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IMPLANT WITH STRUCTURE FOR SECURING A POROUS PORTION

[0001] Continue to [0002].

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to bone implants and, in particular, to a dental
implant with structure for securing a porous portion to the implant.

2. Description of the Related Art

{0003] Dental implants are commonly used as anchoring members for dental restorations
to provide prosthetic teeth at one or more edentulous sites in a patient's dentition at which
the patient's original teeth have been lost or damaged. Known implant systems include a
dental implant made from a suitable biocompatible material, such as titanium. The dental
implant 1s threaded or press fit into a bore which 1s drilled into the patient's mandible or
maxilla at the edentulous site. The implant provides an anchoring member for a dental
abutment, which 1n turn provides an interface between the mmplant and a dental
restoration. The restoration is typically a porcelain crown tashioned according to known
methods.

[0004] Many current dental implant surgeries are performed in two stages. In the initial
or first stage, an incision 1s made in the patient's gingiva at an edentulous side, and a bore
1s drilled into the patient's mandible or maxilla at the edentulous site, followed by
threading or impacting a dental implant into the bore using a suitable driver. Thereafter, a
cap 1s fitted onto the implant to close the abutment coupling structure of the implant, and
the gingiva 1s sutured over the implant. Over a period of several months, the patient's
bone grows around the implant to securely anchor the implant, a process known as

osseointegration.

[0005] In a second stage of the procedure following osseointegration, the dentist reopens

the gingiva at the implant site and secures an abutment and optionally, a temporary
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prosthesis or temporary healing member, to the implant. Then, a suitable permanent
prosthesis or crown 1s fashioned, such as from one or more impressions taken of the
abutment and the surrounding gingival tissue and dentition. In the final stage, the temporary
prosthesis or healing member 1s removed and replaced with the permanent prosthesis, which
1s attached to the abutment with cement or with a fastener, for example. Alternative single
stage 1mplants may be used that extend through the transgingival layer so that the gingiva
need not be reopened to access the implant.

[0006] Onec way to improve osscointegration onto the implant, and 1n turn long term
stability of the implant, 1s to provide a porous material on the implant that the bone can grow
into. Such a porous material may also increase short term stability for immediate loading
because of its large friction coefficient with surrounding bone. Securing the porous material
to the dental implant, however, may be difficult due to the due to the small size and geometry
of the device. In general, dental implants are 3 mm to 6 mm 1n diameter and 4 mm to 16 mm
in length. If 1t 18 desired for the porous material to only cover a portion of the implant with
the remainder being made up of, for example, reinforcing element, threads to compliment
initial stability or interface geometry to secure a dental prosthesis, the porous section
becomes too small to practically include threads or other securing geometry. Therefore, an
implant 1s desired that includes a locking element to economically secure the porous material
in place while allowing for other features such as threads, abutment interface geometry or

reinforcing members.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 1s a perspective view of a dental implant with porous material mn
accordance with the present invention;

[0008] FIG. 2 1s an exploded view of the dental implant of FIG. 1;

[0009] FIG. 3 1s an enlarged fragmentary view of a porous tantalum portion for any of
the embodiments herein and in accordance with the present invention;

[0010] FIG. 4 1s a perspective view of a second embodiment of a dental implant in

accordance with the present invention;

[0011] FIG. 5 18 an exploded view of the dental implant of FIG. 4;
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[0012] FIG. 6 1s a perspective view of a third embodiment of a dental implant in

accordance with the present invention; and

[0013] FIG. 7 1s an exploded view of the dental implant of FIG. 6.

DETAILED DESCRIPTION

[0014] Referring to FIG. 1, an implant 10 for placement in bone 1n one form 1s a
dental implant for insertion into a mandible or maxilla. The implant 10 comprises at least
three pieces, but may include more pieces. The mmplant 10 1s used to anchor a tooth
abutment or other dental prosthesis and includes a coronal or head portion 12, an
intermediate or porous portion 14 for improving ossecointegration onto the mmplant 10 as
explained 1n greater detail below and a separate stem or apical portion 16. The stem portion
16 1s configured to engage the head portion 12 so that at least the head portion 12 and the
stem portion 16 cooperatively secure the porous metal portion 14 on the implant 10.

