Innovation, Sciences et
Développement économique Canada

Office de la Propriété Intellectuelle du Canada

Innovation, Science and CA 3216633 A1 2022/11/03
Economic Development Canada

Canadian Intellectual Property Office (21) 3 216 633
(12 DEMANDE DE BREVET CANADIEN

CANADIAN PATENT APPLICATION

(13 A1

i+l

(86) Date de dépot PCT/PCT Filing Date: 2022/04/14
(87) Date publication PCT/PCT Publication Date: 2022/11/03
(85) Entrée phase nationale/National Entry: 2023/10/24

(51) ClLInt./Int.Cl. A671B 17/17 (2006.01),
A61F 2/30 (2006.01), A61F 2/40 (2006.01),
AG61F 2/46 (2006.01)

(71) Demandeur/Applicant:

(86) N° demande PCT/PCT Application No.: US 2022/024795
(87) N° publication PCT/PCT Publication No.: 2022/231853
(30) Priorité/Priority: 2021/04/27 (US63/180,239)

ARTHREX, INC., US

(72) Inventeurs/Inventors:
METCALFE, NICK, US;

DE LEON, STEVEN JIM, US
(74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : SYSTEMES D'IMPLANT ORTHOPEDIQUE COMPRENANT DES CARACTERISTIQUES DE TRANSFERT ET PROCEDES
DE TRANSFERT DE PLAN
(54) Title: ORTHOPAEDIC IMPLANT SYSTEMS INCLUDING TRANSFER FEATURES AND METHODS FOR PLAN TRANSFER

156~ ;
11625
1625~ |-~162
li-154C
154c Y
|_~1620P
| [154A
isa~Jaealll [z =
N
165
4\
165
164 H
163 63T, 1548
154B A
154T
154T
FIG. 5

(57) Abrégé/Abstract:

This disclosure relates to planning systems, assemblies and methods. The planning systems, assemblies and methods disclosed
herein may be utilized for planning and implementing orthopaedic procedures to restore functionality to a joint, and may include
one or more transfer members (54) for positioning implants relative to patient anatomy.

OPIC

C ana dg htp://opic.ge.ca - Ottawa-Hull K1A 0C9 - Attp.://eipo.ge.ca
OPIC - CIPO 191



Date Submitted: 2023/10/24

CA App. No.: 3216633

Abstract:

This disclosure relates to planning systems, assemblies and methods. The planning systems,
assemblies and methods disclosed herein may be utilized for planning and implementing orthopaedic
procedures to restore functionality to a joint, and may include one or more transfer members (54) for
positioning implants relative to patient anatomy.
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ORTHOPAEDIC IMPLANT SYSTEMS INCLUDING TRANSFER
FEATURES AND METHODS FOR PLAN TRANSFER

CROSS-REFERENCE TO RELATED APPLICATION

[ooo1] The present disclosure claims priority to United States Provisional

Application No. 63/180,239 filed April 27, 2021.

BACKGROUND

ooz This disclosure relates to orthopaedic procedures and, more
particularly, to systems and methods for planning and implementing the repair of
bone defects and restoration of functionality to a joint, including positioning implants
at a surgical site based on a surgical plan.

[0003] Many bones of the human musculoskeletal system include articular
surfaces. The articular surfaces articulate relative to other bones to facilitate different
types and degrees of joint movement. The articular surfaces can erode or experience
bone loss over lime due (o repealed use or wear or can [racture as a result of a
traumatic impact. These types of bone defects can cause joint instability and pain.

[0o0o4] Bone deficiencies may occur along the articular surfaces. Some
techniques utilize a bone graft and/or implant to repair a defect adjacent the articular

surfaces. The surgeon may utilize a guide pin to position the implant.

SUMMARY

[ooos] This disclosure relates to planning systems, assemblies and methods.

[0ooo6] The planning systems, assemblies and methods disclosed herein may
be utilized for planning and implementing orthopaedic procedures to restore
[unctionality (o a joinl. Implants may be positioned ulilizing one or more (ransler
members associated with a surgical plan.

[0oo71 A transfer guide for an orthopaedic procedure according to an
exemplary aspect of this disclosure may include, inter alia, a guide body that may be
configured to be coupled to an implant and one or more transfer members that may
extend from the guide body. The one or more transfer members may be configured to
contact tissue.

[ooos] An orthopaedic implant according to an exemplary aspect of this

disclosure may include, inter alia, a baseplate and an augment that may extend
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outwardly [rom the baseplate. The augment may be dimensioned Lo contact bone. The
implant may include one or more transfer members that may extend from the
augment. The one or more transfer members may be configured to contact bone. Each
of the one or more transfer members may be coupled to the augment at a respective
breakable connection.

[0009] An assembly for an orthopaedic procedure according to an exemplary
aspect of this disclosure may include, inter alia, an implant that may be configured to
abut bone and a transfer guide. The transfer guide may include a guide body that may
be configured to be coupled to the implant and one or more transfer members that
may extend from the guide body. The one or more transfer members may be
configured to contact bone.

[oo010] A method of installing an orthopaedic implant according to an
exemplary aspect of this disclosure may include, inter alia, positioning one or more
transfer members to contact bone. The one or more transfer members may be coupled
to an implant. The method may include positioning the implant relative to the bone
based on the positioning of the one or more transfer members.

[poo11] The various features and advantages ol this disclosure will become
apparent to those skilled in the art from the following detailed description. The

drawings that accompany the detailed description can be briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[ooo1z] Figure 1 illustrates an exemplary planning system.

[oo013] Figure 2 illustrates aspects of the exemplary planning system of Figure

[ooo14] Figure 3A illustrates an exemplary user interlace ol the planning
system of Figure 2.

[ooo1s] Figure 3B illustrates another exemplary user interface of the planning
system of Figure 2.

[povie] Figure 4 illustrates an exemplary orthopaedic assembly including an
implant, transfer guide and transfer members.

[ooo17] Figure 5 illustrates an isolated view of the transfer guide of Figure 4.

[ooo18] Figure SA illustrates aspects of the transfer guide of Figure 5.

[0oo19] Figure 6 illustrates a perspective view ol portions of the transfer guide

of Tigure 5.
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l0oozo0] Figure 7 illusirates an axial view of the tansler guide ol Figure 5.

[oooz1] Figure 8 illustrates a sectional view of portions of the assembly of
Figure 4.

[oo022] Figure 9 illustrates a perspective view of portions of the assembly of
Figure 4.

[0ooz31 Iigure 10 illustrates an axial view of the assembly of Tigure 4
positioned at a surgical site.

[0o0024] Figure 11 illustrates a side view of the assembly of Figure 10.

[ooozs] Figure 12 illustrates another side view of the assembly of Figure 10.

[ooozs] Figure 13A illustrates the assembly of Figure 4 including an implant,
transfer members and transfer guide positioned relative to a surgical site.

[o0ooz7] Figure 13B illustrates a positioning object situated at the surgical site
utilizing the transfer guide ol Figure 10.

[ooozs] Figure 13C illustrates the positioning object with the transfer guide of
Figure 13B removed from the surgical site.

[00029] Figure 13D illustrates fasteners positioned relative to the implant of
Figure 13A.

[0oo30] Figure 13E illustrates the implant secured with the fasteners of Figure
13D.

[ooo31] Figure 13F illustrates the positioning object of Figure 13E removed
[rom the implant.

[poo3z] Figure 14 illustrates an exemplary method of planning and
implementing an orthopaedic procedure.

[00033] Figure 15 illustrates another exemplary orthopaedic assembly
including an implant, transler guide and wransfer members and incorporaling a
coupling member.

[o0o34] Figure 16 illustrates an exploded view of the assembly of Figure 15.

[ooo35] Figure 17 illustrates a perspective view of a transfer guide of the
assembly of Figure 15.

[ooo3s] Figure 18 illustrates another perspective view of a transfer guide of the
assembly of Figure 15.

[00037] Figure 19 illustrates an axial view of the assembly of Figure 15
positioned at a surgical site.

[ooo38] [Figure 20 illustrates a side view of the assembly of FFigure 19.
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looo39] Figure 21A illustrates the assembly of Figure 15 including a transfer
guide, coupling member and implant positioned relative to a surgical site.

[ooo40] Figure 21B illustrates a positioning object situated at the surgical site
utilizing the coupling member of Figure 21A.

[ooo41] Figure 21C illustrates the coupling member and transfer guide of
FFigure 21B removed from the surgical site.

[oo042] Figure 21D illustrates fasteners positioned relative to the implant of
Figure 21C.

[oooa3] Figure 21E illustrates the implant secured with the fasteners of Figure
21D.

[0o0044] Figure 21F illustrates the positioning object of Figure 21E removed
from the implant.

[pooas] Figure 22 illustrates another exemplary orthopaedic assembly
including an implant, transfer guide and transfer members that may have a patient-
specific configuration and may incorporate a coupling member.

[o0o46] Figure 23 illustrates an exploded view of the assembly of Figure 22.

[oooa7] Figure 24 illustrates a perspective view ol the transfer guide ol Figure
22.

[ooo48] Figure 25 illustrates another perspective view of the transfer guide of
Figure 22.

[0o0o49] Figure 26 illustrates a perspective view ol the transfer guide ol Figure
22 situated relative to tissue.

[oooso] Figure 27A illustrates the assembly of Figure 22 including a transfer
guide, coupling member and implant positioned relative to a surgical site.

[ooos1] Figure 27B illustrates an axial view ol the assembly ol Figure 27A.

[ooos21 Figure 27C illustrates a positioning object situated at the surgical site
utilizing the coupling member of Figure 27A.

[00053] Figure 27D illustrates the coupling member and transfer guide of
Figure 27C removed [rom the surgical site.

[ooos4] Figure 27E illustrates fasteners positioned relative to the implant of
Figure 27D.

[ooos5] Figure 27F illustrates the implant secured with the fasteners of Figure

21E.
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loooss] Figure 27G the positioning object of Figure 27F removed [rom the
implant.

[ooos7] Figure 28 illustrates another exemplary orthopaedic assembly situated
at a surgical site and including an implant, transfer guide and transfer members that
may have a patient-specific configuration and may incorporate a coupling member.

[oooss] Iligure 29 illustrates a side view of the implant of [Figure 28.

(000591 Figure 30 illustrates an axial view of the implant of Figure 28.

[ooos0] Figure 31 illustrates another exemplary orthopaedic assembly situated
at a surgical site and including an implant, transfer guide and transfer members and
that may incorporate a coupling member.

[ooos1] Figure 32 illustrates a perspective view of the transfer guide of Figure
31.

[voos2] Figure 33A illustrates the assembly of Figure 28 including a transfer
guide, coupling member and implant positioned relative to a surgical site.

[ooos3] Figure 33B illustrates a positioning object situated at the surgical site
utilizing the coupling member of Figure 33A.

[ooos4] Figure 33C illustrates the coupling member and (ransfer guide ol
Figure 33B removed from the surgical site.

[00ooss] Figure 33D illustrates the implant of Figure 33C secured with
fasteners.

[vooss] Figure 34 illustrates another exemplary orthopaedic assembly include a
transfer guide that may establish a snap-fit connection.

[ooos7] Figure 35 illustrates a perspective view of the transfer guide of Figure
34.

[ooosg] Figure 36 illustrales a perspectlive view ol the assembly ol Figure 34 at
a surgical site.

[00o69] Figure 37 illustrates an axial view of the assembly of Figure 36.

[0oo70] Figure 38A illustrates the assembly of Figure 34 including a transfer
guide, positioning member and implant positioned relative (o a surgical site.

[ooo71] Figure 38B illustrates fasteners and a positioning object situated at the
surgical site utilizing the positioning member of Figure 38A.

[00072] Figure 38C illustrates the implant secured with the fasteners of Figure

38B and the positioning member removed [rom the surgical site.
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l0o073] Figure 38D illustrates a sectional view of the assembly, positioning
object and fasteners of Figure 38C and the positioning member of Figure 38B.

[0oo74] Figure 38E illustrates the transfer guide of Figure 38D removed from
the implant.

[0oo75] Figure 39 illustrates another exemplary orthopaedic assembly
including an implant and transfer members that may be coupled to the implant by one
or more breakable connections.

[ooo7s] Figure 40 illustrates an axial view of the assembly of Figure 39.

[ooo771 Figure 41 illustrates a side view of the assembly of Figure 39.

[ooo78] Figure 42 illustrates a perspective view of portions of the assembly of
Figure 39.

[00079] Figure 43 illustrates a plan view of a transfer member.

[poogo] Figure 44 illustrates a perspeclive view ol the transfer member ol
Figure 43.

[ooog1] Figure 45 illustrates a severed state of the breakable connections of
Figure 39.

[poosz] Figure 46 illustrates another view ol one of the severed breakable
connections of Figure 45.

[ooog3] Figure 47A illustrates a perspective view of the assembly of Figure 39
including an implant and transfer members positioned relative to a surgical site.

[pooga] Figure 47B illustrates an axial view ol the assembly of Figure 47A.

[oooss] Figure 47C illustrates another perspective view of the assembly of
Figure 47A.

[0oog8s] Figure 47D illustrates a positioning object and fasteners situated
relative (o the assembly ol Figures 47A.

[ooos7] Figure 47E illustrates the implant secured with the fasteners of Figure
47D and tooling positioned relative to one of the transfer members.

[ooos8] Figure 47F illustrates the transfer members of Figure 47E severed from
the implant utilizing the woling.

[ooog9] Figure 48 illustrates an exemplary method of forming an orthopaedic
implant assembly.

[00o90] Figure 49 illustrates a printing assembly positioned relative to a

substrate.
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looo91] Figure 50 illustrates a portion ol an orthopaedic assembly [ormed by
the printing assembly.

[0oo92] Figure 51 illustrates a side view of the orthopaedic assembly formed
by the printing assembly.

[00093] Figure 52 illustrates another side view of the orthopaedic assembly of
ligure 51.

[00094] Figure 53 illustrates a sectional view of the assembly of Figure 52.

[ooo9s] Like reference numbers and designations in the various drawings

indicate like elements.

DETAILED DESCRIPTION

[oo0o9s] This disclosure relates to surgical planning and implementation,
including positioning implants relative Lo patient anatomy. The planning systems,
assemblies and methods disclosed herein may be utilized for planning and
implementing orthopaedic procedures to restore functionality to a joint. Implants may
be positioned utilizing one or more transfer members.

[poo97] Transler members may be associated with a predetermined surgical
plan. One or more parameters of the surgical plan may be transferred to or by the
transfer members for implementing a predetermined position of the respective
implant. The surgical plan may be tailored to the individual patient, which may
improve healing. The transfer members may be coupled directly to the implant or may
be incorporated into a transfer guide or device, which may improve accuracy in
positioning implants according to surgical plans. The disclosed techniques may
reduce complexity in implementing the surgical plans, including reduced packaging
and instrumentation. The transfer members may be single use and/or reusable, which
may provide the surgeon flexibility in implementing the surgical plans.

[oo0o98] A transfer guide for an orthopaedic procedure according to an
exemplary aspect of this disclosure may include a guide body that may be configured
to be coupled Lo an implant and one or more transfer members that may extend [rom
the guide body. The one or more transfer members may be configured to contact
tissue.

[00099] In a further implementation, the guide body may include a passage

dimensioned (o at least partially receive a guide pin insertable in bone.
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ooo10ofIn a (urther implementation, the one or more transfer members may be
positioned relative to the guide body based on a predetermined surgical plan.

