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Description

[0001] The invention relates to a device for implanta-
tion into a human or animal body for moving a first bone
portion relative to a second bone portion.
[0002] Devices are known wherein two bone portions
are connected by means of pins to an elongation appa-
ratus present outside the body, which moves the pins in
such a manner that the desired movement is effected at
the desired speed of the bone portions. One drawback
of such external fixation devices is that they constitute
a considerable physical and psychological burden for
the patient, and that there is moreover a constant risk
of infection in several places where the skin is pierced
by pins.
[0003] Furthermore devices are known which can be
implanted into the human body and which comprise a
drive motor which moves the two bone portions to the
desired extent relative to each other. Such a device is
known from US-A-5,415,660, which publication de-
scribes an elongation pin comprising two ends, which
are each fixed to a bone portion, whilst the elongation
pin is capable of telescoping out, thus elongating the
pin. The drive motor used for said elongation thereby
consists of a shape memory metal, whose shape is de-
pendent on the temperature, as will be explained in
more detail as yet. The features of the preamble of claim
1 are known from the above-mentioned document
US-A-5 415 660.
[0004] A device for moving bone portions relative to
each other, which is to be implanted into the body, must
exhibit a high degree of reliability, which can be
achieved by reducing the number of parts to a minimum.
In addition to that the device must have small dimen-
sions. Furthermore it may be necessary that the device
is capable not only of moving the two bone portions in
a direction away from each other, but also towards each
other to a desired extent. The latter may for example be
important if, for whatever reason, the bone portions
have been moved too much or when it becomes neces-
sary at a certain point in time to release or reverse the
load being exerted on the tissue of the human body.
[0005] The object of the invention is to provide a de-
vice for moving objects such as bone portions relative
to each other, which device exhibits a high degree of
reliability, which is capable of generating large forces,
and which is capable of moving the two objects both to-
wards each other and away from each other.
[0006] In order to accomplish that objective the device
is according to the invention provided with the features
according to claim 1.
[0007] In one preferred embodiment said second part
is provided with a first clamping member and with a sec-
ond clamping member, which are each capable of
clampingly engaging the elongated portion of said first
part of the device some distance apart, whereby both
clamping members comprise shape memory metal.
[0008] Shape memory metal is an alloy which may ex-