[0015] The head portion 12 and the stem portion 16 may also comprise external
threads 15 for engaging bone. Patients prefer to leave after initial surgery with some type of
restoration, and healing of both soft and hard tissue may be improved 1f the implant 1s loaded
after surgery. Post-surgical loading, even if less than a full load of occlusion however, 18
sufficient to displace the implant. Thus, self-tapping threads are used to achieve initial
stability. Before osseointegration has time to take place, the thread resists tension, twisting
or bending loads applied to the implant. Further, the stem portion 16 may have an opening
17 for receiving bone chips while threading implant 10 into the bone. Alternatively, the
implant may be without threads to be press fit into bone by a driver and as discussed further
below.

[0016] In one form, implant 10 may have an outer diameter of approximately 3.0 mm
to 6.0 mm and a length of approximately 8 mm to 16 mm. While the implant 10 may have a
generally cylindrical outer surface, the mmplant 10 may also taper so that its diameter
increases as 1t extends coronally to further increase friction with bone within a bore receiving
the implant.

[0017] Referring to FIGS. 1-2, 1n the 1llustrated form, the porous portion 14 includes a

generally cylindrical sleeve portion 18 that receives and fits on a core 20 on the implant 10.



CA 02729825 2011-01-04
WO 2010/002663 PCT/US2009/048469

The sleeve portion 18 has a thickness of about 0.020” to 0.050” and may taper to generally
match the taper of the implant, if present. Alternatively, to increase the stability of the
implant, the sleeve portion 18 may have an outer periphery or surface 23 (represented by
dashed lines) that 1s non-cylindrical or non-circular (in cross-section) rather than the circular
outer surface 21 that 1s shown. In this case, the outer surface 23 of the sleeve portion 18 does
not generally match the taper or outer periphery of the implant and does not match the shape
of the bore 1t sits within. In this case, to further strengthen the fit between the implant and
the bore 1n the jaw bone, the outer periphery 23 of the mmtermediate or sleeve portion may be
provided with a maximum width shightly greater than the diameter of the bore. So
configured, as the mmplant device i1s inserted into the bore, the larger outer periphery
roughened by the porous material will bite into the bone by grating, chipping and/or flaking
bone pieces off of the sidewalls of the bore 1n which the implant device 1s bemg placed.
When the implant 1s press-fit into the bore rather than threaded into the bore, this “rasping”
action forms slight recesses or indents within the bore sidewall in which the implant device
sits. This further restricts rotational or twisting motion of the implant device within the bore
since the implant device does not have the clearance to rotate out of the indents and within
the bore.

[0018] The rasping action also accelerates osseointegration onto the implant device and
into the pores of the porous material due to the bone compaction into the pores. First, the
grating of the bone structure causes the bone to bleed which stimulates bone growth by
instigating production of beneficial cells such as osteoblasts and osteoclasts. Second, the
bone pieces that fall into the pores on the porous material assist with bone remodeling. In the
process of bone remodeling, osteoblast cells use the bone pieces as scaffolding and create
new bone material around the bone pieces. Meanwhile osteoclast cells remove the bone
pieces through resorption by breaking down bone and releasing minerals, such as calcium,
from the bone pieces and back into the blood stream. The osteoblast cells will continue to
replace the grated bone pieces from the pores and around the implant device with new and
healthy bone within and surrounding the extraction site. Thus, with the porous material, the
implant device has increased resistance to twisting or rotation, allows for immediate or very

carly loading, and increases long-term stability due to the improved osseointegration.
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[0019] The transverse cross-section of the outer surface of the sleeve portion may have
flat sides and may be polygonal, or may have curved sides such as with ovals, or may be any
combination or variation thereof, whether or not a regular shape. The bore that receives such
an 1mplant may be cylindrical or any other desired predetermined shape. This applies to any
of the intermediate portions described herein. The exemplary, and exaggerated, outer
periphery 23 1s shown to be an oval.

