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ABSTRACT

Systems and methods are provided for scanning a dental
impression to obtain a digital model of a patient’s dentition
as an input to computer aided design (CAD) and computer
aided manufacturing (CAM) methods for producing dental
prostheses.
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SCANNING DENTAL IMPRESSIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/816,120, filed Nov. 17, 2017, now
U.S. Pat. No. 11,559,378, which claims priority to and the
benefit of U.S. provisional patent application No. 62/423,
460, filed Nov. 17,2016, all of which applications are hereby
incorporated by reference in their entireties.

FIELD

[0002] The present disclosure relates to systems and meth-
ods of scanning a dental impression to obtain a digital model
of a patient’s dentition as an input to computer aided design
(CAD) and computer aided manufacturing (CAM) methods
for producing dental prostheses.

BACKGROUND

[0003] Dental prostheses are typically manufactured at
specialized dental laboratories that employ computer-aided
design (CAD) and computer-aided manufacturing (CAM)
milling systems to produce dental prostheses according to
patient-specific specifications provided by dentists. In a
typical work flow, information about the oral situation of a
patient is received from a dentist, the dental laboratory
designs the dental prosthesis, and the prosthesis is manu-
factured using a mill or other fabrication system. When
making use of CAD design and CAM manufacturing in
dentistry, a digital model of the patient’s dentition is
required as an input to the process. Despite the rise of
intraoral scanning technology, the prevalent method of
acquisition of digital model data is still scanning a stone
model cast from an impression. Even in more technically
advanced markets it is estimated that only 10% of clinicians
own an intraoral scanner, therefore any improvements to the
conventional process are likely to remain relevant and
benefit patients and clinicians alike for some time. Accord-
ingly, improvements to methods of acquiring digital models
of patients’ dentition are desirable.

SUMMARY

[0004] Certain embodiments of the disclosure concern
systems and methods for scanning a physical impression of
a patient’s dentition and constructing a virtual surface image
of the patient’s dentition from the scan data thereby
obtained. In some embodiments, the virtual surface image of
the patient’s dentition is constructed using isosurfaces and
density gradients of a volumetric image and then directly
creating a surface image based upon void spaces that cor-
respond to the patient’s dentition. This avoids an unneces-
sary step of first creating a surface image of the impression
and then digitally or virtually reversing the surface image of
the impression to obtain a surface image intended to corre-
spond with the patient’s dentition. Instead, the isosurfaces
and vector gradients are selected and oriented directly to
define the patient’s dentition, thereby providing a surface
image that is suitable for use in a dental restoration design
program.

[0005] In some embodiments, the physical impression of
a patient’s dentition comprises a three-way dental impres-
sion tray that is adapted to obtain a physical impression
containing information relating to a patient’s upper jaw,
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lower jaw, and bite registration for at least a portion of the
patient’s dentition. In some embodiments, a three-way den-
tal impression tray is scanned and the data from a single scan
is used to generate virtual models of at least a portion of the
patient’s upper jaw, lower jaw, and bite registration. The
virtual models thereby obtained are suitable for use in
designing a dental restoration using known digital design
products.

[0006] The foregoing and other objects, features, and
advantages of the disclosed embodiments will become more
apparent from the following detailed description, which
proceeds with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a perspective view of a three-way dental
impression tray.

[0008] FIG. 2 is a cross-sectional view of a three-way
dental impression tray containing impression material.
[0009] FIG. 3 is a schematic diagram of a computed
tomography (CT) scanning system.

[0010] FIG. 4 is a 2-dimensional (2D) radiographic image
of a dental impression tray containing a dental impression.
[0011] FIG. 5 is a cross-section of a 3-dimensional (3D)
volumetric image.

[0012] FIG. 6 is a 3-dimensional (3D) surface image
representation of a portion of a patient’s dentition.

[0013] FIG. 7 is an illustration of a 3-dimensional (3D)
object in the form of a cylinder.

[0014] FIG. 8A is an illustration of a cross-section of the
cylinder of FIG. 7.

[0015] FIG. 8B is an illustration of isosurfaces derived
from the 3D image of the cylinder of FIG. 7.

[0016] FIG. 8C is an illustration of gradient vectors
derived from the isosurfaces shown in FIG. 8B.

