
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

13
6 

73
0

B
1

TEPZZ _¥67¥ZB_T
(11) EP 2 136 730 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
03.08.2016 Bulletin 2016/31

(21) Application number: 08717699.6

(22) Date of filing: 12.03.2008

(51) Int Cl.:
A61C 8/00 (2006.01)

(86) International application number: 
PCT/EP2008/052953

(87) International publication number: 
WO 2008/110575 (18.09.2008 Gazette 2008/38)

(54) DENTAL ABUTMENT INCLUDING FILLET

DENTALER AUFBAUPFOSTEN MIT ÜBERGANGSKONTUR

BUTÉE DENTAIRE AVEC CONGÉ

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MT NL NO PL PT 
RO SE SI SK TR

(30) Priority: 14.03.2007 US 918078 P

(43) Date of publication of application: 
30.12.2009 Bulletin 2009/53

(73) Proprietors:  
• Astra Tech Inc.

Waltham MA 02451 (US)
• Dentsply IH AB

431 21 Mölndal (SE)

(72) Inventors:  
• GRANT, Bethany F.

Scituate, MA 02066-3106 (US)
• HANNOOSH, James G.

Centerville, MA 02632 (US)

(74) Representative: Awapatent AB
P.O. Box 11394
404 28 Göteborg (SE)

(56) References cited:  
EP-A- 1 419 746 DE-C1- 19 534 979
US-A- 5 328 371 US-B1- 6 726 480



EP 2 136 730 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field of the Invention

[0001] This invention is directed to the field of dental
abutments.

Background of the Invention

[0002] Artificial tooth replacements are used in pros-
thetic dentistry to improve the appearance and/or func-
tionality of a patient’s teeth. A common artificial tooth
replacement comprises a dental implant that is anchored
within the bone, an abutment fastened to the implant with
a screw, and a functional and aesthetic tooth replace-
ment (a crown) positioned on the abutment. The abut-
ment serves as the interface between the implant and
the crown.
[0003] Traditionally, both the implant and the abutment
are formed of metal (e.g., titanium or gold alloys), and
the crown is often made entirely of ceramic. However,
metal abutments have certain aesthetic drawbacks. First,
where a patient’s soft tissue (or gum tissue) are thinner,
for example in the anterior, or front, region of the mouth,
the gray color of the metal abutment can be seen through
the soft tissue. In patients where soft tissue recedes be-
low the level of the abutment, a portion of the metal abut-
ment may be exposed above the soft tissue. Further, the
metal abutment may sometimes be visible through an
all-ceramic crown.
[0004] To improve the aesthetics of the tooth replace-
ment, ceramics have been contemplated as alternative
materials for the formation of abutments. Unlike metals,
certain ceramics closely replicate the natural tooth in ap-
pearance - i.e., color and translucency. Ceramics, how-
ever, are much more brittle than titanium, such that it is
challenging to design small shapes that resist breakage.
Creation of a structurally sound ceramic dental abutment
therefore presents many challenges.
[0005] Document DE 195 34 979 C1 discloses a dental
abutment comprising a head portion located at an upper
end of the abutment and constructed to support a pros-
thetic tooth replacement and soft tissue adjacent the
head portion, whereby an anti-rotation feature is located
at a lower end of the abutment and constructed to mate
with a dental implant whereby an annular undercut is
located at an interface between the head portion and the
anti-rotation feature.
[0006] Document US 5 328 371 discloses a dental
abutment comprising a head portion located at an upper
end of the abutment and constructed to support a pros-
thetic tooth replacement and soft tissue adjacent the
head portion, whereby an anti-rotation feature is located
at a lower end of the abutment and constructed to mate
with a dental implant; and an annular groove is located
at an interface between the head portion and the anti-
rotation feature.