[0020] When assembled, the core 20 extends axially from the head portion 12, the
stem portion 16, or both the head portion 12 and the stem portion 16. Core 20 also may be
integrally formed with, or otherwise permanently connected to, either the head portion 12 or
stem portion 16. Alternatively, core 20 may include both a coronal portion 22 which extends
integrally from the head portion 12, and an apical portion 24 which extends integrally from
the stem portion 16. In this case, the coronal portion 22 and the apical portion 24 may have
engaging distal ends 26 and 28 that form a locking mechanism 30 configured to secure the
head portion 12 to the stem portion 16. As another alternative, however, the core 20 may
have one longitudinal end 32 integral with one of the head and stem portions 12 and 16, and
an opposite longitudinal end 34 forming locking mechanism 30 to engage with the other of
the head and stem portions 12 and 16.

[0021] As yet another alternative, the core 20 1s separate (or has a separate portion)
from both the head portion 12 and the stem portion 16. In this form, a locking mechanism 30
1s formed at both opposite longitudinal ends 32 and 34 of the core (or at two other
intermediate locations along the core).

[0022] To secure the sleeve portion 18 on the core 20, the head and stem portions 12
and 16 have a greater diameter than the core 20 such that the head portion 12 and the stem
portion 16 each have a retaining shoulder 36 and 38 that extends radially outward from the
corc 20 relative to a longitudinal axis L1 generally defined by the mmplant 10. The
shoulders 36 and 38 face each other so that when sleeve portion 18 1s assembled on the
core 20, the sleeve portion 18 1s retained between the shoulders 36 and 38.

[0023] In one form, the head portion 12, the stem portion 16 and the core 20 (whether

or not it 1s separate) are made of a suitable biocompatible material such as titanium, titanium



CA 02729825 2015-10-26

alloy, stainless steel, zirconium, cobalt-chromium molybdenum alloy, polymers such as
polyether ketone ketone (PEKK) for one example, ceramic, and/or composite material.
[0024] Referring to FIG. 3, the porous portion 14 may include metal, and in one form, 1s
a porous tantalum portion 40 which is a highly porous biomaterial useful as a bone
substitute and /or cell and tissue receptive material. An example of such a matenal 1s
produced using Trabecular Metal™ technology generally available from Zimmer, Inc. of
Warsaw, Indiana. Trabecular Metal™ 1is a trademark of Zimmer Technology, Inc. Such
material may be formed from a reticulated vitreous carbon foam substrate which 1s
infiltrated and coated with a biocompatible metal, such as tantalum, etc., by a chemical
vapor deposition ("CVD") process in a manner disclosed in detail in U.S. Patent No.
5,282,861. Other metals such as nitobium or alloys of tantalum and niobium with one
another or with other metals may also be used.

]0025] As shown in FIG. 3, porous tantalum structure 40 includes a large plurality of
licaments 42 defining open spaces 44 therebetween, with each ligament 42 generally
including a carbon core 46 covered by a thin film of metal 48 such as tantalum, for
example. The open spaces 44 between ligaments 42 form a matrix of continuous
channels having no dead ends, such that growth of cancellous bone through porous
tantalum structure 40 1s uninhibited. The porous tantalum may include up to 75%-85%
or more void space therein. Thus, porous tantalum is a lightweight, strong porous
structure which 1s substantially uniform and consistent in composition, and closely
resembles the structure of natural cancellous bone, thereby providing a matrix into
which cancellous bone may grow to anchor implant 10 into the surrounding bone of a
patient’s jaw which increases stability. The rough exterior surface of such porous metal
portion has a relatively high triction coetticient with adjacent bone forming the bore that
receives the implant to further increase initial stability as alluded to above. This structure
can produce superior aesthetic results by restricting movement of the implant. These
implants can be placed without supplementary surgical procedures, such as bone
grafting, and can be placed 1n areas where traditional implants have been less successful,

such as with reduced or decayed alveolar sections.

