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X. Osteosynthesis plate, made of a thermoelastic
martensitic alloy whose transformation temperatures ares

- martensitic transformation temperature Ms below
10 °C;

- austenitic transformation temperature As above
15eC,
the cross-over from the martensitic temperature to the 
austenitic temperature bringing about a shortening of the 
length of the plats,
characterised in that it is educated to take a recti
linear shape at a temperature below the martensitic 
transformation temperature Ms of the material of which 
the plate is made, and an undulated shape at a tempera
ture above the austenitic transformation temperature As 
of the said material.
5. Osteosynthesis clip comprising two branches
intended to be inserted on each side of the area of the 
bone fracture to be repaired, the said branches 
being educated so as to deform and in particular move 
together under the effect of the temperature, above the 
austenitic transformation temperature As, the said

.../2
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branches being connected via a connection base , 
characterised in that the said base consists of a plate 
according to one of Claims 1 to 4.
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The invention relates to a new type of clip and 
osteosynthesis plate having characteristics of dynamic 
compression and self-retention.

The term "dynamic compression" signifies the 

ability of these clips or plates to generate a compres
sion force resulting between the two points at the level 
of which they are implanted and, more particularly, on 
each side of a bone fracture area.

The surgical clips used for the fixation of the 

bones and soft tissues must possess a number of essential 

characteristics. First, they must develop a compression 

which is constant over time. In addition, they must be 

anchored perfectly in such a way as to prevent unhooking 

after their implantation, this unhooking generally being 
due to movements of the articulation or simply of the 
bone on which they are implanted. Finally, the method of 
implantation or removal of the clips and plates must be 
simple, easy to implement, and cause a minimum level of 

osseous traumatism.

Various types of clips or plates aimed at achiev

ing these aims are currently known. For example, in order 

to ensure their retention in the soft bone, clips have 

been proposed whose lateral branches are equipped with 
projecting parts or ridges, which are intended to prevent 

the withdrawal of the clip from the tissue (FR-A- 
2,525,102). However, although it is true that this type 
of clip eliminates any risk of unloosening from the bone 

to be fixed, it does not generate any dynamic compression 

and, in addition, the removal of the clip results in 

considerable osseous traumatism.

It has also been proposed, particularly in the 

document DE-A-2,703,529, to produce clips made of marten
sitic material (of alloy of the Ni-Ti or Ti-Nb type), and 
to confer upon, the branches of the clips a shape memory 
capable of inducing a moving together of their ends above 
the austenitic temperature of the said martensitic 

material of which the clip is made. This "shape memory"

35
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phenomenon is due to the reversible thermoelastic marten

sitic transformation. This phenomenon is well known and 
consists in giving to a material a defined shape which is 

treated at a temperature above the austenitic temperature 

As of the material, then in giving it another shape, 

likewise defined, at a temperature below the martensxtic 
temperature Ms of the said material, and finally in 
repeating this operation several times as a function of 
the nature of the alloy used, in order to give this 
material its definitive shape memory. This temperature Ms 
is below the temperature As.

However, although it is true that this type of 

clip provides a dynamic compression at the level of the 

end of the clips, this dynamic compression generally 

proves inadequate for the whole of the fracture at the 

level of which the clip is implanted, and is even in some 

cases damaging because this compression is asymmetrical; 
indeed, it brings together the deeper areas of the 

fracture zone and distances the superficial area of this 

same zone.
The invention aims to overcome these various 

disadvantages. It concerns a clip or an osteosynthesis 

plate capable of satisfying the various criteria set out 

hereinabove and able to generate a global dynamic com

pression at the level of the actual fracture on which the 

clip or the plate is implemented, and additionally having 

qualities of self-retention.

This osteosynthesis plate is made of a thermo

elastic martensitic alloy whose transformation tempera

tures are:

- martensitic transformation temperature Ms below 

10 °C;

- austenitic transformation temperature As above 

15°C,

the cross-over from the martensitic temperature 

to the austenitic temperature bringing about a shortening 

of the length of the plate.

It is characterised in that it is educated to 

take a rectilinear shape at a temperature below the
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martensitic transformation temperature Ms and an un

dulated shape at a temperature above the austenitic 
transformation temperature As.

The invention also relates to an osteosynthesis 
clip having two branches intended to be inserted on each 

side of the area of the bone fracture to be repaired, the 

said branches being educated so as to deform and in 

particular move together under the effect of ths tempera
ture, above the austenitic transformation temperature As, 

the said branches being connected via a connection base, 

which consists of a plate of the type previously men

tioned
Thus, when the clip assembly is at a temperature 

greater than or equal to the austenitic transformation 

temperature, not only do the ends of the clips move 
together, but in addition, and in particular, the con
nection base itself shortens, inducing at the level of 
the fracture on which it is implanted a dynamic com
pression both at the level of the spongy bone and at the 

level of the cortical bone, or at the level of both the 

upper and lower parts of the cortical bone when the clip 

passes right through the bone.

