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ABSTRACT

An elongated implant is provided comprising a distal part and a proximal part both
having a leading end and a trailing end, respectively. The trailing end of the distal part
includes a tool engagement portion and the leading end of the proximal part includes a
distal part engagement portion for an engagement with the tool engagement portion of
the distal part. The implant further comprises an assembly element for firmly coupling
the distal part and the proximal part when the first tool engagement portion of the distal
part engages the distal part engagement portion of the proximal part.

(Figure 8B)
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Modular lag screw

FIELD OF THE DISCLOSURE

The invention relates to an implant. In particular, the invention relates to a bone implant

like a lag screw to be received in a transverse through bore in a bone nail or hip plate.
BACKGROUND INFORMATION

An implant and particularly a bone implant include a portion or section or end which is
adapted to be firstly introduced into a body during an implantation. In the specification,
such a portion or section or end is referred to as leading portion or leading section or
leading end. Consequently, an opposite portion or section or end of the implant is
adapted to be introduced last, wherein this portion or section or end may additionally be
configured for an engagement of a tool for inserting the implant into the body. Below,

such a portion or section or end is referred to as trailing portion or trailing section or

trailing end.

A bone implant may be a pin or a nail or screw. A bone nail may be an intramedullary

nail, for example a femur nail, a humerus nail or a tibia nail. A bone screw may be a

screw for fixing fragments of a bone fracture or may be a locking screw for locking a

bone nail in the bone.

However, due to the anatomical variation of bones it may happen that the trailing end of
a bone implant extends out of a bone after implant placement. The trailing end of the
implant may act as an interface with an implantation tool and may thus be provided with
an appropriate structure like for example slots for controlling the forces applied during

implant insertion and removal. It may occur that patients complain about pain after
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surgery in this area, especially when the implant is extending out of the bone. This pain
may be caused by sharp edges at the trailing end of the implant. Such edges may cause

irritation and/or injury to the surrounding soft tissue.

A migration of a hip screw is reported in the case report "Hip screw lateral migration
with no cut-out or non-union implication: a case report” of Nikolaos Lasanianos et al.
(Case Journal 2009, 2:6419). A similar report can be found in "Medial pelvic migration
of the lag screw in a short gamma nail after hip fracture fixation: a case report and
review of the literature” of Xinning Li et al. (Journal of Orthopaedic Surgery and
Research 2010, 5:62).

SUMMARY OF THE INVENTION

One aspect of the invention may be defined as providing an implant causing less

irritation of surrounding tissue when being implanted.

This is achieved by the bone screw according to the independent claim. Further

embodiments are described in the dependent claims.

In general, an elongated implant like a bone screw according to an embodiment is a
modular screw which has a distal part having a leading end and a trailing end,
designated herein as a first leading end and a first trailing end. The first trailing end
includes a tool engagement portion designated herein as first tool engagement portion.
The modular implant further has a proximal part also having a leading end and a trailing
end. The ends of the proximal part are designated herein as a second leading end and a
second trailing end, respectively, wherein the second leading end includes an
engagement portion for an engagement with the tool engagement portion of the first
trailing end of the distal implant part, therefore designated as distal part engagement
portion, and wherein the second trailing end also includes a tool engagement portion

wherein this one is designated as second tool engagement portion. The implant further
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comprises an assembly element, such as a screw, for firmly coupling the distal part and
the proximal part when the first tool engagement portion of the distal part engages the

distal part engagement portion of the proximal part.

In other words, the implant comprises two parts which can be assembled so as to form a
single implant, wherein the distal part is adapted to be introduced into a body first and
the proximal part is adapted to follow the distal part during an implantation and thus to
be introduced into the body last. It is noted that the distal part may be used as an implant

without the proximal part.

Such a combination of parts as an implant allows the surgeon to shorten the implant
once protrusion of the implant out of for example a bone has occurred due to bone
fragment compression. Such a shortening may be accomplished in a short procedure
leaving at least the distal part of the implant in place which may be crucial as the
probability of removal, patient outcome and stability are influenced by the implant.
Accordingly, an implant is provided which can be assembled pre-operatively with a
distal part and a proximal part, either at the time of manufacture or in the operating

room, and can be disassembled by a smaller surgery merely removing the proximal part.

