wo 2015/094700 A1 [N I P00 OO0 O O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/094700 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

25 June 2015 (25.06.2015) WIPOIPCT
International Patent Classification: (81)
A61C 11/00 (2006.01)

International Application Number:
PCT/US2014/068637

International Filing Date:
4 December 2014 (04.12.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/918,987 20 December 2013 (20.12.2013) US
61/991,964 12 May 2014 (12.05.2014) US

Applicant: BIOMET 31, LLC [US/US]; 4555 Riverside
Drive, Palm Beach Gardens, Florida 33410 (US).

Inventors: SUTTIN, Zachary, B.; 2664 Greenway Drive,
Jupiter, Florida 33458 (US). TOWSE, Ross, W.; 3035 S.
Greythorne Ct., Ft. Wayne, Indiana 46814 (US).
WILSON, Gretchen, B.; 7253 154th Court North, West
Palm Beach, Florida 33418 (US). MONTERO, Miguel,
G.; 5364 Cannon Way, West Palm Beach, Florida 33415

(US).
Agents: BURNHAM, Daniel, J. et al.; Nixon Peabody

LLP, 300 S. Riverside Plaza, 16th floor, Chicago, Illinois
60606 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: DENTAL SYSTEM FOR DEVELOPING CUSTOM PROSTHESES THROUGH SCANNING OF CODED MEMBERS

(57) Abstract: A set of healing abutments includes a first healing abutment and a second healing abutment. The first healing abut -
ment has an upper surface with a first code thereon. The first code is associated with a size of the first healing abutment. The second
healing abutment has an upper surtace with a second code thereon. The second code is associated with a size of the second healing
abutment. The first healing abutment and the second healing abutment have the same size. The first code is different from the second
code.



WO 2015/094700 A1 AT 00T VAT 00 0 O AR

Published: —  before the expiration of the time limit for amending the
—  with international search report (Art. 21(3)) claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




WO 2015/094700 PCT/US2014/068637

-1-

DENTAL SYSTEM FOR DEVELOPING
CUSTOM PROSTHESES THROUGH SCANNING OF CODED MEMBERS

FIELD OF THE INVENTION
[0001] The present disclosure relates generally to a dental implant system. More
particularly, the present disclosure relates to a dental implant system for developing custom

prostheses through scanning of coded members.

BACKGROUND OF THE INVENTION

[0002] The dental restoration of a partially or wholly edentulous patient with artificial
dentition is typically done in two stages. In the first stage, an incision is made through the
gingiva to expose the underlying bone. An artificial tooth root, in the form of a dental
implant, is placed in the jawbone for osseointegration. The dental implant generally includes
a threaded bore to receive a retaining screw for holding mating components thereon. During
the first stage, the gum tissue overlying the implant is sutured and heals as the
osseointegration process continues.

[0003] Once the osscointegration process is complete, the second stage is initiated.
Here, the gingival tissue is re-opened to expose an end of the dental implant. A healing
component or healing abutment is fastened to the exposed end of the dental implant to allow
the gingival tissue to heal therecaround. It should be noted that the healing abutment can be
placed on the dental implant immediately after the implant has been installed and before
osscointegration. In recent years, for some situations, the osseointegration step and gingival
healing steps have been combined into a one-step process.

[0004] Further, in recent years, scanning technology has been used to identify the
conditions in the patient’s mouth adjacent to a dental implant by scanning the patient’s mouth
with a scannable healing abutment or another scanning member installed on the implant.
Alternatively, an impression may be taken of the patient’s mouth, and the scan is taken of the
impression or a stone model created from the impression. Ultimately, the data from these
various scans is used to create a model that is used to develop a custom prosthesis for
attachment to the patient’s dental implant.

[0005] In one exemplary healing abutment system, informational markers or codes

are located on a top surface of the healing abutments. The informational markers can be used
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to identify information about the specific healing abutment (e.g., the orientation of its non-
rotational feature, the dimensions of the healing abutment, etc.). Thus, each healing abutment
has exactly one specific code on the top surface. Once the code for that healing abutment is
identified (e.g., using scanning techniques), the size (e.g., platform diameter, emergence-
profile shape, maximum body diameter, height, overall external geometry, etc.) of that
healing abutment can be determined by reference to a library that correlates the code and the
specific healing abutment. This library is relatively small (e.g., less than 50 codes, less than
40 codes, less than 30 codes, etc.) as each specific size of healing abutment has a single code.
For example, a healing abutment having a 3.4 mm platform diameter, a 3.8 mm maximum
body diameter, and a 3 mm height always has the same code represented on the top surface
thereof using, for example, one or more informational markers in the shape of notches. Thus,
if a manufacturer only sells healing abutments in ten different sizes, then only ten codes are
needed to be placed on corresponding top surfaces of the healing abutments for use in
identifying the ten different healing abutments. Once the size information and the orientation
information of the healing abutment are obtained using the library, a location and orientation
of an underlying implant attached to the healing abutment can be determined, which is
needed for development of patient-specific components to be attached to the implant. In
essence, the codes provide information about the implant and the shape of the opening in the
gingival tissue leading to the implant. This type of system is generally described in U.S. Pat.
No. 6,790,040, assigned to the assignee of the present disclosure, which is hereby
incorporated by reference herein in its entirety.

[0006] In one exemplary system, a temporary healing component is scanned prior to
being placed in the mouth of a patient and then scanned after being attached to an implant in
the mouth of the patient. Such scans are then used to develop an implant level three-
dimensional model of the patient’s dental conditions for use in designing and/or fabricating a
final prosthesis. However, the scanning of the temporary healing component has some
drawbacks as compared with the use of codes thereon to develop the three-dimensional
model as the level of captured details of the scanned temporary healing component are

limited by the ability of the scanner.
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SUMMARY OF THE INVENTION

[0007] The present invention in many ways is the antithesis of the above-described
methodology related to prior art healing abutment and scanning systems. Specifically, the
present disclosure provides for multiple codes (not a single code) to identify the same size of
healing abutment or other scannable member, which makes it more difficult for unscrupulous
competitive entities to identify and copy the codes for healing abutments. Thus, for a specific
size of healing abutment or a healing abutment having a specific geometrical configuration
(c.g., a healing abutment having a non-standard and/or a non-round shape), multiple codes
can be placed on those healing abutments. For example, a first healing abutment having a 3.4
mm platform diameter, a 3.8 mm maximum body diameter, and a 3.0 mm height (referred to
as a 343 healing abutment) has a first code on its top surface and a second healing abutment
also having a 3.4 mm platform diameter, a 3.8 mm maximum body diameter, and a 3.0 mm
height has a second code, different than the first code, on its top surface. That is, the first and
the second healing abutments are substantially identical, except for the different codes on
their respective top surfaces. However, both of the first and the second codes correlate to the
same “343” healing abutment having the same 3.4 mm platform diameter, a 3.8 mm
maximum body diameter, and a 3.0 mm height. In such an example, a non-public code-to-
abutment correlation library, preferably maintained in secret by the manufacturer of the
healing abutments and/or a trusted third party, includes the first code and the second code and
a correlation for both the first and the second codes to the 343 healing abutment. Thus, the
non-public code-to-abutment library could be used to identify the first and the second healing
abutments as 343 healing abutments using the first and the second codes. However, when a
large set of healing abutments is available and each healing abutment within the set has
multiple codes, it becomes much more difficult for an unscrupulous third party to correlate
the codes to the specific healing abutment. In summary, the present disclosure provides
healing abutments of the same size with different codes on top surfaces thereof — the
antithesis of the prior art. Further, the present invention not only applies to healing
abutments that can be scanned, but other types of dental-implant attachment components that
can be used in conjunction with a scanning process to develop a custom prosthesis.

[0008] To make it even more difficult for unscrupulous third parties to identify the

codes and their corresponding size of healing abutments, the codes on the different sizes of
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healing abutments can be changed randomly and/or changed at specific times. For example,
every six months or so, the code or codes used for identifying the 343 healing abutment can
be changed, and such a change would only be known to the keeper of the non-public code-to-
abutment correlation library. Such a scheme of changing codes on healing abutments can be
referred to as a rolling-code system.

[0009] As the non-public code-to-abutment correlation library of the present
disclosure is maintained in secrecy, customers (e.g., dentists, oral surgeons, etc.) that use the
healing abutments of the present disclosure are encouraged to seek out the manufacturer
and/or a trusted third party to decode the code using the non-private code-to-abutment
correlation library as such information is needed to develop the patient-specific custom
components (e.g., patient specific crown, patient-specific abutment, etc.) for the patient. To
do so, the customer sends scan data (usually in the form of a virtual healing abutment surface
within a virtual model of a patient’s mouth) to the manufacturer and/or a trusted third party.
The code on the virtual healing abutment is located within the scan data and is identified to
provide a correlation to a specific size healing abutment. A publicly available virtual “proxy
abutment” having a known proxy code then replaces the virtual healing abutment within the
virtual model. The virtual proxy abutment allows third parties (e.g., dental laboratories)
without access to the non-public code-to-abutment correlation library to determine the
location and orientation of the underlying implant and/or additional information related to the
virtual proxy abutment and/or the replaced virtual healing abutment (e.g., platform diameter,
emergence profile shape, maximum body diameter, height, overall external geometry, etc.),
which is needed for that third party to develop a patient-specific prosthesis for use on the
implant installed in the patient’s mouth. In summary, the virtual proxy abutment, which has
publicly known information, is usable by the customers and other third parties in this type of
dental system to develop the patient—specific prosthesis. Yet, the non-public code-to-
abutment correlation library can be maintained by the manufacturer and/or a trusted third
party.

[0010] According to some implementations of the present disclosure, a method for
developing a patient-specific prosthesis to be coupled to an implant installed in a mouth of a
patient includes scanning a scanning member that is attached to the implant to obtain scan
data. The scanning member has a top surface with a code thereon. The code is indicative of

a size of the scanning member and an orientation of a non-rotational fitting of the scanning
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member. From the scan data, a virtual three-dimensional model of the mouth is created. The
virtual three-dimensional model includes a virtual scanning member with a virtual code
thereon. The virtual code corresponds to the code on the scanning member attached to the
implant in the mouth of the patient. The virtual code associated with the virtual scanning
member is obtained from the virtual three-dimensional model. Based on a scanning-member
library, the size of the scanning member is determined from the virtual code. Based on the
virtual code, the orientation of the non-rotational fitting of the scanning member is
determined. The virtual scanning member in the virtual three-dimensional model is replaced
with a virtual proxy abutment to create a modified virtual three-dimensional model. The
virtual proxy abutment has known characteristics for determining (i) an orientation for the
patient-specific prosthesis to be attached to the implant and (ii) a size of at least a portion of
the patient-specific prosthesis. The patient-specific prosthesis to be coupled to the implant in
the mouth of the patient is designed by use of the virtual proxy abutment. The virtual proxy
abutment provides the same information as the coded healing abutment, which can then be
utilized to design the patient-specific prosthesis.

[0011] According to some implementations of the present disclosure, a set of healing
abutments includes a first healing abutment and a second healing abutment. The first healing
abutment has an upper surface with a first code thereon. The first code is associated with a
size of the first healing abutment. The second healing abutment has an upper surface with a
second code thereon. The second code is associated with a size of the second healing
abutment. The first healing abutment and the second healing abutment have the same size.
The first code is different from the second code.

[0012] According to some implementations of the present disclosure, a set of
scanning members includes a first scanning member and a second scanning member. The
first scanning member has a first code on an outer surface thereof. The first code is indicative
of a size of the first scanning member. The second scanning member has a second code on
an outer surface thereof. The second code is indicative of a size of the second scanning
member. The first scanning member has the same size as the second scanning member and
the first code is different from the second code.

[0013] According to some implementations of the present disclosure, a system for use
in developing a patient-specific prosthesis to be coupled to an implant installed in a mouth of

a patient includes a plurality of healing abutments and a storage medium. The plurality of
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healing abutments includes at least a first healing abutment and a second healing abutment
that are intended to be scanned, while in the mouth, to create a virtual model. The first
healing abutment has a top surface with a first code thercon. The first code is at least
associated with a height of the first healing abutment. The second healing abutment has a top
surface with a second code thereon. The second code is at least associated with a height of
the second healing abutment. The height of the first healing abutment is different from the
height of the second healing abutment and the first code is different from the second code.
The storage medium is associated with the plurality of healing abutments and stores
executable instructions configured, upon execution by one or more processors, to cause the
system to (1) identify whether the virtual model includes virtual features indicative of the first
code or the second code, (ii) alter the virtual model to include a first virtual proxy abutment if
the first code is present, and (ii1) alter the virtual model to include a second virtual proxy
abutment if the second code is present.

[0014] According to some implementations of the present disclosure, a method for
developing a patient-specific prosthesis to be coupled to an implant installed in a mouth of a
patient includes scanning a scanning member that is attached to the implant to obtain scan
data. The scanning member has a code thereon. The code is indicative of a size of the
scanning member and an orientation of a non-rotational fitting of the scanning member.
Within a virtual three-dimensional model of the mouth created using the scan data, a first
virtual proxy abutment to be added to the virtual three-dimensional model is selected if the
code is a first code. The first virtual proxy abutment has a first set of known characteristics
for determining (i) an orientation for the patient-specific prosthesis to be coupled to the
implant and (i1) a size of at least a portion of the patient-specific prosthesis. Within the
virtual three-dimensional model of the mouth created using the scan data, a second virtual
proxy abutment to be added to the virtual three-dimensional model is selected if the code is a
second code. The second virtual proxy abutment has a second set of known characteristics
that is different from the first set of known characteristics. The patient-specific prosthesis to
be coupled to the implant in the mouth of the patient is designed by use of either the first
virtual proxy abutment or the second virtual proxy abutment.

[0015] According to some implementations of the present disclosure, a method for
developing a patient-specific prosthesis to be coupled to an implant installed in a mouth of a

patient includes non-rotationally attaching a healing abutment to the implant. The healing



WO 2015/094700 PCT/US2014/068637

-7-

abutment has a code thereon. The code is associated with a size of the healing abutment.
After a sufficient period of time during which gingival tissue surrounding the healing
abutment has healed, at least a portion of the mouth including the healing abutment is
scanned to create a virtual three-dimensional model of at least a portion of the mouth. The
virtual three-dimensional model includes a portion of a virtual healing abutment having a
virtual code thereon. The virtual code corresponds to the code on the healing abutment
attached to the implant in the mouth of the patient. The virtual three-dimensional model is
transmitted from a first party to a second party. The second party has access to a code-to-
abutment correlation library and the first party does not having access to the code-to-
abutment correlation library. Code information associated with the code on the healing
abutment is obtained from the transmitted virtual three-dimensional model. The obtained
code information and the code-to-abutment correlation library is used to determine (i) a size
of the healing abutment and (ii) an orientation of the healing abutment. A virtual proxy
abutment is selected using the determined size of the healing abutment and a proxy abutment
correlation library. The transmitted virtual three-dimensional model is modified to remove
the portion of the virtual healing abutment and to include the virtual proxy abutment. The
virtual proxy abutment is positioned in the modified virtual three-dimensional model at a
position and orientation associated with the location and the orientation of the portion of the
virtual healing abutment in the transmitted virtual three-dimensional model. The modified
virtual three-dimensional model is transmitted from the second party to a third party. A
proxy code associated with the virtual proxy abutment is obtained from the transmitted
modified virtual three-dimensional model. The obtained proxy code is used to determine
information related to the virtual proxy abutment. A patient-specific prosthesis to be coupled
to the implant in the mouth of the patient is designed based on the information determined
from the proxy code.

[0016] According to some implementations of the present disclosure, a system for use
in developing a patient-specific prosthesis to be coupled to an implant installed in a mouth of
a patient includes a plurality of scanning members and a storage medium. The plurality of
scanning members are intended to be scanned, while in the mouth, to create a virtual model.
The plurality of scanning members include a first set of scanning members and a second set
of scanning members. Each of the scanning members in the first set of scanning members

has (1) a different height and (ii) a code from a first set of codes thercon. Each code in the
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first set of codes is different. Each of the scanning members in the second set of scanning
members has (i) a different height and (ii) a code from a second set of codes thereon. Each
code in the second set of codes is different. The storage medium is associated with the
plurality of scanning members and stores executable instructions configured, upon execution
by one or more processors, to cause the system to (i) identify whether the virtual model
includes virtual features indicative of one of the codes in the first set of codes or one of the
codes in the second set of codes, (ii) alter the virtual model to include a first proxy abutment
if one of the first set of codes is present, and (iii) alter the virtual model to include a second
proxy abutment if one of the second set of codes is present.

