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Description

BACKGROUND

[0001] Bone fixation screws for use in Cranio-Maxillo-
facial surgery are generally designed with small diame-
ters and low profile heads including tool engaging struc-
tures (e.g., recesses shaped to correspond to the shape
of the tool). The engagement of the tool with the bone
screw permits the transfer of torque from the tool to the
bone screw. In some circumstances, for instance during
mandibular fixation procedures, the torque applied from
the driver to the bone fixation screw occurs at angulations
that can cause the driver to back out from the screw,
thereby disengaging the coupling between the driver and
screw. Furthermore, if the tool is not accurately aligned
with the screw head, the applied torque can approach a
failure level, which causes the engaging structures in the
head to deform and ultimately results in failure of the
coupling between the driver and the screw. The engage-
ment between the bone screw and the driver is then com-
promised and a specialized surgical tool must be used
to manipulate the bone screw within the body. What is
therefore desired is a method and apparatus for more
reliably coupling a driver tool and a bone fixation screw.
[0002] WO 90/08510 A1 discloses a kit including a
bone fixation screw and a driver tool, wherein the screw
has an opening extending longitudinally through the
screw. A screw driver is provided which has a tip to en-
gage a proximal portion of the opening in the screw and
transfer torque to the screw by means of a hexagonal
shape. A pin extends from the tip of the screw driver to
engage a distal portion of the opening in the screw. The
distal portion of the opening has a smaller diameter than
the proximal portion of the opening such that the radially
compressible pin creates interference fit to couple the
screw and the screw driver.

SUMMARY

[0003] In accordance with the invention, a kit compris-
es a bone fixation screw extending along a longitudinal
axis. The bone fixation screw includes a screw head de-
fining a slot configured to engage a driver and defining
a proximal end of the bone fixation screw. The bone fix-
ation screw further includes a threaded shaft extending
distally from the head to a distal screw tip. The bone
fixation screw defines an opening extending longitudinal-
ly through the screw head and at least into the threaded
shaft. The opening defines a first portion having a first
cross-sectional dimension in a direction transverse to the
longitudinal axis, and a second portion disposed distal
of the first portion, the second portion having a second
cross-sectional dimension in a direction transverse to the
longitudinal axis, wherein the second cross-sectional di-
mension is greater than the first cross-sectional dimen-
sion.
[0004] The kit further comprises a bone fixation screw

driver including a driver shaft extending along a longitu-
dinal axis between a proximal end and an opposing distal
end. The driver shaft defines a tip at the distal end, where-
in the tip is configured to engage a screw head slot. The
bone fixation screw driver further includes a pin extending
from the tip along the longitudinal direction. The pin in-
cludes a pin shaft and an abutment configured to assume
a locked configuration inside the second portion in which
the abutment defines a cross-sectional dimension great-
er than the first cross-sectional dimension, when the
abutment is inserted through the first portion and into the
second portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The foregoing summary, as well as the following
detailed description of example embodiments, are better
understood when read in conjunction with the appended
diagrammatic drawings. For the purpose of illustrating
the invention, the drawings show embodiments that are
presently preferred. The invention is not limited, however,
to the specific instrumentalities disclosed in the drawings.

Fig. 1 is a perspective view of a bone driving system
including a bone screw and driver constructed in ac-
cordance with one embodiment;
Fig. 2A is a partial sectional side elevation view of
the bone screw of Fig. 1;
Fig. 2B is a proximal end elevation view of the bone
screw illustrated in Fig. 2A;
Fig. 2C is a distal end elevation view of the bone
screw illustrated in Fig. 2A;
Fig. 2D is a side elevation view of the bone screw
illustrated in Fig. 2A;
Fig. 2E is an enlarged side elevation view of a portion
of the bone screw illustrated in Fig. 2D;
Fig. 3A is a side elevation view of the driver illustrated
in Fig. 1;
Fig. 3B is an enlarged side elevation view of the driv-
er illustrated in Fig. 3A;
Fig. 3C is an enlarged side elevation view of the driv-
er similar to Fig. 3B, but showing the driver rotated
by 45°;
Fig. 3D is a distal end elevation view of the driver
illustrate in Fig. 3A;
Fig. 4A is a side elevation view of a bone screw con-
structed in accordance with an alternative embodi-
ment;
Fig. 4B is a distal end elevation view of the bone
screw illustrated in Fig. 4A;
Fig. 4C is a proximal end elevation view of the bone
screw illustrated in Fig. 4A;
Fig. 5 is a sectional side elevation view of bone screw
constructed in accordance with another alternative
embodiment;
Fig. 6 is a sectional side elevation view of bone screw
constructed in accordance with another alternative
embodiment;
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Fig. 7 is a side elevation view of a driver constructed
in accordance with an alternative embodiment;
Fig. 8 is a side elevation view of a driver constructed
in accordance with another alternative embodiment;
Fig. 9A is a side elevation view of a driver constructed
in accordance with another alternative embodiment;
Fig. 9B is a side elevation view of the driver as illus-
trated in Fig. 9A, including an expansion member
constructed in accordance with one embodiment;
Fig. 9C is a side elevation view of the driver as illus-
trated in Fig. 9A, including an expansion member
constructed in accordance with another embodi-
ment;
Fig. 10A is a side elevation view a driver constructed
in accordance with another alternative embodiment;
Fig. 10B is a side elevation view of the driver illus-
trated in Fig. 10A, showing the driver rotated by 45°;
Fig. 10C is a distal end elevation view of the driver
illustrated in Fig. 10B;
Fig. 1A is a side elevation view a driver constructed
in accordance with another alternative embodiment;
Fig. 11B is a side elevation view of the driver illus-
trated in Fig. 11A, showing the driver rotated by 45°;
Fig. 11C is a distal end elevation view of the driver
illustrated in Fig. 11B; and
Fig. 12 is a sectional side elevation view of a bone
screw constructed in accordance with another alter-
native embodiment.

