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Osteosynthesis System

This invention relates to a system for osteosynthesis according

to claim 1 and to a method for fracture fixation of a bone ac

cording to claim 13 .

Various systems for bone fracture fixation exist. Fractures of

long bones may be treated by fixing an osteosynthesis plate on

the bone bridging the fracture site. Alternatively, intramedular

nails may be used.

Especially in the vicinity of a joint, such as shoulder, knee,

elbow etc., high forces act on the bone. This is mainly caused

by muscles and ligaments adhering to the bone in these areas. It

is therefore especially important to provide fixation means

which are strong enough to withstand the high forces and which

offer good stability against distortion.

For fixation of fractures in the region of the proximal humerus

there are various plate systems on the market. A few examples

are the PHILOS plate (Synthes Inc., West Chester, PA, USA), the

AxSOS plate (Stryker Corp., Kalamazoo, MI, USA) or the PERI-LOC

proximal humerus locking plate (Smith & Nephew PLC, London,

UK) .

Fractures of the proximal humerus account for up to 4-5% of to

tal fractures in humans . It is therefore a very frequent type of

injury. As the muscles of the shoulder joint exert dragging

forces on the fracture, dislocation of the fragments often oc

curs .

Further, there are many solutions directed to plates and osteo

synthesis systems for fracture fixation on long bones in the



area of joints. US 2003/0040748 describes a blade plate includ

ing a base portion and a blade portion. The blade portion is ex

tending from the base portion at an angle and is inserted into

the bone. A strut screw is insertable in a hole of the base por

tion such as to span the angle between the base and the blade

portion .

Although this osteosynthesis system offers good stability

against distortion of the plate, the insertion of the blade por

tion into the bone is complicated, since a cavity has to be

reamed into the bone before the plate can be placed and secured

by screws. Further, the strut screw spanning the fracture site

does not offer stability against distortion, but rather serves

to interlock and tension the blade and base portions. Also, due

to the relatively bulky shape of the plate, this system may not

be implanted with a minimal invasive surgery technique.

WO 2009/042783 describes a system for fracture fixation using a

combination of an intramedullary nail and a small plate. Plate

and nail are connected together through a spiral blade which is

insertable through an opening in the plate into the bone and an

opening of the nail.

DE 37 22 852 discloses a system comprising a first part in form

of a plate to be positioned on the bone, a second part which may

be inserted into bone as well as a truss screw which is insert-

able under an angle into the first plate part and which connects

this part with the second part in the bone.

This system allows transforming bending forces, which may cause

breakage of the plate, into dragging forces which are more read

ily absorbed by the components of the system. However, it does



not provide for the prevention of distortion of the plate or the

fracture .

The objective of the present invention therefore is to provide

an osteosynthesis system avoiding the disadvantages known in the

state of the art and specifically to provide for a system which

provides good stability against bending and/or torsion forces

and which may be implanted using a minimal invasive surgery

technique. This objective is solved by a system according to

claim 1 .

The system for osteosynthesis of bone fractures of the present

invention comprises:

- at least one bone plate, said bone plate having at least

a first longitudinal plate portion with at least one

through hole, and a second plate portion, with at least

one bone anchor hole;

- at least one blade with a longitudinal axis; and

- at least one bone anchor.

The at least one blade further comprises at least one opening

and is configured such as to be insertable at a predetermined

angle smaller than 90° in relation to the bone plate through

said through hole into a bone, such that the blade is generally

pointing in the direction of the second part of the bone plate.

The at least one opening is configured such as to be aligned

with said at least one bone anchor hole when the blade is fully

inserted into said through hole, such that the bone anchor may

be inserted through said bone anchor hole and said opening.

The bone plate comprises an upper side and a lower side, which

is intended to be placed onto a bone. The first portion of the

bone plate has a longitudinal configuration, i.e. it is longer



than wide. Such plate configurations are widely known in the art

and are mainly used as plates on long bones . The longitudinal

plate portion includes a central axis which is preferably in the

form of a straight line. Alternatively, the central axis may

also be curved, in the form of a sine wave or of any other suit

able configuration. The first longitudinal plate portion further

includes two edges arranged on either side of the central axis.

