
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

03
4 

03
3

A
1

TEPZZ¥Z¥4Z¥¥A_T
(11) EP 3 034 033 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
22.06.2016 Bulletin 2016/25

(21) Application number: 14198377.5

(22) Date of filing: 16.12.2014

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

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

(71) Applicant: Nobel Biocare Services AG
8302 Kloten (CH)

(72) Inventors:  
• Hall, Jan

416 80 Göteborg (SE)

• de Haller, Emmanuel B.
8413 Neftenbach (CH)

• Marcello, Memmolo
4153 Reinach (CH)

(74) Representative: Capré, Didier
Nobel Biocare Services AG 
Intellectual Property Department 
Postfach
8058 Zürich-Flughafen (CH)

(54) Dental implant

(57) The present invention discloses a dental implant
configured to be inserted in a hole in jaw bone and to be
at least partially situated in the bone tissue when implant-
ed and comprises: a coronal region, an apical region, a
longitudinal axis extending from the coronal region of the
dental implant to the apical region of the dental implant;
an implant surface configured to form an interface be-
tween an implant material and the oral environment/sur-

rounding tissue and a surface layer formed on at least
part of said implant surface, said surface layer comprising
crystalline titanium oxide in the anatase phase and
wherein the surface area roughness Sa and the pore size
of the implant surface on which said surface layer is
formed increase from the coronal region toward the api-
cal region of the dental implant along the longitudinal axis.
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Description

Technical Field

[0001] The present invention relates to a dental implant
that is configured to be inserted in a hole in jaw bone.

Background Art

[0002] For the past 50 years dental implants have been
successfully used to replace lost or missing teeth. One
of the overriding challenges in implant dentistry is to mod-
ify the properties of soft tissue adhering surfaces to pro-
mote optimal soft-tissue adherence at the same time as
minimizing bacterial adhesion and bio film formation and
allowing the maintenance of good oral hygiene. In order
to minimize the risk of microbial colonization on e.g. the
spacer surface, the coronal region of the implant or any
device in contact with soft tissue, it is believed that the
surfaces shall be smooth with structures that limit bacte-
ria growth. Therefore, it is common to manufacture the
coronal implant system parts by machining, such as mill-
ing and/or turning, which results in smooth surfaces with
structures in the sub- or low micrometer range. Implants
and spacer sleeves with such surfaces have been used
successfully for decades.
[0003] In most cases, soft tissue integration is good
and bacteria growth is limited on the machined structures
and peri-implant infections can be avoided. However,
they do occur, and a few percent of all patients rehabili-
tated with dental implants experience complications due
to peri-implant infections. It is therefore desired to con-
tinue to reduce the risk of peri-implant infection while
maintaining good soft tissue integration.
[0004] One of the factors thought to be important in
preventing peri-implant infections is the formation of a
tight soft-tissue seal around the neck of the implant.
[0005] On placement of an implant into the jaw bone,
exposed surfaces of a spacer and in some cases also
parts of the neck of the implant, which emerge through
the mucosa, immediately become covered with an ac-
quired pellicle of proteins derived from the surrounding
environment. Adsorbed proteins provide a range of bind-
ing sites for oral bacteria to attach and initiate the devel-
opment of a biofilm. Once colonization has been initiated,
the primary colonizers present new sites for adhesion of
secondary colonizers and biofilm formation are thereby
initiated. Continuous undisturbed growth of such biofilms
can result in gradual colonization of the whole spacer
surface including the most coronal implant area. In some
cases, extensive biofilm growth may result in an infection
and an inflammatory host response that result in tissue
breakdown. Such a condition is usually referred to as
"peri-implantitis", and it may lead to implant failure.
[0006] Peri-implantitis is an inflammatory process that
affects the soft and hard tissues surrounding an os-
seointegrated implant, and this process is accompanied
by specific pathogenic microbes which are identified in

the peri-implant pockets. The aethiology of peri-implan-
titis is multifactorial and up to now not really well under-
stood. It is influenced by the microbial composition in the
oral cavity, the genetic disposition and/or immune status
of the patient, the practiced oral hygiene, and the physical
condition and age of the patient. Microbial plaque accu-
mulation and severe bacterial infection may lead as a
consequence to rapid bone loss associated with bleeding
and suppuration. This condition has been described as
the breakdown of bone tissue as a response to inflam-
mation resulting from bacterial infection surrounding an
endosseous dental implant.
[0007] Various implant structures of fixtures, spacers
and prosthetic components have been presented over
the years. In addition, various substances and composi-
tions have been proposed for being used as coatings on
substrates, such as to form an implant surface. However,
as will be recognized after having read the technical back-
ground of the present application, the human body is a
highly advanced and complex environment and it is not
an obvious task how to design an implant structure to
overcome the described issues.
[0008] One way to treat implants that have been used
for and shown excellent result for osseointegration in
bone is the TiUnite® surface. The surface treatment is
obtained by means of anodic oxidation, based on known
methods according to Swedish patents 99019474-7 (tbd)
and 0001202-1 (P1158). However, this oxidation method
was not proposed to function in the crystalline range in
the said patents. Applying the method to function in the
crystalline range is proposed in WO2005055860. How-
ever, the Swedish patents 99019474-7, 0001202-1 as
well as WO 2005055860 disclose a method used in order
to obtain a porous and roughened surface. Reference is
also made to JP 2000116673 and JP 11033106 relating
to a bone implant material which can be used in the crys-
talline range. Formation and morphologies of thick oxide
layers on titanium implants produced by electrochemical
oxidation processes are further described in WO
00/72776 A1 and WO 00/72777 A1.
[0009] WO 01/76653 A1 describes implants with im-
plant surfaces that were modified by an electrochemical
oxidation process such that they possess continuously
changing surface characteristics, for example, surface
finishing, roughness and/or porosity along the implant
dimensions.