[ooo101] In a further implementation, the one or more transfer members may be
moveable relative to the guide body.

[poo10z]In a further implementation, the one or more transfer members may
include a plurality of transfer members circumferentially distributed about a periphery
of the guide body.

[000103] In a further implementation, each of the transfer members may include
a first portion extending radially outward from the guide body and a second portion
extending axially from the first portion. The second portion may be configured to
contact tissue.

[0o00104] In a further implementation, each of the transfer members may include
a third portion that extends [(rom the f(irst portion. The third portion may be
translatable along a respective slot established in the periphery of the guide body to
set a position of the terminal end portion relative to the guide body.

[0o00105] In a further implementation, the first portion and the second portion
may establish a substantially L-shaped geometry.

[ooo106] In a further implementation, the one or more transfer members may be
integrally formed with the guide body.

[000107] An orthopaedic implant according to an exemplary aspect of this
disclosure may include a baseplate and an augment that may extend outwardly [rom
the baseplate. The augment may be dimensioned to contact bone. The implant may
include one or more transfer members that may extend from the augment. The one or
more transfer members may be configured to contact bone. Each of the one or more
transler members may be coupled (0 the augment at a respeclive breakable
connection.

[ooo108] In a further implementation, the one or more transfer members may be
dimensioned based on a predetermined surgical plan.

fpoov1vy] In a (urther implementation, the one or more transfer members may be
integrally formed with the augment.

[ooo110]1In a further implementation, the augment may be formed along the
baseplate.

[poo111]In a [further implementation, the breakable connection may be

configured to sever in response to a predetermined quantity of torque at an interface.
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looo11zjIn a [(urther implementation, the breakable conneclion may be
configured to sever in response to the predetermined quantity of torque in a first
rotational direction with respect to an axis extending through the interface, but not a
second rotational direction opposed to the first rotational direction.

[poo113]In a further implementation, the one or more transfer members may
include a plurality of transfer members circumferentially distributed about a periphery
of the augment.

[000114] In a further implementation, each of the transfer members may include
a first portion extending radially outward from the periphery of the augment and a
second portion extending axially from the first portion. The terminal end portion may
be configured to contact tissue.

[oo0o115]In a further implementation, the breakable connection may be
confligured (o sever in response (o a predelermined quantity of torque in a [irst
rotational direction with respect to an axis extending through the second portion, but
not a second rotational direction opposed to the first rotational direction.

[0o00o116]In a further implementation, the baseplate may include a central
aperture and a plurality of peripheral apertures circumferentially distributed about the
central aperture. Each of the peripheral apertures may be aligned with a respective
passage through the augment. Each of the peripheral apertures may be dimensioned to
receive a respective fastener partially receivable through the respective passage and
into bone.

[000117] In a further implementation, the central aperture may be dimensioned
to receive a guide pin insertable into bone to set a position of the implant.

[000118] An assembly for an orthopaedic procedure according to an exemplary
aspect ol this disclosure may include an implant that may be conligured to abul bone
and a transfer guide. The transfer guide may include a guide body that may be
configured to be coupled to the implant and one or more transfer members that may
extend from the guide body. The one or more transfer members may be configured to
contact bone.

[ooo119]In a further implementation, the guide body may include a passage
dimensioned to at least partially receive a guide pin insertable in bone to set a position
of the implant.

[poo1zo0]In a (urther implementation, the one or more transfer members may be

positioned relative to the guide body based on a predetermined surgical plan.
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looo1z1jIn a further implementation, the implant may include a buseplate and
an augment that may extend from the baseplate relative to an axis. The augment may
be dimensioned to contact bone.

[000122] In a further implementation, the one or more transfer members may be
dimensioned to be at least partially axially aligned with the augment relative to the
axis.

[0o00123]In a further implementation, the augment may include an augment
body extending between a first face and a second face. The first face may extend
along the baseplate. The second face may be dimensioned to substantially follow a
contour of the bone.

[000124] In a further implementation, the guide body may include first threads
that may mate with second threads along the baseplate to mechanically attach the
transler guide o the implant.

[ooo1251In a further implementation, the baseplate may include a central
aperture and a plurality of peripheral apertures circumferentially distributed about the
central aperture. Each of the peripheral apertures may be dimensioned to receive a
respective [astener Lo secure the implant to bone. The transler guide may include an
alignment member. The alignment member may be dimensioned to be insertable into
an aperture along the baseplate to limit relative rotation between the transfer guide
and the implant.

[poo1ze]In a [urther implementation, the guide body may include a passage
configured to be aligned with the central aperture in an installed position. The passage
may be dimensioned to at least partially receive a guide pin insertable through the
central aperture and into bone to set a position of the implant.

[000127] In a [urther implementation, the one or more transfer members may be
moveable between a first position and a second position.

[o00128] In a further implementation, each of the one or more transfer members
may include a first portion extending radially outward from the guide body and a
second portion extending axially (rom the first portion. The second portion may be
configured to abut tissue adjacent the implant.

[ooo129]In a further implementation, the implant may include a baseplate and
an augment that may extend from the baseplate relative to an axis. The augment may
be dimensioned o contact bone. The baseplate may include a central aperture and a

plurality of peripheral apertures circumferentially distributed about the central
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aperture. Each ol the peripheral apertures may be dimensioned (o receive a respeclive
fastener to secure the implant to bone. The guide body may include a coupling feature
at least partially receivable in the central aperture to secure the transfer guide to the
implant. The transfer guide may include an alignment member that may be
dimensioned to be insertable into an aperture in the baseplate to limit relative rotation
between the transfer guide and the implant.

[0o00130]In a further implementation, the coupling feature may include first
threads that may mate with second threads along the central aperture to mechanically
attach the transfer guide to the implant.

[000131] In a further implementation, the one or more transfer members may be
integrally formed with the guide body.

[0o00132] In a further implementation, the guide body may include a passage
dimensioned o receive a coupling member. The coupling member may be insertable
into the passage and the central aperture to mechanically attach the transfer guide to
the implant.

[000133]1In a further implementation, the coupling member may include a
passage. The passage may be dimensioned (o receive a guide pin insertable through
the central aperture and into bone to set a position of the implant.

[000134] In a further implementation, the implant may include a baseplate and
an augment that may extend outwardly from the baseplate. The augment may be
dimensioned (o contact bone. The transfer guide may include an abutment member
that may extend outwardly from the guide body. The abutment member may be
dimensioned to at least partially follow a periphery of the baseplate.

[000135] In a further implementation, each of the one or more transfer members
may extend [rom the guide body o a erminal end portion. The one or more transler
members may include a first transfer member and a second transfer member. The
terminal end portion of the first transfer member may have has a geometry that may
differ from a geometry of the terminal end portion of the second transfer member.

povise]In a further implementation, each terminal end portion may be
dimensioned with respect to a predetermined surface contour of the bone.

[0oo01371In a further implementation, the one or more transfer members may
include a transfer body and a transfer arm that may interconnect the guide body and
the transfer body. The transfer body may include a contact surface that may be

dimensioned with respect to a predetermined surface contour of the bone.

11

CA 03216633 2023-10-24



WO 2022/231853 PCT/US2022/024795

ooo138|In a further implementation, the implant may include a buseplate and
an augment that may extend outwardly from the baseplate. The augment may be
dimensioned to contact bone. The guide body may be dimensioned to follow a
periphery of the baseplate.

[ooo139]In a further implementation, the one or more transfer members may be
integrally formed with the guide body.

[000140] In a further implementation, the transfer guide may include a plurality
of fixation members that may be dimensioned to interface with a circumferential rim
of the baseplate to establish a snap-fit connection.

[0oo141]1In a further implementation, the baseplate may include a central
aperture and a plurality of peripheral apertures circumferentially distributed about the
central aperture. Each of the peripheral apertures may be dimensioned to receive a
respeclive [aslener (0 secure the implant to bone. The transfer guide may include one
or more alignment members that may extend inwardly from the guide body. Each of
the one or more alignment members may be dimensioned to be insertable into a
respective one of the peripheral apertures to limit relative rotation between the
transler guide and the implant.

[00o0142] In a further implementation, the central aperture may be dimensioned
to receive a coupling member. The coupling member may include a passage. The
passage may be dimensioned to receive a guide pin insertable through the central
aperture and into bone (o set a position of the implant.

[000143] In a further implementation, the coupling member may be spaced apart
from the transfer members in an installed position.

[000144]In a further implementation, the guide body may be dimensioned to
encircle and al least partially receive the periphery ol the baseplate.

[poo145] A method of installing an orthopaedic implant according to an
exemplary aspect of this disclosure may include positioning one or more transfer
members to contact bone. The one or more transfer members may be coupled to an
implant. The method may include positioning the implant relative to the bone based
on the positioning of the one or more transfer members.

[ooo146] In a further implementation, the implant may include a baseplate and
an augment that may extend outwardly from the baseplate. The step of positioning the

implant may occurs such that a surface of the augment may contact the bone.
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looo147|In a [urther implementalion, the surface of the augment may be
dimensioned to substantially follow a surface contour of the bone based on a
predetermined surgical plan.

[oo0o148]In a further implementation, the baseplate may include a central
aperture and a plurality of peripheral apertures circumferentially distributed about the
central aperture. Cach of the peripheral apertures may be aligned with a respective
passage through the augment. The method may include positioning a respective
fastener in each respective peripheral aperture and then into the bone to secure the
implant.

[000149] In a further implementation, the method may include inserting one or
more alignment members in a respective one of the peripheral apertures to limit
relative rotation between the one or more transfer members and the baseplate.

[poo1so]In a [urther implementation, the method may include establishing a
surgical plan. The surgical plan may be based on a surface profile of the bone. The
surgical plan may include at least one dimension that may be associated with the one
or more transfer members relative to the surface profile.

[poo1s1]In a [urther implementation, each of the one or more transfer members
may include a respective contact surface. The method may include forming the
contact surface to substantially follow the surface profile of the bone based on the
surgical plan.

[poo1sz]In a [urther implementation, the method may include coupling a
transfer guide to the implant. The transfer guide may include a guide body that may
interface with the implant. The one or more transfer members may extend from the
guide body.

[ooo1s31In a [urther implementation, the method may include the step ol
positioning one or more transfer members may include moving the one or more
transfer members between a first position and a second position relative to the guide
body based on the at least dimension.

fpovisa]In a further implementation, the guide body may include a passage.
The method may include positioning a guide pin through the passage in the guide
body, then through the implant, and then into the bone.

[ooo155]In a further implementation, the method may include integrally
forming the one or more transfer members with the guide body based on the at least

one dimension subsequent to the step of establishing the surgical plan.
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looo1se| In a further implementation, the transfer guide may include a plurality
of fixation members. The step of coupling the transfer guide to the implant may
include positioning the plurality of fixation members relative to the implant to
establish a snap-fit connection.

[poo1s7]In a further implementation, the method may include integrally
forming the one or more transfer members with the implant.

[oo0158] In a further implementation, each of the one or more transfer members
may be coupled to the implant at a respective breakable connection. The method may
include severing the breakable connection in response to a predetermined quantity of
force applied to the respective transfer member.

[0o00159] In a further implementation, the bone may be a portion of a glenoid.

[ooo1s0] Figure 1 illustrates an exemplary planning system 20 that may be
utilized for planning surgical procedures. The system 20 may be used [or planning
orthopaedic procedures, including pre-operatively, intra-operatively and/or post-
operatively to create, edit, execute and/or review surgical plans. The system 20 may
be utilized for wvarious orthopaedic and other surgical procedures, such as an
arthroplasty o repair a joint. The system 20 may be utilized in the placement of an
implant, such as an implant incorporated into a shoulder prosthesis, for example.
Although the planning systems and methods disclosed herein primarily refer to repair
of a glenoid or humerus during an anatomic or reverse shoulder reconstruction, it
should be understood that the planning system 20 may be utilized in the repair of
other locations of the patient and other surgical procedures including repair of other
bones and joints such as a wrist, hand, hip, knee or ankle and repair of fractures and
other deformities.

[ooo1s1] The system 20 may include a host computer 21 and one or more client
computers 22. The host computer 21 may be configured to execute one or more
software programs. In some implementations, the host computer 21 may be more
than one computer jointly configured to process software instructions serially or in
parallel.

[00o162] The host computer 21 may be in communication with one or more
networks such as a network 23 comprised of one or more computing devices. The
network 23 may be a private local area network (ILAN), a private wide area network

(WAN), the Internet, or a mesh network, (or example.
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looo163] The host compulter 21 and each client computer 22 may include one or
more of a computer processor, memory, storage means, network device and input
and/or output devices and/or interfaces. The input devices may include a keyboard,
mouse, etc. The output device may include a monitor, speakers, printers, etc. The
memory may, for example, include UVPROM, EEPROM, FLASH, RAM, ROM,
DVD, CD, a hard drive, or other computer readable medium which may store data
and/or other information relating to the planning and implementation techniques
disclosed herein. The host computer 21 and each client computer 22 may be a desktop
computer, laptop computer, smart phone, tablet, or any other computing device. The
interface may facilitate communication with the other systems and/or components of
the network 23.

[oo0164] Each client computer 22 may be configured to communicate with the
host computer 21 directly via a direct client interface 24 or over the network 23. In
another implementation, the client computers 22 are configured to communicate with
each other directly via a peer-to-peer interface 25.

[o0o165] The system 20 may include, or may be coupled to, one or more
imaging devices 26. Each client computer 22 may be coupled o one or more imaging
devices 26, for example. Each imaging device 26 may be configured to capture or
acquire one or more images 30 of patient anatomy residing within a scan field (e.g.,
window) of the imaging device 26. The imaging device 26 may be configured to
caplure or acquire (wo dimensional (2D) and/or three dimensional (3D) greyscale
and/or color images 30. Various imaging devices 26 may be utilized, such as an X-ray
machine, computerized tomography (CT) machine or magnetic resonance imaging
(MRI) machine that obtains one or more images of a patient.

[ooo1ss] The client computers 22 may be conligured o execule one or more
software programs, such as a various surgical tools. Each client computer 22 may be
operable to access and locally and/or remotely execute a planning environment 27.
The planning environment 27 may be a standalone software package or may be
incorporated into another surgical tool. The planning environment 27 may be
configured to communicate with the host computer 21 either over the network 23 or
directly through the direct client interface 24.

[000167] The planning environment 27 may be configured to interact with one
or more of the imaging devices 26 (o capture or acquire images 30 of palient anatomy.

The planning environment 27 may provide a display or visualization of one or more
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images 30, bone models 31, implant models 32 and/or transfer models 48 via one or
more graphical user interfaces (GUI). Each image 30, bone model 31, implant model
32, transfer model 48 and other data and information may be stored in one or more
files or records according to a specified data structure.

[ooo1se] The system 20 may include at least one storage system 28, which may
be operable to store or otherwise provide data to other computing devices. The storage
system 28 may be a storage area network device (SAN) configured to communicate
with the host computer 21 and/or the client computers 22 over the network 23, for
example. In implementations, the storage system 28 may be incorporated within or
directly coupled to the host computer 21 and/or client computers 22. The storage
system 28 may be configured to store one or more of computer software instructions,
data, database files, configuration information, etc.

