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(57) Abstract: A bone fixation element (100) for fixing a bone
fixation plate (200) to a bone (5) is disclosed. The bone fixation
element (100) includes a shank (140) receivable into the bone (5)
and a head (120) securable to the bone fixation plate (200). The
head (120) has an external locking thread (160) including a first
thread section (166) adapted to progressively deform a portion of
a hole (220) in the bone fixation plate (200) as the head (120) of
the bone fixation element (100) is inserted into the hole (220). The
external locking thread (160) further includes a second substan-
tially parallel thread section (164) adapted to engage with a por-
tion of the hole (220) deformed by the first thread section (166) to
thereby secure the head (120) of the bone fixation element (100)
to the bone fixation plate (200). The bone fixation element (100)
may be a variable angle locking screw.
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BONE FIXATION DEVICE

PRIORITY DOCUMENTS

[0001] The present application claims priority from Australian Provisional Patent Application No.
2012902106 titled “Bone Fixation Device” and filed on 22 May 2012, the entire contents of which is |

~ hereby incorporated by reference in its entirety.
TECHNICAL FIELD

[0002] The present invention relates to the field of bone fixation systems, and in particular to bone

fixation elements such as pegs and screws for use in fixing a bone fixation plate to a bone.

i

BACKGROUND

[0003] Internal fracture fixation is often necessary when a fracture occurs within the human body. A
goal of the fixation is to provide immediate stabilization to the fracture. Another goal is to encourage
 rapid healing and return mobility to an individual thus preventing muscular atrophy. Metallic plates
(CoCrMo alloy, stainless steel or titanium) can be fixed to the outside of the bone using a variety of

fixation elements such as screws, pins, nails, pegs and wires, selectively placed around a fracture site.

[0004] Many curfent bone fixation systems use locking screws to fix the plate to the bone. Some
plates use fixed angle locking screws, which are fixed in a particular orientation relative to the plate,
whilst other plates use variable angle locking screws that can be fixed to the bone within a range of
angles, relative to the plate. There are various ways of allowing a screw to be inserted at variable
angles, but many conventional variable angle screws have a tapered ‘locking’ thread, which ehgages
with an internal thread of a hole in the plate. The variable angle screw can be inserted at a surgeon-
directed angle to the plate, which will usﬁally result in the screw cross-threading in the screw hole, and
deforming the internal thread of the screw hole. The rahge of permissible angles can vary, but may be,

for example, £15 degrees.

[0005] Fixed angle locking screws are génerally considered to provide increased stability, relative to
variable angle screws. Variable angle screws can suffer from lack of stability from some directions,
and typically also have a relatively low back-out torque, such that if the screw is loosened by a

fraction of a turn, the grip of the male thread is lost and the screw can begin to toggle in the hole.

[0006) On the other hand, the advantage of a variable angle screw is that it allows the surgeon to

better tailor the application of the plate system to the specific nature of the bone fracture.
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[0007] It would be desirable to provide a locking screw that allowed for variable angle insertion, but

provided increased stability relative to tapered variable angle screws.
SUMMARY

[0008] According_ to a first aspect, there is provided a bone fixation element for fixing a bone fixation
plate to a bone, including:

a shank receivable into the bone;

a head securable to the bone fixation plate, the head having an external‘lock‘ing thread
including:

a first thread section addpted to progressiveiy deform a portion of a hole in the bone fixation
plate as the head of the bone fixation element is inserted into the hole; and

a second substantially parallel' thread section adapté_d to engage with a portion of the hole
deformed by the first thread section to thereby secure the head of the bohe‘ fixation element to the bone

fixation plate.

[0009] In one form, the first thread section starts at a first diameter and transitions into the second

substantially parallel thréad section having a second diameter that is greater than the first diameter.
[0010] In oﬁe form, the first thread section is tapered.

[0011] In one form, thé‘ exfernal locking thread is a triple start thread.

{0012] In one form, the bone fixation element is a screw having a shank with a bone engaging thread.

[0013] In one form, a lead of the external locking thread is the same as a lead of the bone engaging
- thread. | |

{0014] In one form, the bone fixation element is a peg.

[0015] According to a second aspect, there is provided a boﬁc fixation system for a bone, including:
a bone fixation plate;
a bone fixation element for fixing the bone fixation plate to the bone, including:
a shank receivable into the bone; 7 '
a head securable to the bone fixation plate, tile head having an external locking thread
including:
a first thread section adapted to progressively deform a portion of a hole in the bone fixation

plate as the head of the bone fixation element is inserted into the hole; and
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a second substantially paréllel thread section adapted to engage with a portion of the hole
deformed by the first thread section to thereby secure the head of the bone fixation element to the bone

fixation plate.