[0017] According to some implementations of the present disclosure, a plurality of
scanning members that are attachable to a dental implant installed in a patient’s mouth
include a first set of scanning members and a second set of scanning members. The first set
of scanning members has a first set of codes on outer surfaces thereof. Each of the first set of
codes is indicative of a size of the corresponding one of the first set of scanning members.
The first set of scanning members includes scanning members of different sizes. The second
set of scanning members has a second set of codes on outer surfaces thereof. Each of the
second set of codes is indicative of a size of the corresponding one of the second set of
scanning members. The second set of scanning members includes scanning members of
different sizes. A presence of one of the first set of codes in a virtual model of the patient’s
mouth results in the virtual model being modified to include a first virtual proxy abutment
and a presence of one of the second set of codes in the virtual model of the patient’s mouth
results in the virtual model being modified to include a second virtual proxy abutment. The
first virtual proxy abutment is different from the second virtual proxy abutment. Each of the
first and the second virtual proxy abutments has characteristics used in developing a patient-
specific prosthesis to be attached to the dental implant.

[0018] According to some implementations of the present disclosure, a method for
developing a patient-specific prosthesis to be coupled to an implant installed in a mouth of a
patient includes scanning a scanning member that is attached to the implant to obtain scan
data. The scanning member has a top surface with a code thereon. The code is indicative of
a size of the scanning member and an orientation of a non-rotational fitting of the scanning
member. From the scan data, a virtual three-dimensional model of the mouth is created. The

virtual three-dimensional model includes a virtual scanning member with a virtual code
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thereon. The virtual code corresponds to the code on the scanning member attached to the
implant in the mouth of the patient. From the virtual three-dimensional model, the virtual
code associated with the virtual scanning member is obtained. Based on a scanning-member
library, the size of the scanning member is determined from the virtual code. Based on the
virtual code, the orientation of the non-rotational fitting of the scanning member is
determined. The virtual scanning member is replaced in the virtual three-dimensional model
with a virtual gingival aperture and a virtual proxy abutment to create a modified virtual
three-dimensional model. The virtual gingival aperture corresponds to a size of at least a
portion of the scanning member. The virtual proxy abutment has known characteristics for
determining a location and an orientation for the patient-specific prosthesis to be attached to
the implant. By use of the virtual gingival aperture and the virtual proxy abutment, the
patient-specific prosthesis to be coupled to the implant in the mouth of the patient is
designed.

[0019] According to some implementations of the present disclosure, a method for
developing a patient-specific prosthesis to be coupled to an implant installed in a mouth of a
patient includes modifying a virtual three-dimensional model including one or more virtual
teeth, virtual gingival tissue, and a virtual scanning member. The modifying includes
replacing the virtual scanning member with a virtual gingival aperture and a floating virtual
proxy abutment to create a modified virtual three-dimensional model. The floating virtual
proxy abutment is virtually detached from the rest of the modified virtual three-dimensional
model and the floating virtual proxy abutment has known characteristics for determining a
location and an orientation for a virtual implant to be positioned in the modified virtual three-
dimensional model that corresponds with the position and orientation of the implant in the
mouth of the patient. By use of the virtual gingival aperture and the positioned virtual
implant, the patient-specific prosthesis to be coupled to the implant in the mouth of the
patient is designed.

[0020] According to some implementations of the present disclosure, a virtual three-
dimensional model for use in developing a patient-specific prosthesis to be coupled to an
implant installed in a mouth of a patient includes one or more virtual teeth, virtual gingival
tissue, and a floating virtual proxy abutment. The virtual gingival tissue includes a virtual
gingival aperture leading to a location for a virtual implant. The floating virtual proxy

abutment is positioned relative to the virtual gingival aperture and is virtually detached from
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the rest of the virtual three-dimensional model. The floating virtual proxy abutment has
known characteristics for determining a location and an orientation for the patient-specific
prosthesis to be attached to the implant.

[0021] According to some implementations of the present disclosure, a system for use
in developing a patient-specific prosthesis to be coupled to an implant installed in a mouth of
a patient includes a scanning member and a storage medium. The scanning member is a
member of a set of scanning members and is intended to be scanned while in the mouth to
create a virtual model. Each of the scanning members in the set of scanning members has (i)
a different height and (ii) a code from a set of codes thercon. Each code in the set of codes is
different. The storage medium is associated the set of scanning members and stores
executable instructions configured, upon execution by one or more processors, to cause the
system to (i) identify whether the virtual model includes virtual features indicative of one of
the codes in the set of codes and (ii) alter the virtual model to include a first virtual proxy

abutment if one of codes in the set of codes is present.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The foregoing and other advantages of the invention will become apparent
upon reading the following detailed description and upon reference to the drawings.
[0023] FIG. 1A is a top view of a healing abutment with a first coding system

according to some implementations of the present disclosure;

[0024] FIG. 1B is a cross-sectional side view of the healing abutment shown in FIG.
1A;
[0025] FIG. 2A is a top view of a second healing abutment with the first coding

system according to some implementations of the present disclosure;

[0026] FIG. 2B is a cross-sectional side view of the second healing abutment shown
in FIG. 2A;
[0027] FIG. 3A is a top view of a third healing abutment with a second coding system

that is different from the first coding system relative to FIGS. 1A-2B;
[0028] FIG. 3B is a perspective view of the third healing abutment shown in FIG. 3A;
[0029] FIG. 4A is a top view of another healing abutment with the second coding

System;
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[0030] FIG. 4B is a perspective view of the healing abutment shown in FIG. 4A;
[0031] FIG. 5A is a top view of yet another healing abutment with the second coding
System;

[0032] FIG. 5B is a perspective view of the healing abutment shown in FIG. 5A;
[0033] FIG. 6A is a top view of a further healing abutment with the second coding
System;

[0034] FIG. 6B is a perspective view of the healing abutment shown in FIG. 6A;
[0035] FIG. 7A is a top view of a temporary abutment having a coding system,;

[0036] FIG. 7B is perspective view of the temporary abutment shown in FIG. 7A;
[0037] FIG. 8A is a top view of a second temporary abutment having the coding
System;

[0038] FIG. 8B is perspective view of the temporary abutment shown in FIG. 8A;
[0039] FIG. 9 is a cross-sectional side view of a temporary prosthesis coupled to an

implant via the temporary abutment of FIGS. 7A and 7B according to some implementations
of the present disclosure;

[0040] FIG. 10 illustrates a scanning device that directly scans a portion of a mouth of
a patient for use in creating a virtual three-dimensional model;

[0041] FIG. 11 illustrates a scanning device that scans a stone model of a mouth of a
patient for use in creating a virtual three-dimensional model;

[0042] FIG. 12 illustrates a virtual three-dimensional model of a portion of a mouth of
a patient developed from the scanning in FIG. 10 or FIG. 11;

[0043] FIG. 13 illustrates a modified virtual three-dimensional model of the mouth of
the patient where the virtual healing abutment of FIG. 12 has been removed, and a virtual
proxy abutment is provided to fit on a virtual implant;

[0044] FIG. 14 illustrates the modified virtual three-dimensional model of FIG. 13
where the virtual proxy abutment is attached to the virtual implant;

[0045] FIG. 15 is a flow chart of a method for making a patient-specific prosthesis
using the process according to the present disclosure;

[0046] FIG. 16A is a non-public code-to-abutment correlation library illustrating
codes that correlate to specific sizes of healing abutments according to some implementations

of the present disclosure;
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[0047] FIG. 16B is a non-public abutment-to-proxy correlation library illustrating
virtual proxy abutments that correlate to the specific sizes of healing abutments of FIG. 16A;
[0048] FIG. 17A is a second non-public code-to-abutment correlation library
illustrating codes that correlate to specific sizes of healing abutments according to some
implementations of the present disclosure;

[0049] FIG. 17B is a second non-public abutment-to-proxy correlation library
illustrating virtual proxy abutments that correlate to the specific sizes of healing abutments of
FIG. 17A;

[0050] FIG. 18 illustrates an alternative implementation in which the modified virtual
three-dimensional model of the mouth of the patient includes a virtual insert abutment
attached to a virtual implant, as opposed to a virtual proxy abutment;

[0051] FIG. 19 is a flow chart showing the overall process for making a patient-
specific prosthesis using the process of the present disclosure;

[0052] FIG. 20 illustrates a perspective view of a portion of a modified virtual three-
dimensional model of the mouth of the patient where the virtual healing abutment of FIG. 12
has been removed and a virtual gingival aperture leading to a virtual implant is shown;

[0053] FIG. 21A illustrates a perspective view of the modified virtual three-
dimensional model of FIG. 20 having a narrow virtual proxy abutment contiguous with the
surrounding portion of the modified virtual three-dimensional model according to some

implementations of the present disclosure;

[0054] FIG. 21B illustrates a partial cross-sectional view of the modified virtual
three-dimensional model of FIG. 21A;
[0055] FIG. 22A illustrates a perspective view of the modified virtual three-

dimensional model of FIG. 20 having a floating virtual proxy abutment virtually detached
from and positioned relative to the surrounding portion of the modified virtual three-
dimensional model according to some implementations of the present disclosure; and

[0056] FIG. 22B illustrates a partial cross-sectional view of the modified virtual
three-dimensional model of FIG. 22A.

[0057] While the present disclosure is susceptible to various modifications and
alternative forms, specific implementations have been shown by way of example in the
drawings and will be described in detail herein. It should be understood, however, that the

present disclosure is not intended to be limited to the particular forms disclosed. Rather, the
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present disclosure is to cover all modifications, equivalents, and alternatives falling within the

spirit and scope of the present disclosure as defined by the appended claims.

DESCRIPTION OF ILLUSTRATIVE IMPLEMENTATIONS

[0058] Referring to FIGS. 1A and 1B, a two-piece healing abutment 10 includes an
abutment body 12 (FIG. 1B) and a retaining screw 14. The abutment body 12 is generally
cylindrical in shape with an internal bore 13 for receiving the retaining screw 14 to
removably couple the healing abutment 10 to an implant (not shown) installed in a mouth of a
patient. As shown in FIG. 1B, the abutment body 12 includes a female anti-rotational feature
18 (e.g., a hexagonal socket) suitable for mating in a non-rotational manner with an implant
(not shown) having a corresponding anti-rotational male feature (e.g., a hexagonal boss). Of
course, the male/female anti-rotational features can be reversed where the healing abutment
includes a male anti-rotational feature (e.g., a hexagonal boss) and the implant includes a
female anti-rotational feature (e.g., a hexagonal socket).

[0059] A top surface 15 of the abutment body 12 includes two types of informational
markers 16a, 16b at certain ones of a plurality of informational marker locations 17. As
shown in FIG. 1A, there are twelve informational marker locations 17, including six
informational marker locations 17 located generally above the six corners of the underlying
female anti-rotational feature 18 (e.g., a hexagonal socket) and the other six informational
markers 17 located generally above the six flats of the underlying female anti-rotational
feature 18 (c.g., a hexagonal socket). While twelve informational marker locations 17 are
shown and described, any other number of informational marker locations 17 are possible
(e.g., two informational marker locations, four informational marker locations, six
informational marker locations, etc.). Each of the informational marker locations 17 on the
healing abutment 10 is configured to include one or more informational markers, and the
presence or absence of such markers provides information.

[0060] The informational markers 16a, 16b are indicative of one or more
characteristics of the healing abutment 10 itself and/or of the underlying implant (not shown)
to which the healing abutment 10 is attached. The presence, absence, size, and/or shape of
the first informational markers 16a at certain marker locations 17 can correspond to the

height of the healing abutment 10 and, hence, a height or vertical position (i.e., z-axis
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location) of a table or seating surface of the underlying implant. Or, the presence, absence,
size, and/or shape of the first informational markers 16a can be indicative of the x-y location
of the table or seating surface of the underlying implant. In another example, the first
informational markers 16a can be indicative of the angle that the underlying implant rests
with respect to vertical within the patient’s jawbone (e.g., pitch and yaw). In a further
example, the presence, absence, size, and/or shape of the first informational markers 16a can
be indicative of the size and/or shape of the healing abutment 10 and/or the underlying
implant and/or provide information indicative of the manufacturer of the underlying implant.
The second type of informational markers 16b can be indicative of other information. For
example, the second type of informational markers 16b can be geometrically aligned with
opposing flats of the anti-rotational feature 18 of the healing abutment 10 (and, thus, the flat
surfaces on the underlying implant’s anti-rotational feature) to indicate the rotational
orientation of the non-rotational features of the healing abutment 10 and the underlying
implant.

[0061] As best shown in FIG. 1B, the first information markers 16a arc shown as
pimples or small projections from the top surface 15 in predefined informational marker
locations 17 (e.g., informational marker locations that are equally spaced around the top
surface 15 and corresponding to the corners of the underlying female anti-rotational feature
18). The second information markers 16b are shown as divots or notches in the top surface
15 in predefined informational marker locations 17 (e.g., informational marker locations that
are equally spaced around the top surface 15 and corresponding to the locations of the flats of
the underlying female anti-rotational feature 18). The presence and/or absence of an
informational marker or code in an informational marker location 17 provides information
about the size of the healing abutment 10, the orientation of the healing abutment 10 relative
to an underlying implant (e.g., the orientation of the flats of the underlying anti-rotational
feature 18 relative to the flats of the underlying implant), and/or the contours of the sub-
gingival tissue that abuts the healing abutment 10, which are not exposed (e.g., the sub-
gingival tissue is assumed/predicted to heal around the contours of the healing abutment 10
and thus takes the shape of the contours of the healing abutment 10).

[0062] The informational markers 16a, 16b can be positive informational markers
(such as raised projections/pimples), negative informational markers (such as indentations,

notches, or dimples), lines, etching, alphanumeric characters, etc. It is further contemplated
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that the cross-section of the informational markers can be shaped a certain way, such as
rectangles, triangles, or various other shapes. Further, the informational marker locations 17
themselves can act as informational markers and provide and/or indicate information (e.g.,
orientation of an underlying socket or boss).

[0063] According to some implementations, the informational markers 16a, 16b
define a binary marking system that identifies unique characteristics of the healing abutment
10 and/or the underlying implant. As is well known, a binary-coded system exists as an array
of digits, where the digits are either “1” or “0” that represent two states, respectively, ON and
OFF. For each informational marker location 17, the presence of an informational marker
16a, 16b (“ON”) is a 1 and the absence of an informational marker 16a, 16b (“OFF”) is a 0.
By grouping sets of 1’s and 0’s together starting from a known starting location, a code for
the healing abutment is determined (e.g., 1-0-0-1 for a four informational marker location
healing abutment, 0-0-1-0-0-1-1-1-0-0 for a ten informational marker location healing
abutment, etc.), and using that code (e.g., with reference to a non-public code-to-abutment
correlation library), information about each healing abutment 10 can be determined. In this
type of binary-coded system, one or more markings (e.g., a notch, a line, an arrow, etc.) are
typically present to indicate the first “digit” to be read in a certain order across the top surface
15 of the healing abutment 10, such as clockwise or counterclockwise.

[0064] In short, the combination of the informational markers 16a, 16b and the
informational marker locations 17 on the top surface 15 of the abutment body 12 form a code.
As such, the set of informational markers 16a, 16b (and other informational markers
described herein) can be referred to as a code. The code for any given dental-implant
component (e.g., healing abutment, temporary abutment, etc.) can be interpreted with
reference to a non-public code-to-abutment correlation library (which is described in more
detail below) to determine a size and/or an orientation of the component and, thus,
information related to the underlying implant and gingival aperture leading to the implant.
Further, in lieu of using informational markers, such as, for example, notches and/or
protrusions to define a code that is used in identifying a healing abutment, the code for a
particular healing abutment can be a known preformed shape and/or a known geometry on a
top surface of the healing abutment that is identifiable by scanning the top surface. For
example, the code can be a single wave on the top surface, two waves, a random structure

that is identical from abutment to abutment of the same size, etc. For another example, the
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code can include a dot, a dash, a triangle, a square, a circle, an oval, or any combination
thereof, printed on and/or etched into a surface (e.g., a top surface) of the healing abutment.
[0065] Additional information on informational markers and/or codes and/or
informational marker locations is found in U.S. Pat. No. 6,790,040 and U.S. Pat. App. Pub.
No. 2012-0295223, both of which are assigned to the assignee of the present disclosure and
are hereby incorporated by reference herein in their entireties.