Summary of the Invention

[0007] In the following description, certain aspects and
embodiments of the present invention will become evi-
dent. It should be understood that the invention, in its
broadest sense, could be practiced without having one
or more features of these aspects and embodiments. In
other words, these aspects and embodiments are merely
exemplary.
[0008] One aspect of the invention is directed to a den-
tal abutment. The dental abutment may comprise a head
portion located at an "upper" end of the abutment and
constructed to support a prosthetic tooth replacement
and soft tissue adjacent the head portion, an anti-rotation
feature located at a "lower" end of the abutment and con-
structed to mate with a dental implant, and a fillet located
at an interface between the head portion and the anti-
rotation feature. The fillet may have a closed perimeter
and may form a concavity at least partly in the head por-
tion.
[0009] Another aspect of the invention is directed to a
dental abutment comprising a head portion located at an
upper end of the abutment and constructed to support a
prosthetic tooth replacement and soft tissue adjacent the
head portion, an anti-rotation feature located at a lower
end of the abutment and constructed to mate with a dental
implant, and a fillet located at an interface between the
head portion and the anti-rotation feature (e.g., to reduce
stress at the interface). The fillet may have a closed pe-
rimeter and may form a concavity at least partly in one
of the anti-rotation feature and the head portion. A radial
dimension of the fillet along a vertical cross-section of
the fillet may be at least 0.1 mm.
[0010] A further aspect of the invention is directed to
a dental assembly, comprising an implant and an abut-
ment formed at least partially of a ceramic material. The
implant may include an anchor portion located at a first
end of the implant and adapted to be anchored within a
jawbone, a mating feature located at a second end of the
implant, and a rim surrounding the mating feature. The
abutment may include a head portion located at an end
of the abutment and adapted to support a prosthetic tooth
replacement and soft tissue adjacent the head portion,
a second portion comprising a seating surface, an anti-
rotation feature located distally from the head portion of
the abutment and adapted to mate with a corresponding
feature of the implant in a manner that inhibits rotation
of the abutment with respect to the implant, and a fillet
located at an interface (i.e., transition) between the head
portion and the anti-rotation feature, wherein the fillet
may have a radial dimension of at least 0.1 mm along a
vertical cross-section of the fillet. Mating the anti-rotation
feature of the abutment to the implant may cause the rim
of the implant to contact the seating surface of the abut-
ment along a substantially closed region thereof.
[0011] Another aspect of the invention is directed to at
least one computer readable medium encoded with in-
structions that, when executed on a computer system,
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perform a method comprising guiding a machine tool to
fabricate a dental abutment. The abutment may comprise
a head portion located at an upper end of the abutment
and constructed to support a prosthetic tooth replace-
ment and soft tissue adjacent the head portion, an anti-
rotation feature located at a lower end of the abutment
and constructed to mate with a dental implant, and a fillet
having a closed perimeter. The fillet may be located at
an interface (i.e., transition) between the head portion
and the anti-rotation feature and may form a concavity
at least partly in the head portion.
[0012] A further aspect of the invention is directed to
a method comprising fabricating a dental abutment. The
abutment may comprise a head portion located at an
upper end of the abutment, such head portion being con-
structed and arranged to support a prosthetic tooth re-
placement and soft tissue adjacent the head portion, an
anti-rotation feature located at a lower end of the abut-
ment and constructed to mate with a dental implant, and
a fillet having a closed perimeter. The fillet may be located
at an interface (i.e., transition) between the head portion
and the anti-rotation feature and may form a concavity
at least partly in the head portion.
[0013] Another aspect of the invention is directed to a
dental abutment, comprising a head portion located at
an upper end of the abutment and constructed to support
a prosthetic tooth replacement and soft tissue adjacent
the head portion, an anti-rotation feature located at a low-
er end of the abutment and constructed to mate with a
dental implant, and a fillet located at an interface between
the head portion and the anti-rotation feature, wherein
the fillet may have a closed perimeter and may form a
concavity in the anti-rotation feature. A diameter of the
anti-rotation feature at a location within the concavity may
be smaller than a diameter of the anti-rotation feature at
a location below the concavity.
[0014] A further aspect of the invention is directed to
a method of fabricating a dental abutment comprising a
fillet. The method may comprise selecting a radius for a
fillet based on a critical flaw size of a material, and fab-
ricating an abutment from the material, the abutment
comprising a head portion located at an upper end of the
abutment and constructed to support a prosthetic tooth
replacement and soft tissue adjacent the head portion,
an anti-rotation feature located at a lower end of the abut-
ment and constructed to mate with a dental implant, and
a fillet having the selected radius, wherein the fillet may
be located at an interface between the head portion and
the anti-rotation feature.
[0015] Aside from the structural and procedural ar-
rangements set forth above, the invention could include
a number of other arrangements such as those explained
hereinafter. It is to be understood that both the foregoing
description and the following description are exemplary
only.

Brief Description of the Drawings

[0016] The accompanying drawings are incorporated
in and constitute a part of this specification. The drawings
illustrate exemplary embodiments and, together with the
description, serve to explain some principles of the in-
vention. In the drawings,

Figure 1 illustrates a side view of a conventional ar-
tificial tooth replacement;
Figure 2 illustrates a side view of the implant and
abutment of Figure 1;
Figure 3 illustrates a longitudinal cross-sectional
view of the implant and abutment of Figure 2;
Figure 4 illustrates a cross-sectional view of the im-
plant and abutment of Figure 2 along line 4’-4’ of
Figure 2;
Figure 5 illustrates an enlarged cross-sectional view
of the abutment of Figure 2;
Figure 6 illustrates a longitudinal cross-sectional
view of a first embodiment of an abutment in combi-
nation with an implant;
Figure 7 illustrates an enlarged cross-sectional view
of the abutment of Figure 6;
Figure 8 illustrates a bottom view of the abutment of
Figure 6;
Figure 9 illustrates a longitudinal cross-sectional
view of another embodiment of an abutment in com-
bination with an implant;
Figure 10 illustrates an enlarged cross-sectional
view of the abutment of Figure 9;
Figure 11 illustrates a bottom view of the abutment
of Figure 9;
Figure 12 illustrates a bottom view of a further em-
bodiment of an abutment;
Figure 13 illustrates a cross-sectional view of the
abutment of Figure 12 along line 13’-13’ of Figure
12, in combination with an implant;
Figure 14 illustrates a cross-sectional view of the
abutment of Figure 12 along line 14-14 of Figure 12,
in combination with an implant;
Figure 15 illustrates a longitudinal cross-sectional
view of another embodiment of an abutment in com-
bination with an implant;
Figure 16 illustrates an enlarged cross-sectional
view of the abutment of Figure 15;
Figure 17 illustrates a cross sectional view of the
abutment and implant combination of Figure 15
along line 17-17 of Figure 15;
Figure 18 illustrates a cross-sectional view of a fur-
ther embodiment of an abutment; and
Figure 19 illustrates cross-sectional view of another
embodiment of an abutment.

Detailed Description of the Exemplary Embodiments

[0017] Figures 1 and 2 illustrate a conventional artificial
tooth replacement comprising a dental implant 1, an abut-
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ment 3, and a crown 5. In use, the implant 1 is anchored
within a jawbone, the profile of which is shown by line 7.
The abutment 3 is fixedly attached to the top of the implant
1, as shown in Figure 2, and serves as an interface be-
tween the implant 1 and the crown 5. The crown 5 is
positioned over the abutment 3 and is fixedly attached
thereto. A tapered portion 2 of the abutment 3 may be
positioned below the gum line 9 (as shown in Fig. 1) or
at least only partially above the gum line 9. Thus, if the
abutment 3 is formed of titanium, the grayish color of the
abutment 3 may be visible above the gum line 9 or
through the thin soft tissue of the gum just below the gum
line 9. The titanium of the abutment therefore may give
the artificial tooth replacement an unnatural and gener-
ally undesirable appearance.
[0018] Figure 3 illustrates a vertical cross-sectional
view of a typical prior art implant and abutment combi-
nation of Figure 2 through a central longitudinal axis of
the abutment. As shown, a screw 11 is used to fixedly
attach the abutment 3 to the implant 1. The screw 11 is
introduced through a central bore 13 in the abutment 3
and is screwed into a threaded opening 15 of the implant
1. A head 11 a of the screw 11 rests on a seating surface
4 of the abutment 3. The abutment also includes an anti-
rotation feature 6. Figure 4, which shows a cross-sec-
tional view of the implant and abutment combination of
Figure 2 along line 4’-4’ thereof, illustrates the anti-rota-
tion feature 6.
[0019] Figure 4 shows that the anti-rotation feature 6
has a hexagonal cross-section. This shape prevents ro-
tation of the abutment 3 with respect to the implant 1.
The anti-rotation feature 6 is described as an "internal
connection," because the feature 6 is in the form of a
protrusion that mates with the implant 1 internal to the
implant 1. In other implant/abutment combinations, the
anti-rotation feature of the abutment comprises a socket
rather than a protrusion, and mates with the implant ex-
ternal to the implant. In this case, the anti-rotation feature
is described as an "external connection."
[0020] As explained above, ceramic abutments some-
times provide an improved aesthetic relative to titanium
abutments, because the color of the ceramic may be se-
lected to be close to or identical to a natural tooth color.
However, the properties of ceramic materials sometimes
necessitate a design approach different than that of an
all-metal system. Ceramic materials may be brittle, and
susceptible to catastrophic failure if local stresses in the
material reach values near the strength of the material.
At least some metals, on the other hand, may yield locally
when stresses reach values near the strength of the ma-
terial, providing a stress relief mechanism for the system.
[0021] One example of this phenomenon is exempli-
fied by the geometry shown in Figure 5, which illustrates
an enlarged cross-sectional view of a portion of the im-
plant 1 and abutment 3 combination shown in Figure 3.
As shown, the interface between anti-rotation feature 6
of the abutment 3 and the head 8 of the abutment 3 is
nearly a right angle 17 (i.e., a corner of a very small ra-

