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(57) Abrégée/Abstract:
A device for osteosynthesis includes a body having a proximal surface, a distal surface configured and dimensioned to face a target
portion of bone over which the body Is to be mounted and a through opening extending through the body from the proximal

:':‘;‘:‘-';:;‘:': Bt N,
R A -:::; N7
> \) Q"’...

I*I ] . Prven, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 @igmr -~

| SRR RO S 2 _,\‘.s
OPIC - CIPO 191 5




CA 2803072 A1 2012/01/26

en 2 803 072
13) A1

(57) Abrege(suite)/Abstract(continued):
surface to the distal surface along a central axis. The through hole includes a first protrusion extending from an inner surface

thereof toward the central axis. The first protrusion Is biased toward an unstressed state in which the first protrusion extends into
the through opening to a first distance from the central axis. The first protrusion Is movable toward the inner surface when

subjected to a force directed outward from the central axis.
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(57) Abstract: A device for osteosynthesis includes a body having a proximal surface, a distal surface configured and dimen-
sioned to face a target portion of bone over which the body 1s to be mounted and a through opening extending through the body
from the proximal surface to the distal surface along a central axis. The through hole includes a first protrusion extending from an
mner surtace thereot toward the central axis. The first protrusion is biased toward an unstressed state in which the first protrusion
extends mto the through opening to a first distance from the central axis. The first protrusion 1s movable toward the mner surface

when subjected to a force directed outward from the central axis.
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DEVICE FOR OSTEOSYNTHESIS

Inventor(s): Urs' Hulliger

Priority Claim

[0001]  The present application claims priority to U.S. Provisional Application Serial No.
61/366.324 entitled “Device for Osteosysthesis” filed on July 21, 2010 to Urs Hulliger. The

entire contents of this application are incorporated herein by reference thereto.

Field of the Invention
[0002]  The present invention generally relates to a device for osteosynthesis and, 1n

particular, to a bone plate for stabilization of bones.

Background of the Invention

[0003]  The fixation of osteosynthetic devices to bones is usually effected by means of
anchoring elements such as screws and pins. It is sometimes desirable to allow the fixation of the

anchoring elements to the osteosynthetic device and the bone at an angle chosen by the surgeon.

[0004] A device for osteosynthesis for an angularly stable connection of an anchoring
element in a bone plate is known from German Patent No. DE 10 2005 042 766 to Orschler. This
known device has the disadvantage that the fixation of an anchoring element and a bone plate 1s
achievable only due to the interaction between a bone screw head with a plate bore. However, as
those skilled in the art will understand, increasing forces and loads applied to the bone plate may

result in a loosening of the fixation of the bone screw in the plate bore.

Summary of the Invention

SUBOMTITUTE SHEET (RULE 26)
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100035 ] The present invention relates to a device for osteosynthesis allowing an angularly
stable connection of an anchoring element (e.g., a bone screw) to an osteosynthetic device (e.g.,

a bone plate) as well as a rigid locking of the anchoring element in the osteosynthetic device.

[0006]  In particular, the present invention relates to a device for osteosynthesis comprising a
body having a proximal surface, a distal surface configured and dimensioned to face a target
portion of bone over which the body is to be mounted and a through opening extending through
the body from the proximal surface to the distal Surface along a centrai ax1s, the through hole
including a first protrusion extending from an inner surface thereof toward the central axis, the
first protrusion being biased toward an unstressed state in which the first protrusion extends 1nto
the through opening to a first distance from the central axis, the first protrusion being movable

toward the inner surface when subjected to a force directed outward from the central axis.

10007] The present invention also relates to a device for osteosynthesis, which comprises a
proximal surface, a distal surface configured to face a bone in an operative configuration, and a
through opening for receiving an anchoring element connecting the proximal and distal surfaces.
The through opening has a central axis, an inner surface and a number, N, of protrusions
extending therethrough in a direction of the central axis, wherein the protrusions are movable
and/or deformable in a direction from the central axis towards the inner surface of the through

opening so that the through opening is radially expandable.

[0008] In one embodiment of the device, the through opening is radially expandable by at
least 2% of the diameter of the through opening.