Problems to be Solved

[0010] The present invention seeks to provide a dental
implant configured to be inserted in a hole in jaw bone
that exhibits superior tissue integration properties, soft-
tissue seal formation and at the same time a reduced risk
of post-implantation complications, in particular arising
from deleterious biofilm formation.
[0011] The present invention further strives to provide
a dental implant configured to be inserted in a hole in jaw
bone that once implanted, enables easier and better
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cleaning of parts of the implant in particular those adja-
cent to soft tissue, exposed to the peri-implant crevicular
fluid (PICF) environment and prone to deleterious biofilm
formation, thereby improving dental prophylaxis, oral hy-
giene and gingival health.
[0012] In addition, a dental implant is provided that can
specifically prevent peri-implantitis and accommodates
the strong demand for a higher predictability of success
and long lasting survival rates of dental implants.
[0013] The above problems are solved and the objec-
tives achieved by the dental implant according to claim
1. Further embodiments of the dental implant according
to claim 1 are described in the respective dependent
claims 2 to 14.

Description of the Invention

[0014] The terminology used in the following descrip-
tion is not intended to be limiting the invention. Further,
the drawing presented below is an exemplary non-limit-
ing schematic drawing.
[0015] The dental implant according to the present in-
vention is configured to be inserted in a hole in jaw bone
and to be at least partially situated in the bone tissue
when implanted and comprises: a coronal region, an api-
cal region, a longitudinal axis extending from the coronal
region of the dental implant to the apical region of the
dental implant; an implant surface configured to form an
interface between an implant material and the oral envi-
ronment/surrounding tissue and a surface layer formed
on at least part of said implant surface, said surface layer
comprising crystalline titanium oxide in the anatase
phase and wherein the surface area roughness Sa and
the pore size of the implant surface layer is formed in-
crease from the coronal region toward the apical region
of the dental implant along the longitudinal axis.
[0016] The expression "dental implant" is to be con-
strued widely as an entity that is configured to be used
in human or animal dentistry. Furthermore, the dental
implant according to this invention is configured to be
placed at least partially inside a hole formed in jaw bone
in order to provide foundation for further implant constit-
uents that are placed and/or fixed thereon. As a non-
exclusive example, the dental implant of the present in-
vention may be a threaded artificial dental root that can
threadly engage with the jaw bone and extends from the
hard bone tissue into the soft tissue, referred to as "dental
screw" in the following. For the sake of intelligibility and
purely for illustrative purposes, the following explana-
tions will occasionally employ a "dental screw" as an ex-
ample of the dental implant, but this does in no way imply
that the dental implant according to the present invention
is limited thereto. Non-threaded implants, for instance,
are within the scope of the invention. Also within the
scope of the invention are multi-part dental implants that
are assembled by several individual physical entities.
[0017] The dental implant further exhibits said longitu-
dinal axis that in case of a dental screw or pin-shaped,

