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(57) ABSTRACT

An implantation device for implantation in a target structure
such as a bone includes a base region. The base region
includes a connecting portion, wherein the connecting por-
tion is adapted to interact with a coupling region of a
handling device. In particular, the connecting portion and the
coupling region may be engageable with each other. The
device may be polymeric and is capable of being softened by
mechanical energy such as sound energy.
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IMPLANTATION DEVICE, APPLICATOR AND
SONOTRODE

BACKGROUND OF THE INVENTION

[0001] The invention relates to an implantation device, an
implantation kit, an implantation device applicator for the
implantation device, a sonotrode for the implantation device
and a method for applying the same, in particular a bone pin
which is formed as a sonic pin.

[0002] In the prior art several implantation devices for
humans or animals are known. The implants at least partly
create positive-fit connections to human or animal tissue
parts, particularly skeletal parts, wherein the implants help
connect tissue parts together, or help connect tissue parts to
means supporting or replacing tissue parts, or to other thera-
peutic auxiliary devices. Further methods for implanting
implants into humans or animals are known.

[0003] Known implants for creating connections to skeletal
parts (bones) include screws, pins, staples, etc., which are
used for connecting bones to bones, or bones to artificial,
carrying, stabilizing, or supporting parts, or to parts replacing
skeletal parts (stabilization or fixation plates, sutures, wires,
artificial joint elements, artificial teeth, bone grafts, etc.).
Such connection elements for implantation consist for
example of metal or plastic, including resorbable plastic.
After healing, the connection elements are removed by a
further operation or they are left in the body where they are
possibly gradually decomposed and replaced by vital tissue.
[0004] For stabilizing a bone fracture, a fixation plate with
suitable holes is fixed in the region of the fracture using
screws as mentioned above. Plate and screws may consist of
metal (e.g. stainless steel or titanium). The screws are self-
cutting and are rotated into thread less openings in the bone,
or they are screwed into pre-drilled threaded openings. Pins
are pushed into previously created openings for similar pur-
poses. Connections created in the foregoing manner are usu-
ally based on frictional engagement, possibly on positive fit.
[0005] Itisknownalso to use curable, plastic materials (e.g.
particular cements on a hydraulic or polymer base) for creat-
ing connections of the mentioned type. Such materials are
pressed from the outside between implant and vital tissue, or
intotissue defects in a highly viscous condition, and are cured
in situ. Positive-fit connections can be created using such
material, if the openings into which the material is pressed
comprise suitable undercuts. In order to reduce the stress
and/or costs of the corresponding operation method so-called
biodegradable implants, e.g. bone pins, are used. That is, bone
pins which degrade over time and which are then absorbed by
the body. One of such known biodegradable bone pins is
known under the trademark Polypin. This bone pin consists of
a polylactid-copolymer mixture and is absorbed during a
period of about two years.

[0006] Also known in the art is the usage of thermoplastic
polymer materials which can be liquefied in a targeted man-
ner by way of mechanical oscillation and, in this condition,
can be pressed into cavities by way of hydrostatic pressure,
thereby creating positive fit connections after solidification.
[0007] Such implants may serve for creating positive-fit
connections to tissue parts and may consist at least partly of a
material that can be liquefied at a relatively low temperature
(<<250° C.) by way of mechanical oscillation energy, such
that the material can be pressed into pores or other openings
of the tissue part by the effect of external pressure to form
positive-fit connections when re-solidified.
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[0008] For example, from U.S. Pat. No. 6,921,264 an
implant for implantation in human or animal bone tissue or in
bone tissue supplemented with bone substitute material is
known, wherein at least a part of the implant surface comes
into contact with the bone tissue, wherein said part of the
implant surface comprises surface regions of a first type and
surface regions of a second type being different from the
surface regions of the first type, wherein the surface regions of
the second type comprise a material which is liquefiable by
mechanical oscillation and with the aid of which on implan-
tation by mechanical oscillation the implant is stabilized at
least primarily in the bone tissue.

[0009] For applying the mechanical energy a so-called
sonotrode may be used which can be coupled to the implant,
e.g. bone pin, and applies the mechanical energy to the bone
pin.

[0010] A critical factor in the prior art may be that the
ultrasonic energy should be efficiently transferred into the
implant and in particular efficiently used to liquefy the
implant.

SUMMARY OF THE INVENTION

[0011] Thereisaneed to provide an implantation device, an
implantation kit, an application device for the implantation
device, a sonotrode for the implantation device and a method
for applying the same, which implantation device provides
for a more efficiently application of mechanical energy in
particular when applying ultrasonic energy.

[0012] This need may be met by an implantation device, an
implantation kit, an application device for the implantation
device, a sonotrode for the implantation device and a method
for applying the same.

[0013] According to an exemplary embodiment an implan-
tation device for implantation in a target structure is provided,
the implantation device includes a base region and a shaft
region, wherein the base region includes a connecting por-
tion, wherein the connecting portion is adapted to interact
with a coupling region of a handling device and wherein the
shaft region comprises a material which is modifiable by
using mechanical energy. In particular, the connecting por-
tion and the coupling region may be engageable with each
other.

[0014] According to an exemplary embodiment a handling
device for handling an implantation device according to an
exemplary embodiment of the implantation device, wherein
the handling device includes a coupling region, which is
adapted to couple to the connecting portion of the implanta-
tion device.

[0015] According to an exemplary embodiment an implan-
tation kit includes an implantation device according to an
exemplary embodiment. In particular, the implantation kit
may further include a handling device according to an exem-
plary embodiment.

[0016] According to an exemplary embodiment a method
for implanting an implantation device according to an exem-
plary embodiment is provided, the method includes implant-
ing the implantation device into a target structure, and modi-
fying the implantation device by applying mechanical energy.
In particular, the modifying may be at least partially done by
shearing of parts of the implanted implantation device.
[0017] According to an exemplary embodiment an implan-
tation device remover for removing an implantation device
from a target structure is provided, wherein the implantation
device remover includes a handle region and a drilling region,
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wherein the drilling region is formed by a hollow shaft having
an inner surface, and wherein the inner surface is adapted in
such a way that when the implantation device remover is
drilled into the target structure by using the handle region, the
inner surface cuts a thread into the target surface. The implan-
tation device remover may be in particular adapted to remove
an implantation device according to an exemplary embodi-
ment of the implantation device.

[0018] According to an exemplary embodiment an implan-
tation kit includes an implantation device remover according
to an exemplary embodiment. Preferably, the implantation kit
may further include an implantation device, e.g. one implan-
tation device according to an exemplary embodiment, and a
handling device, e.g. according to an exemplary embodiment.
[0019] According to an exemplary embodiment a method
for removing an implantation device is provided which
method includes removing the implantation device by using
an implantation device remover according to an exemplary
embodiment. In particular, the method may further include
drilling the implantation device remover into a target struc-
ture such as a bone, in which the implantation device is
implanted, in such a way that the drilling region surrounds the
implantation device, rupturing the drilled target structure at
an distal end with respect to the handle region of the implan-
tation device remover by pulling the handle region of the
implantation device remover, and removing the ruptured tar-
get structure out of the target structure.