[0026] Porous tantalum structure 40 may be made in a variety of densities in order to

selectively tailor the structure for particular applications. In particular, as discussed in
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U.S. Patent No. 5,282,861, the porous tantalum may be fabricated to virtually any
desired porosity and pore size, whether uniform or varying, and can thus be matched
with the surrounding natural bone in order to provide an improved matrix for bone in-
egrowth and mineralization. This includes a gradation of pore size on a single implant
such that pores are larger on an apical end to match cancellous bone and smaller on a
coronal end to match cortical bone, or even to receive soft tissue ingrowth. Also, the
porous tantalum could be made denser with fewer pores in areas of high mechanical
stress. Instead of smaller pores in the tantalum, this can aiso be accomplished by filling
all or some of the pores with a solid material which is described in further detail below.
0027] To provide additional initial mechanical strength and stability to the porous
structure, the porous structure may be infiltrated with a filler material such as a non-
resorbable polymer or a resorbable polymer. Examples of non-resorbable polymers for
infiltration of the porous structure may include a polyaryl ether ketone (PAEK) such as
polyether ketone ketone (PEKK), polyether ether ketone (PEEK), polyether ketone ether
ketone ketone (PEKEKK), polymethylacrylate (PMMA), polyetherimide, polysulfone,
and polyphenolsulfone.

[0028] Examples of resorbable polymers may include polylactic co-glycolic acid
(PLGA), polylactic acid (PLA), polyglycolic acid (PGA), polyhydroxybutyrate (PHB),
and polyhydroxyvalerate (PHV), and copolymers thereof, polycaprolactone,
polyanhydrides, and polyorthoesters. By providing additional initial mechanical strength
and stability with a resorbable filler material, a titanium reinforcing implant core may
not be required. The resorbable material would resorb as the bone grows 1n and replaces
it, which maintains the strength and stability of the implant.

[0029] Referring again to FIGS. 1-2, the locking mechanism 30 may secure the head and
stem portions 12 and 16 together by a threaded connection, press fit, or similar
mechanisms. Thus, the locking mechanism 30 may include at least one axially extending
post 50 on either the core portion 22 of the head portion 12 or core portion 24 of the
stem portion 16. An axially extending bore 52 (shown in dashed line) receives the post
50 on the other core portion 22 or 24. In the illustrated form, the post 50 may have
threads 54 to match
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internal threads m bore 52. Otherwise, the post S0 may have a corresponding diameter to
provide a tight friction fit to be press fit into bore 52.

[0030] With this configuration, the head portion 12 and stem portion 16 secure the
sleeve portion 18 on the core 20 without other devices. It will be appreciated, however, that
the sleeve portion 18 could additionally be dimensioned to have a friction fit on the core 20
to resist further axial and/or rotational movement of the sleeve portion 18 on the core 20.
Other mechanisms, such as adhesive, welding, diffusion bonding, sintering, fasteners, and so
forth may also be used to secure the sleeve portion 18 to the core 20.

[0031] It will also be understood that head portion 12 may have a male abutment
connector on 1ts coronal surface to connect to a separate abutment. Alternatively, the head
portion 12 has a bore for receiving a portion of an abutment and/or an abutment anchor
where such bore may also extend into the core 20.

[0032] Referring now to FIGS. 4-5, implant 60 has a similar basic structure to that of
implant 10 including a head portion 62 and a stem portion 64 that cooperatively secures a
porous portion 66 to the implant 60. Porous portion 66 has the same or similar material as
porous portion 14 on implant 10. A locking mechanism 68 secures the head portion 62 to the
stem portion 64. The locking mechanism 68 here, however, includes a plurality of locking
members 70, 72 and 74 that extend axially from the head portion 62 and the stem portion 64.
Each locking member 70, 72 and 74 has an end portion 76, 78, 80, respectively, that engages
the head portion 62, and respective end portions 82, 84, 86 that engage the stem portion 64.
In one form, the end portions 76, 78, 80 or end portions 82, 84, 86 are integrally formed with
cither the head portion 62 or stem portion 64 while the opposite end portions are free ends
that engage the head portion 62 or the stem portion 64 by either a press fit or by a threaded
connection with threads 88 (shown in dashed lines). In this case, the free end portions,
whether configured for press-fit or threaded connections, are respectively received in
bores 90, 92, and 94. It will be understood, however, that all of the end portions 76, 78, 80
and 82, 84, 86 may be free ends that fit into bores on both the head portion 62 and the stem
portion 64. If threaded connections are used, bores 90, 92, and 94 may be through bores so
that the locking members 70, 72, and 74 may be independently rotated into place and

anchored to stem 64 (or vice-versa).
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[0033] In the 1illustrated form, the three locking members 70, 72, and 74 are
uniformly, circumiferentially spaced about central longitudinal axis L2, and the porous
portion 66 1s centrally located among the locking members 70, 72, and 74 so that the locking
members restrict lateral movement of the porous portion 66 while interior faces 96 and 98 of
the head and stem portions 62 and 64, respectively, face or abut longitudinal ends 100 and
102 of the porous portion 66 to restrict axial movement of the porous portion 66.

