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Abstract
An osteosynthetic fastening device, preferably in the form
of a pedicle screw or a spinal column hook, has a channel in its
upper section for receiving a support rod and a retaining element
which clamps the rod in the socket through a spherical contact

element.
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OSTEOSYNTHETIC FASTENING DEVICE

Field of the Invention

The invention concerns an osteosynthetic fastening device,
specifically a pedicle screw or a spinal column hook designed to
be attached to a support rod.

Background of the Invention

A fastener of this type, of particular application in spinal

column surgery, is described in DE-Ul 89.15.443.6. In essence

that device consists of a lower part having the shape of a screw

or a blade for attachment to a bone; and, adjoining the lower
part, an upper part for fastening onto a rod. A channel that is

open toward the top is formed in the upper part; this channel is

bordered by two side walls between which the rod can be
contained. Attachment of the rod within the channel is achieved
by a threaded stud that can be screwed in. The lower end of this
stud, which is meant to be engaged with the rod, is provided with
attachment devices in the form of one or more sharp points.

The sharp points that are engaged during screwing in of the
threaded stud between the two side walls of the body into the rod
positioned there, dig at several locations into the surface of
the rod and effect a stable attachment of the rod relative to the
body. A disadvantage of this design, however, is that contact
between the rod and the threaded stopper is at several separate
locations, which can easily loosen if forces are exerted between
the rod and the fastening device, as is common in the spinal

column area. Forces which affect the rod act through long lever
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arms on the points which are engaged at separate locations.
These lever arﬁs can cause a sudden and irreversible loosening of
fixation when very small increments of force are applied.

The invention provides a remedy for this problem by
providing an osteosynthetic bone fastener of the type described,
which will retain a tight clamping action when forces are
applied, or else create a self-clamping effect so that loosening
of the parts attached to each other is prevented.

Summary of the Invention

In accordance with the invention, an osteosynthetic
fastening device, useful as a pedicle screw or hook, is provided
having a longitudinal axis, a lower portion for attachment to a
bone and an upper portion adjoining the lower portion along the
longitudinal axis, said upper portion having a transverse channel
for receiving a longitudinal support rod, a cylindrical socket
with an axis coaxial with said longitudinal axis and a fixation
element in said socket, said fixation element having a cavity and
a spherical contact element in said cavity, protruding from the
bottom of said cavity, thereby to contact a support rod in said
transverse channel.

As noted, the fastening element according to the invention
has on the lower end of its fixation part a spherical element,
located in a cavity and partially protruding from it. The
spherical element 1is preferably movabie. As compared to
conventional figgtion hardware, this design has the advantage of
adapting itself automatically to the direction of the rod.

Thanks to the geometry of the sphere, which permits compensation
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by rolling motion, a lasting, continuous clamping effect can be
maintained.

The spherical element may be in the form of a segment of a
sphere, or a spherical layer, so that support and clamping are
linear instead of at discrete points.

If the sphere or partial sphere is movable, then when
translational motion between the spherical element and the
longitudinal support occurs, because of friction, the sphere
seeks to turn, which leads to a skewness and thus even to an
increase in the clamping.

In another embodiment of the invention, the spherical
element is provided with a concave circular or cylindrical
countersink, perpendicular to a radius of the spherical element,
to allow an interlocking fit onto the longitudinal support rod.

This permits a durable surface contact to be achieved.

In yet another embodiment of the invention, the spherical
element is provided with a concave spherical countersink,
perpendicular to a radius of the spherical element, for the
purpose of allowing an interlocking fit onto a slip-on spherical
collaf on the longitudinal support rod. If, owing to application
of a force to the longitudinal support, the spherical collar
tends to turn in any direction, the spherical element with the
spherical countersink tends to move in the opposite direction due
to friction, which again leads to an increase in the clamping
action.