[0020] A gist of an exemplary embodiment may be seen in
the fact that an implantation device, e.g. a bone pin, is pro-
vided which includes a connecting portion which is adapted
to interact, e.g. engage, with a coupling region of a handling
device, wherein the implantation device includes a shaft
region comprising a material which is modifiable by using
mechanical energy. In particular, this interaction may include
aconnecting portion which fits into the coupling region of the
handling device. Such a fitting of the two parts may facilitate
an improved handling and interaction between the two parts.
In particular, the efficiency of application of mechanical
energy, in particular when applying ultrasonic energy, may be
increased by providing such an interacting interface, e.g. an
engaging interface.

[0021] Inthe following, further exemplary embodiments of
the implantation device will be described. However, these
embodiments apply also for the implantation kit, the applica-
tion device for the implantation device, a sonotrode for the
implantation device and a method for applying the implanta-
tion device.

[0022] According to another exemplary embodiment of the
implantation device the connecting portion is adapted to fric-
tionally interact with the coupling region of the handling
device. In particular, the connecting portion may be adapted
to be held on the coupling region by friction, even in the case
the connecting portion and the coupling region are formed to
fit to each other. Thus, an efficient way may be provided to
engage the two portions/regions with each other by just stick-
ing the same together, while still a sufficient connecting force
is maintained by the friction of the two portions/regions.
[0023] According to another exemplary embodiment of the
implantation device the connecting portion is formed as a
recess. Preferably, the recess is adapted in such a way that the
projection of the handling device positively fits into the
recess.

[0024] By providing a recess as the connection portion of
the implantation device it may be possible to provide a suit-
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able guiding and positioning of the two elements relative to
each other, i.e. of the implantation device and the handling
device. Alternatively, the connection portion may be formed
as a protrusion, which is adapted to fit into a corresponding
recess of the handling device.

[0025] According to another exemplary embodiment of the
implantation device the recess has a conical shape. In particu-
lar, the conical shape has an angle with respect to a longitu-
dinal axis of the implantation device which angle is adapted to
provide self adhesion. Preferably, the angle is less than 10°, in
particular less than 8°. Self adhesion may mean that the
friction between the two elements is greater than the weight,
i.e. the force induced by gravity. An angle of less than 8° may
be a suitable angle to provide self adhesion of the implanta-
tion device on the handling device. The angle may be mea-
sured in a reference system in which 0° denote the case that
the wall of the conical shape has the same direction as the
longitudinal direction of the implantation device, while 90°
denotes the case that the wall is perpendicular to the longitu-
dinal direction of the implantation device. The conical shape
may be a real conical shape, i.e. end in a pointed tip, or may
be of a trapezoidal shape or truncated conical shape in a
longitudinal section, i.e. comprises a flat tip.

[0026] According to an aspect of an exemplary embodi-
ment an implantation device for implantation in a target struc-
ture is provided, the implantation device comprises a shaft
region, wherein the shaft region comprises at least one pro-
trusion, wherein the protrusion comprises a material which is
modifiable by using mechanical energy. In particular, the
modifiable material may be liquefiable and/or shearable by
the mechanical energy, e.g. ultrasonic energy. Preferably, the
material may be adapted in such a way that the modifications
may be achievable by an energy input which does not destroy
human tissue. A suitable frequency of the used ultrasonic
energy may be in the range between 28 kHz and 31 kHz. In
particular, the frequency may be 29.5 kHz. A suitable ampli-
tude may be in the range between 15 pm and 25 um. In
particular, the amplitude may be about 20 pm. For example,
the material may be adapted to exhibit the modification at
temperatures below a predetermined temperature threshold.
A suitable temperature threshold may be 250° C.

[0027] A gist of this aspect of an exemplary embodiment
may be seen in that an implantation device is provided includ-
ing a shaft having at least one protrusion which includes a
material which is modifiable by mechanical energy. That is,
an implantation device may be provided which includes a
protrusion or bump which projects from the substantially
smooth shaft region, wherein the shaft region may be circular,
elliptical or in the shape of a polygon in cross-section. This
protrusion or projection may then be in contact to the sur-
rounding target structure in such a way that when mechanical
energy is applied to the implantation device, preferably this
protrusion is modified, for example liquefied, melted, or
sheared off. The modified material then may act as a bonding
agent to bond the implantation device to the surrounding
target structure. Since the protrusion projects from the sub-
stantially smooth surface of the shaft region of implantation
device only a small energy input may be necessary to modify
the material of the protrusion. Thus, possibly only a small
total input of energy may be necessary in order to bond the
implantation device into the target structure, which may lead
to the advantage that harmful effects on the surrounding target
structure may be omitted or at least reduced. Providing at
least one protrusion may further exhibit the advantage that
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while the implantation device is implanted into the target
structure friction is reduced, since only the protrusion may
come in contact with the surrounding target material, which
may ease the application of the implantation device. The
implantation device may be a bone pinor bone plug used to fix
a fracture of a bone, for example a human or animal bone.
Preferably, the implantation device has a color which is
clearly distinguishable from a color of the target structure. In
particular, the protrusions and/or the implantation device may
have blue color, which may enable a good visibility of the
implantation device when the same is implemented into a
human or animal body. Preferably, the bone pin is colored by
mixing color of pigment into the mass the implantation device
is made from, e.g. a polymer. Alternatively, the surface of the
formed implantation device can be painted by the color.
[0028] According to another exemplary embodiment of the
implantation device the modifiable material is bioabsorbable.
That is, the material may be absorbed by a human or animals
body. Preferably, the bioabsorbable material comprises a
copolymer comprising between 50% and 90% Poly-L-lactide
and between 10% and 50% Poly-D, L-lactide. In particular,
the bioabsorbale material may be a copolymer comprising 70
weight % Poly-L-lactide and 30 weigh % Poly-D, L-lactide.
Preferably, the bioabsorbable material may be formed as an
amorphous material.

[0029] The above described material may be a suitable
material for an implantation device, which material may
exhibit a suitable tensile strength of about 60 MPa, and a
suitable E-modulus of about 3500 MPa. Furthermore, the
above material, ie. an implantation device including the
above material, may retain its strength for about a sufficient
time when implanted into a human or animals body, Such a
time span may be about 16 to 26 weeks. The described
copolymer may have a resorption time of about two to three
years in a human or animal’s body. The material may further
exhibit an increase of implant volume up to 200% after 24
month from the implantation in the target structure. Such a
material may further be easily to be sterilized by y-radiation.
A suitable energy dose may be between 20 kGy and 30 kGy,
in particular below 25 kGy.