[0066] Referring to FIGS. 2A and 2B, another two-piece healing abutment 20
includes an abutment body 22 and a retaining screw 24. The healing abutment 20 is similar
to the healing abutment 10 of FIGS. 1A and 1B. However, the healing abutment 20 has a
different size (e.g., relatively larger height than the healing abutment 10) and a different code
on a top surface 25 thereof. Specifically, the top surface 25 of the abutment body 22 includes
informational markers 26a that define the code. The informational markers 26a are similar to
the informational markers 16a in that the informational markers 26a are in the form of
pimples or small projections from the top surface 25 of the abutment body 22. However, the
informational markers 26a are different from the informational markers 16a, 16b, and define
a different code, which identifies the healing abutment 20 relative to other healing abutments
(including the healing abutment 10). The code from the informational markers 26a for can be
interpreted with reference to a non-public code-to-abutment correlation library to determine a
size and/or an orientation of the healing abutment 20 and, thus, the information related to the
underlying implant and gingival aperture leading to the implant.

[0067] Referring to FIGS. 3A-6B, different codes on different healing abutments 30,
40, 50, and 60 help to identify each one of the healing abutments. The four two-piece healing
abutments 30, 40, 50, and 60 (the screw pieces are not shown) have different sizes, as shown
in FIGS. 3A-6B. Specifically, FIGS. 3A and 3B show a “343” healing abutment 30 having a
3.4 mm platform diameter (for mating with the implant), a 3.8 mm maximum body diameter,
and a 3.0 mm height. FIGS. 4A and 4B show a “448” healing abutment 40 having a 4.1 mm
platform diameter, a 4.1 mm maximum body diameter, and an 8.0 mm height. FIGS. 5A and
5B show a “568” healing abutment 50 having a 5.0 mm platform diameter, a 6.0 mm
maximum body diameter, and an 8.0 mm height. FIGS. 6A and 6B show a “673” healing
abutment 60 having a 6.0 mm platform diameter, a 7.5 mm maximum body diameter, and a
3.0 mm height. The healing abutments 30, 40, 50, and 60 may include indicium 32, 42, 52,

and 62 that provides these various dimensions. But even when included, the indicium 32, 42,
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52, and 62 on the sides of each respective healing abutment 30, 40, 50, and 60 are typically
obscured (partially or completely) when the healing abutments 30, 40, 50, and 60 are
installed in a mouth of a patient. In such instances, reliance on the codes (e.g., determined by
the informational markers and the informational marker locations) disposed on the respective
top surfaces 35, 45, 55, and 65 of the healing abutments 30, 40, 50, and 60 is necessary to: (1)
determine the size of the healing abutment and (ii) determine the orientation of the healing
abutment’s non-rotational feature that will mate with the underlying implant.

[0068] For example, as shown best in FIG. 3A, the top surface 35 of the abutment 30
includes a first set of informational markers 36a, which define the orientation of the
underlying anti-rotational feature that mates with the implant. As will be discussed below,
cach of other three healing abutments 40, 50, 60 in FIGS. 4-6 also includes a similar first set
of informational markers for defining the orientation of the underlying anti-rotational feature.
The first set of informational markers 36a are shown as relatively large/wide notches
positioned in two separate and adjacent quarters of the top surface 35.

[0069] In the case of the healing abutment 30 (as well as healing abutments 40, 50, 60
in FIGS. 4-6), the top surface 35 is divided into four information marker locations 37, two of
which overlap with the two informational markers in the first set of informational markers
36a. Each of the four information marker locations 37 includes or lacks a second type of
informational marker. On the healing abutment 30, the top surface 35 includes none of a
second type of informational markers at the four information marker locations 37. With no
second type of informational markers at the four information marker locations 37, if using a
binary system, the code of the healing abutment 30 would be 0-0-0-0. The code of the
abutment 30 is preferably interpreted or decoded relative to the orientation of the first set of
informational markers 36a (or some other structure) on the healing abutment 30 (e.g., starting
at six o’clock where the rightmost first type of information marker 36a is present and moving
clockwise). The code on the top surface 35 of the healing abutment 30 can be interpreted or
decoded with reference to a non-public code-to-abutment correlation library to identify the
abutment 30 (including its size and dimensions) with knowledge only of the code on the top
surface 35 (e.g., not with knowledge of the indicia 32 “343” on the side of the healing
abutment 30, which is likely obscured when installed). While four informational marker
locations 37 are shown, the number of informational marker locations 37 can be varied (e.g.,

two locations, five locations, six locations, ten locations, twelve locations, etc.).
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[0070] In FIGS. 4A and 4B, a top surface 45 of the abutment 40 includes four
informational marker locations 47, two of the first type of informational markers 46a, and
three of the second type of informational markers 46b. The first type of informational
markers 46a is the same as, or similar to, the first type of informational markers 36a
described in reference to FIG. 3A in that they establish the location of the underlying non-
rotational feature. The second type of informational markers 46b are shown as relatively
small notches positioned in three of the four informational marker locations 47 of the top
surface 45. One of the second types of informational markers 46b coincides with one of the
first type of informational markers 46a such that they overlap. If using a binary system,
starting at six o’clock at the rightmost first type of information marker 46a and moving
clockwise, the code of the healing abutment 40 would be 0-1-1-1 as defined by the presence
or absence of the second type of informational markers 46b in the four informational marker
locations 47. Thus, the information markers 46a and 46b on the top surface 45 provides a
code for identifying the healing abutment 40 and locating its underlying anti-rotational
feature that mates with the implant. The code on the top surface 45 can be interpreted or
decoded with reference to the non-public code-to-abutment correlation library to identify the
abutment 40 with knowledge only of the code on the top surface 45 (e.g., not with knowledge
of the indicia 42 on the side of the healing abutment 40, which is likely obscured when
installed).

[0071] As shown in FIGS. 5A and 5B, a top surface 55 of the abutment 50 includes
four informational marker locations 57, two of the first type of informational markers 56a,
and three of the second type of informational markers 56b. The first type of informational
markers 56a is the same as, or similar to, the first type of informational markers 36a
described in reference to FIG. 3A in that they establish the location of the underlying non-
rotational feature. The second type of informational markers 56b are shown as relatively
small notches positioned in three of the four informational marker locations 57 of the top
surface 55. One of the second type of informational markers 56b coincides with one of the
first type of informational markers 56a such that they overlap. If using a binary system,
starting at six o’clock at the rightmost first type of information marker 56a and moving
clockwise, the code of the healing abutment 50 would be 1-0-1-1 as defined by the presence
or absence of the second type of informational markers 56b in the four informational marker

locations 57. The information markers 56a and 56b on the top surface 55 provides a code for
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identifying the healing abutment 50 and locating its underlying anti-rotational feature that
mates with the implant. The code on the top surface 55 can be interpreted or decoded with
reference to the non-public code-to-abutment correlation library to identify the abutment 50.
[0072] Similarly, in FIGS. 6A and 6B, a top surface 65 of the abutment 60 includes
informational marker locations 67, the first type of informational markers 66a, and the second
type of informational markers 66b. The same system described above with reference to
FIGS. 3A-5B is present. If using a binary system, and starting at six o’clock at the rightmost
first type of information marker 66a and moving clockwise, the code of the healing abutment
60 would be 1-1-0-0 as defined by the presence or absence of the second type of
informational markers 66b in the four informational marker locations 67. The information
markers 66a and 66b on the top surface 65 provides a code for identifying the healing
abutment 60 and for locating the orientation of the underlying anti-rotational feature that
mates with the implant. The code on the healing abutment 60 be interpreted or decoded with
reference to the non-public code-to-abutment correlation library.

[0073] As shown in FIGS. 3A-6B, the codes on the top surfaces 35, 45, 55, and 65 are
different, which indicates that the healing abutments 30, 40, 50, and 60 each have different
sizes. Of course, as described in further detail below, according to the present disclosure,
different codes on two healing abutments does not necessarily mean that the two healing
abutments have different sizes because multiple codes can be used to indicate the same size
healing abutment.

[0074] While the healing abutments 10, 20, 30, 40, 50, and 60 have been described as
being a part of sets of healing abutments having an identifiable marking system (e.g., a binary
marking system), the actual codes (e.g., 1-0-1-1 or 0-0-1-1) may not necessarily be required
for identification of each type of abutment. Rather, shape-matching algorithms within the
software used to analyze the virtual models having virtual healing abutments that have been
produced by a scanning process can be used to identify the type of healing abutment within
the virtual model.

[0075] It should also be understood that the size of the maximum body diameter of
the healing abutment relative to the diameter of the screw hole is also useful for identifying a
specific healing abutment through the scanning process. For example, it is possible to use the

same code on two different sized healing abutments, because the relative diametric sizes of
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the two different healing abutments can identify the healing abutment even when the same
code 1s used.

[0076] Further, although the healing abutments 10, 20, 30, 40, 50, and 60 have been
described relative to a four-digit binary code system (e.g., 1-0-1-1, 0-0-1-1, etc.), one pair of
informational marker locations 17, 27, 37, 47, 57, 67 can be used to indicate one specific
characteristic, while a second pair of marking locations 17, 27, 37, 47, 57, 67 can be used to
indicate another specific characteristic of the healing abutment. As an example, and with
reference to FIGS. 6A and 6B, the presence or absence of the second type of informational
markers 66b at six o'clock and/or at nine o'clock (i.e., within the regions of the first type of
informational markers 66a that indicates the orientation of the underlying implant) can dictate
one of four possible platform diameters (e.g., implant diameters), such as 3.4 mm, 4.1 mm,
5.0 mm, and 5.5 mm. And, the presence or absence of the second type of informational
markers 66b at twelve o'clock and/or at three o'clock (i.e., opposite the regions of the first
type of informational markers 66a that indicate the orientation of the underlying implant) can
dictate one of four possible healing abutment heights, such as 3.0 mm, 4.0 mm, 6.0 mm, and
8.0 mm. In other words, the informational marker locations on the top surface of the healing
abutment can be divided into groups (e.g., two groups) and certain characteristics of the
healing abutment can be associated with each group. The maximum body diameter of the
healing abutment can be gauged by the overall width of the upper surface that is found from
the scan. Again, if the diameter of the screw hole is a constant in all sizes of implants,
determining the size of the overall diameter (e.g., maximum body diameter) of the healing
abutment can be readily obtained because of a known and scalable feature (e.g., the diameter
of the screw hole) on the upper surface of the healing abutment. Similarly, a known and
scaled line can be placed on the upper surfaces of each healing abutment for scaling purposes.
[0077] The type of screw that is placed within the opening of a healing abutment can
also provide information. For example, the head of the screw that is generally coplanar with
the upper surface of the healing abutment can have one or more features (e.g., grooves) to
indicate the type of implant connection, such as an internally hexed implant (i.c., an implant
with an internal hexagonal socket) versus an externally hexed implant (i.e., an implant with
an external hexagonal boss)

[0078] In addition to informational markers and codes being used with healing

abutments (e.g., the healing abutments 10, 20, 30, 40, 50, and 60), informational markers and
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codes can be used on other types of components used in conjunction with dental implants.
For example, temporary abutments used in temporary prostheses can include codes for
identifying the size of the temporary abutment and/or an orientation of the temporary
abutment. For example, as shown in FIGS. 7A and 7B, a temporary abutment 70 has a
generally cylindrical shape with an internal bore 72 for receiving a screw 92 (shown in FIG.
9) for removably coupling the temporary abutment 70 to an implant 99 (shown in FIG. 9). A
top surface 75 of the temporary abutment 70, which is best shown in FIG. 7A, includes four
informational marker locations 77. The informational marker locations 77 are positioned
circumferentially around the top surface 75 of the temporary abutment 70. While the
temporary abutment 70 is shown with informational marker locations 77 at locations of 3
o’clock, 6 o’clock, 9 o’clock, and 12 o’clock, with respect to an anti-rotational structure 71
being at 12 o’clock, it is contemplated that additional informational marker locations (not
shown) can be located on the top surface 75 (e.g., between 9 o’clock and 12 o’clock, between
3 o’clock and 6 o’clock, etc.).

[0079] The top surface 75 of the temporary abutment 70 includes four informational
marker locations 77, two informational markers 76a, and one informational marker 76b. The
informational markers 76a are the same as, or similar to, the informational markers 36a
described in reference to FIG. 3A and the informational markers 76b arc the same as, or
similar to, the informational markers 46b described in reference to FIG. 4A. The
informational markers 76a, the informational markers 76b, and the informational marker
locations 77 provided a code for identifying the temporary abutment 70 and locating its
underlying anti-rotational feature 78 (shown in FIG. 7B) of the temporary abutment 70.
[0080] Similarly, in FIGS. 8A and 8B, a temporary abutment 80 includes all of the
same features as the temporary abutment 70. However, the temporary abutment 80 has a
different size. The difference is noticeable in that the temporary abutment 80 has a relatively
wider flange 89 than a flange 79 (FIG. 7B) of the temporary abutment 70. The top surface 85
of the temporary abutment 80 includes a different code defined by informational markers 86a
and informational markers 86b, which indicates that the temporary abutment 80 has at least
one characteristic that is different from the temporary abutment 70. In short, other
components beyond healing abutments can include codes that can be picked up through

scans.
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[0081] Referring to FIG. 9, an assembled view of a temporary prosthesis assembly 90
and a dental implant 99 is shown. The prosthesis assembly 90 includes the temporary
abutment 70 and a temporary prosthesis 97 coupled to the temporary abutment 70 providing a
temporary tooth. The implant 99 is installed in a jawbone (not shown) of a patient, and then
the temporary abutment 70 is non-rotationally attached to the implant 99 via the underlying
anti-rotational feature 78 (best shown in FIG. 7B) and the screw 92. The temporary abutment
70 is attached to the implant 99 such that a bottom portion of the flange 79 of the temporary
abutment 70 abuts and/or rests upon a table or seating surface of the dental implant 99.
Additional details on the temporary prosthesis assembly 90 and other similar assemblies
including temporary abutments with informational markers and informational marker
locations can be found in U.S. Pat. App. Pub. No. 2012-0295223, assigned to the assignee of
the present disclosure, which is hereby incorporated by reference herein in its entirety.

[0082] With the above details about coded dental implant components in mind, the
following disclosure is generally directed towards methods of creating virtual three-
dimensional models of at least a portion of a mouth of a patient for use in developing custom
components to be attached to an implant in the mouth of the patient (e.g., patient-specific
abutments, patient specific crowns, etc.). As a brief overview of some of the disclosed
methods of the present disclosure, an implant is installed in the mouth of a patient. Either at
the time of installation of the implant or after an ossecointegration period, a healing abutment
(e.g., healing abutment 10, 20, 30, 40, 50, 60) is attached to the implant in a non-rotational
manner. That healing abutment has a top surface with a code thereon (e.g., one or more
informational markers positioned in one or more informational marker locations).
Immediately after installation of the healing abutment and/or after a healing period where the
gingival tissue is permitted to heal around the healing abutment, a virtual three-dimensional
model of at least a portion of the mouth of the patient is created using one or more scanning
techniques.

[0083] The virtual three-dimensional model having the virtual healing abutment with
the coded top surface is sent to an authorized entity (e.g., the manufacturer of the healing
abutments or its authorized licensee or agent) installed in the patient’s mouth. The authorized
agent analyzes the virtual three-dimensional model and, specifically, the portion depicting the
top surface of the healing abutment having the code for the healing abutment (e.g., using at

least one computer executing one or more software programs that preferably include shape-
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matching algorithms). With reference to a non-public (i.e., private) code-to-abutment
correlation library accessible by the authorized entity, the authorized entity identifies the
particular healing abutment and its size (e.g., a “343” healing abutment) using the code on the
upper top surface. The authorized entity, using the code, also determines an orientation of the
anti-rotational feature of the healing abutment.

