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The Invention relates to a device used for distraction osteogenesis, which comprises a lead-screw (1) actuated drive and two
anchors (3, 4) that can be displaced relative each other by said drive, whereby one of said anchors is linked with a stationary bone
segment and the other Is linked with a movable bone segment. The Iinvention Is specifically characterized in that the drive Is
configured as a linear drive by which two elements (1, 2) can be translationally displaced relative each other without being rotated
relative each other, whereby one of the aforementioned anchors Is fixed on the first end (1a) of the one element and the other of
the aforementioned anchors Is fixed on the first end (2a) of the other element.
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(57) Abstract: The invention relates to a device used for dis-
traction osteogenesis, which comprises a lead-screw (1) actu-
ated drive and two anchors (3, 4) that can be displaced relative
each other by said drive, whereby one of said anchors is linked
with a stationary bone segment and the other is linked with a
movable bone segment. The invention is specifically charac-
terized in that the drive is configured as a linear drive by which
two elements (1, 2) can be translationally displaced relative
each other without being rotated relative each other, whereby
one of the aforementioned anchors is fixed on the first end (1a)
of the one element and the other of the aforementioned anchors
is fixed on the first end (2a) of the other element.

(57) Zusammenfassung: Bei einer Vorrichtung zur
Distraktionsosteogenese mit einem eine Gewindespindel
(1) aufweisenden Trieb und zwei durch den Trieb relativ
zueinander verschiebbaren Ankern (3, 4), von denen einer
mit einem feststchenden Knochensegment und einer mit
einem beweglichen Knochensegment verbindbar ist, wird
vorgeschlagen, den Trieb als Lineartrieb auszubilden, mittels
dessen zwei Elemente (1, 2) ohne Drehung zueinander
translatorisch zueinander verschiebbar sind, wobei der
eine der genannten Anker am ersten Ende (1a) des einen
Elementes und der andere der genannten Anker am ersten
Ende (2a) des anderen Elementes festgelegt ist.
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DISTRACTION DEVICE FOR OSTEOGENESIS

The invention relates to a device for vertical callous distraction comprising a
drive having a lead-screw and two anchors which are displaceable relative
to one another by means of the drive, of which one can be connected to a
fixed bone segment and one to ah.movable bone segment whereas the drive

IS designed as a linear dnive, by means of which its two elements can be
translationally displaced with respect to one another, without rotation, and

that one of the aforementioned anchors is fixed on the first end of one

element and that the other of the aforementioned anchors is fixed on the first

end of the other element.

An area of maxillofacial surgery comprises the reconstruction of bone
structures. Such measures are required in a range of illnesses, for
example in severe cases of cleft lip, alveolous and palate but also
Crouzon or Apert syndrome. The treatment of bone defects after trauma or

tumour surgery is also dependent on the reconstruction of bones.

Conventional augmentation methods are based on the transplantation of

autologous tissue. Both onlay osteoplasty and the interposition of bone or
cartilage tissue are among the methods practiced according to the prior art.
In this method, bone fragments are removed from regions of the body lying
outside the head and inserted at the defective point in the facial or maxillary

area. In the reconstruction of jaws and dentition, the aforementioned

measures are usually followed by the insertion of implants.

However, the aforementioned methods have a range of disadvantages and
problems, which include, inter alia, slow mineralisation and increased risk of

Infection of the treated body area, and a comparatively high morbidity of the

removal point.
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A new process for reconstruction of bone structures has become
known under the name distraction osteogenesis. Instead of
implantation of tissue, in this process bone tissue is obtained as
new. The foundations of this method were laid by the Russian

orthopaedic surgeon llizarov in 1988, and led to a method for

extending tubular bones. This is based on pulling apart a callous
formed after corticotomy at a rate of about one millimetre per day.

This method activates the bone's powers of self healing, so that new

callous tissue is continually produced, and thereby the tubular bone
1S lengthened.

