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(57) ABSTRACT

Reversed glenoid implants, and related kits and methods, are
described that include an anchor member having a proximal
head and a baseplate having a distal end with a first aperture
sized to accept the proximal head of the anchor member. The
proximal head is inserted along an un-threaded length thereof
from the distal end into the first aperture, and the anchor
member is restrained against axial translation with respect to
the baseplate but is permitted to rotate with respect to the
baseplate.
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REVERSE SHOULDER SYSTEMS AND
METHODS

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] Any and all applications for which a foreign or
domestic priority claim is identified in the Application Data
Sheet as filed with the present application are hereby incor-
porated by reference under 37 C.F.R. §1.57.

BACKGROUND OF THE INVENTION

[0002]

[0003] The systems and methods described herein are
directed to orthopedic implants, for example to reverse shoul-
der replacement systems and methods for implantation.

[0004] 2. Description of the Related Art

[0005] Shoulder replacement surgery involves placing a
motion providing device at the glenohumeral joint, i.e., the
joint interface between the scapula and the proximal humerus
of the arm. See FIG. 1. Reverse shoulder replacement
reverses the curvature of the natural glenoid cavity and the
proximal head of the humerus. That is, a convex surface of a
glenoid component is positioned on the scapula and a concave
surface of a humeral component is positioned on the proximal
humerus.

[0006] Some reverse shoulder systems have limitations in
connection with the fixation of the glenoid component. In
some glenoid component designs, a one-piece construct is
provided in which a central threaded post projects from a
baseplate. The threaded post provides fixation to the bone of
the scapula, but provides little to no flexibility of the final
positioning of peripheral features of the baseplate, such as
screw or mount holes thereon. Also, the unitary nature of this
approach requires more inventory to provide a proper mix of
baseplate configurations and threaded post sizes.

[0007] Other reverse shoulder systems provide a plate hav-
ing an integral fixed central post and a plurality of screws that
are placed through either the post or the plate. These systems
are limited in that the length, inner diameter, and configura-
tion of the central post are fixed. As such, the size of a screw
placed through the central post is predefined which limits the
ability to perform revisions (subsequent surgeries on the
patient to replace the system). In a revision surgery the old
implant must be removed and replaced with a new implant.
Commonly a substantial amount of bone is removed with the
old implant and in this case larger screws are required to
securely fix the new glenoid implant to the scapula.

[0008] In currently available systems, specifically unitary
systems having an integral fixed central threaded post, inde-
pendent rotation is not provided between the post and the
baseplate. For these unitary systems the post and the base-
plate rotate together when the post is driven into the bone.
With other glenoid implants wherein an anchor member is
driven through the baseplate and extends from a distal end of
the baseplate, axial translation of the baseplate relative to the
anchor member is not prevented. For these systems, the base-
plate is not secured against axial translation until the anchor
member is fully engaged in the scapula and pulls the baseplate
against the surface of the bone thereby preventing rotation of
the baseplate.

1. Field of the Invention
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SUMMARY OF THE INVENTION

[0009] There is a need for new shoulder prosthesis systems
that can provide more flexibility and better adaptability to
patient anatomies while maximizing revision options. When
implanting reverse shoulder systems it is desirable to inde-
pendently attach a baseplate to the scapula and thereafter to
independently rotate the baseplate with respect to the scapula
such that fixation means in the periphery of the baseplate can
be driven into bone thereunder.

[0010] A glenoid implant, according to some embodiments
disclosed herein, includes an anchor member and a baseplate.
The anchor member has a longitudinal portion configured to
be secured to a bone and a proximal head. The proximal head
has a first engaging surface. The baseplate has a proximal end
and a distal end. The distal end of the baseplate comprises a
first aperture sized to accept the proximal head of the anchor
member and a second engaging surface. When the proximal
head is inserted from the distal end of the baseplate into the
first aperture, the first engaging surface couples with the
second engaging surface. In some embodiments, the anchor
member is restrained against axial translation by this engage-
ment with respect to the baseplate but is permitted to rotate
with respect to the baseplate.

[0011] Other embodiments of a glenoid implant may fur-
ther comprise a locking structure configured to apply a force
to the anchor member. A glenoid implant may further com-
prise a glenosphere configured to be attached to the baseplate.
A glenoid implant may also include one or more perimeter
anchors for securing the baseplate to bone.

[0012] A method for implanting a glenoid implant, accord-
ing to some embodiments disclosed herein, includes provid-
ing an anchor member and a baseplate. The anchor member
has a longitudinal portion configured to be secured to a bone
and a proximal head. The proximal head has a first engaging
surface. The baseplate has a proximal end and a distal end.
The distal end of the baseplate comprises a first aperture sized
to accept the proximal head of the anchor member and a
second engaging surface. The method includes securing the
anchor member at least partially to bone. The method further
includes, with the proximal head of the anchor member
inserted into the first aperture such that the first engaging
surface is coupled to the second engaging surface, rotating the
baseplate relative to the anchor member to adjust the position
of the baseplate without adjusting the rotational position of
the anchor member. The method may further include securing
the baseplate to the bone.

[0013] Insomeembodiments, a method further comprises,
prior to securing the anchor member at least partially to bone,
inserting the proximal head into the first aperture to cause the
first engaging surface to couple with the second engaging
surface. A method may also comprise applying a force to the
anchor member with a locking member to prevent rotation
between the anchor member and the baseplate. A method may
also comprise engaging a glenosphere to the baseplate. In
some embodiments, securing the baseplate to bone comprises
inserting one or more perimeter anchors through one or more
openings in the baseplate.

[0014] Other embodiments of the invention include addi-
tional implants or components of implants, as well as further
methods, described herein. A system or kit may also be pro-
vided according to some embodiments, wherein the system or
kit comprises a plurality of anchor members engageable with
one or more baseplates and/or a plurality of baseplates
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engageable with one or more anchor members, examples of
which are described further herein.

[0015] Inother embodiments, a glenoid implant for a shoul-
der prosthesis is formed. The glenoid implant comprises an
anchor member and a baseplate. The anchor member has a
longitudinal portion configured to be secured to a bone and a
proximal head. The proximal head has an external threaded
surface. The baseplate has a proximal end and a distal end.
The distal end has a first aperture sized to accept the proximal
head of the anchor member. The first aperture has an internal
threaded surface and a space disposed proximal of the internal
threaded surface. When the external threaded surface of the
proximal head is disposed proximal of the internal threaded
surface of the first aperture, the anchor member is restrained
against axial translation with respect to the baseplate but is
rotatable with respect to the anchor member.

[0016] In another embodiment, a glenoid implant for a
shoulder prosthesis is provided that includes a baseplate, an
internal member, and a screw. The baseplate has a proximal
end, a distal end, an outer periphery, and an aperture that
extends therethrough adjacent to the outer periphery. The
aperture extends from the proximal end to a bone engaging
surface. The internal member disposed in the baseplate has an
internal threaded surface surrounding the aperture. The screw
is configured to be placed through the aperture. The screw has
an external threaded surface. A first number of thread starts
disposed on the internal threaded surface of the internal mem-
ber is greater than a second number of thread starts disposed
on the external threaded surface of the screw. The threads of
the external threaded surface of the anchor member have a
constant thread form along the length thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Theseandother features, aspects and advantages are
described below with reference to the drawings, which are
intended to illustrate but not to limit the inventions. In the
drawings, like reference characters denote corresponding fea-
tures consistently throughout similar embodiments. The fol-
lowing is a brief description of each of the drawings.

[0018] FIG. 1 is a schematic view of the human shoulder.
[0019] FIG. 2 is a perspective view of a glenoid implant in
an assembled configuration.

[0020] FIG. 3 is an exploded view of the glenoid implant
shown in FIG. 2.

[0021] FIG. 4 is a cross-sectional side view of the glenoid
implant shown in FIG. 2.

[0022] FIG. 5 is a side view of a baseplate and an anchor
member of a glenoid implant.

[0023] FIG. 6 is a cross-sectional, exploded side view of a
baseplate, an anchor member and perimeter anchor members.
[0024] FIG. 6A illustrates an embodiment of an anchor
retention member.

[0025] FIGS. 7A-7E are side views of different embodi-
ments of anchor members, which may be assembled into akit.
[0026] FIG. 8A is a top perspective view of a baseplate.
[0027] FIGS. 8B-8E are side views of different embodi-
ments of baseplates.

[0028] FIGS. 8F-8G are top views of different embodi-
ments of baseplates.

[0029] FIG. 8H is a top perspective view of another
embodiment of a baseplate.

[0030] FIG. 81 is a side view of a baseplate with a distal
portion formed by additive manufacturing.
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[0031] FIG. 8] is a side view of a lateralized baseplate
formed by additive manufacturing.

[0032] FIG. 8K is a half-wedge baseplate formed by addi-
tive manufacturing.

[0033] FIG. 8L is a full-wedge baseplate formed by addi-
tive manufacturing.

[0034] FIG. 9A is a cross-sectional side view of a baseplate
with a dual threaded lumen and an anchor member.

[0035] FIG. 9B is a cross-sectional side view of the base-
plate of FIG. 9A.

[0036] FIG. 9C is a cross-sectional side view of a glenoid
implant with a baseplate that has a dual threaded lumen and an
anchor member.

[0037] FIG. 9D is a cross-sectional side view of the base-
plate of the glenoid implant of FIG. 9C.

[0038] FIG. 9E shows a kit of anchor members, including
the anchor member illustrated in FIG. 9C.

[0039] FIG. 9F is a side cross-sectional view of an assem-
bly including the baseplate of FIG. 9D and a peripheral screw.
[0040] FIG.9G is a perspective view of one embodiment of
an internal member of the baseplate of FIG. 9D.

[0041] FIG.9H is a perspective view of one embodiment of
a peripheral screw of the glenoid assembly of FIG. 9C.
[0042] FIG. 91 is a side cross-sectional view of a proximal
portion of the peripheral screw of FIG. 9H partially advanced
through the internal member of FIG. 9G.

[0043] FIG. 9] is a side cross-sectional view of the proxi-
mal portion of the peripheral screw of F1IG. 9H fully advanced
through the internal member of FIG. 9G.

[0044] FIG. 10 illustrates an implantation tool and a
method of using such a tool to implant a portion of a glenoid
implant.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0045] While the present description sets forth specific
details of various embodiments, it will be appreciated that the
description is illustrative only and should not be construed in
any way as limiting. Furthermore, various applications of
such embodiments and modifications thereto, which may
occur to those who are skilled in the art, are also encompassed
by the general concepts described herein. Each and every
feature described herein, and each and every combination of
two or more of such features, is included within the scope of
the present invention provided that the features included in
such a combination are not mutually inconsistent.

[0046] FIG. 1 depicts the human shoulder. The glenoid
cavity is a portion of the shoulder that is located on the
scapula. The glenoid cavity articulates with the head of the
humerus to permit motion of the glenohumeral joint. Total
shoulder arthroplasty replaces the glenohumeral joint with
prosthetic articular surfaces that replicate the naturally occur-
ring concave and convex surfaces of the body. Typically, in
total shoulder arthroplasty, an articular surface replaces the
humeral head and an articular surface replaces cartilage in the
glenoid cavity. In a typical reverse total shoulder arthroplasty,
aglenoid implant with a convex spherical head is inserted into
the glenoid cavity and a complimentary socket is placed on
the humerus. Reverse total shoulder arthroplasty reverses the
naturally occurring ball and socket orientation related to the
glenohumeral joint.