[poois9]In some implementations, the system 20 may be a client-server
architecture configured to execute computer software on the host computer 21, which
may be accessible by the client computers 22 using either a thin client application or a
web browser executing on the client computers 22. The host computer 21 may load
the computer soltware instructions [rom local storage, or [rom the storage system 28,
into memory and may execute the computer software using the one or more computer
processors.

[000170] The system 20 may include one or more databases 29. The databases
29 may be stored al a central location, such as the storage system 28. In another
implementation, one or more databases 29 may be stored at the host computer 21
and/or may be a distributed database provided by one or more of the client computers
22. Each database 29 may be a relational database configured to associate one or
more images 30, bone models 31, implant models 32 and/or transler models 48 (o
each other and/or a surgical plan 33. Each surgical plan 33 may be associated with the
anatomy of a respective patient. Each image 30, bone model 31, implant model 32,
transfer model 48 and surgical plan 33 may be assigned a unique identifier or database
entry. The database 29 may be conligured o store data and other information
corresponding to the images 30, bone models 31, implant models 32, transfer models
48 and surgical plans 33 in one or more database records or entries, and/or may be
configured to link or otherwise associate one or more files corresponding to each
respeclive image 30, bone model 31, implant model 32, transfer model 48 and

surgical plan 33. Images 30, bone models 31, implant models 32, transfer models 48
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and associated surgical plans 33 stored in the database(s) 29 may correspond (o
respective patient anatomies from prior surgical cases, and may be arranged into one
or more predefined categories such as sex, age, ethnicity, defect category, procedure
type, surgeon, facility or organization, etc.

[ooo171jEach image 30 and bone model 31 may include data and other
information obtained from one or more medical devices or tools, such as the imaging
devices 26. The bone model 31 may include coordinate information relating to an
anatomy of the patient obtained or derived from image(s) 30 captured or otherwise
obtained by the imaging device(s) 26. Each implant model 32, transfer model 48 may
include coordinate information associated with a predefined design or a design
established or modified by the planning environment 27. The planning environment
27 may incorporate and/or interface with one or more modeling packages, such as a
computer aided design (CAD) package, o render the models 31, 32, 48 as (wo-
dimensional (2D) and/or three-dimensional (3D) volumes or constructs, which may
overlay one or more of the images 30 in a display screen of a GUL

[000172] The implant models 32 may correspond to implants and components of
various shapes and sizes. Each implant may include one or more components that may
be situated at a surgical site including screws, anchors and/or grafts. Each implant
model 32 may correspond to a single component or may include two or more
components that may be configured to establish an assembly. Each implant and
associated component(s) may be [formed of various materials, including metallic
and/or non-metallic materials. Each bone model 31, implant model 32 and transfer
model 48 may correspond to 2D and/or 3D geometry, and may be utilized to generate
a wireframe, mesh and/or solid construct in a display.

[ooo173] Each surgical plan 33 may be associaled with one or more ol the
images 30, bone models 31, implant models 32 and/or transfer models 48. The
surgical plan 33 may include various parameters associated with the images 30, bone
models 31, implant models 32 and/or transfer models 48. For example, the surgical
plan 33 may include parameters relating to bone density and bone quality associated
with patient anatomy captured in the image(s) 30. The surgical plan 33 may include
parameters including spatial information relating to relative positioning and
coordinate information of the selected bone model(s) 30, implant model(s) 32 and/or

transler model(s) 48.
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l0o0174] The surgical plan 33 may include one or more revisions (o @ bone
model 31 and information relating to a position of an implant model 32 and/or transfer
model 48 relative to the original and/or revised bone model 31. The surgical plan 33
may include coordinate information relating to the revised bone model 31 and a
relative position of the implant model 32 and/or transfer model 48 in predefined data
structure(s). The planning environment 27 may be configured to make one or more
revisions to a transfer model 48 automatically or in response to user interaction with
the user interface. Revisions to each bone model 31, implant model 32, transfer model
48 and/or surgical plan 33 may be stored in the database 29 automatically and/or in
response to user interaction with the system 20.

[000175] One or more surgeons and other users may be provided with a planning
environment 27 via the client computers 22 and may simultaneously access each
image 30, bone model 31, implant model 32, transfer model 48 and surgical plan 33
stored in the database(s) 29. Each user may interact with the planning environment 27
to create, view and/or modify various aspects of the surgical plan 33. Each client
computer 22 may be configured to store local instances of the images 30, bone models
31, implant models 32, wransler models 48 and/or surgical plans 33, which may be
synchronized in real-time or periodically with the database(s) 29. The planning
environment 27 may be a standalone software package executed on a client computer
22 or may be provided as one or more services executed on the host computer 21, for
example.

[ooo17e] Referring to Figure 2, with continuing reference to Figure 1, the
system 20 may include a computing device 34 including at least one processor 35
coupled to memory 36. The computing device 34 may include any of the computing
devices disclosed herein, including the host computer 21 and/or client computer 22.
The processor 35 may be configured to execute a planning environment 27 for
creating, editing, executing and/or reviewing one or more surgical plans 33 and any
associated bone models 31, implant models 32 and transfer models 48 during pre-
operalive, intra-operative and/or post-operative phases ol a surgery.

[0001771 The planning environment 27 may include at least a data module 37, a
display module 38, a spatial module 39 and a comparison module 40. Although four
modules are shown, it should be understood that fewer or more than four modules
may be utilized and/or one or more of the modules may be combined (o provide the

disclosed functionality.
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10o0178] The data module 37 may be conligured Lo access, retrieve and/or store
data and other information in the database(s) 29 corresponding to one or more images
30 of patient anatomy, bone model(s) 31, implant model(s) 32, transfer model(s) 48
and/or surgical plan(s) 33. The data and other information may be stored in one or
more databases 29 as one or more records or entries 41. In some implementations, the
data and other information may be stored in one or more files that are accessible by
referencing one or more objects or memory locations referenced by the records 41.

[000179] The memory 36 may be configured to access, load, edit and/or store
instances of one or more images 30, bone models 31, implant models 32, transfer
models 48 and/or surgical plans 33 in response to one or more commands from the
data module 37. The data module 37 may be configured to cause the memory 36 to
store a local instance of the image(s) 30, bone model(s) 31, implant model(s) 32,
transler model(s) 48 and/or surgical plan(s) 33, which may be synchronized with the
records 41 in the database(s) 29.

[ooo1go] The data module 37 may be configured to receive data and other
information corresponding to at least one or more images 30 of patient anatomy from
various sources such as the imaging device(s) 26. The data module 37 may be
configured to command the imaging device 26 to capture or acquire the images 30
automatically or in response to user interaction.

[ooo181]1 The display module 38 may be configured to display data and other
information relating (o one or more surgical plans 33 in at least one graphical user
interface (GUI) 43, including one or more of the images 30, bone models 31, implant
models 32 and/or transfer models 48. The computing device 34 may incorporate or be
coupled to a display device 42. The display module 38 may be configured to cause the
display device 42 (o display information in the user interlace 43. A surgeon or other
user may interact with the user interface 43 via the planning environment 27 to view
one or more images 30 of patient anatomy 46 and/or any associated bone models 31,
implant models 32 and transfer models 48. The surgeon or other user may interact
with the user interface 43 via the planning environment 27 (o create, edil, execute
and/or review one or more surgical plans 33.

[ooo182] Referring to Figure 3A-3B, with continuing reference to Figure 2, the
user interface 43 may include one or more display windows 44 and one or more
objects 45. The display windows 44 may include [irst, second and third display
windows 44-1, 44-2, 44-3, as illustrated in Figure 3A, and may include fourth and
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[ifth display windows 44-4, 44-5 as illustrated in Figure 3B. Although [ive display
windows 44 are shown, it should be understood that fewer or more than five display
windows 44 may be utilized in accordance with the teachings disclosed herein.

[000183] A surgeon or user may interact with the user interface 43 including the
objects 45 and/or display windows 44 to retrieve, view, edit, store, etc., various
aspects of a surgical plan 33, such as the selected image(s) 30, bone model(s) 31,
implant model(s) 32 and/or transfer model(s) 48. The objects 45 may include graphics
such as menus, tabs and buttons accessible by user interaction, such as tabs 45T,
buttons 45B, drop-down lists 451, and directional indicator 45D. The objects 45 may
be organized in one or more menu items 45M associated with the respective display
windows 44. Geometric objects, including selected image(s) 30, bone model(s) 31,
implant model(s) 32, transfer model(s) 48 and/or other information relating to the
surgical plan 33, may be displayed in one or more ol the display windows 44 as
illustrated in Figures 3A-3B. Each transfer model 48 may include one or more transfer
members 54, which may be associated with a transfer guide 56 as illustrated in
windows 44-4, 44-5.

[0o0184] The surgeon may interact with the objects 45 (o specily various aspects
of a surgical plan 33. For example, the surgeon may select one of the tabs 45T to view
or specify aspects of the surgical plan 33 for one portion of a joint, such as a glenoid
(see, e.g., Figure 3B), and may select another one of the tabs 45T to view or specify
aspects ol the surgical plan 33 [or another portion of the joint, such as a humerus (see,
e.g., Figure 3A).

[ooo1ss] The surgeon may interact with the menu items 45M to select and
specify various aspects of the bone models 31, implant models 32 and/or transfer
models 48 [rom the database 29. For example, the display module 38 may be
configured to display one or more bone models 31 together with the respective
image(s) 30 of the patient anatomy 46 and implant models 32 selected in response to
user interaction with the user interface 43, as illustrated in Figure 3A. The user may
interact with the drop-down lists 45L associated with the first display window 44-1 (o
specify implant type, resection angle and implant size. The resection angle menu item
may be associated with a resection plane R1 (shown in dashed lines in window 44-1
for illustrative purposes).

[0oo186] The user may interact with buttons 45B (o change (e.g., increase or

decrease) the resection angle. The user may interact with buttons 45B adjacent the
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selected implant model 32 o change (e.g., increase or decrease) a size ol 4 component
of the selected implant model 32. The buttons 45B may be overlaid onto or may be
situated adjacent to the display windows 44. The user may interact with the
directional indicator 45D to move a portion of the selected implant model 32 in
different directions (e.g., up, down, left, right) in the second display window 44-2.
The surgeon may drag or otherwise move the selected implant model 32 to a desired
position in the second display window 44-2 utilizing a mouse, for example. The
surgeon may interact with one of the drop-down lists 45L to specify a type and/or size
of a component of the selected implant model 32.

[0oo187] The display module 38 may be configured to superimpose one or more
of the bone models 31, and implant models 32 over one or more of the images 30, as
illustrated by window 44-1. The implant model 32 may include one or more
components that establish an assembly. At least a portion of the implant model 32
may be configured to be at least partially received in a volume of a selected one of the
bone models 31. The implant model 32 may have an articulation surface dimensioned
to mate with an articular surface of an opposed bone or implant.

[ooo1sg] The display windows 44 may be conligured (o display the images 30,
bone models 31, implant models 32 and/or transfer model(s) 48 at various
orientations. The display module 38 may be configured to display two dimensional
(2D) representation(s) of the selected bone model(s) 31, implant model(s) 32 and/or
transler model(s) 48 in the first and/or second display windows 44-1, 44-2, and may
be configured to display 3D representation(s) of the selected bone model 31, implant
model 32 and/or transfer model(s) 48 in the third display window 44-3, for example.
The surgeon may interact with the user interface 43 to move the selected bone model
31, selected implant model 32 and/or selected (ransler model 48 in 2D space (e.g., up,
down, left, right) and/or 3D space. In other implementations, the display module 38
may be configured to display a 2D representation of the selected bone model(s) 31,
selected implant model(s) 32 in the third display window 44-3.

[pooisy] The display module 38 may be conligured such that the selected
image(s) 30, bone model(s) 31, implant model(s) 32 and/or transfer model(s) 48 may
be selectively displayed and hidden (e.g., toggled) in one or more of the display
windows 44 in response to user interaction with the user interface 43, which may
provide the surgeon with enhanced [lexibility in reviewing aspects ol the surgical plan

33. For example, the surgeon may interact with the drop-down lists 451 to selectively

21

CA 03216633 2023-10-24



WO 2022/231853 PCT/US2022/024795

display and hide components of the selected implant model 32 in the third display
window 44-3.

[0o00190] The selected bone model 31 may correspond to a bone associated with
a joint, including any of the exemplary joints disclosed herein, such as a humerus as
illustrated in Figure 3A. The display module 38 may be configured to display a
sectional view of the selected bone model 31 and selected implant model 32 in the
first viewing window 44-1, for example. The sectional view of the bone model(s) 31
may be presented or displayed together with the associated image(s) 30 of the patient
anatomy 46.

[0oo191]1 The spatial module 39 may be configured to establish the resection
plane R1 along the selected bone model 31. A volume of the selected implant model
32 may be at least partially received in a volume of the selected bone model 31 along
the resection plane R1. The resection plane R1 may be delined by a resection angle.

[000192] The spatial module 39 may be configured to cause the display module
38 to display an excised portion of the selected bone model 31 to be displayed in the
first display window 44-1 in a different manner than a remainder of the bone model
31 on an opposed side of the resection plane R1. For example, the excised portion of
the bone model 31 may be hidden from display in the first display window 44-1 such
that the respective portion of the image 30 of the patient anatomy 46 is shown, as
illustrated in Figure 3A. In other implementations, the excised portion of the selected
bone model 31 may be displayed in a relatively darker shade. The spatial module 39
may determine the excised portion by comparing coordinates of the bone model 31
with respect to a position of the resection plane R1, for example. The user may
interact with one or more buttons 45B to toggle between a volume of previous and
revised (e.g., resected) stales ol the selected bone model 31.

[000193] The planning environment 27 may be configured such that changes in
one of the display windows 44 are synchronized with each of the other windows 44.
The changes may be synchronized between the display windows 44 automatically
and/or manually in response Lo user interaction.

[000194] The surgeon may utilize various instrumentation and devices to
implement each surgical plan 33, including preparing the surgical site and securing
one or more implants to bone or other tissue to restore functionality to the respective
joint. Each of the transfer models 48 may be associaled with a respeclive instrument

or device (e.g., transfer guide) or a respective implant model 32.
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l0o0195] The surgical plan 33 may be associdaled with one or more positioning
objects such as a guide pin (e.g., guide wire or Kirschner wire) dimensioned to be
secured in tissue to position and orient the various instrumentation, devices and/or
implants. The display module 38 may be configured to display a virtual position VP
and virtual axis VA in one or more of the display windows 44. The virtual position
VP may be associated with a specified position of the positioning object relative to the
patient anatomy 46. The virtual axis VA may extend through the virtual position VP
and may be associated with a specified orientation of the positioning object relative to
the patient anatomy 46. The spatial module 39 may be configured to set the virtual
position VP and/or virtual axis VA in response to placement of a respective implant
model 32 relative to the bone model 31 and associated patient anatomy 46. The virtual
position VP and/or virtual axis VA may be set and/or adjusted automatically based on
a position and orientation of the selected implant model 32 relative to the selected
bone model 31 and/or in response to user interaction with the user interface 43.