[0034] To further restrict rotational and lateral movement of the porous portion 66,
the porous portion 66 may have an outer surface 104 defining at least one longitudinally
extending groove 106 for receiving the locking members 70, 72 and 74. In the illustration,
the outer surface 104 defines a groove 106 for each locking member 70, 72 and 74.

[0035] The porous portion 66 separates the head portion 62 from the stem portion 64
except for the locking members 70, 72 and 74. The porous portion 66 may be a bulk piece
that 1s substantially porous. When implant 60 has a taper, the exterior surface 104 and/or the
locking members 70, 72, and 74 may be inclined to match the slope of the taper. For this
purpose, the locking members 70, 72, and 74 may also extend radially outwardly as the
locking members 70, 72 and 74 extend coronally. It will be understood that instead, the
locking members 70, 72 and 74 may remain parallel to axis L2 while the outer surface 104
tapers, or vice versa.

[0036] It will be appreciated that the locking mechanism 68 may have as few as one
off-center locking member or more than three locking members whether or not uniformly
spaced from and/or about longitudinal axis L2.

[0037] It will also be understood that while the locking mechanism 68 may secure the
porous portion 66 to the implant 60 alone, adhesive, welding, diffusion bonding, sintering,
fasteners and the like between the porous portion 66 and the locking members 70, 72 and 74,
head portion 62 and/or stem portion 64 may also be used.

[0038] The head portion 62 of implant 60 may include a collar 108. The collar 108
forms face 96 as an apically facing annular side. An interior surface 110 formed by a
collar 108 extends coronally from the face 96 and 1s configured for receiving an abutment
connector. Porous portion 66 may have a corresponding bore 112 (shown in dashed line)

that aligns with interior surface 110 to receive a portion of a separate abutment and/or an
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abutment connector. The bore 112 may or may not be threaded. Alternatively, the head
portion 12 includes male structure to mount a separate abutment.

[0039] Implant 60 may be an externally threaded implant rather than a press fit
implant. In this case, stem portion 64 may have similar structure as that of stem portion 16
on the implant 10 relating to threading and self-tapping. While the collar 108 1s shown
without external threads, it will be understood that such threads could be provided.

[0040] It will be understood that porous portions 14 and 66 could be formed with
external threads continues with threads of the head and/or stem portions. With implant 60,
the locking members 70, 72 and 74 may or may not have shapes to match the threads.

[0041] It will also be appreciated that for any of the configurations herein, the
intermediate sleeve or bulk material may be made of, or include, materials that promote bone
growth or increase the strength of the implant other than porous tantalum. Such materials
include organic bone graft (e.g., autograft, allograft, xenograft), resorbable polymer (e.g.,
polylactic co-glycolic acid (PLGA), polylactic acid (PLA), polyglycolic acid (PGA),
polyhydroxybutyrate (PHB), and polyhydroxyvalerate (PHV)), non-resorbable polymer,
synthetic bone material such as hydroxyapatite (HA), or collagen.

[0042] Referring to FIGS. 6 and 7, a collar 120 may optionally be used on an
implant 122. While implant 122 may be similar to implant 10 of FIG. 1 or implant 60 of
FIG. 4, implant 122 1s shown here to be a single-stage surgery implant with an integral
transgingival region 124. Otherwise, similar features are numbered the same as with the
other implants. Collar 120 may be mounted on a head portion 126 by press fit, threading,
adhesive, welding, connectors and so forth. The collar 120 may be a separate component
from the head portion 126 or the collar 120 may be a surface treatment. The collar 120 may
also be built-in to the head portion 126, 1.e. the entire head portion 126 would be made up of
the same material as the collar 120. The collar 120 has an exterior surface 128 configured to
promote soft tissue attachment and may be made of high density polyethylene (HDPE),
polyester, zirconium, ceramic or other similar surface treatments.