[0017] FIG. 9 is a perspective view of a surface image
representation of a portion of a patient’s dentition including
portions of the dentition of an upper jaw and portions of the
dentition of a lower jaw.

[0018] FIG. 10 is an overhead view of the surface image
representation of the lower jaw dentition shown in FIG. 9.

DETAILED DESCRIPTION

[0019] For purposes of this description, certain aspects,
advantages, and novel features of the embodiments of this
disclosure are described herein. The disclosed methods,
apparatus, and systems should not be construed as being
limiting in any way. Instead, the present disclosure is
directed toward all novel and nonobvious features and
aspects of the various disclosed embodiments, alone and in
various combinations and sub-combinations with one
another. The methods, apparatus, and systems are not limited
to any specific aspect or feature or combination thereof, nor
do the disclosed embodiments require that any one or more
specific advantages be present or problems be solved.

[0020] Although the operations of some of the disclosed
embodiments are described in a particular, sequential order
for convenient presentation, it should be understood that this
manner of description encompasses rearrangement, unless a
particular ordering is required by specific language set forth
below. For example, operations described sequentially may
in some cases be rearranged or performed concurrently.
Moreover, for the sake of simplicity, the attached figures
may not show the various ways in which the disclosed
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methods can be used in conjunction with other methods.
Additionally, the description sometimes uses terms like
“provide” or “achieve” to describe the disclosed methods.
These terms are high-level abstractions of the actual opera-
tions that are performed. The actual operations that corre-
spond to these terms may vary depending on the particular
implementation and are readily discernible by one of ordi-
nary skill in the art.

[0021] As used in this application and in the claims, the
singular forms “a,” “an,” and “the” include the plural forms
unless the context clearly dictates otherwise. Additionally,
the term “includes” means “comprises.” Further, the terms
“coupled” and “associated” generally mean electrically,
electromagnetically, and/or physically (e.g., mechanically or
chemically) coupled or linked and does not exclude the
presence of intermediate elements between the coupled or
associated items absent specific contrary language.

[0022] Insome examples, values, procedures, or apparatus
may be referred to as “lowest,” “best,” “minimum,” or the
like. It will be appreciated that such descriptions are
intended to indicate that a selection among many alterna-
tives can be made, and such selections need not be better,
smaller, or otherwise preferable to other selections.

[0023] In the following description, certain terms may be
used such as “up,” “down,” “upper,” “lower,” “horizontal,”
“vertical,” “left,” “right,” and the like. These terms are used,
where applicable, to provide some clarity of description
when dealing with relative relationships. But, these terms
are not intended to imply absolute relationships, positions,
and/or orientations. For example, with respect to an object,
an “upper” surface can become a “lower” surface simply by
turning the object over. Nevertheless, it is still the same
object.

[0024] As noted above, in a typical work flow, information
about the oral situation of a patient is received from a dentist,
the dental laboratory designs the dental prosthesis, and the
prosthesis is manufactured using a mill or other fabrication
system. When making use of CAD design and CAM manu-
facturing in dentistry, a digital model of the patient’s den-
tition is required as an input to the process. Despite the rise
of intraoral scanning technology, the prevalent method of
acquisition of digital model data is still scanning a stone
model cast from a physical negative impression of the
patient’s dentition.

[0025] A physical negative impression of the patient’s
dentition is typically obtained by the use of a dental impres-
sion tray containing impression material. An example of an
impression tray is shown in FIG. 1 in the form of a three-way
impression tray or “triple tray” 100. The triple tray 100
includes a generally rigid frame 102 within which a mesh
104 is retained. The rigid frame defines a handle 106
configured to be gripped by the user, a buccal side wall 108,
and a lingual side wall 110. In use, impression material is
loaded onto the upper and lower surfaces of the mesh 104 by
the clinician. The triple tray 100 is then inserted into the
mouth of a patient and the patient is instructed to bite down
onto the triple tray 100 and impression material, causing the
impression material to conform to the patient’s dentition as
the impression material cures. Because the triple tray 100 is
situated between the upper and lower jaws of the patient, the
impression obtained via the triple tray 100 includes infor-
mation about the dental situation of the patient’s upper jaw,
lower jaw, and bite registration in the area of the patient’s
dentition covered by the triple tray.
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[0026] For example, in FIG. 2, there is shown a sectional
view of the triple tray 100 containing impression material
120 after the taking of a physical impression of a patient. An
upper impression 122 is formed on the upper side of the
mesh 104, and a lower impression 124 is formed on the
lower side of the mesh 104. As noted above, after deforma-
tion, the impression material 122 defines a physical negative
impression of the patient’s dentition. Accordingly, the upper
void space 126 defined by the upper impression 122 defines
the space occupied by the patient’s teeth and gingiva in the
patient’s upper jaw, and the lower void space 128 defined by
the lower impression 124 defines the space occupied by the
patient’s teeth and gingiva in the patient’s lower jaw. More-
over, the location and orientation of the upper void space
126 relative to the lower void space 128 defines the bite
registration of the patient’s dentition in the subject area,
including the occlusal spacing and registration.