substantially cylindrical implant can be a central symme-
try axis, e.g., the shaft axis of the dental screw extending
along the major axis (length axis) of the dental implant,
along which the coronal and apical region are situated.
Assuming that the dental implant has an aspect ratio cor-
responding to its length being distinguishably larger than
its width (diameter), then the longitudinal axis is the length
axis. The expressions "coronal" and "apical" as well as
all other similar terminology found in this application are
to be construed in line with the usual meaning they pos-
sess in the context of dentistry. Hence, the coronal region
of the dental implant is in-situ located where normally the
crown region of a tooth at the site of implantation would
be situated and the apical region of the dental implant is
spaced away from said coronal region in the direction
towards the jaw bone and is located where the root region
of a tooth at the site of implantation would be situated.
Furthermore, the so described coronal and apical regions
are to be construed as indicating a "starting point" and
an "end point" respectively for the evolution of the below
further specified implant surface characteristics (rough-
ness, pore size).
[0018] The implant surface basically forms a transition-
al interface between the material associated to the im-
plant, for example, the implant base/bulk material or an
implant coating and in the widest sense the oral environ-
ment. The oral environment can comprise particular tis-
sues like mucosal/gingival soft tissue or various types of
bone tissue, but is not limited to a particular type. The
interface can also be between the implant and the PICF,
i.e., so as to basically be an interface between the implant
and any conceivable physiological substance encoun-
tered in the PICF, for example, the saliva or serum. The
environment encountered depends on where the coronal
region/part of the implant is located after implantation,
for example, submerged, flush and protruded. The ter-
minology "implant surface" preferably refers to outer sur-
faces of the implant, which as explained above, delimit
the implant relative to the environment.
[0019] The surface layer of the dental implant is formed
on at least part of the implant surface, which includes the
options that either only one distinct region of the implant
surface or a plurality of regions have the surface layer
formed thereon or that even the entire implant surface is
fully covered with said surface layer. The general nature
of said surface layer is also not particularly limited, how-
ever "formed" is to be construed such that the surface
layer is a non-native/artificial layer that was purposefully
and deliberately formed on the implant surface. Conceiv-
able are layers that are formed by conversion of implant
surface material, for example, via phase transitions or
reactions on the implant surface. Such layer types do
normally not involve the application of additional material
on the implant surface and originate instead inherently,
from the implant base material itself being convert-
ed/transformed by means of any of the known proce-
dures. Other conceivable types of layers comprise layers
applied to the implant surface via coating processes, in
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which conventionally, additional material is applied to a
largely unchanged/native implant surface. The surface
layer of the present invention comprises crystalline tita-
nium oxide in the anatase phase, which means that at
least part of said surface layer exhibits anatase.
[0020] The implant surface is characterized in that the
surface area roughness Sa and the pore size increase
from the coronal region toward the apical region of the
dental implant, basically along the longitudinal axis. This
feature can also be so understood that the implant sur-
face on which the surface layer is formed possesses a
gradient in roughness and pore size along the longitudi-
nal axis. Hence, both surface characteristics increase as
observed along the longitudinal axis from the coronal end
(region) to the apical end. The surface roughness Sa and
the pore size can preferably be minimal in the coronal
region and increase towards the apical region, preferably
becoming maximal there. The coronal region would
hence be distinguished by a flat, smooth surface with
voids (pores) with small pore sizes, whereas in the apical
region the surface would be pronouncedly uneven with
voids with larger pore sizes. Preferably, the pore size is
the average pore diameter calculated from the measured
pore area and assuming a circular shape. An increase
in pore size along the longitudinal axis towards the apical
region would then be mainly caused by average pore
size changes from pores with small diameters in the coro-
nal area to pores with significant larger diameters in the
apical region.
[0021] The above defined dental implant possesses a
number of technical advantages and realizes a particular
beneficial combination thereof. Firstly, the configuration
of the apical region that is to be anchored in the jaw bone
of having a comparatively rough and porous anatase sur-
face strongly promotes osseointegration. The apical im-
plant surface is highly biocompatible and chemically and
structurally well suited for bone tissue to adhere and grow
into such that the implant becomes well anchored within
the bone and can bear the significant loads imparted ther-
eon. The requirements for the coronal region are distinc-
tively different. Here, the implant surface may be exposed
to the PICF and its biochemical environment and also
marks the transition to soft tissue. It is desired that a
strong soft tissue seal is formed and preserved and fur-
ther that exposed regions of the implant surface do not
exhibit pronounced biofilm formation that may then lead
to the above complications. It was found by the inventors
that the limited bacteria growth observed for conventional
smooth machined implant surfaces can be enhanced fur-
ther by adding crystalline titanium oxide layers in the ana-
tase phase to said surfaces. In fact, for titanium implants,
studies revealed that the adherence of certain types of
bacteria to said implant surface with the surface layer
formed thereon was significantly reduced as compared
to native machined implant surfaces. Therefore, micro-
bial colonization and biofilm formation can be reduced
and good tissue sealing preserved. In addition, the
smooth surface of the dental implant with the surface

