, filed April 27, 2002, now abandoned, which is a
continuation of Serial No. 09/452,348, filed December 1, 1999, now U.S. Pat. No. 6,381,301,

which are all incorporated herein by reference.

Page 2 of 3
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Serial No. 13/619,356
Amdt. Dated February 8, 2013
Reply to Office action of December 17, 2012

Remarks

Applicants sincerely appreciate the Examiner's review of the present application.
Responsive to the priority claim objection, paragraph [0001] of the specification has been
amended to identify the sequence of co-pending applications.

Responsive to the double-patenting rejection, an Electronic Terminal Disclaimer
1s submitted herewith.

Based on the foregoing, all of the claims are in condition for allowance and a
Notice of Allowance is respectfully requested.

The Examiner is invited to contact the undersigned by telephone if prosecution of
this application can be expedited thereby.

The Commissioner is hereby authorized to charge any fees under 37 CFR 1.16
and 1.17 which may be required by this paper to Deposit Account No. 503424,

Respectfully Submitted,
February 8, 2013 /Mark Brown/

MARK E. BROWN
Patent Office Reg. No. 30,361

LAW OFFICE OF MARK BROWN, LLC
4700 Belleview, Suite 210

Kansas City, MO 64112

Telephone: (816) 268-8950

Attorneys for Applicant

Page 3 of 3
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Electronic Acknowledgement Receipt

EFSID: 14913683
Application Number: 13619356
International Application Number:
Confirmation Number: 4681

Title of Invention:

DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND

METHOD

First Named Inventor/Applicant Name:

Ronald E. Massie

Customer Number:

63151

Filer:

Mark E. Brown/Autumn Winegar

Filer Authorized By:

Mark E. Brown

Attorney Docket Number: 2932.2
Receipt Date: 08-FEB-2013
Filing Date: 14-SEP-2012
Time Stamp: 14:03:10

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
89158
AmdtWithTerminalDisclaimer0
1 yes 3

20813.pdf

6ace0cc8bf0f88e7c062ef309342c6eac5bd(]

5c0
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Multipart Description/PDF files in .zip description
Document Description Start End

Amendment/Req. Reconsideration-After Non-Final Reject 1 1

Specification 2 2

Applicant Arguments/Remarks Made in an Amendment 3 3

Warnings:
Information:
Total Files Size (in bytes); 89158

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
63151 7590 03/18/2013
LAW OFFICE OF MARK BROWN, LLC KIKNADZE, IRAKLI
4700 BELLEVIEW SUITE 210
KANSAS CITY, MO 64112 | ART UNIT PAPER NUMBER |
2882
DATE MAILED: 03/18/2013
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/619,356 09/14/2012 INVO001Ronald E. Massie 29322 4681

TITLE OF INVENTION: DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND METHOD

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL 3385 $0 $0 3885 06/18/2013

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

63151 7590 03/18/2013 I hereby certify that this Fee(s) Transmittal is being deposited with the United
LAW OFFICE OF MARK BROWN, LLC S(tiz(lites P(ZiStal Sﬂf;rvwe vlvnh sufficient postage (i(i)r first l():lass mallbln an anelo;{e
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
4700 BELLEVIEW SUITE 210 transmitted to the USPTO (571) 273-2885, on the date indicated below.
KANSAS CITY, MO 64112
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/619.356 09/14/2012 INVO0O1Ronald E. Massie 2932.2 4681
TITLE OF INVENTION: DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND METHOD
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL 3385 $0 $0 3885 06/18/2013
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
KIKNADZE, IRAKLI 2882 378-005000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).
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5. Change in Entity Status (from status indicated above)

d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toalt'f}lle Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandgria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
13/619.356 09/14/2012 INVO0O1Ronald E. Massie 29322 4681
63151 7590 03/18/2013 | EXAMINER |
LAW OFFICE OF MARK BROWN, LLC KIKNADZE, IRAKLI
4700 BELLEVIEW SUITE 210
KANSAS CITY, MO 64112 | axronm PAPERNUMEER |

2882

DATE MAILED: 03/18/2013

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is O day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5§ U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

. A record in this system of records may be disclosed, as a routine use, to a Member of Congress

submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency

having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

. A record in this system of records may be disclosed, as a routine use, to another federal agency for

purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

. A record from this system of records may be disclosed, as a routine use, to the Administrator,

General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

. A record from this system of records may be disclosed, as a routine use, to the public after either

publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local

law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)

. . 13/619,356 MASSIE, RONALD E.
IRAKLI KIKNADZE 2882

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to the amendment filed on 2/8/2013.