10009 ] In a further embodiment of the device, the protrusions comprise front faces facing the
central axis wherein the movability/deformability of the protrusions 1s not based on the

deformability of the front faces.
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[00010] In still a further embodiment of the device, the protrusions and the inner surface of

the through opening are formed as a unitary element.

[(00011]  In another embodiment of the device, the protrusions are elastically deformable. This

configuration increases the stability of a bone fixation procedure due to a non-positive

connection between the osteosynthetic device and a bone fixation element inserted therethrough,

as will be described in greater detail later on.

[00012]  In yet another embodiment of the device, a first one of the protrusions comprises a

front face facing the central axis, a circumference of the front face being less than 3607,
preferably 190° to 220°. This embodiment is advantageous in that it simplifies a manufacturing

process while increasing the holding force of the osteosynthetic device to the bone.
'00013]  In a further embodiment of the device, the protrusions number between 3 and 6.

[00014] In yet a further embodiment of the device, the front faces of the protrusions are

circumferentially separated from each other along an inner surface of the through opening.

[00015] Instill a further embodiment of the device, the through opening has a non-circular

Cross-section.

[00016] In another embodiment of the device, front faces of each of the protrusions have a

different surface area f{(N).

[00017] In another embodiment of the device, front faces of each of the protrusions have an

identical surface area {(IN).

[00018] In yet another embodiment of the device, an inner surface of the through opening

without the areas f(N) has a total area F, and wherein the ratio f(N)/F is in the range of 2 to 15% .

23 -
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[00019] In a further embodiment of the device, the ratio f(N)/F is between 20% and 50%.

[00020] In again a further embodiment of the 'device, the surfaces of the front faces of the

protrusions comprise a three-dimensional structure, preferably a macro-structure.

[00021] In another embodiment of the device, the front faces of the protrusions are provided
with a thread or a thread-like structure. In yet another embodiment of the present invention the

front faces are provided with lips.

[00022] In a further embodiment of the device, the front faces of the protrusions facing the
central axis form a virtual body having an essentially circular cross-section when measured

orthogonal to the central axis.

[00023]  In still a further embodiment of the device, the front faces of the protrusions form a
virtual body; the virtual body is conical, preferably with a cone angle in the range of 5® to 15° to

permit a non-positive connection with a conical screw head.

[00024]  In another embodiment of the device, the virtual body formed by the front faces of the
protrusions facing the central axis has a form of a spherical segment, preferably of a hemisphere.

This conﬁguratioh allows the advantage of a non-positive connection with a spherical screw

head.

100025]  In again another embodiment of the device, the virtual body formed by the front faces
of the protrusions is a cylinder. This configuration allows the advantage of a non-positive

connection with a conical screw head.

[00026] In still another embodiment of the device, the protrusions are connected to the inner

surface by a connecting part; the connecting part is longitudinally aligned with one of the distal

.
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surface of the device and the proximal surface of the device. In another embodiment, the

connecting part may be positioned to be equidistant from the proximal and distal surfaces.

[00027] In yet another embodiment of the device, the front faces are arranged non-parallel to

the central axis of the through opening.

[00028] In a further embodiment of the device, the front faces are arranged parallel to the

central axis of the through opening.

[00029] In a further embodiment, back sides of the protrusions are provided with wedge-
shaped male elements and the inner surface of the through opening 1s provided with
corresponding cavities. This embodiment allows the advantage that deformation of the
protrusions from the central axis towards the inner surface of the through opening causes the
male elements to grip the corresponding cavities to increase a stability of a bone fixation

procedure.

[00030] According to another aspect of the present invention, a bone fixation assembly 1s

provided with at least one anchoring element insertable 1n the through opening.

Brief Description of the Drawings

[00031]  Several embodiments of the present invention will be described 1n the following by
way of example and with reference to the accompanying drawings in which:

Fig. 1 illustrates a perspective view of a cross-section of an exemplary embodiment of the
device according to the present invention;

Fig. 2 illustrates a perspective view of another exemplary embodiment of the device
according to the present invention;

Fig. 3 illustrates a perspective view of a further exemplary embodiment ot the device

according to the present invention;
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Fig. 4 illustrates a partial perspective view of a further exemplary embodiment of the
through opening of a device according to the present invention; and
Fig. 5 illustrates a perspective view of a bone fixation assembly comprising the device for

osteosynthesis and the anchoring element insertable 1n the through opening ot the device.