layer formed thereon also allows for easier cleaning in
the coronal region and biofilm formation can be further
reduced and countered. The dental implant exhibits pro-
nounced synergistic effects in that the specifically de-
signed implant surface reduces biofilm formation and es-
tablishes strong tissue sealing in the coronal region,
which in turn positively effects the integration of the im-
plant in the jaw tissues, since a potentially problematic
microbial source is largely avoided and inflammatory
processes or infections effecting tissue integration at the
coronal level are suppressed. As a result, a dental implant
is obtained that in sum has overall improved survival rates
and compatibility. As regards the spatial extent of the
coronal and the apical regions it follows that the regions
have to be provided such that the above advantages can
be realized. In other words, implant regions to be situated
and integrated into bone tissue should exhibit the above
properties of the apical region. It would not make sense
to construe the invention such that the coronal region
may also extend down to the apical tip of the dental im-
plant and into the bone, where in fact good anchorage is
required. On the other hand, it is technically also not sen-
sible to construe the present invention such that the api-
cal region extends all the way to the coronal region of
the implant, since this would undermine the objective of
providing reduced surface roughness, reduced biofilm
formation and good cleaning conditions.
[0022] In the following paragraphs, preferred embodi-
ments of the present invention according to the depend-
ent claims will be described. Consequently, the following
preferred embodiments advance the above described
dental implant further and are also freely combinable
amongst each other.
[0023] In a preferred dental implant, the surface area
roughness Sa of the implant surface on which said sur-
face layer is formed increases along the longitudinal axis
from a value of 0.1, preferably 0.2 mm in the coronal re-
gion of the dental implant to a value of at least 1 mm in
the apical region of the dental implant, and an average
pore size of pores intersecting the implant surface on
which said surface layer is formed increases along the
longitudinal axis from a value of < 0.1 mm in the coronal
region of the dental implant to a value of at least 1 mm in
the apical region of the dental implant.
[0024] For the above preferred dental implant, desired
surface features are further specified and it can be seen
that the coronal region may be characterized by a low
surface roughness and pores with comparatively small
average pore dimensions. In contrast, towards the apical
region, the surface morphology changes in that the av-
erage pore sizes increase significantly. As a result, all
the above described technical effects are further promot-
ed in an unexpected degree, by the specifically designed
surface of this preferred implant. The average pore size
at the coronal region shall preferably be so small that
bacteria cannot enter into them, typically < 0.2 mm. Fur-
thermore the presence of anatase in the layer at the coro-
nal section may reduce the bacteria adhesion.

5 6 



EP 3 034 033 A1

5

5

10

15

20

25

30

35

40

45

50

55

[0025] It is further preferred that the surface area
roughness Sa and/or the pore size of the implant surface
on which said surface layer is formed increase continu-
ously along the longitudinal axis from the coronal region
to the apical region. In other words, it is preferred that
the increase in roughness and pore size occurs so along
the longitudinal axis in the direction towards the apical
end that no distinct transitions or "steps" exist, but instead
the implant surface regions merge and blend smoothly.
This increases the in-use flexibility of the dental implant,
since no spatially discrete step change in implant surface
characteristics occurs, which would require a more pre-
cise implantation.
[0026] In a further preferred dental implant, the implant
surface on which said surface layer is formed comprises
a transitional region between the coronal region and the
apical region of the dental implant. The area surface
roughness Sa of the implant surface on which said sur-
face layer is formed in the coronal region of the dental
implant is in the range of 0.1, preferably 0.2 mm to 0.5
mm and an average pore size of pores intersecting the
implant surface on which said surface layer is formed is
minimal with respect to the overall implant surface on
which said surface layer is formed, and the area surface
roughness Sa of the implant surface on which said sur-
face layer is formed at said transitional region is in the
range of 0.5 to 1.0 mm, and further the area surface rough-
ness Sa of the implant surface on which said surface
layer is formed in the apical region of the dental implant
is in the range of 1.0 to 5 mm and an average pore size
of pores intersecting the implant surface on which said
surface layer is formed is maximal with respect to the
overall coated surface. In the transitional region, these
surface properties thus transition from those in the coro-
nal region to those in the apical region. It is preferred that
the transitional region touches and is contiguous with the
coronal region and/or with the apical region.
[0027] The above configuration of the dental implant
is distinguished by a transitional region and a specific
constitution of the implant surface, basically a three-re-
gion design. Firstly, the surface area roughness Sa pos-
sesses a comparatively small value in the coronal region
and the average pore size at the same is minimal, i.e.,
is the lowest to be found on the entire implant surface on
which said surface layer is formed. This so configured
coronal region may then be followed in a direction to-
wards the apical end along the longitudinal axis by said
transitional region with an increasing surface area rough-
ness Sa. This transitional region may then in turn be fol-
lowed by a region in the apical region with a yet again
increased surface area roughness Sa and an average
pore size that is maximal, i.e., the largest to be found on
the entire implant surface on which said surface layer is
formed. The above configuration confers to the dental
implant flexibility in its surface design, wherein the
smooth and dense surface in the coronal region and the
rough and open surface in the apical region are some-
what fixed, but the transition between these two extremes