These edges preferably are parallel to the central axis. Alter

natively, the edges may also be curved or inclined towards or

away of the central axis. Preferably, both edges are parallel to

each other and/or symmetrically arranged about the central axis.

The first longitudinal portion of the bone plate further com

prises at least one through hole, i.e. an opening of defined

shape spanning from the upper face to the lower face .

The second portion of the plate may also be of longitudinal

shape. Preferably, the second portion of the plate has another

shape, such as round, oval, polygonal or any other suitable

shape. The second portion of the bone plate comprises at least

one bone anchor hole. The bone anchor hole is adapted for the

insertion of a suitable bone anchor.

Preferably, both the first longitudinal portion and the second

portion of the bone plate are integral with each other. Alterna

tively, both portions may be separate and joined together before

or during implantation by any suitable means, such as gluing,

welding, soldering, screwing, by means of a form- fit connection

or the like. Further alternatively, both portions may be at

tached to one another by means of at least one intermediate por

tion. However, it is important that both portions are strongly

connected with each other after implantation. Most preferably,

both portions are integrally formed out of the same piece of ma

terial .



The bone plate preferably comprises or is made of a biocompati

ble material. More preferably, the bone plate comprises or is

made of a metallic material such as titanium, a titanium alloy,

such as TAN or TAV, a cobalt chromium alloy, a magnesium alloy,

a nickel titanium alloy and/or steel. Alternatively and depend

ing on the intended indication for the bone plate, the bone

plate may also comprise or be made of a biocompatible polymer

material, such as PEEK. Alternatively, the bone plate may com

prise or be made of a biodegradable material, such as a resorb

able magnesium alloy or a resorbable polymer material .

The system further also comprises a blade. A "Blade" as under

stood herein means a structure which is insertable into bone and

which is shaped and dimensioned such as to secure a fracture

against bending and torsion forces. Hence, a blade has a struc

ture with a non-circular cross section. Preferably the cross-

section of the blade is rectangular, triangular, oval or polygo

nal. Most preferably, the blade is helically twisted.

The blade of the present invention comprises a longitudinal axis

and at least one opening. The blade is insertable at a fixed an

gle in relation to the bone plate into the at least one through

hole of the first longitudinal plate portion. The angle between

the longitudinal axis of the blade and the lower side of the

plate is thereby less than 90° and selected such that the blade

is oriented in the direction of the second portion of the bone

plate. Preferably, the angle is thereby from 30° to 60°. For the

system to provide good stabilization of the fracture, the angle

between the longitudinal axis of the blade and the lower side of

the plate as well as the length of the blade are selected such

that the blade is insertable through the fracture zone. Further,

the at least one opening provided in the blade is located such



that it is aligned with the at least one bone anchor hole of the

second portion of the bone plate. This allows driving a bone an

chor through both the bone anchor hole as well as the opening in

the blade, thus forming a truss -like structure between the bone

plate, the bone anchor and the blade.

The opening of the blade may include a thread matching a thread

of the bone anchor. Preferably, the opening does not include a

tread. This almost eliminates the formation of wear debris in

the bone. The opening is further dimensioned such as to approxi

mately match the diameter of the at least one bone anchor, at

least along one cross-sectional plane of said opening.

Such a configuration stabilizes the fracture against distortion

and/or tilting. Further, the truss-like structure allows better

distribution of forces acting on the system, especially bending

forces on the bone plate. This reduces the risk of secondary

loss of reduction and breakage or deformation of the bone plate.

Further, this configuration provides a large supporting surface

and allows the distribution of forces on multiple structures.

Suitable bone anchors for the ostesynthesis system according to

the present invention are pins, pegs, screws or the like. Pref

erably, the bone anchors are configured such as to provide good

monocortical , bicortical and/or cancellous fixation in bone.

The blade preferably further comprises connection means to be

reversibly connected to the bone plate. Preferably, the blade

and the plate are configured to be interconnected by means of at

least one screw, pin or peg. Further, the blade preferably addi

tionally comprises a connecting element adapted to be inserted

into a mating recess provided in the at least one through hole

of the bone plate. The connecting element preferably is in the



form of a flange which may be fittingly inserted into the re

cess .