According to an embodiment, the first tool engagement portion of the distal part
comprises at least one slot and the distal part engagement portion of the proximal part

comprises at least one protrusion for an engagement with the at least one slot so that

particularly rotational forces can be transmitted from the proximal part to the distal part.
It will be understood that the protrusion may have any suitable shape, for example a

shape of a circular or rectangular pin, of a prong, spike or tooth.

According to an embodiment, the first tool engagement portion of the distal part is
crown-shaped. It is noted that the distal part engagement portion may have any shape

which is suitable to transmit forces, in particular rotational forces from the proximal

part to the distal part.
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According to an embodiment, the distal part engagement portion of the proximal part is
formed so as to provide a form-fit with the tool engagement portion of the distal part. It
can be seen as an advantage of a form-fit connection that no gaps or free edges may

exist between the distal and proximal parts.

According to a further embodiment, the trailing end of the proximal part may be
provided with a tool engagement portion corresponding to the tool engagement portion
of the trailing end of the distal part. Accordingly, the distal part engagement portion at
the leading end of the proximal part may be formed for an engagement with the tool
engagement portion at the trailing end of the distal part, and the trailing end of the
proximal part may comprise a second tool engagement portion which corresponds to the

first tool engagement portion.

Such a proximal part can be understood as an extension of the distal part as a tool which
fits to the first tool engagement portion of the distal part may also fit into the second
tool engagement portion of the proximal part. It will be understood that it may be
possible to further extend the length of the implant by an additional proximal part when
coupling the leading end of the additional proximal part to the trailing end of another

proximal part. Of course proximal parts of different length can be provided.

According to an embodiment, the implant is a bone implant, in particular a bone screw
and the proximal part comprises an end surface which corresponds to a shape of an
outer bone surface at an intended implantation site and is smooth so that the end surface
of the implant can be flush with the bone surface surrounding the end surface when the
implant is inserted into the bone. For example, the end surface may be curved in one
direction to fit to the shape of an outer surtace ot a more or less circular long bone when
implanted substantially perpendicular to the bone axis, like for example a locking screw
of an intramedullary nail, or the end surface may be shaped as a saddle to match the

outer surface at a greater trochanter of a femur. Alternatively, the end surface may be
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inclined with respect to a longitudinal axis of the implant when the implant, for example
a lag screw, is introduced into a bone with an angle relative to the outer surface of the

bone.

It will be understood that "smooth" refers to a shape without any edges, in particular
without any sharp edge. That is, the end surface may be formed without any
discontinuities. The edge between the end surface and an circumferential outer surface
of the implant may be provided with a chamfer or may be rounded so as to be aléo
smooth, i.e. so as to not form any edge at which irritation of soft tissue may occur when

the tissue is in contact with a trailing section of the implant including the end surface.

According to another embodiment, the distal part comprises an axial bore with an inner
thread at the first trailing end, and the proximal part comprises an axial through bore
with an enlarged section, and the assembly screw comprises a screw head being adapted
to be received in the enlarged section in the proximal part and an outer screw thread

being adapted to engage the inner thread in the distal part so as to firmly couple the
distal part and the proximal part.

According to an embodiment, the distal part and the proximal part are configured to
move over a guide wire when the implant is assembled, i.e. when the first tool
engagement portion of the distal part engages the distal part engagement portion of the
proximal part. Accordingly, the implant may further comprise a cannulation or through

bore extending in a longitudinal direction of the shaft, for accommodating a guide wire.

It has to be noted that a person skilled in the art will gather from the above and the
following description that, unless otherwise notified, in addition to any combination of
features belonging to one embodiment, also any combination of features relating to

another embodiment is considered to be disclosed with this application.
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These and other objects, features and advantages of the exemplary embodiments of the
present invention will become apparent upon reading the following detailed description

of exemplary embodiments, when taken in conjunction with the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be detailed by way of exemplary embodiments with reference to

‘the attached drawings.

Figure 1A is a sectional view, figure 1B is a side view and figure 1C is a top view of a
distal part of a bone screw.

Figure 2A is an isometric view and figure 2B 1s a sectional view of a proximal part
according to a first embodiment.

Figure 3A is a sectional view and figure 3B is a side view of a proximal part according
to a second embodiment.