dius). Because local stresses are highest near sharp cor-
ners, the region of the right angle 17 is a high stress area.
A metal abutment subjected to loads causing stresses
near the strength of the material in this region could result
in localized yielding, in the form of prying open the angle
between abutment head 8 and anti-rotation feature 6.
However, if the abutment 3 were formed of ceramic, sub-
jecting the abutment 3 to loads causing stresses (e.g.,
tensile stresses) near the strength of the ceramic material
in the same region at angle 17 could have a high prob-
ability of catastrophic failure, or fracture.

Abutment with Reduced Stress Concentrations

[0022] Figures 6-8 show a first embodiment of an ex-
ample of an abutment according to the invention, which
may be formed of ceramic material. Figure 6 illustrates
a vertical cross-sectional view of an implant and abut-
ment combination through a central longitudinal axis of
the abutment, and Figure 7 illustrates an enlarged cross-
sectional view of the exemplary abutment alone. The im-
plant and abutment combination of Figure 6 is similar to
that shown in Figure 3, but comprises an abutment 19
that is configured to reduce the risk of fracture at the
implant/abutment interface even when the abutment 19
is formed of ceramic material or another material that
may be susceptible to failure. In particular, the abutment
19 incorporates a fillet 21 at the transition region (i.e.,
interface) between the anti-rotation feature 25 and the
head 27 of the abutment 19. The fillet 21 eliminates the
sharp corner that would be present at a right-angle (or
nearly right angle) interface between the anti-rotation fea-
ture 25 of the abutment 19 and the head 27 of the abut-
ment 19. The fillet 21 has any form of concave curvature,
including circular and/or non-circular (e.g., elliptical or
any other shape having a generally curved portion). For
example, it may have a generally circular profile with the
radius 23, as best shown in Fig. 7. In the embodiment of
Figs. 6-8, the fillet 21 forms a concavity in the head 27
of the abutment 19. Although the concavity shown in the
example of Figures 6-8 does not extend to the anti-rota-
tion feature 25, in alternative configurations, the fillet may
be configured to form a concavity in both the head 27
and the anti-rotation feature 25 or in only the anti-rotation
feature 25. Consequently, unless otherwise qualified, ex-
pressions such as "at the transition region" and "at the
interface" (and similar expressions such as "in the tran-
sition region," "in the interface," "in/at a transition region,"
and "in/at an interface"), with respect to the fillet, contem-
plates this range of fillet sharing between the anti-rotation
feature and the abutment head portion.
[0023] Figure 8 illustrates a bottom view of the abut-
ment 19. As discussed above, the fillet 21 is located at -
and comprises at least part of - the transition region be-
tween the anti-rotation feature 25 and the head 27 of the
abutment 19. In this example, both the anti-rotation fea-
ture 25 and the fillet 21 are hexagonal in the transverse
cross-section view of Figure 8.
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[0024] According to one exemplary implementation, a
vertical cross-section of the fillet 21 has a radius 23 of at
least 0.05 mm. For example, the radius 23 may be at
least approximately 0.1 mm or at least approximately 0.2
mm. The radius 23 of the fillet 21, or any of the other
fillets described herein, may be selected based on a crit-
ical flaw size of the material from which the abutment 19
is constructed. Thus, the fillet 21 may be dimensioned
based on the size of a defect that will cause failure in that
material at a particular stress level. The vertical cross
section has an arcuate shape (e.g., circular or elliptical),
although other configurations are possible. The radius
23 of the fillet 21 may be uniform along the perimeter of
the fillet, as shown in Figure 8, or it may vary. The larger
the radius 23 of the fillet 21, the less concentrated the
stress at the fillet will be. Accordingly, it may be desirable
to maximize the radius 23 of the fillet 21 within certain
parameters.
[0025] In particular, it may be desirable to maximize
the radius 23 of the fillet 21 while maintaining sufficient
contact between a seating surface 29 of the abutment
19 and a rim 31 of the implant 1. If the radial contact
between the seating surface 29 and the rim 31 becomes
too small at any location, the abutment 19 may not prop-
erly seal the opening of the implant 1. This may create
an undesirable configuration of the system, potentially
allowing bacteria to enter the implant-abutment connec-
tion. According to one exemplary implementation, the
abutment 19 is constructed to have a minimum of 0.1
mm to 0.2 mm of contact between the seating surface
29 and the rim 31, when measured radially from the cent-
er of the implant 1, to ensure a sufficient seal between
the abutment 19 and the implant 1. In the embodiment
of Figures 6-8, increasing the size of the radius 23 gen-
erally decreases the radial contact between the seating
surface 29 of the abutment 19 and the rim 31 of the im-
plant 1. To avoid decreasing the radial contact between
the seating surface 29 and the rim 31 to undesirable lev-
els, increasing the radius 23 of the fillet 21 can be bal-
anced with maintaining sufficient contact between the
seating surface 29 of the abutment 19 and the rim 31 of
the implant 1.
[0026] It may be desirable to increase the radius 23 of
the fillet 21 without sacrificing the amount of radial contact
between the seating surface 29 of the abutment 19 and
the rim 31 of the implant 1. One way to do so would be
to increase the width of the rim 31 of the implant 1 and
the width of the seating surface 29 of the abutment 19.
However, because the dimensions of the implant 1 may
be fixed, for example if the abutment 19 is designed to
be compatible with implants 1 of known dimensions, a
solution that relies only on the construction of the abut-
ment 19 may be preferable.
[0027] To increase the radius 23 of the fillet 21 without
sacrificing the amount of radial contact between the seat-
ing surface 29 of the abutment 19 and the rim 31 of the
implant 1, and without modifying the implant 1, the con-
tour of the anti-rotation feature 25 may be modified. Fig-