Advantageously, in practice:

- the clip is a monobloc clip;

- the branches are mounted on the connection
base;

- only a portion of the connection base is 

educated;

- the portion of the base which is reduced and 

educated has a cross-section smaller than the total 

cross-section of the base;

- the portion or the connection base has at least 

two continuous openings situated in the vicinity of their 

end, and intended to permit the said plate or base to be 

fixed by any suitable means, and in particular by screws;
- the free ends of the lateral branches of the 

clip are also educated to increase their surface in the 

general plane containing them at a temperature above the 

austenitic temperature;
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- one of the lateral branches consists of at 
least three sections, a first and a third section, 
respectively, these sections being educated so as to be 

on the whole perpendicular to the connection base at a 

temperature below the martensitic temperature, the first 

section, adjoining the said base, being educated to move 
away from the other lateral branch at a temperature above 
the austenitic temperature, and the third section being 
educated, in contrast, to move towards the other lateral 
branch at a temperature above the austenitic temperature, 

the said first and third sections being in addition 

connected via a second section which is on the whole 

parallel to the connection base;

- the free end of the third section is split 
longitudinally, the two zones thus defined being educated 

so as to remain parallel and in alignment with the said 
third section at a temperature below the martensitic 
temperature, and to move apart in the plane of the said 
section at a temperature above the austenitic 
temperature;

- the alloy of the clip is an alloy based on 

titanium/nickel or a copper/aluminium/zinc alloy.

The manner in which the invention can be 

implemented and the advantages which derive therefrom 

will emerge more clearly from the exemplary embodiments 

which follow and which are given by way of indication and 

as non-limiting examples, with reference to the attached 

figures, in which:

- Figure 1 is a diagrammatic view of the clip 

according to the invention at a temperature below the 

martensitic transformation temperature;

- Figure 2 is a view similar to that in Figure 

1 at a temperature above the austenitic transformation 

temperature;

- Figure 3 is a view of an osteosynthesis plate 

according to the invention at a temperature below the 

martensitic transformation temperature;

- Figure 4 is a view similar to that in Figure 3 

at a temperature above the austenitic transformation
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temperature;

- Figure 5 is a view of another embodiment of the 
clip, at a temperature below the martensitic temperature;

- Figure 6 is a view similar to that in Figure 5, 
at a temperature above the austenitic temperature;

- Figure 7 is a representation of another embodi
ment of the clip, at a temperature below the martensitic 
temperature;

- Figure 8 is a view similar to that in Figure 7, 
at a temperature above the austenitic temperature;

- Figure 9 is a representation of another embodi

ment of the clip, at a temperature below the martensitic 
temperature;

- Figure 10 is a view similar to that in Figure 

9, at a temperature above the austenitic temperature.

An osteosynthesis clip essentially consists of a 

base (1) on which the two lateral branches (2,3) are 
mounted. These lateral branches (2,3) are smooth, or 

granular, and can be slightly tapered at their free end 

(7,8) in order to facilitate their insertion during 

implantation of the clip, at the martensitic temperature, 

in the bone tissues of the fracture. In a known manner, 

and in accordance with the particular therapeutic appli

cations, the length of the branches (2,3) can be identi

cal or different.
According to an essential characteristic of the 

invention, the clip is made of a thermoelastic marten

sitic material satisfying the necessary criteria of 
biocompatibility. This martensitic material typically 

consists of a nickel/titanium alloy or an alloy based on 

copper, aluminium and zinc.
The martensitic temperature Ms of the material is 

typically in the region of 10°C. At this temperature, the 

lateral branches (2,3) on the one hand and the connection 
base (1) on the other hand undergo repeated deformations 

in order to induce a shape-memory effect, which will be 

restored when the austenitic temperature threshold, i.e. 

typically 25°C, is exceeded. This shape memory can be 

acquired by the various elements, namely lateral branches

35
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and connection base, by giving them a particular shape at 
a temperature above the austenitic transformation tem
perature As, then by giving them another shape, and in 
particular a straight shape, at a temperature below the 
martensitic transformation temperature. By repeating 

these mechanical transformations a certain number of 

times, a rectilinear shape memory, respectively for the 

connection base and the lateral branches, at a tempera

ture below the martensitic temperature, and an undulated 
shape memory, such as that shown in Figure 2, for the 
connection base, with the lateral branches moving to

gether at a temperature above the austenitic threshold, 

are obtained.

In a particular embodiment, the clip is monobloc. 

However, in another embodiment, it is possible for the 
lateral branches (2,3) to be mounted, by any known means, 

on the connection base (1).