[0047] FIGS. 2-4 depict a glenoid implant 100, more pref-
erably a reverse glenoid implant, configured to be implanted
in the glenoid cavity of a patient in the patient’s scapula. The
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glenoid implant 100 includes an anchor member 104 for
anchoring the implant 100 in the scapular glenoid, a baseplate
108, alocking structure 112 configured to deter rotation of the
anchor member relative to the baseplate, and a gleno sphere
116 having an articular surface (e.g., a convex, spherical
surface). The glenosphere 116 is configured to couple to a
complimentary prosthetic device anchored to the humerus
(not shown, but sometimes referred to herein as the humeral
component) in order for the joint replacement implants to
replicate the motion of the human shoulder. The humeral
component can take any suitable form such as those disclosed
in connection with FIGS. 18-21 and elsewhere in U.S. provi-
sional application No. 61/719,835, filed Oct. 29, 2012, which
is incorporated by reference herein in its entirety. Suitable
humeral components can be configured to couple with reverse
shoulder joint components, including those described in con-
nection with FIGS. 1-9, 27-38, and 39-41 of the *835 appli-
cation. Suitable humeral components can be configured to
adapt to anatomical and reverse shoulder configurations. The
glenoid implant 100 and the humeral component provide a
replacement for the natural glenohumeral joint.

[0048] As used herein, the terms “distal” and “proximal”
are used to refer to the orientation of the glenoid implant as
shown in FIGS. 2-4. As shown in FIG. 3, a longitudinal axis
120 of the glenoid implant 100 extends through a central
longitudinal axis 124 of anchor member 104 (shown in FIGS.
4 and 6). The glenosphere 116 is towards the proximal end
along the longitudinal axis 120 and the anchor member 104 is
towards the distal end along the longitudinal axis 120. In other
words, an element is proximal to another element ifit is closer
to a central aperture 128 (shown in FIG. 4) of the glenosphere
116 than the other element, and an element is distal to another
element if it closer to a distal tip 132 (shown in FIG. 4) of the
anchor member 104 than the other element. At some points
below, reference may be made to the anatomical location. In
use when the implant is delivered into a patient’s scapula, the
distal tip 132 of the anchor member 104 is more medial on the
patient, whereas the articular surface of the gleno sphere 116
is more lateral on the patient.

[0049] FIGS. 3 and 4 show that the baseplate 108 is oriented
substantially perpendicular to the longitudinal axis 120 of the
glenoid implant 100. The baseplate 108 is shown coupled to
the anchor member 104 in FIGS. 4 and 5 and apart from the
anchor member 104 in FIG. 6. Referring now to FIG. 5, the
baseplate 108 has a proximal end 136 and a distal end 140.
The proximal end 136 comprises a proximal surface 144 and
the distal end 140 comprises a distal surface 148. The proxi-
mal surface 144 can be substantially parallel to the distal
surface 148. The baseplate 108 can also include a bone engag-
ing surface 152. A thickness of the baseplate 108 defined
between the proximal surface 144 and the bone engaging
surface 152 may correspond to the amount that the baseplate
108 extends above a surface of the bone when implanted. The
thickness can be in a range between about 2 mm and about 12
mm, e.g., between about 4 mm and about 9 mm, e.g., about 6
mm. Thicknesses of about 3 mm, 5 mm, 7 mm, 8 mm, 10 mm
and 11 mm are also contemplated. As discussed further
below, FIG. 8] illustrates a modified embodiment of a base-
plate 108] where the surface 144 is lateralized relative to the
patient’s mid-plane. A lateralized baseplate is one in which
when combined with an articular component, the articulating
surface is shifted laterally relative to the medical plane of the
patient compared to an anatomical position of the articular
surface. In the context of a reverse shoulder, the shifting can
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move the center of rotation of the humerus laterally compared
to the position of the center of rotation prior to intervention. In
the context of an anatomic shoulder prosthesis, the lateralized
baseplate may support an anatomic articular surface that is
shifted laterally relative to the medial surface compared to the
glenoid surface prior to intervention. The bone engaging sur-
face 152 can be substantially parallel to the proximal surface
144 and/or the distal surface 148. FIGS. 8K-8L illustrate
modified embodiments in which the bone engaging surface
varies, e.g., providing a partial or full wedge shape for reasons
discussed below.

[0050] The baseplate 108 also has a lateral surface 156 that
spans between the proximal surface 144 of the baseplate 108
and the bone engaging surface 152 of the baseplate 108. The
surface 156 is disposed lateral with regard to the center of the
implant 100 and also is disposed lateral of the mid-plane of
the patient when the implant 100 is applied to the patient. The
lateral surface 156 can have a circular profile when viewed in
a cross-section plane extending parallel to the proximal sur-
face 144. The diameter of the circular profile can be between
about 20 mm and about 40 mm, e.g., between about 25 mm
and about 35 mm, e.g. about 30 mm. In some embodiments,
the lateral surface 156 of the baseplate 108 is configured to
form a portion of a friction lock engagement, such as a Morse
taper. In one embodiment, the lateral surface 156 of the base-
plate 108 is tronconical. The term tronconical, as used herein,
refers to a shape or surface that is or is similar to a truncated
cone. In some embodiments, the lateral surface 156 is con-
figured with a gradually increasing perimeter in a direction
from proximal surface 144 toward the bone engaging surface
152.

[0051] As illustrated in FIG. 5, in some embodiments, the
baseplate 108 can include a central protrusion 160 that
projects distally from the bone engaging surface 152 to the
distal end 140. The central protrusion 160 has an outer surface
164 that extends from the bone engaging surface 152 to the
distal surface 148. Referring now to FIG. 6, the central pro-
trusion 160 can include a first aperture 168 which may be
cylindrical. In some embodiments, the first aperture 168 may
include a groove 172 along an inner wall of the first aperture.
The baseplate 108 can have a second aperture 176 that, in
some embodiments, extends from the first aperture 168 to the
proximal end 136 of the baseplate 108, such that a lumen 180
is formed through the baseplate 108. The second aperture 176
can include an internally threaded surface 184 as shown. In
some embodiments, the second aperture 176 is smaller in
diameter than the first aperture 168.

[0052] FIG. 6 shows that the baseplate 108 includes a plu-
rality of holes, e.g., two holes 188, 192 positioned laterally
outward of the lumen 180, that are configured to accept
perimeter anchor members 196. The holes 188, 192 extend
from the proximal end 136 of the baseplate 108 to the bone
engaging surface 152 of the baseplate 108. These holes 188,
192 are also illustrated in FIG. 8A, which illustrates a per-
spective view of the proximal end 136 of the baseplate 108 of
FIGS. 2-6. As illustrated, the baseplate 108 may have a cir-
cular shape, with a thickness between the proximal surface
144 and the bone engaging surface 152 that is less than a
diameter of the proximal surface 136. It will be appreciated
that the baseplate 108 need not be circular, and may have
other shapes as well.

[0053] Referringto FIGS. 3 and 6, theholes 188,192 can be
defined in part by internal members 200 that are disposed
within recesses 204 in baseplate 108. In some embodiments,
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the internal member 200 is semi-spherical and the recess 204
is semi-spherical, in order to permit movement of, e.g., rota-
tion and/or tilting of the internal member 200 with respect to
the baseplate 108. The internal member 200 allows a longi-
tudinal axis extending centrally through the holes 188, 192
(for example longitudinal axis 208 extending through hole
188 as shown in FIG. 6) to be aimed to some extent toward a
desired anatomical feature. The movement of the internal
member 200 allows the positioning and/or aiming of perim-
eter anchor members 196 toward a desired location. The
longitudinal axis 208 extending through the hole 188 can be
substantially parallel to a longitudinal axis 212 extending
through the second aperture 176 and/or lumen 180, as shown
by the orientation of the internal member 200 in part defining
the hole 188 or angled with respect to the longitudinal axis
212 of the second aperture 176 and/or lumen 180, not shown.
[0054] The number and position of the holes 188, 192
depends on many factors including the anatomical structure
of the patient, the diameter of the perimeter anchor members
196, and size constraints dictated by dimensions of the base-
plate 108. Thus, there may be fewer or greater holes and
perimeter anchors members than illustrated. In some embodi-
ments, perimeter anchor members 196 are inserted through
the baseplate 108 from the proximal end 136 thereof. As
shown in FIG. 6, the perimeter anchor member 196 can be
inserted in the general direction of Arrow A.

[0055] FIG. 6 shows that the anchor member 104 is config-
ured to be attached to the bone of a patient. The anchor
member 104 is generally formed of a cylindrical longitudinal
portion 216 and a proximal head 220, both of which extend
along a longitudinal axis 124 of the anchor member 104. The
anchor member 104 has an external lateral surface 224 which
may include a self-tapping threaded surface. Other lateral
surfaces of anchor members are discussed below in connec-
tion with FIGS. 7A-7E, 8E, 9A, 9C and 9E. As used herein, a
threaded surface is right-handed when the driving action is
performed with clockwise rotation and left-handed when the
driving action is performed with counterclockwise rotation.
The threading of the external lateral surface 224 of the anchor
member 104 may be right-handed or left-handed. In some
embodiments, the longitudinal portion 216 of the anchor
member 104 comprises a distally tapered distal tip 132.
[0056] FIG. 6 shows that the proximal head 220 can have a
cavity 228 disposed about the longitudinal axis 124. The
cavity 228 extends distally from the proximal end of the
proximal head 220. In some embodiments, the cavity 228
comprises one or more flat surfaces that are capable of mating
with a driver configured to apply rotational force to drive the
anchor member 104 into the bone. For example, the cavity
228 can have a hexagonal cross-section, centered on the lon-
gitudinal axis 124, configured to mate with a hexagonal cross-
section driver. The proximal head 220 can comprise a groove
232. In some embodiments, the groove 232 is a circumferen-
tial groove around an external surface of the proximal head
220. The proximal head 220 may include an inclined surface
236, the function of which is discussed in greater detail below.
[0057] Referring to FIGS. 5 and 6, the anchor member 104
and the baseplate 108 are coupled in the first aperture 168,
which is sized to accept the proximal head 220 of the anchor
member 104. In some embodiments, the glenoid implant 100
comprises a member 240, as shown in FIGS. 3, 4 and 6, that
is sized to fit partly within the groove 232 in the proximal head
220 and partly within the groove 172 in the baseplate 108. The
member 240 can comprise a c-clip, O-ring or similar protrud-
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ing device that can span at least a portion of the groove 232 in
the proximal head 220 and at least a portion of the groove 172
in the baseplate 108. Alternatively member 240 may be com-
prised of elastically deformable barbs, fingers, or other pro-
jections having one end attached to and angled away from
either head 220 or baseplate 108 such that the projections are
deformed between head and baseplate when head is inserted
into baseplate and such that the unattached end of the projec-
tions elastically expands into groove in head or baseplate. In
this way, the anchor member 104 is held at a fixed position
along the longitudinal axis 120 of the glenoid implant 100,
shown in FIG. 4, relative to the baseplate 108. Preferably the
coupling provided by the member 240 does not prevent the
relative rotation of the anchor member 104 and the baseplate
108. In some embodiments, as shown in FIGS. 4 and 6, the
member 240 is retained within the groove 172 of the baseplate
108 before the proximal head 220 of the anchor member 104
is inserted into the first aperture 168.