[0016] In one form, the hole in the bone fixation plate has an internal thread which is progressively
deformed by the first thread section of the external locking thread on the head of the bone fixation

element.

- {0017] In one form, the hole in the bone fixation plate has a series of concentric rings that are
progressively deformed by the first thread section of the external locking thread on the head of the

bone fixation element.

[0018] In one form, the bone fixation element has a greater material hardness than the bone fixation

plate.

[0019] According to athird aspect; there is provided a bone fixation element for fixing a bone

fixation plate to a bone, comprising:

an external locking thread, for engaging within a hole of the bone fixation plate, wherein the
locking thread comprises: _

a tapered thread section, for deforming an internal structure of the hole as the tapered thread

section is screwed into the hole, so as to form engagement portions around the internal

circumference of the hole; and o

a substantially parallel thread section, for engaging with the engagement portions.

[0020] The cngégement portions may be considered as an internal thread of the hole, formed by the
tapered thread section. The use of a tapered thread alloW‘s the surgeon to direct the screw at an angle,
and also hélps to draw the screw into the plate, allowing the surgeon to form this ‘internal thread’
gradually, without requiring excessive axial loading. However, the engagement between the
substantially parallel thread section and this ‘internal thread’ is able to provide a strong, stable locking
function, which is significantly more stable than that offered by conventional tapered variable angle

- SCICWS.

{0021] A wide variety of different internal structures could be used. However, the intemal structure of

“the hole will typically be an internal parallel thread — this may ailow the plate to also be used with
conventional fixed angle screws, which could be inserted into the same hole. Preferably, the internal ’
thread has a fine pitch, which helps to enable the formation of more engagement portions. However,

some embodiments of the present invention may utilise concentric rings around the internal
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_ circuxpfcrence of the hole, which could also be deformed by the tapered thread section so as to form

the engagement portions for engagement with the parallel section of the locking thread.

[0022] The bone ﬁxétion element may be a screw, but in other embodiments may be a peg. It will
typi_cally comprise a head and a shaft (or shank), with the locking thread located near or on the head.
In the case of a scréw, a bonevengavgement thread (for engaging with the bone) will typically run along
the majority of the length of the shaft. For screws, the locking thread preferably has the same lead as
the bone engaging thread.

[

[0023] The locking thread may take various forms within the scope of the present invention, and may
have different pitches in different embodiments of the invention. Preferably, the locking thread is a
triple start thread, although locking threads having a different number of starts may be used depending

on factors such as the materials used for the screw and the plate.

[0024] The tapered thread section is preferably tapered at a steeper angle than the maximum tilt

intended for the scré_w in the plate.

[00“25]‘ 'Acizc_ordingv toa foufth ésbéct, there iis proﬁded a bone ﬁxation' systemfor é boné, comprisiﬂgf
a bone fixation plate, having a hole with an internal structure; and
a bone fixation element to fix the bone fixation plate to the bone, the bone fixation element
comprising an external locking thread, for engaging within the hole of the bone fixation plate, and the
locking thread comprising: ) o
a tapered thread section, for deforming the ihtemal structure of the hole as the tapered
thread section is screwed into the hole, so as to form engagement portions around the internal
circumference of the hole; and

a substantially parallel thread section, for engaging with the engagement portions.

[0026] Accordingtoa ﬁﬁh’aspect, there is provided a bone fixation scre;ﬂ comprising;
a head; | '
a shaft having a bone engaging thread for engaging a bone; and
a triple start ldcking thread near the head of the screw, having a lead that is substantially the

same as a lead of the bone engaging thread.

[0027] According to a sixth aspect, there is provided is provided a bone fixation ‘system for a bone,
comprising: ‘

a bone fixation plate, having a hole with an internal structure; and

a bone fixation screw to fix the bone fixation plate to the bone, the bone fixation screw

comprising:
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a head;
a shaft having a bone engaging thread for engaging a bone; and
a triple start locking thread near the head of the screw, having a lead that is substantnally the

same as a lead of the bone engaging thread.
BRIEF DESCRIPTION OF DRAWINGS

"[0028] Embodiments of the present invention will be discussed with reference to the accompanying

drawings wherein:
[0029] FIGURE 1 is a schematic cross-section illustrating the basic use of a bone fixation element;

[0030] FIGURE 2 is a side view of a variable angle screw according to an embodiment of the present

invention;
[0031] FIGURE 3 is a detailed view of the head and.upper shank of the screw of Figure 2;

"[0032}~ FIGURES 4a-4c éhdw; sequentially; the use of the screw of Figure 2 with-abone fixation ~ - -
plate; |

[0033] FIGURE 5 is a cross-sectional perspective view of a hole in a bone fixation plate, for

receiving the screw of Figure 2;

[0034] FIGURE 6 is a further detailed view of a screw according to an embodiment of the present

invention; .
[0035] FIGURE 7 is a top view of the screw of Figure 6;

[0036] FIGURE 8 is a schematic view of a hole in a bone fixation plate showing the portions of the
hole deformed by the first thread section that engage with the parallel thread section; and

- [0037] FIGURE 9is a perspectlve view of a bone fixation system showing a variable angle screw

being dnven through a bone fixation plate and into a bone.