Figure 4A is a sectional view and figure 4B is a side view of an assembly element
according to a first embodiment.

Figure SA is a sectional view and figure 5B is a side view of an assembly element
according to a second embodiment.

Figures 6A-C illustrate a migration of a lag screw.

Figure 7 shows a modular lag screw with a smooth end surface.

Figures 8A and 8B show an embodiment of a modular bone screw being assembled and

disassembled, respectively.

It is noted that the illustrations in the drawings are only schematically and not to scale.

Throughout the drawings, the same reference numerals and characters, unless otherwise
stated, are used to denote like features, elements, components, or portions of the
illustrated embodiments. Moreover, while the present invention will now be described

in detail with reference to the figures, it is done so in connection with the illustrative
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embodiments and is not limited by the particular embodiments illustrated in the figures,

as defined by the appended claims.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Embodiments of an implant are shown in the figures and described below, comprising a
bone screw as a distal part, two different proximal parts as bone screw extensions as
well as two different assembly screws for coupling at least one of the proximal parts

with the distal part.

In general, the distal part 10 as well as the assembly element 30 comprises an axial
through bore 13 having a diameter D1, for accommodating a guide wire. At the trailing
section of the distal part 10, a threaded bore with an outer diameter D2 1s provided, for
receiving outer threads of an assembly element 30 having a corresponding diameter D2’
(figure 4B). The proximal part 20 also includes a bore section with a diameter D2
allowing an assembly element 30 to extend through that bore section of the proximal
part 20. Furthermore, the proximal part 20 includes an enlarged bore section having a
diameter D3 for accommodating a head 31 of the assembly element 30 having an outer
diameter D3' which is slightly smaller than the diameter D3 in the enlarged bore section
of the proximal part to easily fit into that bore section. Referred to as D4 is an outer
diameter of an inner thread in the proximal part 20 for accommodating a threaded screw
head 31 with a diameter D4' which should also be slightly smaller to easily fit into that
inner thread. Finally, an outer diameter D5 denotes an overall outer diameter of the

implant, that is, of the distal part as well as of any of the proximal parts.

As shown in figures 1A, 1B and 1C, a distal part 10 may comprise a longitudinal axis
11, a leading end section 12, an axial through bore 13, a trailing end section 14, a tool
engagement portion 15 as well as a threaded bore 16. At the leading end section 12, an
outer thread is provided so that the implant can be screwed in into a bone. The axial

through bore 13 is a central through bore for accommodating a guide wire. In the
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trailing end section 14, the axial bore has an enlarged portion in which an inner thread is
provided. The threaded bore 16 is provided for receiving an assembly element in case a
proximal part 20 is to be coupled to the trailing end of the distal part 10. The tool
engagement portion 15 can be described as crown-shaped having four slots which
extend in a longitudinal direction of the distal part 10 and which are evenly, i.c. every

90 degrees, arranged on the circumference at the trailing end section 14 of the distal part
10.

Figures 2A and 2B show a first embodiment of a proximal part 20. The proximal part 20
comprises a leading end section 22 as well as a training end section 24. The leading end
section 22 comprises four protrusions 23 which are configured to fit into the slots of the
tool engagement portion 15 at the trailing end section 14 of the distal part 10. At the
opposite end, i.e. at the trailing end section 24, slots 25 are provided forming a tool
engagement portion which corresponds to the tool engagement portion 135 of the distal
part 10. Furthermore, the proximal part 20 comprises a through bore 26 extending along
a longitudinal axis 21, wherein the through bore 26 includes an enlarged section 27. By
the enlarged section 27, a shoulder is formed on which a head of an assembly element
30 may abut so that the proximal part 20 may be firmly coupled to the distal part 10
when an assembly element 30 is inserted into the proximal part with the head abutting at
the shoulder formed by the enlarged section 27 and with a threaded portion extending

into the distal part and in particular into the threaded bore 16 of the distal part 10.