Detailed Description of the Invention

[00032] The present invention relates to a system and method for the fixation of an
osteosynthetic device to a bone via a bone fixation device (e.g., a bone screw) 1n a manner
ensuring that there 1s no loss of bony purchase over time after implantation. An exemplary bone
plate according to the present invention comprises a through opening extending therethrough and
having a central opening axis. The through opening defines a channel extending therethrough
and comprises a first protrusion extending from an inner wall thereof a predetermined distance
radially into the channel. The first protrusion 1s provided with accordioned layers, as will be
described in greater detail later on, to aid in radial expansion of the channel. Specifically, the
protrusion is configured so that, when subject to a predetermined force (e.g., by a bone fixation
screw inserted into the channel), individual layers of the accordioned protrusion radially
compress against one another to increase a diameter of the channel and permit the locking
insertion of the bone fixation screw 1nto the bone. The exemplary bone plate according to the
present invention permits the insertion of a range of bone fixation screws the outer diameters of
whose shafts and heads fall within predetermined ranges. It is noted that although embodiments
of the invention are described herein with a predetermined number of protrusions, any number of
protrusions may be employed without deviating from the spirit and scope ot the present
invention. Furthermore, although the exemplary system and method is described with respect to
osteosynthetic procedures, any other bone fixation procedure may also be pertformed in the

claimed manner without deviating from the spirit and scope of the present invention.

[00033] Fig. 1 illustrates a cross-section of a device 1 according to a first embodiment of the

present invention. In an exemplary embodiment, the device 1 1s a bone fixation plate having a

_6 -
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proximal surface 8, a distal surface 9 configured and dimensioned for facing a bone inan
operative configuration and a through opening 2 connecting the proximal surface 8 and the distal
surface 9. In an exemplary embodiment, a cross-section of the through opening 2 is substantially
clover-shaped and comprises four radial recesses 7 having a first radius of curvature and
separated from one another by a plurality of protrusions 5 formed on a portion of the opening
having a second radius of curvature, the second radius of curvature being greater than the first
radius of curvature, as shown in Fig. 1. That is, the cross-section of the through opening 2 has a
form of a tetragon, wherein the angles of the tetragon are extended by the circular radial recesses
7. The through opening 2 has an inner surface 4 and a central axis 3. The protrusions 5 extend
from the inner surface 4 of the through opening 2 in the direction of the central axis 3 by a
predetermined distance. Specifically, as will be described in oreater detail hereinafter, the
protrusions 5 are first provided 1n a biased configuration wherein the protrusions extend into a
channel 10 defined by the through opening 2 by a first predetermined distance. Compression ot
the protrusions 5 causes a reduction of the first predetermined distance to a second smaller

distance suitable to permit lockable insertion of a bone fixation device through the channel 10.

[00034]  Each of the protrusions 5 extends radially into the channel 10 from an inner wall
portion 13 having the second radius of curvature as described above. First, second, third and
fourth walls 14, 15, 16 and 17 extend out from the inner wall portion 13 in a direction toward the
central axis 3. A width of each of the first, second, third and fourth walls 14, 15, 16, 17 1s
sequentially reduced in a direction approaching the central axis to prevent adjacent ones of the
protrusions 5 from contacting one another as they approach a reduced diameter portion of the
channel 10 toward the central axis 3, as those skilled in the art will understand. Furthermore, a
curvature of each of the first, second, third and fourth walls 14, 15, 16, 17 is substantially similar
to a curvature of the inner wall portion 13. Specifically, the first wall 14 extends out from the
inner wall 13 at an angle substantially perpendicular to the central axis 3 by a first predetermined
distance. In an exemplary embodiment, a distal face of the first wall 14 is aligned with the distal
surface 9 of the device 1, the first wall 14 having a longitudinal length smaller than a

longitudinal length of the inner wall portion 13. A second wall 15 extends from an end of the