Distraction osteogenesis has developed in an important therapeutic
method in maxililofacial surgery. In particular, it is used for vertically
building up toothless or tooth-bearing alveolar process segments
and hyperatrophic lower jaws in the front-tooth and side-tooth region,
or in the region of the entire lower jaw. In the execution of the
aforementioned process, distraction devices are used, whose
function is to continually displace a bone segment, which covers the
reconstruction area and was previously operatively separated from
the remaining bone, with respect to the remaining bone. The
permanent displacement of the bone segment thus has the
consequence that the calious forming between the sides of the
displaced and fixed bone is permanently enlarged, and thereby new
bone tissue Is obtained. It has been found in practice that the calious
Is formed more intensively the smaller the distraction steps are, that
is to say that it is optimum when the distraction takes place
continuously. In addition to the formation of new bone, with this
method the associated stretching and reproduction of the
surrounding soft tissue (histogenesis) is of great advantage. It
contributes substantially to the vitality of the displaced bone

segment, and therefore to a reduced risk of infection and to rapid
healing.
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A device, appropriate to the species, is inferable from DE 19 537 023 A 1
wherein planar and tangential to the bone adjoined anchors are used, which

are fixed into the bone material by means of perpendicular to it running

SCIews.

An important consideration in the development of distractors is their
miniaturisation. in the distractors known in the prior art, however, this
requirement disadvantageously leads to a mediocre stability of the
device and less precise guidance of the anchors, which are
displaceable with respect to one another.

Against this background, it is the object of the invention to provide a
device for distraction osteogenesis, which avoids the aforementioned
disadvantages and in particular ensures precise guidance of the
anchors, which are displaceable with respect to one another, even

when the device has smali dimensions. Furthermore, the proposed

device also permits use as tooth-implant posts that remain in the
patient’s jaw.

This object is achieved according to the invention in that:

- the anchors (3, 4) have plate-shaped regions (11),

which are essentially oriented perpedendicularly to the displacement
direction.

As with distractors to the prior art, the present director comprises a drive and
two anchors which are displaceable relative to one another by means of the
drive whereas the drive is designed as a linear drive. This embodiment
ensures that the two main elements of the drive are displaceable purely

translationaily with respect to one another without rotation. According to the

proposal, the aforementioned anchors are in each case fixed at one end of
the two elements.
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For use of the device for distraction osteogenesis, one anchor is
connected to the displaceable bone segment, the other to the fixed
bone. The precise guidance of the drive is thereby transmitted to the
two anchors, and therefore to the relative movement between the
two bones. The distraction therefore takes place in a precisely
defined direction. The advantageous consequence of this is that the
form of the callous formed corresponds, at every point in time of the
application, to the planned form. The new bone region growing out of

the callous therefore has, after conclusion of the treatment, precisely
the planned form and size.

The purely translational displacement of the anchors, without
simultaneous rotation of the elements of the linear drive connected
thereto, brings another further advantage. In the case of distraction
osteogenesis, often the complete distraction device is implanted, with
the exception of the adjustment head of the device, which in the case
of the present device is located on the second end of the two

aforementioned elements. in the case of devices according to the

prior ant, this means that the iead screw for displacing the anchors is
also implanted, and for adjusting the anchors must be rotated relative
to the surrounding tissue. In the device according to the invention. by

contrast, for displacing the anchors, it is only necessary to displace
an element with a smooth surface relative to the surrounding tissue.

The effect achieved by means of an exact guidance of the linear drive is further

supported in the present device by means of a suitable design of the anchors.

It is provided for the anchors to have plate-shaped regions, which essentially

are oriented perpendicularly to the displacement direction. This embodiment

advantageously ensures a precise bracing of one anchor on the fixed bone and

an exact support of the bone segment to be displaced by the other anchor,

above all against pull-out torques. This displacement of the movable bone

segment takes place in the last-mentioned embodiment of the distractor

perpendicularly to the plate-shaped régions of the anchors and is therefore

precisely predetermined.
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A further advantage of the lasi-—mentioned embodiment can be seen
in the fact that one and the same design can be used for the left and
right jaw halves and for applications in the upper jaw as well as the

lower )aw. In the case of distractors according to the prior art, on the

other hand, a “right” and a “left” distractor are usually required for the
aforementioned applications.

In the design of the plate-shaped regions of the anchors, the

invention proposes a plurality of advantageous solutions.

A first solution comprises anchors in which the plate-shaped regions
are arranged eccentrically to the linear drive. This embodiment leads
to the linear drive coming to lie in the edge region of the anchor. It
permits an advantageous application of the distractor in which the
plate-shaped region of at least one of the two anchors is introduced
into a siit leading from the outside into the relevant bone segment,

while the linear drive remains outside the bone.