[0058] FIG. 6 depicts the anchor member 104 separate from
the baseplate 108, e.g., before being coupled to the baseplate.
The anchor member 104 can be inserted from the distal end
140 of the baseplate 108 into the first aperture 168. During
insertion, the inclined surface 236 of the proximal head 220
initially contacts the member 240. Further insertion of the
anchor member 104 displaces the member 240 away from the
axis 124, farther into the groove 172. Such displacement
allows the anchor member 104 to be inserted farther into the
first aperture 168. The anchor member 104 is inserted into the
first aperture 168 until the member 240 engages the groove
232 in the proximal head 220. The anchor member 104 is
retained in the baseplate 108 by the spanning of the member
240 across the gap between the longitudinally adjacent
grooves 232, 172, as shown in FIG. 4.

[0059] Insome embodiments, the member 240 is deformed
by the proximal head 220 when the proximal head 220 is
inserted into the first aperture 168. For example, the inclined
surface 236 can provide a progressively larger force on the
member 240 as the proximal head 220 is urged from the distal
end 140 of the baseplate 108 proximally into the first aperture
168 of the central protrusion 160. The inclined surface 236
can have an angle of about 45 degrees or greater. In this
context, the angle is measured relative to the flattened proxi-
mal end of the proximal head 220. In one embodiment, the
member 240 has a corresponding inclined surface 368 (see
FIG. 6) that faces distally. When the groove 232 in the proxi-
mal head 220 aligns with the groove 172 in the baseplate 108,
the member 240 returns to a relaxed state, e.g., is no longer
deformed and the member 240 functions to couple the anchor
member 104 to the baseplate 108. More specifically, the
member 240 couples the proximal head 220 to the first aper-
ture 168.

[0060] FIG. 6A illustrates a member 240A having mating
ends. In particular, the clip member 240A has a first end 241,
a second end 242, and an arcuate segment 243 therebetween.
The inclined surface 368 is provided along a distal-facing side
of the arcuate segment 243. The first and second ends 241,
242 are configured to mate or nest together when urged
toward each other. For example, the first end 241 can have a
reduced thickness on the distal facing side thereof and the
second end 242 can have a reduced thickness on a proximal
facing side thereof. The reductions in thickness of the firstand
second ends 241, 242 can sum to the total thickness of the
arcuate segment 243 or more in various embodiment. As a
result, the ends 241, 242 can move from a spaced apart con-
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figuration to an overlapping configuration with minimal to no
deflection of the ends 241, 242 in a proximal-distal direction
being required. Alternatively, the reductions in thickness of
the first and second ends 241, 242 can sum to less than total
thickness of the arcuate segment 243. In such embodiments,
upon causing the ends 241, 242 to overlap, deflection of the
ends along the proximal-distal direction will occur causing a
widening of the clip 240A in the region of the ends 241, 242
compared to in the arcuate segment 243. FIG. 6A illustrates
an enlarged configuration of the member 240A, e.g., a con-
figuration in which an anchor member is being inserted and
the clip member 240A is enlarged to permit advancement of
a head of the anchor member through the clip member 240A
and a corresponding baseplate. These structures are examples
of various means for preventing axial translation of the base-
plate 108 relative to the anchor member 104 while permitting
rotation therebetween.

[0061] FIG. 4 shows that the glenosphere 116 defines a
convex, articular surface 244. The gleno sphere 116 defines
an interior surface 248 configured to receive the baseplate
108. In particular, the interior surface 248 of the glenosphere
116 is configured to couple with the lateral surface 156 of the
baseplate 108. In some embodiments, the interior surface 248
of'the glenosphere 116 is configured to frictionally engage the
surface 156, e.g., in a Morse taper. In some embodiments, the
interior surface 248 of the glenosphere 116 is tronconical.
The glenosphere 116 can include an internal threaded surface
252. In some embodiments, the glenosphere 116 comprises a
creep-resistant material, such as a suitable metal including
any of stainless steel, cobalt-chrome alloy, or titanium which
permits the interior surface 248 to deflect slightly in connec-
tion with forming a secure connection such as a Morse taper.
[0062] Referringto FIGS. 3 and 4, the locking structure 112
can include a locking screw 256, a compression washer 260,
and a threaded member 264, which may be a bushing. The
locking screw 256 has a body that extends along the longitu-
dinal axis 120 when the assembly 100 is assembled. The
locking screw 256 can have an external threaded surface 272
and a proximal head 276, as shown in FIG. 4. A lateral surface
280 of the locking screw 256 located between the external
threaded surface 272 and the proximal head 276 has a smooth
surface, e.g., one that is not threaded. In some embodiments,
a driver can be introduced into the proximal head 276 of the
locking screw 256 in order to rotate the locking screw 256.
The compression washer 260 is generally annular in shape in
one embodiment. The threaded member 264 includes one or
more internal threads 284 configured to mate with the exter-
nal threaded surface 272 of the locking screw 256. The
threaded member 264 can include a sidewall 288 that forms
an internal cavity 292 configured to house the compression
washer 260. The sidewall 288 can have an external threaded
surface 296 that is configured to mate with an internal
threaded surface 252 of the gleno sphere 116. The glenoid
implant 100 is configured to be assembled as shown in FIGS.
2 and 4.

[0063] FIG. 4 shows that during assembly of the locking
structure 112, the compression washer 260 can be inserted
into the internal cavity 292 of the threaded member 264 and
housed within the sidewall 288. The locking screw 256 can be
inserted through the compression washer 260 from the proxi-
mal end to the distal end thereof. A portion of the external
threaded surface 272 of the locking screw 256 passes through
the central aperture of the compression washer 260. The
locking screw 256 can be inserted into the threaded member
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264 such that the external threaded surface 272 of the locking
screw 256 mates with the internal thread(s) 284 of the
threaded member 264. The locking screw 256 can be further
rotated until the compression washer 260 is loosely retained
between the threaded member 264 and the proximal head 276
of the locking screw 256. The smooth lateral surface 280 can
be disposed within the internal threads 284 of the threaded
member 264, when the compression washer 260 is loosely
retained.

[0064] The locking structure 112, which can include the
locking screw 256, the compression washer 260, and the
threaded member 264, can be coupled to the glenosphere 116,
as shown in FIG. 4. In some embodiments, the locking struc-
ture 112 is coupled to the glenosphere 116 after the locking
structure 112 has been assembled, as described above. The
threads on external surface 296 of the sidewall 288 of the
threaded member 264 can be rotated to engage the internal
threaded surface 252 of the glenosphere 116. This may
involve rotation of the locking screw 256 toward the threaded
member 264, so that the proximal head 276 of the locking
screw 256 fits within the glenosphere 116. The glenosphere
116 can have a central aperture 128 that allows access to the
proximal head 276 of the locking screw 256. The central
aperture 128 permits a driver or other tool to engage the
locking screw 256. As shown in FI1G. 4, the proximal head 276
of the locking screw 256 can have a cavity with one or more
flats, e.g., a hexagonal cavity, configured to mate with the
driver.

[0065] The locking structure 112 can be coupled to the
baseplate 108, as shown in FIG. 4. In some embodiments, the
locking structure 112 is coupled to the baseplate 108 after the
locking structure 112 has been assembled, as described
above. In some embodiments, the locking structure 112 is
coupled to the baseplate 108 after the locking structure 112 is
coupled to the glenosphere 116, as described above. The
locking screw 256 can be rotated until the external threaded
surface 272 of the locking screw 256 engages the second
aperture 176 in baseplate 108, in particular the threaded sur-
face 184 (See FIG. 6). When the locking screw 256 is rotated,
the locking screw 256 traverses the second aperture 176 dis-
tally toward the anchor member 104. Further rotation of the
locking screw 256 brings the distal tip 300 of the locking
screw 256 into contact with the proximal head 220 of the
anchor member 104. In some embodiments, the distal tip 300
of the locking screw 256 enters the cavity 228. The locking
screw 256 is capable of applying a force to the proximal head
220 of the anchor member 104. In some embodiments, this
downward (e.g., distally directed) force applies a compres-
sion force to the member 240 such that the member 240
applies a frictional force to the groove 232 on the proximal
head 220. A friction force will also be applied by the distal tip
300 to the wall at the distal end of the cavity 228. The distally
directed forces created by the locking screw 256 on the
anchor member 104 and/or the member 240 are sufficient to
reduce or prohibit the rotation of the anchor member 104 with
respect to the baseplate 108. For example, high friction can
arise due to the high normal force generated by action of the
locking screw 256.

[0066] Referring to FIG. 4, when the locking screw 256 is
rotated and advanced towards the anchor member 104, the
locking screw 256 can cause a force to be applied to the
glenosphere 116. Rotation of the locking screw 256 can move
the proximal head 276 toward the distal end of the threaded
member 264. Rotation of the locking screw 256 can bring the
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proximal head 276 of the locking screw 256 into contact with
the compression washer 260. In some embodiments, the
proximal head 276 of the locking screw 256 can apply a
downward force on the compression washer 260. The com-
pression washer 260 can thereby apply a downward force on
the threaded member 264. The threaded member 264 includ-
ing the sidewall 288 can be coupled with the internal threaded
surface 252 of the glenosphere 116. The threaded member
264 can provide a downward force on the glenosphere 116, as
the locking screw 256 is advanced distally toward the anchor
member 104. This causes the glenosphere 116 to move dis-
tally and engage the lateral surface 156 of the baseplate 108.

[0067] FIG. 4 shows that the lateral surface 156 of the
baseplate 108 is tapered, e.g., tronconical, in some embodi-
ments. The glenosphere 116 defines an interior surface 248
that is tapered or tronconical or otherwise configured to create
high friction with the baseplate 108. The surfaces 156, 248
can be initially engaged in any suitable manner, e.g., using an
impactor to create an initial frictional engagement therebe-
tween. In some embodiments, the lateral surface 156 of the
baseplate 108 and the interior surface 248 of the glenosphere
116 form a Morse taper. The distally directed force of the
locking screw 256 enhances, e.g., makes more rigid, the con-
nection between the anchor 104 and baseplate 108, reducing
or eliminating play between these components. As a second-
ary advantageous effect, the distally directed force of the
locking screw 256 can also increase the friction at the surfaces
156, 248. The frictional force created by the coupling of the
glenosphere 116 and the baseplate 108 add to the rigidity of
the glenoid implant 100.

[0068] The compression washer 260 shown in FIG. 4 can
have multiple functions. The compression washer 260 is con-
figured to fill the space between the proximal head 276 of the
locking screw 256 and the threaded member 264 to add to the
rigidity of the implant 100. In particular, rotation of the lock-
ing screw 256 applies a force on the compression washer 260
which can compress or otherwise deform the compression
washer 260. In the compressed state, the compression washer
260 applies a force to maintain the position of the locking
screw 256. The placement and use of the compression washer
260 facilitates the rigidity of the glenoid implant 100 by
filling the space between the proximal head 276 ofthe locking
screw 256 and the threaded member 264. Additionally, the
locking screw 256 applies a force to the anchor member 104.
This force enhances the connection of the anchor member
104 to the baseplate 104 which reduces or eliminate play
between these components to minimize or reduce loosening
of these components over time. For example, maintaining the
position of the locking screw 256, the compression washer
260 further minimizes or prevents rotation, translation, or
micromotion of the anchor member 104 with respect to the
baseplate 108. In some embodiments, the compression
washer 260 tends to distribute the force of the proximal head
276 of the locking screw 256. The compression washer 260
causes the proximal head 276 of the locking screw 256 to be
in contact with a larger surface area of the threaded member
264. The distribution of force facilitates the downward move-
ment of the glenosphere 116 with respect to the baseplate 108
and/or enhances friction between the surfaces 156, 248 as
discussed above. The compression washer 260 further mini-
mizes or prevents rotation, translation, or micromotion of the
glenosphere 116 with respect to the baseplate 108.