The blade comprises a first end, which is insertable into bone,

and a second end which is preferably reversibly connectable to

the bone plate. The blade preferably further includes at least

one fin element extending on one lateral side of the longitudi

nal axis from the first end to the second end. Said fin element

includes a lateral edge which is separated from the longitudinal

axis of the blade by a distance D . Said distance D preferably is

constant along the length of the blade. Alternatively said dis

tance D may also increase from the first end towards the second

end. Further, said fin element preferably winds around said lon

gitudinal axis in a spiral manner. Such a spiral blade configu

ration allows insertion of the blade into the bone by a twisting

motion. More preferably the blade includes two fin elements

winding around the longitudinal axis in a spiral manner. A spi

ral blade with two fin elements provides for an increased stabi

lization of the fracture against axial bending and torsion.

Alternativley , the blade may include more fin elements, such as

three or four fin elements, depending on the intended indication

of the osteosynthesis system. Of course the at least one through

hole of the first longitudinal portion of the bone plate has to

be shaped and sized such as to be able to accommodate a blade

with the appropriate number of fin elements.

The blade preferably comprises or is made of a biocompatible ma

terial, more preferably a metallic material such as titanium, a

titanium alloy, like TAN or TAV, a cobalt chromium alloy, a mag

nesium alloy, a nickel titanium alloy and/or steel. Alterna

tively and depending on the intended indication, the blade may

also comprise or be made of a biocompatible polymer material,



such as PEEK. Alternatively, the blade comprises or is made of a

biodegradable material, such as a resorbable magnesium alloy or

a resorbable polymer material .

The bone plate and the blade may comprise or be made of the same

material .

The longitudinal axis of the blade preferably is in the form of

a straight line. Alternatively, the longitudinal axis may also

be provided as a curved line with a constant radius of curva

ture. The curvature of the blade is thereby configured such

that, when the blade is fully inserted, the angle between the

longitudinal axis at the first end of the blade and the lower

side of the bone plate is smaller than the insertion angle of

the blade. In a preferred embodiment, the longitudinal axis at

the first end of the blade is parallel to the underside of the

plate when the blade is fully inserted.

Preferably, said at least one fin element winds around said lon

gitudinal axis 0.25 turns of 360°, i.e. 90°. Having a winding of

less than one turn allows for easy insertion and removal of the

blade into the bone. Further, a twist of 0.25 turns, i.e. of 90°

allows for insertion of a blade with one or two fins in the

through hole of the second portion of the bone plate parallel to

the longitudinal axis of the bone plate. By the turn of 90°, the

first end of the blade will have fins generally transverse to

the insertion direction of the at least one bone anchor, which

allows for an optimal transfer of forces between the bone anchor

and the blade. Alternatively, the at least one fin element winds

around the longitudinal axis by a turn of 270° or 450°, i.e.

0.75 and 1.25 turns of 360°.



Further alternatively, the at least one fin element winds around

the longitudinal axis of the blade for multiple turns . The fin

element thereby winds around the longitudinal axis like a thread

of a screw. However, it is important that the lateral edge of

the at least one fin element is separated from the longitudinal

axis by a distance D which is sufficiently large to allow the

arrangement of an opening for a bone anchor on said fin element.

Additionally, the distance D must be sufficiently large so that

the at least one fin element allows for a good stabilization of

the fracture especially against torsion movements. It is there

fore preferable that in the case that the blade is configured

with at least one thread-like fin element, the thread-like

structure is provided with a large thread depth.

The blade preferably comprises one or more fin elements, most

preferably arranged at an angle of 180°, 120 ° or 90° from one

another, respectively. Such a symmetrical distribution of the

fin elements provides for a strong anchorage of the blade within

a bone and an even distribution of any forces acting on the

blade. Alternatively, the fin elements may also be arranged

asymmetrically to each other. For example, a blade with three

fin elements may provide for two fin elements separated by an

angle of 60° while their separation from the third fin element

is 150°. Of course any suitable number of fin elements as well

as angular distribution of the fins may be chosen.