hibit various phases, depending on the temperature.
Such shape memory metal may for example consist of
a TiNi alloy. The temperature ranges of the various
phases are separated by a transition range. Said tran-
sition range can be adjusted to the desired value, for
example round 37°C, the temperature of the human
body, by a suitable selection of the composition and the
treatment of the material. The phase above the transi-
tion range is the austenitic phase, and the phase below
the transition range is the martensitic phase of the shape
memory metal. A shape memory metal alloy can be pro-
duced and treated (trained) in such a manner that the
material attempts to take a certain shape upon being
heated to the austenitic phase. In addition to that it can
be treated in such a manner that it attempts to take a
different shape upon being cooled to the martensitic
phase. The deformation may amount to several per
cent. The term shape memory metal used herein is un-
derstood to mean the above-described bidirectional
shape memory metal.
[0009] If the deformation is prevented or opposed by
external means, high stresses will develop in the mate-
rial, so that large forces can be exerted by the material.
The stress that is developed is greatest in the austenitic
phase, since the material has the highest modulus of
elasticity in that phase.
[0010] By manufacturing the clamping members from
shape memory metal it becomes possible to have a
clamping member engage the elongated portion of the
first part of the device at any random location, whereby
the clamping member blocks relative movement of the
first and the second part of the device in either direction.
[0011] In one preferred embodiment the elongated
portion is substantially bar-shaped, and the clamping
member is substantially ring-shaped, with said elongat-
ed portion being clampingly or releasingly surrounded
by said clamping member. The ring-shaped clamping
member thereby comprises an opening, through which
the bar-shaped elongated portion, which is for example
configured as a round pin, extends. Said opening has a
particular dimension which depends on the temperature
of the shape memory metal from which the ring is made,
when the dimension is small, the bar-shaped portion is
clamped down, and when the dimension is large, the
ring encloses the bar-shaped portion with some play.
[0012] Preferably the first clamping member has its
releasing shape at a particular temperature, namely the
body temperature, whilst the second clamping member
has its clamping shape at that temperature. As a result
of that there will always be one clamping member to per-
form its clamping action during the period that the device
is present in the body, without being energized to do so.
[0013] The shape memory metal of each of the clamp-
ing members may be trained in such a manner that when
the temperature rises above body temperature, the first
clamping member will change from a releasing shape
into a clamping shape, whilst the second clamping
member will change from a clamping shape into a re-
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leasing shape. Both clamping members may thereby be
provided with a heating element, which may be selec-
tively energized.
[0014] In another preferred embodiment the clamping
shape of the first clamping member is obtained by heat-
ing said member from the body temperature to a higher
temperature, whilst the releasing shape of the second
clamping member is obtained by cooling said clamping
member from the body temperature to a lower temper-
ature. The clamping action of a clamping member al-
ways takes place in the austenitic phase thereby, in
which phase the shape memory metal has a high mod-
ulus of elasticity. The heating of the shape memory met-
al from the body temperature to a higher temperature
may take place in various manners. In one preferred em-
bodiment said heating takes place by passing electric
current through the metal.
[0015] In another preferred embodiment said heating
takes place by means of a resistance foil, which com-
pletely or partially envelopes the shape memory metal.
Said resistance foil generates heat when electric current
is passed therethrough. The foil may be provided with
an insulating layer on the outside, so that the generated
heat can only escape to a limited extent, and conse-
quently slowly, to the tissue present outside the resist-
ance foil. The cooling of the shape memory metal from
the body temperature to a lower temperature can be ef-
fected by means of one or more Peltier elements, which
are known per se and which operate as a semiconductor
heat pump. Said Peltier elements may also be used as
heating elements when the polarity at the connecting
points is reversed.
[0016] The use in accordance with the invention of a
clamping member made of a shape memory metal
makes it possible to fix the two parts of the device in any
position relative to each other, and tc use a device of
small dimensions, whereby the first part substantially
consists of a thin round bar, whilst the second part,
which surrounds said bar, may also be designed to have
small dimensions.
[0017] According to another aspect of the invention
the second part is provided with two clamping members,
which are connected together by a connecting member
comprising shape memory metal, which is capable of
giving the connecting member an elongated or a short
form, depending on the temperature of the shape mem-
ory metal. In the elongated form the distance between
the clamping members is larger than in the short form.
It is thereby preferred for the connecting member to
have.its elongated form when the temperature of the
shape memory metal is higher than the temperature of
the connecting member in its short form, which latter
temperature is preferably the body temperature.
[0018] Preferably the device is provided with one or
more rechargeable batteries for energizing the heating
elements and/or cooling elements that are provided.
The energy for charging the batteries can be supplied
from outside the body by exciting a primary coil present

outside the body, which coil passes energy by means of
an electromagnetic field to a secondary coil present in
the device inside the body. The batteries are thereby
used for energy storage in order to be capable of sup-
plying the relatively large amount of energy required for
energizing the various parts of the device.
[0019] Furthermore control means are present for
controlling the energizing of the various parts of the de-
vice from a location outside the body, whereby the com-
munication between the control means inside the body
and those outside the body can likewise take place via
said primary and secondary coils. Said communication
may also be effected by radiographic means or by other
known means. In another preferred embodiment said
control means have been implanted into the body to-
gether with the first part and the second part of the de-
vice, so that the control of the device takes place inside
the body, which control may be programmed or initiated
by signals from outside the body.
[0020] The rechargeable batteries and/or the control
means are preferably incorporated in the second part,
in which the members to be heated or cooled are
present, so that said members can be readily connected
together.
[0021] Preferably the device is designed such that the
entire device, including the batteries that may be pro-
vided and/or the control means, can be implanted into
the marrow of a bone.
[0022] Further aspects of the invention, which may be
used separately and/or in combination with each other,
will be described hereafter by means of an embodiment
and be defined in the claims.
[0023] Hereafter an embodiment of a device for mov-
ing bone portions relative to each other will be described
by way of illustration with reference to the drawing.