The advantage of this embodiment can be seen in the fact that the
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distractor can be applied and removed with relatively little effort from

the outside. This type of incorporation furthermore leads to the plate-
shaped region of the relevant anchor being very stably seated in the
bone. The distraction direction in the aforementioned application lies
perpendicular to the orientation of the slit and -since the orientation
of the slit can be vefy precisely defined — can be advantageously
very precisely predetermined.

In an advantageous development of the aforementioned
embodiment, it is provided that the thickness of the plate-shaped

region of at least one anchor region tapers in a wedge-like way at the
edges facing away from the linear drive. During insertion of the
relevant anchor into the bone siit, the wedge-shaped edges are then
pressed into the bone substance. By this means, the seating of the

anchor in the bone tissue is given even higher stability than in the
aforementioned embodiment.

The same objective, of providing the distractor with a stable seat
after its incorporation into the bone tissue, is also served by a further
embodiment of the invention. Herein, it is provided also to design the
outer surface of the linear drive as a wedge shape in the direction
facing the eccentrically arranged plate-shaped regions. The wedge
shape of the aforementioned outer surface is then pressed against
the surface of the affected bone segment during incorporation of the

distractor, and thereby also improves the seat of the distractor.

A decisive prerequisite forthe usability of distractors in the jaw region
are small dimensions of the distractor elements. Various measures in
the development of distractors are therefore aimed at their
miniaturisation. A further solution for designing the anchors follows
precisely this goal. It is characterised in that the plate-shaped region
of one anchor finds space within a recess of the piate-shaped region
of the other anchor. In a completely retracted state of the distractor,
both anchors therefore lie not one on top of the other, but one inside
the other, and therefore cause oniy an overall height of the single
thickness of the plate-shaped region. Distractors of this design can

therefore be used within an osteomy section of low height.
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For the design of the linear drive, the present invention proposes a

solution in which the two displaceable elements run telescopically
one inside the other. The invention provides two variants for this, a
first in which both elements have a non-circular, preferably square
cross-section, and a second in which both elements have a circular
cross-section. In the latter variant, one of the elements is equipped
with a longitudinal groove, in which a pin, which is rigidly connected
to the other element, engages. In this case it is immaterial on which
element the groove is provided and on which element the pin is fixed.
The advantage of the proposed embodiment lies in the fact that it

provides exact guidance while on the other hand permitting small

dimensions of the drive with a view to miniaturisation.

The adjustment of the linear drive is carried out from the second end

of the two elements. For the embodiment of the adjustment head, the
iInvention provides for two variants:

In one variant, the outer of the two elements is equipped with an
internal thread in the region of its second end, in which a nut with an
external thread engages. The nut in turn has a concentrically
arranged blind hole, which grips over the second end of the inner
element with low play. In the case of a right-hand thread, a clockwise
rotation of the nut leads to the nut disappearing continuously in the
internal thread. Since, however, it is supported on the second end,

which engages in the blind hole, of the inner element, in this process

the outer element is displaced continuously towards its second end.
The anchors fixed in each case on the two first ends of the elements
in the process move away from one another, and the distance of the

freely moving bone segment with respect {o the fixed bones is

continuously increased.

In the other variant, the roles of the inner and outer element are
exchanged. Correspondingly, the inner of the two elements has, in
the region of its second end, an external thread, in which a nut with
an internal thread engages. The nut is in turn fixed so as to be
rotatable on the outer element. In the case of a right-hand thread, a
rotation of the nuts in the anticlockwise direction leads to the nut, and

therefore to the outer element fixed on it, being displaced
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continuously towards its second end. The associated relative
movements of the anchors fixed on the elements correspond to

those of the above-mentioned variant.

For rotation of the nut in the case of the present distraction device,
corresponding means are provided on that face end of the nut that
faces away from the aforementioned elements. They comprise, for

example, a hexagon for a nut key and/or a slit for a screwdriver.

The fastening of the anchors at the first end of the aforementioned
element of the linear drive permits a plurality of constructional
possibilities. It is of advantage for the use the device according to the
invention for osteogenesis to fix the anchors in each case by means
of a screw thread on the first end of the respective element. The
thread ensures, on one hand, a reliable and rigid connection,
however allows the possibility of separating the anchors and the
aforementioned elements of the linear drive from one another. The
latter option is of interest if the components of the distraction device
are to be removed after conclusion of the treatment. In this case, the
screw connection between the anchors and linear elements is

detached in order subsequently to remove the components of the
device from the treatment area.