[0030] According to another exemplary embodiment of the
implantation device the plurality of protrusions are arranged
on the shaft in such a way that a flow of liquefied material
along the shaft is reduced. Preferably, the shaft has a substan-
tially longitudinal shape and preferably the plurality of the
protrusions are arranged displaced, staggered or misaligned
to each other along a longitudinal axis of the longitudinal
shape. In particular, the plurality of protrusions may be
arranged in a pattern which looks like a chess-board pattern,
i.e. in a first row of protrusions wherein the protrusion are
spaced from each other, while in a next row of protrusions the
individual protrusions are placed at the positions of the spaces
of the previous row. By arranging the protrusions in such a
manner a pattern may be introduced which hinders a flow of
the modified or liquefied material along the shaft of the
implantation device, i.e. the rows of protrusions may form a
dam hindering the flow. By forming such a dam it may be
possible to prevent the liquefied material from flowing out
which may lead to the fact that the bonding may be more
secure due to the fact that more liquefied material may
solidify after the input of mechanical energy is switched off.
[0031] According to another exemplary embodiment of the
implantation device the protrusions having a polygonal
shape. For example, the protrusions may have a shape of a
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triangle, a square, trapezoid, or a rectangle. Also circular or
elliptical shapes may be suitable. Alternative shapes may be
elongated protrusions or tongues, i.e. along the circumfer-
ence or along the longitudinal axis of the shaft or perpendicu-
lar to the longitudinal axis. But also irregular protrusions may
be possible. The choosing of the shape may be performed
depending on the size of the protrusions and on the possibility
to hinder the out flow of liquefied material. A further criterion
for the shape may be the ease to shear off parts of the protru-
sions. In particular, the protrusion may have the polygonal
shape in a cross sectional view of the shaft region. Along
specific sections of the shaft the cross-section may be identi-
cal, but may be different to other, e.g. consecutive sections of
the shaft regions. In a side view of the shaft region the indi-
vidual sections or segments may have a polygonal shape as
described above. The different segments, i.e. one segment
arranged between two other segments of different cross sec-
tion, may form channel regions in the shaft region, which
channel region may facilitate a main flow of liquefied mate-
rial in a direction substantially perpendicular to the longitu-
dinal axis of the shaft region, while hindering a flow along the
longitudinal.

[0032] According to another exemplary embodiment of the
implantation device the plurality of protrusions are formed in
such a way that during implanting the implantation device
into a target material only few protrusions are in contact with
the target material, i.e. that not the whole shaft is in contact
with the target structure. In particular, the plurality of protru-
sions may be formed in such a way that during an application
ofthe mechanical energy only a few protrusions are in contact
with the target structure. This may lead to the advantage that
only at these contact points energy is used to modify, e.g.
liquefy, the material so that the total power which may be
inputted into the implantation device may be reduceable.
[0033] Inthe following, further exemplary embodiments of
the handling device for the implantation device will be
described. However, these embodiments apply also for the
implantation device, the implantation kit, a sonotrode for the
implantation device and a method for applying the implanta-
tion device.

[0034] According to another exemplary embodiment of the
handling device the handling device is formed as an implan-
tation device applicator.

[0035] An implantation device applicator may be a device
which can be applied for introducing the implantation device
into the target structure, e.g. a bone of a human on animal. The
use of a specific implantation device applicator to guide the
implantation device into the bone may be advantageous com-
pared to a use of an ultrasonic device for guiding and imple-
menting the implantation device, e.g. a bone pin, into the
bone, since thus it may be avoidable that the bone pin is
already exposed to mechanical or ultrasonic energy while it is
introduced into the bone. In particular, the implantation
device applicator may comprise a coupling region which is
adapted to the shape of the connection portion of the implan-
tation device. For example, the tip of the implantation device
applicator may be formed as a cone which can be engaged
with a recess which forms the connection portion of the
implantation device. The implantation device may be held by
frictional force by the conical shape of the tip. By using such
an implantation device applicator it may be possible to pick
up and hold a cylindrical implantation device securely by
engaging the tip of the implantation device applicator and a
tapered recess or hole in the base region of the implantation
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device. In case the implantation device applicator has a diam-
eter of smaller or equal size as the implantation device, e.g.
bone pin, itself, such an applicator may be used without
drilling a larger hole than necessary for the pin to place it into
the bone.

[0036] According to another exemplary embodiment of the
handling device the implantation device applicator includes
an actuating mechanism. In particular, the actuating mecha-
nism may be adapted to decouple the implantation device and
the implantation device applicator. Preferably, the actuating
mechanism includes a sheath, wherein the sheath is adapted
to decouple the implantation device and the implantation
device applicator. Furthermore, the actuating mechanism
may include an actuating element, wherein the actuating ele-
ment is adapted to shift the sheath in such a way that it
surrounds the coupling region.

[0037] By using such an actuating mechanism it may be
possible to release the held implantation device at well
defined moments. The actuating mechanism may function
with an inverse ball point pen mechanism. That is, at pushing
the actuating element, e.g. a button, of the actuating mecha-
nism, the implantation device may be peeled off the coupling
region of the implantation device applicator, e.g. the cone, by
the sheath or a cannulated piece that is pushed over the cone.
That is, the pushing of the button shifts the cannulated piece
along the longitudinal axis of the implantation device appli-
cator which shifting then decouples the implantation device
applicator and the implantation device.

[0038] According to another exemplary embodiment of the
handling device the handling device is formed as a mechani-
cal energy applicator. In particular, the mechanical energy
applicator may be formed as an ultrasound applicator. Pref-
erably, the ultrasound applicator includes a sonotrode having
a tip, which tip is adapted to form the coupling region of the
handling device, i.e. which is adapted to be coupled to the
connecting portion of the implantation device.

[0039] According to an exemplary embodiment of the han-
dling device the tip of the sonotrode is further adapted in such
away that the ultrasonic energy is substantially transferred to
the base region of the implantation device at areas around the
tip. For example, the tip is formed by a conical tip, while
around this conical tip a substantially flat region is arranged,
i.e. a region which is substantially perpendicular to the lon-
gitudinal axis of the handling device. For example, the tip is
arranged at the centre of the front face of the handling device,
more particularly of the sonotrode of the handling device, and
the flat region forms an annular region arranged around the
tip. This flat region may interact with a corresponding flat
region of the base region of the implantation device and thus
provide the basic path for inducing mechanical or ultrasonic
energy from the handling device into the implantation device.

[0040] According to another exemplary embodiment of the
handling device the sonotrode includes a shaft, which has a
longitudinal shape, wherein the shaft of the sonotrode
includes a coupling element, and wherein the coupling ele-
ment is adapted to be couplable to a hand piece of the ultra-
sound applicator in such a way that a moment is transferable
from the hand piece to the sonotrode. In particular, the
moment may be a torque moment. For example, the coupling
element may be formed as a multi-sided profile, e.g. a hex-
agonal profile.
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[0041] According to another exemplary aspect of the han-
dling device the coupling element is arranged at a position
along the shaft of the sonotrode, which position relates to a
node of the ultrasonic wave.

[0042] This exemplary aspect may be independent of the
above described exemplary embodiments of the handling
device, in particular of the embodiments of the sonotrode. In
general there may be an inventive concept in the fact that an
additional mass concentration of a sonotrode, e.g. a coupling
element, is arranged in a node of a stationary or standing wave
which is formed in the sonotrode ofan ultrasonic device. That
is, a sonotrode for a ultrasonic device is provided, wherein the
sonotrode comprises additional mass concentration, e.g. a
mass which is additional to a generally longitudinal shape of
the sonotrode, and wherein the additional mass concentration
is arranged in or around a node of the standing wave, i.c. a
position exhibit no or at least only very few movement. By
providing the extra mass at this very specific location close to
the node it may be possible to reduce the influence of the
additional mass on the eigenfrequency of the sonotrode. Such
an influence may be a crucial factor in the manufacturing of
the corresponding sonotrode, since manufacturing tolerances
in diameter or other parameter of the sonotrode may have a
great influence on the eigenfrequency or resonant frequency
of the sonotrode so that the performance ofthe sonotrode may
be greatly reduced and/or a substantial number of sonotrodes
have to be rejected for usage. Thus, according to this aspect it
may be possible to manufacture sonotrodes less costly and/or
in mass-production. Also it may be possible to impose less
strict tolerances in manufacturing the sonotrode. The position
of the node may be in the region of the middle of the longi-
tudinal extension of the sonotrode. This aspect may be
claimed independently or in connection with the above
described embodiments of the handling device, in particular
of the sonotrode of the handling device.