In yet a further embodiment of the invention, an improvement

can be achieved by having between the lower section of the
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longitudinal support rod and the floor of the transverse channel
an additional element. For this purpose the floor of the socket
is formed with a concave surface in the shape of a circular
cylinder, whose cylindrical axis is perpendicular to the
longitudinal axis and goes through the center of the sphere (when
the sphere is seated on the longitudinal support rod). Between
the floor and the longitudinal support rod a tipping piece or
part can be placed, whose one convex side corresponds to the
surface of the socket, and whose other side, being concave with
the shape of a circular cylinder, matches the surface of the
longitudinal support rod. The cylindrical axis of the convex
side runs perpendicular to the longitudinal support rod. By

- means of this additional tipping piece, which rotates about the
same axls as the sphere, a complete adaptation is possible within
a considerable angular range to any changes in angle between the

longitudinal support rod and the fastener, without loosening the

clamping action between the individual parts.
Preferably in this configuration the floor of the socket is
formed either with toothed surface or a wedge geometry. The

convex surface of the tipping piece can be shaped in an analogous

way. The preferred combinations of surfaces coming into contact

with each other are as follows:

Tipping Piece Socket

-toothed/hard material smooth/soft material
-smooth/soft material toothed/hard material
-toothed toothed

-wedge~-shaped geometry wedge~shaped geometry of the
of the longitudinal sides longitudinal sides |
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Preferably the transverse channel 1is made to be open at the
top, in such a way that the upper cutout forms a U-shaped
accommodation with two side walls for the longitudinal supports.
In this configuration both of the flanks may be secured by a
stabilizer cap, since the flanks have a tendency to open up when
the fixation hardware is screwed in. For special applications,
however, the passageway channel can remain closed at the top, so

that no stabilizer socket is necessary.

Brief Description of the Drawings

The invention will be described further with reference to

the accompanying drawings in which:

Fig. 1 1s a perspective view of a fastener according to the
invention with a sphere as the essential fastening part.
Fig. 2 is a perspective view of another embodiment of the

invention with a spherical part as the essential fastening part.

Fig. 2A is an elevational view of a contact element which

has a flat contact surface.

Fig. 3 is a perspective view of an émbodiment of the
invention with an additional tipping piece.

Fig. 4 is a partial longitudinal section through a closed
fastener according to Fig: 3.

Fig. 5 is a perspective view of the tipping piece of Fig. 3.

Fig. 6 is a cross section through another embodiment of the
invention having a supplementary stabilizer socket.

Fig. 7 is a partial longitudinal section through yet another
embodiment of the invention with a supplementary collar for a
longitudinal support rod.

Referring fﬁ Fig. 1, a fastener according to the invention

has a bottom portion 2 that can be anchored in bone and an
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adjoining top portion 3 which is aligned with the longitudinal
axis 1 of the fastener. The end of lower portion 2 can be shaped
as a screw (e.g. as a pedicle screw) or a curved blade (e.g. a
spinal column hook).

The upper portion 3 contains a channel 4 that is open toward
the top and 1is transverse to the longitudinal axis 1. The
channel 4 of the upper portion 3 is U-shaped with two side walls
26 facing each other, and a rounded floor in which a longitudinal
support rod 5 may be easily inserted. The upper portion of the
channel 4 in addition forms a socket 6, shaped like a cylinder
parallel to the longitudinal axis 1. On the inside of the socket
6, 1.e. on the inner sides of each of the walls 26, an interior
thread 11 is provided. For closing the socket 6 and clamping the
longitudinal support 5 between the two side walls 26, a fixation
element 7 in the form of a circular cylinder is provided. The
element 7 has exterior threading 12 which engages the interior
threading 11.

On its bottom 8, which is intended to adjoin the
longitudinal support rod 5, the fixation element 7 has a cavity 9
which.is a segment of a sphere. Into this cavity a sphere 10 is
fitted so as to be able to turn. It protrudes partially from the
caVity 9.