[0084] With the determined size and orientation, the authorized entity then modifies
the virtual three-dimensional model by removing the virtual healing abutment and replacing it
with a virtual proxy abutment (e.g., virtual proxy abutment 220 shown in FIGS. 13 and 14,
narrow virtual proxy abutment 820 shown in FIGS. 21A and 21B, floating virtual proxy
abutment 920 shown in FIGS. 22A and 22B, etc.). The virtual proxy abutment has a surface
(e.g., a top or upper surface) with a virtual proxy code located thereon. After the virtual
three-dimensional model is modified to include the virtual proxy abutment, the authorized
entity sends the modified virtual three-dimensional model to another party (e.g., a dental
laboratory) that uses the modified virtual three-dimensional model to develop the patient-
specific components for the patient. The virtual proxy abutment has a publicly known size
and shape that is correlated to its virtual proxy code. Thus, this modification by the
authorized entity essentially replaces the healing abutment with a virtual proxy abutment. As
such, to develop the pertinent components (e.g., permanent and/or temporary patient-specific
abutment, permanent and/or temporary patient-specific crown, etc.), the other party receiving
the modified virtual three-dimensional model only needs to have knowledge of a publicly
available proxy abutment library and not the non-public code-to-abutment and/or abutment-
to-proxy correlation libraries.

[0085] A more specific description of the above summarized method is provided with
reference to FIGS. 10-17B. Starting with FIG. 10, a mouth 100 of a patient 101 having a
healing abutment 120 installed therein is created by scanning the mouth 100 using a scanner
110 (e.g., an intraoral scanner/camera). The mouth 100 of the patient 101 includes teeth 102,
gingival tissue 104, a dental implant 111, and the healing abutment 120 coupled to the dental
implant 111. As shown in FIG. 10, while the implant 111 is in the mouth 100, the implant
111 is located within the bone and is hidden from view, except that the upper surface of the
implant 111 could be seen below the healing abutment 120 if the healing abutment 120 is
detached from the implant 111.
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[0086] The healing abutment 120 has a top surface 125 with informational markers
126 providing a code, which as described above, can be used to identify the healing abutment
120 with reference to a non-public code-to-abutment correlation library (e.g., non-public
code-to-abutment correlation libraries 400 and 500 shown in FIGS. 16A and 17A,
respectively). The scanning of the mouth 100 using the scanner 110 generates scan data that
is used to create a virtual three-dimensional model 200 (FIG. 12) of the scanned portions of
the mouth 100. The scan data and virtual three-dimensional model 200 is reproducible and
transferable. In some instances, only the portion of the mouth 100 including the healing
abutment 120 is scanned. In other instances, the entire mouth 100 is scanned.

[0087] Other methods of obtaining the virtual three-dimensional model 200 (FIG. 12)
of the mouth 100 of the patient 101 are also possible. As shown in FIG. 11, a physical model
140 (e.g., a plaster or stone model) of at least a portion of the dental conditions in the mouth
100 of the patient 101 can be scanned using the scanner 110. The physical model 140
includes model teeth 142, model gingival tissue 144, and a model healing abutment 150. The
model teeth 142 correspond with the actual teeth 102 in the mouth 100 of the patient 101.
Similarly, the model gingival tissue 144 corresponds with the actual gingival tissue 104 in the
mouth 100 of the patient 101. The model healing abutment 150 is an integral portion of the
physical model 140. As such, an entire replica of the healing abutment 120 is not present in
the physical model 140. Rather, the model healing abutment 150 only corresponds with the
visible portion of the actual healing abutment 120 in the mouth 100 of the patient 101 (e.g.,
an anti-rotational feature of the healing abutment 120 is not represented in the physical model
140). The model healing abutment 150 has a top surface 155 with model informational
markers 156 providing a code, which is used to identify the actual healing abutment 120 in
the mouth 100 of the patient 101 with reference to a non-public code-to-abutment correlation
library (e.g., non-public code-to-abutment correlation libraries 400 and 500 shown in FIGS.
16A and 17A, respectively). The top surface 155 of the portion of the model healing
abutment 150 and the model informational markers 156 thereon correspond with the top
surface 125 and the actual informational markers 126 of the actual healing abutment 120 in
the mouth 100 of the patient 101. Specifically, the top surface 155 and the model
informational markers 156 are substantially identical physical replicas of the top surface 125

and the actual informational markers 126. In addition to scanning a physical model 140, the
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scan data can be produced by scanning an impression (not shown) of the dental conditions of
the mouth 100 that are used to create the physical model 140.

[0088] Thus, the virtual three-dimensional model can be created (i) by scanning a
stone model (e.g., a replica of the patient’s dental conditions including a replica of a portion
of the healing abutment), (ii) by scanning impression material of an impression of the
patient’s dental conditions including the healing abutment, and/or (iii) by scanning the mouth
of the patient directly including the healing abutment. Scanning can be accomplished using a
laser scanning technique, a photographic scanning technique, or a mechanical sensing
technique. These methods of scanning directly in a patient’s mouth, an impression of the
same, and a model of the same, using any of the aforementioned techniques, are described in
further detail in U.S. Pat. No. 6,790,040 (Attorney Docket No. 247168-000146USP1),
assigned to the assignee of the present disclosure, which was previously incorporated by
reference herein in its entirety.

[0089] Referring to FIG. 12, after the scanning of the mouth 100 is complete (e.g., the
scan data is generated), the virtual three-dimensional model 200 is developed and can be
viewed and/or manipulated (e.g., rotated in virtual space, translated in virtual space,
modified, etc.) using, for example, a computer 201. The virtual three-dimensional model 200
is a virtual model of the scanned portion of the mouth 100 of the patient 101 and thus
includes virtual teeth 202, virtual gingival tissue 204, and a virtual healing abutment 210,
which correspond with the actual teeth 102, the actual gingival tissue 104, and the actual
healing abutment 120, respectively in the mouth 100 of the patient 101. The virtual healing
abutment 210 is an integral portion of the virtual three-dimensional model 200. As such, an
entire virtual replica of the healing abutment 120 is not present in the virtual three-
dimensional model 200. Rather, the virtual healing abutment 210 only corresponds with the
visible portion of the actual healing abutment 120 in the mouth 100 of the patient 101 (e.g.,
an anti-rotational feature of the healing abutment 120 is not represented in the virtual three-
dimensional model 200). The virtual healing abutment 210 has a top surface 215 with virtual
informational markers 216 providing a code, which as described above, can be used to
identify the actual healing abutment 120 in the mouth 100 of the patient 101 with reference to
a non-public code-to-abutment correlation library (e.g., non-public code-to-abutment
correlation libraries 400 and 500 shown in FIGS. 16A or 17A, respectively). The top surface

215 of the virtual healing abutment 210 and the virtual informational markers 216 thercon
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correspond with the top surface 125 and the actual informational markers 126 of the actual
healing abutment 120 in the mouth 100 of the patient 101. Specifically, the top surface 215
and the virtual informational markers 216 are substantially identical virtual replicas of the top
surface 125 and the actual informational markers 126.

[0090] As described above, once the scanning is complete, the virtual three-
dimensional model 200 is sent to a trusted third party (e.g., the manufacturer of the healing
abutment 120) for identification of the healing abutment 120 and for creating a modified
virtual three-dimensional model 200A (FIGS. 13 and 14) usable by a dental laboratory in
designing and/or fabricating patient-specific components (e.g., a patient-specific prosthesis
including a patient-specific abutment and/or a patient-specific crown) to be attached to the
dental implant 111 installed in the mouth 100 of the patient 101.

[0091] To modify the virtual three-dimensional model 200 (FIG. 12) by removing the
virtual healing abutment 210 (FIG. 12) and adding a virtual proxy abutment 220 (FIGS. 13
and 14), the code on the top surface 215 of the virtual healing abutment 210 (FIG. 12) is
identified (e.g., determining the size and the orientation of the healing abutment 120) using
software executing on, for example, the computer 201. The code can be identified
automatically with or without input from a user. For example, in some implementations, a
user of the computer 201 highlights the portion of the virtual three-dimensional model 200
including the top surface 215 (e.g., using the mouse of the computer 201 to encircle the top
surface 215), which aids the computer 201 in accurately and/or efficiently (i) determining the
location of the top surface 215 and (ii) identifying the code thereon (e.g., the code is
identified as a 0-1-1-0 binary code).

[0092] After the code (e.g., 0-1-1-0) on the top surface 215 is identified, the computer
201, uses a library having information, which may be in the form of a look-up table (e.g.,
automatically and/or with input from a user of the computer 201) to obtain the identification
of the healing abutment 120. Specifically, the computer compares the identified code (e.g.,
0-1-1-0) with a list of possible codes in a non-public code-to-abutment correlation library
(e.g., non-public code-to-abutment correlation library 400 shown in FIG. 16A). The
comparison is used to identify the actual healing abutment 120 in the mouth 100 of the
patient 101 that correlates with and/or corresponds to the code (e.g., 0-1-1-0) on the portion
of the virtual healing abutment 210 in the virtual three-dimensional model 200. For purposes

of the present example, the computer 201 may identify the code on the top surface 215 as a 0-
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1-1-0 code (e.g., the binary reading of the code starting at a certain location and moving
clockwise around the top surface 215) and determine that the actual healing abutment 120 is a
“343” healing abutment having a 3.4 mm platform diameter, a 3.8 mm maximum body
diameter, and a 3.0 mm height.

[0093] Using the identified orientation and size of the actual healing abutment 120,
the virtual three-dimensional model 200 can be modified to remove a portion thereof, thereby
virtually exposing an underlying virtual implant 211 (FIG. 13) having an orientation (e.g.,
relative rotational position in space) and location (e.g., relative x-y-z position in space)
corresponding to the orientation and location of the actual implant 111 in the mouth 100 of
the patient 101. By “virtually exposing,” it is not meant that removal of a portion of the
virtual three-dimensional model 200 visually exposes the virtual implant on the computer 201
as no virtual implant is included in the scan data reproducible/viewable as the virtual three-
dimensional model 200 (e.g., scanning the mouth 100 does not include scanning the implant
111, which is obscured). Rather, it is meant that the process of virtually removing the virtual
healing abutment 210 can include virtually adding the virtual implant 211 or an upper portion
thereof (FIGS. 13 and 14) into the virtual three-dimensional model 200 because the
information from the healing abutment 210 is known. Additionally, using the identified
orientation and size of the actual healing abutment 120, the modification of the virtual three-
dimensional model 200 can further include modifying the virtual three-dimensional model
200 to include a virtual gingival aperture leading to the virtual implant, where the virtual
gingival aperture includes virtual gingival contours that are inferred from the outer contours
of the identified actual healing abutment 120. The virtual gingival aperture can be visible in
the model or fully or partially hidden (e.g., by a virtual proxy abutment as discussed below).
The following process can be used to expose the implant 111 within the virtual model 200
and/or to add the virtual gingival aperture to the model 200.

[0094] A portion of the virtual three-dimensional model 200 can be removed
corresponding to a complete virtual healing abutment because the size of the actual healing
abutment 120 in the mouth 100 of the patient 101 is known. That is, once the actual healing
abutment 120 is identified as a “343” healing abutment, a virtual “343” healing abutment
(c.g., from a library of known virtual healing abutments) can be imported from a memory
device (e.g., a storage medium) into the software that displays the virtual three-dimensional

model 200 on the computer 201. After importing the virtual “343” healing abutment (not
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shown), the virtual “343” healing abutment is matched to and aligned with the portion of the
virtual healing abutment 210 in the virtual three-dimensional model 200. Specifically, the
outer contours of the virtual “343” healing abutment are matched to the outer contours of the
virtual healing abutment 210 in the virtual three-dimensional model 200. Such a process is
known as “snapping” the imported virtual “343” healing abutment to the virtual healing
abutment 210 in the virtual three-dimensional model 200.

[0095] After the snapping, using a Boolean subtraction process, the virtual three-
dimensional model 200 can be modified to remove a three-dimensional portion of the virtual
three-dimensional model 200 corresponding to the complete virtual “343” healing abutment
(e.g., not just the visible portion of the virtual healing abutment 210). Because the orientation
and location of a corresponding virtual non-rotational feature 218 and a virtual table 219 of a
virtual implant 211 is known because of the information from the “343” healing abutment,
the implant’s upper portion is also known. The upper portion of the virtual implant 211 is the
important part, because it includes the geometric information to which the prosthetic
components will be attached. The virtual implant 211 includes the virtual male anti-
rotational feature 218, which has an orientation corresponding to the orientation of the female
anti-rotational feature of the virtual “343” healing abutment (e.g., which also corresponds
with the orientation of the actual female anti-rotational feature of the actual healing abutment
120). Further, the virtual implant 211 includes the table 219, which has a location
corresponding to the location of a seating surface (e.g., implant vertical mating surface) of the
virtual “343” healing abutment.

[0096] In some implementations, after the snapping and prior to the Boolean
subtraction process, the virtual implant 211 (shown in FIG. 13), corresponding to the actual
implant 111 in the mouth 100 of the patient 101 (e.g., the virtual implant 211 is substantially
an exact virtual replica of the implant 111), is imported into the software package used to
display the virtual three-dimensional model 200 on the computer 201. The virtual implant
211 1is then virtually mated with the virtual 343 healing abutment (not shown) using the
software package on the computer 201, and as such, the virtual implant 211 is automatically
positioned within the virtual three-dimensional model 200 with an orientation and location
corresponding to the orientation and position of the actual implant 111 in the mouth 100 of

the patient 101. In such implementations, the virtual “343” healing abutment is then



WO 2015/094700 PCT/US2014/068637

-29.

subtracted or removed from the virtual three-dimensional model 200, thereby exposing an
upper portion of the virtual implant 211 as shown in FIG. 13.

[0097] To avoid the private information regarding the details of the actual healing
abutments becoming public via the virtual healing abutment 210 within the virtual three-
dimensional model 200, the virtual three-dimensional model 200 is modified to include a
virtual proxy abutment 220 or a portion of a virtual proxy abutment (e.g., an upper or
supragingival portion of a virtual proxy abutment including a proxy code thereon, a narrow
virtual proxy abutment 820 shown in FIGS. 21A and 21B, a floating virtual proxy abutment
920 shown in FIGS. 22A and 22B, etc.) in place of the virtual healing abutment 210 (e.g., by
use of the non-public abutment-to-proxy correlation libraries 450, 550 in FIGS. 16B and
17B) and becomes a modified virtual three-dimensional model 200A. The modified virtual
three-dimensional model 200A may be sent to a third party for use in designing and
fabricating the patient-specific components with the virtual proxy abutment 220 (or the
portion of the virtual proxy abutment) within the modified virtual three-dimensional model
200A. As described below, the virtual proxy abutment 220 has physical characteristics (e.g.,
proxy code) that are publicly known through a publicly available proxy abutment library that
can be accessed by the third party.

[0098] The virtual proxy abutment 220 is selected based on the healing abutment 120
that has been identified through the use of the non-public abutment-to-proxy correlation
library 450 or 550 (FIGS. 16B and 17B). Continuing with the above exemplary
implementation where the healing abutment 120 was identified as a “343” healing abutment,
that determined size of the healing abutment is used with a non-public abutment-to-proxy
correlation library 450 (FIG. 16B) to choose a proxy abutment. The abutment-to-proxy
correlation library 450 is used to convert a particular healing abutment (e.g., 343 healing
abutment) to a proxy abutment. As an example, in FIG. 16B, the identified the “343” healing
abutment correlates with proxy code of 1 (column 460), which corresponds to a known
virtual proxy abutment 220 (FIGS. 13-14).