[0043] According to an alternative independent aspect of
the invention an implantation device remover for removing an
implantation device from a target structure is provided,
wherein the implantation device remover includes a handle
region, and a drilling region, wherein the drilling region is
formed by a hollow shaft having an inner surface, and
wherein the inner surface is adapted in such a way that when
the implantation device remover is drilled into the target
structure by using the handle region the inner surface cuts a
thread into the target surface. Such an implantation device
remover for removing an implantation device may particu-
larly adapted to remove an implantation device according to
an exemplary embodiment of an implantation device
described above. For example, it may be possible to provide
acoupling region at the implantation device remover which is
adapted to couple to the connection portion of the implanta-
tion device, thus possibly leading to an efficient guiding of the
implantation device remover.

[0044] A gist of this alternative aspect may be seen in the
fact that a implantation device remover may be provided
which uses only a single device for the removing of the
implantation device, so that not two different devices as
known in the prior art have to be used. In order to achieve this
in an efficient way, in an exemplary embodiment the drilling
part of the implantation device remover includes an inner
surface which is adapted to cut a thread into the target struc-
ture, e.g. the bone in which the implantation device may be
implemented. By providing this thread a positive locking may
be achievable which may lead to the possibility that the cut
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bone is easily broken at the distal end, i.e. the end which is
farther away from the handle of the removing device. In a
descriptive way it may be said that the drilling part of the
remover builds a cutting hull, cutting wrapper or cutting
sheath.

[0045] Inthe following, further exemplary embodiments of
the implantation device remover will be described. However,
these embodiments apply also for the implantation kit and the
method for applying the implantation device remover.
[0046] According to another exemplary embodiment of the
implantation device remover the drilling region has an end
portion, wherein the end portion is formed in such a way that
it has a saw like structure.

[0047] By providing a saw like end portion an efficient way
to enabling the cutting of the target structure, e.g. a bone, may
be provided. Thus, by turning the handle region, e.g. a simple
T-handle, it may be possible to cut the target structure in an
easy way. The turning may be clockwise or counter clock-
wise. The end region thus may be usable as a kind of crown
drill, which cuts the target structure around the implantation
device, so that a cylinder like structure is generated including
the implantation device and a small amount of target material.
This cylinder may then easily be removed from the target
structure.

[0048] According to another exemplary embodiment of the
implantation device remover the cut thread has a pitch which
is adapted in such a way that when the implantation device
remover is pulled by the handle region out of the target struc-
ture the target structure breaks and is removable by the
implantation device remover. In particular, the pitch may be a
high pitch. Preferably, the pitch is between 3 mm and 9 mm,
more preferably between 5 mm and 7 mm for each turn of the
implantation device remover, in case the outer diameter of the
drilling region is about 2.5 mm while the inner diameter is
about 2.1 mm. This pitch may be lead to the fact that by
turning the drilling region by one turn a translation between 3
mm and 9 mm, between 5 mm and 7 mm may be performed.
That is, the inclination of the thread may be between 30° and
60° in particular the inclination may be between 40° and 50°,
preferably the inclination will be about 45°. In this case the
inclination may be defined as the movement along the axis of
the drilling region and the corresponding path along the cir-
cumferential path along the drilling region.

[0049] By providing a thread having such a thread an easy
removing of the cylinder which is cut out from the target
structure, may be possible.

[0050] According to another exemplary embodiment the
implantation device remover further includes an ejector unit
which is adapted to eject a portion of the target structure
which is cut from the target structure. The ejector unit may be
formed as a ram or plunger which is adapted to eject the
portion of the target structure, e.g. a plug comprising bone and
abone pin implemented into the bone. For providing an easily
ejecting of the plug out of the drilling region the pitch or
inclination preferably exhibit a low self-locking or self-
blocking. While the plug is ejected out of the drilling region
the plug may turn around its own axis.

[0051] By providing such a unit integrated into the implan-
tation device remover an efficient way for removing the cut
target structure out off the remover may be provided. The
ejector unit may be in the form of a rod, sheath or hull which
can be incorporated into the inner part of the drilling part, e.g.
as a portion which can be shifted along an axis of the inner
surface of the drilling region inside.
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[0052] 1In the following, a further exemplary embodiment
of the method for removing an implantation device will be
described. However, this embodiment apply also for the
implantation device and for the implantation kit.

[0053] According to another exemplary embodiment the
method further includes drilling the implantation device
remover into a target structure, in which the implantation
device is implanted, in such a way that the drilling region
surrounds the implantation device, rupturing the drilled target
structure at an distal end with respect to the implantation
device remover by pulling the handle region of the implanta-
tion device remover, and removing the ruptured target struc-
ture out of the target structure.

[0054] Itmay be seen as the gist of an exemplary embodi-
ment to provide an implantation device remover for removal
of a pin from a cancellous bone, in particular of a fused bone
pin. For allowing this a core drill with a helical edge on the
inside wall of a frontal part of the remover may be provided.
The core drill may be adapted to be drilled over the bone pin
and the helical edges may fixes the pin by friction or by
positive locking. After the remover is drilled into the bone the
pin may be broken free distally and pulled out with the same
instrument as the hole is drilled. The technique of the remover
or instrument could be used for removal of any cylindrical
specimen that is distally attached, e.g. bone samples or bone
plugs.

[0055] Furthermore, it may be seen as the gist of an exem-
plary embodiment to provide a structure for an implantation
device, e.g. a bone pin, which allows the minimization of an
energy input into the implantation device and thus to a target
structure, while still allowing to modifying a state of a mate-
rial of the implantation device. In order to achieve this the
implantation device may comprise a plurality of protrusions
projecting from a substantially smooth surface of a shaft of
the implantation device. When implanting and fixing this
implantation device into the target structure, e.g. broken bone
which shall be fixated by the implantation device, mechanical
energy like ultrasonic energy is applied to the implantation
device leading to a modifying or liquefying of the material of
at least the protrusion which liquefied material might be used
as a bonding agent promoting a bonding force between the
implantation device and the target structure. Due to the small
size of the protrusion a contact area between the implantation
device and the target structure may be minimized leading to a
relatively high energy per area so that grating or melting of the
protrusion is promoted although only relatively low energy
input and power, i.e. energy per second, is necessary.

[0056] According to an exemplary aspect a bone pin may be
made of resorbable material, e.g. plastic or polymer, which
bone pin features the characteristics that it melts at well
defined positions when ultrasound is applied to it. The lique-
fied polymer may spread out preferably perpendicular to the
axis of the bone pin, while spreading out parallel to the axis
may be suppressed by fluid barriers which may be formed by
protrusions projecting from the surface. Furthermore, a
moment of inertia of the bone pin may be substantially equal
or at least may not show a great variation along its axis, which
may be made possible by a plurality of polygonal protrusions,
e.g. in the shape of triangles, which are misaligned relative to
each other and which may form a flow barrier. The ultrasonic
energy may be concentrated on this certain points on the
surface due to the steps formed by the protrusions, e.g. the
triangles.
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[0057] According to the present invention also implanta-
tion devices comprising a metal, e.g. titanium, core may be
used which have a polymeric overlay, i.e. an overlay compris-
ing a modifiable material. Also bone screws may be provided,
in particular bone screws having a metal portion and a tip
comprising modifiable material, wherein at the portion of the
modifiable material protrusions are formed.