Figure 1 is a longitudinal section of a human lower
leg, into which an elongation pin has been placed;
Figure 2 shows the operation of the elongation pin;
Figure 3 is a perspective view of a part of said elon-
gation pin; and
Figure 4 shows the energizing of the various parts
of the elongation pin.

[0024] The figures are merely diagrammatic illustra-
tions, wherein like parts are numbered alike.
[0025] Figure 1 shows a human lower leg 1, in which
a number of bones are present, with one.bone 4, 5 being
provided with an elongation pin 3. Said elongation pin 3
has been fitted in order to elongate bone 4, 5 by moving
first bone portion 4 and second bone portion 5, which
together form bone 4, 5, apart in small steps at regular
intervals for a certain period of time. Said moving apart
of the two bone portions 4, 5 is possible because bone
4, 5 has been separated into two parts (sawn through)
so as to form bone portions 4, 5.
[0026] When the two bone portions 4, 5 are moved
apart, a tissue 6 will form between said bone portions 4,
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5, which tissue 6 will grow during the time the two bone
portions 4, 5 are being moved relative to each other.
Once the two bone portions 4, 5 are no longer moved
relative to each other, tissue 6 will change with time from
an elastic tissue into a harder tissue, which connects the
two bone portions 4, 5 together. In this manner bone 4,
5 can be elongated.
[0027] The relative movement of the bone portions 4,
5 is effected by a device which has been implanted into
the bone, which device consists of a first part 7, which
is substantially comprised of a metal, round bar, which
is connected to first bone portion 4 by means of a fixing
pin 8, whereby said metal bar 7 extends to inside second
bone portion 5. The second part 9 of the device is fixed
in second bone portion 5 by means of fixing pins 10, with
second part 9 surrounding bar 7.
[0028] Second part 9 of the device consists of a first
clamping member 11 and a second clamping member
12, which are each capable of clampingly engaging bar
7. The two clamping members 11, 12 are interconnected
by means of a tubular connecting member 13. Said con-
necting member 13 may be fixed to clamping members
11, 12 by means of a glued connection, a welded con-
nection or a clamped connection, for example.
[0029] In Figure 1 first clamping member 11 is con-
nected to second bone portion 5. In a preferred embod-
iment, however, second clamping member 12 is con-
nected to second bone portion 5, as a result of which
the forces occurring in second part 9 of the device will
predominantly be pressure forces.
[0030] Figure 2 shows the mar.ner in which second
part 9 of the device can move along bar 7 of said first
part. Ring-shaped first clamping member 11, tubular
connecting member 13 and ring-shaped second clamp-
ing member 12 are shown in sectional view in Figure 2.
Clamping members 11, 12 as well as connecting mem-
ber 13 are made of shape memory metal, namely a TiNi-
alloy. The shape memory metal of first clamping mem-
ber 11 is composed and trained in such a manner that
the dimension of the hole in the ring at the body temper-
ature of 37°C is such that bar 7 is not clamped down,
whilst the shape of first clamping member 11 at a higher
temperature, for example at 55°C, is such that said
clamping member clamps down on bar 7.
[0031] The composition and the training of the shape
memory metal of second clamping member 12 is such
that the second clamping member clamps down on bar
7 at the body temperature of 37°C. The releasing shape
of second clamping member 12 is obtained by cooling
the shape memory metal of clamping member 12 down
to a temperature of about 15°C.
[0032] The composition and the training of the shape
memory metal of tubular connecting member 13 is such
that the length of said connecting member at the body
temperature of 37°C is less than at a higher tempera-
ture, for example 55°C. The difference in length may
amount to about 2 per cent, so that an elongation of 1
mm can be achieved with an overall length of 50 mm.