ures 9-11 illustrate one exemplary implementation of an
abutment 35 in which the contour of the anti-rotation fea-
ture 45 is modified for this purpose. The abutment 35
shown in Figures 9-11 may be formed of ceramic mate-
rials and may have a fillet 37 at the interface between
the head 40 and the anti-rotation feature 45 of the abut-
ment 35. However, relative to the embodiment of Figures
6-8, the radius of the fillet 37 is increased and the contact
between the seating surface 39 of the abutment 35 and
the rim 41 of the implant 1 is maintained.
[0028] As shown in Figures 9 and 10, the outer contour
of anti-rotation feature 45 angles inwardly toward the cen-
tral longitudinal axis 50 of the implant as the height of the
anti-rotation feature 45 increases. The angle 47 between
the plane occupied by the bottom of the abutment 35 and
an outer contour of the anti-rotation feature 45 is greater
than 90° but less than 180°. For example, the angle 47
may be between about 91 and about 130°. As shown in
Figures 9-11, the lower portion of the anti-rotation feature
45 may include a chamfer or a radius 49 to facilitate in-
sertion of the anti-rotation feature 45 into the implant 1.
[0029] While the inward angling of the outer contour of
the anti-rotation feature 45 may advantageously allow
the radius of the fillet 37 to be increased, in certain cir-
cumstances such angling could reduce the radial thick-
ness of the anti-rotation feature 45 of the abutment 35 to
undesirable levels. One way to avoid this result is to angle
the outer contour of the anti-rotation feature 45 only in
those locations where it would not cause the minimum
thickness of the anti-rotation feature 45 to be reduced.
Figures 12-14 show an exemplary implementation of an
abutment 51 including an anti-rotation feature 53 that is
selectively angled so as not to reduce the minimum thick-
ness of the anti-rotation feature 53. Figure 12 illustrates
a bottom view of the abutment 51, which may be formed
of ceramic material. As shown in Figure 12, the anti-ro-
tation feature 53 is hexagonal and the fillet 55 at the in-
terface of the abutment head 57 and the anti-rotation
feature 53 is circular. The portion of the contour of the
fillet 55 that is obscured by the anti-rotation feature 53 is
shown in phantom.
[0030] As shown in Figure 12, the anti-rotation feature
53 has a larger radial dimension at the points of the hex-
agon relative to the sides of the hexagon. Thus, material
can be removed from the anti-rotation feature 53 in the
vicinity of the points, without reducing the minimum thick-
ness 59 of the anti-rotation feature 53, as measured from
the boundary of the central bore 13 to the outer portion
of the anti-rotation feature 53.
[0031] Figures 13 and 14 illustrate different views of
the abutment 51 in combination with an implant 1 and a
screw 11. In particular, Figure 13 illustrates a cross-sec-
tional view of the abutment 51 along line 13’-13’ of Figure
12 in combination with the implant 1. Figure 1 illustrates
a cross-sectional view of the abutment 51 along line
14-14 of Figure 12 in combination with the implant 1. In
the cross-section of Figure 13, the anti-rotation feature
53 is inwardly angled. The minimum thickness of the anti-

7 8 



EP 2 136 730 B1

6

5

10

15

20

25

30

35

40

45

50

55

rotation feature 53 in this cross-section occurs at the up-
per portion of the anti-rotation feature 53, where the in-
ward angle of the anti-rotation feature 53 interfaces with
the fillet 55. In Figure 14, the anti-rotation feature 53 is
not angled. The minimum thickness of the anti-rotation
feature 53 in this cross-section is uniform, and is equal
to or less than the minimum thickness 59 of the anti-
rotation feature 53 in the cross-section shown in Figure
12. The rim 65 of the implant 1 is wider in the cross-
sectional view of Figure 14 than in the cross-sectional
view of Figure 13, because the inner contour of the rim
65 has a hexagonal shape to match the shape of the anti-
rotation feature 53.
[0032] While some of the anti-rotation features de-
scribed herein have a hexagonal shape, it should be ap-
preciated that the invention is not limited in this respect.
Many other non-circular shapes (e.g., octagonal, square,
oval, lobed, and rectangular) may alternatively be used.
For example, Figures 15-17 illustrate an embodiment
wherein the anti-rotation feature 67 of an abutment 69
has a lobed shape. As in previous embodiments, the
abutment 69 comprises a fillet 70 at the interface of the
head portion 72 and the anti-rotation feature 67. Figure
15 illustrates a cross-sectional view of the abutment 69
in combination with an implant 71, and Figure 16 illus-
trates an enlarged cross-sectional view of the abutment
69 alone. As shown in Figures 15-16, a portion of the
outer contour of the anti-rotation feature 67 of the abut-
ment 69 is angled, as in some of the above embodiments.
However, the angling begins part-way (e.g., mid-way) up
the anti-rotation feature 67. Figure 17 illustrates a cross-
sectional view of the implant 71 and the abutment 69 of
Figure 15 through line 17-17 thereof.
[0033] In any of the embodiments described herein,
the abutment may be formed of a ceramic material. Ex-
emplary ceramic materials include at least zirconium ox-
ide or "zirconia" (ZrO2) (e.g., yttria-stabilized tetragonal
zirconia polycrystals), aluminum oxide or "alumina"
(Al2O3), and silicon dioxide or "silica" (SiO2). It should be
appreciated that the abutment may be formed either par-
tially or fully of a ceramic material. For example, the abut-
ment may be formed of a ceramic composite, such as a
ceramic and polymer composite, a ceramic and metal
matrix composite, or a ceramic matrix composite. All such
possibilities are intended to be encompassed within the
terms "ceramic material." Further, the abutment may be
formed of ceramic and non-ceramic physical sections.
[0034] The implant described herein has been present-
ed as formed of titanium. However, in any of the embod-
iments described herein, the implant may alternatively
be formed, in whole or in part, of any of the ceramic ma-
terials described above.
[0035] The abutments of the embodiments described
herein may be formed using a high-performance, multi-
axis (e.g., three-, four-, or five-axis) machine tool. Exam-
ples of suitable machine tools include model XR 610
manufactured by Hardinge Inc. of Elmira, NY; model VF-
1 manufactured by Haas Automation, Inc. of Oxnard, CA;