In the design of the anchor fixture to the element of the linear drive
as a detachable connection, it is expedient if the direction of rotation
of the existing screw threads are in each case appropriately matched
to one another. Correspondingly, in the variant of the device having
an adjusting nut with external thread, it is proposed to design the
thread of the aforementioned nut and the aforementioned anchors in
each case with the same direction, preferably in each case as right-
hand threads. In the variant of the device which has an adjusting nut
with internal thread, on the other hand, it is expedient if the thread of
the aforementioned nut and the aforementioned anchor are in each
case of opposite direction. A solution is preferred here in which the
thread of the nut is a right-hand thread and the threads of the

aforementioned anchors are in each case designed as a left-hand
thread.
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These embodiments ensure that, with a rotation of the nut in the
direction leading to an increase of the distance between the two
anchors, the torque transmitted to the element by the nut favours a
screwing of the aforementioned element into the anchors. Automatic
release of the connection between the anchors and elements of the
linear drive during an enlargement of the distraction zone is therefore
eliminated. If on the other hand, it is required to remove the eiements
of the linear drive after conclusion of the treatment, a left-hand
rotation is sufficient to release the connection between the

aforementioned elements and the anchors.

Corresponding to the use of the distraction device for implantation in
the human body, the material of the device is stainiess steel. In
particular, according to a feature of the invention, it is provided to

produce the components of gold or platinum.

The invention provides for use of the proposed device in which, after
conclusion of the distraction, it is removed again, as well as an
application in which the device or components thereof remain in the
patient's body. The latter case is of interest if the osteogenesis
involves a subsequent reconstruction of the dentition. In this case it
is proposed to use the components of the distraction device as
dental implant posts, and to build up dental prostheses thereon. The
advantage of this solution is obvious; it further obviates the

intervention in the jaw required to produce the dentition after

conclusion of the distraction treatment.

In the case of distraction devices that remain in the patient’s body
after conclusion of the distraction, the invention proposes
embodiments in which the anchors are embodied centrically with
respect to the linear drive. Anchors with plate-like geometries are
preferred here, recesses being provided within the plate, which
possess a twofold, threefold or manifold symmetry with respect to the
axis of the linear drive. In the case of minimai bone supply, anchors

are preferably used that have a star-shaped geometry and also have
twofold, threefold or manifoild symmetry.

In the case of distraction devices that are removed again after
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completed distraction, on the other hand, it is advantageous if — as
already mentioned above — the anchors are arranged eccentrically to
the linear drive and are formed as plate-shaped elements. The plate-
shaped region of the anchors is hereby preferably designed in the

form of a U.

Independently of the centric or eccentric arrangement, the invention
provides for different types of fixing of the anchors. In a first vanant,
the plate-shaped regions of both anchors are arranged in the
separating joint between movable and fixed bone segment. A further
application is characterised in that the plate-shaped region of at least
one of the two anchors is incorporated into the respective bone
segment. A particularly stable seat of the distraction device can be
hereby achieved in particular if both anchors are incorporated within

the bone tissue.

Further details, features and advantages of the invention can be

derived from the subsequent part of the description. In this par, an
exemplary embodiment of the device according to the invention for
distraction osteogenesis is explained with reference to a drawing.
The same reference characters in the individual figures here refer in

each case to the same elements. In detail,

Figure 1a: shows a longitudinal section through the
device
Figure 1D: shows a section corresponding to section

plane AB In Figure 1a

Figure 2: shows a longitudinal section through a variant

of the device

Figure 1 indicates the schematic construction of the distractor. The
essential components comprise a linear drive with the elements 1 and
2 and the anchors 3 and 4 fixed on the respective ends 1a, 2a
thereof. In the present embodiment, the elements 1, 2 run
telescopically one inside the other, element 1 forming the inner
element and element 2 the outer one. Both elements have non-
circular cross-sections; element 1 has a square section and element 2

that of a four-square tube. The chosen embodiment of the linear drive



CA 02480261 2004-09-22

~10-

ensures that the two elements 1, 2 of the drive are displaceable

purely translationally with respect to one another, without rotation.