In an embodiment shown in Figures 5 and 6, the 
connection base consists of three parts, namely two end 
parts (4,5) of given profile, and an intermediate part 

(6) of smaller cross-section, joining these two parts. In 

this way, it is therefore possible to give a shape memory 
solely to this intermediate part, an undulated shape 

memory such as that shown in Figure 6. This undulation of 

the intermediate section (6) can be effected in the 

general plane of the connection base (1) , as shown in 

Figure 6, or in another plane, and in particular in a 

plane perpendicular to the general plane of the said base 

(1). This undulation of the intermediate section (6) 

brings abeut a shortening of the connection base (1) of 

the clip, and consequently a dynamic compression of the 
fracture at this level. It will be noted in Figures 3, 4, 

5 and 6 that the length 1 of the joining section (6), 

when it is rectilinear, that is to say at a temperature 
below the martensitic transformation temperature Ms, is 

reduced to the length 1' < 1 at a temperature above the 

austenitic transformation temperature. This reduction 

results in the reduction of the overall length L of the 

connection base to a value L' < L, this reduction having
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a typical value in the region of one and a half milli
metres (1.5 mm).

When the connection base (1) attains a certain 
length, it may be necessary to connect it to the bone to 

be repaired. This connection is carried out by means of 

screws which are inserted into the bone through con

tinuous openings (9,10) formed in the connection base in 
the vicinity of its ends (see Figures 3-6).

In other words, the clip according to the inven
tion makes it possible to obtain a double compression 

effect, namely both at the intramedullary level, by way 

of the lateral branches (2,3) whose ends (7,8) move 
together, and at the outer level at the very surface of 

the bone, in the region of the cortical bone. In addi
tion, given the deformation of the ends of the lateral 

branches of the clip, the latter is self-retaining.

For its positioning, the clip assembly is brought 
to a temperature below the martensitic transformation 

temperature. At this temperature, the connection base (1) 
and the two lateral branches (2,3) are rendered recti
linear, the sa.id branches being on the whole perpendicu

lar to the connection base (1). The clip is then 

implanted in the rectilinear position on each side of the 

fracture area, and this is done by means of compaction, 

preliminary holes having been made beforehand by the 

surgeon. Since the temperature of the human body is above 

the austenitic temperature, the clip deforms and adopts 

a shape defined by the shape memory already acquired. A 

shortening of the connection base is observed on the one 

hand and, on the other hand, a moving together of the 

free ends (7,8) of its lateral branches (2,3) , this 

leading not only to the double compression effect already 

mentioned, but also to a self-retention of the clip.

Thus, as long as the temperature of the clip 

remains above the austenitic temperature, the clip 

remains firmly implanted in the bone. In order to remove 

the clip, it suffices to cool the clip to a temperature 

below the martensitic transformation temperature, and 

this is done by any suitable means. It is thus possible
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to remove the clip gently, without any risk of causing 
osseous traumatism.

In Figures 3 and 4, an osteosynthesis plate has 
been shown which is of a type entirely similar to the 

connection base hereinabove. This plate comprises, in 

particular, continuous openings (9,10) intended to permit 

its fixation, by means of screws, on the bone to be 
repaired. As in the preceding case, at a temperatui2 

above the austenitic tempers.ture the intermediate section 
is reduced from a length 1 to a length 1' < 1, thus 

bringing about a dynamic compression in the bone to be 

repaired.
In an embodiment illustrated more particularly in 

Figures 7 and 8, the free end (7,8) of each of the 

lateral branches of the clip is educated so as to in
crease its surface in the plane containing each of the 

said branches (Figure 8), at a temperature above the 
austenitic temperature. This widening (11,12) thus makes 

it possible to increase the bearing surface of the said 
ends at the level of the spongy bone, and thereby to 

improve the "internal" dynamic compression in the bone to 

be repaired.

In another embodiment described in conjunction 

with Figures 9 and 10 and more especially adapted to the 

knee, one of the lateral branches (3) consists of three 

sections (13,14,15), each of them being rfictilinear at a 

temperature below the martensitic transformation tempera

ture. At such a temperature, the first section (13) is 

slightly distanced, by education, from the vertical, by 

a value in the region of 15 degrees. In contrast, the 

direction of the third section (15) is on the vzhole 

perpendicular to the connection base (1) of the clip. 
They are connected to one another via a second section 

(14) which is essentially parallel to the said base (1). 
In addition, the third section (15) has at its end a 
longitudinal slot (16) extending over a few millimetres, 

typically ten millimetres.