_7.
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first wall 14, the second wall 15 extending substantially parallel to the central axis 3 mn a
proximal direction, terminating at a proximal end of the inner wall portion 13-. A first groove 18
is defined between the second wall 15 and the inner wall portion 13, the first groove 18 allowing
for radial compression of the protrusion 3, as will be described in oreater detail later on. The
third wall 16 extends away from an end of the second wall 15 in a direction also substantially
perpendicular to the central axis 3, the third wall 16 being substantially aligned with the proximal
surface 8. A length of the third wall is substantially similar to that of the first wall 14. The fourth
wall 17 extends distally from an end of the third wall 16, defining a second groove 19 between
the fourth wall 17 and the second wall 15. Upon application of a predetermined force from a
bone fixation device (not shown), the fourth and second walls 17, 15 are movable/deformable
into the first and second grooves 18, 19 so that the through opening 2 1s radially expandable.

Each of the protrusions 5 shown in Fig. 1 are formed as a single umt

[00035]  Front faces 6 of the fourth walls 17 of the protrusions 5 facing the central axis 3 are
provided with a three-dimensional macro-structure in the form of a thread. It is noted, however,
that the front faces 6 may be provided with any other surface treatment or shape configured to
conform to the outer wall of a head or shaft of a bone fixation device to be inserted therethrough.
For example, the surface treatment may be selected to enhance a frictional engagement between
the protrusion 5 and the bone fixation element (not shown). Each of the front faces 6 has an area
f(N). In the exemplary embodiment shown in Fig. 1, the areas f(N) of each the protrusions 5 are
identical to each other. The front faces 6 of the protrusions 5 are arranged at a non-parallel angle

relative to the central axis 3 and form a virtual body haifing a form of a cylindrical cone.

[00036] A total area f(T) of all protrusions 5 corresponds to the sum of the areas {(N), 1.c.

N
(Ty=1f(1)+12)+... +f{(N-1) + {(N) = Zf(n)
=1
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[00037] In accordance with an exemplary method according to the present invention as shown
in Fig. 5, the device 1 may first be positioned over a target portion of a bone being treated. As
those skilled in the art will understand, the bone plate may be temporarily held in place (1.e., via
a bone pin, etc.). A surgeon or other user may then determine a required angle of insertion of a
bone fixation device 1 through the through hole 2. For example, the insertion angle may be
selected to permit the bone fixation device to attach bone fragments to one another. The surgeon
may then insert the bone fixation device 11 into the through hole at the desired angle so that a
longitudinal axis 11° of the bone fixation device 11 is angled relative to the central axis 3 by an
angle a. As described in oreater detail earlier, the width of the channel 10 may be smaller than a
width of a head of the bone fixation device 11 so that, as the head is advanced into the through
hole 2, at least a first one of the protrusions 5 is radially compressed. Specifically, as those
skilled in the art will understand, the selected angle of insertion will determine which ones of the
plurality of protrusions 5 are radially compressed, wherein those protrusions 5 lying in a plane of
insertion of the bone fixation device (not shown) may undergo a greater degree of deflection than
those separated from the plane of insertion. Each of the protrusions 5 may theretore undergo
varying degrees of radial compression, wherein some of the protrusions 5 may not undergo any
compression at all. The exemplary protrusions 5 according to the present invention permit a
polyaxial insertion of a bone fixation device through the through hole 2 at any desired angle

which may be selected prior to or after positioning of the bone plate over the bone.

[00038]  Fig. 2 illustrates a cross-section of a device 20 according to another embodiment of
the present invention, wherein like elements have been referenced with the same reference
number. The device 1’ comprises the proximal surface 8, distal surface 9 for facing a bone and a
through opening 22 connecting the proximal surface 8 and the distal surface 9. The through
opening 22 has the inner surface 4 and the central axis 3. The through opening comprises a
plurality of protrusions 25 formed substantially similarly as the protrusions 5 of Iig. 1. The
protrusions 25 are movable/deformable in the direction from the central axis 3 towards the inner
surface 4 of the through opening 22, so that the through opening 22 is radially expandable.. A

cross-section of the through opening 22 relative to the central axis 3 has a substantially circular

_0 .
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shape. Front faces 26 of the protrusions 25 are arranged parallel to the central axis 3 and form a
virtual body having the form of a circular cylinder. Areas f(N) of each of the protrusions 25 are

substantially identical to each other.