[ooo196] The spatial module 39 may be configured to determine one or more
contact points CP associated with the patient anatomy 46. The contact points CP may
be associated with one or more landmarks or other surface [eatures along the bone
model 31 and/or other portions of the patient anatomy 46. Each contact point CP may
be established along an articular surface or non-articular surface of a joint. The spatial
module 39 may be configured to set the contact points CP based on the virtual
position VP, virtual axis VA and/or position and orientation of the respective implant
model 32 relative to the patient anatomy 46. The spatial module 39 may be configured
to cause the display module 38 to display the contact points CP in one or more of the
display windows 44, as illustrated in Figures 3A-3B. In implementations, the contact
points CP may be set and/or adjusted automatically based on a position ol the implant
model 32 and/or in response to user interaction with the user interface 43. The virtual
position VP, virtual axis VA and/or contact points CP may be stored in one or more
records 41 in the database 29 and may be associated with the respective surgical plan
33.

[000197] The comparison module 40 may be configured to generate or set one or
more parameters associated with implementing the surgical plan 33. The parameters
may include one or more settings or dimensions associated with the respective
transfer models 48. The parameters may be based on the virtual position VP, virtual

axis VA and/or contact points CP. The comparison module 40 may be configured to
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delermine one or more settings or dimensions associated with the respective transfer
models 48 relative to the patient anatomy 46, bone model(s) 31, implant model(s) 46,
virtual position VP, virtual axis VA and/or contact points CP. The dimensions and
settings may be utilized to form a physical instance of each respective transfer model
48. The settings may be utilized to specify a position and orientation of each
respective transfer model 48 relative to the implant model 32 and/or bone model 31.
The settings may be utilized to configure one or more transfer members (e.g., objects)
and related instrumentation or devices associated with the transfer model 48. The
comparison module 40 may be configured to generate the settings and/or dimensions
such that the transfer model 48 contacts one or more predetermined positions at or
along the bone model 31 or patient anatomy 46 in an installed position when coupled
to the respective implant model 32. The predetermined positions may include one or
more ol the contact points CP. The settings and dimensions may be communicated
utilizing various techniques, including one or more graphics in the user interface 43 or
output files. The settings and/or dimensions may be stored in one or more records 41
in the database 29 associated with the transfer models 48.

[0o0198] The user may interact with a list 45L associaled with the display
window 44-4 o select a transfer model 48 from the database 29. The display model
38 may be configured to display the selected transfer model 48 in the windows 44-4
and/or 44-5 at various positions and orientations. The spatial module 39 may be
conligured (o sel an initial position ol the selected ransfer model 48 according Lo the
virtual position VP, virtual axis VA and/or contact points CP.

[o0oo199] The user may interact with the user interface 43 to set or adjust a
position and/or orientation of the selected transfer model 48. The user may interact
with direclional indicators 45DT (o move the selected transler model 48 and/or virtual
position VP in different directions (e.g., up, down, left, right) in the display windows
44-4, 45. The surgeon may drag or otherwise move the selected transfer model 48
and/or virtual position VP to a desired position in the windows 44-4, 44-5 utilizing a
mouse, [or example. The user may interact with rotational indicators 45R Lo adjust a
position and/or orientation of the transfer model 48 about the virtual axis VA relative
to the selected bone model 31 and/or implant model 32. The user may interact with tilt
indicators 45TT to adjust an orientation of the selected transfer model 48 and
associated virtual axis VA at the virtual position VP relative o the selected bone

model 31 and/or implant model 32. The user may interact with an articulation button
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45BA and/or directional indicator DA (e.g., window 44-4) (0 cause the transler
members 54 to articulate or otherwise move to relative to a guide body 62 of the
transfer guide 56. The transfer members 54 may be articulated or otherwise moved
independently or synchronously, which may occur manually in response to user
interaction and/or automatically in response to situating the transfer members 54
relative to the bone model 31 and/or implant model 32. Articulation or movement of
the transfer members 54 may occur such that the articulation members 54 contact a
surface of the bone model 31. Movement of the transfer members 54 may cause an
adjustment to the respective contact points CP. In some implementations, a position of
the transfer members 54 is fixed relative to the transfer guide 56 and/or implant 52.

[0o0ozoo] Various transfer members may be utilized with the planning
environment 27 to implement the surgical plan(s) 33, including any of the transfer
members disclosed herein. Each transfer member may be associated with a respective
transter model 48. The disclosed transfer members may be incorporated into transfer
guides, implants and/or assemblies to set a position and orientation of the respective
implant prior to fixing or otherwise securing the implant at a surgical site.

[poozo1]Figure 4 illustrates an exemplary assembly 150 for an orthopaedic
procedure. The assembly 150 may be utilized to restore functionality to shoulders and
other joints, such as the repair of a glenoid or humerus during an anatomic or reverse
shoulder reconstruction. The assembly 150 may be utilized in the repair of other
locations of the patient and other surgical procedures including repair ol other joints
such as a wrist, hand, hip, knee or ankle and repair of fractures and other deformities.
In this disclosure, like reference numerals designate like elements where appropriate
and reference numerals with the addition of one-hundred or multiples thereof
designate modilied elements that are understood Lo incorporale the same leatures and
benefits of the corresponding original elements.

[000z02] The assembly 150 may include an orthopaedic implant 152 and one or
more transfer members (e.g., objects) 154. The implant 152 and each transfer member
154 may be confligured o abut or contact bone B or other tissue (see, e.g., Figures 10-
12). The assembly 150 may include a transfer guide 156 configured to interface with
the implant 152. The transfer guide 156 may incorporate one or more of the transfer
members 154 as illustrated in Figures 4-7. Although two transfer members 154 are
shown, it should be understood (hat fewer or more than two (ransfer members 154

may be utilized in accordance with the teachings disclosed herein.
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1000203] A surgeon or user may position and orient the implant 152 bused on 4
position of the transfer members 154 and/or transfer guide 156 relative to tissue such
as bone B (see, e.g., Figures 10-12). The bone B may be a portion of a glenoid or
another bone associated with a joint of a patient.

[0oozo04] Each transfer member 154 may be associated with a respective transfer
model 48 (Tigure 2). The transfer model 48 may be associated with each transfer
member 154 of the respective transfer guide 156 and/or implant 152. The implant 152
may be associated with a respective implant model 32 (Figure 2). The bone B may be
associated with a respective bone model 31 (Figure 2).

[000205]1 The implant 152 may include a main body 157 dimensioned to abut
against bone B at a surgical site S (see, e.g., Figures 8 and 11-12). The main body
157 may be dimensioned to receive one or more fasteners F (see, e.g., Figures 13D-
13E). Each of the lasteners F may be dimensioned Lo be al least partially received in
the bone B to secure the implant 152 at the surgical site S. Various fasteners F may be
utilized with the implant 152, such as nails and compression screws.

[000206] The implant 152 may include a baseplate 158 and augment 160 that
establish the main body 157. The baseplate 158 and augment 160 may be integrally
formed to establish a monolithic or unitary component or may be separate and distinct
components that are fixedly attached or otherwise secured to one another. The
augment 160 may be formed along the baseplate 158 utilizing various techniques,
such as printing the augment 160 on the baseplate 158 utilizing a printing device.

[000207] Referring to Figure 8, with continuing reference to Figures 4-7, the
baseplate 158 may include a plate body 159 extending along a longitudinal (e.g.,
central) axis X between a first (e.g., front) face 159A and a second (e.g., rear) face
159B generally opposed (o the [irst [ace 159A. A perimeler ol the plate body 159 may
have a substantially circular or elliptical geometry. A substantially circular geometry
may reduce a reaming width and complexity of preparing a surgical site to accept the
implant 152.

[voozug] The baseplate 158 may include a central aperture 158C and a plurality
of peripheral apertures 158P. The peripheral apertures 158P may be circumferentially
distributed about the central aperture 158C relative to the longitudinal axis X (see,
e.g., Figures 13C-13F).

[000209] The augment 160 may extend oulwardly [rom the baseplate 158

relative to the axis X. A perimeter of the augment 160 shown in dashed lines in TFigure
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8 for illustrative purposes. The augment 160 may include an augment body 161
dimensioned to contact bone B. The augment body 161 may extend along the
longitudinal axis X between a first (e.g., front) face 161 A and a second (e.g., rear)
face 161B generally opposed to the first face 161A. The front faces 159A, 161 A may
generally correspond to a lateral side of a patient, and the rear faces 159B, 161B may
generally correspond to a medial side of the patient when implanted in a surgical site.
The front face 161A of the augment 160 may extend along the rear face 159B of the
baseplate 158.

[000z10] The augment body 161 may extend outwardly from the rear face 159B
of the baseplate 158 to establish an external surface 152E of the implant 152. The rear
face 161B and/or other portions of the augment 160 establishing the external surface
152E of the implant 152 may be dimensioned to approximate a geometry of a bone
defect or may have one or more surlaces having a palient-specilic geomeltry
dimensioned to substantially conform or follow a surface contour of the bone
associated with a respective patient, such as a surface contour established along an
articular surface of the respective bone. The rear face 159B may be dimensioned to
substantially follow a surface contour of the bone B, as illustrated in Figures 8 and 12.

(0002111 The augment 160 may establish one or more passages 160P through
the augment body 161. The augment 160 may include one or more tubular members
160T extending between the rear face 159B of the baseplate 158 and an external
surface 152E of the implant 152 established by the augment 160. Each tubular
member 160T may establish a respective one of the passages 160P. Portions of the
augment body 161 surrounding the tubular members 160T may be substantially solid
or may be porous. Each of the peripheral apertures 158P and central aperture 158C
may be aligned with a respective one ol the passages 160P. The central aperture 158C
and/or each of the peripheral apertures 158P may be dimensioned to receive a
respective fastener F to secure the implant 152 to bone B along the surgical site (see
Figure 13F).

[ooziz) Relerring Lo Figures 6-7 and 9-12, with continuing reference o Figures
5 and 8, the transfer guide 156 may include a guide body 162 configured to be
coupled to the implant 152, as illustrated in Figures 9-12. The transfer guide 156 may
include one or more transfer members 154 extending from the guide body 162. One or

more ransfer members 154 may be positioned relative o the guide body 162 based on
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a predetermined surgical plan. The predetermined surgical plan may be established by
the planning system 20 and utilizing any of the techniques disclosed herein.

[000213] The guide body 162 may include a passage 162P extending along a
longitudinal (e.g., central) axis A of the transfer guide 156, as illustrated in Figures 7
and 10. The passage 162P may be configured to be aligned with the central aperture
162C in an installed position (see, e.g., [ligures 13A-13B).

[000214] The transfer guide 156 may be utilized to set a position and/or
orientation of one or more positioning objects such as a guide pin GP, as illustrated in
Figures 13A-13B. The central aperture 158C and respective passage 162P may be
dimensioned to at least partially receive the guide pin GP to set the position and/or
orientation of the guide pin GP, as illustrated in Figure 13C. The guide pin GP may be
insertable through the central aperture 158C, then through the passage 160P and then
into bone B (o set a position and/or orientation of the implant 152 relative to the
longitudinal axis A of the transter guide 156. The guide pin GP is illustrated in dashed
lines in Figure 8 for illustrative purposes.

[000215] Various techniques may be utilized to secure the transfer guide 156 to
the implant 152. The guide body 162 may include second threads 163T (Figures 6-7)
that mate with first threads 158T which may be disposed along the central aperture
L58C of the baseplate 158 (Figure 8) to mechanically attach the transfer guide 156 to
the implant 152. In implementations, the transfer guide 156 may include a coupling
leawre 163 (Figures 5-7). The coupling feature 163 is illustrated in dashed lines in
Figure 8 for illustrative purposes. The coupling feature 163 may be a protrusion that
extends outwardly from a proximal end portion of the guide body 162. The coupling
feature 163 may be at least partially receivable in the central aperture 158C to secure
the transfer guide 156 to the implant 152. The [irst threads 163T may be disposed
along the coupling feature 163.

[oooz16] The transfer guide 156 may include at least one alignment member 164
for positioning the transfer guide 156 relative to the implant 152. The alignment
member 164 may be a protrusion dimensioned (o be insertable into an aperture 158A
along the baseplate 158 to position the transfer guide 156 and the implant 152 relative
to each other, as illustrated in Figures 9-10. The alignment member 164 may be
dimensioned to be insertable into the aperture 158 A limit relative rotation between the
transler guide 156 and implant 152 relative (o the longitudinal axis X ol the implant

152. The aperture 158A may be the central aperture 158C, one of the peripheral
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apertures 158P, or another aperlure along the baseplale 158. Although only one
alignment member 164 is shown, it should be understood that more than one
alignment member 164 may be utilized (see, e.g., Figure 18).

[000217] Various techniques may be utilized to configure the transfer members
154. The transfer guide 156 may include a plurality of transfer members 154
circumferentially distributed about an outer periphery 1620P of the guide body 162
relative to the axis A, as illustrated by Figures 6-7.

[oo0z18] Each of the transfer members 154 may include a first portion 154A,
second portion 154B and third portion 154C (Figure 5). The first portion 154A may
extend radially outward from the guide body 162 relative to the axis A. The second
portion 154B may extend axially between the first portion 154A and a terminal end
portion 154T relative to the axis A. The first portion 154A and second portion 154B
may establish a substantially L-shaped geometry. The terminal end portion 154T or
another surface (e.g., outer periphery) of the second portion 154B of the transfer
member 154 may be configured to contact bone B or other tissue along the respective
contact point CP (see, e.g., Figures 10-12 and 13A). Each contact point CP may be
established along an articular surface or non-articular surface ol a joint. The terminal
end portion 154T may have various geometries, such as a generally semi-spherical or
rounded geometry. The third portion 154C may extend axially from the first portion
154 A relative to the axis A.

[oooz19] Each of the transfer members 154 may be [ixed at a single position or
may be configured to be moveable relative to the guide body 162 between a first
position (e.g., Figure 4), a second position (e.g., Figure 5) and one or more
intermediate positions. The second portion 154B of one or more transfer members
154 may be dimensioned (o be at least partially axially aligned with the augment 160
relative to the axis A in the second position and/or one or more of the intermediate
positions, as illustrated in Figures 11-12.

[0oozz0] The third portion 154C may be translatable along a respective slot
16285 established in the outer periphery 1620P ol the guide body 162 Lo sel a position
of the terminal end portion 154T of the transfer member 154 relative to the guide
body 162 (see, e.g., Figure 5).

[000221] The transfer guide 156 may include one or more indicia 165 associated
with the transfer members 154, as illustrated in Figure 5. The surgeon or other user

may utilize the indicia 165 to independently set a position of each of the transfer
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members 154 based on a predetermined surgical plan associated with a palient
anatomy, such as one of the surgical plans 33 (Figure 2). The indicia 165 may be
associated with respective ones of the transfer members 154, and may include
lettering or another indicator that may be utilized to discretely identify each of the
respective transfer members 154. The indicia 165 may be formed along the guide
body 162 adjacent to each of the slots 162S, or may be formed along the respective
transfer members 154. In implementations, the indicia 165 may include a ruler 165M
including a series of graduations which may be aligned with a marker 165M to
indicate a position of the respective transfer member 154 relative to the guide body
162 and/or an axial position of the transfer member 154 relative to the longitudinal
axis A, as illustrated by the transfer members 154-1, 154-2 of Figure 5A. The transfer
members 154-1, 154-2 may be independently moved along the slot 16285 in a direction
DA (o set the position ol each ransfer member 154-1, 154-2 relalive to the
longitudinal axis A.

[000222] Various materials may be utilized to form the implants, transfer
members and transfer guides disclosed herein, including metallic materials such as
metals and alloys. The (ransfer members and/or associated transler guides may be
made of metallic and non-metallic materials including polymers and thermoplastics.