[0069] The glenoid implant 100 can have a modular design,
meaning that the anchor member 104 and the baseplate 108

Oct. 29, 2015

can be interchangeable with another anchor member and/or
another baseplate. In some embodiments a single baseplate
can couple with any one of a plurality of anchor members in
a kit including a plurality of anchor members, such as shown
in FIG. 7A-7E. In some embodiments, a single anchor mem-
ber can couple with any one of a plurality of baseplates in
some or in another kit, including for example the baseplates
shown in FIGS. 8A-8G. The proximal heads of the anchor
members can have a consistent diameter among a plurality of
anchor members in some kits. Further, the grooves and the
cavities of the anchor members can be consistent in size and
location among a plurality of anchor members in some kits. In
some embodiments, the grooves and first apertures of the
baseplates is a consistent diameter among a plurality of base-
plates in the kit. Further, the second apertures and the lumens
of the baseplates can be consistent in size and location among
a plurality of baseplates. This allows for the interchangeabil-
ity of the plurality of anchor members with any one of a
plurality of baseplates or the plurality of baseplates with any
one of a plurality of anchor members.

[0070] FIGS. 7A-7E show that the modular design allows
the use of a plurality of anchor members with a given base-
plate. In FIGS. 7A-7E, the anchor members 104A-104E
include a longitudinal portion 216A, 216B, 216C, 216D or
216E, a distal end, a proximal head 220, and a groove 232.
The anchor members 104A-104E shown in FIGS. 7A-7E are
compatible with the baseplates 108, described herein. The
anchor members 104A-104E may include additional features
of anchor members described herein.

[0071] FIGS. 7A-7C differ with respect to the external lat-
eral surface and the longitudinal portion of the anchor mem-
ber. The anchor members 104A, 104B, 104C may have a
longitudinal portion 216A, 216B, 216C having different con-
figurations, e.g., diameters and/or lengths. The longitudinal
portion 216 A of anchor member 104 A has a constant diam-
eter and thread pitch, but different lengths in different
embodiments. The anchor member 104B has a different
diameter and/or thread pitch from the anchor member 104A.
The anchor member 104C has a different diameter and/or
thread pitch from the anchor members 104A and 104B.
[0072] As shown in FIGS. 7A-7C, the anchor members
104A-104C can have a different diameter in the longitudinal
portions 216A-216C. In some embodiments, the diameters
are in the range of 6.5 mm to 9.5 mm. Larger diameter anchor
members can be useful for revision of total shoulder arthro-
plasty or failed reverse shoulder arthroplasty. The anchor
members of the plurality of anchor members can have differ-
ent lengths, and in some embodiments the lengths of the
anchor member can be in the range of 15 mm to 40 mm. The
external lateral surface is configured to engage a bony sur-
face. The configurations shown in FIGS. 7A-7C demonstrate
the ability to provide, e.g., in a kit, a plurality of anchor
members from which a particular anchor member can be
selected based on the anatomy of a patient.

[0073] FIG. 7D depicts another embodiment of an anchor
member 104D. The anchor member 104D has a cylindrical
section of material along the longitudinal portion 216D of the
anchor member 104D. The cylindrical section includes
porous material 304 to promote bony ingrowth. That is, bone
material can grow into the pores of the cylindrical section of
porous material 304. The longitudinal portion 216D may
include an external threaded surface to engage bone. FIGS.
7A-7D show the proximal head 220 of the anchor members
104A-104D may have a consistent configuration. For

CATALYST, EX-1020
PAGE 40



US 2015/0305877 Al

example, the proximal head can have a unitary diameter
among a plurality of anchor members. The anchor member
may include a groove that engages member 240 as described
above.

[0074] FIG. 7E shows an anchor member 104E. The longi-
tudinal portion 216F can include an external lateral surface
that is generally without threads to be tapped or otherwise
pressed into the bone. The external lateral surface may be
comprised of ridges, circumferential ridges, rough coatings,
knurling, plasma sprayed metal, or other rough surfaces that
will increase the friction of the longitudinal portion 216E
relative to the bone thereby helping to prevent longitudinal
portion 216E from pulling out of the bone. The anchor mem-
ber 104E comprises a proximal head 220 that is the same as
the proximal heads in the anchor members of FIGS. 7A-7D.
The longitudinal portion 216E can be tapered, e.g., having a
narrower transverse profile adjacent to its distal end and a
wider transverse profile adjacent to the head 220. The proxi-
mal head 220 has a groove 232 that couples with the baseplate
108 in the same manner as the other anchor members dis-
cussed herein. The anchor member 104E provides additional
options for the interchangeable anchor member.

[0075] The anchor members 104, 104A-104E (described
above) and 312 (described below in connection with FIG. 9A)
can be made from a biocompatible material such as a metal
alloy, polymer, or ceramic. For example, anchor members can
be made from stainless steel, titanium, titanium alloy, cobalt-
chrome alloy, and/or PEEK. In some embodiments, the
anchor member 104, 104 A-104E, 312 is more rigid than the
baseplate 108. The rigidity of the anchor member 104, 104 A-
104E, 312 prevents deformation of the anchor member during
insertion into the bone and during use as a glenoid implant.

[0076] FIGS. 8A-8L illustrate embodiments of baseplates
having features similar to those described above and/or addi-
tional features. One or more of these features may be inter-
changed or incorporated into any of the baseplates described
herein. In the embodiment of FIGS. 8A, G and H, on the
proximal surface 144, the baseplate 108, 108G, 108H is illus-
trated with tool engaging grooves or openings 398. The tool
engaging grooves 398 are configured to engage two radially
extending legs of a tool described below with reference to
FIG. 10. The grooves 398 can be present on any of the
embodiments of the baseplate described herein.

[0077] As shown in the embodiments of FIGS. 5, 8AC and
8F-8H, the central protrusion 160 is centrally disposed rela-
tive to the lateral surface 156 of the baseplate 108. For
example, a central longitudinal axis of the central protrusion
160 can be disposed equidistant from points along the lateral
surface 156, as shown in FIG. 5. FIGS. 8B-8L illustrate more
features of baseplates that can be combined with and/or sub-
stituted for features illustrated in the embodiment of FIGS. 5
and 8A. For example, FIGS. 8B-8E illustrate baseplates
108B-108D with configurations that can augment or compen-
sate for scapula bone loss. FIG. 8B shows that the baseplate
108B has a proximal surface 144B. FIG. 8B shows that the
bone engaging surface 320 has a curved surface (e.g., a con-
vex surface). The bone engaging surface 320 is symmetrical
with respect to the central protrusion. FIG. 8C shows that the
bone engaging surface 324 of the baseplate 108C has an
anatomically curved surface. The curved surface can be non-
symmetrical with respect to the central protrusion. The
curved surface can be selected by the surgeon to match an
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anatomic feature of the patient’s bone. The bone engaging
surfaces 152, 320, 324 can match the curvature of the glenoid
cavity of the patient.

[0078] FIGS. 8]-K illustrate further baseplates 108J-108K
that can compensate for bone loss, thereby augmenting the
bone at the joint. The baseplate 108] has a proximal portion
136J and a distal portion 140J. The proximal portion 136J can
incorporate any of the features or components of the proximal
end 136 of the baseplate 108 of FIGS. 2-6, 8A, and 10 or of
proximal ends of other baseplates herein. The distal portion
1401] is formed by a process of additive manufacturing, which
is discussed below. The additive manufacturing process cre-
ates a porous titanium structure on the distal surface of the
baseplate. In particular, the distal surface 148J and central
protrusion 160J comprise the porous titanium structure
described herein. The distal surface 148] can be a surface that
extends radially outward from the central protrusion 160J and
engages an exposed face of the glenoid. The central protru-
sion 160J can be configured to be advanced into the bone
distal of the bone surface contacted by the distal surface 148J.
The porous titanium structure can be disposed throughout the
distal portion 140J, which contact the scapula at the glenoid
surface. Any technique can be used to form the entirely of the
distal portions of the baseplates herein, including additive
manufacturing. Additive manufacturing can be used to pro-
vide a porous titanium structure in the entirety of the distal
portions of the baseplates, including the central protrusions.
This approach can provide a monolithic portion, e.g., where
the same porous structure extends through the entire thick-
ness of the monolithic portion of the baseplate.

[0079] The baseplate 108] also includes an augment por-
tion 150J. The augment portion 15017 is configured to move a
proximal surface 144J of the baseplate 108] to a selected
location and/or to replace or in-fill areas of bone loss with or
without a lateral shifting of the center of rotation of the
humerus at the shoulder joint. For example, the baseplate
108] may be applied to the patient by attaching it to the
glenoid region of the scapula. In certain patients, wear of the
glenoid may be substantially uniform. Uniform wear causes
the pre-implantation glenoid surface to be shifted medially
compared to an un-worn and/or un-diseased position of the
glenoid surface. In such patients, the augment portion 150J
shifts the location of baseplate 108] and thereby the articu-
lating surface of a glenosphere coupled with the baseplate
1081. The baseplate 108J shifts the position of the glenos-
phere laterally. The position of the surface 144J of the later-
alized baseplate 108] would be more lateral compared to the
position of the same surface of the baseplate 1081 that would
result if the baseplate 1081 were used. That is the surface 144]
would be farther from the medial plane of the body than
would be the surface 1441 on the same patient with the same
glenoid condition.

[0080] FIG. 8K shows a baseplate 108K that is similar to
the baseplate 108] except as described differently below. The
baseplate 108K has an augment portion 150K that is non-
uniform in thickness. The augment portion 150K can be
formed in any suitable way, for example by additive manu-
facturing producing a porous metal structure. The augment
portion 150K presents a first thickness, t1, along one periph-
eral side of the baseplate 108K and a second thickness, t2,
along a second peripheral side of the baseplate. The second
thickness is larger than the first thickness. The second thick-
ness can be provided by progressively thickening the aug-
ment portion 150K in a lateral direction (e.g., toward the left
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in FIG. 8K). In the illustrated embodiment, the thickness of
the augment portion 150K linearly increases across the width
ofthe baseplate 108K. In the illustrated embodiment, a distal
surface 148K is provided that engages the surface of the
scapula, e.g., at the glenoid. The surface 148K has a first
peripheral portion 146K that is parallel to a proximal surface
144K of the baseplate 108K. The surface 148K has a second
peripheral portion 149K that is disposed at an angle relative to
the proximal surface 144K. The angle between the second
peripheral portion 149K and the proximal surface 144K can
be selected based on the amount of bone to be replaced or
supplemented by the augment portion 150K. The first periph-
eral portion 146K of the surface 148K can be located closer to
the proximal surface 144K than is the second peripheral por-
tion 149K of the surface 148K. The augment portion 150K
provides a partial wedge, e.g., a half-wedge configuration.
The augment portion 150K is for augmenting bone degenera-
tion and/or disease in the location beneath a glenoid implant
including the baseplate 108K. Although the embodiment of
FIG. 8] could be used where uneven wear or disease is pro-
vided, the baseplate 108K can be advantageously used in a
bone preserving manner such that the un- or less worn por-
tions which would be disposed beneath the first peripheral
portion and the less-thick region of the second peripheral
portion need not be reamed or otherwise removed to accom-
modate the baseplate 108K. In various embodiments, the
entire distal portion of the baseplate 108K can be made of a
porous structure, e.g., of a porous titanium structure, as dis-
cussed herein. The porous titanium structure can be formed
by additive manufacturing. The augment portion 150K can be
made of a porous structure, e.g., of titanium formed by addi-
tive manufacturing.