[0058] Implantation devices according to an exemplary
embodiment may be used for plate fixation in which applica-
tion the implantation devices, e.g. resorbable pins may be
welded to bone and resorbable plate. The use of resorbable
pins may provide a fast fixation and a better stability. A further
application may be hip fracture fixation. In this application a
metal bone screw having a tip of polymeric material, i.e.
modifiable material comprising protrusion, may be used.
Also this kind of implantation devices may exhibit fast fixa-
tion. Further, it might be possible that no rotation of the
implantation device is necessary, which rotation possible
would displace fragments, due to the fact that the implanta-
tion device, e.g. the shaft, does not comprise a thread. Fur-
thermore, such a bone screw having a polymeric tip may be
exhibit a better resistance to cut-off.

[0059] In general, implantation devices according to an
exemplary embodiment may be used in different fields of
fixation of bone fragments. In particular, resorbable bone pins
may be used in the field of small fragment fixation of foot,
ankle, wrist, elbow and shoulder, resorbable mesh/plate and
pins may be used in the field of small fragment fixation of
ankle, wrist, and graft containment and hybrid metal and
resorbable pins may be used in the field of distal locking, bone
anchor, femoral neck fractures, trochaneric fractures, and ex
fix pin fixation in osteoporotic bones.

[0060] These and other aspects of the present invention will

become apparent from and elucidated with reference to the
embodiment described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] Exemplary embodiments of the present invention
will be described in the following, with reference to the fol-
lowing drawings.

[0062] FIG.1A shows aschematic illustration of a bone pin
according to an exemplary embodiment;

[0063] FIGS. 1B to 11 are showing enlarged views of the
bone pin of FIG. 1A;

[0064] FIG. 2 shows a schematic illustration of a base
region of an implantation device and a corresponding
sonotrode tip according to an exemplary embodiment of the
invention;

[0065] FIGS. 3A and 3B show a schematic illustration of a
sonotrode according to an exemplary embodiment of the
invention;

[0066] FIG. 3C shows a schematic illustration of an ultra-
sonic device for a sonotrode;

[0067] FIG. 4 shows a schematic illustration of a base
region of an implantation device and a corresponding implan-
tation device applicator tip according to an exemplary
embodiment of the invention;

[0068] FIGS. 5A to 5D show schematic illustrations of an
implantation device applicator according to an exemplary
embodiment of the invention; and
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[0069] FIGS. 6A to 6C show schematic illustration of an
implantation device remover according to an exemplary
embodiment of the invention.

DETAILED DESCRIPTION

[0070] The illustration in the drawings is schematically. In
different drawings, similar or identical elements are provided
with similar or identical reference signs.

[0071] FIG. 1A shows a schematic illustration of the bone
pin100 according to an exemplary embodiment. The bone pin
100 comprises a shaft region 101 and a base region 102. The
shaft region 101 comprises a plurality of protrusions 103
which roughly have the general shape of a triangle. A single
one of the protrusions is depicted in greater detail in FIG. 1H.
The base region 102 may be adapted to fit onto a correspond-
ing ultrasonic device.

[0072] FIG. 1B shows an enlarged view of the sonic pin 100
of FIG. 1A. In particular, it shows a cross section along line
D-D of FIG. 1A, i.e. a cross section of the base region 102. In
the centre of the cross section of FIG. 1B ahole 104 is shown
which might be adapted to accommodate a portion of the
ultrasonic device, e.g. a sonotrode of the ultrasonic device.
Furthermore, it can be seen in FIG. 1B that the cross section
comprises rounded regions 105 and substantially plane
regions 106.

[0073] FIG. 1C shows another enlaregd view of the sonic
pin 100 of FIG. 1A. In particular, it shows a cross section
along line C-C of FIG. 1A, i.e. also a cross section of the base
region 102. In the centre of the cross section of FIG. 1C the
hole 104 is shown. Furthermore, in FIG. 1C the rounded
regions 105 and the substantially plane regions 106 can be
seen.

[0074] FIG. 1D shows another enlarged view of the sonic
pin 100 of FIG. 1A. In particular, it shows a cross section
along line B-B of FIG. 1A, i.e. a cross section of the shaft
region 101. Also this cross section shows further rounded
regions 107 and further substantially plane regions 108. In
particular, the further plane regions 108 may be part of the
protrusions 103.

[0075] FIG. 1E shows another enlarged view of the sonic
pin 100 of FIG. 1A. In particular, it shows a cross section
along line A-A of FIG. 1A, i.e. a cross section of the shaft
region 101. Also this cross section shows the further rounded
regions 107 and the further substantially plane regions 108.

[0076] FIG. 1F shows another enlarged view of the sonic
pin 100 of FIG. 1A. In particular, it shows a detailed view of
the portion which corresponds to the circle labeled F in FIG.
1A, i.e. of the base region 102. In particular, FIG. 1F shows
the transition portion 109 between the base region and the
shaft region.

[0077] FIG. 1G shows an even more enlarged view of the
portion of FIG. 1F, in which the transition region can be seen
more clearly. In particular FIG. 1G also shows a part of a
protrusion 103 in more detail. The protrusions of the embodi-
ment shown in FIG. 1 have an overall shape, which is roughly
triangular. The single triangles are formed by tongues 110,
110 and 112 which do have a different length along the axis of
the sonic pin 100. Due to the different lengths a roughly
triangular shape of the protrusions results. Such a shape may
be suitable to hinder the flowing of liquefied material along
the axis of the sonic pin 100 and promote a more perpendicu-
lar spreading of the liquefied material, i.e. a spreading which
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promote the flowing of the liquefied material into cavities or
pores which are formed in bone matetial of human or animal
bones.

[0078] FIG. 1H shows another enlaregd view of the sonic
pin 100 of FIG. 1A. In particular, it shows a detailed view of
the portion which corresponds to the circle labeled E in FIG.
1A, i.e. aprotrusion formed in the shaft region 101. As well as
in FIG. 1G the roughly triangular shape of the protrusion can
be seenin F1G. 1H, which shape is formed by the tongues 110,
111, and 112 having different lengths. Furthermore, it can be
seen in FIG. 1H that the orientation of the triangular protru-
sion 103 are altering, 1.¢. after a first triangular protrusion 113
having its base length in FIG. 1H at the upper side, a consecu-
tive triangular protrusion 114 has its base length at the bottom
side, leading to channel regions 115 between the single tri-
angles, which channels 115 may be suitable to direct the flow
of liquefied material.

[0079] FIG. 11 shows another enlarged view of the sonic pin
100 of FIG. 1A. In particular, it shows a detailed cross sec-
tional view along line G-G in FIG. 14, i.e. a cross sectional
view of the base region 102. In particular, the hole 104 in the
base region can be seen, in which a tip of a sonotrode or an
implantation device applicator may be inserted.