[0027] As noted above, in a conventional workflow, a
physical dental impression formed in the manner described
above would be used to cast a model of the patient’s
dentition formed of stone, polymeric, or other suitable
material. The cast model would then be scanned using a laser
scanner in order to obtain a digital model. The digital model
would then be used to design one or more restorations, or for
other purposes. This conventional workflow creates poten-
tial sources of error or inaccuracy that would be avoided by
alternative methods or alternative workflows that avoided
the step of forming the case model and, instead, proceeded
directly from the physical impression to a digital model.
[0028] In one embodiment of the present method, a com-
puted tomography (CT) scanner uses x-rays to make a
detailed image of a physical impression. A plurality of such
images are then combined to form a 3D model of the
patient’s dentition. A schematic diagram of an example of a
CT scanning system 140 is shown in FIG. 3. The CT
scanning system 140 includes a source of x-ray radiation
142 that emits an x-ray beam 144. An object being
scanned—in the present case, a triple tray containing a
physical impression 146—is placed between the source 142
and an x-ray detector 148. The x-ray detector 148, in turn,
is connected to a processor 150 that is configured to receive
the information from the detector 148 and to convert the
information into a digital image file. Those skilled in the art
will recognize that the processor 150 may comprise one or
more computers that may be directly connected to the
detector, wirelessly connected, connected via a network, or
otherwise in direct or indirect communication with the
detector 148.

[0029] An example of a suitable scanning system 140
includes a Nikon Model XTH 255 CT Scanner which is
commercially available from Nikon Corporation. The
example scanning system includes a 225 kV microfocus
x-ray source with a 3 pum focal spot size to provide high
performance image acquisition and volume processing. The
processor 150 may include a storage medium that is con-
figured with instructions to manage the data collected by the
scanning system.

[0030] As noted above, during operation of the scanning
system 140, the impression 146 is located between the x-ray
source 142 and the x-ray detector 148. A series of images of
the impression 146 are collected by the processor 150 as the
impression 146 is rotated in place between the source 142
and the detector 146. An example of a single image 160 is
shown in FIG. 4. The image 160 may be a radiograph, a
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projection, or other form of digital image. In one embodi-
ment, a series of 720 images are collected as the impression
146 is rotated in place between the source 142 and the
detector 148. In other embodiments, more images or fewer
images may be collected as will be understood by those
skilled in the art.

[0031] The plurality of images 160 of the impression 146
are generated by and stored within a storage medium con-
tained within the processor 150 of the scanning system 140,
where they may be used by software contained within the
processor to perform additional operations. For example, in
an embodiment, the plurality of images 160 undergo tomo-
graphic reconstruction in order to generate a 3D virtual
image 170 (see FIG. 5) from the plurality of 2D images 160
generated by the scanning system 140. In the embodiment
shown in FIG. 5, the 3D virtual image 170 is in the form of
a volumetric image or volumetric density file (shown in
cross-section in FIG. 5) that is generated from the plurality
of radiographs 160 by way of a reconstruction algorithm
associated with the scanning system 140.

[0032] In one embodiment, the volumetric image 170 is
converted into a surface image 180 (see, e.g., FIG. 6) using
a surface imaging algorithm. In the embodiment shown, the
volumetric image 170 is converted into a surface image 180
having a format (e.g., an STL file format) that is suitable for
use with a dental restoration design software, such as the
FastDesign™ dental design software provided by Glidewell
Laboratories of Newport Beach, California.