[0043] It will be understood that the structure for any of the implants disclosed herein

can be applied to a single-stage surgery implant with a transgingival region 130 — or a one-

10
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piece implant with an integral abutment 132 - as shown in FIG. 1 in dashed lines for

exemplary purposes.

[0044) While the 1llustrated forms are shown to be dental implants, it will be understood

that such structures, with porous metal or porous tantalum portions cooperatively

secured by an apical and coronal portion, may be applied to implants used on other areas

of a human or animal body, whether or not such an implant is to be inserted into bone.

[0045] The scope of the claims should not be limited by the preferred embodiments set

forth in the examples, but should be given the broadest interpretation consistent with the

description as a whole.

11
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WHAT IS CLAIMED IS:

1.

2.

An implant extending along an axis, comprising:
a head portion including a first externally threaded surface configured for
engaging bone;
a non-bone, porous intermediate portion, including:
a bore axially extending throughout the intermediate portion, and
a porous wall extending from a porous exterior surface of the
intermediate portion to a porous interior surface of the
intermediate portion, the porous interior surtace defining a
perimeter of the bore, wherein the perimeter defines a diameter of
the bore that 1s substantially constant in an axial direction;
an initially separate stem portion configured to engage the head portion so that at
least the head portion and the stem portion cooperatively secure the
intermediate portion on the implant without the intermediate portion
being bonded to the head and stem portions, the stem portion including a
second externally threaded surface configured for engaging bone; and
a core having a core diameter approximately equal to the diameter of the bore,
the core extending axially from at least one of the head portion, the stem

portion, and both the head and the stem portions.

The implant of claim 1, wherein the intermediate portion 1s porous for the

ingrowth of bone.

3.

4.

The implant of claim 1, wherein the intermediate portion includes tantalum.

The implant of claim 1, wherein the intermediate portion comprises pores that

are at least partially filled with a filler matenal.

.

6.

The implant of claim 4, wherein the filler material 1s a resorbable material.

The implant of claim 4, wherein the filler material 1s at least one of a resorbable

polymer and a non-resorbable polymer.
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7. The implant of claim 1, wherein the intermediate portion 1s made of at least one

of an organic bone graft, a resorbable polymer, a non-resorbable polymer, synthetic bone

material, and collagen.

3. The implant of claim 1, further comprising a locking mechanism conftigured to

secure the head portion to the stem portion.

9. The implant of claim 8, wherein the locking mechanism 1s configured to secure

the head portion to the stem portion by at least a press fit.

10.  The implant of claim 8, wherein the locking mechanism includes threads on the

head portion and the stem portion that mate with each other.

11.  The implant of claim 8, wherein the porous intermediate portion comprises a

sleeve portion.

12.  The implant of claim 11, further comprising a core extending axially from at

least one of the head portion, the stem portion, and both the head and the stem portions,
the locking mechanism being formed on the core, and the core extending at least

partially into the sleeve portion.

13.  The implant of claim 12 wherein the core 1s integrally formed with at least one of

the head and the stem portions.

14. The implant of claim 12, wherein the core comprises a coronal portion extending
from the head portion and an apical portion extending from the stem portion, and the

coronal portion and the apical portion having engaging distal ends that form the locking

mechanism.

15. The implant of claim 12, wherein the core has two opposite longitudinal ends,

each end engaging an opposite one of the head portion and the stem portion.

13
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16. The implant of claim 12, generally defining a longitudinal axis, and wherein the
head portion and the stem portion each have a retaining shoulder extending radially

outward from the core and relative to the axis, the shoulders facing each other and the

sleeve portion assembled on the core to retain the sleeve portion between the shoulders.

17. The implant of claim &, wherein the locking mechanism includes at least one
axially extending post on one of the head portion and the stem portion, and at least one

axially extending bore that receives the post on the other of the head portion and the

stem portion.

18.  The implant of claim &, wherein the locking mechanism comprises a plurality of
locking members extending axially from one of the head portion and the stem portion,
cach locking member having an end portion engaging the other of the head portion and

the stem portion.

19. The implant of claim 18, wherein each locking member engages the other of the

head portion and stem portion by at least a press fit.

20. The implant of claim 18, wherein each locking member engages the other of the

head portion and stem portion by a threaded connection.

