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(57) Abrégée/Abstract:
The locking screw (1) for an intramedullary nail (2) comprises at least one transversal hole (3). The locking screw (1) comprises a
central longitudinal axis (7), a screw shank (4) which Is least partially provided at with an external thread (5) and a screw head (6).
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(57) Abrege(suite)/Abstract(continued):

The diameter of the screw head (6) Is greater than the outer diameter of the external thread (5) and the screw head (6) comprises a
passage (8) which extends in an essentially parallel manner in relation to the longitudinal axis (7) and the external thread (5) in order
to receive a longitudinal wedge element (9). As a result, the existing backlash between the locking screw (1) and the intramedullary
nail (2) Is eliminated and the locking screw (1) Is wedged in the transversal hole (3) of the intramedullary nail (2).
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Abstract of the Disclosure

A locking screw for an intramedullary nail having at least one
transverse hole. The locking screw has a central longitudinal axis and includes a
screw shank, which is at least partially provided with an external thread, and a screw
head. The diameter of the screw head is greater than the outer diameter of the
external thread, and the screw head includes a passage extending generally parallel to
the Jongitudinal axis of the screw and the external thread. The passage is configured
to receive a longitudinal wedge element. As a result, any gap between the locking
screw and the intramedullary nail is eliminated and the screw is wedged 1n position 1n

the transverse hole of the intramedullary nail.
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LOCKING SCREW FOR AN INTRAMEDULLARY NAIL

RELATED APPLICATION DATA

10001} The present application claims priority to International Patent
Application No. PCT/CH2003/000157, filed March 7, 2003, the entire content of

which 1s expressly incorporated herein by reference thereto.

FIELD OF THE INVENTION

[0002] The present invention relates to orthopaedic implants and, more
particularly, to a locking screw for use with an intramedullary nail, wherein the screw

includes a head portion with a passage for receiving a longitudinal wedge element.

BACKGROUND OF THE INVENTION

[0003] The locking of intramedullary nails, or intramedullary nails, 1s known
in the art, e.g., locking screws are introduced into the transverse boreholes of the
intramedullary nail either with the help of an imaging method (X-ray control) or a
fairly complicated targeting device. In both cases, a certain targeting mnaccuracy 1s
unavoidable, that is, the tip of the screw cannot be aligned exactly coaxially with the
middle axis of the transverse borehole and, instead, deviates therefrom by a certain
amount. So that the locking screw ends up in and can be passed through the
transverse borehole in spite of this targeting error, the external diameter of the screw
1s underdimensioned relative to the diameter of the transverse borehole. If the
targeting accuracy remains n the range of this underdimensioning, the locking screw
can be passed through the transverse boreholes without problems in spite of the

targeting error. However, because of the underdimensioning, there 1s a certain

clearance between the locking screw and the transverse borehole.

Atty Docket No. 8932-1139-001)
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[0004] This clearance defines the amount by which the mamn fragments of the
bone, which are fixed in the corresponding locking hole by means of locking screws,
can move relative to the nail and, accordingly, because of the rgidity of the nail, also
relative to other main bone fragments fastened with the same nail. Together with the
flexibility of the material and of the overall device, this may cumulatively assume a
magnitude, which prevents successful healing or delays it sigmficantly. Admittedly,
this clearance i1s unavoidable in order to guarantee the applicability of the locking for
the surgeon. However, it is clinically undesirable for certain indications, such as
metaphysical fragments.

[0005) Even nails with a full cross section, which may have an internal thread
in the locking hole, are not without clearance. The internal thread merely prevents the

nail from moving axially on the locking screw.

SUMMARY OF THE INVENTION

[0006] The present invention has been developed to solve this problem. ltis
an object of the invention to create a locking screw, with which the gap or clearance,
existing between it and the intramedullary nail, can be eliminated and the locking
screw can be wedged in the transverse borehole of the intramedullary nail.

[0007] Pursuant to the invention, this objective 1s accomplished with a locking
screw having a central longitudinal axis, a screw shaft, at least a portion of which
includes an external thread having an outer diameter, and a screw head having a
diameter greater than the outer diameter of the external thread. A passage 1s formed
through the screw head configured and dimensioned to receive a longitudinal wedging

element, the passage extending in a first direction generally parallel to the

longitudinal axis of the screw.

o
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10008] The advantages, achieved by the invention, are seen to lie essentially
therein that, due to the inventive locking screw, the clearance between the
intramedullary nail and the locking screw can be eliminated. However, the invention
also permits the screw to be introduced in a first phase with clearance and to eliminate
this clearance only subsequently. A further advantage consists therein that, in spite of
the elimination of the clearance, the ability to rotate the locking screw is not blocked.
The advantages of retaining the ability to rotate are manifold:

[0009] * the locking screw can be screwed in and out even in the state of
reduced clearance (axial freedom) and

(0010] * in the case of a failure of the locking screw, it is possible to extract
the locking screw with conventional techniques (by beating or pulling it out).