[0081] FIG.8L shows a baseplate 108L that is similar to the
baseplate 108K except as described differently below. In the
baseplate 108L. an augment portion 150L is provided that
augments bone loss across the entire glenoid surface. In the
half-wedge embodiment of FIG. 8K, the angled portion 149K
starts or ends inward of the outer periphery of the baseplate
108K. For example, the angled portion 149K can start adja-
cent to or at the central protrusion 160K. In the full wedge
configuration of the baseplate 108L of FIG. 8L, the angled
portion 149L starts or ends at or adjacent to a peripheral
portion of the baseplate 108L and starts or ends at the second
peripheral portion, augment extends the full length of the
implant The baseplate 1081 has an augment portion 150L. that
is non-uniform in thickness. The augment portion 150L can
be formed in any suitable way, for example by additive manu-
facturing producing a porous titanium structure. The augment
portion 150L presents a first thickness, T1, along one periph-
eral side of the baseplate 1081 and a second thickness, T2,
along a second peripheral side of the baseplate. The second
thickness T2 progressively, e.g., linearly, decreases compared
to the first thickness T1 in one embodiment across the width
ofthe baseplate 108L. In the illustrated embodiment, a distal
surface 148L is provided that engages the surface of the
scapula, e.g., at the glenoid. The surface 148L has a first
peripheral portion 149L that is parallel to a proximal surface
1441 of the baseplate 108L. The surface 148L has a second
peripheral portion 1451 that is disposed at an angle relative to
the proximal surface 144L. The angle between the second
portion and the proximal surface 144L can be selected based
on the amount of bone to be replaced or supplemented by the
augment portion 150L. The first peripheral portion of the
surface 148L can be located farther from the proximal surface
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144L than is the second peripheral portion of the surface
148L. The augment portion 1501, provides a full-wedge con-
figuration. The augment portion 150L is for augmenting bone
degeneration or disease in the location beneath a glenoid
implant including the baseplate 108L. Although the embodi-
ment of FIG. 8L could be used where uneven wear or disease
is provided, the baseplate 108L can be advantageously used in
a bone preserving manner such that the un- or less worn
portions which would be disposed beneath the less-thick
region of the second peripheral portion need not be reamed or
otherwise removed to accommodate the baseplate 108L.
[0082] Among the advantages provided by using additive
manufacturing to form an augment portion, such as the aug-
ment portion 150J, the augment portion 150K or the augment
portion 150L is that the augment portion can be made patient
specific in a fast and cost effective manner. For an individual
patient, the need to replace or in-fill bone loss can be deter-
mined, such as by pre-operative imaging. The augment por-
tion can be formed in accordance with this determination. In
other words, the augment portion can be made to replace the
lost bone, as determined pre-operatively, when fully inte-
grated into the joint space, e.g., into the scapula or glenoid.
This way the fit of the joint can be more accurate for an
individual patient, which can lead to better outcomes such as
by reducing the chance of post-operative patient discomfort
and joint dislocation.

[0083] FIGS. 8D-8E illustrate that the protrusion 328 can
be eccentric with respect to the baseplate 108D. In each of
these embodiments, the protrusion 328 is not centrally dis-
posedrelative to the lateral surface 156 of the baseplate 108D.
An anchor member such as anchor member 104 can be
inserted into the protrusion 328, as discussed above with
reference to central protrusion 160. When an anchor member
is coupled to the baseplate 108D, the anchor member is
eccentric with respect to the baseplate 108D.

[0084] FIGS. 8F-8H each illustrate embodiments of a base-
plate 108F, 108G, 108H with a plurality of holes, e.g., five,
holes 190 or four holes 194. The holes are located around the
periphery of the lumen 180. In some embodiments, the holes
are equidistant with respect to each other, in other words, the
holes are equally spaced around the lumen 180. FIG. 8G
further illustrates that tool engaging grooves 398 may also be
provided between holes 194.

[0085] FIG. 8H illustrates a baseplate 108H that has further
features that can be combined with any of the other baseplates
herein. The baseplate 108H has a radial protrusion 330 dis-
posed between the proximal surface 144 and the bone engag-
ing surface (not shown but opposite the surface 144). The
radial protrusion 330 has a proximally oriented face 334. The
face 334 can include an annular surface extending outward
from a distal portion of the peripheral surface 156. In one
embodiment, the face 334 abuts the glenosphere 116 when
the glenoid implant 100 is fully assembled. The radial pro-
trusion 330 can also define a positive stop for the distal
advancement of the glenosphere 116 during assembly of the
glenoid implant 100 such that the glenosphere is not over-
stressed by being advanced too far over the surface 156.
[0086] In embodiments, such as those illustrated in FIGS.
81-8L, the baseplates are at least partially formed by additive
manufacturing. In certain additive manufacturing techniques
a material is applied to create a three dimensional porous
metal structure. FIG. 81 shows a baseplate 1081 that has a
proximal end 1361 and a distal end 1401. The proximal end
1361 can incorporate any of the features or components of the
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proximal end 136 of the baseplate 108 or of proximal ends of
other baseplates herein. The distal end 1401 is formed by a
process of additive manufacturing. More specifically, the por-
tion of the baseplate that interacts with the bone may com-
prise a porous metal such as porous titanium (Ti-6Al-4V). As
a result, the distal portions (e.g., the protrusion 1461 and
corresponding protrusions in other embodiments and/or the
augment portion 150J-1.) comprise a monolithic porous tita-
nium structure, which contacts the scapula at the glenoid
surface. Porous titanium has a modulus similar to bone or of
about 2.6 GPa. Matching the modulus of the porous titanium
to the bone may enable better stress transfer from the implant
to the bone, reducing wear on the bone, and increasing
strength at the bone/implant interface.

[0087] The porous titanium structure includes a pore size of
from about 300 to about 800 um, in embodiments from about
350 to about 750 um in further embodiments from about 400
to about 700 pm. The porosity of the porous titanium structure
may be optimized per implant geometry and anatomy and can
be of about 50%, 55%, 60%, 65%, 70%, 75%, and 80%.

[0088] Porous titanium can be formed by an additive manu-
facturing process, including a 3 dimensionally (3-D) printing
process where layers of titanium are formed to create a three
dimensional structure. The initial layer or layers are formed
by such a method directly onto a portion or surface of the
baseplate. The 3-D printing process includes direct metal
laser sintering onto the implant, more specifically, the base-
plate. First, blanks are formed by sintering titanium powder
with a laser directly onto the substrate or baseplate. Next, the
blanks can be machined, constructed or shaped to create a
specific geometry of the bone-engaging surface. In another
technique, a machined blank is initially provided. Then, a first
layer of a powder form of the material desired to make up the
formed portion is disposed on and fused to the surface of the
blank. Afterthis, a second layer of the powder is applied to the
part and is fused to the first layer and/or to the blank. This
process is repeated to progressively build up the part. Any of
the layers can be full or partial layers to impart complex
geometries. After a plurality of layers is fused to the blank and
to the other layers to form the desired geometry, including an
irregular geometry if called for, the part can be further pro-
cessed to eliminate any unfused powder. This process can
produce a porous implant well adapted for being integrated
into bone by bony ingrowth. In embodiments, the blanks are
shaped to create either a lateralized (as in FIG. 8]), half-
wedge (as in FIG. 8K) or full-wedge (as in FIG. 8L) aug-
mented baseplate. Although the 3-D process is used herein to
create augmented baseplates, other portions and surfaces of
the implants may comprise porous titanium, and are within
the scope of this disclosure, including, but not limited to
central anchors or screws or portions thereof, peripheral
anchors or screws or portions thereof and central posts. Once
constructed, the porous structure and the solid substrate of
baseplate comprise a monolithic, or one-piece, structure.
Alternatively, Electron Beam Melting (EBM) can be used to
3-D print a porous structure on the implant.

[0089] FIGS. 9A and 9B illustrate an alternative embodi-
ment of an anchor member 312 and a baseplate 336. The
proximal head 340 of the anchor member 312 can include a
threaded surface 344, as shown in FIG. 9A. The threads
disposed on the surface 344 of the proximal head 340 of the
anchor member 312 may be left-handed. The first aperture
348 in the baseplate 336 can include a threaded surface 352
configured to mate with the threads on the surface 344 of the
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proximal head 340. The threaded surface 352 of the first
aperture 348 can be left-handed. Further, the baseplate 336
can comprise a central portion 356 that is not threaded. The
central portion 356 can be surrounded by a smooth surface.
The threaded surface in the aperture 348 is disposed between
the smooth surface and a distal surface 358 of the baseplate
336. The smooth surface of the first aperture 348 has a length
(e.g., along the longitudinal axis of the aperture, left to right
on FIG. 9B) and a width (e.g., a diameter or dimension trans-
verse to the longitudinal axis of the aperture, up and down on
FIG. 9B). The threaded surface 344 has a length less than or
equal to the length of the smooth surface disposed around the
central portion 356 of the first aperture. When the threaded
surface 344 is housed in the central portion 356, rotation in
one direction does not cause the threaded surface 344 and the
threads in the aperture 348 to engage each other in a manner
permitting advancement along the longitudinal axis of the
anchor member 312 or the baseplate 336. For example, if the
threaded surface 344 and the threads in the aperture 348 are
left-handed, the baseplate 336 can be rotated clockwise with-
out the threads engaging and without the baseplate advancing
axially along the longitudinal axis of the anchor member 312.
Thus, the anchor member 312 and the baseplate 336 are
restrained in axial translation but are permitted to rotate rela-
tive to each other. Of course, the threaded surface 344 and the
threads in the aperture 348 could be right-handed and in such
arrangement the baseplate could be rotated counterclockwise
without the threads engaging.

[0090] In some embodiments, the anchor member 312 can
be advanced from the distal end 360 of the baseplate 336,
through the first aperture 348. The threaded surface 344 of the
anchor member 312 can engage the threaded surface 352 of
the baseplate 336. The anchor member 312 can be advanced
until the threaded surface 344 on the proximal head 340 is
proximal of the threaded surface 352 such that the threads of
the surface 344 disengage from the threads of the threaded
surface 352 of the first aperture 348. When the threaded
surface 344 of the proximal head 340 disengages from the
threaded surface 352 of the first aperture 348, the threaded
surface 344 of the proximal head 340 is disposed within the
central portion 356. FIGS. 9A and 9B show that in this con-
figuration, the anchor member 312 is prevented from axial
translation with respect to the baseplate 336 but is freely
rotatable with respect to the baseplate 336.