[00039] The exemplary protrusions 25 are formed of a separate unit selectively insertable into
an opening 23 formed through the inner surtace 4 of the through opening 22. As shown in Fig. 2,
radially inner walls 12 of the protrusions 5 are provided with wedge-shaped male elements 24
which ma.y be locked in the respectively sized and shaped opening 23. The openings 23 may be
longitudinally aligned with the distal surface 9. In one embodiment, the male elements 24 may
be bonded to the openings to prevent movement relative thereto. A proximal portion of the inner
surface 4 of the through opening 2 may comprise a female opening 14 formed as a pointed
groove extending along the inner surface 4 and having a length substantially similar to a length
of the radially inner wall 12. The female opening 14 may be sized and shaped to receive an
abutment 13 extending along the radially inner wall 12. In an exemplary embodiment, the
abutments 13 do not contact the female openings 14 1n a first operative configuration.
Specifically, the radially inner wall 12 is formed with an angle extending substantially
perpendicular to the central axis. In contrast, the inner surface 4 of the through opening 2 1s
formed with a conical taper so that a diameter of the through opening 2 decreases in a distal
direction. Because of this configuration, when the male element 24 1s fully seated within the
opening 23, a proximal portion of the protrusion including the abutment 13 does not contact the
inner surface 4 or female opening 14. Proximal faces 26 of the protrusions 25 are formed with
threading or another surface treatment configured to aid in frictional engagement with a bone
fixation device and to aid in distal insertion thereof into a bone, as those skilled in the art will
understand. As described in greater detail earlier, the front faces 26 may define a virtual conical
shape of the channel 10 extending through the through hole 22. It is noted that although the
present embodiment is depicted with six protrusions 25, any other number of protrusions may be
employed without deviating from the spirit and scope of the present invention. For example, a

surgeon may determine a required number of protrusions 25 depending on the requirement for a

210 -
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particular procedure and may add or remove protrusions 25 from the device 20 as needed prior to

performing the procedure.

[00040] An exemplary method according to the present embodiment is substantially similar to
the method discussed above with respect to Fig. 1. After placement of the device 20 over a target
portion of the bone, a bone fixation device (not shown) is inserted through the through hole 22 at
a selected angle, insertion of the bone fixation device causing at least a portion of the protrusions
25 to deflect radially outward toward the inner surface 4. The protrusions 25 may detlect away
from their biased positions by any distance up to a maximum deflection range wherein the

abutments 13 come into contact with the female openings 14.

[00041] Fig. 3 illustrates a cross-section of a device 30 according to another embodiment of
the present invention, the device 30'having the proximal surface 8, the distal surface 9 for facing
a bone and a through opening 32 connecting the proximal surface 8 and the distal surface 9. The
through opening 32 has the inner surface 4 and the central axis 3. The through opening 32 further
comprises protrusions 35 extending from the inner surface 4 of the through opening 2. The
protrusions 35 are movable/deformable in a direction from the central axis 3 towards the 1nner
surface 4 of the through opening 32 so that the through opening 2 is radially expandable. A
cross-sectional shape of the through opening 32 is substantially circular and comprises a plurality
of grooves 39 extending along its perimeter, as will be described in greater detail later on. Front
faces 36 of the protrusions 35 are arranged non-parallel to the central axis 3 and torm a virtual

body having a form of a circular cone, as described in greater detail in earlier embodiments,

[00042]  Each of the protrusions 36 extends radially into the channel 10 from an inner wall 33.
The inner wall 33 may be recessed into the inner surface 4 by a predetermined depth so as to
create the erooves 39. As those skilled in the art will understand, the recessed inner wall 33
increases the depth by which the protrusions 35 may be deflected from their biased positions
upon application of a force by a bone fixation device, thus providing for a greater degree of

angulation of the bone fixation device through the through opening 32. A tab 34 extends out of

- 11 -
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the inner wall 33 at an equidistant position from the proximal and distal surfaces 8, 9. A width
of the tab 34 may be substantially equivalent to or smaller than a width of the inner wall 33. The
tab 34 and protrusion 35 serve to define proximal and distal grooves 37, 38 therebetween, the
arooves 37, 38 permitting deflection of the protrusion 35 thereinto upon application ot a

predetermined force by a bone fixation device.