The adjustment of the linear drive is carried out by means of the
adjustment head 5 of the second end 1b, 2b of the two elements 1, 2.
The adjustment head 5 comprises a nut 6, which is equipped with an
internal thread and is screwed on the inner element 2. The element 2
therefore has in the region 8 of its second end 2b, a corresponding
external thread 7. The nut 6 is for its part fixed so as to be rotatable
on the second end 2b of the outer element 2. The fixing of the
aforementioned kind is indicated in the present diagram by means of
the two clamps 9, 9'. In the right-hand thread 7 that forms the basis, a
rotation of the nut 6 in the anticlockwise direction leads to the nut 6,
and therefore the outer element fixed in it, being displaced continually
towards the end 1b of the first element 1. The anchors fixed in each
case on the two first ends 1a, 2a of the elements 1, 2 being hereby
moved away from one another, and thus the distance 10 between

them is increased.

In the application of the device for distraction osteogenesis, one
anchor 4 is joined to the displaceable bone segment (not shown), and

the other 3 to the fixed bone (not shown). The precise guidance of the

linear drive hereby resuits in an equally precise movement of the

displaceable bone segment. In the performance of the distraction, an
increase of the distance 10 between the two anchors 3, 4 then leads
to the callous occurring between the sides of the displaced and fixed

bone becoming permanently enlarged, new bone tissue being thereby
obtained.

As can be seen from Figure 1, the anchors 3, 4 have plate-shaped
regions 11, which ensure an exact support of one anchor 3 on the
fixed bone and an exact support of the bone segment to be

displaced by the other anchor 4.

In the present embodiment, the anchors 3, 4 are in each case fixea
by means of a screw thread 12, 13 on the first end 1a, 2a of the
respective element 1, 2. This type of fixing permits the anchors 3, 4

and the elements 1, 2 of the linear drive to be separated from one
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another and can be recommended if the components of the
distraction device are to be removed again after conclusion of the
treatment.

Where a right-hand thread 7 is specified for the nut 6, a left-hand
thread 12, 13 in each case is to be provided for the anchor fixing.
This embodiment ensures that, in the case of a rotation of the nut6 In
the anticlockwise direction forincreasing the distance 10 between the
two anchors 3, 4, the torques transmitted to the elements 1, 2 from
the nut do not cause a release of the connection between the

anchors 3, 4 and elements 1, 2 of the linear drive.

Figure 2 shows a variant of the device in which the linear drive has a
sleeve 22 with a circular internal cross-section and a pin 21, with a
circular outer cross-section, running telescopically therein. A
longitudinal groove 23 in the pin 21, in which a peg 24, which Is
rigidly connected to the sleeve 22, engages, ensures that the two
elements 21, 22 do not rotate with respect to one another during
movement of the linear drive. The movement of the linear drive is
effected by means of a nut 25, which is seated on the second end
21b of the pin 21, and intermeshes with an internal thread of the
sleeve 22. The external thread of the nut 25 and the internal thread of
the sleeve 22 are not shown in the present drawing for the sake of
clarity. The nut 25 is operated through a bore 26, which is produced
in the face side on the second end 22b of the sleeve 22, by means of
a screw driver (not shown), which intervenes in a slot in nut 25 . The
diameter of the bore 26 is dimensioned such that a collar 28, which

grips over the nut 25, remains on the sleeve.

With a right-hand thread on the nut 25 and sleeve 22, a rotation of
the nut 25 (seen in the direction of the nut slit) in the clockwise
direction leads to the nut 25 lifting the sleeve 22 and thereby the
anchor 4, which is fixed on its first end 22a, and thus enlarging the
distance 10 between the two anchors 3 and 4.
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PATENT CLAIMS

Device for vertical callus distraction comprising a drive having a lead-
screw and two anchors (3,4) which are displaceable relative to one

another by means of the drive, of which one can be connected to a fixed
bone segment and one to a movable bone segment

whereas
the drive is designed as a linear drive,

by means of which its two elements (1,2) can be translationally displaced
with respect to one another, without rotation,
and that one of the aforementioned anchors (3) is fixed on the first end

(1a) of one element (1)

and that the other of the aforementioned anchors (4) is fixed on the first
end (2a) of the other element (2)
characterised in that

- the anchors (3, 4) have plate-shaped regions (11),

which are essentially oriented perpedendicularly to the displacement direction.