_[0038] In the following description, like reference characters designate like or corresponding parts

throughout the figures.
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DESCRIPTION OF EMBODIMENTS

[0039] Referring now to Figure 1 there is shown a bone fixation element 100 eﬁgaged within a hole
220 in a bone fixation plate 200. The hole 220 has a parallel internal thread 225, and more details of
this in the context of the present invention will be described later in this specification. As shown in
Figure 1, the bbne fixation element 100 is engaged at a slight angle to the normal axis 20 of the bone-
contacting surface 230 of the plate 200. The bone fixation element 100 is required to withstand loads
(F) from any direction while at ahy allowable angle of orientation with respect to the bone fixation
plate 200. Angle 3 represents the obtuse angle formed between the longitudinal axis 10 of the bone
fixation element 100 and the plate 200 while angle o represents the acute angle formed between the

longitudinal axis 10 of the bone fixation element 100 and the plate 200.

[0040] In a preferred embodiment, the bone fixation element 100 is a variable angle screw as shown
in Figure 2. The screw 100 comprises a head 120 and a shaft or shank 140 receivable into a bone. The
head 120 has a slot or socket (not showh) enabling it to be driven by a tool 50 as shown for example in
Figure 9 where a screw 100 is shown being driven into plate 200 which is positioned to stabilise a

- fracture of a bone 5. Referﬁng again to F igure 2, the screw 100 further includes an external bone
engaging thread 145 located along the shank 140, to engage the screw 100 with'a bone, in order to fix
a bone fixation plate 200 to the bone. ‘

[0041] The head 120 of the screw 100 is securable to the bone fixation plate 200 and is provided with
an external locking thread 160. The locking thread 160 is provided to engage with an internal thread
225 of a hole 220 in a bone fixation plate 200 (as shown in Figures 4a-4c).

[0042] Figure 3 depicts, in more detail, the locking thread 160 of the screw 100. The locking thread
includes a first thread section 166 and a second substantially parallel thread section 164, located
nearest the top of the screw head 120. The first thread section 166 may be a tapered thread section as
shown in Figures 2 and 3, whereby the first thread section 166 is tapered at a 20 degree angle with
respect to the shank 140. Preferably, the tapered thréad section 166 is tapered at a steeper angle than
the maximum tilt intended for the screw 100 in the plate 200. Accordingly, the screw 100 of this

embodiment of the present invention would be most suitable for angles up to, for example, 15 degrees.

[0043] It will be understood that the features of the locking thread 160 may vary in different
embodiments of the invention depending on a number of factors, including the desired angulation of
the screw, the material of the screw and plate, and the lead or pitch of the cortical bone engaging

thread of the screw.
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[0044] In one embodiment, the locking thread 160 is a triple start locking thread that has the same
lcad‘ as the bone engaging thread 145 on the shank 140. For example, with reference to Figure 6, the
locking thread 160 is triple start with a 1.2mm lead, and the bone engaging thread 145 is double start
with a 1.2mm lead. With the twb threads having the same lead, the screw progresses into the plate and

bone at the same spéed. This helps to avoid jamming during insertion, before the screw is fully seated.

[0045] Furthermore, in tlﬁs embodiment, the parallel thread section 164 of the lqcking thread 160 is
O.Smm‘ long‘. As the crest to crest distance between locking threads is 0.4 mm, a triple lobe effect is
generated as shown in Figure 7.There are three equally spaced portions of locking thread 164 where
two fully formed threads are generated at the full diameter. This provides additional stability to the

screw at a wide variety of insertion angles.

[0046] Figures 4a-4c dcpict the screw 100 of the present invention in use, in combination with a bone
fixation plate 200. Initially, the screw 100 is inserted through the hole 220 and the bone engagement
thread 145 is screwed into the bone. Once the screw 100 is sufficiently inserted, the external locking
thread 160 bégins to come into engagement with the internal thread 225 (or other internal structure) of
the hoie 220. The first thread section 166 is adapted to progressively deform a portion (internal
structure such as an internal thread 225) of the hole 220 in the bone fixation plate 200 as the head 120
of the screw 100 is inserted into the hole 220. The second substantially parallel thread section 164 is
adapted to engage with a portion of the hole 220 deformed by the first thread section 166 (i.e. the
deformed internal thread represented by engagement portions 226 as shown in Figure 8) to thereby

secure the head 120 of the screw 100 to the bone fixation plate 200.