[0091] Insomeembodiments, the proximal head 340 of the
anchor member 312 is advanced into the central portion 356
of the baseplate 336 before the anchor member 312 is driven
into the bone. For instance, the manufacturer can provide the
anchor member 312 coupled to the baseplate 336, as shown in
FIG. 9A, or this assembly can be provided by the surgeon
after selecting the baseplate 336 and/or the anchor member
312 from a plurality of baseplates and/or anchor members as
discussed elsewhere herein. The baseplate 336 can be held in
a desired orientation when the anchor member 312 is driven
into the bone. In some embodiments, the baseplate 336 is
maintained in a desired orientation by one or more tools, such
as the cannulated tools as described in connection with FIG.
10 below while the anchor member 312 is advanced by rota-
tion into the bone.

[0092] According to some methods, the anchor member
312 is partially or fully seated within the bone before the
proximal head 340 of the anchor member 312 is advanced
into the central portion 356 of the baseplate 336. As noted
above, the first aperture 348 and the threaded surface 344 of
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the proximal head 340 can have left-handed threads. The
external lateral surface 364 of the anchor member 100 can
have right-handed threads. The baseplate 336 can be rotated
with respect to the proximal head 340 such that the proximal
head 340 advances through the first aperture 348 and is dis-
posed within the central aperture 356 without disengaging the
external lateral surface 364 of the anchor member 312 from
the bone. Once the threaded surface 344 on the proximal head
340 is contained within the central portion 356, the surgeon
can then rotate the baseplate 336 to align the baseplate 336
with anatomical features of the patient. In some embodi-
ments, following proper orientation of the baseplate 336 rela-
tive to the patient, the surgeon can fully seat anchor member
312 into the bone. In some embodiments, the locking struc-
ture 112, described in greater detail above, can be utilized
with anchor member 312 and baseplate 336. The locking
structure 112 applies a force to the anchor member 312,
which prevents subsequent rotation of the anchor member
312 with respect to the baseplate 336. The locking structure
112 may also apply a force to glenosphere 116, which creates
a frictional lock with the baseplate 336. Further details
regarding the use of the locking structure and methods of
using the anchor member 312 and baseplate 336 are described
below.

[0093] FIG. 9A shows that the anchor member 312 can be
cannulated. The cannulation allows the anchor member 312
to slide over a guide wire during insertion. The use of a guide
wire helps to ensure the proper placement of the anchor
member 312 within the bone. The anchor members 104,
104A-104E can also be cannulated to facilitate placement.
[0094] FIGS. 9C-9E show an embodiment of a glenoid
implant 400 that is similar to the embodiments of FIG. 1 and
FIG. 9A except as described differently below. Descriptions
of features of the embodiments of FIGS. 1 and 9A-B may be
combined singly or in combination with the features of FIGS.
9C-E. The implant 400 is configured to be implanted in a
glenoid of a scapula to provide a portion of a shoulder pros-
thesis. In certain configurations, the implant 400 provides a
reverse shoulder component including the glenosphere 116.
The glenosphere 116 provides an articulating surface as dis-
cussed above.

[0095] FIG. 9C shows that the implant 400 includes an
anchor member 404. The anchor member 404 is shown in
FIGS. 9C and 9E and has a longitudinal portion 408 and a
proximal head 412. The proximal head 412 has an external
threaded surface 416. The longitudinal portion 408 and the
anchor member 404 are configured to be secured to a bone,
e.g., into the scapula at the glenoid. In some embodiments,
anchor member 404 can be a bone screw component of the
implant 400.

[0096] FIG. 9E shows that in the anchor member 404
(lower right hand member of the kit 399), the proximal head
412 can include a first smooth portion 414 disposed distally of
the external threaded surface 416 and a second smooth por-
tion 417 disposed proximally of the external threaded surface
416. When assembled, the proximal smooth portion 417 can
extend between the physical proximal end (articulating sur-
face) of anchor member 404 and the proximal end of the
external threaded surface 416. In some cases, the proximal
smooth portion 417 can extend entirely from the proximal end
of the anchor member 404 to the external threaded surface
416. The distal smooth portion 414 can extend between the
external threaded surface 416 and threads disposed on the
longitudinal portion 408. The distal smooth portion 414 can
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extend entirely from the external threaded surface 416 to the
threads disposed on the longitudinal portion 408. The proxi-
mal smooth portion 417 provides an axial insertion zone that
is useful in aligning the threads of the external threaded
surface 416 with corresponding mating threads of the implant
400 as discussed further below. The distal smooth portion 414
is adapted to be aligned with, e.g., at the same longitudinal
position as, threads of a baseplate 418 of the implant 400 in a
configuration that permits axial restraint of the anchor mem-
ber 404 while permitting rotational orientation of the base-
plate 418 as discussed further below.

[0097] The baseplate 418 that can be similar to any of the
baseplates described herein. FIG. 9D shows an example of the
baseplate 418 in more detail. The baseplate 418 can include a
proximal end 424 and a distal end 428. A protrusion 430 can
be disposed on the distal side of the baseplate 418. The
protrusion 430 can be a central protrusion or can be located
peripherally as described herein in connection with certain
embodiments. The distal end 428 can include a first aperture
436 sized to accept the proximal head 412 of the anchor
member 404. The first aperture 436 can comprise an internal
threaded surface 440 and a smooth surface 444 disposed
therein. The smooth surface can be located proximal of the
internal threaded surface 440.

[0098] The smooth surface 444 is disposed in the central
protrusion 430 at a location immediately adjacent to the
threaded surface 440 in one embodiment. The smooth surface
444 defines a portion that permits rotational orienting of the
baseplate 418 relative to the anchor member 404 without
axially advancing the baseplate 418 relative to an anchor
member. The smooth surface 444 can define a length of the
first aperture 436 that has a larger diameter than that of the
threaded surface 440. The larger diameter section can corre-
spond to a reduced wall thickness radially outward of the
smooth surface 444 in the central protrusion 430. In other
embodiments, the central protrusion 430 could be thicker in
the area of the smooth surface 444 to allow the wall thickness
to not decrease in the area of the smooth surface 444. The
length of the smooth surface 444 preferably is larger than the
length of the external threaded surface 416 of the proximal
head 412 of the anchor member 404. As a result, the external
threaded surface 416 can be aligned with, e.g., disposed
within the smooth surface 444 in one configuration.

[0099] The central protrusion 430 preferably also has an
anchor member interface zone 448 proximal of the smooth
surface 444. The interface zone 448 surrounds the proximal
smooth portion 417 of the anchor member 404 in one con-
figuration. The proximal smooth portion 417 can be used to
initially align the anchor member 404 with the baseplate 418.
For example, the proximal smooth portion 417 can include an
unthreaded length that can have an outer diameter that is less
than the inner diameter of the threads of the internal threaded
surface 440 of the baseplate 418. This permits the unthreaded
length of the proximal smooth portion 417 to be inserted into
the first aperture 436 and through the internal threaded sur-
face 440 without any threaded engagement. The unthreaded
engagement allows the surgeon to align the longitudinal axis
of the anchor member 404 with the longitudinal axis of the
aperture 436 or otherwise position the anchor member rela-
tive to the baseplate 418 to allow for quick threading of the
member 404 to the baseplate 418. Such alignment facilitates
engaging thread-start(s) of the internal threaded surface 440
with the thread start(s) on the external threaded surface 416 of
the anchor member 404 without cross-threading these com-
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ponents. In this context, a thread-“start” is a broad term that
includes either end of a thread regardless of whether the end
is initially threaded into another structure.

[0100] Inuse, the arrangement of the implant 400 provides
for axially restraining the position of the baseplate 418 rela-
tive to the anchor member 404. At the same time, the implant
400 permits rotational positioning of the baseplate 418 rela-
tive to the anchor member 404. For example, when the exter-
nal threaded surface 416 of the proximal head 412 is disposed
proximal of the internal threaded surface 440 of the first
aperture 436, the threads disposed on these threaded surfaces
are disengaged. In the illustrated arrangement, the external
threaded surface 416 is disposed adjacent to, e.g., in the same
longitudinal position within the aperture 436 as the smooth
surface 444 of the first aperture 436. In this position, the
baseplate 418 is axially restrained but is configured to allow
rotational alignment. In this context, the threads are said to be
in the same longitudinal position along the longitudinal axis
of'the aperture 436 when the distal-most aspect of the external
threaded surface 416 the anchor member 404 is located proxi-
mal of a distal end of the smooth surface 444 of the first
aperture 436. In some embodiments, the proximal-most
aspect of the external threaded surface 416 of the anchor
member 404 is located distal of the proximal end of the
smooth surface 444 when the threaded surface 416 is in the
same longitudinal position as the surface 444. In some con-
figurations, the distal-most aspect of the external threaded
surface 416 is proximal of the distal end of the smooth surface
444 and the proximal-most aspect of the external threaded
surface 416 is distal of the proximal end of the smooth surface
444. When the external threaded surface 416 is in the same
longitudinal position as the smooth surface 444 there is no
thread engagement and thus the threads do not result in axi-
ally advancement of the baseplate 418 relative to the anchor
member 404 upon relative rotation.

[0101] The baseplate 418 also includes an internal member
460 disposed therein. The internal member 460 is disposed
peripherally relative to the first aperture 436. The internal
member 460 is moveably mounted in the baseplate 418. For
example, the internal member 460 can have a spherical outer
surface 464 that is mated with a spherical inner surface 468
disposed in the baseplate 418. As discussed below, the inter-
nal member 460 can have various flats or projections as well
as an outer surface that otherwise generally conforms to a
sphere in at least one embodiment. In other embodiments, the
internal member 460 has a curved surface that is moveable
within the baseplate 418 about a range of motion enabling
directing peripheral screws (e.g., the peripheral screw 196
discussed above in connection with FIG. 6) into the bone. The
internal member 460 can have internal threads 472 that mate
with the peripheral screw. FIGS. 9F-9H, which are discussed
below, elaborate on the peripheral screws and internal mem-
ber 460 provide advantageous features discussed below.

[0102] FIG. 9E also shows a kit 399 that can include the
anchor member 404 as well as anchor members 404A and
404B having different length and diameter respectively. The
anchor member 404A may be well suited for patients with
thinner bone portions beneath the glenoid. The anchor mem-
ber 404B may be well suited for a revision patient, e.g., a
patient being adapted from an anatomical shoulder joint to a
reverse shoulder joint, where a pre-existing hole in the
scapula can be re-used with a larger diameter screw. In each
case, the proximal portion of the anchor member 404 A, 404B
is adapted for the same engagement with a baseplate as
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described above. That is the smooth sections 414, 417, where
provided, can be received in the baseplate 418 and the
threaded portion 416 can be disposed in the same longitudinal
position in the aperture 436 as the portion 444 to permit
rotation of the baseplate relative to the anchors 404A, 404B
which rotation does not cause axial advancement of the base-
plate as in a threaded connection. An anchor member 404C
can be provided with a threadless distal portion. Such an
implant can be used to secure in bone where ingrowth pro-
vides sufficient securement to the patient’s bone or where the
bone is too brittle to support a threaded anchor member. The
anchor member 404C provides the threaded section 416
immediately adjacent to the distal portion thereof. As a result,
the anchor member 404C is able to secure to any of the
baseplates herein by virtue of the threads 416. When the
threads 416 of the anchor member 404C are fully engaged
with a baseplate, further rotation of the baseplate relative to
the anchor member 404C will be prevented by the proximal
face of the threadless longitudinal portion 408C. Further rota-
tion of'a baseplate will result in rotation of the anchor member
404C in the bone. Such further rotation is acceptable because
the longitudinal portion 408C is not threaded and thus is not
secured to the bone at this stage of the procedure. The anchor
member 404C is suitable where less precision is required in
rotation alignment of the corresponding baseplate.