Preferably said second portion of said bone plate and said blade

comprise at least one additional bone anchor hole and at least

one additional opening which are configured such as to be re

spectively aligned when the blade is fully inserted into the

through hole of the first longitudinal portion of the bone

plate. More preferably the second portion of the bone plate and

the blade additionally comprise one or more additional bone an-



chor holes and additional openings, respectively. This allows

formation of additional truss -like structures between the bone

plate, the blade and a bone anchor, thus further stabilizing the

fracture fixation.

The second portion of the bone plate preferably comprises at

least one auxiliary bone anchor hole. This auxiliary bone anchor

hole is arranged such that an auxiliary bone anchor may be in

serted into the bone without contacting the blade. This may be

achieved by having the central axis of the hole arranged such

that it does not intercept the blade and/or by providing means

to insert a bone anchor under variable angles. With these auxil

iary bone anchors, the second portion of the bone plate may be

better anchored to the bone or to additional fracture fragments.

Said at least one auxiliary bone anchor hole preferably further

comprises a locking element to lock a corresponding outer con

tour of an auxiliary bone anchor, more preferably in the form of

a locking contour. A locking element, especially in the form of

a locking contour allows insertion and locking of the auxiliary

bone anchors under various angles . A suitable exemplary locking

contour is described in EP 1 608 278. This allows an optimal

locking of the second portion of the bone plate on the bone or

further allows fixation of further fracture fragments at a fixed

angle .

Alternatively, said second portion of the bone plate comprises a

head section bulging outwards in the plane of the bone plate.

Such a configuration is especially suitable when the osteosyn

thesis system of the present invention is used in the vicinity

of a joint on a long bone, as the second portion of the bone

plate may be placed on and fixed to the epiphysis of said long

bone .



Preferably, the second portion is sized and shaped such as to be

placed on the proximal end of the humerus and the first longitu

dinal portion is adapted to be placed on the methaphysis of the

humerus. Thus, said first and said second portions have dimen

sions and are curved in such a way as to fit the outer contour

of the humerus. Alternatively, the portions may be sized and

shaped in such a way as to be placed on either the proximal or

distal end of any long bone, such as ulna, radius, femur, tibia

or fibula. Further alternatively, both portions of the bone

plate may be sized and shaped such as to be placed on any other

bone, such as phalangeal bones or metacarpals of the hand.

The bone plate preferably further comprises suture holes ar

ranged at least on the outer rim of said second portion. This

allows for the fixation of sutures to the plate, e.g. to hold or

fix tissue to the plate, such as tendons or ligaments.

Said first longitudinal portion of the bone plate preferably

further comprises at least one bone auxiliary anchor hole, pref

erably including a locking element to lock an auxiliary bone an

chor in said hole. This allows anchoring the first longitudinal

potion of the bone plate onto a bone. These auxiliary bone an

chor holes may be arranged spaced apart from one another along

the longitudinal axis of the first portion. Alternatively, one

or several auxiliary bone anchor holes on the first longitudinal

part of the bone plate are arranged slightly spaced apart from

and on either side of the central axis of said first longitudi

nal portion.

Preferably at least one of said bone anchor, additional bone an

chor and/or auxiliary bone anchor is a bone screw, preferably a

bone screw with a double thread. Use of bone screws allows for a



good anchoring in the bone. "Double thread" as understood herein

means a screw having two intertwined threads with the same

thread pitch. Alternatively, said at least one bone anchor, ad

ditional bone anchor and/or auxiliary bone anchor is a peg

and/or a pin.

The blade is preferably configured such as to be self drilling

and self cutting. This means that the blade may be inserted into

the bone without the need to drill or ream a blade insertion

channel first. A self drilling and/or self cutting blade pref

erably comprises a drilling point at its first end and/or sharp

edges on the fin elements.

Further, the osteosynthesis system of the present invention com

prises a set with a multiplicity of blades having different pre

defined insertion angles and/or lengths. Preferably, the set

comprises two, three, four, five or more blades with different

angles and/or lengths. This allows the selection of a blade hav

ing an optimal predefined insertion angle and/or length by the

surgeon .

Alternatively, the through hole and the blade may be configured

such that the blade may be inserted and locked at varying an

gles, e.g. by a special locking contour.

A further object of the present invention is to provide for a

method of treatment of a fractured bone. This problem is solved

with a method according to claim 13 .