[0099] In FIG. 14, the selected virtual proxy abutment 220 includes virtual proxy
informational markers 226, which define a code corresponding with the proxy code of 1. As
such, a dental laboratory having/viewing the modified virtual three-dimensional model 200A
(FIG. 14) including the virtual proxy abutment 220 can read the proxy code of 1 and
reference a publicly available proxy abutment library 355 (FIG. 15) to determine the size and
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orientation of the virtual proxy abutment 220, which is used in designing and fabricating
patient-specific components to be attached to the implant 111. Specifically, for example, in
the implementations where only an upper or supragingival portion of the virtual proxy
abutment 220 is included in the modified virtual three-dimensional model 200A, the dental
laboratory having the modified virtual three-dimensional model 200A uses its design
software in a similar fashion as to how the virtual healing abutment 210 was identified and
removed from the virtual three-dimensional model 200. That is, the dental laboratory first
identifies the proxy code by analyzing the virtual proxy informational markers 226 on the top
surface of the virtual proxy abutment 220. Then the dental laboratory, using for example a
computer executing design software, imports a complete virtual proxy abutment (e.g., a
complete CAD replica of the virtual proxy abutment having the identified proxy code stored,
for example, in the proxy abutment library 355) into the modified virtual three-dimensional
model 200A and snaps the imported virtual proxy abutment to the portion of the virtual proxy
abutment 220 in the modified virtual three-dimensional model 200A. Then the virtual proxy
abutment 220 can be removed, thereby virtually exposing a virtual implant and/or a virtual
gingival aperture leading to the virtual implant to be used in completing the designing of the
patient-specific prosthesis.

[00100] Alternatively to the modified virtual three-dimensional model 200A only
including a portion of the virtual proxy abutment 220, the modified virtual three-dimensional
model 200A can include a complete virtual proxy abutment (e.g., a complete CAD replica of
the virtual proxy abutment having the identified proxy code stored, for example, in the proxy
abutment library 355). As shown in FIG. 13, the complete virtual proxy abutment 220
includes a female anti-rotational feature 228 and a seating surface 229. Proper virtual
placement of the virtual proxy abutment 220 on the virtual implant 211 requires that (i) the
female anti-rotational feature 228 mates correspondingly with the male anti-rotational feature
218 of the virtual implant 211 and (ii) the seating surface 229 abuts the table 219 of the
virtual implant 211. Such a proper mating is shown in FIG. 14, where the virtual proxy
abutment 220 is mated with the virtual implant 211 in the modified virtual three-dimensional
model 200A.

[00101] While the modified virtual three-dimensional model 200A is shown as
including the virtual implant 211 therein, the modified virtual three-dimensional model 200A

does not need to include the virtual implant 211. Rather, the virtual three-dimensional model
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200 can be modified such that the modified virtual three-dimensional model 200A only adds
the complete virtual proxy abutment 220 or the portion of the virtual proxy abutment 220. In
such implementations, the virtual implant 211 is not needed to determine the orientation and
location for the virtual proxy abutment 220 because the virtual proxy abutment 220 is located
and oriented in the modified virtual three-dimensional model 200A the same way as the
virtual healing abutment 210, which is located and oriented in the same way as the patient’s
actual healing abutment to which the actual implant is attached. Hence, knowing the location
and orientation of the lower seating surface 229 and anti-rotational feature 228 of the virtual
proxy abutment 220 means that the location and orientation of the corresponding mating
surface and anti-rotational feature of the actual implant 111 are known. Thus, as understood
by the skill artisan, the modified virtual three-dimensional model 200A (with or without the
virtual implant 211) including the orientation and location of the female anti-rotational
feature 228 and the seating surface 229 of the virtual proxy abutment 220 is sufficient for a
third party (e.g., a dental laboratory) to create patient-specific components for attachment to
the implant 111 in the mouth 100 of the patient 101 such that those patient-specific
components can be attached to the implant 111 with the proper location and orientation and
provide an aesthetically pleasing dental prosthesis.

[00102] In summary, the modified virtual three-dimensional model 200A just needs to
include some information (e.g., a complete CAD virtual proxy abutment including the female
anti-rotational feature 228 and the seating surface 229, a portion of a virtual proxy abutment
including the proxy code, a virtual implant including a non-rotational feature and platform, a
virtual proxy abutment attached to a wvirtual implant, a narrow virtual proxy abutment
including a proxy code, a floating virtual proxy abutment including a proxy code, etc.) from
which the location and orientation of the implant in the mouth of the patient can be
determined and from which a gingival aperture (e.g., a predicted or inferred gingival aperture
based on the contours of the actual healing abutment and/or the proxy abutment) can be
determined. That is, the dental laboratory that receives the modified virtual three-
dimensional model 200A, can develop the patient-specific prosthesis (e.g., patient-specific
abutment, patient-specific crown, etc.) so long as the design software being used by the
dental laboratory is given and/or can determine (1) the location and orientation of a virtual
implant that corresponds with the location and orientation of the actual implant in the mouth

of the patient and (2) the virtual gingival aperture leading to the virtual implant that
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corresponds with the actual gingival aperture (e.g., predicted actual gingival aperture) in the
mouth of the patient. Even further, in some implementations, only a coordinate system of the
location of the platform of the implant and orientation of the non-rotational feature of the
implant is needed. That is, the virtual implant itself does not need to be depicted in the
modified virtual three-dimensional model 200A, just a starting location and orientation for
the patient-specific prosthesis is needed.

[00103] FIG. 15 describes a general summary of converting a virtual three-dimensional
model 200 having a virtual healing abutment 210 into a modified virtual three-dimensional
model 200A including a virtual proxy abutment 220. The process 300 begins with obtaining
scan data of a patient’s mouth having a healing abutment with a code thereon (step 310). The
scan data can be obtained by, for example, a dentist, an oral surgeon, a dental assistant, a
clinician, a dental lab (from a stone model and/or an impression), etc. The scan data is
reproducible as a virtual three-dimensional model of at least a portion of the patient’s mouth
and includes therein a virtual healing abutment having the code. After the scan is complete,
the scan data is sent to a trusted party who has access to the non-public code-to-abutment
correlation library (e.g., the manufacturer of the healing abutment in the mouth of the patient
or a licensed affiliate) (step 320). The received scan data is input into a converter 330 that
may include one or more computers executing one or more software packages, which
converts the inputted virtual three-dimensional model 200 including the virtual healing
abutment 210 into the modified virtual three-dimensional model 200A including the virtual
proxy abutment 220. The converter 330 (and processors associated therewith) access a
storage medium 332 that includes the non-public code-to-abutment correlation library 400
and/or 500 (FIGS. 16A and 17A) and a non-public abutment-to-proxy correlation library 450
and/or 550 (FIGS. 16B and 17B). After the conversion, the modified virtual three-
dimensional model 200A is sent to a dental laboratory (step 340). Once received, the dental
laboratory uses a publicly known or open-source proxy-abutment library 355 to identify the
virtual proxy abutment 220 in the modified virtual three-dimensional model 200A (step 350).
The publicly known or open-source proxy-abutment library 355 includes an electronic file
(e.g., file A, B, C, D ... N’) that defines the dimensions of each type of proxy abutment (e.g.,
code 1, 2, 3, 4 ... n). Thus, all information (e.g., exterior contours) about each proxy
abutment is publicly available. Thus, step 350 includes identifying the size and orientation

information of the virtual proxy abutment 220. The dental laboratory then creates patient-
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specific components (e.g., abutments, prosthesis) to fit on the actual implant in the mouth of
the patient who has the healing abutment corresponding to the virtual healing abutment 210
(step 360). After the patient-specific components are created, they are sent to, for example,
the dentist for installation in the mouth of the patient after removal of the healing abutment
(step 370).

[00104] While the above disclosure describes a modified virtual three-dimensional
model 200A (FIG. 14) being sent to a third party for use in designing and creating patient-
specific components, in some implementations, an actual physical model (not shown) of
some or all of the modified virtual three-dimensional model 200A is created and sent to the
third party along with the modified virtual three-dimensional model 200A. Such an actual
physical model (not shown) can be created using a rapid prototype machine and/or a three-
dimensional printer coupled to, for example, the computer 201. The actual physical model
can include an implant analog portion (e.g., an integral implant analog portion made of the
same material as the rest of the rapid-prototyped actual physical model or an implant analog
placed in a receptacle of the rapid-prototyped actual physical model) and be used to try-in the
custom components. For example, if only a custom abutment is created from the modified
virtual three-dimensional model 200A, then the actual physical model may be useful for
helping to create and fit a tooth-colored prosthesis (e.g., a crown) on the custom abutment.
[00105] Examples of the various non-public code-to-abutment correlation libraries and
non-public abutment-to-proxy correlation libraries that can be stored by the storage medium
332 and used by the converter 330 in FIG. 15 will now be described. Referring initially FIG.
16A, an exemplary non-public code-to-abutment correlation library 400 includes a healing
abutment code column 410 and a healing abutment size column 420. The non-public code-
to-abutment correlation library 400 can be printed and used by a person to identify healing
abutments. Or, the non-public code-to-abutment correlation library 400 is stored in a
memory device (e.g., storage medium 332 in FIG. 15) associated with the computer 201
(FIGS. 12-14) that can be accessed to determine the particular healing abutment that
corresponds to the code that is present in the virtual three-dimensional model 200. The code-
to-abutment correlation library 400 is on the “INPUT” side of the converter 330 (FIG. 15) in
that the three-dimensional virtual model 200 inputted into the converter 330 and the code-to-
abutment correlation library 400 determines the healing abutment used on the patient based

on the code within the virtual three-dimensional model 200.
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[00106] The healing abutment code column 410 includes, in this case, a list of binary
codes. For example, the list of binary codes can include every binary code used on a
particular set of healing abutments sold by a manufacturer (e.g., for a given year). The binary
codes with one healing abutment set can have the same number of digits or a different
number of digits (e.g., 4 digit codes, 5 digit codes, 10 digit codes, etc., or any combination
thereof). For example, if thirty-two or less healing abutments are present in one set, a five-
digit binary code can define each member of the set.

[00107] The healing abutment size column 420 includes a list of different healing
abutments using a shorthand representation. The shorthand representation includes three
digits XYZ, where X represents the platform diameter of the healing abutment, Y represents
the maximum body diameter of the healing abutment, and Z represents the height of the
healing abutment. For example, the first shorthand number (XYZ) in the healing abutment
size column 420 is “343,” which is a shorthand representation of the healing abutment having
a 3.4 mm platform diameter, a 3.8 mm maximum body diameter, and a 3.0 mm height.
[00108] The list of sizes (XYZ) can include every sized healing abutment sold by a
manufacturer (e.g., for a given year). The sizes in the non-public code-to-abutment
correlation library 400 can be organized in any manner or randomly. As shown in the healing
abutment size column 420, the sizes are organized in an ascending order starting with the
healing abutments having the smallest platform diameter. Further, for each platform diameter
and maximum body diameter combination (e.g., 34Z, 45Z, 677, where “Z” represents the
height), the healing abutments are then organized in ascending height. For example, the third
group of healing abutments is the “44Z” group, which includes the 443, 444, 446, and 448
healing abutments (where Z represents the height). Each healing abutment in the 44Z group
has the same platform diameter and maximum body diameter; only the height differs. For
example, the 443 healing abutment has a 3 mm height and the 448 healing abutment has an 8
mm height. As another example, the fifth group of healing abutments is the “46Z” group,
which includes the 463, 464, 466, and 468 healing abutments, where the 464 healing
abutment has a 4 mm height and the 466 healing abutment has a 6 mm height.

[00109] As is evident from FIG. 16A, the binary codes each have a one-to-one
relationship with the different sized healing abutments. For example, binary code 0-1-1-0-1-
0 correlates only with a 343 healing abutment and the 343 healing abutment only correlates

with binary code 0-1-1-0-1-0. For another example, binary code 0-1-1-1-1-1 correlates only
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with a 668 healing abutment and the 668 healing abutment only correlates with binary code
0-1-1-1-1-1. However, as will be described with reference to FIGS. 17A-17B, in some
implementations of the present disclosure, a one-to-one relationship is not needed such that a
343 healing abutment can be associated with multiple codes.

[00110] FIG. 16B illustrates an example of a non-public proxy-to-abutment correlation
library 450 that may be used by the converter 330 (FIG. 15) to create the OUTPUT from the
converter 330. Specifically, after a particular healing abutment has been identified through
the use of the non-public code-to-abutment correlation library 400, a virtual proxy abutment
is used to replace the virtual healing abutment within the virtual three-dimensional model
200. The proxy-to-abutment correlation library 450 includes the healing abutment size
column 420, a proxy code column 460, and an alternative proxy code column 470. The
system may use only the proxy code column 460 or the alternative proxy code column 470.
Each code within those columns corresponds to a particular proxy abutment. Accordingly,
there are forty-four different proxy abutments that are needed if the system uses the proxy
code arrangement according to column 460. For each particular healing abutment, the
converter would replace the virtual healing abutment with a corresponding virtual proxy
abutment.

[00111] Alternatively, if the proxy code arrangement according to column 470 (FIG.
16B) is used, there are only eleven different proxy abutments that are needed. In the example
shown, the first four healing abutments, which are 343, 344, 346, 348, only differ from each
other by their heights of 3 mm, 4 mm, 6 mm, and 8 mm. Accordingly, the same proxy
abutment (code 1) could be used for all four of these healing abutments, as such a proxy
abutment (code 1) would have the same platform diameter and the same maximum body
diameter as those four healing abutments (343, 344, 346, 348), but would have a different
height. However, the height of the proxy abutment is somewhat irrelevant in that only the
location and orientation of the proxy abutment’s anti-rotational feature and lowermost seating
surface are needed to build a prosthesis that will be accurately placed on the patient's implant.
The proxy abutment may have a code on its upper surface to identify it within the publicly
available proxy abutment library 355. Or, some other identification information can be
included within the modified virtual three-virtual three-dimensional model 200A to advise
the receiving third-party which proxy abutment has been used within the modified virtual

three-virtual three-dimensional model 200A.
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[00112] In the alternate proxy code column 470 of the abutment-to-proxy correlation
library 450 of FIG. 16B, each of the eleven proxy codes corresponds to a grouping of four
healing abutments in which the only difference within the grouping is the healing abutment
height. Accordingly, the alternate proxy code 470 provides a way of reducing the number of
publicly available proxy abutments and publicly available proxy codes that are used to create
the final prosthesis.

[00113] FIG. 17A illustrates another exemplary non-public code-to-abutment
correlation library 500 that includes a healing abutment column 510 and a healing abutment
size column 520. While the non-public code-to-abutment correlation library 500 is similar to
the non-public code-to-abutment correlation library 400 in FIG. 16A in many respects, the
non-public code-to-abutment correlation library 500 does not have a one-to-one correlation
between codes and each healing abutment. Rather, the non-public code-to-abutment
correlation library 500 has a four-to-one relationship. For example, binary codes 1-1-1-1-1-
1-1, 1-1-1-1-1-1-0, 1-1-1-1-1-0-0, and 1-1-1-1-0-0-0 each correlate with a 343 healing
abutment having a 3.4 mm platform diameter, a 3.8 mm maximum body diameter, and a 3
mm height. The only difference between the four 343 healing abutments represented as 343a,
343b, 343c, and 343d in column 520 (FIG. 17A) is the code on the respective top surfaces.
For another example, binary codes 0-0-0-1-0-1-1, 0-0-0-1-0-0-0, 0-0-0-1-0-0-1, and 0-0-0-1-
0-1-0 each correlate with a 678 healing abutment having a 6 mm platform profile diameter, a
7.5 mm maximum body diameter, and an 8 mm height. Again, the only difference between
the four healing abutments represented as 678a, 678b, 678c, and 678d in column 520 is the
code on the respective top surfaces. From a functional perspective, there is no real difference
in the manner in which each of these four healing abutments will function while in the
patient's mouth because the codes are only for identifying a particular healing abutment.
Consequently, healing abutments 678a, 678b, 678c, and 678d are actually the same healing
abutment.

[00114] FIG. 17B illustrates another exemplary non-public proxy-to-abutment
correlation library 550 that may be used by the converter 330 (FIG. 15) to create the
OUTPUT from the converter 330. While the non-public proxy-to-abutment correlation
library 550 is similar to the non-public proxy-to-abutment correlation library 450 in FIG. 16B
in many respects, the non-public proxy-to-abutment correlation library 550 does not have a

one-to-one correlation between proxy codes and each healing abutment. Rather, the non-
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public proxy-to-abutment correlation library 550 has a four-to-one relationship. For example,
healing abutments 343a, 343b, 343c, and 343d (each having a 3.4 mm platform diameter, a
3.8 mm maximum body diameter, and a 3 mm height) each correlate with a proxy abutment
having a proxy code of 1. The only difference between the four 343 healing abutments
represented as 343a, 343b, 343c¢, and 343d in column 520 (FIG. 17B) is the code on the
respective top surfaces.