[oooz23] Figure 14 illustrates an exemplary method of planning and
implementing an orthopaedic procedure in a flowchart 198. The method may be
utilized pre-operatively, intra-operatively and/or post-operatively Lo create, edit,
execute and/or review a respective surgical plan, including installing one or more
orthopaedic implants. The method may be utilized to perform an arthroplasty for
restoring functionality to shoulders and other joints. Although the method 198
primarily relers Lo a shoulder reconstruction, it should be understood that the method
and disclosed implants may be utilized in other locations of the patient and other
surgical procedures, including any of the joints and procedures disclosed herein. The
method 198 may be utilized with any of the planning systems, assemblies, implants,
transfer members, transfer guides and instruments and devices disclosed herein,
including assemblies 150, 250, 350, 450, 550, 650, 750 and/or 950. Fewer or
additional steps than are recited below could be performed within the scope of this
disclosure, and the recited order of steps is not intended to limit this disclosure. The
planning system 20 and any ol associaled modules may be conligured to execute each

of the steps of the method 198. Reference is made to the planning system 20 and
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graphical user interface 43 of Figures 2-3 and the assembly 150 of Figures 13A-13F
for illustrative purposes.

[000224] A bone model(s) 31 may be selected from one or more bone models 31
by interacting with the user interface 43 at step 198A. An implant model 32 may be
selected from one or more implant models 32 by interacting with the user interface 43
at step 198B. Available bone models 31, implant models 32 and surgical plans 33 in
the database(s) 29 may be presented in one or more lists in the user interface 43 may
be selected in response to user interaction. The selected bone model 31 may
correspond to a bone associated with a shoulder or other joint, such as a humeral head
of a humerus as illustrated in Figure 3A or a glenoid as illustrated in Figure 3B. A
selected one of the bone models 31 may be initially positioned and displayed in one or
more windows 44 of the user interface 43 at step 198C. Each selected bone model 31
and selected implant model 32 may be displayed in the display windows 44-1, 44-2
and 44-3 according to any of the techniques disclosed herein, including different
orientations and 2D/3D views.

[oooz225] The selected implant model 32 may be positioned relative to the
selected bone model 31 at step 198D. Step 198D may include automaltically
positioning the implant model 32 relative to the bone model 31 based on one or more
predetermined parameters or settings and/or landmarks associated with the selected
bone model 31. Step 198D may include moving the selected implant model 32
relative o the selected bone model 31 in response (o user interaction with the user
interface 43. A position of the selected implant model 32 may be adjusted in one or
more iterations and prior to, during and/or subsequent to any of the steps of method
198.

[ooozz6] One or more modilications Lo the seleclted bone model 31 may be made
at step 198E. The modifications may be made in response to user interaction with the
user interface 43, for example. Step 198E may include setting one or more resection
parameters at step 198F. The resection parameters may include a resection angle (@)
and/or resection plane R1 associated with the resection angle (w), as illustrated in
Figure 3A. The resection angle (o) may be established relative to an axis BA of the
respective bone model 31. Step 198F may include selecting a resection angle (o) to
define a resection plane R1 along the selected bone model 31. The resection
paramelers may be stored in the respectlive surgical plan 33 (Figure 2). Step 198D

may include positioning the selected implant model 32 along the resection plane R1
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such that a volume of the selected implant model 32 is at least partially received in a
volume of the selected bone model 31, as illustrated in Figure 3A.

[000227] At step 198G, one or more positioning parameters may be set relating
to the transfer model 48 and associated transfer member(s), such as the transfer
members 154. The positioning parameters may include any of the parameters
disclosed herein, including one or more settings or dimensions associated with the
transfer model 48. The parameters may be generated or set based on a virtual position
VP, virtual axis VA and/or one or more contact points CP (see, e.g., Figures 3A-3B).
The settings and dimensions may be communicated utilizing various techniques. Step
198G may include storing the settings and/or dimensions in one or more records 41 in
the database 29 associated with the respective transfer model 48. In implementations,
step 198G may include displaying the settings and/or dimensions in one or more
graphics in the user interface 43 and/or storing the sellings and/or dimensions in an
output file.

[oooz28] Step 198G may include displaying a geometry of the selected transfer
model 48 in one or more display windows 44 of the user interface 43, as illustrated in
Figure 3B. Step 198G may include positioning the geometry ol the transfer model 48
relative to a geometry of the selected bone model 31 and/or implant model 32 at step
198H, as illustrated in Figure 3B. Step 198H may include determining the position of
one or more portions of the transfer model 48 relative to the selected bone model 31
and/or implant model 32, including a surlface contour associated with the selected
bone model 31. Step 198G may include situating the transfer model 48 at a specified
orientation and/or position relative to the selected bone model 31 and/or selected
implant model 32 such that a portion of the selected transfer model 48 contacts a
surface contour ol the selected bone model 31 and/or selected implant model 32, as
illustrated in Figure 3B. Step 198H may including positioning a virtual representation
of the transfer members 154 associated with the selected transfer model 48 such that
the transfer members 154 contact the surface contour of the selected bone model 31 at
respective contact points CP.

[000229] At step 198J, a surgical plan 33 may be established and/or updated
according to the selected bone model 31, selected implant model 32, and selected
transfer model 48 at step 198E and/or according to the parameters and settings
determined at steps 198F and/or 198G. Step 198J may include updaling a local

instance of the surgical plan 33 and/or updating the surgical plan 33 in the database
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29. One or more ilerations of the step(s) ol the method 198 may be performed o
update the surgical plan 33. The surgical plan 33 may be based on a surface profile of
a bone associated with the selected bone model 31. The surgical plan 33 may include
at least one or more dimensions, settings or other parameters associated with one or
more transfer members 154 relative to the surface profile of the bone, which may be
determined at step 198G.

[ooozzo] Method 198 may include one or more steps to implement a
predetermined surgical plan, such as a surgical plan previously established and/or
updated at step 198].

[000231] At step 198K, one or more transfer members 154 associated with the
respective transfer model 48 and surgical plan 33 may be configured. Step 198K may
include transferring or otherwise communicating one or more parameters associated
with the transfer model 48 including one or more seuings, dimensions and/or other
parameters determined at step 198G or otherwise specified in the surgical plan 33.
Step 198K may include forming one or more transfer members associated with the
selected transfer model 48 at step 198L, including any of the transfer members such
as (he transfer members 154 and according o any of the techniques disclosed herein.
Exemplary techniques for forming the transfer members 154 may include injection
molding, casting printing and machining techniques. Step 198L may include forming
one or more portions of the transfer members 154 according to a patient-specific
surlace contour of the patient anatomy 46. The virtual position VP, virtual axis VA
and/or contact points CP and associated dimensions, settings and other parameters
established at step 198G may be utilized as design constraints in the design and
formation of a physical instance of the transfer model 48 and respective transfer
members 154, implant 152 and/or transfer guide 156. Step 198K may occur prior,
during and/or subsequent to initially positioning the implant 152 relative to bone B.
The bone B may be a portion of a glenoid G, as illustrated in Figures 13A-13F, or
another bone and associated joint of the patient anatomy.

[poozsz)Implementing the surgical plan 33 may include preparing the surgical
site S at step 198M. Step 198M may occur prior to placement of the selected implant
152. Step 198M may including resecting a portion of the bone B at step 198N. Step
198N may occur according to the resection parameter(s) set at step 198F.

[vooz33] Relerring (o Figures 13A-13F, with contlinuing reference (o Figure 14,

implementing the surgical plan may include installing one or more orthopaedic
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implants such as the implant 152. The implant 152 may be installed along bone B or
other tissue at a surgical site S. The bone B may be associated with a respective bone
model 31 (Figure 2). The implant 152 may be associated with a respective implant
model 32 specified in the surgical plan 33 (Figure 2).

[0ooz34] Referring to Figure 13A, with continuing reference to Figure 14, the
selected implant 152 may be positioned according to the transfer member(s) 154 at
step 1980. Step 1980 may include positioning the implant 152 relative to the bone B
based on a positioning of the transfer member(s) 154. Step 1980 may occur such that
a surface of the augment 160 contacts the bone B. The surface of the augment 160
may be a patient-specific surface dimensioned to substantially follow a surface
contour of the bone B based on the predetermined surgical plan 33, as illustrated by
the rear face 161B of Figure 8.

[pooz3s]Step 1980 may include coupling the (ransfer members 154 and
associated transfer guide 156 to the selected implant 152 at step 198P. Various
techniques may be utilized to couple each of the respective transfer members 154 to
the implant 152. Step 198P may include forming the transfer member(s) together with
the selected implant or a transler guide o establish a unitary construction at step
198L, including any of the implants and transfer guides disclosed herein. Other
techniques may be utilized to couple the transfer members 154 to the implant [52.

[000236] Step 198P may include mechanically attaching or releasably securing
the transfer guide 156 (o the implant 152. The guide body 162 may be arranged (o
interface with the implant 152. Step 198P may include mating the second threads
163T along the coupling feature 163 and the first threads 158T along the baseplate
158 to mechanically attach the transfer guide 156 to the implant 152 (see also Figures
5-8). The transler guide 156 may include at least one alignment member 164. The
alignment member 164 may be a protrusion dimensioned to be insertable into an
aperture 158A along the baseplate 158 to position the transfer guide 156 and the
implant 152 relative to each other. Step 198P may include inserting one or more
alignment members 164 into respective apertures along the baseplate 158, such as the
apertures 158A or peripheral apertures 158P (see, e.g., Figures 9-10), to limit relative
rotation between the baseplate 158 and the transfer members 154 and associated
transfer guide 156 relative to the axis X of the implant 152. The aperture 158 A may
be the central aperture 158C, one of the peripheral apertures 158P, or another the

aperture along the baseplate 158.
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1000237]Step 1980 muay include posilioning the (ransfer members 154 (o
contact tissue such as bone B at step 198Q. Step 198Q may occur during and/or
subsequent to coupling the transfer members 154 and associated transfer guide 156 to
the implant 152 at step 198P. Step 1980 may include positioning the implant 152
together with the transfer members 154 and associated transfer guide 156 as a unit
relative to the bone B or other tissue subsequent to coupling the transfer members 154
to the implant 152 at step 198P.

[000238] Positioning the transfer member(s) 154 to contact the bone B or other
tissue may occur at respective predetermined contact point(s) CP (see also Figures 10-
12 and 13C). The contact points CP may be defined according to the surgical plan 33
and may be distributed along a surface contour of the bone B, including along an
articular surface or non-articular surface of a joint. The contact points CP may
correspond (0 one or more landmarks defined by the patient anatomy, such as the
glenoid rim. Each of the transter members 154 may include a respective contact
surface 154CS. The contact surface 154CS may be dimensioned with respect to one or
more parameters of the surgical plan 33 determined at step 198G according to the
respeclive contact points CP. One or more of the transfer members 154 may extend
outwardly from the guide body 162 such that the contact surface 154CS contacts a
surface contour of the bone B at the respective contact points CP. Each contact point
CP may be a single point or a localized region along the tissue. The transfer members
154 may be dimensioned or conligured according o the parameters or sellings [rom
the surgical plan 33 such that each of the contact surfaces 154CS of the transfer
members 154 substantially mates with the bone B at only one predetermined position
along the bone B to situate the implant 152 at the predetermined position and/or
orientation specilied in the surgical plan 33.

[000239] Various indicia 165 may be utilized to establish the position of the
transfer members 154. In implementations, positioning the transfer members 154 at
step 198Q may include aligning the marker 165M associated with the transfer
member 154 and the adjacent ruler 165M (o select a value along the ruler 165M (see
Figure 5A). The value may correspond to one or more settings determined in step
198G and/or otherwise included in the surgical plan established at step 198].

[000240] Step 1980 may include moving the transfer members 154 in a
direction DA between a [irst position and a second position relative Lo the guide body

162 and/or implant 152 based on the dimensions(s), setting(s) and/or other parameters
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determined at step 198G such that the transfer members 154 contact bone B at the
respective contact points CP. Direction DA may be substantially parallel to the axis
A of the transfer guide 156. One or more of the transfer members 154 may contact
the bone B at the terminal end portion 154T, as illustrated by transfer member 154-1,
and/or may contact the bone B along the periphery of the second portion 154B of the
transfer member 154, as illustrated by transfer member 154-2 (see also TFigures 10-
12). The transfer member 154-2 may be dimensioned such that the terminal end
portion 154T overhangs the bone B outwardly of the respective contact point CP (see,
e.g., Figure 11). The terminal end portion 154T may overhang the bone B such that
the contact point CP is established outwardly of, and is spaced apart from, an articular
surface of the bone B or joint. The rear face 161B may be have a patient-specific
geometry dimensioned to substantially follow a surface contour of a bone B
associated with the articular surface of the bone B or joint (see, e.g., Figure 12). In
other implementations, the transfer members may be established at fixed positions
relative to the guide body and/or implant (see, e.g., assemblies 250, 350, 450, 55, 650,
750 and 950).

[0ooz41]Step 1980 may occur such that the transfer member(s) 154 limit
movement of the implant 152 relative to the bone B. Step 1980 may occur such that
the transfer member(s) 154 fix or set a position and/or orientation of the implant 152
relative to the bone B, which may correspond to the parameters established at step
198G, including a predelermined virtual position VP, virtual axis VA and/or contact
point(s) CP associated with the surgical plan 33.

[oooz42] Referring to Figure 13B, with continuing reference to Figure 14, step
1980 may include situating one or more positioning objects relative to the surgical
site S at step 198R. The positioning objects may include one or more guide pins, as
illustrated by guide pin GP. Step 198R may include positioning the guide pin GP at
least partially into and through the passage 162P in the guide body 162, then through
the implant 152 (Figure 13C), and then into the bone B. The guide pin GP may enter
the bone B at a positon and/or orientation substantially equal to the predetermined
virtual position VP and/or virtual axis VA associated with the surgical plan 33. The
implant 152 may be spaced apart from each of the contact points CP in response to
positioning the guide pin GP in the bone B.

[vooz43] Relerring o Figure 13C, with continuing reference to Figure 14, the

transfer members 154 and associated transfer guide 156 may be removed from the
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implant 152 at the surgical site S at step 198S. Step 198S may include moving the
transfer guide 156 in a second direction D2 (Figure 13B). The second direction D2
may be substantially parallel to the axis A and may be opposed to the first direction
D1 (Figure 13A).

[0ooz44] Referring to Figures 13D-13E, the implant 152 may be secured to the
bone B at the surgical site S at step 198T. Various techniques may be utilized to
secure the implant 152. Step 198T may include positioning one or more fasteners F in
respective peripheral apertures 158P and then into the bone B to secure the implant
152 at the surgical site S at step 198U. The guide pin GP may be removed from the
implant 152 by moving the guide pin GP in the direction D2 subsequent to securing
the implant 152 with the fasteners F, as illustrated in Figure 13F. A fastener may be
positioned in the central aperture 158C subsequent to removing the guide pin GP.
Fasteners F may include any of the [asteners disclosed herein, such as compression
SCTEWS.

[000245] At step 198V, one or more finishing operations may be performed at
the surgical site S. Step 198V may include coupling an articulation member 167 to
the baseplate 158, as illustrated in Figure 8 (shown in dashed lines [or illustrative
purposes). The articulation member 167 may include an articulation surface
dimensioned to cooperate with an adjacent bone or implant. The articulation surface
may have various geometries including a generally concave or convex geometry. Step
198V may include closing an incision made in the patient o situate the implant 152.