The method for fracture fixation of a bone, in particular using

a system according to the present invention, comprises the steps

of:



(a) Placing a bone plate on said fractured bone, wherein a

first longitudinal portion of the plate is placed on a

first bone fragment on one side of the fracture and a

second portion of the bone plate is placed on at least a

second bone fragment on the other side of the fracture;

(b) Inserting a blade at an angle in relation to the bone

plate through a through hole provided on the first por

tion of the bone plate into the bone, wherein said angle

is selected such that the blade points in the direction

of the second part of the bone plate;

(c) Inserting a bone anchor into the bone through at least

one bone anchor hole provided on the second portion of

the bone plate and through said at least one opening of

the blade .

This method allows a stable fixation of a fracture, which is

well secured against axial bending and torsion forces or twist

ing forces .

The bone anchor is preferably inserted into the bone using a

guide member. The guide member facilitates insertion of the bone

anchor through the opening of the blade within the hole, as the

insertion direction of the anchor is preset by the guide member.

The guide member may provide further guiding for the insertion

of additional bone anchors into the bone.

The method according to the present invention may alternatively

also comprise the additional step of reaming a blade insertion

channel, preferably using a chisel. This may facilitate the in

sertion of the blade. Further, this step may be necessary if the

blade is not self -drilling and/or self cutting.



Further details and embodiments of the present invention will

become apparent from the following examples and figures.

Fig. 1 : Shows an exemplary embodiment of an osteosynthesis

system according to the present invention;

Fig. 2 : is a representation of a bone plate from the embodi

ment shown in Fig. 1 viewed from the upper side;

Fig. 3a-3c: are representations of a blade viewed from different

sides ;

Fig. 4 : shows the bone plate of Fig. 2 as viewed from the

front of the second portion;

Fig. 5 : shows the osteosynthesis system of Fig. 1 placed on a

bone ;

Fig. 6a- 6e: represent a method for fixation of a bone fracture

according to the present invention.

Figure 1 shows an exemplary embodiment of an osteosynthesis sys

tem 1 comprising a bone plate 2 , a blade 3 as well a bone anchor

4 . In this embodiment one additional bone anchor 14 is shown.

Bone anchor 4 is inserted in bone anchor hole 5 and extends to

wards opening 9 in blade 3 . Accordingly, additional bone anchor

16 is inserted into bone anchor hole 15 and extends towards ad

ditional opening 16 in blade 3 . Blade 3 is fully inserted in

through hole 8 and is attached to bone plate 2 by fixation

means. In this embodiment the fixation means comprise two set

screws 38 which may be screwed into two corresponding screw

holes provided within recess 34. The set screws 38 are thereby

holding a flange 37 of the blade 3 . Additionally, the blade 3



comprises a handling adaptor 36, shown here as round opening

which is configured such that handling means, e.g. a handle, may

be used to insert blade 3. Alternatively other fixation means

such as bolts, pins, a form-fit connection or any other suitable

type of fixation may be used. Through hole 8 is located on a

first longitudinal portion 6 of bone plate 2 . This first portion

6 additionally comprises two auxiliary bone anchor holes 24,

which preferably include locking means, such as a locking con

tour to lock a bone anchor having a matching locking contour. By

insertion of auxiliary bone anchors in auxiliary bone anchor

holes 24 the bone plate 2 may be fixed onto a first fragment of

a bone. The bone plate 2 further comprises a second portion 7 .

In this embodiment the second portion 7 has a head section 21

bulging outwards sideways of the bone plate 2. The second por

tion 7 alternatively may be of any suitable shape depending on

the indication of the bone plate 2 . In this embodiment the sec

ond portion 7 further comprises auxiliary bone anchor holes 19,

which preferably include locking means such as a locking contour

to lock an auxiliary bone anchors including a matching locking

contour. It is preferred that the auxiliary bone anchors may be

locked into the auxiliary bone anchor holes 19 at various angles

in relation to the bone plate 2 . As may be seen on this figure,

blade 3 is inserted into through hole 8 at a predefined and

fixed angle in respect to bone plate 2 . The angle is selected in

such a way that blade 3 spans through the fracture of a bone.