2. [ An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-24. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hitp/Awww. uspto.gov/patents/init_events/pph/index.isp or send an inquiry to PPHfeedback@uspto.gov .

4. [J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)(dJ Al b)[OdSome* c¢)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ___

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [0 Notice of References Cited (PTO-892) 5. [] Examiner's Amendment’Comment

2. X Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 1/11/2013

3. [J Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/lrakli Kiknadze/
Primary Examiner, Art Unit 2882

U.S. Patent and Trademark Office
PTOL-37 (Rev. 09-12) Notice of Allowability Part of Paper No./Mail Date 20130310
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Application/Control Number: 13/619,356 Page 2
Art Unit: 2882

DETAILED ACTION

1. Inresponse to the Office action mailed on December 17, 2012 the
Amendment has been received on February 8, 2013.

Claims 1-24 are currently pending in this application.

Terminal Disclaimer

2. The terminal disclaimer filed on February 8, 2013 disclaiming the terminal
portion of any patent granted on this application which would extend beyond the
expiration date of any patent granted on Application number 13/367,150 has been

reviewed and is accepted. The terminal disclaimer has been recorded.

Allowable Subject Matter

3. Claims 1-24 are allowed.

4.  The following is an examiner’s statement of reasons for allowance:

Claim 1 is allowed because prior art fails to teach or make obvious a system for
tomographically modeling a dental structure, the system comprising: a controller with a
microprocessor and a memory device connected to the microprocessor, the controller
being adapted for storing computed tomographic models of a dental structure; and a

convertor for converting a signal from a detector array, the convertor being connected to
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Application/Control Number: 13/619,356 Page 3
Art Unit: 2882

the detector array and to the microprocessor as claimed in combination with all of the
remaining limitations of the claim.

Claim 13 is allowed because prior art fails to teach or make obvious a
tomographic modeling system comprising: a controller with a microprocessor and a
memory device connected to the microprocessor, the controller being adapted for
creating, storing, and comparing 3D digital tomographic models of an object without the
use of fiducial markers of the object; and a convertor for converting a signal from a
detector array, the convertor being connected to the detector array and to the
microprocessor as claimed in combination with all of the remaining limitations of the
claim.

Claim 21 is allowed because prior art fails to teach or make obvious a system for
tomographically modeling a dental structure, which system comprises: a controller with
a microprocessor and a memory device connected to the microprocessor, the controller
being adapted for creating, storing, and comparing 3D digital tomographic models of a
dental structure without the use of fiducial markers of a dental structure; and a convertor
for converting a signal from a detector array, the convertor being connected to the
detector array and to the microprocessor as claimed in combination with all of the
remaining limitations of the claim.

Claims 2-12, 14-20 and 22-24 are allowed by virtue of their dependence.

Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably
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Application/Control Number: 13/619,356 Page 4
Art Unit: 2882

accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Response to Arguments

5. Applicant’s arguments, see page 3, filed on February 8, 2013, with respect
to claims 1-24 have been fully considered and are persuasive. The rejection of claims

1-24 has been withdrawn.