[0080] A bone pin according to an exemplary embodiment
may be used in a operation process for fixation of a broken or
splintered bone, the procedure comprising the following
steps. Drilling a hole in which the bone which has to be fixed
afterwards the bone pin is implemented into the drilled hole.
In case the bone is a porous bone, i.e. comprising porous
material it may not necessary to pre drill a hole. Preferably,
this is done using an so-called pin applicator. Afterwards the
pin applicator is removed and an ultrasonic device is arranged
at the base region of the bone pin, i.e. in the hole which is
shown as 104 in FIG. 1. When the ultrasonic device is
switched on the bone pin starts to oscillate and the protrusions
arranged on the shaft of the bone pin come into contact with
the surrounding bone so that portions of the protrusions are
sheared off by shearing forces from the bone pin, whereby
they are liquefied. Due to the providing of a plurality of
protrusion comprising tongues only small parts of the hole
shaft of the bone pin are contacting the bone and are sheared
off or liquefied. The liquefied material of the bone pins starts
to penetrate pore spaces of the bone. When the ultrasonic
device or ultrasonic driver is switched off the liquefied mate-
rial, e.g. the polymer, cools rapidly, resulting in a stable joint
after only a few seconds and may form a positive locking. In
case the bone pin should be removed again a bone pin
remover may be used. Such a pin remover may comprise a
portion similar a crown drill, which drill is placed above the
bone pin which is to be removed. Then the remover is drilled
into the bone. The cutting hull or cutting sheath of the crown
drill cuts into the bone and also cuts a thread into the bone cut
in the cutting hull. This threading may provide a positive
locking between the driller and the bone portion to be
removed so that afterwards the remover may be used to break
the bone portion including the bone pin to be removed.
[0081] The above described bone pin, according to an
exemplary embodiment of the invention, has a surface which
is rougher than the surface of known bone pins. This rough-
ness may be caused by the plurality of protrusions which may
also be called energy raisers. For testing two different types of
bone pins, i.e. one having a rough surface according to an
exemplary embodiment of the invention while the other one
having a smooth surface as known in the prior art, are inserted
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in bone substitute material. The energy input needed to insert
the pins to the same depth was measured. In the testing a clear
difference in energy input needed to insert the bone pin arose.
For a bone pin according to an exemplary embodiment of the
invention, i.e. a rough bone pin, about 19% less energy input
is needed when compared to a known, i.e. smooth bone pin. In
particular, the mean energy input needed for the known bone
pin was about 58.6 J, while for a rough bone pin, i.e. a bone
pin having a plurality of protrusion, the mean energy input
was about 47.3 J. Also the fusion time was reduced from
about 2.5 s to about 2 s in the case of a bone pin according to
an exemplary embodiment of the invention was used.

[0082] FIG. 2 shows a schematic illustration of a base
region of an implantation device and a corresponding
sonotrode tip according to an exemplary embodiment of the
invention. In detail FIG. 2 shows a base region 201 of an
implantation device 202. The base region 201 includes a
partly conical recess 203 formed in the base region. Further-
more, a tip 204 of a sonotrode 205 is shown in FIG. 2. The tip
204 of the sonotrode 205 has a shape which engages with the
recess 203 of the base of the implantation device. An angle of
the conical shape with respect to a longitudinal axis of the
implantation device and the sonotrode is preferably less than
10°, which small angle may result in a self adhesion of the
base region of the implantation device on the sonotrode tip.
That is, when such a small angle is used, the implantation
device, e.g. a bone pin, is held through friction by the cone of
the sonotrode tip, which may lead to the fact that a good
guidance and positioning of the implantation device with
respect to the sonotrode tip. The transferring of the mechani-
cal energy, e.g. ultrasonic energy, from the sonotrode tip to the
implantation device is substantially provided by the end faces
of the sonotrode tip, i.e. the areas which are labelled 206 in
FIG. 2. Preferably, the sonotrode tip is manufactured from
one piece, i.e. integrally formed with the sonotrode itself and
does not form a part which is separately formed and then
bonded to the sonotrode.

[0083] FIGS. 3A and 3B show a schematic illustration of a
sonotrode according to an exemplary embodiment of the
invention. FIG. 3A shows a sonotrode 305 comprising a tip
304 having at least in part a conical shape as already shown in
FIG. 2. Furthermore, the sonotrode 305 comprises a front
region 307 of substantially cylindrical shape and a rear region
308 of basically cylindrical shape as well. Between the front
and the rear regions a centre region 309 is arranged compris-
ing a coupling element 310. In the embodiment shown in FIG.
3 the coupling element is of basically polygonal shape, e.g. of
hexagonal shape, but may be of any other suitable shape. The
coupling region 309 primarily serves to couple the sonotrode
to ahand piece of an ultrasonic device in which the sonotrode
is fitted. By using a polygonal shape a moment, e.g. a torque
moment, can be transferred from the ultrasonic device to the
sonotrode. This torque moment may also, at least to some
extent transferable to an implantation device in case this
implantation device is engaged with the sonotrode tip.

[0084] The coupling element 310 is arranged in a node of a
stationary wave used to transfer the mechanical energy from
the ultrasonic device to the implantation device. By arranging
the coupling element, or any other additional mass concen-
tration, in this specific point, which is roughly in the middle of
the sonotrode, of the sonotrode it may be possible to eliminate
or at least reduce the influence of this additional mass on the
eigenfrequency ofthe sonotrode. The eigenfrequency or reso-
nant frequency of the sonotrode has to be adapted to the
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eigenfrequency of the hand piece to a rather great extent, i.e.
has to be adapted quite well. Therefore, the variations in the
manufacturing of the sonotrode do have a great influence on
the function of the sonotrode and on the waste sonotrodes
which has to be separated out. Since according to this
embodiment the additional amount of mass is positioned in a
node of the ultrasonic wave a greater variations in manufac-
turing of this additional mass can be tolerated which may lead
to reduced production costs.

[0085] FIG. 3B shows alongitudinal section of FIG. 3A and
shows the sonotrode 305, the tip 304, the frontregion 307, and
the rear region 308 of FIG. 3A as well. Further, the centre
region 309 comprising the coupling element 310 can be seen.
Furthermore, it can be seen in FIG. 3B that the sonotrode may
be hollow, i.e. may be formed substantially of a hollow cyl-
inder comprising a region 311 around its axis in which no
material exists. Preferably, the front region of this hollow
space, 1.e. the region which is close to the tip of the sonotrode,
has a conical shape, wherein the angle of the corresponding
cone is greater than 90°, preferably about 120°, e.g. 118°.
[0086] FIG. 3C show a schematic illustration of an ultra-
sonic device 310 which can be used in combination with a
bone pinaccording to an exemplary embodiment of the inven-
tion. The ultrasonic device comprises a hand piece 311 which
has a shape which is adapted to be gripped by a human, e.g. a
physician implementing the bone pin. Furthermore, the ultra-
sonic device comprises a mounting part 312 in which a
sonotrode 313 can be inserted. Furthermore, a cable 314 for
supplying the ultrasonic device with energy and a switch 315
for turning the ultrasonic device on and off is shown in FIG.
3C.

[0087] FIG. 4 shows a schematic illustration of a base
region of an implantation device and a corresponding implan-
tation device applicator tip according to an exemplary
embodiment of the invention. In detail FIG. 4 shows a base
region 401 of an implantation device 402. The base region
401 includes a conical recess 403 formed in the base region
thereof. Furthermore, a tip 404 of an implantation device
applicator 405 is shown in FIG. 4. The tip 404 of the implan-
tation device applicator 405 has a shape which engages with
the recess 403 of the base of the implantation device. Anangle
of the conical shape with respect to an longitudinal axis of the
implantation device and the applicator is preferably less than
10°, which small angle may result in a self adhesion of the
base region of the implantation device on the applicator tip.
That is, when such a small angle is used, the implantation
device, e.g. a bone pin, is held through friction by the cone of
the applicator tip.