[0103] A method of using the glenoid implant 100 can
include a plurality of steps, in addition to the method of
assembling the glenoid implant 100 described above. The
surgeon may select one or more of the plurality of steps.
Further, a manufacturer providing a glenoid implant can pro-
vide instructions for one or more of the plurality of steps.

[0104] In one embodiment, a method of using a glenoid
implant comprises selecting a preferred baseplate and/or pre-
ferred anchor member from a plurality of anchor members
such as anchor members 104, 104A-104E, 312 and/or a plu-
rality of baseplates such as baseplates 108, 108B-108G, 336
described above, to best suit the patient. For example, any of
the baseplates 108, 108B-108G, 336 and/or the anchors 104,
104A-104E, 312 can be selected based upon the shape of the
prepared bone. The baseplates and/or anchors can also be
selected based on patient anatomy. For example, a baseplate
could be selected that has holes arranged to be positioned
above underlying scapular bone. Or a baseplate could be
selected that has holes arranged to be positioned above under-
lying high quality, e.g., high density, bone. As discussed
above with reference to FIGS. 5 and 8 A-8G, the baseplate can
have a variety of different bone engaging surfaces 152, 316,
320, 324 332, and configurations in order to best suit the
patient. Further, the surgeon may select from a variety of bone
anchors, such as those shown in FIGS. 6, 7A-7E, and 9A-9B.
The plurality of anchor members can include different diam-
eters of the longitudinal portion, wherein the bone anchor is
selected based on the best fit with the anatomic structure of
the patient, specifically the best fit in accordance with the
glenoid that was removed. As noted above, the bottom loaded
design (e.g., where the anchor member is inserted in the distal
end 140 of the baseplate) permits the longitudinal portion and
the external lateral surface of the anchor member to have a
larger diameter than the diameter of one or more of the fol-
lowing: the second aperture, the first aperture, the lumen, and
the central protrusion, which is an advantage for revision
cases where much glenoid bone is typically removed. Further,
the surgeon can make this selection after exposing the shoul-
der joint and inspecting the patient’s anatomy. The bone
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anchors in the kit can have different thread pitch, lengths and
diameters of the longitudinal portion, and integral compo-
nents such as those to promote bony ingrowth, as shown in
FIG. 7D.

[0105] After selecting a preferred anchor member and a
preferred baseplate, the surgeon or other practitioner may
attach the anchor member to the baseplate. For example, a
surgeon may insert the proximal head 220 of any of the anchor
members 104, 104 A-104E into the first aperture 168 of any of
the baseplates 108, 108B-108G. This insertion can result in
coupling the anchor member 104, 104A-104E to the base-
plate 108, 108B-108G. The proximal head 220 is inserted
from the distal end 140 of the baseplate 108, 108B-108G into
the first aperture 168. The proximal head 220 does not
traverse the second aperture 176. The longitudinal portion
216, 216A-216E of the anchor member 104, 104A-104E
remains distal to the baseplate 108, 108B-108G when the
proximal head 220 of the anchor member 104, 104A-104E is
inserted into the first aperture 168 of the baseplate 108, 108B-
108G. The longitudinal portion 216, 216A-216E of the
anchor member 104, 104A-104E is not inserted into the first
aperture 168. The longitudinal portion 216, 216A-216F of the
anchor member 104, 104A-104E is not inserted into the sec-
ond aperture 176. The longitudinal portion 216, 216A-216E
of the anchor member 104, 104 A-104E remains outside the
confines of the baseplate 108, 108B-108G during coupling of
the anchor member 104, 104A-104E to the baseplate 108,
108B-108G. During coupling, the longitudinal portion 216,
216A-216E extends distally.

[0106] As shown in FIG. 10, an anchor member (such as
anchor member 104) with a baseplate pre-attached (such as
baseplate 108) can be inserted into a bone such as the scapular
glenoid. It will be appreciated that although certain embodi-
ments described herein involve the surgeon or practitioner
pre-attaching the anchor member and baseplate before insert-
ing the anchor member into bone, in other embodiments, the
anchor member may be inserted separately from the base-
plate. For example, an anchor member 104 may be at least
partially seated or fully seated within the bone before the
proximal head 220 of the anchor member 104 is inserted into
the first aperture 168 of the baseplate 108. In yet other
embodiments, an anchor member and a baseplate may come
pre-attached by the manufacturer.

[0107] With reference to FIG. 10, as the surgeon prepares
the patient for the implantation of the glenoid implant 100, the
surgeon first pierces a hole in the glenoid, typically the hole
being slightly smaller than the diameter of the anchor mem-
ber 104. In one embodiment, the surgeon rotates the anchor
member 104 into the glenoid using a tool designed to mate
with the cavity 228 of the anchor member, e.g., with a hex-
agonal tip. This tool may be inserted through the lumen 180 in
the baseplate when the baseplate is pre-attached to the anchor
member. The self-tapping threads of the external lateral sur-
face 224 of the anchor member 104, if provided, permit the
anchor member to be driven into the bone, optionally into the
pre-formed hole. The surgeon can insert a guide wire into the
bone in combination with a cannulated anchor member. The
guide wire can facilitate placement of the anchor member
with respect to the bone.

[0108] In some methods, a hole is made in the glenoid of a
diameter of the central protrusion 160 of the baseplate 108 in
order to accommodate the central protrusion 160 when the
anchor member is fully seated in the bone. One method step
includes shaping the bone to match the distal surface 148 of
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the baseplate 108. The hole in the glenoid and the shaping of
the bone may be done to accommodate the shapes of any of
the other baseplates (e.g., baseplates 108B-108G and 336)
described herein.

[0109] In certain embodiments the anchor member is pre-
attached to the baseplate. In other embodiments, the anchor
member is or can be attached to the baseplate by the surgeon
during implantation.

[0110] After advancing the anchor into the bone such that
the baseplate is adjacent to the glenoid the anchor member
can be rotated (e.g. driven into the bone) without correspond-
ing rotation of the baseplate. These arrangements allow the
surgeon to position the baseplate relative to bone, specifically
anatomical features of the bone, and maintain that position as
the bone anchor member is rotated further into the bone to
frictionally secure the baseplate to the bone). In some
embodiments, the baseplate 108 is held in a desired orienta-
tion when the anchor member 104 is driven into the bone. In
some embodiments, the baseplate 108 is maintained in a
desired orientation by tools, as described below.

[0111] Referring now to FIG. 10, in some methods tools are
used to maintain the orientation of the baseplate 108 relative
to the bone. In one embodiment, a cannula 372 is configured
to interact with the baseplate 108. In some embodiments, the
cannula 372 has two radially extending legs 376, 380. The
radially extending legs 376, 380 permit the cannula 372 to be
a smaller diameter than the diameter of the baseplate 108. In
some embodiments, the radially extending legs 376, 380
include a distal feature that mates with a feature on the proxi-
mal end 136 of the baseplate 108, for instance with tool
engaging grooves 398 shown in FIG. 8A. In some embodi-
ments, the radially extending legs 376, 380 may extend, and
partially cover the holes 188, 192. In some embodiments, the
cannula 372 is sized to accept an inner cannula 384. The inner
cannula 384 can have multiple functions in some embodi-
ments. The inner cannula 384 can be configured to assist in
docking and un-docking the legs 376, 380 with the baseplate
108. For example, the outer profile of the inner cannula 384
can be larger than the inner profile of the outer cannula 372
near the distal end of the legs 376, 380. As the inner cannula
384 is advanced distally in the outer cannula 372 the outer
surface of the inner cannula 384 spreads the legs 376, 380.
Another function for the inner cannula 384 in some embodi-
ments is to provide access for a driver therethrough to mate
with the cavity 228 in the proximal head 220 of the anchor
member 104. The inner cannula 284 can have an inner lumen
to provide such access. Thus, the driver can be used to insert
the anchor member 104 into the bone while the cannula 372
maintains the rotational orientation of the baseplate 108. The
cannula 372 may further be used to rotate baseplate 108 to a
desired orientation with respect to the bone.

[0112] In some embodiments, the baseplate 108 is rotated
to align the holes 188, 192 (shown in FIG. 6) with anatomic
features of the patient. In some embodiments, the baseplate
108 is rotated to align the bone engaging surface 152 with
anatomic features of the patient. When the baseplate 108 is
coupled to the anchor member 104, the baseplate 108 is freely
rotatable with respect to the anchor member 104. The base-
plate 108 can be rotated and orientated without adjusting the
rotational position of the anchor member 104. The anchor
member 104 can be rotated and orientated without adjusting
the rotational position of the baseplate 108. In some embodi-
ments, the baseplate 108 is rotated after the anchor member
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104 is partially or fully driven into the bone. In some embodi-
ments, the baseplate 108 is rotated before the anchor member
104 is driven into the bone.

[0113] Following proper orientation of the baseplate 108
relative to the bone, the surgeon can fully seat anchor member
104 into the bone using the driver. After the anchor member
104 is fully seated in the bone and the baseplate 108 is prop-
erly oriented relative to the bone, or peripheral anchors or
screws 196 such as shown in FIG. 6 may be inserted into holes
188 and 192 provided in the baseplate 108. In some embodi-
ments, perimeter anchors 196 are inserted from the proximal
end 136 of the baseplate 108 to the bone engaging surface 152
ofthe baseplate 108, or through the baseplate 108. This is the
opposite direction the anchor member 104 is inserted into the
baseplate 108.

[0114] FIGS. 9F-9] show variations of an advantageous
peripheral screw assembly 484 of the glenoid implant 400.
The peripheral screw assembly 484 includes the baseplate
418, an internal member 460 and a peripheral screw 488. The
internal member 460 is disposed between an outer periphery
492 of the baseplate 418 and the central protrusion 430.
[0115] FIG. 9F shows an aperture 496 that extends through
the baseplate 418 adjacent to the outer periphery 492. The
aperture 496 extends from a proximal surface 500 of the
baseplate 418 to a distal portion 504 thereof. The distal por-
tion 504 can be a side of the baseplate 418 that engages the
bone when the baseplate 418 is applied to the patient. In FIG.
9F one of the apertures 496 is labeled and another aperture
496 is shown with a peripheral screw 488 disposed therein,
but not labeled for clarity. The internal member 460 is dis-
posed in the aperture 496 of the baseplate 418. FIG. 9G shows
the internal member 460 having an internal threaded surface
472. The internal threaded surface 472 is disposed within the
aperture 496.