Conclusion

6. Any inquiry concerning this communication or earlier communications from
the examiner should be directed to IRAKLI KIKNADZE whose telephone number is
(671)272-2493. The examiner can normally be reached on 9:00-5:30.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Toan Ton can be reached on 571-272-2303. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 13/619,356 Page 5
Art Unit: 2882

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Irakli Kiknadze
/lIrakli Kiknadze/
Primary Examiner, Art Unit 2882

/. K./ March 10, 2013
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EAST search 3/10/2013 IK
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Receipt date: 01/11/2013 13619356 - GAU: 2882

PTO/SB/08a(04-07)
Approved for use through 7/31/2006. OMB 0651-0031

US Patent & Trademark Office; U.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Substitute for form 1449A/PTO

INFORMATION DISCLOSURE Complete if Known
STATEMENT BY APPLICANT Application Number 13/619,356
Filing Date September 14, 2012
First Named Inventor Massie, Ronald E.
Art Unit 2882
Examiner Name Kiknadze, Irakli

(Use as many sheets as necessary)

Sheet 1

of

Attorney Docket No: 2932.2

US PATENT DOCUMENTS

Examiner Cite Document Number Publication Name of Patentee or Applicant of Cited Document Filing Date
Initial * No Date If Appropriate
US-4741007 04/26/1988 | Virta, Arto et al.
US-5224140 06/29/1993 | Virta, Arto et al.
US-5267293 11/30/1993 | Virta, Arto
US-5900883 05/04/1999 | Crucs, Kevin
US-6233305 05/15/2001 | Muller, Timo
US-6332891 12/25/2001 | Himes, David M.
US-6398549 06/04/2002 | Koivisto et al.
US-6452997 09/17/2002 | Muller, Timo et al.
US-6466641 10/15/2002 | Virta, Arto et al.
US-6470069 10/22/2002 | Muller, Timo
US-6516216 02/04/2003 | Fontenot, Mark G., et al.
US-6530688 03/11/2003 | Muller, Timo
FOREIGN PATENT DOCUMENTS
El)r(]?t?;ilr;fr ‘ (;li:)e | Fog:ig:n:’:rt]t:nt PUbsi::: ion Name of Patentee or Applicant of cited Document T2

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Examiner
Initials*

Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item T’

No' (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s),

publisher, city and/or country where published.

"Apteryx, Inc. 501(k) Summary for Xray Vision — K983111",
hitp://www.accessdata.fda.gov/cdrh docs/pdf/K983111.pdf, (11/16/1998)

"Sirona Dental Systems GmbH Special 501(k) Summary for SIDEXIS Digital
Radiography Imaging System — K992644",
http://www.accessdata.fda.gov/cdrh_docs/pdf/K992644.pdf, (08/23/1999)

LINDH, et al., "Quantitative Computed Tomography of Trabecular Bone in the
Mandible", Dentomaxillofac. Radiol., Vol. 25, No. 3, pp. 146-150, (06/1996)

EXAMINER

firakli Kiknadze/

DATE CONSIDERED {2/2(3/2013

Substitute Disclosure Statement Form (PTO-1449)

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant.1 Applicant's unique citation designation number (optional) 2 Applicant is to place a check mark here if English language Translation is attached
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378 5 A 6/03 (2006.01.01)
H 1/60 (2006.01.01)
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Application/Control No.

Applicant(s)/Patent Under Reexamination

13619356 MASSIE, RONALD E.
IRAKLI KIKNADZE 2882
X Claims renumbered in the same order as presented by applicant O CPA X T.D. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 1 17 17

2 2 18 18

3 3 19 19

4 4 20 20

5 5 21 21

6 6 22 22

7 7 23 23

8 8 24 24

9 9

10 10

1 11

12 12

13 13

14 14

15 15

16 16
NONE

Total Claims Allowed:
24

(Assistant Examiner) (Date)
/IRAKLI KIKNADZE/
Primary Examiner.Art Unit 2882 03/10/2013 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1
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EAST Search History

EAST Search History

EAST Search History (I nterference)

Ref iHits i{Search Query DBs Default iiPlurals jiTime

# Operator Stamp

L11 {4 (x-ray and dental and tomographic$4 and {US-PGPUB; iOR ON 2013/03/10
memory and signal and convert$4 and USPAT; 13:52
detector).clm. UPAD