[00115] Alternatively, if the proxy code arrangement according to column 470 (FIG.
17B) is used, there are only eleven different proxy abutments that are needed. In the example
shown, the first sixteen healing abutments, which are 343a, 343b, 343c, 343d, 344a, 344b,
344c, 344d, 346a, 346D, 346c, 346d, 348a, 348D, 348c, and 348d, only differ from each other
by their heights of 3 mm, 4 mm, 6 mm, and 8 mm. Accordingly, the same proxy abutment
(code 1) could be used for all sixteen of these healing abutments, as such a proxy abutment
(code 1) would have the same platform diameter and the same maximum body diameter as
those sixteen healing abutments (343a, 343b, 343c, 343d, 344a, 344b, 344c, 344d, 346a,
346Db, 346¢, 346d, 348a, 348b, 348¢, and 348d), but would have a different height.

[00116] As described above, to make it difficult for unscrupulous third parties to
correlate the codes on the healing abutments with a particular size of healing abutment and/or
to correlate the proxy codes on the proxy abutments with a particular size of healing
abutment, a rolling-code system for the codes and/or for the proxy codes can be implemented
by the manufacturer of the healing abutments. For example, the codes on the different sizes
of healing abutments can be changed randomly and/or changed at specific times. For
example, every six months or every twelve months, etc., the code or codes used for
identifying the 343 healing abutment can be changed, and such a change would only be
known to the keeper (e.g., the manufacturer) of the non-public code-to-abutment correlation
library. For another example, the proxy codes on the proxy abutments can be changed
randomly and/or changed at specific times. Further, the codes (e.g., the codes on the healing
abutments and/or the proxy codes on the proxy abutments) can be changed to look like
completely new codes never before used and/or seen (e.g., adding a new notch or a new
informational marker in a new location on the top surface of all healing abutments).
Alternatively or additionally, one or more of the codes for one or more of the healing
abutments can be changed to use a code previously used to identify a differently sized healing

abutment. For example, during a first period of time as shown in FIG. 16A, the 343 healing
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abutment is associated with a first code of 0-1-1-0-1-0 and the 678 healing abutment is
associated with a second code of 1-0-1-1-1-1. The manufacturer can then switch the codes
for the various healing abutments for a second period of time where, for example, the 343
healing abutment is not associated with the first code of 0-1-1-0-1-0, but rather the 343
healing abutment is now (e.g., for the second period of time) associated with the second code
of 1-0-1-1-1-1. Similarly, the 678 healing abutment can be switched to be associated with the
first code of 0-1-1-0-1-0 during the second period of time. Such a rolling-code system aids in
preventing unscrupulous third parties from trying to reverse engineer the non-public libraries
of the present disclosure.

[00117] Further, as discussed above, the present disclosure maintains one or more
libraries in secrecy. For example, the non-public code-to-abutment correlation library 400
and the non-public abutment-to-proxy correlation library 450 are described as being
maintained in secrecy by the manufacturer of the healing abutments with the codes therecon
(exception for trusted third parties/affiliates). It was also discussed above that the codes on
the healing abutments can be changed from time-to-time (e.g., a rolling-code system). Many
advantages are derived for the manufacturer by maintaining these and similar libraries in
secrecy and by changing the codes from time-to-time. For example, maintaining the libraries
in secrecy and/or changing the codes from time-to-time, aids in preventing unscrupulous third
parties form attempting to copy and/or reproduce (e.g., reverse engineer) the non-public
libraries. As such, users of the healing abutments of the present disclosure are encouraged to
return to the manufacturer and/or trusted third parties for additional purchases (e.g., a third
party sends a virtual three-dimensional model to be decoded for a fee). Further, as the
manufacturer controls the codes and when they are changed, it is easy for the manufacturer to
also maintain a publicly available proxy abutment library for use by the manufacturer’s
customers. Further, by reducing the possibility that an unscrupulous third party knocks-off
the non-public libraries, the manufacturer is able to provide its services at more economical
price.

[00118] Further, as described above, the present disclosure provides for modified
virtual three-dimensional models including a proxy abutment having a publicly available
proxy code. Such a modified virtual three-dimensional model can be referred to as a scan-
body-level model. These modified virtual three-dimensional models of the present disclosure

can be derived from and/or create based on scan data from virtually any scanner so long as
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the scanner produces an open architecture file format (e.g., a non-proprietary file format such
as an open STL file). Further, the modified virtual three-dimensional models can readily be
sent to multiple dental laboratories using virtually any dental design software that they prefer
so long as the dental design software accepts the open architecture file format. As such, the
flexibility of the coded healing abutments of the present disclosure is greatly increased as
virtually all open architecture scanners and design software can be used with the disclosed
coded healing abutments. Further, use of the proxy abutments allows for the wide spread use
of the coded healing abutments of the present disclosure without having to make the
decryption keys (e.g., the code-to-abutment library) for the codes public.

[00119] In summary, the present disclosure provides a system that is cost effective and
simple to maintain and use as customers only need knowledge of a single publicly available
proxy abutment library and can use a wide variety of scanners and design software.

[00120] Referring to FIG. 18, while the above disclosure discusses a modified virtual
three-dimensional model 200A including a proxy abutment 220 (FIGS. 13 and 14), in lieu of
using the modified virtual three-dimensional model 200A, an alternative modified virtual
three-dimensional model 200B including a virtual link abutment 620 can be used to design
patient-specific components. The modified virtual three-dimensional model 200B is similar
to the modified virtual three-dimensional model 200A in many respects; however, instead of
including the virtual proxy abutment 220, the modified virtual three-dimensional model 200B
includes a virtual link abutment 620. The modified virtual three-dimensional model 200B is
referred to as an abutment-level design (as opposed to an implant level design). The virtual
link abutment 620 is a standardized abutment and/or insert that is virtually placed on the
underlying virtual implant 211 and a custom prosthesis is designed thereon. The virtual link
abutment corresponds to an actual link abutment (not shown) that can be physically coupled
with the implant 111 in the mouth of the patient as a portion of the final patient-specific
prosthesis (e.g., a patient-specific abutment is directly attached to the link abutment that is
directly attached to the implant). Thus, the laboratory designing the patient-specific
components can design and add the prosthetic components (e.g., patient-specific abutment
and/or crown) on top of the virtual link abutment 620 and then fabricate the same. In
summary, the link abutment is a standard abutment known to everyone and attaches to the
actual implant. As such, the laboratory can build the final components on the virtual link

abutment 620 in the modified virtual three-dimensional model 200B.
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[00121] Referring to FIG. 19, FIG. 19 is similar to FIG. 15 except that it provides
some additional details regarding the products that are delivered to the third parties pursuant
to the present disclosure. The manufacturer of a dental-implant technology provides various
components 710 that are scannable, preferably with codes thereon, by its customers or third
parties affiliated with its customers. When one of these components (e.g., the healing
abutment 120 of FIG. 10) is scanned in association with a particular patient to form a virtual
three-dimensional model (e.g., virtual three-dimensional model 200A of FIG. 12), the virtual
three-dimensional model is received by the converter 330 within a private environment
associated with the dental manufacturer or a trusted third party. The converter 330 accesses
the storage medium 332 within this private environment. The storage medium 332 contains
electronic-file libraries associated with the various components 710. The electronic files
include the specific codes that are located on the components 710 that help to identify each
particular component and distinguish it from another similar component. As described
above, the converter 330 then develops the modified virtual three-dimensional model 200A
(FIG. 14) that includes the virtual proxy abutment 220 (FIGS. 13 and 14) or the modified
virtual three-dimensional model 200B (FIG. 18) that includes the link abutment 620.

[00122] When the modified virtual three-dimensional model 200A includes the virtual
proxy abutment 220 (FIGS. 13 and 14), the dental design software (or a user thereof)
accesses the publicly available library 355 with information about the virtual proxy
abutments and uses that information to design a patient-specific prosthesis. The patient-
specific prosthesis, which is manufactured after it has been designed, can be accompanied by
other deliverable products in accordance with at least two alternatives.

[00123] In a first alternative, an abutment-level physical model of the mouth of the
patient can be designed and manufactured, for example via rapid-prototyping techniques as
disclosed in U.S. Patent No. 8,185,224, which is commonly owned by the assignee of the
present disclosure and is hereby incorporated by reference herein in its entirety. According to
some such implementations, the abutment-level physical model includes an integral abutment
structure made of the same material as the rest of the rapid-prototyped physical model.
According to some other implementations, the abutment-level physical model includes an
abutment analog structure and/or an abutment analog attached to an implant analog which is
coupled to the rest of the physical model (the rest of the physical model can be rapid

prototyped and/or a stone model). In some implementations, the abutment analog, in the
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abutment-level physical model, is a patient-specific abutment that is a component of a final
prosthesis (e.g., a patient-specific prosthesis) to be attached to the implant in the mouth of the
patient. In some other implementations, the abutment analog, in the abutment-level physical
model, is a standard abutment or insert (e.g., a link abutment insert) that is a component of a
final prosthesis (e.g., a patient-specific prosthesis) to be attached to the implant in the mouth
of the patient. Once the abutment-level physical model is completed (by one of the above
techniques or by another technique), the abutment-level physical model is then delivered to a
laboratory. The laboratory can then perform standard wax-up techniques on the abutment-
level physical model to develop a prosthetic crown to be used with a patient-specific
abutment (e.g., which is a replica of the abutment analog). The prosthetic crown and the
patient-specific abutment are then ready for placement on the implant 111 (FIG. 10) in the
patient’s mouth as a patient-specific prosthesis.

[00124] In a second alternative, no physical model of the patient's mouth is required.
Rather, the modified virtual three-dimensional model 200A is used to design the prosthetic
crown. The prosthetic crown (after it has been manufactured from the design) and the patient
specific abutment are then ready for final placement on the implant 111 (FIG. 10) in the
patient's mouth. In all of these options, it should be understood that a monolithic prosthetic
device, which combines the patient-specific abutment and the prosthetic crown into a unitary
piece, can also be the end-product from system using the modified virtual three-dimensional
model 200A.

[00125] When the modified virtual three-dimensional model 200B including the virtual
link abutment 620 is used (FIG. 18), the dental design software (or a user thereof) again
accesses the publicly available library 355 with information about the virtual link abutment
620. Because the virtual link abutment 620 is a standard abutment with a known physical
design, a patient-specific prosthesis (e.g., a patient-specific abutment and/or a patient-specific
crown) to be mated to the virtual link abutment 620 can be designed through the dental
design software. Accordingly, the patient-specific prosthesis and a physical link abutment
(ceramic or titanium link abutment, which is not shown) are then ready for final placement on
the implant 111 (FIG. 10) in the patient's mouth.

[00126] In a further alternative implementation, the dental design software permits a
physical model of the patient's mouth to be designed and manufactured having a link-

abutment analog therein. The link-abutment analog can be an integral structure with the rest
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of the model (e.g., a rapid-prototype model including a portion of a link-abutment therein
made of the same material as the rest of the rapid-prototype model) or the link-abutment
analog can be a separate and distinct component that is attached to or otherwise mated with a
receptacle in the physical model such that the link-abutment analog is positioned with a
location and orientation that corresponds with the implant in the mouth of the patient. The
physical model of the patient's mouth that includes the link-abutment analog is then sent to a
dental laboratory, which then performs standard wax up techniques on the physical model to
develop a prosthetic crown that is to be used with the link abutment. The link abutment and
the lab-developed prosthetic crown are then ready for placement on the implant 111 within
the patient's mouth.

[00127] Referring generally to FIGS. 20, 21A, and 21B, where like reference numbers
are used for like elements previous discussed, while the above disclosure discusses a
modified virtual three-dimensional model 200A including a proxy abutment 220 (FIGS. 13
and 14), in lieu of using the modified virtual three-dimensional model 200A, an alternative
modified virtual three-dimensional model 200D (FIGS. 21A and 21B) including a narrow
virtual proxy abutment 820 can be used to design patient-specific components. The modified
virtual three-dimensional model 200D (FIGS. 21A and 21B) is similar to the modified virtual
three-dimensional model 200A (FIGS. 13 and 14) in many respects; however, instead of
including the virtual proxy abutment 220, the modified virtual three-dimensional model 200D
includes a narrow virtual proxy abutment 820 and a virtual gingival aperture 895.

[00128] As discussed above, using the identified orientation and size of the actual
healing abutment 120 (e.g., determined using the code provided by the informational markers
126 on the healing abutment 120), the virtual three-dimensional model 200 (FIG. 12) can be
modified to remove a portion thereof, thereby virtually exposing an underlying virtual
implant 211 (FIG. 20) having an orientation (e.g., relative rotational position in space) and
location (e.g., relative x-y-z position in space) corresponding to the orientation and location
of the actual implant 111 in the mouth 100 of the patient 101. Additionally, the removal of
the portion of the virtual three-dimensional model 200 (FIG. 12) can virtually expose the
virtual gingival aperture 895 (best shown in FIG. 20) leading to the virtual implant 211,
thereby creating a modified virtual three-dimensional model 200C. Again, by “virtually
exposing,” it is meant that the process of virtually removing the virtual healing abutment 210

can include virtually adding the virtual implant 211 or an upper portion thercof (e.g., a
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coordinate system for a virtual table) and the virtual gingival aperture 895 into the virtual
three-dimensional model 200 because the information (e.g., exterior contours, location and
orientation of non-rotational feature, etc.) about the virtual healing abutment 210 is known.
The process for virtually exposing the virtual implant 211 and/or the virtual gingival aperture
895 is the same as, or similar to, the process described above in reference to FIGS. 12-14 for
virtually exposing the virtual implant 211.

[00129] The modified virtual three-dimensional model 200C illustrates an intermediate
step in the process of creating a virtual model (e.g., modified virtual three-dimensional model
200D shown in FIGS. 21A and 21B) including one of the virtual proxy abutments of the
present disclosure (e.g., virtual proxy abutment 220, narrow virtual proxy abutment 820,
floating virtual proxy abutment 920) for use in designing and fabricating patient-specific
components (e.g., permanent and/or temporary patient-specific abutment, permanent and/or
temporary patient-specific crown, etc.). While the modified virtual three-dimensional model
200C visually includes the virtual implant 211, the virtual implant 211 does not need to be
included in the modified virtual three-dimensional model 200C. Rather, all that is needed for
the inclusion of a virtual proxy abutment in the proper location (e.g., location and orientation
corresponding to the virtual healing abutment 210) is a planar location along the Y-axis of the
virtual table 219 (i.e., the upper surface) of the virtual implant 211 and the rotational location
about the Y-axis of the non-rotational feature 218 (e.g., the hexagonal socket) of the virtual
implant 211, both of which correspond with the location and orientation of the virtual healing
abutment 210 removed from the virtual three-dimensional model 200 as described above.
[00130] After the virtual healing abutment 210 (FIG. 12) is removed and the virtual
implant 211 and the virtual gingival aperture 895 are exposed, the narrow virtual proxy
abutment 820 is imported into the modified virtual three-dimensional model 200C, thereby
creating the modified virtual three-dimensional model 200D (FIGS. 21A and 21B). The
narrow virtual proxy abutment 820 (FIGS. 21A and 21B) includes a relatively narrow shaft
820a attached to a spherical-like head 820b. The dimensions of the relatively narrow shaft
820a are selected such that the narrow virtual proxy abutment 820 does not visually obscure
the virtual gingival aperture 895 when viewing the modified virtual three-dimensional model
200D, for example, using the computer 201. The narrow virtual proxy abutment 820 is
positioned within the modified virtual three-dimensional model 200D such that a bottom

planar surface 820a’ of the shaft 820a is coplanar with the virtual table 219 (e.g., seating or
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upper surface) of the virtual implant 211 (which corresponds with the seating or upper
surface of the implant 111 in the mouth of the patient), which is best shown in FIG. 21B. The
bottom planar surface 820a’is so positioned whether the virtual implant 211 is included in the
modified virtual three-dimensional model 200D or not. Further, the narrow virtual proxy
abutment 820 is positioned within the modified virtual three-dimensional model 200D such
that the narrow virtual proxy abutment 820 is contiguous with the surrounding features (e.g.,
the virtual implant 211, the virtual gingival aperture 895). By contiguous it is meant that the
narrow shaft 820a is virtually touching the surrounding feature(s) in the modified virtual
three-dimensional model 200D. In the implementation where the virtual implant 211 is not
included in the modified virtual three-dimensional model 200D, the bottom planar surface
820a’ is contiguous with the virtual gingival aperture 895. Such a contiguous narrow virtual
proxy abutment 820 may be necessary in some design software packages that work from an
abutment level model. For example, most design software packages only accept (1) a
contiguous point cloud, (2) a contiguous surface mesh, (3) a contiguous surface model, or (4)
a contiguous solid model, all of which are contiguous like the modified virtual three-
dimensional model 200D.