[0047] The internal thread 225, in this embodiment, is a twin start parallel thread, having two threads

of equal lead starting at 180 degrees diametrically opposed. The vertical distance between each groove
of the internal thread 225 is half the thread lead (where lead = pitch x number of threads). Figure 5

| depicts the internal thread 225 in more detail. However, it may be possible, in other embodiments, to

" use other internal structures (e.g. series of concentric rings, variable pitch single start threads, single

start threads with a signiﬁcantly different pitch than the pitch of the screw, threads of opposite hand to

the screw) around the inner circumference of the hole 220.

[0048] The tapered thread section 166 is the first to come into contact with the internal thread 225 of
the hole 220, as shown in Figure 4a. This is a “lead-in” section, whichrst‘eers the screw 100 into the
internal thread 225, and “aligns” the locking thread 160 with the internal thread 225. The tapered
section 166 assists by dragging the screw 100 into the internal thread 225, thus reducing the

requirement for excessive axial loading to get the threads started.

i
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' (0049] Figure 4b depicts the thread forming (deformation) stage in the use of the screw 100 according '

to this embodiment of the present invention. As the screw 100 is dragged into the internal thread 225
by rotation of the screw 100, the tapered section 166 begins to cross thread and deform the internal

th_fead 225. As the tapered section 166 progresses, a new thread gradually develops, which comprises '

- segments of the deformed original internal thread 225. This new deformed internal thread effectively

' provides engagement portions 226 (as shown in Figure 8) around the inner circumference of the hole

200.

[0050] In this embodiment, as the locking thread and bone engaging thread are the same lead, there is
no shearing of the plate threads as may sometimes be experienced in other designs with a differential

of leads, causing the generation of burrs. This may be a greater problem where the screw is made of

- harder materials - e.g. CoCr.

[0051] As the screw 100 is inserted further into the hole 220, the parallel thread section 164 engages
with the en‘gagement'portidns 226 formed by the tapered thread section 166. Once the screw 100 is
seated, there are a number of parallel threads engaged (of the parallel thread section 164 of the locking

effective stabilising effect on the screw, regardless of angulation. .

[0052] Preferably, the tapered thread section 166 starts at a first diameter as shown for example in
Figure 3 and transitions into the parallel thread section 164 having a second diameter that is greater -

than the first diameter.

[0053] Accordiﬁgly, the screw 100 according to the present invention provides a significant stability
advantage over conventional variable angle screws. The screw 100 of this embodiment of the present
invention is capable of withstanding loads from various directions, due to the engagement of the
parallel thread sectioﬁ. 164 of the locking thread 160 with the engagement portions 226 formed by
deforming an in_terhal structure-(e.g. internal thread 225) of a hole 220. When a conventional variable
angle screw comprising a simple tapered thread is cross threaded into a parallel female thread, the
screw contact on the obtuse angle éspect of the plate is reduced (compared to a fixed angle screw) to
the extent that the screw is far less stable when loa;led from the acutely angled side of the screw or
from a wide angle either side of this direction. The variable angle screw of the present invention

advantageously provideé improved stability over variable angle screws known in the art.

[0054] Furthermore, because the screw 100 according to this embodiment of the present invention
comprises a locking thread 160 with a parallel thread section 164, it requires a much higher backout
torque. For conventional variable angle screws with tapered threads, these screws can begin to toggle

in the hole immediately, once the tapered thread has loosened by a fraction of a turn. However, a
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sére“_/ 100 according to the above-described embodiment of the present invention will behave
~ similarly to a normally engaged parallel thread, in that even if the screw is slightly loosened, there is

sufficient engagement to prevent unwanted screw movement.

[0055] The parallel thread section 164 is considered, in this embodiment, to be precisely parallel.
However, the present invention may be implemented in screws or pegs where this section 164 is not
precisely parallel, but is still sufficiently close to parallel to provide the substance of the above

advantages.

[0056] With regard to the material of the screw 100, the material of the screw 100 should generally be
harder than the material of the plate 200, in order to create the new thread once the screw 100 is

inserted. This also helps to pre\;ent galling and cold welding of the threads.