[0ooz46] Figures 15-16 illustrate another exemplary assembly 250 for an
orthopaedic procedure. The assembly 250 may be utilized to restore functionality to
any of the joints and other anatomy according to any of the techniques disclosed
herein. The assembly 250 may include an orthopaedic implant 252 and one or more
transfer members (e.g., objects) 254. The transfer members 254 may be coupled to the
implant 252. The implant 252 and transfer members 254 may be configured to abut or
contact bone B or other tissue (see, e.g., Figures 19-20). The implant 252 and transfer
members 254 may be dimensioned utilizing any ol the techniques disclosed herein,
including dimensions based on a predetermined surgical plan established by the
planning system 20 and/or method 198.

[000247] The implant 252 may include a baseplate 258 and augment 260
extending outwardly from the baseplate 258. A rear [ace 261B ol the augment 260
may establish an external surface 252C of the implant 252. The rear face 261 B may be
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have a palient-specific geometry dimensioned (0 substantially follows a surlace
contour of a bone B associated with a respective patient, as illustrated in Figure 20.

[000248] The assembly 250 may include a transfer guide 256 configured to
interface with the implant 252. The transfer guide 256 may incorporate one or more of
the transfer members 254. The transfer members 254 may be dimensioned to extend
outwardly from a guide body 262 of the transfer guide 256. One or more of the
transfer members 254 may be positioned relative to the guide body 262 based on a
predetermined surgical plan.

[0ooz49] Referring to Figures 16-18, with continuing reference to Figure 15,
each of the transfer members 254 may be integrally formed with the guide body 262
such that a position of each of the transfer members 254 is fixed relative to the guide
body 262. Each of the transfer members 254 may include a first portion 254A
extending radially outward [rom the guide body 262 and a second portion 254B
extending axially between the first portion 254A and a terminal end portion 254T.
The terminal end portion 254T and/or another surface of the second portion 254B
may be configured to abut bone B or other tissue adjacent the implant 252, as
illustrated in Figures 19-20. A surgeon or user may position the implant 252 based on
a position of the transfer members 254 and/or transfer guide 256 relative to the bone
B.

[0oozs0] Referring to Figures 19-20, with continuing reference to Figures 15
and 17-18, the assembly 250 may include a coupling member 266 conligured (o
secure the transfer guide 256 to the implant 252. The guide body 262 may include a
passage 262P dimensioned to receive the coupling member 266, as illustrated in
Figure 19. The coupling member 266 may be circumferentially spaced apart from
each ol the transfer members 254 relative (o a longitudinal axis A of the implant 252
in an installed position. The coupling member 266 may be a fastener insertable into
the passage 262P and a central aperture 258C of the baseplate 258 to mechanically
attach the transfer guide 256 to the implant 252. The coupling member 266 may
include threads 266T that are dimensioned w mate with threads 258T along the
central aperture 258C (Figure 16) to mechanically attach the transfer guide 256 to the
implant 252. One or more of the transfer members 254 may be dimensioned to be at
least partially axially aligned with the augment 260 relative to the axis X of the
implant 152 and/or axis A of the transfer guide 256 in the installed position, as

illustrated in Figures 15 and 20.
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l0oozs51] The coupling member 266 may include a passage 266P. The passuge
266P may be dimensioned to receive one or more positioning objects such as a guide
pin GP. The guide pin GP may be insertable through the central aperture 258C and
into the bone B to set a position of the implant 252, as illustrated in Figures 19 and
Figure 21B. Guide pin GP is shown in dashed lines in Figure 19 for illustrative
purposes.

[00o252] The transfer guide 256 may include an abutment member 268 that
extends outwardly from the guide body 262. The abutment member 268 may include
a surface contour 268SC (Figure 18) dimensioned to at least partially follow a
periphery 258BP along the plate body 259 of the baseplate 258 to limit relative radial
movement between the transfer guide 256 and implant 252 relative to the axes A, X.
The transfer guide 256 may include one or more alignment members 264 extending
inwardly from the guide body 262 (Figures 17-18). The alignment members 264 may
be spaced apart from the abutment member 268. One or more of the transfer members
254 may extend outwardly from the abutment member 268.

[ooo2s3] Figures 21 A-21F illustrate various states of installing the implant 252
to bone B at a surgical site S utilizing the transfer members 254 and associated
transfer guide 256. Any of the steps of the method 198 may be utilized to install the
implant 252. Reference is made to the method 198 of Figure 14 for illustrative
purposes.

[000254] The method 198 may include integrally forming the transfer members
254 with the guide body 262 at step 198L based on one or more dimensions
established at step 198G. Integrally forming the transfer members 254 with the guide
body 262 may occur subsequent to the establishing a predetermined surgical plan at
sltep 1981.

[0ooz55] Referring to Figure 21A, with reference to Figure 14, the implant 252
may be positioned at the surgical site S according to positioning the transfer members
254 at step 1980. Step 1980 may include positioning the transfer guide 256 relative
to the implant 252. The coupling member 266 may be moved in a direction D1 o
mechanically attach or otherwise secure the transfer guide 256 to the implant 252 at
step 198P.

[0o00256] Referring to Figure 21B, with reference to Figure 14, at least one
positioning object such as a guide pin GP may be situated relative (o the surgical site

S at step 198R. Step 198R may include positioning the guide pin GP by moving the
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guide pin GP in the direction D1 and inserting the guide pin GP into the passage 266P
of the coupling member 266, then through the central aperture 258P (Figure 21C) of
the baseplate 258, and then into the bone B to set a position and orientation of the
implant 252. The guide pin GP may enter the bone B at a position and/or orientation
substantially equal to the predetermined virtual position VP and/or virtual axis VA
associated with the surgical plan established at step 198]J.

[00o02s57] Referring to Figures 21B-21C, the coupling member 266 and transfer
guide 256 may be uncoupled from the implant 252 and moved in a direction D2 away
from the surgical site S to remove the transfer members 254 at step 198S.

[ooozs8] Referring to Figures 21D-21E, the implant 252 may be secured to the
surgical site S at step 198T. One or more fasteners F may be positioned in the
peripheral apertures 258P to secure the implant 252 at step 198U. The guide pin GP
may be removed [rom the implant 252 and moved in the direction D2 away [rom the
surgical site S, as illustrated in Figures 21E-21F.

[ooozs9] Figures 22-23 illustrate another exemplary assembly 350 for an
orthopaedic procedure. The assembly 350 may be utilized to restore functionality to
any ol the joints and other anatomy according to any ol the techniques disclosed
herein. The assembly 350 may include an orthopaedic implant 352 and one or more
transfer members (e.g., objects) 354.

[000260] The implant 352 may include a baseplate 358 and augment 360
extending outwardly from the baseplate 358. A rear [ace 361B ol the augment 360
may establish an external surface 352E of the implant 352. The rear face 361B may
have a patient-specific geometry dimensioned to substantially follow a surface
contour of a bone B of a patient (bone B shown in dashed lines in Figure 22 for
illustrative purposes).

[000261] The transfer members 354 may be coupled to the implant 352. The
implant 352 and each transfer member 354 may be configured to abut or contact bone
B or other tissue (see, e.g., Figures 26, 27A and 27C). The implant 352 and transfer
members 354 may be dimensioned utilizing any ol the techniques disclosed herein,
including dimensions based on a predetermined surgical plan. The predetermined
surgical plan may be established by the planning system 20 and/or method 198. The
assembly 350 may include a transfer guide 356 configured to interface with the
implant 352. The transfer guide 356 may incorporate one or more of the transler

members 354.
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lwoozsz] Relerring Lo Figures 24-26, with continuing reference (o Figures 22-23,
each of the transfer members 354 may be integrally formed with a guide body 362
such that a position of the transfer members 354 is fixed relative to the guide body
362. Each of the transfer members 354 may extend from the guide body 362 to a
terminal end portion 354T. Each of the transfer members 354 may include a first
portion 354A extending radially outward from an abutment member 368 or the guide
body 362. Each of the transfer members 354 may include a second portion 354B
extending axially between the first portion 354A and terminal end portion 354T. The
second portion 354B may establish the terminal end portion 354T. The terminal end
portion 354T and/or another surface of the second portion 354B may be configured to
abut bone B or other tissue adjacent the implant 352, as illustrated in Figure 26. A
surgeon or user may position the implant 352 based on a position of the transfer
members 354 and/or transler guide 356 relative (o the bone B.

[ooozs3] Each of the transfer members 354 may be positioned relative to the
guide body 362 based on a predetermined surgical plan, such as the surgical plan 33
(Figure 2). In implementations, one or more surfaces of the transfer members 354
may be dimensioned based on the predetermined surgical plan.

[0oozs4] Each of the transfer members 354 may include a respective contact
surface 354CS. The contact surface 354CS may extend along the terminal end portion
354T and may be dimensioned with respect to a predetermined surface contour of the
bone B, as illustrated in Figure 26. The predelermined surface contour may be
associated with an articular surface of the bone B, a perimeter of the articular surface
such as the glenoid rim of a patient, or another surface of the bone B. The contact
surface 354CS may be dimensioned with respect to any of the techniques disclosed
herein, including one or more parameters ol the surgical plan 33, which may be
determined at step 198G of method 198 according to respective contact points CP
along the patient anatomy. The transfer members 354 may include a first transfer
member 354-1 and a second transfer member 354-2. The terminal end portion 354 T of
the [irst transfer member 354-1 may have a geometry that differs from a geometry of
the terminal end portion 354T of the second transfer member 354-2, including the
respective the contact surfaces 354CS. The transfer members 354 may extend
outwardly from the guide body 362 such that the contact surface 354CS contacts a
surlace contour of the bone B at the respectlive contact points CP. The implant 352

may be spaced apart from each of the contact points CP in response to positioning the
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guide pin GP in the bone B, as illustrated by Figures 27B-27C (guide pin GP shown
in dashed lines in Figure 27B for illustrative purposes).

[0ooz65] Figures 27A-27G illustrate various states of installing the implant 352
to bone B at a surgical site S utilizing the transfer members 354 and associated
transfer guide 356. The planning system 20 may be utilized to establish a surgical
plan for installing the implant 352. The implant 352 may be installed utilizing any of
the steps of the method 198 and/or in the same manner as the implant 252 and
respective assembly 250 of Figures 21A-21F. The method 198 may include forming
each of the contact surfaces 354CS to substantially follow the surface profile of the
bone B at step 198L, which may be based on the surgical plan established at step
198J.

[o0o0zs6] The transfer members may have other geometries, as illustrated by the
assembly 450 of Figures 28-30. The assembly 450 may include an implant 452 and a
transfer guide 456. At least one transter member 454 may extend outwardly from a
gcuide body 462 of the transfer guide 456. The transfer member 454 may be integrally
formed with the guide body 462.

[0o0zs7] The (ransfer member 454 may include a [irst portion (e.g., lransler
arm) 454A and a second portion (e.g., transfer body) 454B extending from the first
portion 454A. The first portion 454A may interconnect the guide body 462 and
second portion 454B. The second portion 454B may be cantilevered from the first
portion 454A such that the second portion 454B is spaced apart radially [rom the
implant 352 relative to axes A, X.

[ooozes] The second portion 454B of the transfer member 454 may include a
contact surface 454CS dimensioned to contact bone B or other tissue. The contact
surface 454CS may be dimensioned with respect to a predetermined surlace contour
of the bone B or other tissue. In implementations, the contact surface 454CS may
have a patient-specific geometry and may be dimensioned to substantially conform or
follow a surface contour of the bone B associated with a respective patient at a
respective contact point CP. The contact surface 454CS may be dimensioned
according to a predetermined surgical plan utilizing any of the techniques disclosed
herein. The implant 452 may be installed utilizing any of the steps of the method 198
and/or in the same manner as the implant 252 and respective assembly 250 of Figures

21A-21F.
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loooze9] The transfer members and associated transfer guide may be coupled o
the implant utilizing other techniques, as illustrated by the assembly 550 of Figure 31.
The assembly 550 may include an implant 552 and a transfer guide 556. One or more
transfer members 554 may extend outwardly an abutment member 568 or another
portion of a guide body 562 of the transfer guide 556, as illustrated by Figures 31-32.
The abutment member 568 may extend outwardly from the guide body 562. The
abutment member 568 may have a substantially arcuate geometry and may include a
surface contour 568SC dimensioned to substantially follow a periphery 558BP along
the plate body 559 of the baseplate 558 to limit relative radial movement between the
transfer guide 556 and implant 552 relative to the axes A, X, as illustrated in Figure
31.

[000z70] The transfer members 554 may be integrally formed with the guide
body 562 and abutment member 568 of the ransfer guide 556. The transfer members
554 may be dimensioned based on a predetermined surgical plan such as the surgical
plan 33 (Figure 2) utilizing any of the techniques disclosed herein. The implant 552
may be installed utilizing any of the steps of the method 198 and/or in the same
manner as the implant 252 and respective assembly 250 of Figures 21A-21F. Figures
33A-33D illustrate various states of installing the implant 552 with the transfer guide
556 which may correspond to one or more steps of the method 198.

[oooz711Figure 34 illustrates another exemplary assembly 650 for an
orthopaedic procedure. The assembly 650 may be utilized (o restore functionality (o
any of the joints and other anatomy according to any of the techniques disclosed
herein. The assembly 650 may include an orthopaedic implant 652 and one or more
transfer members 654.

[0ooz7z] The implant 652 may include a baseplate 658 and augment 660. The
augment 660 may include a rear face 661B having a patient-specific geometry
dimensioned to substantially follow a surface contour of the bone B, as illustrated in
Figure 38D.

[vooz73]The ransfer members 654 may extend outwardly [rom a guide body
662 of the transfer guide 656. The transfer members 654 may be integrally formed
with the guide body 662. The transfer members 654 may be positioned and
dimensioned relative to the guide body 662 based on a predetermined surgical plan

utilizing any of the techniques disclosed herein.
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l0ooz74] The guide body 662 muy have a substantially circular or elliptical
geometry, as illustrated in Figure 37. The guide body 662 may be dimensioned to at
least partially receive a periphery 658BP of the baseplate 658. An inner periphery
662P1 of the guide body 662 may be dimensioned to substantially or completely
encircle a periphery 658 BP of the baseplate 658.

[000275]1 The transfer guide 656 may include one or more alignment members
664. The alignment members 664 may extending inwardly from the guide body 662
relative to axis A. Each of the alignment members 664 may be dimensioned to be
insertable into a respective aperture 658A of the baseplate 658 to limit relative
rotation between the transfer guide 656 and the implant 652.

[000z76] The transfer guide 656 may include one or more fixation members 670
configured to releasably secure the transfer guide 656 to the implant 652. In
implementations, the fixation members 670 may be dimensioned (o interface with a
circumferential rim 658R of the baseplate 658 to establish a snap-fit connection. The
snap-fit connection may limit at least relative axial and/or radial movement between
transfer guide 656 and implant 652 relative to the axes A, X. The transfer guide 656
may include at least one pair of the fixation members 670 that are substantially
circumferentially opposed to each other relative to the axis A, as illustrated by
fixation members 670-1, 670-2 of Figure 37.