[00131] It is noted that in the implementations including the virtual implant 211 in the
modified virtual three-dimensional model 200D, the narrow virtual proxy abutment 820 is
essentially included in the modified virtual three-dimensional model 200D because some
design software packages may not be able to work directly from an implant coordinate
position. Rather, some known design software packages are configured to start with an
abutment level model such as the narrow virtual proxy abutment 820, where the abutment is
first identified and then the implant is located relative to the identified abutment. The design
software packages are used by labs to design and develop patient-specific components that
are connected to the implant in the mouth of the patient. For example, a design software
package is used to design a patient-specific abutment having a lower region that couples with
the implant and has a size that matches the gingival contours in the patient’s mouth. For
another example, a design software package is used to design a patient-specific crown or
restoration that is coupled to the implant in the patient’s mouth via the patient-specific
abutment. Examples of such dental design software packages are available from companies
such as 3Shape A/S, Exocad® GmbH, E4D Technologies, and Sirona Dental Systems
GmbH.
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[00132] The spherical-like head 820b includes virtual proxy informational markers
826, which (like the virtual proxy informational markers 226) define a code corresponding
with a proxy code, ¢.g., a proxy code of 1. The proxy code defined by the virtual proxy
information markers 826 corresponds with the code on the virtual healing abutment 210 in
the same, or similar, fashion that the virtual proxy informational markers 226 (FIG. 14)
corresponds with the code on the virtual healing abutment 210. The main difference between
the code on the narrow virtual proxy abutment 820 and the code on the virtual proxy
abutment 220 is the form in how the code is illustrated and/or interpreted. For example, the
virtual proxy informational markers 226 are depicted as a series of notches where the virtual
proxy informational markers 826 are depicted as a triangle, a dot, and a dash. Regardless of
the difference in appearance of the virtual proxy informational markers 226 and 826, the
virtual proxy informational markers 826 provide a proxy code that can be interpreted to
provide information regarding (1) the narrow virtual proxy abutment 820 itself (e.g., location
of the narrow virtual proxy abutment 820 relative to the virtual implant, orientation of the
narrow virtual proxy abutment 820 relative to the virtual implant, size of the narrow virtual
proxy abutment 820, etc.), the virtual healing abutment 210, the actual healing abutment 120,
the virtual implant 211, the actual implant 111, etc. As such, a dental laboratory having or
viewing the modified virtual three-dimensional model 200D (FIGS. 21A and 21B) including
the narrow virtual proxy abutment 820 can read the proxy code of 1 and reference a publicly
available proxy abutment library 355 (FIG. 15) to identify the narrow virtual proxy abutment
820 (e.g., to determine the size and orientation of the narrow virtual proxy abutment 820).
Once so identified, the location and orientation of the virtual implant 211 in the modified
virtual three-dimensional model 200D can be determined and then used along with the virtual
gingival aperture 895 to design and fabricate patient-specific components to be attached to
the implant 111 in the same, or similar, fashion as described above.

[00133] Including the virtual gingival aperture 895 in the modified virtual three-
dimensional model 200D can simplify the designing process for the lab receiving the
modified virtual three-dimensional model 200D. Specifically, by including the virtual
gingival aperture 895, the lab design software does not need to infer the virtual gingival
aperture 895 from the virtual proxy abutment shape (e.g., exterior subgingival contours)
when designing the patient-specific components as the virtual gingival aperture 895 is already

included in the model. Further, including the virtual gingival aperture 895 in the modified
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virtual three-dimensional model 200D can be used to enable built-in functions of the lab
design software, such as, for example, snap to gingiva, etc. Specifically, such a “snap to
gingiva” function can be used when designing a patient-specific abutment to be attached to
the implant in the mouth of the patient, where enabling or activating such a function causes
the software to design the lower portion of the patient-specific abutment to have the same or
corresponding contours as the virtual gingival aperture 895, thereby “snapping” the gingival
contours in the modified virtual three-dimensional model 200D to the patient-specific
abutment (not shown) being designed.

[00134] As shown in FIGS. 21A and 21B, the central axis of the narrow virtual proxy
abutment 820 is positioned along the central axis of the virtual implant 211 and the top of the
spherical-like head 820b is positioned a distance, dy, above the virtual table 219 of the virtual
implant 211. However, the narrow virtual proxy abutment 820 can have any orientation
and/or be positioned anywhere in the modified virtual three-dimensional model 200D so long
as the narrow virtual proxy abutment 820 (e.g., the spherical-like head 820b portion of the
narrow virtual proxy abutment 820) has a specific X-Y-Z location — relative to an origin
located at, for example, the virtual table 219 and the central axis of the virtual implant — that
is determinable with reference to the library including the proxy code on the narrow virtual
proxy abutment 820. Additionally, in some implementations, the distance, dy, is a standard,
publicly-known distance for all narrow virtual proxy abutments. In some alternative
implementations, the distance, dy, is provided by the proxy code on the narrow virtual proxy
abutment 820.

[00135] As discussed above, the virtual proxy informational markers 826 provide a
proxy code that can be interpreted to provide a variety of information (e.g., relative location,
relative orientation, size, etc.) regarding the narrow virtual proxy abutment 820 itself, the
virtual healing abutment 210, the actual healing abutment 120, the virtual implant 211, the
actual implant 111, etc. In such implementations, a multitude of proxy codes are needed to
identify the various implant types and connection sizes, etc. in the same manner as discussed
above. For example, in an implementation including two different potential implant
connections (e.g., internally connected implants, externally connected implants) and four
different potential implant diameters (e.g., 3.4 mm, 4.1 mm, 5.0 mm, 6.0 mm), a library of
eight different virtual proxy abutments having eight different proxy codes would be needed to

provide enough information to the lab to design and fabricate the patient-specific
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components. Of course, such an implementation can include more than one proxy code for
cach implant connection and/or implant diameter as discussed above and/or can use the above
described rolling code system to make it more difficult for unscrupulous competitive entities
to identify and copy the codes for the healing abutments and/or the virtual proxy abutments.

[00136] Alternatively to having such a library with multiple proxy codes and virtual
proxy abutments, the present disclosure can use a library with a single proxy code and a
single proxy abutment (e.g., narrow virtual proxy abutment 820 or floating virtual proxy
abutment 920). In such alternative implementations, the narrow virtual proxy abutment 820
provides a location and orientation of the virtual implant 211, but not the relevant connection
and size (e.g., diameter) information of the virtual implant 211 nor the relevant gingival
contour information of the healing abutment 120, which is provided by the virtual gingival
aperture 895. Rather, such connection and size (e.g., diameter) information of the virtual
implant 211 can be included in the modified virtual three-dimensional model 200D in a
different manner, such as, for example, this information can be floating in a window 896
within the modified virtual three-dimensional model 200D (e.g., next to the spherical-like
head 820b) as shown in FIG. 21A. Specifically, the window 896 includes information (e.g.,
alphanumeric information or data, pictorial information, etc.) indicating that the virtual
implant 211 is a socket type connection (e.g., female non-rotational connection) and a table
diameter of 3.4 mm. The floating information can automatically and/or manually be entered
into the design software for use in connection with the virtual gingival aperture 895 and the
proxy code to identify the proxy abutment and determine the location, orientation,
connection, and size of the virtual implant, and then design and fabricate the patient-specific
components therefrom. While the window 896 is shown in FIGS. 21A and 22A as indicating
the implant connection and table diameter, the window 896 can include any information
about the implant (e.g., manufacturer of the implant, length of the implant, thread pitch,
diameter of the internal bore of the implant, tapered angle of the implant, etc.). While the
window 896 is shown in FIGS. 21A and 22A as floating, the information contained in the
window 896 can be provided in a variety of alternative manners, such as, for example, the
information can be directly printed (i.e., virtually) or positioned on a surface of the narrow
virtual proxy abutment 820 and/or elsewhere in the modified virtual three-dimensional model

200D.
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[00137] As described in connection with FIGS. 21A and 21B, the narrow virtual proxy
abutment 820 is contiguous with the surrounding features of the modified virtual three-
dimensional model 200D because in some implementations, design software packages used
by labs require a contiguous abutment level model. However, in some alternative
implementations, such a contiguous virtual proxy abutment is not required. Now referring to
FIGS. 22A and 22B, where like reference numbers are used for like elements previous
discussed, a modified virtual three-dimensional model 200E includes a non-contiguous (e.g.,
virtually detached or virtually not touching) floating virtual proxy abutment 920. The
modified virtual three-dimensional model 200E is the same as the modified virtual three-
dimensional model 200D except that the narrow virtual proxy abutment 820 is replaced with
the floating virtual proxy abutment 920. The floating virtual proxy abutment 920 is the same
as the narrow virtual proxy abutment 820 except that the floating virtual proxy abutment 920
does not include the narrow shaft 820a of the narrow virtual proxy abutment 820.
Specifically, the floating virtual proxy abutment 920 is same as the spherical-like head 820b
of the narrow virtual proxy abutment 820. Other than the lack of the shaft 820a, the floating
virtual proxy abutment 920 functions in substantially the same manner as the narrow virtual
proxy abutment 820.

[00138] The floating virtual proxy abutment 920 is considered an “abutment” even
though it does not “abut” the virtual implant 211 or the virtual gingival aperture 895 because
the floating virtual proxy abutment 920 has a specific X-Y-Z location that is relative to the
virtual implant 211 (e.g., the virtual table) and/or the virtual gingival aperture 895. The
specific X-Y-Z location of the floating virtual proxy abutment 920 can be publicly known
and the same for every floating virtual proxy abutment (e.g., always along the central axis of
the virtual implant 211 and always with a distance dy of 10 mm) or different for every
floating virtual proxy abutment. In the implementations where the specific X-Y-Z location of
cach floating virtual proxy abutment 920 is different, the specific X-Y-Z location is
determinable with reference to a library (not shown) listing the X-Y-Z location next to the
virtual proxy code formed by the virtual proxy informational markers 926 on the floating
virtual proxy abutment 920.

[00139] In addition to using a rolling code system described above, the X-Y-Z location
for the various floating virtual proxy abutments can be changed in a rolling fashion to further

make it difficult for unscrupulous competitive entities to identify and copy the codes for the
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healing abutments and/or the virtual proxy abutments. For example, during a first period of
time as shown in FIG. 22A and 22B, the floating virtual healing abutment 920 is associated
with a first X-Y-Z location relative to the virtual implant (e.g., along the central axis of the
virtual implant 211 and with a distance dy of 10 mm). The manufacturer and/or the entity
creating the modified virtual three-dimensional models (e.g., models 200A, 200B, 200D,
200E) can then switch the X-Y-Z location for the floating virtual healing abutment 920 for a
second period of time where the floating virtual healing abutment 920 is associated with a
second X-Y-Z position (not shown) that is different than the first X-Y-Z position (e.g., along
a second axis that is parallel with and offset by 5 mm from the central axis of the virtual
implant 211 and with a distance d, of 20 mm).

[00140] While the floating virtual proxy abutment 920 is shown and described as
having a specific X-Y-Z location relative to the rest of the modified virtual three-dimensional
model 200E, it should be understood that the floating virtual proxy abutment 920 can be
positioned in any X-Y-Z location so long as the floating virtual proxy abutment 920 does not
obscure the virtual gingival aperture 895 to be used in designing the patient-specific
components. One of the important points about the narrow virtual healing abutment 820 and
the floating virtual proxy abutment 920 is that they both do not obscure the virtual gingival
aperture 895 in the modified virtual three-dimensional models 200D and 200E, respectively.
[00141] The narrow virtual proxy abutment 820 is described and shown as including
the spherical-like head 820b and the non-contiguous floating virtual proxy abutment 920 is
described and shown as being the same as the spherical-like head 820b of the narrow virtual
proxy abutment 820, both of which are shown as being spherical-like (e.g., having a generally
spherical shape); however, the spherical-like head 820b and the floating virtual proxy
abutment 920 can have a variety of shapes and/or sizes. For example, the spherical-like head
820b and the floating virtual proxy abutment 920 can have an elliptical shape, a square shape,
a rectangular shape, a polygonal shape, a triangular shape, or any combination thereof.
[00142] While FIGS. 21B and 22B are shown as being cross-sectional views of FIGS.
21A and 22A, respectively, it is noted that in some implementations, the modified virtual
three-dimensional models 200D and 200E depict (1) components representative of actual
physical components (e.g., teeth, gingiva, etc.) and (2) some purely virtual components
without a real corresponding component (e.g., virtual proxy abutment), where all of the

virtually depicted components in the models 200D and 200E do not have a thickness (e.g., are
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not solid components), but rather are just zero-thickness point clouds or a mesh of surface
data (e.g., similar to how a balloon is not solid as distinguished from an ice cube that is solid).
As such, the cross-sectional views of the models 200D and 200E depicted in FIGS. 21B and
22B do not include cross hatching.

[00143] In summary, the present disclosure can be used to design and manufacture
patient-specific prostheses including customized patient-specific crowns and/or patient-
specific abutments. The customized crown can be designed directly from the modified virtual
three-dimensional models 200A, 200B, 200D, and 200E and subsequently manufactured. Or,
the crown can be manufactured through more common laboratory techniques if a physical
model of the patient's mouth is made from the modified virtual three-dimensional models
200A, 200B, 200D, and 200E after the details of the patient-specific abutment or the link
abutment are determined. Or, a combination of the two techniques can be used where a
portion of the patient specific prosthesis is designed directly from the modified virtual three-
dimensional models 200A, 200B, 200D, and 200E and subsequently manufactured and then
mated with a physical model of the patient's mouth to finalize the fabrication of the patient-
specific prosthesis (e.g., add a final porcelain coating).

[00144] While the present disclosure has been described with reference to one or more
particular implementations, those skilled in the art will recognize that many changes may be
made thereto without departing from the spirit and scope of the present disclosure. Each of
these implementations and obvious variations thereof is contemplated as falling within the

spirit and scope of the present disclosure, which is set forth in the claims that follow.
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WHAT IS CLAIMED IS:

1. A set of healing abutments, comprising:

a first healing abutment having an upper surface with a first code thereon, the first

code being associated with a size of the first healing abutment; and

a second healing abutment having an upper surface with a second code thereon, the

second code being associated with a size of the second healing abutment,
wherein the first healing abutment and the second healing abutment have the same
size and wherein the first code is different from the second code.

2. The set of healing abutments of claim 1, wherein the first code is associated
with a maximum body diameter of the first healing abutment and a height of the first healing
abutment and the second code is associated with a maximum body diameter of the second
healing abutment and a height of the second healing abutment.

3. The set of healing abutments of claim 1, wherein the first code is defined by a
series of indentations on the upper surface of the first healing abutment and wherein the
second code is defined by a series of indentations on the upper surface of the second healing
abutment.

4. The set of healing abutments of claim 1, wherein the first code is defined by a
series of raised features on the upper surface of the first healing abutment and wherein the
second code is defined by a series of raised features on the upper surface of the second
healing abutment.

5. The set of healing abutments of claim 1, wherein the first code is defined by
differently shaped features on the upper surface of the first healing abutment and wherein the
second code is defined by differently shaped features on the upper surface of the second
healing abutment.

6. The set of healing abutments of claim 1, wherein the first code is defined by a
series of features that is read in a predetermined order and wherein the second code is defined
by a series of features that is read in a predetermined order.

7. The set of healing abutments of claim 1, wherein the first code is defined by a
series of features that defines a first binary code and wherein the second code is defined by a

series of features that defines a second binary code.
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8. The set of healing abutments of claim 1, wherein the first code includes
features that define a location of a non-rotational feature of the first healing abutment and
wherein the second code includes features that define a location of a non-rotational feature of
the second healing abutment.