L12 i3 378/5 and (x-ray and dental and US-PGPUB; {jOR ON 2013/03/10
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L13 416 {378/19 and (x-ray and dental and US-PGPUB; {jOR ON 2013/03/10
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convert$4 and detector) UPAD
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EAST Search History

EAST Search History
EAST Search History (Prior Art)

Ref iHits i{Search Query DBs Default iiPlurals jiTime
# Operator Stamp
L1 31 "13619356" US-PGPUB; USPAT; :OR ON 2013/03/10
USOCR; EPO; JPO; 13:42
DERWENT;
IBM_TDB
L2 §2 378/5.ccls. and dental same US-PGPUB; USPAT; {OR ON 2013/03/10
tomographic$4 same memory and {USOCR; EPO; JPO; 13:47
signal same convert$4 same DERWENT;
detector IBM_TDB
L3 i0 378/16.ccls. and dental same US-PGPUB; USPAT; :OR ON 2013/03/10
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detector IBM_TDB
L5 H0 378/21.ccls. and dental same US-PGPUB; USPAT; {OR ON 2013/03/10
tomographic$4 same memory and {jUSOCR; EPO; JPO; 13:48
signal same convert$4 same DERWENT;
detector IBM_TDB
L6 6 378/38.ccls. and dental same US-PGPUB; USPAT; {OR ON 2013/03/10
tomographic$4 same memory and{jUSOCR; EPO; JPO; 13:48
signal same convert$4 same DERWENT;
detector IBM_TDB
L7 43 378/39.ccls. and dental same US-PGPUB; USPAT; i OR ON 2013/03/10
tomographic$4 same memory and {jUSOCR; EPO; JPO; 13:48
signal same convert$4 same DERWENT;
detector IBM_TDB
L8 §0 378/62.ccls. and dental same US-PGPUB; USPAT; :OR ON 2013/03/10
tomographic$4 same memory and{jUSOCR; EPO; JPO; 13:49
signal same convert$4 same DERWENT;
detector IBM_TDB
L9 i4 (x-ray and dental and US-PGPUB; USPAT; i{OR ON 2013/03/10
tomographic$4 and memory and {USOCR; EPO; JPO; 13:49
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detector).clm. IBM TDB
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signal and convert$4 and
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Application/Control No. Applicant(s)/Patent Under
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Index of Claims 13619356 MASSIE, RONALD E.
AURUNMAND 1=
IRAKLI KIKNADZE 2882
v Rejected - Cancelled N | Non-Elected Appeal
= Allowed = Restricted | Interference Objected
X Claims renumbered in the same order as presented by applicant O cpa T.D. O R.1.47
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS; This form should be_uscd for transmitting the ISSUE FEE and PUBLICATION FEE (if rcqui[cd{).cBloqks I through 5 should be completed where
apgropriatc. All further correspondence including the Patent, advanice orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unl?ss cor_r‘t_:clcg! below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a scparatc "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) I:apcrs. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

63151 7590 0311872013 . tilic g or Trat o )
1 hereby centify that this Fee(s) Transmittal is being deposited with the United
LAW OFFICE OF MARK BROWN, LLC Stis Posal Serice wi sﬁ%mpﬁ?gc Tor s clas mail nan snvelope
addressced to the al 0] e kbl aqadress above, or bpein acsimiic
4700 BELLEVIEW SUITE 210 transmiticd fo the USPTO (571) 273-2885. on the date indicated belaw
KANSAS CITY, MO 64112
{Depositor's name)
{Signaturc)
(Datc)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. I
13/619,356 09/14/2012 INV001Ronald E. Massic 2032.2 4681
TITLE OF INVENTION: DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND METHOD
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE I PREV. PAID ISSUE FEE | TOTAL FEES)DUE | DATE DUE:
nonprovisional SMALL $885 s0 30 $885 06/18/2013
[ EXAMINER | ART UNIT l CLASS-SUBCLASS |
KIKNADZE, IRAKLI 2882 378-005000

1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list K
GRS po Law Office of Mark Brown,LLC