[0ooz771Each of the fixation members 670 may include a flange 670F
extending [rom an ouler periphery 662PO ol the guide body 662, as illustrated by
Figures 35 and 38D. The flange 670F may have a generally C-shaped geometry
dimensioned to establish a recess 670R. The recess 670R may be dimensioned to
receive a portion of the circumferential rim 658R of the baseplate 658. Each of the
[langes 670F may include a ramped surface 670RS dimensioned (o cause the [langes
670F to deflect outwardly in response to contact with the circumferential rim 658R of
the baseplate 658.

[0o0278] The implant 652 may be installed utilizing any of the steps of the
method 198 and/or in the same manner as the implant 252 and respective assembly
250 of Figures 21 A-21F. Figures 38A-33E illustrate various states of installing the
implant 652 with the transfer guide 656 which may correspond to one or more steps

of the method 198.
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1000279] Coupling the ransfer members 654 and associated (ransfer guide 656
to the implant 652 at step 198P may include positioning the fixation members 670
relative to the implant 652 to establish a snap-fit connection.

[000280] A coupling member (e.g., positioning member) 666 may be utilized to
position one or more positioning objects such as a guide pin GP, as illustrated in
Figure 38A. Step 198PF may include mating threads 666T disposed along the coupling
member 666 and with threads 658T disposed along the central aperture 658C of the
baseplate 658 to mechanically attach or otherwise secure the coupling member 666 to
the implant 652, as illustrated in Figure 38D. The coupling member 666 is omitted in
Figure 38C for illustrative purposes.

[ooozs1] Figures 39-42 illustrate another exemplary assembly 750 for an
orthopaedic procedure. The assembly 750 may be utilized to restore functionality to
any of the joints and other anatomy according Lo any ol the techniques disclosed
herein. The assembly 750 may include an orthopaedic implant 752 and one or more
transfer members 754 coupled to the implant 752. The implant 752 may include a
baseplate 758 and augment 760 extending outwardly form the baseplate 758. The
augment 760 may be dimensioned (o contact bone or other tissue. The assembly 750
may omit a separate transfer guide, which may reduce a complexity in preparing for
and performing a surgical procedure according to a predetermined surgical plan, such
as reducing separate instrumentation and packaging.

[voozez] The implant 752 and each transfer member 754 may be confligured o
abut or contact bone B or other tissue (see, e.g., Figure 47A). The transfer members
754 may be dimensioned according to a predetermined surgical plan to establish a
predetermined position and/or predetermined orientation of the implant 752 relative to
bone or other tlissue al a surgical site. The implant 752 and each transler member 754
may be dimensioned utilizing any of the techniques disclosed herein, including
dimensioning the transfer members 754 and/or implant 752 based on a predetermined
surgical plan established by the planning system 20 and/or method 198.

[voozs3] Various techniques may be utilized o secure the transfer members 754
to the implant 752, including any of the techniques disclosed herein. The transfer
members 754 may be attached to or integrally formed with a main body 757 of the
implant 752. In implementations, each of the transfer members 754 may be integrally
formed with an augment body 761 ol the augment 760 such that a positon ol each of

the transfer members 654 is fixed relative to the augment body 761.
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l0oozg84] The transfer members 754 may be dimensioned o extend outwardly
from the augment body 761 or another portion of the implant 752 such as the
baseplate 758. The transfer members 754 may be circumferentially distributed about a
periphery of the augment 760 relative to the axis X, as illustrated in Figure 40
(augment 760 shown in dashed lines for illustrative purposes). The transfer members
754 may be positioned relative to the main body 757 of the implant 752 including the
augment body 761 based on one or more dimensions associated with a predetermined
surgical plan.

[ooozes] Each of the transfer members 754 may include a first portion 754 A and
a second portion 754B. The first portion 754A may extend radially outward from a
periphery of the augment body 761 relative to the axis X. The second portion 7548
may extend axially between the first portion 754A and a terminal end portion 754T
relative to the axis X. The terminal end portion 754T and/or another surface of the
second portion 754B may be configured to abut bone B or other tissue adjacent the
implant 752, as illustrated in Figure 47A. A surgeon or user may position the implant
752 based on a position of the transfer members 754 relative to the bone B such that
the implant 752 is sel at a [ixed position and orientation specilied in a predetermined
surgical plan.

[000286] Various techniques may be utilized to couple the transfer members 754
to the implant 752. Each of the transfer members 754 may be coupled to the augment
760 or another portion ol the implant 752, such as the baseplate 758, al a respeclive
breakable (e.g., frangible or severable) connection 772. Various techniques may be
utilized to establish the breakable connection 772.

[0ooz87] Referring to Figures 41-44, with continuing reference to Figures 39-40,
each transfer member 754 may include a base portion 754D extending [rom the [irst
portion 754A to establish the breakable connection 772. The base portion 754D may
be coupled to the augment 760 or another portion of the main body 757 of the implant
752, as illustrated in Figures 41-42. The first portion 754A and base portion 754D
may be joined together at a reduced thickness region, such as a notch or scoring, (o
establish the breakable connection 772. The breakable connection 772 may be
established such that the base portion 754D is positioned inwardly of an outer
periphery of the baseplate 758, as illustrated in Figure 42, which may reduce
interaction between the base portion 754D and surrounding lissue subsequent (o

severing the breakable connection 772.
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lvoozsg] Each ransfer member 754 may include an interface 7541 (Figures 39-
40 and 43-44). The interface 7541 may be dimensioned to engage tooling T, as
illustrated in Figure 47E. An interface axis IA may extend through the interface 7541.
The second portion 754B may be dimensioned to extend along the interface axis IA.

[ooozg9] The breakable connection 772 may be configured to sever in response
to a predetermined quantity of torque or force at the interface 7541. The
predetermined quantity of torque or force may be determined utilizing the planning
system 20 and/or method 198, such as during configuring the transfer members 754 at
step 198K. In implementations, the breakable connection 772 may be configured to
sever in response to the predetermined quantity of torque in a first rotational direction
RD1 (e.g., clockwise) about the interface axis [A, but not a second rotational direction
RD2 (e.g., counter-clockwise) about the interface axis IA. The second rotational
direcion RD2 may be opposed to the [irst rotational direction RD1. In other
implementations, the breakable connection 772 may be configured to sever in
response to the predetermined quantity of torque in the first rotational direction RD1
and/or second rotational direction RD2. The first rotational direction RD1 of each of
the transfer members 754 may be the same or may diller [rom each other. The ransfer
members 754 may include indicia that indicate the first rotational direction RD1, such
as an arrow or other directional indicator.

[000290] In implementations, the breakable connection 772 may be configured
Lo sever in response (0 movement of the second portion 754B of the transfer member
754 in a third direction D3 and/or a fourth direction D4 relative to axis X (Figure 41).
The third direction D3 may be in a direction generally towards the baseplate 658, and
the fourth direction D4 may be in a direction generally away from the baseplate 658.
A severed stale ol the breakable connections 722’ is illustrated by the assembly 750’
of Figures 45-46.

[oooz91] Figures 47A-47F illustrate various states of installing the implant 752
to bone B at a surgical site S utilizing the transfer members 754. The planning system
20 and any ol the steps of the method 198 may be utilized (o install the implant 752.
The bone B may be a portion of any of the joints and patient anatomy disclosed
herein, such as a portion of a glenoid.

[000292] Referring to Figure 14, the transfer members 754 may be configured at
step 198K. Step 198K may include integrally forming the wansfer members 754 with

the implant 652 based on one or more dimensions and other parameters established at
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step 198G subsequent (o establishing the surgical plan at step 198J. Each ol the
transfer members 754 may be coupled to the implant 752 at a respective breakable
connection 772.

[o00293] Referring to Figures 47A-47C, with reference to the method 198 of
Figure 14, the implant 752 may be positioned according to the transfer members 754
at step 1980. Positioning the implant 752 may occur such that the rear face 761B or
another surface of the augment 760 contacts the bone B or other tissue at the surgical
site S. Step 1980 may occur such that the rear face 761B of the augment 760
substantially follows a surface contour of the bone B (see, e.g., Figures 47A and 47C)
based on a predetermined surgical plan, which may be established or updated at step
198J. The implant 752 may be positioned such that a portion of the transfer members
754 may overhang a periphery of the bone B, as illustrated in Figure 47C.

[pooz94] Relerring Lo Figure 47D, with conlinuing reference o Figure 14, at
step 198Q, one or more positioning objects such as a guide pin GP may be positioned
to establish a predetermined position and/or orientation of the implant 752 based on
the predetermined surgical plan. The guide pin GP may be positioned in the central
aperture 758C by moving the guide pin GP in the direction D1, through the augment
760 and then into the bone B.

[000295] The implant 752 may be secured at surgical site S at step 98T, which
may occur subsequent to positioning the implant 752 according to the predetermined
surgical plan. A respective [astener F may be positioned in each ol the respective
peripheral apertures 758P and then into the bone B to secure the implant 752, as
illustrated in Figures 47D-47E.

[000296] Referring to Figure 47E, with continuing reference to Figure 14, at step
198S the transler members 754 may be removed [rom the implant 752. Step 198S
may include moving the tooling T along the respective interface axis TA and into
engagement with each of the transfer members 754 at the interface 7541. Step 1985
may include severing each of the breakable connections 772 in response to causing
the woling T o apply a predetermined quantity ol torque or force o the respective
transfer member 754 at the interface 7541, such as in the first rotational direction RD1
or one of the directions D3, D4 (Figure 42). A severed state of the assembly 750’ and
breakable connections 772’ is illustrated in Figures 45-46 and 47F. The tooling T may
include a retention [eature (o secure the severed transfer member 754° [or limiting

separation of the transfer member 754’ from the tooling T subsequent to the severing,
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which can improve removal of the transfer member 754’ [rom the surgical site.
Exemplary retention features may include a grasper (e.g., a set of jaws) that interfaces
with a periphery of the transfer member 754, a ball plunger configuration, or a ridge
in a socket of the interface 7541 that engages a protrusion along an end portion of the
tooling T in response to rotation of the tooling T.

[0ooz971ligures 48-52 illustrate a method of forming an orthopaedic implant
assembly in a flowchart 896. The assembly may be utilized to perform an arthroplasty
for restoring functionality to any of the joints disclosed herein. The method may be
utilized with the planning system 20 to form any of the implant assemblies disclosed
herein, including the assemblies 150, 250, 350, 450, 550, 650, 750 and/or 950,
according to a predetermined (e.g., preoperative) surgical plan, which may be
established according to any of the techniques disclosed herein. The planning system
20 and any of associated modules may be confligured Lo execute each ol the steps of
the method 896. Fewer or additional steps than are recited below could be performed
within the scope of this disclosure, and any recited order of the steps is not intended to
limit this disclosure. Reference is made to Figures 49-53, which illustrate various
stales or conditions of an exemplary orthopaedic implant assembly 950 which may be
formed utilizing the method 896. The method 896 may be utilized to form the transfer
members and associated implant assembly at step [98L of method 198.

[000298] AL step 896A, a predetermined surgical plan may be established. The
surgical plan may include one or more dimensions associaled with one or more
transfer members relative to a surface profile of tissue such as bone of a respective
patient. The surgical plan may be established utilizing any of the techniques utilized
herein, including the planning system 20 and step 198J of the method 198. Step 896A
may include selling or delermining one or more positioning parameters al step 896B.
The positioning parameters may include any of the parameters disclosed herein,
including a virtual position VP, virtual axis VA and/or contact point(s) CP determined
at step 198G of the method 198. Step 896A may include accessing one or more
records 41 in the database 29 associated with one or more transfer model(s) 48,
implant model(s) 32 and/or surgical plan(s) 33 (Figure 2).

[000299] Referring to Figure 49, with continuing reference to Figure 48, various
techniques may be utilized to form the assembly 950. The method may utilize a
printing assembly 990 (o form the assembly 950. The printing assembly 990 may

incorporate a three-dimensional (3D) printing head 990P coupled to a controller
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990C. The printing head 990P may be positioned relative (o a substrate 992 (o form
the assembly 950 (substrate 992 shown in dashed lines for illustrative purposes). The
controller 990C may be operable to obtain coordinate information corresponding to a
predetermined geometry of the assembly 950 and may be operable to command the
printing head 990P to perform a series of passes to form successive layers of material
on the substrate 992. The printing assembly 990 may be operable to form the
assembly 950 utilizing any of the materials disclosed herein, including metallic and/or
non-metallic materials. Three-dimensional printers are known, but utilization of three-
dimensional printers to form the disclosed implant assemblies is not known.

[0oo300] Referring to Figures 50-51, with continuing reference to Figures 48-49,
the printing assembly 990 may print or otherwise form a portion of a main body 957
of an implant 952 on the substrate 992 at step 896C. The main body 957 may include
a baseplate 958 and augment 960 extending [rom the baseplate 958. The substrate 992
may be separate and distinct from the implant 952. In implementations, the substrate
992 is a prefabricated portion of the implant 952, such as the baseplate 958. The
baseplate 958 may include a plate body 959 extending between a first (e.g., front) face
959A and a second (e.g., rear) face 959B along a longitudinal (e.g., central) axis X of
the implant 952. In implementations, step 896C may include printing the plate body
959 of the baseplate 958 to establish one or more apertures. The apertures may
include a central aperture 958C and one or more peripheral apertures 958P and other
apertures 958A extending between the [ront [ace 959A and rear face 959B of the plate
body 959.

[ooo301] Step 896C may include printing or otherwise forming an augment 960
including an augment body 961 onto the rear face 959B of the baseplate 958. Step
896C may occur such that that the augment 960 may exlend oulwardly [rom the
baseplate 958. The augment body 961 may include a second (e.g., rear) face 961B
dimensioned to contact bone. The rear face 961B and/or another surface of the
augment 960 may be dimensioned to substantially follow a surface contour of the
bone based on a predetermined surgical plan.

0003021 Step 896C may including printing or otherwise forming the portion of
the main body 957 to establish one or more passages 960P. The passages 960P may
extend through the augment body 961. The passages 960P may be at least partially
axially aligned with a respective one ol the central aperture 958C and peripheral

apertures 958P and may be dimensioned to receive a respective fastener IF to secure
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the implant 952 w bone, as illustrated in Figure 53. Step 896C may include printing
one or more tubular members 960T to establish the passages 960P (see Figure 53).
Step 896C may include printing a portion of the augment body 961 to at least partially
surround the tubular members 960T. In some implementations, the tubular members
960T are omitted and the augment body 961 establishes the passages 960P.

[000303]1 The augment body 961 may be substantially solid or may include a
porous scaffold that at least partially surrounds the tubular members 960T. The
scaffold may establish an external surface of the augment 960.

[000304] At step 896D, the method may include printing or otherwise forming
one or more transfer members 954 such that the transfer members 954 are coupled to
the implant 952. Step 896D may include integrally forming the transfer members 954
with the augment 960 or another portion of the main body 957 of the implant 952
based on the dimension(s) and/or other paramelers associated with the surgical plan
established at step 896A.

[ooo3os] Each of the transfer members 954 may include a respective contact
surface 954CS. The contact surface 954CS may include any of the geometries
disclosed herein, including a palient-specilic or non-patient specilic geometry. Step
896D may include forming the contact surface 954CS to substantially follow the
surface profile of a bone based on the surgical plan (see, e.g., contact surface 354CS
of Figure 26).