can be customized via the transitional region, i.e., its po-
sition and extent along the longitudinal axis. The implant
surface can hence be adapted to specific dental indica-
tions and needs of particular patient groups. For exam-
ple, the transitional region can be so placed and designed
that it covers implant regions that are expected/prone to
be exposed to soft tissue and PICF due to bone resorp-
tion and atrophy. Hence, the exposed regions will expe-
rience reduced biofilm formation.
[0028] In another preferred dental implant, the crystal-
line titanium oxide comprised in said surface layer com-
prises predominantly anatase in the range of 70-100 %
(phase fraction), and the remainder of the layer compris-
es rutile, brookite, and amorphous titanium oxide; and/or
said implant surface on which said surface layer is formed
comprises phosphorus, preferably in the form of phos-
phates; and/or said implant surface on which said surface
layer is formed is combined with at least one of a bone-
growth-initiating substance and a bone-growth-stimulat-
ing substance, preferably of the superfamily TGF-beta;
and/or said implant surface on which said surface layer
is formed has an anti-bacterial effect.
[0029] The above preferred dental implant defines a
number of options for designing the implant surface that
could either all be freely combined or employed individ-
ually. One option is that the surface layer comprises pre-
dominantly titanium oxide (TiO2) predominantly in the
anatase modification/phase/form. The preferred anatase
fraction contributes to the good osseointegration of the
implant in general and promotes the above described
desired effects, like, reduced biofilm formation in the
coronal region and pronounced bone tissue integration
in the apical region. Optionally having phosphorous, pref-
erably in the form of phosphates, in the implant surface
on which the surface layer is formed enhances the above
beneficial effects of the anatase containing implant sur-
face. It is conceivable that the presence of phosphorous,
which is also a constituent of bone apatite, further stim-
ulates bone tissue integration of the dental implant, in
particular in the apical region. Similar considerations do
apply to the option of having bone-growth-initiating sub-
stance and/or a bone-growth-stimulating substance
comprised in the surface layer. Here, bone tissue inte-
gration can be purposefully and actively improved by
stimulating bone cell proliferation and in-growth. A final
option is to confer the implant surface an anti-bacterial
effect, this can be done, for example, by adding noble
metal ions such as silver to the surface, copper (Cu),
and/or any agent with known antimicrobial effect towards
the oral cavity bioflora. In particular, in the coronal region
of the dental implant such anti-bacterial effect can further
promote the suppression of biofilm formation and micro-
bial colonization. The possible ways and permutations in
which the above options are realized are not limited. De-
pending on the desired functionalities along, for example,
the longitudinal axis of the dental implant, the above op-
tions can spatially be freely and purposefully combined
or omitted.
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[0030] The overall constitution of the surface layer
formed on the implant surface can be described as con-
sisting of 1) titanium oxide, which in turn is preferably
composed as above with anatase being the predominate
titania phase and further 2) optionally at least one of the
above constituents, namely: phosphorous/phosphates,
a bone-growth-initiating substance and/or a bone-
growth-stimulating substance and an antibacterial agent.
[0031] In a further preferred dental implant the surface
layer formed on at least part of said implant surface has
a thickness between 50 and 500 nm in the coronal region,
an between 1 and 20 mm in the apical region. The pre-
ferred layer thickness is purposefully chosen according
to the main functionality intended for said implant parts.
A larger layer thickness in the apical region ensures that
there is enough material to form the rough and open-
structures on the implant surface with high porosity. In
case bone tissue integration also relies on resorption of
the surface layer during the integration process, it is also
ensured that enough material for that is provided. A thin-
ner surface layer in the coronal region can be beneficial
in that it masks the underlying native implant surface less
and its potentially beneficial structure is still effective at
the implant surface. This is in particular applicable for
dental implants with conventionally machined surfaces,
which will be further described below. The manner in
which the different layers thicknesses are realized is not
particularly limited. Conceivable is a continuous thick-
ness gradient along the longitudinal direction of the den-
tal implant, but distinct steps in layer thickness are also
possible. The dental implant can hence, in addition to
increasing roughness and pore size, also possess an
increasing surface layer thickness, which increases from
the coronal to the apical region along the longitudinally
axis and is optionally lowest in the coronal and largest in
the apical region
[0032] In yet another preferred dental implant, the im-
plant surface of the dental implant is fully covered with
said surface layer from the coronal to the apical region
and vice versa, such that none of the implant surface
remains uncovered. This particular dental implant is in-
tended not to have an implant surface in which the native
implant base/bulk material is exposed to the oral envi-
ronment/tissue. The implant is fully covered with the sur-
face layer, particularly also in a machined collar region
of the implant, which conventionally is often left uncoat-
ed/uncovered. Here, an "all-the-way-up" (AWU) or "all-
the-way-down" (AWD) design is realized, wherein the
surface layer extends all the way to the (coronal) top and
(apical) bottom of the dental implant.. An AWU layer with
surface roughness > 1 mm is preferred in cases where
the entire implant is embedded in bone, and an AWD
layer with surface rougness < 0.2 mm is preferred in cases
where a large section of the implant is exposed to soft
tissue.
[0033] In an additional preferred dental implant, the im-
plant surface is at least partially a machined surface
and/or further a region of the implant surface in the coro-