(1) the names of up 1o 3 registered palent attorneys
(J Change of correspondence address (or Change of Correspondence or agents OR, altemmatively,

Address form PTO/SB/122) attached. (2) the name of a singlc firm (having as a membcr a 2 ___Mark E. Brown
(O “Fee Address” indication (or “Fee Address” [ndication form rcgistered attorney or agent) and the names of up lo ]

PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent altomeys or agents. Ifnoname is  .Christopher M.
Number is required. listed, no name will be printed. BERAcker

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or typc)

PLEASE NOTE: Unless an assi&ncc is identificd below, no assignee data will appear on the patent. If an assignee is identificd below, the documcent has been filed for
recordation as sct forth in 37 CFK 3.11. Complction of this form is NOT a substitulc for filing an assignment.

{A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Osseo Imaging, LLC Topeka, KS

Pleasc check the appropriate assignee category or catcgorics (will not be printed on the patent) : O individwat O Corporation or othcr privatc group cnlity U Government
4a. The lollowing fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

Fissuc Fee O A check is enclosed.

U Publication Fee (No small cntity discount permitted) 4| Payment by credit card. Form PTO-2038 is attached.

O Advance Order - # of Copics K The Dircctor is hereby authorized to charge isgdalce(s), any deficicncy, or credit an

P overpayment, to Deposit Account Number gﬁg] a ﬁ‘h icnclogc an cxtra){:opy of this fgnn).
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Electronic Patent Application Fee Transmittal

Application Number:

13619356

Filing Date:

14-Sep-2012

Title of Invention:

DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND

METHOD

First Named Inventor/Applicant Name:

Ronald E. Massie

Filer:

Mark E. Brown/Laura Brown

Attorney Docket Number:

20932.2

Filed as Small Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

Utility Appl Issue Fee 2501 1 890 890

Extension-of-Time:
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o ) Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Total in USD ($) 890
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Electronic Acknowledgement Receipt

EFSID: 15531788
Application Number: 13619356
International Application Number:
Confirmation Number: 4681

Title of Invention:

DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND
METHOD

First Named Inventor/Applicant Name:

Ronald E. Massie

Customer Number:

63151

Filer:

Mark E. Brown/Laura Brown

Filer Authorized By:

Mark E. Brown

Attorney Docket Number: 2932.2
Receipt Date: 16-APR-2013
Filing Date: 14-SEP-2012
Time Stamp: 15:54:43

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $890

RAM confirmation Number 2498
Deposit Account 503424

Authorized User

BROWN, LAURA

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

219535
1 Issue Fee Payment (PTO-85B) 2013_04_16_14_31_55.pdf no 2

449285101536fdfef3f92e027ab3thf7ce671
3cc

Warnings:

Information:

30368
2 Fee Worksheet (SB06) fee-info.pdf no 2

30ecd3d510c88009316e878b3edd45de2d
dad437

Warnings:

Information:

Total Files Size (in bytes); 249903

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSQIND CLAIMS
13/619.356 097142012 2882 950 29322 24 3
CONFIRMATION NO. 4681
63151 CORRECTED FILING RECEIPT
LAW OFFICE OF MARK BROWN, LLC
4700 BELLEVIEW SUITE 210 OO0 AR
000000061874133

KANSAS CITY, MO 64112
Date Mailed: 06/11/2013

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Ronald E. Massie, Lake Ozark, MO;
Applicant(s)

Ronald E. Massie, Lake Ozark, MO;

Power of Attorney: The patent practitioners associated with Customer Number 63151

Domestic Priority data as claimed by applicant
This application is a CON of 13/367,150 02/06/2012
which is a CON of 12/250,423 10/13/2008 PAT 8126112 *
which is a CIP of 11/932,809 10/31/2007 PAT 8073101
which is a CIP of 11/224,472 09/12/2005 PAT 7839970
which is a CON of 10/351,567 01/24/2003 PAT 6944262
which is a CIP of 10/134,153 04/27/2002 ABN
which is a CON of 09/452,348 12/01/1999 PAT 6381301
(*)Data provided by applicant is not consistent with PTO records.