Figures 3A and 3B show a second embodiment of a proximal part 20. The proximal part
20 cbmprises a leading end section 22 and a trailing end section 24 wherein the leading
end section 22 is formed comparable with the leading end section 22 of the first
embodiment of a proximal part as shown in figures 2A and 2B. At the trailing end
section 24, an inclined end surface is formed, with an inclination angle A1. An implant
with a proximal part 22 having an inclined end surface and a distal part 10 can be
introduced into a bone with an angle A1 relative to the outer bone surface so that the

end surface of the proximal part being arranged so as to form a flush surface with the
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surrounding outer bone surface when the implant is implanted. Furthermore, the outer
edge of the end surface may have a chamfer with an angle A2 relative to the outer

circumferential surface of the proximal part.

Figures 4A and 4B show a first embodiment of an assembly element 30 which is in this
example an assembly screw 30. The assembly screw 30 comprises an outer thread 32 as
well as a head 31. Furthermore the assembly screw 30 is cannulated, i.e. comprises an
axial through bore 33. In the head 31 of the assembly screw 30, an inner tool
engagement portion is provided, for example for a screwdriver. It will be understood,
that the width across flats S is preferably greater than the diameter D1 of the through
bore 33. The outer diameter D2' should be configured to fit with a loose fit to the
diameter D2 of the inner thread of the bore 16 in the distal part 10. The outer diameter
D3' of the head 31 of the assembly screw 30 should be configured to fit with a loose fit

to the diameter D3 of the enlarged section in the proximal part 20.

Figures SA and 5B show a second embodiment of an assembly screw 30 with an outer

thread 32 and a head 31. As the assembly screw 30 shown in figures 4A and 4B, the
assembly screw of figures SA and 5B comprises a through bore 33 as well as an inner
tool engagement portion 34. Additionally, the second embodiment of the assembly
screw 30 of figures 5A and 5B comprises an additional outer thread 35 on the outer
surface of the head 31. The additional outer thread 35 may be used as a blocking thread

when the assembly screw 30 is inserted into the distal and proximal parts. The outer
thread 35 may engage with an inner threaded portion 28 in the proximal part 20 as

shown in figure 2B, so as to secure the assembly screw 30 within the distal and

proximal parts.

In the following, examples of dimensions are provided for the dimensions denoted in

the figures with the respective reference signs.
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The mner diameter D1 may be in the range between 3 mm and 4 mm, for example 3.4
mm.

The inner diameter D2, D2' may be in the range between S mm and 7.5 mm, for
example a norm diameter of a metric thread M$, M6 or M7.

The inner diameter D3, D3' may be in the range between 6 mm and 9 mm, for example
8.1 mm.

The inner diameter D4, D4' may be in the range between 6 mm and 8 mm, for example
a norm diameter of a metric thread M6 or M7.

The outer diameter D5 may be in the range between 9 mm and 11 mm, for example 10.5

M.

The length L1 may be in the range between 5 mm and 9 mm, for example 6.5 mm.
The length L2 may be in the range between 4 mm and 8 mm, for example 5 mm.

The length L3 may be in the range between 6 mm and 11 mm, for example 8§ mm.

The length L4 may be in the range between 15 mm and 20 mm, for example 17.5 mm.
The length L5 may be in the range between 10 mm and 14 mm, for example 12 mm.
The length L6 may be in the range between 2.5 mm and 3.5 mm, for example 3 mm.
The length L7 may be in the range between 10 mm and 30 mm, for example 15 mm or
23 mm.

The length L8 may be in the range between 8 mm and 14 mm, for example 11 mm.
The length L9 may be in the range between 3 mm and 20 mm, for example 4.5 mm or

17.7 mm.
The length L10 may be in the range between 2.5 mm and 3.5 mm, for example 3 mm.

The length L11 may be in the range between 2.5 mm and 5 mm, for example 2.8 mm or

4 mm.

Figures 6A-C illustrate an application of a modular lag screw inserted through a bone
nail and into a head of a femur. In figure 6A, a combination of a distal part 10 with an
outer thread at its leading end portion and a proximal part 20 as a screw extension is

inserted into a femur. Under load, it may occur that the bone at the fracture site 40 is
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compressed. As a result, the lag screw migrates in the direction of the arrow in figure
6B so that the trailing end of the modular lag screw protrudes out of the bone. Such a
protrusion may cause irritation in the surrounding soft tissue. As depicted in figure 6C,
the proximal part 20 of the modular lag screw may be removed. This may be done
without removing the distal part 10 thus not effecting the stabilization of the femur neck

at the fracture site 40.