and model SMM-2000 manufactured by Mazak Corpo-
ration of Florence, KY. The machine tool may be control-
led by a computer, for example in response to instructions
read from a computer readable medium and executed
on the computer. The executed instructions may perform
any of the methods described herein and form any of the
exemplary abutment configurations described herein.
For example, one or more computer readable media may
be encoded with instructions that, when executed on a
computer system, guide a machine tool to fabricate a
dental abutment (e.g., from a ceramic material), the abut-
ment comprising a fillet located at an interface between
a head portion and an anti-rotation feature of the abut-
ment.
[0036] As described herein, in some implant/abutment
combinations, the anti-rotation feature of the abutment
may form an external connection rather than an internal
connection. The principles described herein for providing
a fillet at the interface between the head of an abutment
and the anti-rotation feature of the abutment to reduce
the likelihood of fracture may also be applied to an abut-
ment having an external connection. For example, Figure
18 shows a cross-sectional view of an abutment 75 hav-
ing a head portion 77 and an external anti-rotation feature
79. A fillet 81 is provided at the interface of the head
portion 77 and the anti-rotation feature 79, which elimi-
nates the sharp corner that would otherwise be present.
In this example, the concavity formed by the fillet 81 is
located entirely in the anti-rotation feature 79 and not in
the head portion 77, however other arrangements are
possible. For example, the concavity may be located par-
tially or entirely in the head portion 77 as described in
connection with other embodiments. Further, portions of
the inner wall 83 of the anti-rotation feature 79 may be
inwardly angled, as shown, for the reasons described
herein. The fillet 81 and the angle of the wall 83 may be
configured in any of the manners described herein in con-
nection with other embodiments. For example, the fillet
81 may have a vertical cross-section having a radius of
at least 0.05 mm, 0.1 mm or 0.2 mm, and has an arcuate
shape (e.g., circular or elliptical). Further, the other em-
bodiments described herein may have features shown
in Figure 18, e.g., an external connection or a concavity
located entirely in the anti-rotation feature 79.
[0037] For example, Figure 19 illustrates a cross-sec-
tional view of an abutment having a concavity that is lo-
cated entirely within the anti-rotation feature of the abut-
ment 85. In particular, the abutment 85 comprises a head
portion 87 and an internal anti-rotation feature 89, similar
to other internal connections described herein. A fillet 91
is provided at the interface of the head portion 87 and
the anti-rotation feature 89. The concavity formed by the
fillet 91 is located entirely in the anti-rotation feature 89
and not in the head portion 87. The fillet 91 is formed
such that a diameter 95 of the anti-rotation feature 89 at
a location within the concavity is smaller than a diameter
97 of the anti-rotation feature 89 at a location below the
concavity. Portions of the wall 93 of the anti-rotation fea-
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ture 89 may be inwardly angled, as shown, for the rea-
sons described herein. The fillet 91 and the angle of the
wall 93 may be configured in any of the manners de-
scribed herein in connection with other embodiments.
For example, the fillet may have a vertical cross-section
having a radius of at least 0.05 mm, 0.1 mm or 0.2 mm,
and has an arcuate shape (e.g., circular or elliptical).

Abutment with Line Contacts with Implant

[0038] It may be appreciated from the foregoing that
contact between an anti-rotation feature of an abutment
and a corresponding mating feature of an implant im-
pedes rotation of the abutment with respect to the im-
plant. The contact between the anti-rotation feature of
the abutment and the mating feature of the implant may
take many forms. For example, the contact may occur at
one or more points, along one or more lines, or along
one or more surfaces.
[0039] Surface contacts generally result from an inter-
ference fit. An interference fit involves inserting one mem-
ber into another whose dimensions are slightly smaller
than the part being inserted. In some cases, a surface
contact may be undesirable for the anti-rotation feature
of a ceramic abutment, because the ceramic anti-rotation
feature may fracture due to high stresses caused by forc-
ing it onto an implant. Thus, a clearance fit, which has
the dimensions of the part being inserted being slightly
smaller than the dimensions of the receiving feature, may
be more suitable for the connection between an anti-ro-
tation feature of a ceramic abutment and a mating feature
of an implant. However, when designing an anti-rotation
feature for a clearance fit, the precision of the fit depends
on the accuracy of each component.
[0040] The demands on precision and accuracy for the
fit of an abutment-implant assembly may be driven by
the users’ ability to rotate or move the abutment with re-
spect to the implant. The size of the parts in question and
the ability of machine tools limit the minimum clearance
designed between the two parts. Implants are often con-
structed with anti-rotation features consisting of prisms.
Different implants employ various cross-sections, includ-
ing hexagons, octagons, or semi-circular lobes protrud-
ing from a central circle. Standard abutments designed
to interface with these implants generally use shapes that
are similar to that of the implant. In order to best control
the clearance requirements between the abutment and
implant, the abutment interface feature can be construct-
ed to mate with the implant at points around the prism’s
cross-section, rather than mimicking the shape of the im-
plant. This method enables better control of the relative
fit of the parts, by requiring high precision in only limited
regions.
[0041] Referring again to Figure 17, which illustrates
a cross-sectional view of the implant 71 and abutment
69 combination, the location of several line contacts are
illustrated. For example, line contacts are formed along
the lines that extends longitudinally along the abutment