nal region of the dental implant is machined and is at
least partially so configured that the characteristics of the
implant surface as-formed by said machining are main-
tained/preserved when the surface layer is superim-
posed. As "machined surface", surfaces of dental im-
plants are meant that result from machining like turning
and milling. In particular, in case the dental implant is a
dental screw, then the thread is conventionally produced
by turning and the collar region may additionally be ma-
chined with by high precision/quality turning or grinding.
Such machined surfaces are considered a gold-standard
for soft tissue integration, since they have found to yield
good soft tissue integration. Hence, it may be desirable
to preserve the characteristics, for example, surface
roughness and roughness profile of said machined sur-
face and combine them with the beneficial effects of a
crystalline anatase surface layer. In fact, the inventors
found that a particularly high performance with respect
to the suppression of microbial colonization and biofilm
formation can be achieved if the machined surface is
covered with a thin crystalline, anatase-comprising sur-
face layer, when the underlying structure of the machined
surface is not canceled out (fully masked) by the layer
on top.
[0034] In the above region, where the machined sur-
face characteristics are maintained, it is further preferred
that the area surface roughness Sa is in the range of 0.1
to 0.5 mm and an average pore size of pores intersecting
the implant surface on which said surface layer is formed
is < 0.1 mm, thereby further enhancing the above de-
scribed effect.
[0035] In addition, it may be preferred that the implant
surface is at least partially a rolled surface. In particular
in cases where the dental implant is a dental screw, the
screw thread may not be produced by turning or cutting,
but instead by a rolling process. The latter process is
different with respect to its impact on the implant surface.
Rolling may in fact result in locally more varying degrees
of deformation and densification along the implant sur-
face, which in turn can affect the characteristics of the
surface layer to be formed and the biological response
to such a dental implant. It is also within the scope of the
present invention that at least the above two techniques
are combined, for example, wherein a thread is largely
produced by rolling, but certain parts of the implant, for
instance the neck, are (surface-) finished by machining
methods.
[0036] In another preferred dental implant, the implant
material comprises or consists of titanium or a titanium
alloy. With other words, the dental implant’s base/bulk
material at least comprises titanium or a titanium alloy,
but may also be formed completely of said materials.
Titanium and titanium-based materials have been proven
ideal materials for all types of implants and combine high
biocompatibility with superior mechanical and chemical
(corrosion) properties. These advantages are also em-
ployed for the present invention in order to have a reliably
and durable underlying basis for designing the implant’s
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surface properties. Titanium materials as base materials
are also particularly suited for generating the desired
crystalline anatase surface layer therefrom.
[0037] For a dental implant as above comprising tita-
nium, the surface layer is generated by an anodic oxida-
tion process, in part. Said process is employed as in the
below referenced publications and is an electrochemical
method that leads to the oxidation of the implant
base/bulk material such that a transformation surface lay-
er is formed. The anodic oxidation processes a high flex-
ibility and very versatile surface morphologies can be
generated ranging from thin, smooth crystalline oxide
surfaces with low porosity to thick, rough and highly po-
rous layers as to be found on the surface of the dental
implant according to the present invention.

Brief Description the Drawing

[0038] The various aspects, features and advantages
of the present invention will further become apparent
from the following description of ways of carrying out the
invention in combination with the following accompany-
ing drawing, in which:

Fig. 1 is a schematic drawing of a screw-like dental
implant with an illustration of surface morphologies
encountered on the implant’s surface along its lon-
gitudinal axis.

Ways of carrying out the Invention

[0039] Specific ways of carrying out the invention will
now be described in detail, where appropriate with ref-
erence to the accompanying drawing. The specific em-
bodiments are not intended to unduly limit the invention,
but are rather provided so that the disclosure will be thor-
ough, complete and will fully convey the scope of the
invention to the skilled person.
[0040] One way of putting the present invention into
practice is shown in Fig. 1 appended to this application.
Therein, a screw-like dental implant 1 is depicted. As
described earlier, said screw is to be considered a mere
illustrative example of a dental implant according to the
present invention for the sake of comprehensibility, but
not as being construed limiting. In Fig. 1 the dental im-
plant 1 is a somewhat conical screw with an outer thread
for engaging with bone tissue and a longitudinal axis L,
running as a rotational axis of the cone-like implant from
its coronal region indicated by the bracket 2 to the im-
plant’s apical region as indicated by bracket 3. The actual
extent of these regions is not meant to be ultimately de-
fined by the brackets 2 and 3, which are mainly illustra-
tional. However, what the size of the brackets and their
positions may however indicate is that the coronal and
apical regions are not necessarily meant to be directly
adjacent to each other. It is hence conceivable that both
regions are "separated" along the longitudinal axis L by
a transitional region 4. The implant’s surface is indicated