[0011] In the case of a special embodiment of the invention, the shaft of the
screw has a first groove, which extends in the direction of the passage and preferably
has a partially circular or polygonal cross-section. This construction saves space,
requires a lower pressing-in force and guarantees good guidance of the wedging
element.

[0012] In a further embodiment, the shaft of the screw has a second groove,
which is disposed essentially parallel to the first groove, offset radially by the rotation
angle alpha and is deeper than the first groove. The passage in the head of the screw
1s constructed as an elongated hole, into which both grooves terminate. Between the
two grooves, there is a ramp, which arises from the first groove to the second groove.
The angle of rotation alpha may assume a value of 40° to 120° and preferably of 60°
to 90°.

[0013] This embodiment has the advantage that the wedging takes place more

quickly and can also be undone again more quickly. The wedging force 1s also

3
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increased significantly with the application of a (comparatively) lower force. Since
the wedging force is applied over a torque, the user has to apply only a relatively
slight force.

[0014] In the case of a further embodiment, the groove tapers 1n cross section
with increasing distance from the head of the screw. By these means, on the one
hand, the wedging or reduction in clearance is accomplished more quickly and, on the
other, the wedging can be undone again more quickly.

{0015] For a further embodiment, the groove makes an angle with the
longitudinal axis of the locking screw, which preferably 1s less than 5°.

[0016] The groove may have a depth, which 1s between 1% and 50% and
preferably between 2% and 20% of the diameter of the shaft of the screw.

[0017] Advisably, the inventive locking screw 1s introduced into the
transverse borehole of an intramedullary nail, for which the diameter of the transverse
borehole is larger than the external diameter of its external thread. When a
longitudinal wedging element is introduced into the passage of the locking screw,
wedging takes place between the shaft of the locking screw and the inner surface of
the transverse borehole of the medullary nail.

[0018) The longitudinal wedging element may be a wire, preferably with an
end, the cross-section of which is tapered. Advisably, the passage of the locking
screw has a borehole, which corresponds to the cross-section of the wire.

[0019] Alternatively, the Jongitudinal wedging element may have a cross-
sectional profile, which corresponds to the cross-sectional profile of the passage and
preferably is constructed wedge-shaped. The passage may be essentially circular with
a diameter of 0.5-2.0 mm and preferably of 0.8-1.2 mm. The longitudinal wedging

element typically has a length, which corresponds to at least two thirds of the shaft of

4
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the screw. At one of its ends, the longitudinal wedging element may have a stop for
the head of the screw. With that, the wedging element is prevented from piercing
through the passage.

[0020] The passage may also be provided with an internal thread. The

longitudinal wedging element may also have an external thread, which corresponds to

the internal thread of the passage.

BRIEF DESCRIPTION OF THE DRAWINGS

10021] The 1invention and further developments of the invention are explained
in even greater detail in the following by means of the partially diagrammatic
representations and drawings of several examples, in which:

[0022] Fig. 1 shows a perspective view of a locking screw with a passage in
the head of the screw and a locking element;

[0023] Fig. 2 shows a longitudinal section through an intramedullary nail, in
the transverse borehole of which the locking screw of Fig. 1 is inserted;

[0024] Fig. 3 shows a longitudinal section through the intramedullary nail of
Fig. 2, offset by 90°, in the region of its transverse borehole;

[0025] Fig. 4 shows a perspective view of a modified locking screw with a
borehole 1n the head of the screw and a longitudinal groove in the shaft of the screw;
[0026] Fig. 5 shows a perspective view of the locking screw of Fig. 4 with a
longitudinal wedging element introduced into the head of the screw:

[0027] Fig. 6 shows an enlarged longitudinal section through the modified

locking screw of Fig. 4;

[0028] Fig. 7 shows a cross section through a modified locking screw of Fig 4

in the region of the transverse borehole of the intramedullary nail;

Atty Docket No. 8932-1139-001
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[0029] Fig. 8 shows a perspective view of a modified locking screw with a

keyhole shaped passage and a keyhole shaped locking element;

[0030] Fig. 9 shows a perspective view of a modified locking screw with two
grooves;
(00311 F12.10 shows a cross section through the locking screw of Fig. 9 of a

first, unwedged position;

[0032] Fig. 11 shows a cross section through a locking screw of Fig. 9 with a
second, wedged position; and
[0033] Fig. 12 shows a diagrammatic cross-sectional representation of the

locking screw of Fig. 9 with a first and second position of the locking screw.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0034] The locking screw 1, shown in Fig. 1, 1s used for locking an

intramedullary nail 2, which is shown in Fig. 2 and has several transverse boreholes 3.
The locking screw 1 has a central longitudinal axis 7 and comprises a screw shaft 4,
which 1s provided with an external thread 5, as well as a screw head 6, with a
hexagonal socket 14, in order to be able to turn the locking screw 1 1n one of the
transverse boreholes 3 of the intramedullary nail 2.