21.  The implant of claim 18, wherein the porous wall has an outer surface defining at

least one longitudinally extending groove for receiving the locking members.

22. The implant of claim 21, wherein the outer surface defines one groove for each

locking member.

23. The implant of claim 18, wherein the porous intermediate portion separates the

head portion from the stem portion except for the locking members.

24. The implant of claim 18, wherein the head portion comprises a collar with an
interior surface configured for receiving an abutment connector, and an apically facing,

annular side configured to engage the locking members.
14
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235. The implant of claim 18, wherein the locking members are circumferentially and

uniformly spaced from one another.

26.  The implant of claim 18, wherein the locking members extend radially outwardly

as the locking members extend coronally.

27.  The implant of claim 18, wherein at least one locking member has two opposite
longitudinal ends, each end engaging an opposite one of the head portion and the stem

portion.

28.  The implant of claim 1 wherein both the head portion and the stem portion

comprise external threads for engaging bone.

29.  The implant of claim 1, further comprising a collar mounted on the head portion,

and the collar having an exterior surface configured to promote soft tissue attachment.

30.  The implant of claim 1, wherein the stem portion comprises an opening for

recetving bone while threading the dental implant into the bone.

31.  The implant of claim 1, wherein the implant is a dental implant and the

intermediate portion 1s configured to engage the mandible or maxilla.

32.  The implant of claim 1, wherein the intermediate portion has a non-circular outer
periphery.
33.  The implant of claim 1, wherein the head and stem portions each have outer

peripheries with a shape and wherein the intermediate portion has an outer periphery

with a shape different from at least the shape of the head or stem portion.

34. A method of assembling a dental implant, comprising:
placing, in an apical to coronal direction, a porous, non-bone sleeve on a core

extending from at least one of a head portion and a separate stem portion,
15
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wherein the head portion and the stem portion each include externally
threaded surfaces for engaging, and threading the implant into bone,
wherein the porous, non-bone sleeve includes a porous wall extending
from an exterior surface to an interior surface, the interior surface
defining a perimeter of a bore configured to be placed on the at least one
of the head portion and the separate stem portion, the head portion and
the stem portion each including a retaining shoulder extending radially
outward from a longitudinal axis of the assembled dental implant, the
perimeter of the bore defining a bore diameter approximately equal to a
diameter of the core, wherein the bore diameter is substantially the same
at a first location where the porous, non-bone sleeve engages the retaining
shoulder of the head portion and at a second location where the porous,
non-bone sleeve engages the retaining shoulder of the stem portion; and
engaging the stem portion to the head portion so that the head portion and the
stem portion cooperatively secure the porous sleeve portion on the
implant between the retaining shoulder of the head portion and the
retaining shoulder of the stem portion without bonding the sleeve to the

head and stem portions.

35.  Animplant, comprising:
a head portion;
an intermediate portion, and;
an 1nitially separate stem portion configured to engage the head portion so that at

least the head portion and the stem portion cooperatively secure the intermediate portion

on the implant; and

wherein a locking mechanism comprises a plurality of locking members
extending axially from one of the head portion and the stem portion, each locking
member having an end portion engaging the other of the head portion and the stem

portion.

36.  The implant of claim 35, wherein each locking member engages the other of the

head portion and stem portion by at least a press fit.
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37.  The implant of claim 35, wherein each locking member engages the other of the

head portion and stem portion by a threaded connection.

38.  The implant of claim 35, wherein the intermediate portion 1s porous and has an
outer surface defining at least one longitudinally extending groove for receiving the

locking members.

39. The implant of claim 38, wherein the outer surface defines one groove for each

locking member.

40.  The implant of claim 35, wherein the porous intermediate portion separates the

head portion from the stem portion except for the locking members.

4], The implant of claim 335, wherein the head portion comprises a collar with an
interior surface configured for receiving an abutment connector, and an apically facing,

annular side configured to engage the locking members.

42. The implant of claim 35, wherein the locking members are circumferentially and

uniformly spaced from one another.

43, The implant of claim 35, wherein the locking members extend radially outwardly

as the locking members extend coronally.

44.  The implant ot claim 35, wherein at least one locking member has two opposite
longitudinal ends, each end engaging an opposite one of the head portion and the stem

portion.
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