The predefined insertion angle of the blade 3 is specific for

the blade 3 selected by the surgeon. Preferably the osteosynthe

sis system 1 includes a plurality of blades 3 with different

predetermined insertion angles. Openings 9 , 16 on blade 3 are

arranged such that when the blade 3 is fully inserted in through

hole 8 they are aligned with respective bone anchor holes 5 , 15

on the second portion 7 of the bone plate 2 . Once bone anchors



4 , 14 are inserted, this leads to the formation of a truss -like

structure between bone plate 2 , blade 3 and bone anchors 4 , 14.

Figure 2 is a representation of a bone plate 2 of an osteosyn

thesis system 1 according to the present invention. The first

longitudinal portion 6 of bone plate 2 comprises through hole 8

as well as two auxiliary bone anchor holes 2 . Through hole 8 is

provided in the form of a longitudinal slot. Additionally

through hole 8 is flanked by a recess 34 configured such as to

act as a counter sink for fixation means. In this embodiment the

fixation means comprises two holes 39 within recess 34 as well

as two set screws (not shown) intended to fix blade 3 to the

bone plate 2 . The second portion 7 of the bone plate 2 comprises

a bone anchor hole 5 as well as additional bone anchor holes 15 .

These holes 5 , 15 are configured such that their axes are

aligned with openings 9 , 16 of blade 3 when blade 3 is fully in

serted within through hole 8 . Further, second portion 7 com

prises auxiliary bone anchor holes 19 as well as suture holes

22. The suture holes 22 are mainly located at the rim 23 of sec

ond portion 7 . Additionally the second portion 7 includes at

tachment means 35 to attach a guide member onto the second por

tion 7 .

Figure 3 is a representation of the blade 3 of the osteosynthe

sis system 1 of figure 1 . In figure 3a the blade 3 is shown in a

side view. No bone plate is shown for visibility reasons. How

ever, a lower side of a bone plate is exemplarily illustrated

with a line. The blade 3 comprises a first end 10, which is in

tended to be inserted into bone, as well as a second end 11,

which includes flange 37. Longitudinal axis 12 spans from the

first end 10 to the second end 11. Two fin elements 13 addition

ally span from the first end 10 towards the second end 11. The



fin elements 13 are configured such as to wind around the longi

tudinal axis 12 in a spiral manner. In this embodiment, fin ele

ments 13 are wound around the longitudinal axis 12 0.25 turns of

360°. This equals a winding of 90° of the fin elements 13 around

the longitudinal axis 12. This configuration allows for the fin

elements 13 to have surfaces 40 oriented towards the bone plate

2 at the first end 10 of the blade 3 when the blade 3 is fully

inserted into the through hole 8. This allows for an optimal

alignment with the axis of the bone anchor holes 5 , 15. Further,

at the second end 11, fin elements 13 are oriented in the direc

tion of the longitudinal axis of the first longitudinal portion

6 of the bone plate 2 , thereby allowing arrangement of the

through hole 8 as longitudinal hole along said axis. The longi

tudinal axis 12 of the blade 3 is angled relative to the plane

of the first longitudinal portion 6 in the direction of the sec

ond portion 7 by an angle a . This angle a is selected such that

the blade 3 may be inserted through through hole 8 into a first

fragment of a bone and further through the fracture into a sec

ond fragment of the bone. The angle a is less than 90° and se

lected such that the blade 3 points in the direction of the sec

ond portion 7 . Figure 3b shows the blade 3 along a plane through

the longitudinal axis 12 . This figure shows the winding of the

fin elements 13 around the longitudinal axis 12. As may be seen,

the surfaces 40 of the fins 13 are pointing towards the bone

plate 3 at the first end 10. The fin element 13 has an edge 40

which is at a distance D from the longitudinal axis 12 of the

blade 3 . Figure 3c shows the blade 3 from below along the longi

tudinal axis 12. Again on this figure the twist of the fin ele

ments 13 around the longitudinal axis 12 as well as the distance

D between the edge 40 and the longitudinal axis 12 of the fin

element 13 may be seen.