[0088] FIGS. 5A to 5D show schematic illustrations of an
implantation device applicator 500 according to an exem-
plary embodiment ofthe invention. F1IG. 5A shows a perspec-
tive view of the implantation device applicator 500. The
implantation device applicator 500 comprises a tip 501 and a
front region 502. Furthermore, the implantation device appli-
cator 500 comprises a main body 503 and an end region 504.
The tip, the front region and the end region are depicted in
greater detail in FIGS. 5C and 5D.

[0089] FIG. 5B shows a sectional section along the longi-
tudinal axis of the implantation device applicator 500. The
main body 503 has a substantially cylindrical hollow shape
which can accommodate an actuation element 505. The actu-
ating element may consists of a rod which might be used to
actuate a hull, barrel or sheath 506. When actuating the actu-
ating element and thus shifting the hull 506, the hull may be
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slide along the longitudinal axis of the implantation device
applicator 500 in such a way that the tip 501 is enclosed by the
hull 506 leading to the effect that an implantation device
engaged with the tip of the implantation device applicator 500
will be disengaged from the tip of the implantation device
applicator 500. The actuation element 505 may be activated
by a mechanism similar to the mechanism of a ball point pen
mechanism, e.g. an inverse ball point pen mechanism.
[0090] FIG. 5C shows the tip of implantation device appli-
cator 500 in greater detail and corresponds to the front region
502 encircled by the first circle in FIG. 5B. In FIG. 5C the tip
501, the hull 506 the main body 503 and the actuation element
505 can be clearly seen.

[0091] FIG. 5D shows the end or rear region 504 of the
implantation device applicator 500 in greater detail and cor-
responds to the end region encircled by the second circle in
FIG. 5B. In particular, an actuation mechanism is shown in
greater detail. The actuation mechanism comprises a button
507 similar to a button of a ball point pen. The actuation
mechanism further comprises an elastic element, e.g. a spring
508, which engages into a recess of the button and serves to
push the button 507 back into a rest position, in which the
button is moved away from the tip of the implantation device
applicator. When the button 507 is pressed, the button is
moved in the longitudinal direction towards the tip of the
implantation device applicator which causes the actuation
element 505, which also engages into the recess of the button,
to be moved towards the tip. The movement of the actuation
element 505 in turn causes that the hull as well is moved
towards the tip, so that an implantation device engaged with
the tip of the implantation device applicator will be disen-
gaged.

[0092] FIG. 6A shows a schematic view of an implantation
device remover 600 according to an exemplary embodiment.
The implantation device remover 600 comprises a handle
601, which is in the case of FIG. 6 a simple T-piece. The
handle 601 serves for a good grip of a person using the
implantation device remover, e.g. a surgeon. The implanta-
tion device remover 600 further comprises a drilling region
602 which comprises at a tip of the drilling region 602 a
hollow part. Furthermore, the tip comprises an edge 603
which is formed like a saw, e.g. comprises cutting teeth. In
total the implantation device remover 600 has a size which is
suitable for good gripping by the surgeon, e.g. the handle is
about 100 mm wide. The diameter of the drilling region 602
is adapted to the diameter of the implantation device which is
to be removed. In particular, the inner diameter of the hollow
part may be a little greater than the diameter of the implanta-
tion device.

[0093] FIG. 6B shows a schematically longitudinal cut
through the implantation device remover of FIG. 6 A. Further-
more, the implantation device remover 600 comprises an
ejector unit 604 which is more clearly visible in FIG. 6C. The
ejector unit 604 is slidable mounted in the inner part of the
drilling region.

[0094] FIG. 6C shows a detailed view of the tip of the
implantation device remover of FIG. 6B. In particular, in the
detailed view of FIG. 6C the cutting edge 603 is clearly
visible. Further, a the inner surface 605 of the drilling part is
shown on which a helical edge 606 is schematically shown,
which serves to cut a thread into the bone. Furthermore, the
ejection unit 604 can be seen in FIG. 6C more clearly, which
is in case of the shown embodiment a rod like structure. When
the drilling region is drilled into the bone, the ejector unit 604
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is pushed up the longitudinal axis of the implantation device
remover. After the bone piece to be removed and including the
bone pin has been drilled out and has been broken out of the
bone the ejector unit 604 may be used to remove the cylin-
drical bone piece out of the drilling region implantation
device remover 600.

[0095] In general a bone pin may be used in a operation
process for fixture of a broken or splintered bone, the proce-
dure comprising the following steps. Drilling or pre-drilling a
hole into the bone which has to be fixed, afterwards the bone
pin is implemented into the drilled hole. The pre-drilling hole
may act as a guidance for the bone pin. Preferably, the pre-
drilling is performed in such a way that all fragments of the
broken or splintered bone are penetrated, so that all fragments
are contactable by the bone pin in such a way that all frag-
ments are joinable. Preferably, this is done using an so-called
pin applicator. Afterwards the pin applicator is removed and
an ultrasonic device is arranged at the base region of the bone
pin. When the ultrasonic device is switched on the bone pin
starts to oscillate and the protrusions arranged on the shaft of
the bone pin come into contact with the surrounding bone so
that portions of the protrusions are sheared off by shearing
forces from the bone pin, whereby they are liquefied. Due to
the providing of a plurality of protrusion comprising burrs or
ridges only small parts of the hole shaft of the bone pin are
contacting the bone and are sheared off or liquefied. The
liquefied material of the bone pins starts to penetrate pore
spaces of the bone. When the ultrasonic device or ultrasonic
driver is switched off the liquefied material, e.g. the polymer,
cools rapidly, resulting in a stable joint after only a few
seconds and may form a positive locking. In case the bone pin
should be removed again the bone pin remover according to
an exemplary embodiment of the invention may be used.
Such a pin remover may comprise a portion similar a crown
drill, which driller is placed above the bone pin which is to be
removed. Then the remover is drilled into the bone. The
cutting hull of the crown drill cuts into the bone and also cuts
a preferably high pitch thread into the bone cut in the cutting
hull. This threading may provide a positive locking between
the driller and the bone portion to be removed so that after-
wards the remover may be used to break the bone portion
including the bone pin to be removed.

[0096] Summarizing it may be seen as one aspect of an
exemplary embodiment of the present invention to provide a
bone pin having a shaft comprising a plurality of protrusions.
Due to the protrusions only small parts of the bone pins are
sheared off when ultrasonic energy is applied to the bone pin,
leading to the effect that only a small total power is used to
achieve a suitable energy density at the protrusions to liquefy
the same. Thus, the total power, i.e. energy per time, may be
reduced which may reduce the energy input into the bone the
bone pin is applied to, so that damage to the bone may be
reduced. Furthermore, the implantation device includes a
base region having a recess formed therein which is adapted
to accommodate a tip of a handling device or an implantation
device remover.

[0097] It should be noted that the terms “comprising” or
“including” do not exclude other elements or steps and the “a”
or “an” does not exclude a plurality. Also elements described
in association with different embodiments and aspects may
be combined. It should also be noted that reference signs in
the claims shall not be construed as limiting the scope of the
claims.
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[0098] Although the invention herein has been described
with reference to particular embodiments, it is to be under-
stood that these embodiments are merely illustrative of the
principles and applications of the present invention. It is
therefore to be understood that numerous modifications may
be made to the illustrative embodiments and that other
arrangements may be devised without departing from the
spirit and scope of the present invention as defined by the
appended claims.