[poo3oe] The method may include printing or otherwise [orming one or more
breakable connections 972 to couple respective transfer members 954 to the implant
952 at step 896E. Step 896E may be separately performed, or may be concurrently
performed with steps 896C and/or 986D. The breakable connections 972 can include
any ol the breakable connections disclosed herein. Each breakable connection 972
may be integrally formed with and interconnect the respective transfer members 954
to a wall of the main body 957 of the implant 952. Step 896D may include printing or
otherwise forming an interface 9541 associated with the transfer member 954. Each
breakable connection 972 may be [ormed at step 896E such that the breakable
connection 972 severs in response to a predetermined quantity of torque or force
applied to the interface 9541 of the respective transfer member 954. The
predetermined quantity of torque or force may be established by one or more
dimensions or parameters sel or established al step 896B. Various lechniques may be

utilized to establish each breakable connection 972. The breakable connections 972
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may be established by a reduced thickness, scoring, perforations, and/or different
material compositions (e.g., different densities), etc., to facilitate severing the transfer
members 954 from the main body 957 of the implant 952.

[ooo307] Referring to Figure 51, with continuing reference to Figure 48, a
remainder of the implant 952 may be printed or otherwise formed at step 896F. Step
896I' may include printing or otherwise forming a reminder of the main body 957 of
the implant 952 including a remainder of the augment 960.

[000308] Steps 896C-896F may be performed such that substantially all portions
of the assembly 950 are printed or otherwise formed together to establish a monolithic
or unitary component. For example, steps 896C-896F may be performed such that at
least the baseplate 958, augment 960 and transfer members 954 are printed or
integrally formed together to establish a monolithic or unitary component.

[0oo309] The method may include performing one or more finishing operations
on the assembly 950 at step 896G. Step 896G may include machining surfaces of the
implant 952 according to a predetermined geometry. Step 896G may include applying
one or more treatments to the assembly 950, including applying surface coatings and
treatments o the implant 952. Figures 51-53 illustrate a substantially or completely
finished state of the assembly 950. Step 896G may include placing the assembly 950
in sterile packaging for conveyance to the surgeon or associated facility.

[000310] The novel planning systems, assemblies and methods of this disclosure
can be incorporated into a practical application by providing improved positioning of
implants relative to patient anatomy. The disclosed techniques may reduce a
complexity in preparing for and performing a surgical procedure according to a
predetermined surgical plan, including implementing the surgical plan by positioning
implants in a manner that closely corresponds Lo one or more parameters specilied in
the surgical plan. The disclosed techniques may more accurately position associated
implants, which may lead to improved healing. The disclosed transfer members
and/or implant surfaces may be dimensioned with respect to the patient anatomy,
which may more accurately position the implant. The disclosed techniques may be
utilized to couple the transfer members to the implant, which may reduce
instrumentation and complexity. In implementations, the disclosed assemblies may
omit a separate transfer guide by coupling the transfer members directly to the

implant, which may reduce separate instrumentation and packaging. The disclosed
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transler guides may be reusable, which may reduce cost and training associated with
implementing different surgical plans.

[ooo311] Although the different non-limiting implementations are illustrated as
having specific components or steps, the implementations of this disclosure are not
limited to those particular combinations. It is possible to use some of the components
or features from any of the non-limiting implementations in combination with features
or components from any of the other non-limiting implementations.

[000312] The foregoing description shall be interpreted as illustrative and not in
any limiting sense. A worker of ordinary skill in the art would understand that certain
modifications could come within the scope of this disclosure. For these reasons, the
following claims should be studied to determine the true scope and content of this

disclosure.
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CLAIMS

What is claimed is:

1. A transfer guide for an orthopaedic procedure comprising:
a guide body conligured to be coupled Lo an implant; and
one or more transfer members extending from the guide body, the one or more

transfer members configured to contact tissue.

2. The transfer guide as recited in claim 1, wherein the guide body includes a

passage dimensioned to at least partially receive a guide pin insertable in bone.

3. The transfer guide as reciled in claim 1, wherein the one or more transfer
members are positioned relative to the guide body based on a predetermined surgical

plan.

4. The transfer guide as recited in claim 1, wherein the one or more transfer

members are moveable relative to the guide body.

5. The transfer guide as recited in claim 4, wherein the one or more transfer
members include a plurality ol transfer members circum/lerentially distributed about a

periphery of the guide body.

6. The transfer guide as recited in claim 5, wherein each of the ransfer members
includes a first portion extending radially outward from the guide body and a second
portion extending axially from the first portion, and the second portion is configured

to contact tissue.

7. The transfer guide as recited in claim 6, wherein each of the transfer members
includes a third portion that extends from the first portion, the third portion is
translatable along a respective slot established in the periphery of the guide body to

set a position of the terminal end portion relative to the guide body.
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8. The wansler guide as recited in claim 6, wherein the [irst pordon and the

second portion establish a substantially L-shaped geometry.

9. The transfer guide as recited in claim 1, wherein the one or more transfer

members are integrally formed with the guide body.
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10. An orthopaedic implant comprising:

a baseplate;

an augment extending outwardly from the baseplate, the augment dimensioned
to contact bone; and

one or more transfer members extending from the augment, the one or more
transfer members configured to contact bone; and

wherein each of the one or more transfer members is coupled to the augment

at a respective breakable connection.

11. The implant as recited in claim 10, wherein the one or more transfer members

are dimensioned based on a predetermined surgical plan.

12. The implant as recited in claim 10, wherein the one or more transfer members

are integrally formed with the augment.

13. The implant as recited in claim 10, wherein the augment is formed along the
baseplate.
14. The implant as recited in claim 10, wherein the breakable connection is

configured to sever in response to a predetermined quantity of torque at an interface.

15. The implant as recited in claim 14, wherein the breakable connection is
configured to sever in response to the predetermined quantity of torque in a first
rotational direction with respect to an axis extending through the interface, but not a

second rotational direction opposed (o the [irst rotational direction.

16. The implant as recited in claim 10, wherein the one or more transfer members
include a plurality of transfer members circumferentially distributed about a periphery

of the augment.

L7. The implant as recited in claim 16, wherein each of the transfer members
includes a first portion extending radially outward from the periphery of the augment
and a second portion extending axially [rom the [irst portion, and the terminal end

portion is configured to contact tissue.
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18. The implant as recited in claim 17, wherein the breakable connection is
configured to sever in response to a predetermined quantity of torque in a first
rotational direction with respect to an axis extending through the second portion, but

not a second rotational direction opposed to the first rotational direction.

19. The implant as recited in claim 10, wherein the baseplate includes a central
aperture and a plurality of peripheral apertures circumferentially distributed about the
central aperture, each of the peripheral apertures aligned with a respective passage
through the augment, and each of the peripheral apertures is dimensioned to receive a

respective fastener partially receivable through the respective passage and into bone.

20. The implant as recited in claim 19, wherein the central aperture is
dimensioned to receive a guide pin insertable into bone to set a position of the

implant.
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21. An assembly [or an orthopaedic procedure comprising:
an implant configured to abut bone; and
a transfer guide comprising:
a guide body configured to be coupled to the implant; and
one or more transfer members extending from the guide body, the one

or more transfer members configured to contact bone.

22. The assembly as recited in claim 21, wherein the guide body includes a
passage dimensioned to at least partially receive a guide pin insertable in bone to set a

position of the implant.

23. The assembly as recited in claim 21, wherein the one or more transfer
members are positioned relative o the guide body based on a predetermined surgical

plan.

24. The assembly as recited in claim 21, wherein the implant includes a baseplate
and an augment extending [rom the baseplate relative Lo an axis, and the augment is

dimensioned to contact bone.

25. The assembly as recited in claim 24, wherein the one or more transfer
members are dimensioned (o be at least partially axially aligned with the augment

relative to the axis.

26. The assembly as recited in claim 24, wherein the augment includes an
augment body extending between a [irst lace and a second [ace, the [irst lace
extending along the baseplate, and the second face dimensioned to substantially

follow a contour of the bone.
27. The assembly as recited in claim 24, wherein the guide body includes [irst
threads that mate with second threads along the baseplate to mechanically attach the

transfer guide to the implant.

28. The assembly as reciled in claim 24, wherein:
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the baseplate includes a central aperture and a plurality of peripheral apertures
circumferentially distributed about the central aperture, each of the peripheral
apertures dimensioned to receive a respective fastener to secure the implant to bone;
and

the transfer guide includes an alignment member, and the alignment member
is dimensioned to be insertable into an aperture along the baseplate to limit relative

rotation between the transfer guide and the implant.

29. The assembly as recited in claim 28, wherein the guide body includes a
passage configured to be aligned with the central aperture in an installed position, and
the passage is dimensioned to at least partially receive a guide pin insertable through

the central aperture and into bone to set a position of the implant.

30. The assembly as recited in claim 21, wherein the one or more transfer

members are moveable between a first position and a second position.

31. The assembly as recited in claim 30, wherein each ol the one or more (ransfer
members includes a first portion extending radially outward from the guide body and
a second portion extending axially from the first portion, and the second portion is

configured to abut tissue adjacent the implant.

32. The assembly as recited in claim 31, wherein:

the implant includes a baseplate and an augment extending from the baseplate
relative to an axis, and the augment is dimensioned to contact bone;

the baseplate includes a central aperture and a plurality ol peripheral apertures
circamferentially distributed about the central aperture, each of the peripheral
apertures dimensioned to receive a respective fastener to secure the implant to bone;

the guide body includes a coupling feature at least partially receivable in the
central aperture (o secure the transfer guide to the implant; and

the transfer guide includes an alignment member dimensioned to be insertable
into an aperture in the baseplate to limit relative rotation between the transfer guide

and the implant.
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33. The assembly as recited in claim 32, wherein the coupling feature includes
first threads that mate with second threads along the central aperture to mechanically

attach the transfer guide to the implant.

34. The assembly as recited in claim 28, wherein the one or more transfer

members are integrally formed with the guide body.

35. The assembly as recited in claim 34, wherein the guide body includes a
passage dimensioned to receive a coupling member, and the coupling member is
insertable into the passage and the central aperture to mechanically attach the transfer

guide to the implant.

36. The assembly as recited in claim 34, wherein the coupling member includes a
passage, and the passage is dimensioned to receive a guide pin insertable through the

central aperture and into bone to set a position of the implant.

37. The assembly as reciled in claim 34, wherein:

the implant includes a baseplate and an augment extending outwardly from the
baseplate, and the augment is dimensioned to contact bone; and

the transfer guide includes an abutment member that extends outwardly from
the guide body, and the abutment member is dimensioned (o at least partially follow a

periphery of the baseplate.

38. The assembly as recited in claim 34, wherein each of the one or more transfer
members extends [rom the guide body Lo a lerminal end portion, the one or more
transfer members includes a first transfer member and a second transfer member, and
the terminal end portion of the first transfer member has a geometry that differs from

a geometry of the terminal end portion of the second transfer member.

39. The assembly as recited in claim 38, wherein each terminal end portion is

dimensioned with respect to a predetermined surface contour of the bone.

40. The assembly as recited in claim 34, wherein the one or more (ransfer

members includes a transfer body and a transfer arm that interconnects the guide body
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and the transler body, and the ransfer body includes a contact surface dimensioned

with respect to a predetermined surface contour of the bone.

41. The assembly as recited in claim 21, wherein:
the implant includes a baseplate and an augment extending outwardly from the
baseplate, and the augment is dimensioned to contact bone; and

the guide body is dimensioned to follow a periphery of the baseplate.

42. The assembly as recited in claim 41, wherein the one or more transfer

members are integrally formed with the guide body.

43. The assembly as recited in claim 41, wherein the transfer guide includes a
plurality of fixation members dimensioned (o0 interface with a circumlerential rim of

the baseplate to establish a snap-fit connection.

44. The assembly as recited in claim 41, wherein:

the baseplate includes a central aperture and a plurality of peripheral apertures
circumferentially distributed about the central aperture, each of the peripheral
apertures dimensioned to receive a respective fastener to secure the implant to bone;
and

the w(ransfer guide includes one or more alignment members extending
inwardly from the guide body, and each of the one or more alignment members is
dimensioned to be insertable into a respective one of the peripheral apertures to limit

relative rotation between the transfer guide and the implant.

45. The assembly as recited in claim 44, wherein the central aperture is
dimensioned to receive a coupling member, the coupling member includes a passage,
and the passage is dimensioned to receive a guide pin insertable through the central

aperture and into bone to set a position of the implant.

46. The assembly as recited in claim 45, wherein the coupling member is spaced

apart from the transfer members in an installed position.
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47. The assembly as reciled in claim 45, wherein the guide body is dimensioned (o

encircle and at least partially receive the periphery of the baseplate.
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48. A method of installing an orthopaedic implant comprising:

positioning one or more transfer members to contact bone, wherein the one or
more transfer members are coupled to an implant; and

positioning the implant relative to the bone based on the positioning of the one

or more transfer members.

49. The method as recited in claim 48, wherein the implant includes a baseplate
and an augment extending outwardly from the baseplate, and wherein the step of

positioning the implant occurs such that a surface of the augment contacts the bone.

50. The method as recited in claim 49, wherein the surface of the augment is
dimensioned to substantially follow a surface contour of the bone based on a

predetermined surgical plan.

51. The method as recited in claim 49, wherein the baseplate includes a central
aperture and a plurality of peripheral apertures circumferentially distributed about the
central aperture, each of the peripheral apertures aligned with a respective passage
through the augment, and further comprising:

positioning a respective fastener in each respective peripheral aperture and

then into the bone to secure the implant.

52. The method as recited in claim 51, further comprising:
inserting one or more alignment members in a respective one of the peripheral
apertures to limit relative rotation between the one or more transfer members and the

baseplate.

53. The method as recited in claim 48, further comprising:

establishing a surgical plan, the surgical plan based on a surlace prolile of the
bone; and

wherein the surgical plan includes at least one dimension associated with the

one or more transfer members relative to the surface profile.

54. The method as recited in claim 53, wherein each of the one or more transfer

members includes a respective contact surface, and further comprising:
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forming the contact surface (o substantially follow the surface profile of the

bone based on the surgical plan.

55. The method as recited in claim 53, further comprising:
coupling a transfer guide to the implant, wherein the transfer guide includes a
guide body that interfaces with the implant, and the one or more transfer members

extend from the guide body.

56. The method as recited in claim 55, wherein the step of positioning one or more
transfer members includes moving the one or more transfer members between a first
position and a second position relative to the guide body based on the at least

dimension.

57. The method as recited in claim 55, wherein the guide body includes a passage,
and further comprising:
positioning a guide pin through the passage in the guide body, then through

the implant, and then into the bone.

58. The method as recited in claim 55, further comprising:
integrally forming the one or more transfer members with the guide body
based on the at least one dimension subsequent to the step ol establishing the surgical

plan.

59. The method as recited in claim 58, wherein:
the transler guide includes a plurality ol l[ixation members; and
the step of coupling the transfer guide to the implant includes positioning the

plurality of fixation members relative to the implant to establish a snap-fit connection.

60. The method as recited in claim 48, further comprising:

integrally forming the one or more transfer members with the implant.
61. The method as recited in claim 60, wherein each of the one or more transfer

members is coupled to the implant al a respective breakable connection, and [urther

comprising:
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severing the breakable connection in response to a predetermined quantity of
force applied to the respective transfer member.
62. The method as recited in claim 48, wherein the bone is a portion of a glenoid.

63. A transfer guide, assembly and/or method therefore comprising any feature
described herein, individually or in combination with any other feature or [eatures

described herein.
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