[0033] Situations a - g in Figure 2 show the successive
conditions of second part 9 of the device. In situation a
the temperature of the shape memory metal of each of
the members 11, 12, 13 is the same as the body tem-
perature of 37°C. This is likewise the case in situation
g, but in situation g second member 11, 12, 13 has
moved relative to bar 7 over a distance indicated by ar-
row 14. Said movement along bar 7 is illustrated in sit-
uations b - f.
[0034] In situation b first clamping member 11 is heat-
ed until it clampingly engages bar 7. Then, as is indicat-
ed in situation c, second clamping member 12 is cooled
until it has its releasing shape, in which condition it no
longer clampingly engages bar 7, therefore. Then, as is
indicated in situation d, connecting member 13 is heated
to body temperature again, so that said clamping mem-
ber 12 clampingly engages bar 7. After first clamping
member 11 has subsequently cooled down to body tem-
perature, so that it no longer clampingly engages bar 7
(situation f), also connecting member 13 is cooled down
to body temperature, resulting in situation g, which cor-
responds with situation a, with this difference that sec-
ond part 11, 12, 13 of the device has been moved a dis-
tance 14 relative to bar 7.
[0035] Figure 3 is a perspective view of a part of bar
7 and second part 9 of the device. Ring-shaped first
member 11 is enveloped by a resistance foil 15, which
is indicated diagrammatically, as are the connecting
points for the current supply for heating the resistance
foil. Ring-shaped second member 12 is provided with
two Peltier elements 16, which are capable of cooling
the shape memory metal of clamping member 12 when
current is being supplied to said Peltier elements. The
number of Peltier elements may also be larger than two.
In that case they will act as a heat pump, whereby heat
is discharged from the shape memory metal of clamping
member 12 to the surroundings thereof. In this manner
the shape memory metal of clamping member 12 can
be cooled relative to the ambient temperature, which is
the same as the body temperature of 37°C.
[0036] Tubular connecting member 13, which is posi-
tioned between the two clamping members 11, 12, is
enveloped by a resistance foil diagrammatically indicat-
ed by block-shaped line 17, which can be heated by sup-
plying current thereto.
[0037] In order to increase the amount of friction be-
tween clamping members 11, 12 and bar 7 and/or to ef-
fect a certain heat insulation between clamping member
11, 12 and bar 7, the inside of the clamping member
abutting against bar 7, and/or the surface of bar 7 may
be provided with a special heat-insulating and/or fric-
tion-increasing coating.
[0038] Figure 4 shows the energy supply of the de-
vice. Electric power supply 18 is connected to a primary
coil 19, which is for example provided round the patient's
lower leg. Primary coil 19 is capable of transmitting en-
ergy, by means of an electromagnetic field, to secondary
coil 20, which is capable of charging the two batteries
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21. This makes it possible to feed a relatively large
amount of energy to the device during a short period of
time, whilst said electric energy can be transported to
the device over a much longer period.
[0039] Block 22 indicates the control unit of the de-
vice, which unit is controlled by a control device present
outside the body, which is in communication with control
unit 22, for example by means of radio waves. Said con-
trol unit 22 is capable of transmitting electric energy to
the (diagrammatically indicated) clamping members 11,
12 and connecting member 13, so that the shape mem-
ory metal of each of said members can be selectively
heated (clamping member 11 and connecting member
13) or cooled (clamping member 12) .
[0040] The illustrated embodiment of the device
should be considered as a mere example, the invention
may also be embodied in different manners.

Claims

1. A device for implantation into a human or animal
body for moving a first bone portion (4) relative to a
second bone portion (5) comprising a bar-shaped
elongated first portion (7) along which a second por-
tion (9) can move, said bar-shaped elongated first
portion (7) having a first and a second end, the first
end being fixed to the first bone portion (4) and the
second end extending into the second bone portion
(5), said second portion (9) being fixed to the sec-
ond bone portion and including moving means to
move the bone portions (4, 5) relative to each other,
the moving means making use of a shape memory
metal to provide a moving force, and an energy sup-
ply unit for the second portion, characterized in
that

- the second portion (9) has a first and a second
ring shaped clamping member (11, 12) sur-
rounding the bar-shaped elongated portion (7),
that a connecting member (13) interconnects
the spaced clamping members (11, 12) and is
made of shape memory metal capable of giving
the connecting member (13) an elongated or
short form depending on the temperature of the
shape memory metal, the clamping members
(11, 12) being also of shape memory metal
which gives the clamping members (11, 12) a
clamping shape or a non-clamping shape, de-
pending on the temperature of the shape mem-
ory metal, and that the separate energy supply
unit (18, 19) is provided for cooling and/or heat-
ing the clamping members (11, 12) and the con-
necting member (13), respectively.