9. The set of healing abutments of claim 8, wherein the features of the first and
the second codes include flat surfaces that indicate the locations of the non-rotational features
of the first and the second healing abutments.

10.  The set of healing abutments of claim 1, further including a third healing
abutment having an upper surface with a third code thereon, the third code being associated
with a size of the third healing abutment and being different from the first code and the
second code, the first healing abutment and the second healing abutment have the same size
as the third healing abutment

11.  The set of healing abutments of claim 1, wherein the first healing abutment
and the second healing abutment are introduced into the market at different times.

12. A set of scanning members, comprising;:

a first scanning member having a first code on an outer surface thereof, the first code

being indicative of a size of the first scanning member;

a second scanning member having a second code on an outer surface thercof, the

second code being indicative of a size of the second scanning member; and
wherein the first scanning member has the same size as the second scanning member
and wherein the first code is different from the second code.

13.  The set of scanning members of claim 12, wherein the scanning members are
healing abutments.

14.  The set of scanning members of claim 12, wherein the scanning members are
parts of temporary abutments.

15.  The set of scanning members of claim 12, wherein the first scanning member
and the second scanning member are introduced into the market at different times.

16.  The set of scanning members of claim 12, wherein the first scanning member
and the second scanning member are placed into the market at the same time.

17. A method for developing a physical abutment-level model for use in

developing a patient-specific prosthesis, the method comprising:
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scanning a scanning member that is attached to the implant to obtain scan data, the
scanning member having a top surface with a code thereon, the code being
indicative of a size of the scanning member and an orientation of a non-
rotational fitting of the scanning member;

from the scan data, creating a virtual three-dimensional model of the mouth, the
virtual three-dimensional model including a virtual scanning member with a
virtual code thereon, the virtual code corresponding to the code on the
scanning member attached to the implant in the mouth of the patient;

obtaining, from the virtual three-dimensional model, the virtual code associated with
the virtual scanning member;

based on a scanning-member library, determining the size of the scanning member
from the virtual code;

based on the virtual code, determining the orientation of the non-rotational fitting of
the scanning member;

replacing the virtual scanning member in the virtual three-dimensional model with a
virtual link abutment to create a modified virtual three-dimensional model, the
virtual link abutment corresponding to a physical link abutment that is a
portion of the patient-specific prosthesis;

developing physical model fabrication instructions from the modified virtual three-
dimensional model;

transferring the physical model fabrication instructions to a fabrication machine; and

based on the physical model fabrication instructions, fabricating, using the fabrication
machine, the physical abutment-level model as a replica of the modified
virtual three-dimensional model such that the fabricated physical abutment-

level model includes a link abutment structure.

18.  The method of claim 17, wherein the fabrication machine is a rapid-prototype
machine.
19.  The method of claim 18, wherein the link abutment structure is an integral link

abutment structure that is made of the same material as the rest of the physical abutment-level
model using the rapid-prototype machine.
20.  The method of claim 17, wherein the fabrication machine is a milling

machine.
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21.  The method of claim 17, further comprising developing a portion of the
patient-specific prosthesis directly on the link abutment structure of the physical abutment-
level model.

22.  The method of claim 17, wherein the portion of the patient-specific prosthesis

18 a patient-specific crown.



PCT/US2014/068637

WO 2015/094700

1/15

B9z /

BOZ BQC

0c

|
;
A

L
5




PCT/US2014/068637

WO 2015/094700

2/15




PCT/US2014/068637

WO 2015/094700

3/15

e08
qo8

68

V8 'Old /)

V. 'Old

11
egg q9. .
6.

2L
, 29, !




WO 2015/094700

.

79

4/15

70
78

92

99

FIG. 9

97

PCT/US2014/068637



PCT/US2014/068637

5/15

WO 2015/094700

0L 'Old

201 O 201

]

|
/

Okl <
| 101
00—

oY
/]
201 ¥Ol




PCT/US2014/068637

WO 2015/094700

6/15

¥0¢c

[AV4

00c—]
10—




WO 2015/094700 PCT/US2014/068637
7/15

229 220 //200A
/ +—201
VIRTUAL /
202— 998
——219
204—
218
— 202
211 |-
FIG. 13
226 / 200A
/ +—201
VIRTUAL /
\ ‘
202
204—
220 -
211 |

FIG. 14



WO 2015/094700

300—

8/15

PCT/US2014/068637

Send final prosthesis to

dentist/oral surgen

Design and fabricate
final prosthesis
using modified
virtual model and
open-source library

A

310 370J
~

Dentist/Oral surgeon
obtains scan data of
mouth with healing
abutment therein
having codes or a
laboratory generates
the scan data
from a physical
model or impression
of the mouth

320
N\ Y

Send scan data with

355~ 360 J

350
A\

Proxy Abutment 4
Library o
Proxy Code File
1 A
2 B
3 C
4 D
[ ] [ ]
o ®
® ®
n N'

Receive modified virtual
model in Laboratory and
use open-source library
of proxy abutments to
learn location and
orientation of
non-rotational features
of virtual proxy
abutment which, defines
implant location
and parameters
for final prosthesis

340— 1
A\

Send modified virtual

L

information on the model with
codes to converter "virtual proxy abutment”
to Lab
330 !
! N\
CONVERTER
VIRTUAL INPUT VIRTUAL OUTPUT

|
332
\ 210

Y

Storage Medium

Code-to-abutment library 400, 500

Abutment-to-Proxy Library 450, 550

FIG. 15



WO 2015/094700 PCT/US2014/068637

9/15
400 410 420 450 420 460 470
Healing Healing Healing Alternate
Abutment Abutment Abutment| Proxy Proxy
Code Size Size Code Code
011010 343 343 1 1
000100 344 344 2 1
001000 346 346 3 1
001100 348 348 4 1
010000 353 353 5 2
010100 354 354 6 2
011000 356 356 7 2
011100 358 358 8 2
100000 443 443 9 3
100100 444 444 10 3
101000 446 446 11 3
101100 448 448 12 3
110000 453 453 13 4
110100 454 454 14 4
111000 456 456 15 4
111100 458 458 16 4
000001 463 463 17 5
000101 464 464 18 5
001001 466 466 19 5
001101 468 468 20 5
010001 473 473 21 6
010101 474 474 22 6
011001 476 476 23 6
011101 478 478 24 6
100001 553 553 25 7
100101 554 554 26 7
101001 556 556 27 7
101101 558 558 28 7
110001 563 563 29 8
110101 564 564 30 8
111001 566 566 31 8
111101 568 568 32 8
000011 573 573 33 9
000111 574 574 34 9
001011 576 576 35 9
001111 578 578 36 9
010011 663 663 37 10
010111 664 664 38 10
011011 666 666 39 10
011111 668 668 40 10
100011 673 673 41 11
100111 674 674 42 11
101011 676 676 43 11
101111 678 678 44 11
INPUT OUTPUT

FIG. 16A FIG. 16B



WO 2015/094700 PCT/US2014/068637

10/15
500\ 510 520 550\ 520 460 470
Healing Healing Healing Alternate
Abutment Abutment Abutment | Proxy Proxy
Code Size Size Code Code

1111111 343a 343a 1 1
1111110 343b 343b 1 1
1111100 343c 343c 1 1
1111000 343d 343d 1 1
1110000 344a 344a 2 1
1100000 344b 344b 2 1
1000000 344c 344c 2 1
0000000 344d 344d 2 1
0111111 346a 346a 3 1
0011111 346b 346b 3 1
0001111 346¢ 346¢c 3 1
0000111 346d 346d 3 1
0000011 348a 348a 4 1
0000001 348b 348b 4 1
1101000 348c 348c 4 1
1101001 348d 348d 4 1
1101011 353a 353a 5 2
1101010 353b 353b 5 2
1010101 353c 353c 5 2
1010000 353d 353d 5 2
1010001 354a 354a 6 2
1010011 354b 354b 6 2
1010111 354c 354¢c 6 2
1110100 354d 354d 6 2
1110111 356a 356a 7 2
1110011 356b 356b 7 2
1110101 356¢ 356¢ 7 2
1110011 356d 356d 7 2
1110001 358a 358a 8 2
1111011 358b 358b 8 2
1111001 358¢c 358¢c 8 2
1111101 358d 358d 8 2

L e o L o

] o L o ®

o [ o o @
0001011 678a 678a 9 11
0001000 678b 678b 9 11
0001001 678¢ 678¢c 9 11
0001010 678d 678d 9 11

INPUT OUTPUT

FIG. 17A FIG. 17B



PCT/US2014/068637

WO 2015/094700
11/15
620 / 200B
/ -T—201
VIRTUAL J/

202

204—1

21 1 I N — = —"_202

FIG. 18



PCT/US2014/068637

WO 2015/094700

12/15

|epow |eaisAyd |apow |eaishyd 6l 'Old
UMo.D ‘ uo dnxepp ‘ JusuINgy YU
uBwWINgy YuI + sJaquis|y Buiuueog
sisayisold Aelodwe |
ubisaq [opo sjuewinqy BulesH
ABO[OUYD3] JUBUOdWOY) JoINOBNUE
_ N-0L2
2Iemjog jusuinqy-yuiy
¢—] ub —
Ui HoISeQ Lo ubise( ewaq YUm [8pOjA [enuiA uedQ il jusijied wol} [epo
BnUIA paziybi
usBwinQy YU [— PToAPoERd
—GEE I R N
! JLVAIYd
salielqi] wedw) !
JuaUINgY ‘salleIqI Jequialy Buluueog ! LA
ouoeds woneg [ JOUI0 'SBUBIGIT UBWINAY-HUIT m JEHBALOD
selieigi JuswInqy Axold ! <
umo.9 —] ubiseq umol) f—— “ 0€¢e
i
uswnqy Axoid yim | i
-
[opop [eo1sAud |opow [enyiA uedQ |
protueungy_ [ U050 PO I “ —TEE
1
|
+ 8I1BM)JOS m solieiqi uedu)
|epow c@_wmn_ [ewaq 1] Sdleiqiq sisayisold \CEOQEQ._.
[eaisAyd uo dnxepp > UMOID uBIsaQ JuswINgy m SOLIBIQIT WBUWINgY YU
]
UBUWINAY i seLRIqIT Juswingy Axoid
o1193ds Jusned A|_ * i|  soueiq wswingy Buiesy
|




WO 2015/094700 PCT/US2014/068637
13/15

200C

[~
\

201

VI\RTUAL /

202—

204—

—202
211




PCT/US2014/068637

14/15

WO 2015/094700

dl¢ 'Old

SIXY- A ——
ViZ Old
20— | te
B0Z8
402
968 - 202
20z8
612
/ | \ IVNLYIA
L0g—1} 7 \ , /
n_oom\ Qom%mwmm 568
028

968 - - | wwypg 928 928
19%00S



PCT/US2014/068637

WO 2015/094700

15/15

SIXY-A———

YA .

¥0C !

g¢c¢ 'Old

8¢

968 - - | wwypg 926 926

1954005 |

vee Old

-1z
202—
02
969 | 202
612
| \ IVNLHIA
02— \, /
3002 @NwNm S68
026



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 14/68637

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

D Claims Nos.:

because they relate to subject matter not required to be searched by thls Authorlty, namely:

.2. I:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. [:I Claims Nos.:

" because they are dependent ¢ clalms and are not drafted in accordance with the second and thlrd sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international appllcatlon as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-16 directed to a set of scanning members.

Group II: Claims 17-22 directed to a method for developing a physical abutment-level model for use in developing a patient-specific
prosthesis.

—--Continued on Supplemental Page----

1. IZ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2, D As all searchable claims could be searched without effort justifying additional fees, this Aufhority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.: )

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: ’

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicabie, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 14/68637

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61C 11/00 (2015.01)
CPC - AB1C 9/002
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
CPC: A61C 9/002 |IPC(8): A61C 11/00 (2015. 01%

Documentation searched other than minimum documentation to the extent that such documems are mcluded in the fields searched
USPC: 433/173, 213 (keyword limited; terms below)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatBase; Google Patents; Google

Search Terms sed: abutment, introduc*, releas*, different, market%, time%, period%, scan*, size%, diameter%, medical device%, phas
delay*, stagger®, 3d, 3-d, three dlmens:on marker%, code%, indicator%, indic*

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X | US 2013/0196290 A1 (HERRINGTON et al) 01 August 2013 (01.08.2013) fig 4, para [0027]- 1-3, 5-9, 12-13
--mmm--mm----- | [0028] -
Y 11, 15-16
X US 2002/0039717 A1 (AMBER et al) 04 April 2002 (04.04.2002) fig 9a, 9c, para [0060], [0067)- | 1, 4, 10, 14
[0068]
HOLLOWAY, ISSAC. "Learning via Sequential Market Entry: Evidence from International
Y : Releases of U.S. Movies" [online thesis] 18 September 2012 (18.09.2012) [retrieved on 01 April | 11, 15-16
2015] Retrieved from:
<http://cms.sem.tsinghua.edu.cn/semcms/res_base/semcms_com_www/upload/article/file/2012
_4/11_8/3wg1h99kyqdx.pdf> pg 1, para 1, pg 2, para 2 '
Y us 2012/0295226 A1 (ROBB et al) 22 November 2012 (22.11.2012) fig 1A, 3A, 3B, para [0041], » 17-22
| [0045], [0120], [0124]-{0127]
Y US 2011/0300509 A1 (DADI) 08 December 2011 (08.12.2011) para [0039]-[0041], [0045], 17-22
[0108)

D Further documents are listed in the continuation of Box C.

L]

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date )

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

Cwpm

document published prior to the international filing date but later than
the priority date claimed .

“T” later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

~ the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
. considered novel or cannot be considered to involve an inventive

step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

- 01 April 2015 (01.04.2015)

Date of mailing of the international search report

16 APR 2015

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 5§71-273-3201

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US 14/68637

Continuation of Box IIl: Observations where unity of invention is lacking

- The inventions listed as Groups I-1l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

The invention of Group 1l includes the special technical features of method steps including:”

scanning a scanning member that is attached to an implant;

creating a virtual three-dimensional model of the mouth including a virtual scanning member with a virtual code thereon;

based on a scanning-member library, determining the size of the scanning member from the virtual code;

based on the virtual code, determining the orientation of the non-rotational fitting of the scanning member;

replacing the virtual scanning member in the virtual three-dimensional' model with a virtual link abutment to create a modified virtual
three-dimensional model, the virtual link abutment corresponding to a physical link abutment that is a portion of the patient-specific
prosthesis; ' _ '

developing physical model fabrication instructions from the modified virtual three-dimensional mode!; :
based on the physical model fabrication instructions, fabricating, using the fabrication machine, the physical abutment-level model as a
replica of the modified virtual three-dimensional model such that the fabricated physical abutment-level model includes a link abutment
structure, not required in Group .

Common Technical Features

Groups | and Il are related as an apparatus (group |} and a method of potentially using the apparatus (group Il). .The inventions of A
Groups |-l share the technical features of Claims 1 and 12. The apparatus is known in the prior art, as shown in US 2013/0196290 A1
to Herrington, et al. (hereinafter 'Herrington’).

Regarding claim 1, Herrington discloses a set of healing abutments, comprising:

a first healing abutment (21a) having an upper surface with a first code thereon (fig-4), the first code being associated with a size of the
first healing abutment (fig 4, para [0027}); and

a second healing abutment (21b) having an upper surface with a second code thereon (code is comprised of various markers 41-44
present and absent, fig 4, para [0027]), the second code being associated with a size of the second healing abutment (para [0027]),
wherein the first healing abutment and the second healing abutment have the same size (both 21a and 21b have same height) and-
wherein the first code is different from the second code (first code comprises 42 and 43, second code comprises 41 and 42).

Regarding claim 12, Herrington discloses a set of scanning members, comprising:

a first scanning member (21a) having a first code on an outer surface thereof (fig 4), the first code being indicative of a size of the first
scanning member (fig 4, para [0027]);

a second scanning member (21b) having a second code on an outer surface thereof (fig 4), the second code being indicative of a size of
the second scanning member (fig 4, para [0027]); and i

wherein the first scanning member has the same size as the second scanning member (both 21a and 21b have same height) and
wherein the first code is different from the second code (first code comprises 42 and 43, second code comprises 41 and 42).

As the common features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Groups !l tack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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