1. An implantation device for implantation in a target struc-
ture, the implantation device comprising:

a base region; and

a shaft region

wherein the base region comprises a connecting portion,

wherein the connecting portion is adapted to interact with

a coupling region of a handling device, and

wherein the shaft region comprises a material which is

modifiable by using mechanical energy.

2. The implantation device according to claim 1, wherein
the connecting portion is adapted to frictionally interact with
the coupling region of the handling device.

3. The implantation device according to claim 1, wherein
the connecting portion is formed as a recess.

4. The implantation device according to claim 3, wherein
the recess is adapted in such a way that the projection of the
handling device positively fits into the recess.

5. The implantation device according to claim 3, wherein
the recess has a conical shape.

6. The implantation device according to claim 5, wherein
the conical shape has an angle with respect to a longitudinal
axis of the implantation device which angle is adapted to
provide self adhesion.

7. The implantation device according to claim 6, wherein
the angle is less than 10°.

8. The implantation device according to claim 1, wherein
the shaft region comprises an at least one protrusion; and
wherein the protrusion comprises a material which is modi-
fiable by using mechanical energy.

9. The implantation device according to claim 8, wherein
the modifiable material is bioabsorbable.

10. The implantation device according to claim 8, further
comprising:

a plurality of protrusions, wherein the plurality of protru-

sions are arranged on the shaft region in such a way that
a flow of liquefied material along the shaft is reduced.

11. A handling device for handling an implantation device
according to claim 1, wherein the handling device comprises
a coupling region, which is adapted to couple to the connect-
ing portion of the implantation device.

12. The handling device according to claim 11, wherein the
handling device is formed as an implantation device applica-
tor.

13. The handling device according to claim 12, wherein the
implantation device applicator comprises an actuating
mechanism.

14. The handling device according to claim 13, wherein the
actuating mechanism is adapted to decouple the implantation
device and the implantation device applicator.

15. The handling device according to claim 14, wherein the
actuating mechanism comprises a sheath, wherein the sheath
is adapted to decouple the implantation device and the
implantation device applicator.

16. The handling device according to claim 15, wherein the
actuating mechanism comprises an actuating element,
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wherein the actuating element is adapted to shift the sheath in
such a way that it surrounds the coupling region.

17. The handling device according to claim 11, wherein the
handling device is formed as a mechanical energy applicator.

18. The handling device according to claim 17, wherein the
mechanical energy applicator is formed as an ultrasound
applicator.

19. The handling device according to claim 18, wherein the
ultrasound applicator comprises a sonotrode having a tip,
which tip is adapted to form the coupling region of the han-
dling.

20. The handling device according to claim 19, wherein the
tip of the sonotrode is further adapted in such a way that the
ultrasonic energy is substantially transferred to the base
region of the implantation device at areas around the tip.

21. The handling device according to claim 19, wherein the
sonotrode comprises a shaft, which has a longitudinal shape,
wherein the shaft of the sonotrode comprises a coupling ele-
ment, and wherein the coupling element is adapted to be
couplable to a hand piece of the ultrasound applicator, in
particular in such a way that a moment is transferable from the
hand piece to the sonotrode.

22. The handling device according to claim 21, wherein the
moment is a torque moment.

23. The handling device according to claim 21, wherein the
coupling element is formed as a multi-sided profile.

24. The handling device according to claim 21, wherein the
coupling element is arranged at a position along the shaft of
the sonotrode, which position relates to a node of the ultra-
sonic wave.

25. An implantation kit comprising:

an implantation device according to claim 1.

26. The implantation kit according to claim 25, further
comprising:

a handling device according to claims 11.

27. A method for implanting an implantation device
according to claim 1, the method comprising:

implanting the implantation device into a target structure;

and

modifying the implantation device by applying mechanical

energy.

28. The method according to claim 27, wherein the modi-
fying is partially done by shearing of parts of the implanted
implantation device.

29. An implantation device remover for removing an
implantation device from a target structure, the implantation
device remover comprising:

a handle region;

a drilling region,
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wherein the drilling region is formed by a hollow shaft

having an inner surface,

wherein the inner surface is adapted in such a way that

when the implantation device remover is drilled into the
target structure by using the handle region the inner
surface cuts a thread into the target surface.

30. The implantation device remover according to claim
29, wherein the drilling region has an end portion, and
wherein the end portion is formed in such a way that it has a
saw like structure.

31. The implantation device remover according to claim
29, wherein the cut thread in the target structure has a pitch
which is adapted in such a way that when the implantation
device remover is pulled by the handle region out of the target
structure the target structure breaks and is removeable by the
implantation device remover.

32. The implantation device remover according to claim
31, wherein the pitch is a high pitch.

33. The implantation device remover according to claim
31, wherein the pitch is substantially between 30° and 60°.

34. The implantation device remover according to claim
29, further comprising:

an ejector unit,

wherein the ejector unit is adapted to eject a portion of the

target structure which is cut from the target structure.

35. An implantation kit comprising:

an implantation device remover according to claim 29.

36. The implantation kit according claim 35, further com-
prising:

a handling device according to claim 11;

an implantation device according to claim 1; and

an ultrasonic device.

37. A method for removing an implantation device, the
method comprising:

removing the implantation device by using an implantation

device remover according to claim 29.

38. The method according claim 37, further comprising:

drilling the implantation device remover into a target struc-

ture, in which the implantation device is implanted, in
such a way that the drilling region surrounds the implan-
tation device;

rupturing the drilled target structure at an distal end with

respect to the handle region of the implantation device
remover by pulling the handle region of the implantation
device remover; and

removing the ruptured target structure out of the target

structure.



patsnap

TRAFROE) HWAEKE , RASNBERA LSS
NIF(2E)E US20080109007A1 K (2E)R 2008-05-08
RS US11/601579 iR 2006-11-17

AR (RN A(GE) EB'ROUMGLT
B (T M) A(F) STRYKERSMAGMBH

HETHFEFN)AGE) STRYKERIMAEGMBH

[#R1 &% BB A SCHWAGER MANUEL

HENRY PHILIP

ZANDER NILS
KA SCHWAGER, MANUEL

HENRY, PHILIP

ZANDER, NILS
IPCH K& A61B17/56
CPCH%E= A61B17/1637 A61B17/92 A61B17/8872 A61B17/1655
£ 5 2006022835 2006-11-02 EP
SNEBEEHE Espacenet  USPTO
MEH) 100
ATFRAENERNEREHNTWEARESEEIXE, EXXKEE \m
EEEDY , g B TSRERENREXSEEER. 5l \
iy, EEISMBEXFEAUKIES., ZRETUARREYWH g | -
B NS e AL BE R o 0, L_G 107

T — —
e e
-"'___" nlﬁ-ﬂ_ﬂ'ﬁ_ b O O



https://share-analytics.zhihuiya.com/view/f0f2c3eb-ad5c-4f69-8f60-e763bfbd7d7a
https://worldwide.espacenet.com/patent/search/family/037882266/publication/US2008109007A1?q=US2008109007A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080109007%22.PGNR.&OS=DN/20080109007&RS=DN/20080109007