2. The device according to claim 1, characterized in
that the first clamping member (11) has its releasing
shape at the same temperature at which the second

clamping member (12) has its clamping shape.

3. The device according to claim 2, characterized in
that the composition of the shape memory metal of
the first clamping member (11) is such that first
clamping member (11) has a clamping shape at a
higher temperature.

4. The device according to claim 2 or 3, characterized
in that the composition of the shape memory metal
of said second clamping member (12) is such that
the second clamping member (12) has a releasing
shape at a lower temperature.

5. The device of one of the claims I to 4, characterized
in that the connecting member (13) is tubular and
surrounds the elongated first portion (7).

6. The device of one of the claims 1 to 5, character-
ized in that one or more rechargeable batteries
(21) are provided which can be implanted also into
the human or animal body.

7. The device of one of the claims 1 to 6, character-
ized in that control means (22) are provided for
controlling the means for cooling and/or heating the
clamping members (11, 12) and/or the connecting
member (13), which control means can be also im-
planted into the human or animal body.

Patentansprüche

1. Vorrichtung zur Implantierung in einen menschli-
chen oder tierischen Körper zum Bewegen eines er-
sten Knochenteils (4) relativ zu einem zweiten Kno-
chenteil (5), mit einem stabförmigen, langgestreck-
ten ersten Abschnitt (7), entlang dem sich ein zwei-
ter Abschnitt (9) bewegen kann, wobei der stabför-
mige, langgestreckte erste Abschnitt (7) ein erstes
und ein zweites Ende aufweist, wobei das erste En-
de an dem ersten Knochenteil (4) befestigt ist und
das zweite Ende in den zweiten Knochenteil (5)
ragt, wobei der zweite Abschnitt (9) an dem zweiten
Knochenteil befestigt ist und ein Bewegungsmittel
zum Bewegen der Knochenteile (4, 5) relativ zuein-
ander umfaßt, wobei das Bewegungsmittel ein Me-
tall mit Formgedächtnis zur Schaffung einer Bewe-
gungskraft nutzt, und mit einer Energieversor-
gungseinheit für den zweiten Abschnitt, dadurch
gekennzeichnet, daß

- der zweite Abschnitt (9) ein erstes und ein zwei-
tes ringförmiges Klemmelement (11, 12) auf-
weist, die den stabförmigen, langgestreckten
Abschnitt (7) umgeben, daß ein Verbindungs-
element (13) die beabstandeten Klemmele-
mente (11, 12) verbindet und aus einem Metall

7 8



EP 0 961 586 B1

6

5

10

15

20

25

30

35

40

45

50

55

mit Formgedächtnis besteht, das dem Verbin-
dungselement (13) abhängig von der Tempera-
tur des Metalls mit Formgedächtnis eine lang-
gestreckte oder eine kurze Form verleihen
kann, wobei die Klemmelemente (11, 12) eben-
falls aus einem Metall mit Formgedächtnis be-
stehen, das den Klemmelementen (11, 12) ab-
hängig von der Temperatur des Metalls mit
Formgedächtnis eine Klemmform oder eine
Nichtklemmform verleiht, und daß die geson-
derte Energieversorgungseinheit (18, 19) zum
Kühlen und/oder zum Beheizen der Klemmele-
mente (11, 12) bzw. des Verbindungselements
(13) vorgesehen ist.

2. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daß das erste Klemmelement (11) seine
Freigabeform bei der gleichen Temperatur auf-
weist, bei der das zweite Klemmelement (12) seine
Klemmform aufweist.

3. Vorrichtung nach Anspruch 2, dadurch gekenn-
zeichnet, daß die Zusammensetzung des Metalls
mit Formgedächtnis des ersten Klemmelements
(11) derart ist, daß das erste Klemmelement (11) bei
einer höheren Temperatur eine Klemmform auf-
weist.

4. Vorrichtung nach Anspruch 2 oder 3, dadurch ge-
kennzeichnet, daß die Zusammensetzung des
Metalls mit Formgedächtnis des zweiten Klemmele-
ments (12) derart ist, daß das zweite Klemmele-
ment (12) bei einer höheren Temperatur eine Frei-
gabeform aufweist.