[00043] Fig. 4 illustrates a cross-section of a device 40 acco'rding to another embodiment of
the present invention. The device 40 is formed substantially similarly as the device 1 ot Fig. 1
but comprises only a single protrusion 45. The device 40 comprises a through opening 42 having
inner surface 4 and central axis 3. A cross-sectional shape of the through opening 42 1s
substantially circular and is open to a substantially oval opening 43 located adjacent thereto.

The protrusion 45 extends through only the substantially circular through opening 42 and 1s
movable/deformable in any direction from the central axis 3 towards the inner surface 4. As
described in greater detail with respect to Fig. 1, the protrusion 45 comprises first, second, third
and fourth walls 14°, 15°, 16°, 17’ permitting radial compression of the through opening 45 upon
application of a predetermined minimum force from a bone fixation device. However, whereas
the first wall 14 of Fig. 1 was aligned with the distal surface 9, the first wall 14’ of the present
embodiment is aligned with the proximal surface 8. walls 14, 15, 16, 17 of Fig. 1 Subsequent
walls 16°, 17" and 18 of the protrusion are then positioned respectively so that a free end of the
protrusion is located adjacent the proximal surface 8. However, it 1s respecttully submitted that
the protrusion 45 may also be formed with substantially the same orientation as the protrusions 5
of Fig. 1 without deviating from the spirit and scope of the present invention. A front face 46 of
the protrusion 45 is arranged non-parallel to the central axis 3 and forms a virtual body having

the form of a circular cone.

[00044] The exemplary device 40 of Fig. 4 may be employed in substantially the same

manner as discussed with respect to earlier embodiments.

_12 -
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[00045]  Although the present invention and its advantages have been described in detail, 1t
should be understood that various changes, substitutions, and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, composition of matter, means, methods and
steps described in the specification. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, composition of
matter, means, methods, or steps, presently existing or later fo be developed that perform
substantially the same function or achieve substantially the same result as the corresponding

embodiments described herein may be utilized according to the present invention.

[00046] Tt will be appreciated by those skilled in the art that various modifications and
alterations of the invention can be made without departing from the broad scope of the appended

claims. Some of these have been discussed above and others will be apparent to those skilled 1n

the art.
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What is claimed is:

1. A device for osteosynthesis, comprising:

a body having a proximal surface, a distal surface configured and dimensioned to
face a target portion of bone over which the body is to be mounted and a through opening
extending through the body from the proximal surface to the distal surface along a central
axis, the through hole including a first protrusion extending from an inner surface thereot
toward the central axis, the first protrusion béing biased toward an unstressed state in
which the first protrusion extends into the through opening to a first distance from the
central axis, the first protrusion being movable toward the inner surface when subjected

to a force directed outward from the central axis.

2. The device according to claim 1, wherein the first protrusion is movable by at least 2% of the

diameter of the through opening.

3. The device according to claim 1, wherein the first protrusion comprises a first front face
facing the central axis, the first protrusion being formed as a part of a circle wherein a

circumference of the first front face is less than 360° and, more specifically, in the range ot 190°

to 220°.

4. The device according to claim 1, wherein the first protrusion is formed integrally with the

inner surface of the through opening.

5. The device according to claim 1, wherein the first protrusion includes an elastically

deformable hinge coupled to the inner surface of the through opening.
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6. The device according to claim 3, further comprising:

a second protrusion extending from the inner surface toward the central axis, the
second protrusion being biased toward an unstressed state in which the second protrusion
extends into the through opening to a second distance from the central axis, the second
protrusion being movable toward the inner surface when subjected to a force directed
outward from the central axis to increase a clearance in the through hole, the second
protrusion comprising a séc()nd front face facing the centrél ax1s, the first and second

front faces being circumferentially separated {from one another; and.

a third protrusion extending from the inner surface toward the central axis, the third
protrusion being biased toward an unstressed state in which the third protrusion extends
into the through opening to a third distance from the central axis, the third protrusion
being movable toward the inner surface when subjected to a force directed outward tfrom

the central axis to increase a clearance in the through hole.