[0116] FIG. 9G shows that in one embodiment, the internal
member 460 has a C-shaped configuration including a periph-
eral wall 512. The peripheral wall 512 extends around a
lumen 516. The lumen 516 extends along an axis L. A gap 520
is provided in the wall 512. The gap 520 provides for flexing
and movement of the internal member 460 when disposed in
the baseplate 418. The outer surface 520 of the wall is con-
figured to permit rotation of the internal member 460 within
the aperture 496. For example, the outer surface can be curved
and even at least partially spherical in some embodiments to
move easily in the aperture 496 prior to being secured into a
selected orientation as discussed below. The internal threaded
surface 472 has a thread-start 524 disposed thereon. As dis-
cussed above, in this context, a thread-“start” is a broad term
that includes either end of a thread regardless of whether the
end is initially threaded into another structure. In some
embodiments, the internal threaded surface 472 has a plural-
ity of thread-starts 524 disposed therein. FIG. 9G shows an
embodiment with four thread-starts. Two of the thread-starts
524 are shown in the perspective view and an additional two
thread-starts are disposed on a portion of the wall opposite to
the thread-starts that are shown. In other embodiments, there
can be six, eight or ten or any other number of thread-starts.
[0117] The internal member 460 can have other features
disposed on the outside wall thereof. A protrusion 534 can be
disposed on the outside wall to engage a corresponding recess
in the aperture 496 of the baseplate. The protrusion 534
allows the internal member 460 to rotate but prevents the
member from being dislodged from the aperture 496. The
internal member 460 can have flats 438 disposed on the
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external wall. The flats make the internal member 460 more
flexible such that it can be deflected to a secured configuration
as discussed below.

[0118] The peripheral screw assembly 484 includes the
peripheral screw 488 configured to be placed through the
aperture 496. The screw 488 has a proximal end 544, a distal
end 548, and a body 550 that extends along the length thereof.
The proximal end 544 can include a head 548 that has a tool
engagement feature on an end and a tapered portion 552
projecting distally from the end. The screw 488 has an exter-
nal threaded surface 556. The external threaded surface 556
includes a thread-start 560 disposed at the distal end 548.
Accordingly, the external threaded surface 556 includes a
thread-start 564 disposed near the proximal end 544 adjacent
to the tapered portion 552 of the head 548.

[0119] FIGS. 9H-9I show that the peripheral screw 488
includes profile with a diameter that is not constant along the
length of the body of the screw. The screw 488 has a proximal
portion 572 with a larger diameter section and a distal portion
576 with a smaller diameter section. The diameter of the
screw 488 is enlarged, and may be stepped or changed in
diameter in some embodiments adjacent to the proximal end
544 of the screw 488. The screw 488 preferably has the same
thread form in the proximal portion 572 and in the distal
potion 576. For example, the thread pitch can be the same in
the proximal and distal portions 572, 576. The constant thread
form in combination with the threading of internal member
460 enables the screw 488 to be advanced at a constant rate in
both the proximal and distal portions 572, 576.

[0120] In one embodiment, the internal member 460 has a
first number of thread-starts 524 disposed on the internal
threaded surface 472. The number of thread-starts is greater
than the number of thread-starts on the disposed on the exter-
nal threaded surface 556 of the anchor member 488. This
enables the screw 488 to be more rapidly advanced through
the internal member 460. In one embodiment, the glenoid
implant 400 is provided with the internal member 460 having
two times the number of thread-starts 524 as the number of
thread-starts 560 on the anchor member 488.

[0121] FIG. 91 shows partial advancement of the peripheral
screw 488 through the internal member 460. In this position,
the gap 520 of the member 460 is not significantly expanded
by the presence of the screw. As a result, the internal member
is permitted to move to some extent allowing the trajectory of
the aperture 496 and accordingly the screw 488 to be adjusted
relative to the baseplate.

[0122] FIG. 9J shows full advancement of the peripheral
screw 488 through the internal member 460. In this position,
the proximal portion 572 is disposed within the internal mem-
ber 460. The larger diameter of the proximal portion 572
causes the internal member 460 to expand within the aperture
496. When the screw 488 is in this position, the gap 520 is
enlarged to an extent sufficient to cause the peripheral wall
512 to be urged into secure engagement with an inside of the
baseplate 418. The secure engagement can include a high
friction force being applied between these walls of the
implant 400 such that movement of the aperture 496 is not
possible or is minimal. By securing the orientation of the
internal member 460 there is less play in the implant 400
making the implant less prone loosening after being secured
to the scapula.

[0123] Insome embodiments, after the anchor member and
baseplate are attached to the bone, the locking structure 112
may be used to further secure the anchor member relative to
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the baseplate and to attach the glenosphere to the baseplate.
For example, after the anchor member 104 shown in FIG. 10
has been inserted into the bone, the baseplate 108 is in the
desired orientation with respect to the patient, and the perim-
eteranchors 196 have been inserted, the rotation of the anchor
member 104 with respect to the baseplate 108 can be
restricted via the locking structure 112. With the locking
structure 112 already assembled as described with respect to
FIG. 3 above, and either with or without the glenosphere 116
attached to the threaded member 264, the locking screw 256
is inserted into the second aperture 176 of the baseplate which
has the threaded surface 184. The locking screw 256 is rotated
until the locking screw 256 applies a force on the proximal
head 220 of the anchor member 104. In some embodiments,
the locking screw 256 enters a cavity 228 in the proximal head
220 of the anchor member 104. In some embodiments, the
force interacts with the member 240 to prevent rotation of the
anchor member 104 with respect to the baseplate 108. After
application of force by the locking screw 256, the anchor
member 104 is prohibited from axial translation and rotation
with respect to the baseplate 108.

[0124] With the locking structure 112 in place, a glenos-
phere 116 such as shown in FIGS. 3 and 4 may be attached to
the baseplate 108. In one embodiment, the glenosphere 116
may have already been attached to the threaded member 264
when the locking screw 256 is inserted into the cavity 228 in
the proximal head 220 of the anchor member 104. In another
embodiment, the gleno sphere 116 may be attached to
threaded member 264 after the locking screw 256 is inserted
into the cavity 228. In some embodiments, the lateral surface
156 of the baseplate 108 is tapered and the interior surface
248 of the glenosphere 116 is tapered. When the glenosphere
116 moves distally, the interior surface 248 engages with the
lateral surface 156 of the baseplate 108. In some embodi-
ments, the interior surface 248 and the lateral surface 156
form a Morse taper.

[0125] Insomeembodiments, the locking screw 256 simul-
taneously applies a force to the anchor member 104 and the
glenosphere 116 when the locking screw 256 is advanced
through the second aperture 176. In some embodiments, the
glenoid implant 100 is dimensioned so that the locking screw
256 applies a force to the proximal head 220 of the anchor
member 104 simultaneously with the glenosphere 116 inte-
rior surface 248 mating with the lateral surface of the base-
plate 108. In this way, the locking screw 256 creates a down-
ward force on the anchor member 104 and creates a
downward force on the threaded member 264 which is
coupled to the glenosphere 116. The downward force causes
the interior surface 248 and the lateral surface 156 to engage.
In some embodiments, the locking screw 256 creates a push
force on the glenosphere 116 and/or a pull force on the base-
plate 108.

[0126] Asillustrated in FIG. 4, the compression washer 260
provided between the proximal head 276 of the locking screw
256 and the baseplate 108 may be utilized to prevent micro-
motion. The compression washer 260 provides resistance
against backout when the locking screw 256 creates a push
force on the anchor member 104. The compression washer
260 is designed to fill the space between the proximal head
276 of the locking screw 256 and the threaded member 264 as
the locking screw 256 creates a push force on the glenosphere
116 and/or pull force onthe baseplate 108. The placement and
use of the compression washer 260 facilitates the rigidity of
the glenoid implant 100, and further prevents rotation, trans-
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lation and/or micromotion of the anchor member 104 with
respect to the baseplate 108. Further, preventing micromotion
involves no additional step from the current procedure of
securing a locking member.

[0127] Insomeembodiments, a bone graft (not shown) may
be placed into the bone. The bone graft can be attached to or
disposed about any of the surfaces or portions of the base-
plates described herein including the distal surface 148, distal
end 140, the bone engaging surface 152, 316, 320, 324, 332,
the central protrusion 160, 328, or the longitudinal portion
216, 216A-216F of the anchor member 104, 104A-104E or
any other feature that would benefit from bony ingrowth.
Allowing the anchor member 104, 104A-104E to be driven
into the bone independently of rotation of the baseplate 108,
108B-108G causes less wear and stress on the bone graft
during insertion. In some embodiments, the anchor member
104, 104A-104E is freely rotatable with respect to the bone
graft. In some embodiments, the bone graft is coupled to the
baseplate 108, 108B-108G and rotates when the baseplate
108, 108B-108G rotates but not when the anchor member
104, 104A-104E rotates. In some embodiments, the bone
graft is inserted after the anchor members 104, 104A-104E is
fully or partially seated within the bone.

[0128] Although these inventions have been disclosed in
the context of certain preferred embodiments and examples, it
will be understood by those skilled in the art that the present
inventions extend beyond the specifically disclosed embodi-
ments to other alternative embodiments and/or uses of the
inventions and obvious modifications and equivalents
thereof. In addition, while several variations of the inventions
have been shown and described in detail, other modifications,
which are within the scope of these inventions, will be readily
apparent to those of skill in the art based upon this disclosure.
It is also contemplated that various combination or sub-com-
binations of the specific features and aspects of the embodi-
ments may be made and still fall within the scope of the
inventions. It should be understood that various features and
aspects of the disclosed embodiments can be combined with
or substituted for one another in order to form varying modes
of'the disclosed inventions. Thus, it is intended that the scope
of at least some of the present inventions herein disclosed
should not be limited by the particular disclosed embodi-
ments described above.

What is claimed is:

1. A glenoid implant for a shoulder prosthesis comprising:

an anchor member comprising a longitudinal portion con-
figured to be secured to a bone and a proximal head
comprising an external threaded surface;

a baseplate comprising a proximal end and a distal end,
wherein the distal end comprises a first aperture sized to
accept the proximal head of the anchor member, the first
aperture comprising an internal threaded surface and a
space disposed proximal of the internal threaded sur-
face;

wherein when the external threaded surface of the proximal
head is disposed proximal of the internal threaded sur-
face of the first aperture the anchor member is restrained
against axial translation with respect to the baseplate but
is rotatable with respect to the anchor member.

2. The glenoid implant of claim 1, wherein the proximal
head comprises a smooth surface disposed proximal of the
external threaded surface.

3. The glenoid implant of claim 1, wherein the baseplate
comprises an internal member disposed peripherally to the
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first aperture, the internal member being moveably mounted
in the baseplate and comprising a locking bushing.
4. The glenoid implant of claim 1, wherein a distal portion
comprising the distal end comprises a porous metal.
5. The glenoid implant of claim 4, wherein the porous
metal is formed by additive manufacturing.
6. A glenoid implant for a shoulder prosthesis comprising:
a baseplate comprising a proximal end, a distal end, an
outer periphery, and an aperture that extends there-
through adjacent to the outer periphery from the proxi-
mal end to a bone engaging surface;
an internal member disposed in the baseplate comprising
an internal threaded surface surrounding the aperture;
and
a screw configured to be placed through the aperture, the
screw having an external threaded surface;
wherein a first number of thread starts disposed on the
internal threaded surface of the internal member is
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greater than a second number of thread starts disposed
on the external threaded surface of the screw; and

wherein the threads of the external threaded surface of the
screw have a constant thread-form along the length
thereof.

7. The glenoid implant of claim 6, wherein the number of
thread starts on the internal threaded surface of the internal
member is two times the number of thread starts on the
external threaded surface of the screw.

8. The glenoid implant of claim 6, wherein the screw com-
prises adistal portion extending distally from the distal end of
the baseplate and a proximal portion disposed in the aperture
and surrounded by the internal member when the screw is
fully advanced, the proximal portion having the same thread
pitch as the distal portion and having a larger diameter than
the distal portion.
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