69 at points 70a and 70b. Surface contacts could alter-
natively be used in place of any of the illustrated line
contacts. For example, a surface contact along the semi-
circle 76 of the implant 71 could be formed in place of
the line contacts that traverse points 70a and 70b. How-
ever, it may be easier to control precisely the contact of
the abutment 69 with the implant 71 when line contacts
are used; therefore, line contacts may be preferable.
[0042] Although Figure 17 shows a anti-rotation fea-
ture 67 in the form of points 70a and 70b that define a
concave region 70c between them, a hexagonal anti-ro-
tation feature also may be constructed advantageously
to form line contacts with the implant. For example, if
either the anti-rotation feature of the abutment or the cor-
responding mating feature of the implant is not perfectly
hexagonal, such that the implant and the abutment do
not have precisely matched shapes, line contacts can be
formed at the regions of contact between the implant and
the abutment. Applying similar principles, anti-rotation
features having other shapes can also be constructed to
form line contacts with an implant.
[0043] Although the abutments disclosed herein are
described as being formed from a ceramic material, it
should be appreciated that the abutments may be alter-
natively formed from non-ceramic materials (e.g., metals,
composites, polymers, and other crystalline structures).
Doing so may be particularly advantageous when such
materials are brittle or susceptible to failure when used
to form an abutment; however, the invention is not limited
in this respect.
[0044] It should be appreciated that the principles de-
scribed herein for reducing the risk of fracture at an in-
terface are not limited to application in dental abutments
and may be applied to non-abutment structures. For ex-
ample, the design features described herein may be ben-
eficially applied in the manufacture of screw heads,
crowns, or implants. In particular, at interface regions or
other areas of such non-abutment structures that are or-
dinarily implemented using a sharp angle, a fillet may be
provided in the manner described herein. These non-
abutment structures may be manufactured from the ce-
ramic materials or non-ceramic materials described
herein. However, the claims only cover dental abutments.
[0045] Having thus described at least one illustrative
embodiment of the invention, various alterations, modi-
fications and improvements will readily occur to those
skilled in the art. Such alterations, modifications and im-
provements are intended to be within the scope of the
invention as defined by the appended claims. According-
ly, the foregoing description is by way of example only
and is not intended as limiting.

Claims

1. A dental abutment, comprising:

a head portion (27) located at an upper end of
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the abutment and constructed to support a pros-
thetic tooth replacement and soft tissue adjacent
the head portion;
an anti-rotation feature (25) located at a lower
end of the abutment and constructed to mate
with a dental implant; and
a fillet (21) in the form of an arcuate recess in a
transition region between the head portion and
the anti-rotation feature, the fillet having a closed
perimeter and forming a concavity at least partly
in one of the anti-rotation feature and the head
portion.

2. The dental abutment of claim 1, wherein a radial di-
mension of the fillet along a vertical cross-section of
the fillet is at least 0.1 mm, and preferably at least
0.2 mm.

3. The dental abutment of claim 1, wherein the abut-
ment is formed at least partially of a ceramic material.

4. The dental abutment of claim 1, wherein the abut-
ment is formed at least partially of material selected
from the group consisting of zirconia, alumina and
silica.

5. The dental abutment of claim 1, wherein the anti-
rotation feature comprises one or more portions that
are angled inwardly toward a central longitudinal axis
of the abutment as the height of the anti-rotation fea-
ture increases.

6. The dental abutment of claim 5, wherein each of the
one or more inwardly angled portions has a minimum
thickness where the inwardly angled portion abuts
the fillet.

7. The dental abutment of claim 1, wherein the anti-
rotation feature is an internal connection.

8. The dental abutment of claim 1, wherein the perim-
eter of the fillet is circular.

9. The dental abutment of claim 1, wherein the interface
between the head portion and the anti-rotation fea-
ture of the abutment does not comprise any right
angle.

10. The dental abutment of claim 1, wherein the anti-
rotation feature has a non-circular shape.

11. The dental abutment of claim 1, wherein the concav-
ity is entirely in the head portion.

12. The dental abutment of claim 1, wherein a diameter
of the anti-rotation feature at a location within the
concavity is smaller than a diameter of the anti-rota-
tion feature at a location below the concavity.

13. A dental assembly, comprising:

an implant (1) including

an anchor portion located at a first end of
the implant and adapted to be anchored
within a jawbone,
a mating feature located at a second end of
the implant, and
a rim (31) surrounding the mating feature;
and

an abutment (19) formed at least partially of a
ceramic material, the abutment including

a head portion (27) located at an end of the
abutment and adapted to support a pros-
thetic tooth replacement and soft tissue ad-
jacent the head portion,
a seating surface (29),
an anti-rotation feature (25) located distally
from the head portion of the abutment and
adapted to mate with the mating feature of
the implant in a manner that inhibits rotation
of the abutment with respect to the implant,
and
a fillet (21) in the form of an arcuate recess
in a transition region between the head por-
tion and the anti-rotation feature, wherein
the fillet has a radial dimension of at least
0.1 mm along a vertical cross-section of the
fillet;

wherein mating the anti-rotation feature of the
abutment to the mating feature of the implant
causes the rim of the implant to contact the seat-
ing surface of the abutment along a substantially
closed region thereof.

14. The dental assembly of claim 13, wherein the sub-
stantially closed region has a minimum radial extent
of 0.2 mm.

15. The dental assembly of claim 13, wherein the anti-
rotation feature is an internal connection.

16. At least one computer readable medium encoded
with instructions that, when executed on a computer
system, perform a method comprising:

guiding a machine tool to fabricate a dental abut-
ment (19), the abutment comprising a head por-
tion (27) located at an upper end of the abutment
and constructed to support a prosthetic tooth re-
placement and soft tissue adjacent the head por-
tion, an anti-rotation feature (25) located at a
lower end of the abutment and constructed to
mate with a dental implant, and a fillet (21) hav-
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ing a closed perimeter, the fillet being in the form
of an arcuate recess in a transition region be-
tween the head portion and the anti-rotation fea-
ture and forming a concavity at least partly in
the head portion.