[0033] In one embodiment, the surface imaging algorithm
used to convert the volumetric image 170 into a surface
image 180 is configured to construct the surface image of the
dentition 180 directly from the volumetric image 170 with-
out including an intermediate step of constructing a surface
image of the impression. For example, FIGS. 7 and 8A-C do
not show images of a dental impression or of a patient’s
dentition, but are instead presented to illustrate by way of
example the direct surface imaging method employed in the
illustrated embodiment. In FIG. 7, a volumetric image 190
of an object having a boundary 192 that is not precisely
defined. A small patch of an isosurface 194 is illustrated
within the boundary 192, with the isosurface 194 represent-
ing a collection of points within the volumetric image 190
that have the same volumetric density value. It is a math-
ematical property that a gradient vector 196 at a given
position will always point perpendicular to an isosurface 194
at position. Accordingly, the gradient vector 196 is used to
determine the direction which passes perpendicularly
through the object boundary 192. These properties are
further illustrated in FIGS. 8A-C, which show the non-
precisely defined boundary 192 of the object (FIG. 8A), a
plurality of isosurfaces 194 of the object (FIG. 8B), and a
plurality of gradient vectors 196 that are perpendicular to the
isosurfaces at given positions with in the object (FIG. 8C).
[0034] In one embodiment, the surface imaging algorithm
used to convert the volumetric image 170 of the dental
impression into a surface image 180 of the patient’s denti-
tion relies on defining isosurfaces and density gradients and
then directly creating a surface image based upon the void
spaces 126 and 128 (see, e.g., FIG. 2) that correspond to the
patient’s dentition. This avoids an unnecessary step of first
creating a surface image of the impression 122, 124 and then
digitally or virtually reversing the surface image of the
impression to obtain a surface image intended to correspond
with the patient’s dentition. Instead, the isosurfaces and
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vector gradients are selected and oriented directly to define
the patient’s dentition, thereby providing a surface image
180 that is suitable for use in a dental restoration design
program.

[0035] In the embodiment shown, as described above, a
dental impression is collected using a triple tray 100 dental
impression tray, thereby collecting an upper impression 122,
a lower impression 124, and a bite registration in a single
step. As a result, after scanning, reconstruction, and genera-
tion of a volumetric image of the triple tray and impression
146 (see FIG. 3), the resulting surface image 200 (see FIG.
9) includes a surface image of the upper dentition 202, a
surface image of the lower dentition 204, and their relative
positions and orientation providing information about the
bite registration between the upper and lower dentition.
These surface images 202, 204 and bite registration infor-
mation are obtained using a single scan of a single object
(the triple tray and impression 146).

[0036] For example, in FIG. 9, the surface image of the
lower dentition 204 includes a representation of the tooth
preparation 206 (i.e., the tooth that has been prepared by the
dentist for a restoration to be designed using the surface
image). The surface image of the upper dentition 202
includes a representation of the opposing tooth 208 (i.e., the
tooth or teeth that are in the opposite jaw from the jaw
containing the tooth preparation 206 and that are in oppo-
sition to the tooth preparation 204 when the jaws are closed
in a bite). The orientation and relative positions of the teeth
in the lower jaw and upper jaw, including the tooth prepa-
ration 206 and the opposing tooth 208, provide the bite
registration. The bite registration information is used by the
dental restoration design software to determine, for example,
limitations on the height, shape, and position of the occlusal
surface of the restoration being designed. Additional infor-
mation is provided by the size, shape, and positions of the
teeth 210 and 212 adjacent to the tooth preparation 206, as
shown in FIG. 10.

[0037] The above descriptions of the scanning system and
the algorithms used to perform the scanning, imaging,
reconstruction, and surface imaging functions are not
intended to suggest any limitation as to scope of use or
functionality, as the innovations may be implemented in
diverse general-purpose or special-purpose computing sys-
tems. For example, the computing environment used to
perform these functions can be any of a variety of computing
devices (e.g., desktop computer, laptop computer, server
computer, tablet computer, gaming system, mobile device,
programmable automation controller, etc.) that can be incor-
porated into a computing system comprising one or more
computing devices.