by reference numeral 5 and for the sake of intelligibility
said surface in region 2 is illustrated on the one hand by
a metallic-like surface (upper half of coronal region 2)
and a grey-shaded/structured region below, extending
all the way down to the apical region 3. The latter is meant
to represent the implant surface on which at least partially
a surface layer is formed. Here "partially" means that the
uppermost (coronal) part of the implant is as-machined,
i.e., as described above is a finished metal surface. How-
ever, it is also within the scope of the invention that the
surface layer extends all the way up and that hence such
metallic surface without surface layer does no longer ex-
ist. The implant surface with the surface layer formed
thereon is illustrated by the grey, structured and dully-
drawn parts of the screw. This should indicate the titani-
um oxide containing surface layer formed on the im-
plant’s surface. Specifically here, the surface layer com-
prises anatase and phosphates. The insets (a) to (d) are
actual electron micrographs taken at different positions
of the implant surface 5 along the axis L and illustrate
the morphological evolution along the implant surface 5
with the surface layer formed thereon. Inset (a) basically
shows a morphological "starting point" in the coronal re-
gion 2 with little electron contrast and image features.
The corresponding region of the implant is characterized
by an as-machined, for example, metallic surface in
which a comparatively thin, smooth and dense titanium
oxide layer, predominantly comprising anatase is
formed. Surface roughness measurements in said region
yield a low roughness of Ra ≈ 0.2 mm. When "moving"
further along the axis L towards the apical region 3 of the
dental implant 1, observable and measurable changes
occur. Inset (b) already indicates a certain "waviness" of
the surface, which is reflected by a higher roughness of
Ra ≈ 0.5 mm. At the same time, pores appear as black,
low image signal yield regions in the electron micrograph.
Insets (c) and (d) then first and foremost document that
the waviness transforms somewhat in an "island"-struc-
ture and the roughness measured increases accordingly
from Ra ≈ 0.8 mm to Ra ≈ 1.5 mm. Inset (d) in particular
shows that in the apical region 3 an morphological "end
point" is reached, where roughness, pore size and layer
thickness reach a maximum, starting from the coronal
region 2 with the corresponding minimum. Although the
morphological evolution has above been documented by
roughness values Ra, the same observations do apply
for the related roughness value Sa. The transition be-
tween the two extremes can occur gradually and contin-
uously throughout the transitional region 4 along the axis
L as insets (b) and (c) show. It is understandable from
insets (a) and (d) that the first shows a surface optimal
with respect to ease of cleaning and provides only few
sites/pockets/retreats for colonization with bacteria,
whereas the latter shows a surface that is obviously pre-
destined for bone tissue to embrace the island-structure
and to grow into the open pores on the implant surface
establishing a solid mechanical link to the implant. This
advantageous structural functionality of the implant sur-
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face documented by micrographs and surface measure-
ments consorts with a (bio-) chemical functionality that
results from titanium oxide being beneficial for osseointe-
gration and as argued above, also for the suppression
of biofilm formation.
[0041] The surface characteristics employed to qualify
the properties of the implant surface with the surface lay-
er, surface area roughness Sa and pore size, are to be
construed as having the meaning the person skilled in
the art of surface science and metrology would allocate
them.
[0042] Mean roughness (Sa) is measured at points
covering 630 x 470 mm using a WYKO NT9100 optical
profiling system. Data are evaluated in WYKO software
Vision 4.10, which provides data processing by extrap-
olation of "dead pixels", tilt correction and smoothing with
a 5x5 median filter. With respect to the surface rough-
ness, it should be understood that the surface of the im-
plant on which said surface layer is formed is actually
caused by the superposition of individual roughness
components. On the one hand, the original/native implant
surface will possess an inherent roughness that is largely
determined by the way the bulk implant itself is manu-
factured and its surface finished. For dental implants, ma-
chined implant surfaces are showing good osseointegra-
tion and soft tissue integration performance. On the other
hand, the surface layer formed at least partially on said
implant surface also possesses an inherent roughness.
Consequently, the overall surface roughness could be
considered, for example, as a superposition of a micro-
scale amplitude, low frequency roughness of an as-ma-
chined/finished implant surface and a nanoscale ampli-
tude, high frequency roughness of the surface layer
formed thereon.
[0043] The porosity of the implant surface in the
present application is preferably an "open porosity",
which means only voids that are superficially detectable,
i.e., that are intersected by the implant surface plane(s)
are taken into account. Pores or voids formed in the bulk
of the implant material or inside the surface layer, but not
extending to and intersecting the implant surface do not
contribute to the porosity of the implant surface. Said
latter porosity itself is further determined by the pore size
thereof. The porosity can generally be determined as the
fraction of a surface area formed by voids with respect
to the surface area formed by material. The skilled person
would readily choose a well-known standard method and
apparatus to measure said porosity. A widely used meth-
od for determining the porosity of surfaces, as it is desired
in the present invention, is image analysis of micrographs
taken from the surfaces in question. This method is based
on image signal differences between pores on the sur-
face and surface regions with material. The first generally
having low signal yield and often appear black in corre-
sponding micrographs. Modern image analysis tech-
niques can then evaluate the fraction of these low con-
trast regions per image and therefrom, the porosity can
be deduced. Said micrographs can, depending on the

pore size, be recorded via (reflected-) light microscopy
or electron microscopy, wherein the image analysis pro-
cedures are basically identical for either method. The
pore size is determined by simply measuring the size of
individual pores directly in the micrographs, which can
be done electronically with software tools incorporated
in conventional image analysis software. In addition to
the above method, it is also conceivable to determine the
surface roughness and porosity via tactile or non-tactile
scanning methods that are capable of yielding three di-
mensional surface information on the required scale, for
example, AFM, interference or laser-scanning tech-
niques.
[0044] As regards ways of generating the above de-
scribed implant surface, reference is made to the meth-
ods of modifying an implant’s surface in the publications
WO 00/72777 A1 and Wo 01/76653 A1, which were also
employed to produce the dental implant according to the
present invention, in particular, these dental implants
comprising or consisting of titanium or a titanium alloy.
[0045] Scale indicated in inset (a) is 2 mm.
[0046] Scale indicated in inset (b) is 10mm.