Figure 4 is a representation of the bone plate 2 of figure 2

viewed along the second portion 7 . As can be seen, the second

portion 7 is bent such as to be placed on the epiphysis of a

long bone. Preferably, the second portion 7 is sized and shaped

such as to be placed on the proximal end of the humerus . Accord

ingly, the first longitudinal portion 6 of the bone plate 2 is

sized and shaped such as to be placed on the metaphysis of along

bone, again preferably on the metaphysis of the humerus. Suture

holes 22 provide a connection between the upper face of the bone

plate 2 to the rim 23 of the second portion 7 . In order to be

able to pass a suture through suture holes 22 the suture holes

22 provide for a recess on the lower face of the second part of

the bone plate 2, thereby forming a channel between the bone and

the lower face of the second portion 7 .

Figure 5 is a representation of an osteosynthesis system 1

placed on a bone 25. The bone 25 has a fracture 26 which divides

the bone 25 into a first fragment 26 and a second fragment 28.

The bone plate 2 is placed on the bone 25 such that the first

longitudinal portion 6 is on the first fragment 26 and the sec

ond portion 7 is on the second fragment 28. Further, placement

of the plate 2 as well as the angle of blade 3 has to be se

lected such that blade 3 spans from the first fragment 26

through the fracture 27 into the second fragment 28. In this

figure no bone anchors 4 , 14 and no auxiliary bone anchors are

shown. Only the blade 3 , which is fully inserted into through

hole 8 , is shown. The blade 3 is attached to the bone plate 2 by

means of the fixation means 17 which are depicted as two set

screws 38 .

Figure 6 shows a method for fracture fixation according to the

present invention, preferably using an osteosynthesis system 1

as described herein. Figure 6a shows a first step of the method.



In this step the bone plate 2 is placed on a bone 25. The bone

25 has a fracture 27 which separates the bone 25 into a first

fragment 26 and a second fragment 28. The bone plate 2 is placed

on the bone 25 such that the first longitudinal portion 6 is on

the first fragment 26 and the second portion 7 is on the second

fragment 28. The next step is shown in figure 6b. The bone 25 is

no longer depicted for reasons of simplicity. In this step a

guide member 30 is placed onto the second portion 7 of the bone

plate 2 . The guide member 30 is attached by means of screw 35.

At this stage auxiliary bone anchor means 18 may already be in

serted in either the second portion 7 and/or the first longitu

dinal portion 6 . Figure 6c depicts the next step, where a blade

guiding channel is reamed into the bone 25 with a chisel 34

which has the same shape and dimension as the blade 3 . In order

to guide the chisel 34, an additional chisel guiding member 33

may be placed on through hole 8 . In the next step, which is

shown in figure 6d, the blade 3 is inserted through the through

hole 8 and into the blade guide channel. After full insertion of

the blade 3 set screws 37 may be applied. Openings 8 , 18 of the

blade 3 are aligned with the bone anchor holes 5 , 15. Bone an

chors 4 , 14 are then inserted into these bone anchor holes 5 , 15

in the next step which is depicted in figure 6e. The bone anchor

holes 5 , 15 as well as the corresponding openings in guide mem

ber 30 are configured such that the bone anchors 4 , 14 may only

be inserted in a direction which leads them to advance through

openings 9 , 16 provided on blade 3 . Further auxiliary bone an

chors 18 may be inserted as needed. They may be used to tightly

attach the bone plate 2 to the bone 25 or to fix further frag

ments of the bone 25. Preferably, when further fragments of the

bone 25 are fixed by the auxiliary bone anchors 18, these are

locked at various angles within auxiliary bone anchor holes 19,

24 by means of locking elements.



For example, a typical bone plate according to the present in

vention may have an overall length of 30 - 400mm with a width of

5 - 70mm. The blade thereby may have a length of 30 - 150mm and

be insertable at a fixed angle of between 30° and 60° relative

to the underside of the plate. The bone anchors typically have a

length of 10 - 100mm with a diameter of 2.0 - 7.0mm. However, a

person skilled in the art will understand that any other dimen

sions may be used depending on the intended indication of the

osteosynthesis system.