The first section (13) receives a shape-memory

education which is such that, at a temperature above the
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austentic temperature, it moves towards the other lateral 
branch (2) and becomes on the whole perpendicular to the 
connection base (1), this resulting, consequently, in the 

other sections (14,15) moving closer to the said branch 

(2).
The third section (15) also receives a shape- 

memory education, and this at two levels. First, at a 
temperature above the austenitic temperature the said 

third section (15) moves towards the lateral branch (2), 
and this in order to bring about a dynamic compression 

effect similar to that described in the preceding ex- 

a^siles. Filially, at such a temperature, the two zones 

(17,18) defined by the slot (16) at the level of the end 

(8) of this section move apart from one another in the 

plane of the said section (15), in order to bring about 

a retention effect at this level.
It is also possible, in this embodiment, to 

provide continuous openings (not shown) on the connection 
base (1), on the one hand, and on the second section (14) 
of the lateral branch, on the other hand, in order to 

permit a more substantial fixation of the clip on its 
implantation site.

The osteosynthesis plates and clips according to 

the invention prove perfectly adapted to the roles which 

are assigned to them, particularly for generating a 
double dynamic compression effect at the level of the 

bone fractures.

ft ft
ft ft



5

10

15

20

25

10

• ·• ···
• ·• · ·

• · · β ο · ·

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. Osteosynthesis plate, made of a thermoelastic 
martensitic alloy whose transformation temperatures are:

- martensitic transformation temperature Ms below
10 °C;

- austenitic transformation temperature As above
15®C,
the cross-over from the martensitic temperature to the 
austenitic temperature bringing about a shortening of the 
length of the plate,
characterised in that it is educated to take a recti
linear shape at a temperature below the martensitic 
transformation temperature Ms of the material of which 
the plate is made, and an undulated shape at a tempera
ture above the austenitic transformation temperature As 
of the said material.
2. Osteosynthesis plate according to Claim 1,,
characterised in that it comprises in the vicinity ox 
each of its ends a continuous opening intended to
allow the plate to be connected by means of screws to the 
bone to be repaired.
3. Osteosynthesis plate according to one of Claims 
1 and 2, characterised in that only a portion of the 
said plate is educated.
4. Osteosynthesis plate according to Claim 3,
characterised in that the educated portion of the
plate is of a cross-section smaller than the overall 
cross-section of the said plate.
5. Osteosynthesis clip comprising two branches 
intended to be inserted on each side of the area of the 
bone fracture to be repaired, the sa: d branches 
being educated so as to deform and in particular move 
together under the effect of the temperature, above the 
austenitic transformation temperature As, the said 
branches being connected via a connection base , 
characterised in that the said base consists of a plate
according to one of Claims 1 to 4.
6. Osteosynthesis clip according
terised in that it is monobloc.

to Claim 5, charac-
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7.. Osteosynthesis clip according to Claim 5, charac
terised in that the branches are mounted on the
connection base .
8. Osteosynthesis clip accord. to one of Claims 5

to 7, characterised in that the free ends of the
lateral branches of the clip are also educated to
increase their surface in the general plane containing 
them at a temperature above the austenitic temperature. 
9. Osteosynthesis clip according to one of claims 5
to 7, characterised in that one of the lateral branches

consists of at least three sections, respectively:
- a first section , adjoining the connection

base and educated to move away from the other lateral 
branch at a temperature below the martensitic tem
perature, and to move towards this said lateral branch

at a temperature above the austenitic temperature,
- a third section educated in such a way

that its direction is on the whole perpendicular to the 
connection base at a temperature below the martensi
tic temperature, and to move away from the other lateral 
branch at a temperature above the austenitic
temperature,
the said first and third section being in
addition connected via a second section which is on
the whole parallel to the connection base .
10· Osteosynthesis clip according to Claim 9, charac
terised in that the free end of the third section

is split longitudinally, the two zones
thus defined being educated to remain parallel and in 
alignment with the said third section at a tempera
ture below the martensitic temperature, and to move apart 
in the plane of the said section at a temperature above 
the austenitic temperature.

····• ·. · ·• · • · .
CHRISTIAN MAI
PATENT ATTORNEY FOR THE APPLICANT 
F.B. RICE & CO



ABSTRACT

CLIP AND OSTEOSYNTHESIS PLATE WITH DYNAMIC COMPRESSION
AMD SELF-RETENTION

Osteosynthesis plate, made of a thermoelastic 

martensitic alloy whose transformation temperatures are:

- martensitic transformation temperature Ms below
10°C;

- austenitic transformation temperature As above
15°C,

the cross-over from the martensitic temperature to the 
austenitic temperature bringing about a shortening of the 
length of the plate,

characterised in that it is educated to take a recti
linear shape at a temperature below the martensitic 

transformation temperature Ms of the material of which 

the plate is made, and an undula' ed shape at a tempera
ture above the austenitic transformation temperature As 
of the said material.
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