17. The computer readable medium of claim 16, wherein
the fillet comprises a radial dimension along a verti-
cal cross-section of the fillet and wherein the radial
dimension is at least 0.1 mm.

Patentansprüche

1. Sekundärteil, umfassend:

einen Kopfabschnitt (27), der sich an einem obe-
ren Ende des Sekundärteils befindet und aus-
gebildet ist, um einen prothetischen Zahnersatz
und Weichgewebe neben dem Kopfabschnitt zu
tragen;
eine Verdrehsicherung (25), die sich an einem
unteren Ende des Sekundärteils befindet und
ausgebildet ist, um mit einem Zahnimplantat ge-
paart zu werden; und
eine Übergangskontur (21) in Form einer bogen-
förmigen Vertiefung in einem Übergangsbe-
reich zwischen dem Kopfabschnitt und der Ver-
drehsicherung, wobei die Übergangskontur ei-
nen geschlossenen Umfang aufweist und min-
destens teilweise in einem von der Verdrehsi-
cherung und dem Kopfabschnitt eine Konkavität
bildet.

2. Sekundärteil nach Anspruch 1, wobei eine radiale
Abmessung der Übergangskontur entlang eines
senkrechten Querschnitts der Übergangskontur
mindestens 0,1 mm und bevorzugt mindestens 0,2
mm beträgt.

3. Sekundärteil nach Anspruch 1, wobei das Sekun-
därteil mindestens teilweise aus einem Keramikma-
terial gebildet ist.

4. Sekundärteil nach Anspruch 1, wobei das Sekun-
därteil mindestens teilweise aus einem Material ge-
bildet ist, das aus der Gruppe ausgewählt wird, die
aus Zirkondioxid, Aluminiumoxid und Siliciumdioxid
besteht.

5. Sekundärteil nach Anspruch 1, wobei die Verdreh-
sicherung einen oder mehrere Abschnitte umfasst,
der bzw. die in dem Maße nach innen in Richtung
auf eine mittlere Längsachse der Übergangskontur
angewinkelt ist bzw. sind, wie die Höhe der Verdreh-
sicherungen zunimmt.

6. Sekundärteil nach Anspruch 5, wobei jeder von dem

einen oder den mehreren nach innen angewinkelten
Abschnitten eine Mindestdicke aufweist, an welcher
der nach innen angewinkelte Abschnitt an der Über-
gangskontur anstößt.

7. Sekundärteil nach Anspruch 1, wobei die Verdreh-
sicherung eine interne Verbindung ist.

8. Sekundärteil nach Anspruch 1, wobei der Umfang
der Übergangskontur kreisförmig ist.

9. Sekundärteil nach Anspruch 1, wobei die Grenzflä-
che zwischen dem Kopfabschnitt und der Verdreh-
sicherung des Sekundärteils keinen rechten Winkel
umfasst.

10. Sekundärteil nach Anspruch 1, wobei die Verdreh-
sicherung eine nicht kreisförmige Form aufweist.

11. Sekundärteil nach Anspruch 1, wobei sich die Kon-
kavität ganz in dem Kopfabschnitt befindet.

12. Sekundärteil nach Anspruch 1, wobei ein Durchmes-
ser der Verdrehsicherung an einer Stelle innerhalb
der Konkavität kleiner als ein Durchmesser der Ver-
drehsicherung an einer Stelle unterhalb der Konka-
vität ist.

13. Dentale Anordnung, umfassend:

ein Implantat (1), umfassend:

einen Ankerabschnitt, der sich an einem
ersten Ende des Implantats befindet und
geeignet ist, um in einem Kieferknochen
verankert zu sein,
ein Gegenmerkmal, das sich an einem
zweiten Ende des Implantats befindet, und
eine Fassung (31), die das Gegenmerkmal
umgibt; und

ein Sekundärteil (19), das mindestens teilweise
aus einem Keramikmaterial gebildet ist, wobei
das Sekundärteil Folgendes umfasst:

einen Kopfabschnitt (27), der sich an einem
Ende des Sekundärteils befindet und geeig-
net ist, um einen prothetischen Zahnersatz
und Weichgewebe neben dem Kopfab-
schnitt zu tragen;
eine Auflagefläche (29);
eine Verdrehsicherung (25), die sich distal
von dem Kopfabschnitt des Sekundärteils
befindet und geeignet ist, um mit dem Ge-
genmerkmal des Implantats auf eine Art
und Weise gepaart zu werden, welche die
Drehung des Sekundärteils im Verhältnis
zum Implantat unterbindet; und
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eine Übergangskontur (21) in Form einer
bogenförmigen Vertiefung in einem Über-
gangsbereich zwischen dem Kopfabschnitt
und der Verdrehsicherung, wobei die Über-
gangskontur eine radiale Abmessung von
mindestens 0,1 mm entlang eines senk-
rechten Querschnitts der Übergangskontur
aufweist;

wobei das Paaren der Verdrehsicherung des
Sekundärteils mit dem Gegenmerkmal des Im-
plantats bewirkt, dass die Fassung des Implan-
tats die Auflagefläche des Sekundärteils entlang
einer im Wesentlichen geschlossenen Region
desselben berührt.

14. Dentale Anordnung nach Anspruch 13, wobei die im
Wesentlichen geschlossene Region eine minimale
radiale Erstreckung von 0,2 mm aufweist.

15. Dentale Anordnung nach Anspruch 13, wobei die
Verdrehsicherung eine interne Verbindung ist.

16. Mindestens ein computerlesbares Medium, auf dem
Anweisungen codiert ist, die, wenn sie auf einem
Computersystem ausgeführt werden, ein Verfahren
ausführen, das Folgendes umfasst:

Anleiten einer Werkzeugmaschine zum Herstel-
len eines Sekundärteils (19), wobei das Sekun-
därteil einen Kopfabschnitt (27), der sich an ei-
nem oberen Ende des Sekundärteils befindet
und ausgelegt ist, um einen prothetischen Zahn-
ersatz und Weichgewebe neben dem Kopfab-
schnitt zu tragen, eine Verdrehsicherung (25),
die sich an einem unteren Ende des Sekundär-
teils befindet und ausgelegt ist, um mit einem
Zahnimplantat gepaart zu werden, und eine
Übergangskontur (21), die einen geschlosse-
nen Umfang aufweist, umfasst, wobei die Über-
gangskontur in der Form einer bogenförmigen
Vertiefung in einer Übergangsregion zwischen
dem Kopfabschnitt und der Verdrehsicherung
vorliegt und eine Konkavität mindestens teilwei-
se in dem Kopfabschnitt bildet.