Claims

1 . A system for osteosynthesis (1) of bone fractures comprising:

- at least one bone plate (2), said bone plate (2) having

at least a first longitudinal plate portion (6), said

first longitudinal plate portion (6) including at least

one through hole (8), and a second plate portion (7),

said second plate portion (7) including at least one bone

anchor hole (5) ;

- at least one blade (3) with a longitudinal axis (12); and

- at least one bone anchor (4),

characterized in that said at least one blade (3) further

comprises at least one opening (9) and is configured such

as to be insertable at a predefined angle (a) in relation

to the bone plate (2) through said through hole (9) into a

bone (25), wherein the at least one opening (9) is config

ured such as to be aligned with said at least one bone an

chor hole (5) when the blade (3) is fully inserted into

said through hole (8), such that the bone anchor (4) may be

inserted through said bone anchor hole (5) and said opening

(9) .

2 . The system according to claim 1 , characterized in that said

blade (3) further comprises connection means to reversibly

connect said blade (3) to said bone plate (2) .

3 . The system according to either claim 1 or claim 2 , character

ized in that said blade (3) comprises a first end (10) and a

second end (11) and at least one fin element (13) spanning the

longitudinal axis (12) from said first end (10) to said second

end (11), said at least one fin element (13) preferably wind

ing around said longitudinal axis (12) in a spiral manner.



The system according to claim 3 , characterized in that said at

least one fin element (13) winds around said longitudinal axis

(12) in a spiral manner for a turn of 90°.

The system according to any of claims 1 to 4 , characterized in

that said blade (3) comprises one, two or more fin elements

(13) , preferably arranged at angles of 180°, 120° or 90° from

one another, respectively.

The system according to any of claims 1 to 5 , characterized in

that said second portion (7) of said bone plate (2) and said

blade (3) comprise at least one additional bone anchor hole

(15) and at least one additional opening (16) which are con

figured such as to be respectively aligned when the blade (3)

is fully inserted into said through hole (8), preferably the

second portion (7) and the blade (3) additionally comprise at

least one, two, three or four additional bone anchor holes

(15) and additional openings (16), respectively.

The system according to any of claims 1 to 6 , characterized in

that the second potion (7) of the bone plate (2) comprises at

least one auxiliary bone anchor hole (19) which is not aligned

with an opening (9,16) of the blade (3), preferably allowing

insertion of an auxiliary bone anchor (18) under a variable

angle in relation to the bone plate (2) .

The system according to claim 7 , characterized in that said at

least one auxiliary bone anchor hole (19) further comprises a

locking element to lock a corresponding outer contour of an

auxiliary bone anchor (18), preferably in the form of a lock

ing contour.



9 . The system according to any of claims 1 to 8 , characterized in

that said second portion (7) of the bone plate (2) comprises a

head section (21) bulging out sideward of the bone plate (2) .

10. The system according to any of claims 1 to 9 , characterized in

that said first longitudinal portion (6) further comprises at

least one auxiliary bone anchor hole (24), preferably includ

ing a locking element to lock an auxiliary bone anchor (18) in

said hole (24 ).

11. The system according to any of claims 1 to 10, characterized

in that said blade (3) is configured such as to be self drill

ing and/or self cutting.

12. The system according to any of claims 1 to 11, characterized

in that said osteosynthesis system (1) comprises a set of

blades (3) with different predefined insertion angles (a) .

13. A method for fracture fixation of a bone (25) in particular

using a system (1) according to any of claims 1 to 12 compris

ing the steps of:

(a) Placing a bone plate (2) on said fractured bone (25),

wherein a first longitudinal portion (6) is placed on a

first bone fragment (27) on one side of the fracture (28)

and a second portion (7) is placed on a second bone frag

ment (29) on the other side of the fracture (28);

(b) Inserting a blade (3) at an angle (a) in relation to

the bone plate (2) through a through hole (8) into the

bone (25) , wherein said angle (a) is selected such that

the blade (3) points in direction of the second part (7)

of the bone plate (2);



(c) Inserting a bone anchor (4) into the bone (25) through

at least one bone anchor hole (5) and through said at

least one opening (8) of the blade (3) .

The method according to claim 13, characterized in that prior

to insertion of the blade (3), a blade insertion channel (31)

is formed, preferably using a chisel (32) .
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