On its top end 16 the fixation element 7 has a polygonal
socket 17 running in the direction of the longitudinal axis 1.
Into this socket a suitable instrument such as a hex wrench can

be inserted to screw the fixation part 7 into the interior
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threading 11 between the two side walls 26 and clamp it securely
against the longitudinal support 5.
Referring to Fig. 2, in another configuration of the

fastener according to the invention, in which instead of a full

sphere only a spherical part 25 (actually a spherical layer) is

provided. The spherical part 25 is either flat on one side

shown as 25a 1n Fig. 2A or has a concave circular-cylindrical
countersink 13, perpendicular to its radius, for an
interlocking fit with the longitudinal support rod 5.

The concave surface 13 is naturally fitted to the

surface geometry of the longitudinal support rod 5 that is

employed, i1.e. it must have the same curvature to achieve the

optimum effect, which is to create a durable surface contact
between the surface 13 of the spherical part 25 and the

longitudinal support rod 5.

Referring to Figs. 3-5, in another embodiment of the
invention, the floor 18 of the channel 4‘has a concave,
cylindrical surface, whose cylindrical a%is 19 is perpendicular
to the longitudinal axis 1 and through the center 20 of the
spherical element 25 (when the element 25 is seated on the
support rod 5). An additional tipping part 21 that can be placed
between the floor 18 and the longitudinal support rod 5, permits
a coaxial rotation synchronized with the spherical part 25. The
tipping part 21, which is depicted in detail in Fig. 4, has a
convex surface 22 that matches the surface 18 of the channel 4 on
one side, and a concave cylindrical surface 23 which matches the

surface of the longitudinal support 5. The cylindrical axis of

the surface 23 runs perpendicular to cylindrical axis 19. The
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center of rotation of the tipping piece 21 is identical with the
center 20 of the spherical cavity 9 in the fixation part 7, when
the fixation part 7 is tightened.

Referring to Fig. 6, yet another embodiment of the invention
has the floor 18 of the channel 4 of the upper portion 3 provided
with wedge-shaped walls 27 parallel to the channel 4; matching

them are wedge shapes in the outer longitudinal sides 28 of the

tipping part 21.

In Fig. 6, the concave surface 23 of the tipping part 21 is
provided with longitudinal toothing 29, which corresponds to
matching longitudinal toothing 30 of the longitudinal support rod
5, SO that'after tightening of the fixation part 7, the
longitudinal support 5 is protected against torsion.

Lastly, the upper portion 3 has a stabilizer cap 31 that can
covér over the two sides 26. It has a central borehole 34, and

it protects the two sides 26 from spreading, as can occur when

the fixation part 7 is screwed in and tightened.

Instead of having a polygonal slot 17 (Figs. 1-3), in the
configuration of Fig. 6 the fixation element 7 is provided with a
threaded bore 32 and a transverée slot 33 for a screwdrivef-like
instrument.. Such a configuration facilitates putting the
fixation part 7 in as well as manipulating it and tightening it.

Lastly, referring to Fig. 7, another embodiment of the
fastener according to the invention has a spherical part 25 (here
in the form of a spherical segment) equipped with a spherical
countersink 14, ﬁerpendicular to the radius of the spherical part

25. This countersinking 14 permits an interlocking fit onto a
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slip-on spherical collar 15 on the longitudinal support rod 5.

The collar 15 has a central borehole with a slot 29, to permit a
spring-mounted attachment on the longitudinal support rod 5.
Also in this configuration the spherical surfaces of the collar

15 and the countersink 14 must be adjusted to each other, 1i.e.,

nmust have the same curvature.
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CLAIMS

1. An osteosynthetic fastening element useful as a
pedicle screw or spinal hook, said element comprising, a
longitudinal axis, a lower portion for attachment to a bone
and an upper portion adjoining the lower portion along
the longitudinal axis, said upper portion having a channel
transverse to said longitudinal axis for recelving a
longitudinal support rod, a cylindrical socket with an axis
coaxial with said longitudinal axis and a fixation element in
said socket, said fixation element having a cavity and a
spheroidal contact element 1in said cavity and having a portion
protruding from the bottom of said cavity, a peripheral part
of said portion being cut away to provide a flat or concave
surface for contacting a support rod in said transverse

channel .