10035} The diameter of the screw head 6 is larger than the external diameter of
the external thread 5, the screw head 6 having a passage 8 in the form of a circular
borehole, which extends essentially parallel to the longitudinal axis 7 and to the
external thread 5 and has an internal thread 15 for accommodating a longitudinal
wedging element 9 in the form of a conically extending nail with a partial external

thread 16 and a stop 13 at the head, the external thread 16 corresponding to the

Attty Docket No. 8932-1139-001
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internal thread 15. The wedging element 9 has a length, which corresponds
approximately to two thirds of the length of the screw shaft 4.

[0036] In Fig. 3 it 1s shown how the wedging element 9 can be wedged
between the inner surface 11 of the transverse borehole 3 and the external diameter of
the external thread 5 of the locking screw 1. It is a prerequisite for this that the
external diameter of the external thread 5 is smaller than the diameter of the
transverse borehole 3.

[0037] As shown 1n Figs. 2 and 6, the longitudinal wedging element 9, at its
rear end, has a stop 13, so that it cannot be forced further into the screw head 6. By
these means, it is prevented that the wedging element 9 can reach the intramedullary
nail.

[0038] In Figs. 4-7, a variation of the locking screw 1 is shown, for which the
screw shaft 4 has a groove 10 with a partially circular cross-section, flush with the
passage 8 (in the form of a circular borehole with a diameter typically of 1 mm). The
groove 10 tapers conically as the distance from the screw head 6 increases. The
groove 10 has a depth of 5% of the diameter of the screw shaft 4. For this variation,
the wedging element 9, which also tapers conically, is wedged between the inner
surface 11 of the transverse borehole 3 and the inner surface of the groove 10.

[0039] In F1g. 8, a further variant of the locking screw 1 is shown, for which
the passage 8 is realized in the form of a keyhole-shaped groove for accommodating a
longitudinal wedging element 9 in the form of a rod, which has a keyhole-shaped
profile 22 at its head end and corresponds to the keyhole-shaped groove. The

wedging element 9 is secured against twisting relative to the passage 8 by the shape of

the keyhole-shaped profile 22.

Atty Docket No. 8932-1139-001
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[0040] In Figs. 9 to 12, a further embodiment of the locking screw 1 is shown.
For this variation, the screw shaft 4, aside from a first groove 10, has a second groove
16, which extends parallel to the first groove 10, 1s offset radially by the rotation
angle alpha of 50° and is deeper than the first groove 10. Moreover, the first groove
10 is connected with the second groove 16 over a wedge-shaped ramp 18. The
passage 8 in the screw head 6 is constructed as an elongated hole, which corresponds
to the geometry of the ramp 18 and in which the two grooves 10, 16 terminate, so that
the longitudinal locking element 9 can be placed in the first groove 10 as well as 1n
the second groove 16.

(0041} By rotating the locking screw 1 in the direction of arrow 17
(clockwise), the longitudinal locking element 9 (un-wedged position 1n Fig. 10), lying
in the second groove 16, slides along the relatively flat, wedge-shaped ramp 18 until 1t
falls into the first groove 10 of lesser depth (wedged position in Fig. 11). The
longitudinal locking element 9 is prevented from shding from the first groove 10 back
into the second groove 16 by the relatively steep flank 19 and the camber relative to
the positions 20 and 21 between the two grooves 10, 16. At the same time, the
longitudinal locking element 9 moves in the elongated hole 8 from position 21 to
position 20 (Fig. 9).

[0042] By rotating the locking screw 1 in the direction of arrow 23
(counterclockwise), the longitudinal locking element 9 (wedged position in Fig. 11),
lying in the first groove 10, falls back into the second groove 16 (not wedged position
in Fig. 10), so that the clamping of the locking screw 1 is canceled once agan.

[0043] As shown in Fig. 12, the dimensioning of the individual components

advantageously should be as follows:

Atty Docket No. 8932-1139-00]
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10044] * the distance between the midpoint of the longitudinal locking
element 9 and the midpoint of the screw shaft 4 in position 21 (broken lines) is ry;
[0045] * the distance between the midpoint of the longitudinal locking
element 9 and the midpoint of the screw shaft 4 in position 20 (continuous lines) 1s 15,

r, being greater than ry;

[0046] * the diameter of the longitudinal locking element 9 1s d,,

[0047] * the radius of the external thread 5 of the screw shaft 4 1s r

[0048] e the diameter of the transverse borehole 3 1s 1y, 1y > I,

[0049] * the desired press fit or the reduction in clearance between the external

thread 5 of the screw shaft 4, the longitudinal locking element 9 and the transverse
borehole 3 of the intramedullary nail arises 1if the sum of [(rs — Ny + dp) +15)] is greater
than or equal to 2r,, N5, being the depth of the groove in position 20.