[0038] For example, a computing environment may
include one or more processing units and memory. The
processing units execute computer-executable instructions.
A processing unit can be a central processing unit (CPU), a
processor in an application-specific integrated circuit
(ASIC), or any other type of processor. In a multi-processing
system, multiple processing units execute computer-execut-
able instructions to increase processing power. For example,
a representative computing environment may include a
central processing unit as well as a graphics processing unit
or co-processing unit. The tangible memory may be volatile
memory (e.g., registers, cache, RAM), non-volatile memory
(e.g., ROM, EEPROM, flash memory, etc.), or some com-
bination of the two, accessible by the processing unit(s). The
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memory stores software implementing one or more innova-
tions described herein, in the form of computer-executable
instructions suitable for execution by the processing unit(s).
[0039] A computing system may have additional features.
For example, in some embodiments, the computing envi-
ronment includes storage, one or more input devices, one or
more output devices, and one or more communication
connections. An interconnection mechanism such as a bus,
controller, or network, interconnects the components of the
computing environment. Typically, operating system soft-
ware provides an operating environment for other software
executing in the computing environment, and coordinates
activities of the components of the computing environment.
[0040] The tangible storage may be removable or non-
removable, and includes magnetic or optical media such as
magnetic disks, magnetic tapes or cassettes, CD-ROMs,
DVDs, or any other medium that can be used to store
information in a non-transitory way and can be accessed
within the computing environment. The storage stores
instructions for the software implementing one or more
innovations described herein.

[0041] The input device(s) may be, for example: a touch
input device, such as a keyboard, mouse, pen, or trackball;
a voice input device; a scanning device; any of various
sensors; another device that provides input to the computing
environment; or combinations thereof. For video encoding,
the input device(s) may be a camera, video card, TV tuner
card, or similar device that accepts video input in analog or
digital form, or a CD-ROM or CD-RW that reads video
samples into the computing environment. The output device
(s) may be a display, printer, speaker, CD-writer, or another
device that provides output from the computing environ-
ment.

[0042] The communication connection(s) enable commu-
nication over a communication medium to another comput-
ing entity. The communication medium conveys informa-
tion, such as computer-executable instructions, audio or
video input or output, or other data in a modulated data
signal. A modulated data signal is a signal that has one or
more of its characteristics set or changed in such a manner
as to encode information in the signal. By way of example,
and not limitation, communication media can use an elec-
trical, optical, RF, or other carrier.

[0043] Any of the disclosed methods can be implemented
as computer-executable instructions stored on one or more
computer-readable storage media (e.g., one or more optical
media discs, volatile memory components (such as DRAM
or SRAM), or nonvolatile memory components (such as
flash memory or hard drives)) and executed on a computer
(e.g., any commercially available computer, including smart
phones, other mobile devices that include computing hard-
ware, or programmable automation controllers) (e.g., the
computer-executable instructions cause one or more proces-
sors of a computer system to perform the method). The term
computer-readable storage media does not include commu-
nication connections, such as signals and carrier waves. Any
of the computer-executable instructions for implementing
the disclosed techniques as well as any data created and used
during implementation of the disclosed embodiments can be
stored on one or more computer-readable storage media. The
computer-executable instructions can be part of, for
example, a dedicated software application or a software
application that is accessed or downloaded via a web
browser or other software application (such as a remote
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computing application). Such software can be executed, for
example, on a single local computer (e.g., any suitable
commercially available computer) or in a network environ-
ment (e.g., via the Internet, a wide-area network, a local-area
network, a client-server network (such as a cloud computing
network), or other such network) using one or more network
computers.

[0044] For clarity, only certain selected aspects of the
software-based implementations are described. Other details
that are well known in the art are omitted. For example, it
should be understood that the disclosed technology is not
limited to any specific computer language or program. For
instance, the disclosed technology can be implemented by
software written in C++, Java, Perl, Python, JavaScript,
Adobe Flash, or any other suitable programming language.
Likewise, the disclosed technology is not limited to any
particular computer or type of hardware. Certain details of
suitable computers and hardware are well known and need
not be set forth in detail in this disclosure.