2. Device for distraction osteogenesis according to claim 1,
characterised in that

- the anchors (3, 4) have plate-shaped regions (11),

- Which are oriented perpendicularly to the displacement
direction.

3. Device for distraction osteogenesis according to claim 2,
characterised in that

In which the plate-shaped regions (1 1) are arranged
eccentrically to the linear drive.

4. Device for distraction osteogenesis according to claim 3,
characterised in that

the thickness of the plate-shaped region (11) of at least one

anchor (3 and/or 4) tapers in a wedge-shaped way at the
edges facing away from the linear drive.
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Device for distraction osteogenesis according to claim 3 or 4,
characterised in that

- the outer surface of the linear drive is designed as a wedge

shape In the direction facing the said eccentricity.

Device for distraction osteogenesis according to one of claims
2-5, characterised in that

- the plate-shaped region (11) of one anchor (4) finds space

within a recess of the plate-shaped region of the other anchor

(3).

Device for distraction osteogenesis according to one of the
preceding claims, characterised in that

- the said two elements (1, 2) run telescopically one inside the
other, and

- either both elements (1, 2) have a non-circular, preferably
square cross-section,
- or both elements (1, 2) have a circular cross-section,
- and one of the elements is equipped with a
longitudinal groove,

- In which a peg, which is rigidly connected to the
other element, engages.

Device for distraction osteogenesis according to one of the
preceding claims, characterised in that
- the outer of the two elements (2) is equipped with an internal
thread in the region of its second end (2b),
- In which a nut with an external thread engages,
- which nut has a concentrically arranged blind hole,
- which covers over the second end of the inner
element with low play. -

- and the said translational movement can be generated by

rotation on the nut.
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9. Device for distraction osteogenesis according to one of the
preceding claims, characterised in that
- the inner of the two elements (1) has, in the region of its

second end (1b), an external thread (7),
- in which a nut (6) with an internal thread engages, said

nut is in turn fixed so as to be rotatable on the outer

element (2).
- and the said translational movement can be generated by

rotation on the nut (6).

10. Device for distraction osteogenesis according to one of the
preceding claims, characterised in that
- means for rotating the nut are provided,

- for example, a hexagon for a nut key
- and/or a slit for a screwdriver,
- the means being provided on that face side of the nut facing

away from said elements.

11. Device for distraction osteogenesis according to one of the
preceding claims, characterised in that
- the aforementioned anchors (3, 4) are in each case fixed by
means of a screw thread (12, 13) at the first end (1a or 2a
respectively) of the respective element (1 or 2 respectively).

12. Device for distraction osteogenesis according to one of the

preceding claims, characterised in that
- the thread of the aforementioned nuts (6) and of the aforesaid

anchors (3, 4) are in each case designed so as to rotate in the

same direction, preferably as a right-hand thread.

13. Device for distraction osteogenesis according to one of the

preceding claims, characterised in that
- thethread of the aforesaid nuts (6) and the aforesaid anchors
(3, 4) are in each case designed so as to rotate in the same
direction, preferably
- the thread of the said nuts as a right-hand thread and the
thread (12, 13) of the said anchors in each case as a left-

hand thread.
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Device for distraction osteogenesis according to one of the

preceding claims, characterised in that

- the components of the device are made of noble metal,
- in particular gold or platinum.

Use of the device for distraction osteogenesis according to one of
claims 1 -14, characterised in that

- the device, or significant parts thereof, remain in the patient’s
jaw as a tooth implant post.

Use of the device for distraction osteogenesis according to one of
claims 2-15, characterised in that
- the plate-shaped regions (11) of both anchors (3, 4) are

arranged In the separating plane between the movable and
fixed bone segment.

Use of the device for distraction osteogenesis according to one of
claims 2-16, characterised in that

- the plate-shaped region (11) of at least one of the two
anchors (3 and 4 respectively) is incorporated into the

respective bone segment.

Use of the device for distraction osteogenesis according to one of
claims 3-17, characterised in that
- the plate-shaped region (11) of at least one of the two

anchors (3 and 4 respectively) is introduced into a slit, which

leads from the exterior into the affected bone segment and is

preferably produced by means of a cutting tool.
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