17. Computerlesbares Medium nach Anspruch 16, wo-
bei die Übergangskontur eine radiale Abmessung
entlang eines senkrechten Querschnitts der Über-
gangskontur umfasst, und wobei die radiale Abmes-
sung mindestens 0,1 mm beträgt.

Revendications

1. Butée dentaire, comprenant :

une section sommitale (27) située à une extré-

mité supérieure de la butée et conçue pour sup-
porter un substitut dentaire prothétique et le tis-
su mou adjacent à la section sommitale ;
un élément anti-rotation (25) situé à une extré-
mité inférieure de la butée et conçu pour corres-
pondre avec un implant dentaire ; et
un congé (21) sous la forme d’un retrait arqué
dans une zone de transition entre la section
sommitale et l’élément anti-rotation, le congé
ayant un périmètre fermé et formant une conca-
vité au moins partiellement dans un élément sur
l’élément anti-rotation et la section sommitale.

2. Butée dentaire selon la revendication 1, dans laquel-
le une dimension radiale du congé le long d’une sec-
tion transversale verticale du congé est d’au moins
0,1 mm et de préférence d’au moins 0,2 mm.

3. Butée dentaire selon la revendication 1, dans laquel-
le la butée est composée au moins partiellement d’un
matériau céramique.

4. Butée dentaire selon la revendication 1, dans laquel-
le la butée est composée au moins partiellement d’un
matériau sélectionné dans le groupe composé du
zirconium, de l’alumine et de la silice.

5. Butée dentaire selon la revendication 1, dans laquel-
le l’élément anti-rotation comprend une ou plusieurs
sections qui décrivent un angle vers l’intérieur en
direction d’un axe longitudinal central de la butée
lorsque la hauteur de l’élément anti-rotation aug-
mente.

6. Butée dentaire selon la revendication 5, dans laquel-
le chacune de l’une ou des plusieurs sections décri-
vant un angle vers l’intérieur a une épaisseur mini-
mum à l’endroit où la section décrivant un angle vers
l’intérieur bute contre le congé.

7. Butée dentaire selon la revendication 1, dans laquel-
le l’élément anti-rotation est une connexion interne.

8. Butée dentaire selon la revendication 1, dans laquel-
le le périmètre du congé est circulaire.

9. Butée dentaire selon la revendication 1, dans laquel-
le l’interface entre la section sommitale et l’élément
anti-rotation de la butée ne comprend pas d’angle
droit.

10. Butée dentaire selon la revendication 1, dans laquel-
le l’élément anti-rotation a une forme non circulaire.

11. Butée dentaire selon la revendication 1, dans laquel-
le la concavité se situe entièrement dans la section
sommitale.
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12. Butée dentaire selon la revendication 1, dans laquel-
le un diamètre de l’élément anti-rotation à un endroit
situé à l’intérieur de la concavité est inférieur à un
diamètre de l’élément anti-rotation dans un endroit
situé en dessous de la concavité.

13. Ensemble dentaire, comprenant :

un implant (1) comportant

une section d’ancrage située à une premiè-
re extrémité de l’implant et apte à être an-
crée dans un maxillaire,
un élément d’adaptation situé à une secon-
de extrémité de l’implant et
un rebord (31) entourant l’élément
d’adaptation ; et

une butée (19) composée au moins partielle-
ment de matériau céramique, la butée compor-
tant

une section sommitale (27) située à une ex-
trémité de la butée et apte à supporter un
substitut dentaire prothétique et le tissu
mou adjacent à la section sommitale,
une surface d’assise (29),
un élément anti-rotation (25) situé distale-
ment par rapport à la section sommitale de
la butée et apte à correspondre avec l’élé-
ment d’adaptation de l’implant de manière
à inhiber la rotation de la butée par rapport
à l’implant et
un congé (21) sous la forme d’un retrait ar-
qué dans une zone de transition entre la
section sommitale et l’élément anti-rotation,
le congé ayant une dimension radiale d’au
moins 0,1 mm le long d’une section trans-
versale verticale du congé ;

l’adaptation de l’élément anti-rotation de la bu-
tée à l’élément d’adaptation de l’implant ame-
nant le rebord de l’implant à venir en contact
avec la surface d’assise de la butée le long d’une
zone sensiblement fermée de celle-ci.

14. Ensemble dentaire selon la revendication 13, dans
lequel la zone sensiblement fermée a une extension
radiale minimale de 0,2 mm.

15. Ensemble dentaire selon la revendication 13, dans
lequel l’élément anti-rotation est une connexion in-
terne.

16. Au moins un support lisible par ordinateur codé avec
des instructions qui, une fois exécutées sur un sys-
tème informatique, réalisent un procédé
comprenant :

le guidage d’un outil mécanique pour fabriquer
une butée dentaire (19), la butée comprenant
une section sommitale (27) située à une extré-
mité supérieure de la butée et conçue pour sup-
porter un substitut dentaire prothétique et le tis-
su mou adjacent à la section sommitale, un élé-
ment anti-rotation (25) situé à une extrémité in-
férieure de la butée et conçu pour correspondre
avec un implant dentaire et un congé (21) pré-
sentant un périmètre fermé, le congé se présen-
tant sous la forme d’un retrait arqué dans une
zone de transition entre la section sommitale et
l’élément anti-rotation et formant une concavité
au moins partiellement dans la section sommi-
tale.

17. Support lisible par ordinateur selon la revendication
16, le congé comprenant une dimension radiale le
long d’une section transversale verticale du congé
et la dimension radiale étant d’au moins 0,1 mm.
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