Figure 7 shows an embodiment of a modular lag screw with a proximal part 20 having a
smooth trailing end surface. The smooth end surface may be configured so as to form
substantially the contour of the outer bone surface surrounding the trailing end of the
lag screw when implanted, here the outer surface of the shaft portion of the femur at the

location at which the lag screw has been introduced into the femur.

Figure 8 A shows an embodiment of a modular bone screw with a distal part 10 and a
proximal part 20 in an assembled condition. Figure 8B shows an embodiment of a
modular bone screw with a distal part 10 and a proximal part 20 in a disassembled
condition. Figure 8B further shows assembly element 30 which is adapted to be
introduced through the proximal part 20 and into the distal part 10 to firmly couple the
proximal part and the distal part.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, such illustration and description are to be considered illustrative
or exemplary and not restrictive. The invention is not limited to the disclosed
embodiments. Other variations to the disclosed embodiments can be understood and
effected by those skilled in the art in practising the claimed invention, from a study of

the drawings, the disclosure, and the appended claims.

In the claims, the word “comprising” does not exclude other elements, and the indefinite

article “a” or “an” does not exclude a plurality.
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The mere fact that the certain measures are recited in mutually different dependent
claims does not indicate that a combination of these measures cannot be used to
advantage. Any reference signs in the claims should not be construed as limiting the

scope.
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LIST OF REFERENCE SIGNS

10 distal part

11 longitudinal axis

12 first leading end section

13 axial bore

14 first trailing end section

15 first tool engagement portion
16 inner thread

20 proximal part

21 longitudinal axis

22 second leading end section

23 distal part engagement portion
24 second trailing end section

25 second tool engagement portion
26 axial bore

27 enlarged section

28 inner thread

30 assembly element

31 screw head

32 outer thread

33 axial bore

34 inner tool engagement portion
35 outer thread

40 bone fracture
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A bone screw comprising

a distal part comprising a first leading end and a first trailing end, wherein the
first trailing end includes a first tool engagement portion, and

a proximal part comprising a second leading end and a second trailing end,
wherein the second leading end includes a distal part engagement portion for an
engagement with the first tool engagement portion of the first trailing end of the distal
part, and wherein the second trailing end includes a second tool engagement portion,
and

an assembly element for firmly coupling the distal part and the proximal part

‘when the first tool engagement portion of the distal part engages the distal part

engagement portion of the proximal part.

2. The bone screw of claim 1, wherein the first tool engagement portion comprises
at least one slot and the distal part engagement portion comprises at least one protrusion

for an engagement with the at least one slot.

3. The bone screw of either of claims 1 or 2, wherein the first tool engagement

portion 1s crown-shaped.

4, The bone screw of any one of claims 1 to 3, wherein the distal part engagement
portion of the proximal part is formed so as to provide a form fit with the tool

engagement portion of the distal part.

. The bone screw of any one of claims 1 to 4, wherein the distal part engagement
portion at the second leading end of the proximal part 1s formed for an engagement with
the tool engagement portion at the first trailing end of the distal part, and wherein the
second trailing end of the proximal part comprises a second tool engagement portion

which corresponds to the first tool engagement portion.
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0. The bone screw of any one of claims 1 to 4, wherein the proximal part
comprises an end surface at the second trailing end section which corresponds to a

shape of an outer bone surface at an intended implantation site so that the end surface of
the bone screw is flush with the bone surface surrounding the end surface when the

bone screw 1s 1nserted into the bone.

7. The bone screw of claim 6, wherein the end surface at the second trailing end

section is inclined with respect to a longitudinal axis of the bone screw.

8. The bone screw of any one of claims 1 to 7, wherein the distal part comprises an
axial bore with an inner thread at the first trailing end, and the proximal part comprises
an axial through bore with an enlarged section, wherein the assembly element
comprises a screw head being adapted to be received in the enlarged section in the
proximal part and an outer screw thread being adapted to engage the inner thread in the

distal part so as to firmly couple the distal part and the proximal part.

9. The bone screw of any one of claims 1 to 8, wherein the distal part and the
proximal part are configured to move over a guide wire when the first tool engagement
portion of the distal part engages the distal part engagement portion of the proximal

part.
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