[0045] It should also be well understood that any func-
tionality described herein can be performed, at least in part,
by one or more hardware logic components, instead of
software. For example, and without limitation, illustrative
types of hardware logic components that can be used include
Field-programmable Gate Arrays (FPGAs), Program-spe-
cific Integrated Circuits (ASICs), Program-specific Standard
Products (ASSPs), System-on-a-chip systems (SOCs), Com-
plex Programmable Logic Devices (CPLDs), etc.

[0046] Furthermore, any of the software-based embodi-
ments (comprising, for example, computer-executable
instructions for causing a computer to perform any of the
disclosed methods) can be uploaded, downloaded, or
remotely accessed through a suitable communication means.
Such suitable communication means include, for example,
the Internet, the World Wide Web, an intranet, software
applications, cable (including fiber optic cable), magnetic
communications, electromagnetic communications (includ-
ing RF, microwave, and infrared communications), elec-
tronic communications, or other such communication
means.

[0047] In view of the many possible embodiments to
which the principles of the disclosure may be applied, it
should be recognized that the illustrated embodiments are
only preferred examples and should not be taken as limiting
the scope of the disclosure. Rather, the scope of the inven-
tion is defined by all that comes within the scope and spirit
of the following claims.

What is claimed is:

1. A computer-implemented method of determining a
surface image of at least a portion of a patient’s dentition,
comprising:

providing a physical negative impression of at least a

portion of the patient’s dentition, the physical negative
impression comprising an impression tray containing
impression material previously molded to the at least a
portion of the patient’s dentition;

using a computed tomography (CT) scanner system,

scanning the physical negative impression to create a
three dimensional (3D) virtual image corresponding to
the physical negative impression, the 3D virtual image
comprising a volumetric density file; and

using the 3D virtual image of the physical negative

impression, directly constructing a surface image of the
at least a portion of the patient’s dentition from the 3D
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virtual image of the physical negative impression with-
out constructing a surface image of the physical nega-
tive impression.

2. The computer-implemented method of claim 1,
wherein the CT scanner system includes a source of x-ray
radiation, an X-ray detector, and a processor connected to the
detector, and wherein the step of scanning the physical
negative impression further includes:

locating the physical negative impression between the

source of x-ray radiation and the x-ray detector; and

rotating the physical negative impression in place as a

series of images is captured by the CT scanner system.

3. The computer-implemented method of claim 2, further
including a step of reconstructing the series of images to
create the 3D virtual image.

4. The computer-implemented method of claim 1,
wherein the step of directly constructing a surface image
further includes:

defining isosurfaces having the same volumetric density

value within the 3D virtual image; and

identifying gradient vectors from the defined isosurfaces.

5. The computer-implemented method of claim 1,
wherein the step of directly constructing a surface image
further includes constructing a surface image that corre-
sponds with void spaces of the physical negative impression.

6. The computer-implemented method of claim 5,
wherein the surface image includes an upper dentition
surface image, a lower dentition surface image, and bite
registration information between the upper dentition and
lower dentition.

7. The computer-implemented method of claim 6,
wherein the surface image is in .STL file format.

8. A system for determining a surface image of at least a
portion of a patient’s dentition, the system comprising:
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a source of x-ray radiation;

an x-ray detector;

a processor; and

a non-transitory computer-readable storage medium com-

prising instructions executable by the processor to
perform steps comprising:

reconstructing a series of two dimensional (2D) images

collected by the x-ray detector to create a three dimen-
sional (3D) virtual image comprising a volumetric
density file corresponding to a physical negative
impression of at least a portion of the patient’s denti-
tion; and

using the 3D virtual image of the physical negative

impression, directly constructing a surface image of the
at least a portion of the patient’s dentition from the 3D
virtual image of the physical negative impression with-
out constructing a surface image of the physical nega-
tive impression.

9. The system of claim 8, wherein the step of directly
constructing a surface image further includes:

defining isosurfaces having the same volumetric density

value within the 3D virtual image; and

identifying gradient vectors from the defined isosurfaces.

10. The system of claim 8, wherein the step of directly
constructing a surface image further includes constructing a
surface image that corresponds with void spaces of the
physical negative impression.

11. The system of claim 10, wherein the surface image
includes an upper dentition surface image, a lower dentition
surface image, and bite registration information between the
upper dentition and lower dentition.

12. The system of claim 11, wherein the surface image is
in .STL file format.