0050} While the present invention has been described with reference to the
preferred embodiments, those skilled in the art will recognize that numerous
variations and modifications may be made without departing from the scope of the
present invention. Accordingly, it should be clearly understood that the embodiments
of the invention described above are not intended as limitations on the scope of the

invention, which 1s defined only by the following claims.

Atty Docket No. 8932-1139-00]
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Claims

1. Locking screw (1) for an intramedullary nail (2) with at least one

transverse borehole (3), the locking screw (1) having a central longitudinal axis (7)
and compnsing the following elements:
A)  a screw shaft (4) which is provided at least sectionally only with an external
thread (5) and
B) a screw head (6), the diameter of which 1s larger than the external diameter of

the external thread (5),
characterized in that
C) the screw head (6) has a passage (8) for accommodating a longitudinal wedging
element (9), the passage (8) extending essentially parallel to the longitudinal axis (7)
and to the external thread (5).

2. The locking screw (1) of claim 1, charactenzed in that the screw
shaft (4) has a first groove (10), preferably with a partially circular or polygonal

cross-section, the groove (10) extending in the direction of the passage (8).

3. The locking screw (1) of claim 2, characterized in that the screw
shaft (4) has a second groove (16), which is deeper than the first groove (10), the
second groove (16) being disposed essentially parallel to the first groove (10) and
offset radially by the rotation angle alpha, and that the passage (8) in the screw head

(6) 1s constructed as an elongated hole, in which the two grooves (10, 16) terminate.

4. The locking screw (1) of claim 3, charactenized in that the rotation

angle alpha has a value of 40° to 120° and preferably of 60° to 90°.

5. The locking screw (1) of claims 3 or 4, characterized in that a ramp

(18), nsing from the first groove (10) to the second groove (16), is provided between

the two grooves (10, 16).

10
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6. The locking screw (1) of one the claims 1 to 5, charactenzed in that

the groove (10; 16) tapers in cross-section, preferably conically, as its distance from

the screw head (6) increases

7. The locking screw (1) of one of the claims 1 to 6, characterized 1n

that the groove (10; 16) makes an angle with the longitudinal axis (7), which

preferably 1s smaller than 5°.

8. The locking screw of one of the claims 1 to 7, characterized in that it
1s introduced into the transverse borehole (3) of an intramedullary nail (2) and that the

external diameter of its external thread (5) is smaller than the diameter of the

transverse borehole (3)

9. The locking screw (1) of claim 8, characterized n that a longitudinal
wedging element (9) 1s introduced 1nto 1ts passage (8) and can be wedged between the

screw shaft (4) of the locking screw (1) and the inner surface (11) of the transverse

borehole (3) of the medullary nail (2).

10. The locking screw (1) of claim 9, characterized in that the
longitudinal wedging element (9) i1s a wire, preferably with an end (12) tapering n
cross-section and the passage (8) i1s a borehole, preferably corresponding to the cross-

section of the wire.

11. The locking screw (1) of claims 9 or 10, characterized 1n that the
longitudinal wedging element (9) has a cross-sectional profile, which corresponds to

the cross-sectional profile of the passage (8) and preferably 1s constructed wedge-

shaped.

11
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12. The locking screw (1) of one of the claims 1 to 11, characterized 1n

that the passage (8) is essentially circular with a diameter of 0.5-2.0 mm and

preferably of 0.8-1.2 mm.

13. The locking screw (1) of one of the claims 9 to 12, charactenzed 1n

that the longitudinal wedging element (9) has a length, which corresponds at least to

two thirds of the screw shaft (4).

14. The locking screw (1) of one of the claims 9 to 13, characterized in

that the longitudinal wedging element (9), at one of its ends, has a stop (13) for the

screw head (6).

15. The locking screw (1) of one of the claims 1 to 14, characterized in
that the first groove (10) has a depth, which corresponds to between 1% and 50% and
preferably two 2% to 20% of the diameter of the screw shaft (4)

16. The locking screw (1) of one of the claims 1 to 15, charactenized n
that the depth of the groove N,, is such, that the longitudinal wedging element (9) can

be introduced into the second groove (16) with clearance relative to the transverse
borehole (3).

17. The locking screw (1) of one of the claims 1 to 16, characterized in

that the passage (8) is provided with an internal thread (15).

18. The locking screw (1) of one of the claims 9 to 17, characterized n
that the longitudinal wedging element (9) has an external thread (16), which

cortesponds  to  the intermal thread (15) of the passage (8).

12
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