2. The fastener according to claim 1 wherein the socket 1is
provided with interior threading and the fixation element 1is

provided with a matching exterior threading.

3. The fastener according to claim 1 wherein the spheroidal

contact element is so situated in the cavity that i1t can turn.

4. The fastener according to claim 1 wherein the spheroidal

contact element is the segment of a sphere.

5. The fastener according to claim 1 wherein the spheroidal

contact element is a spherical layer.

6. The fastener according to claim 1 wherein the spherical
contact element has a concave cylindrical countersink,

perpendicular to a radius of the spherical contact element,
forming said surface to provide an interlocking fit onto a

longitudinal support rod.

7. The fastener according to claim 1 wherelin the fixation
element has a polygonal socket on i1ts top side, running

parallel to the longitudinal axis to accommodate a fitting
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tool.

8. The fastener according to claim 1 wherein the fixation
element on its top side has a slot running transverse to the
longitudinal axis, and a central borehole having interior

threading to accommodate a fitting tool.

9. The fastener according to claim 1 wherein:

(A) the bottom of the transverse channel has a concave,
cylindrical surface, whose axis 1s perpendicular to the

longitudinal axis;

(B) a tipping part is provided for positioning between the
bottom of the transverse channel and a longitudinal support
rod in said channel, said tipping part having on one side a
convex surface that matches the surface of the bottom of the
channel, and on another side a concave, cylindrical surface to

fit the surface of a longitudinal support rod;

(C) the center of rotation of said tipping part being
identical to the center of rotation of the spheroidal contact

element.

10. The fastener according to claim 9 wherein the floor of the
transverse channel and the convex surface of the tipping part

have toothed surfaces.

11. The fastener according to claim 9 wherein the floor of the
transverse channel has a toothed and the tipping part a smooth

gsurface.

12. The fastener according to claim 9 wherein the floor of the
transverse channel has a smooth and the tipping part a toothed

surface.

13. The fastener according to claim 9 wherein the floor of the

transverse channel and the tipping part have smooth surfaces.
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14 . The fastener according to claim 9 wherein the floor of the
transverse channel and the tipping part have irregularly

structured surfaces.

15. The fastener according to claim 9 wherein the center of
rotation of the tipping part and the spheroidal contact
element are at the level of the longitudinal axis of a support

rod in said channel.

16. The fastener according to claim 15 wherein the tipping

part is adapted to be slipped on a support rod.

17. The fastener according to claim 15 wherein the tipping
part is spheroidal and forms a collar-like element adapted to

be slipped on the support rod.

18. The fastener according to claim 9 wherein the center of
rotation of the tipping part is located to be on top of a

support rod positioned in said channel.

19. The fastener according to claim 9 wherein the floor of the

socket and the tipping part are wedge-shaped.

20. The fastener according to claim 1 wherein the transverse
channel is open at the top to form a U-shape having two sides

for a longitudinal support rod.

21. The fastener according to claim 20 and comprising a

stabilizer cap mountable over the two sides.

22. A fastening system for use in osteosynthesis comprising a
support rod and a fastening element adapted for use as a
pedicle screw or spinal hook, said fastening element having a
longitudinal axis, a lower portion for attachment to a bone
and an upper portion adjoining the upper portion along

the longitudinal axis, said upper portion having a transverse
channel for receiving said support rod, a cylindrical socket
with an axis coaxial with said longitudinal axis and a

fixation element in said socket, sailid fixation element
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having a cavity and a spheroidal contact element 1in said
cavity, said contact element having a peripheral part cut away

to provide a flat or concave surface for contacting the

support rod in said channel.
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