5. Vorrichtung nach einem der Ansprüche 1 bis 4, da-
durch gekennzeichnet, daß das Verbindungsele-
ment (13) rohrförmig ist und den langgestreckten
ersten Abschnitt (7) umgibt.

6. Vorrichtung nach einem der Ansprüche 1 bis 5, da-
durch gekennzeichnet, daß eine oder mehrere
wiederaufladbare Batterien (21) vorgesehen sind,
die ebenfalls in den menschlichen oder tierischen
Körper implantiert werden können.

7. Vorrichtung nach einem der Ansprüche 1 bis 6, da-
durch gekennzeichnet, daß Steuermittel (22) zum
Steuern des Mittels zum Kühlen und/oder zum Be-
heizen der Klemmelemente (11, 12) und/oder des
Verbindungselements (13) vorgesehen sind, wobei
die Steuermittel (22) ebenfalls in den menschlichen
oder tierischen Körper implantiert werden können.

Revendications

1. Dispositif pour une implantation dans un corps hu-

main ou animal destiné à déplacer une première
partie d'os (4) par rapport à une seconde partie d'os
(5) comprenant une première partie allongée en for-
me de barreau (7) le long de laquelle une seconde
partie (9) peut se déplacer, ladite première partie
allongée en forme de barreau (7) comportant une
première et une seconde extrémités, la première
extrémité étant fixée à la première partie d'os (4) et
la seconde extrémité s'étendant dans la seconde
partie d'os (5), ladite seconde partie (9) étant fixée
à la seconde partie d'os et incluant un moyen de
déplacement pour déplacer les parties d'os (4, 5)
l'une par rapport à l'autre, le moyen de déplacement
utilisant un métal à mémoire de forme pour fournir
une force de déplacement, et une unité d'alimenta-
tion en énergie pour la seconde partie, caractérisé
en ce que :

la seconde partie (9) comporte un premier et
un deuxième élément de serrage en forme
d'anneau (11, 12) entourant la partie allongée
en forme de barreau (7) en ce qu'un élément
de liaison (13) relie les éléments de serrage es-
pacés (11, 12) et est réalisé en un métal à mé-
moire de forme capable de donner à l'élément
de liaison (13) une forme allongée ou raccour-
cie en fonction de la température du métal à
mémoire de forme, les éléments de serrage
(11, 12) étant également constitués d'un métal
à mémoire de forme, qui donne aux éléments
de serrage (11, 12) une forme de serrage ou
une forme de non-serrage, en fonction de la
température du métal à mémoire de forme et
en ce que l'unité séparée d'alimentation en
énergie (18, 19) est prévue pour refroidir et/ou
chauffer les éléments de serrage (11, 12) et
l'élément de liaison (13), respectivement.

2. Dispositif selon la revendication 1, caractérisé en
ce que le premier élément de serrage (11) prend sa
forme libérée à la même température que celle à
laquelle le second élément de serrage (12) prend
sa position de serrage.

3. Dispositif selon la revendication 2, caractérisé en
ce que la composition du métal à mémoire de forme
du premier élément de serrage (11) est telle que le
premier élément de serrage (11) prend une forme
de serrage à une température plus haute.

4. Dispositif selon la revendication 2 ou 3, caractérisé
en ce que la composition du métal à mémoire de
forme dudit second élément de serrage (12) est tel-
le que le second élément de serrage (12) prend une
forme libérée à une température plus basse.

5. Dispositif selon l'une des revendications 1 à 4, ca-
ractérisé en ce que l'élément de liaison (13) est

9 10



EP 0 961 586 B1

7

5

10

15

20

25

30

35

40

45

50

55

tubulaire et entoure la première partie allongée (7).

6. Dispositif selon l'une des revendications 1 à 5, ca-
ractérisé en ce qu'une ou plusieurs batteries re-
chargeables (21) sont prévues, lesquelles peuvent
être implantées également dans le corps humain ou
animal.

7. Dispositif selon l'une des revendications 1 à 6, ca-
ractérisé en ce qu'un moyen de commande (22)
est prévu afin de commander le moyen destiné à
refroidir et/ou chauffer les éléments de serrage (11,
12) et/ou l'élément de liaison (13), lequel moyen de
commande peut également être implanté dans le
corps humain ou animal.
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