[0057] By way of non-limitiﬁg examples, the following combinations of plate and screw materials

may be used:
Plate Material , Screw Material
Ti- grade 4 S ~ Ti6Alv4
316LVM Stainless Steel High Ni SS (ASTM 5832.9)
Ti6AlV4 / . CoCr

[0058] Furthermore, it is recommended that the crests of the locking thread 160 be relatively sharp, to
assist in the thread forining operation and avoid the creation of break-away burrs. This also reduces

the required insertion torque.

[0059] In relation to the screw head 120, rounding of the screw head 120 helps to reduce the
possibility of soft tissue irritation when sitting slightly proud of the plate. The screw head 120 is also
preferably of a sufficient size to act as a form of abutment that prevents the screw 100 from travelling

completely through the screw hole 220 when the angulation approaéhes 0 degrees.

[0060]) Tolerances of the locking thread and the internal thread on the plate are also important. Too
much interference and the screws will require too much torque to engage, which could damage the
screw driver or jam the screws. If there is insufficient interference, the threads will strip without fully

locking onto the plate.

[0061] Throughout the specification and the claims that follow, unless the context requires otherwise,
the words “comprise” and “include” and variations such as “comprising” and “including” will be
understood to imply the inclusion of a stated integer or group of integers, but not the exclusion of any

other integer or group of integers.
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- [0062) The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgement of any form of suggestion that such prior art forms part of the common general

knowledge.

[0063]) It will be appreciated by those skilled in the art ‘that the invention is not restricted in its use to
the particular applicaﬁon desédbed. Neither is the present invention restricted in its preferred
embodiment with regérd to thé particular elements and/or features described or depicted herein. It will
be appreciated that the invention is not limited to the embodiment or embodindents disclosed, but is
capable of numerous rearrangements, modiﬁcations and substitutions without departing from the

scope of the invention as set forth and defined by the following claims.
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CLAIMS

1. A bone fixation element for fixing a bone fixation plate to a bone, including:

a shank receivable into the bone;

a head securable to the bone fixation plate, the head having an external locking thread including:

a first thread section adapted to progressively deform a portion of a hole in the bone fixation plate
as the head of the bone fixation element is inserted into the hole; and

a second substantially parallel thread section adapted to engage with a portion of the hole
deformed by the first thread section to thereby secure the head of the bone fixation element to the bone

fixation plate.

2 The bone fixation element of claim 1 wherein the first thread section starts at a first diameter and
transitions into the second substantially parallel thread section having a second diameter that is greater

than the first diameter.

3. The bone fixation element of claim 1 or 2 wherein the first thread séction is tapered.

4, The bone fixation element of any one of the preceding claims wherein the external locking thread
is a triple start thread.

5. The bone fixation element of any one of the preceding claims wherein the bone fixation element

is a screw having a shank with a bone engaging thread.

6. The bone fixation element of claim 5 wherein a lead of the external locking thread is the same as

a lead of the bone engaging thread.
7. The bone fixation element of any one of claims 1 to 4 wherein the bone fixation element is a peg.

8. Abone fixation systein for a bone, including:
a bone fixation plate;
~ a bone fixation element for fixing the bone fixation plate to the bone, including:
a shank receivable into the bone;
a head securable to the bone fixation plate, the head having an external locking thread including:
a first thread section adapted to progressively deform a portion of a hole in the bone fixation plate

as the head of the bone fixation element is inserted into the hole; and
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12
a second substantially parallel thread section adapted to engage with a portion of the hole -
deformed by the first thread section to thereby secure the head of the bone fixation element to the bone

fixation plate.

9. The bone fixation system of claim 8 wherein the hole in the bone fixation plate has an internal
thread which is progressively deformed by the first thread section of the external locking thread on the

head of the bone fixation element.

10. The bone fixation system of claim 8 wherein the hole in the bone fixation plate has a series of
concentric rings that are progressively deformed by the first thread section of the external locking thread

on the head of the bone fixation element.

11. The bone fixation system of any one of claims 8 to 10 wherein the bone fixation element has a

greater material hardness than the bone fixation plate.

12. The bone fixation system of any one of claims 8 to 11 wherein the first thread section starts at a
" first diameter and transitions into the second substantially parallel thread section having a second

diameter that is greater than the first diameter.
13. The bone fixation system of any one of claims 8 to 12 wherein the first thread section is tapered.

14, The bone fixation system of any one of claims 8 to 13 wherein the external locking thread is a

triple start thread. !

15. The bone fixation system of any one of claims 8 to 14 wherein the bone fixation element is a

screw having a shank with a bone engaging thread. .

16. The bone fixation system of any one of claims 8 to 15 wherein a lead of the external locking

thread is the same as a lead of the bone engaging thread.
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Figure 4b

Figure 4c
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