Claims

1. Dental implant configured to be inserted in a hole
in jaw bone and to be at least partially situated in the
bone tissue when implanted, comprising:

a coronal region;
an apical region;
a longitudinal axis extending from the coronal
region of the dental implant to the apical region
of the dental implant;
an implant surface configured to form an inter-
face between an implant material and the oral
environment; and
a surface layer formed on at least part of said
implant surface, said surface layer comprising
crystalline titanium oxide in the anatase phase;
wherein
the surface area roughness Sa and the pore size
of the implant surface on which said surface lay-
er is formed, increase from the coronal region
toward the apical region of the dental implant
along the longitudinal axis.

2. The dental implant according to any one of the
preceding claims, wherein
said surface area roughness Sa of said implant sur-
face on which said surface layer is formed increases
along the longitudinal axis from a value of 0.1, pref-
erably 0.2 mm in the coronal region of the dental im-
plant to a value of at least 1 mm in the apical region
of the dental implant, and
an average pore size of pores intersecting the im-
plant surface on which said surface layer is formed
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increases along the longitudinal axis from a value of
< 0.1 mm in the coronal region of the dental implant
to a value of at least 1 mm in the apical region of the
dental implant, and/or

3. The dental implant according to any one of the
preceding claims, wherein
the surface area roughness Sa and/or the pore size
of the implant surface on which said surface layer is
formed increase continuously along the longitudinal
axis from the coronal region to the apical region.

4. The dental implant according to any one of the
preceding claims, wherein
the implant surface on which said surface layer is
formed further comprises a transitional region be-
tween the coronal region and the apical region of the
dental implant, and wherein
the area surface roughness Sa of the implant surface
on which said surface layer is formed in the coronal
region of the dental implant is in the range of 0.1,
preferably 0.2 mm to 0.5 mm and an average pore
size of pores intersecting the implant surface on
which said surface layer is formed is minimal with
respect to the overall implant surface on which said
surface layer is formed, and
the area surface roughness Sa of the implant surface
on which said surface layer is formed at said transi-
tional region is in the range of 0.5 to 1.0 mm, and
the area surface roughness Sa of the implant surface
on which said surface layer is formed in the apical
region of the dental implant is in the range of 1.0 to
5 mm and an average pore size of pores intersecting
the implant surface on which said surface layer is
formed is maximal with respect to the overall implant
surface.

5. The dental implant according to any one of the
preceding claims, wherein
the crystalline titanium oxide comprised in said sur-
face layer comprises anatase in the range of 70-100
% and wherein the remaining of the layer comprises
rutile and amorphous titanium oxide; and/or
said implant surface on which said surface layer is
formed comprises phosphorus, preferably in the
form of phosphates; and/or
said implant surface on which said surface layer is
formed comprises at least one of a bone-growth-in-
itiating substance and a bone-growth-stimulating
substance, preferably of the superfamily TGF-beta;
and/or
said implant surface on which said surface layer is
formed has an anti-bacterial effect.

6. The dental implant according to any one of the
preceding claims, wherein
said surface layer at least partially formed on said
implant surface has a thickness between 50 and 500

nm in the coronal region, and between 1 and 20 mm
in the apical region.

7. The dental implant according to any one of the
preceding claims, wherein
the implant surface of the dental implant is fully cov-
ered with said surface layer from the coronal to the
apical region and vice versa, such that none of the
implant material remains uncovered. 8. The dental
implant according to any one of the preceding claims,
wherein
the implant surface is at least partially a machined
surface; and/or
a region of the implant surface in the coronal region
of the dental implant is machined and at least partially
so configured that the characteristics of the implant
surface as-formed by said machining are maintained
when the surface layer is superimposed.

9. The dental implant according to claim 8, wherein
in said machined region, the area surface roughness
Sa of the implant surface on which said surface layer
is formed in the coronal region of the dental implant
is in the range of 0.1 to 0.5 mm, and an average pore
size of pores intersecting the implant surface on
which said surface layer is formed is <0.1 mm.

10. The dental implant according to any one of the
preceding claims, wherein
the implant surface is at least partially a rolled sur-
face.

11. The dental implant according to any one of the
preceding claims, wherein
the implant material comprises or consists of titanium
or a titanium alloy.

12. The dental implant according to claim 11, where-
in
the surface layer is generated by an anodic oxidation
process.

13. The dental implant according to any one of the
preceding claims, wherein
the surface area roughness Sa and the pore size of
the implant surface on which said surface layer is
formed are minimal in the coronal region and maxi-
mal in the apical region with respect to the all of the
implant surface on which the surface layer is formed.
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