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 09/28/2012
page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/619,356

Projected Publication Date: Not Applicable
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

DENTAL AND ORTHOPEDIC DENSITOMETRY MODELING SYSTEM AND METHOD
Preliminary Class

378
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications:

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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Receipt date: 11/07/2012

US Patent & Trademark Offi

13619356 - GAU: 2882

PTO/SB/08a(04-07)
Approved for use through 7/31/2006. OMB 0651-0031
ice; U.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Substitute for form 1449A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

Comp if Known

Application Number

13/619,356

Filing Date

September 14, 2012

First Named Inventor Massie, Ronald E.
Art Unit 2882
Examiner Name Shormtebler-&=  /irakii Kiknadze/

Attorney Docket No: 2932.2

Sheet 2 of 3
US PATENT DOCUMENTS
Examiner Cite Document Number Publication Name of Patentee or Applicant of Cited Filing Date
Initial * No Date Document If Appropriate
US-5917883 06/29/1999 | Khutoryansky et al.
US-5930327 07/27/1999 | Lin
US-5995583 11/30/1999 | Schick et al.
US-6038287 03/14/2000 | Miles, Dale A.
US-6069935 05/30/2000 | Schick et al.
US-6320931 11/20/2001 | Arnold
US-6381301 04/30/2002 | Massie, Ronald E.
US-6385283 05/07/2002 | Stein et al.
US-6424694 07/23/2002 | Molteni
US-20020114425 | 08/22/2002 | Lang et al.
US-20020178032 | 11/28/2002 | Benn et al.
( hange(s) hpplied US-6496558 12/17/2002 | Graumann
2 PP US-6664986 02/16/2003 | Kopelman et al.
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/1L KH/ US-6821116 11/23/2004 Severa_nce
US-6405071 ~09/232686&6 | Analoui June 11,2002
6/19/20173 US-7099428 08/29/2006 | Clinthorne, Neal H., et al.
US-7203273 04/10/2007 | Linnosaari, Matti
FOREIGN PATENT DOCUMENTS
Exa_\r_niner Cite Foreign Patent Publication Name of Patentee or Applicant of cited T2
Initials* No Document Date Document
EP-0180482 05/07/1986 | Hirano, Yoshio
EP-0314506 05/03/1989 | Schuller, Paul D.
WO0-9311707 06/24/1993 | Webber, Richard L.
EP-0652433 05/10/1995 | Fuijii, Masashi
WQO-0138824 05/31/2001 | Stein, Jay A, et al.
WO-01/39667 06/07/2001 | Massie, Ronald E.
CA-2390334 11/18/2008 | Massie, Ronald E.
EP-1237483 11/26/2008 | Massie, Ronald E.

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

EXAMINER flrakii Kiknadze/

DATE CONSIDERED

12/04/2012

Substitute Disclosure Statement Form (PTO-1449)
* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant.1 Applicant's unique citation designation number (optional) 2 Applicant is to place a check mark here if English language Translation is attached

ALL REFERENCES CONSIDERED EXCEPT WHERE LINFD THROUGH  /IK/
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/619,356 07/30/2013 8498374 29322 4681
63151 7590 07/10/2013

LAW OFFICE OF MARK BROWN, LLC
4700 BELLEVIEW SUITE 210
KANSAS CITY, MO 64112

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Ronald E. Massie, Lake Ozark, MO;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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Case 1:17-cv-01386-UNA Document 3 Filed 10/03/17 Page 1 of 1 PagelD #: 78

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the District of Delaware on the following

(] Trademarks or [V Patents. ( [ the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
10/3/2017 for the District of Delaware
PLAINTIFF DEFENDANT
OSSEO IMAGING, LLC PLANMECA USA INC.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 6,381,301 4/30/2002 OSSEO IMAGING, LLC
2 6,944,262 9/13/2005 OSSEO IMAGING, LLC
3 8,498,374 7/30/2013 OSSEO IMAGING, LLC
4
5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY
0 Amendment ] Answer ] Cross Bill (] Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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