7. The device according to claim 1, wherein the through opening has a non-circular cross-

section.

8. The device according to claim 6, wherein a surface area of the first front face 1s one of equal
to and different from a surface area of the second front face area, the first and second front faces
combining to cover between one of 50% to 80% and 85% to 98% of a circumferential area of the

through hole at a distance from the central axis equal to the distance of the first and second front

faces therefrom.
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Q. The device according to claims 8, wherein the first front face includes a thread-like structure

extending thereacross.

10. The device according to claim 6, wherein the first and second front faces form part of a
virtual body having one of a circular cross-section measured orthogonal to the central axis, a
substantially conical virtual body having a cone angle in the range of 5° to 15°, a spherical

segment and a cylinder.

11. The device according to claim 5, wherein the hinge 1s one of longitudinally aligned with one
of the proximal surface and the distal surface of the body and equidistant from the proximal and

distal surfaces of the body.

12. The device according to claim 3, wherein the first front face is one of parallel and non-

parallel to the central axis.
13. A system for osteosynthetic bone fixation, comprising:

a body having a proximal surface, a distal surface configured for placement over a
target portion of bone and a through hole extending therethrough from the proximal
surface to the distal surface along a central axis, wherein the through hole comprises a
first protrusion movably connected to an inner surface thereot so that, upon application of

a force directed radially outward from the central axis the first protrusion moves radially

outward a predetermined distance; and
a bone fixation element including a head configured and dimensioned so that,

when inserted into the through hole, the head applies a radially outwardly directed force

moving the first protrusion radially outward from an unstressed position.

- 16 -
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14, The'system of claim 13, wherein the first protrusion comprises first, second, third and fourth
walls and wherein:
the first wall extends away from the inner surface substantially perpendicular to
the central axis and 1s longitudinally aligned with one of the proximal surface and the
distal surface of the osteosynthetic device; ‘
the second wall extends away from the first wall substantially parallel to the
central axis;
the third wall extends away from the second wall substantially perpendicular to
the central axis; and
the fourth wall extends away from the third wall substantially parallel to the
central axis, so that a first cavity is defined between the inner surface and the second wall
and a second cavity is defined between the second wall and the fourth wall, a first front

face of the fourth wall facing the central axis being threaded and angled relative thereto.

15. The system of claim 14, wherein the first protrusion extends radially over a predetermined
portion of a circumference of the through hole, the through hole having a substantially circular

cross-sectional shape.

16. The system of claim 15, wherein the through hole is open to a second opening positioned

adjacent thereto, the second opening extending from the proximal surface to the distal surface.

17. The system of claim 13, wherein a distal portion of the through hole comprises a first slot
extending into the inner surface configured and dimensioned to receive a first abutment on an
inner wall of the first protrusion, the inner wall being angled relative to the inner surface of the
through hole and wherein a proximal portion of the through hole comprises a second slot
extending into the inner surface configured and dimensioned to receive a second abutment on the
inner wall of the first protrusion and spaced from the second abutment by a predetermined

distance in a first biased operative configuration and which contacts the second slot in a second

- 17 -
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operative configuration when the first protrusion is pushed against the inner surface by a force

directed radially outward from the central axis.

18. The system of claim 13, wherein the first protrusion is connected to the inner surface of the
through hole by a tab projecting from the inner surface toward the central axis, the tab being
equidistant from the proximal and distal surfaces of the body, wherein proximal and distal inner

walls of the first protrusions proximal and distal of the tab are angled relative to the inner surface

of the through hole.

19. The system of claim 13, further comprising second and third protrusions separated from each

other and from the first protrusion by a radial groove in the through opening.

20. The system of claim 19, wherein the head of the bone fixation element includes a threaded

portion conforming to threading formed on the first, second and third protrusions.

_18 -
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