DETAILED DESCRIPTION

[0006] Methods and devices are disclosed for the in-
sertion or removal of bone screws. For instance, bone
screws and drivers arc disclosed that are sized and
shaped that allow the driver to engage a bone screw to
selectively manipulate the bone screw while reducing the
possibility that the driver will disengage from the screw
with respect to conventional drivers and bone screws.
The embodiments described herein may thus be em-
ployed with any of a plurality of procedures involving the
insertion or removal of bone screws from a bone or bone
plate as would be understood by those skilled in the art.
In one embodiment, the screws and drivers are for use
with Craniomaxillofaciat ("CMF") mandible implants, as
those skilled in the art will understand. Those skilled in
the art will understand that, as used in this application,
the term proximal refers to a direction approaching a phy-
sician or other user of the device of the present invention
while the term distal refers to a direction approaching a
target bone into which the bone screw is to be inserted.
[0007] Referring to Figs. 1-2E, a bone screw driving
system 100 includes a bone fixation screw driver 104
sized and shaped to engage a bone screw 102. The bone
screw 102 includes a screw shaft 114 extending along a
central longitudinal axis L-L, and a screw head 106 that
is coupled to the proximal end of the screw shaft 114 and
is sized and shaped to engage the driver 104. The screw
head 106 can define any diameter as desired based on

the desired end application, and in one embodiment de-
fines an outer diameter of approximately 3.5 mm or any
diameter as desired, for instance within the range of ap-
proximately 3.0 mm and 4.0 mm. The screw head 106
defines a proximal end 110 of the bone screw 102, and
the shaft 114 defines a distal screw tip 132 disposed at
an opposing distal end 112 of the bone screw 102. The
proximal and distal ends 110 and 112 are separated
along a longitudinal, direction a distance as desired, for
instance within the range of approximately 5.0 mm 20.0
mm. The bone screw 102 defines an opening 111 ex-
tending longitudinally through the head 106 and at least
into the shaft 114. In accordance with the illustrated em-
bodiment, the opening 111 is a cannula 108 extending
through the bone screw 102, from the proximal end 110
of the screw to the distal end 112.
[0008] Referring also to Figs. 3A-3D, the driver 104
includes a shaft 144 which includes a driver tip 134 at its
distal end, and a pin 136 extending distally from the driver
tip 134. The tip 134 is sized and shaped to engage the
head 106 of the bone screw 102, and the pin 136 is sized
and shaped to be received in the opening or cannula 108,
thereby increasing the stability of the screw 102 against
the driver 104 during insertion or removal from a target
bone 103, as will be described in more detail below.
[0009] The bone screw 102 will now be described with
reference to Figs. 1-2D. In accordance with the illustrated
embodiment, the bone screw 102 is formed as a self-
tapping having threads 124 protruding out from the shaft
114, which extends distally, from the screw head 106.
The screw 102 includes a slot 116 formed in the proximal
end of the head 106 that is configured to engage the tip
134 of the driver. The slot 116 can define any width as
desired (along a transverse direction, leaning transverse
to the longitudinal, direction). For instance, the width of
the slot 116 can bc within the range of 0.5 mm and 0.7
mm, for instance approximately 0.57 mm. While the slot
116 is illustrated as is crosshead or cruciform shaped-
slot, the slot 116 can comprise any shape known in the
art, including a flat-head slot, a hexagonal, square, or
star-shaped slot, or any suitable alternatively shaped slot
suitable to be engaged by a complementary shaped driv-
er tip.
[0010] As shown in Fig. 2A, the crosshead slot 116 is
open to the cannula 108 which extends along the central
longitudinal axis L-L of the bone screw 102. The head
106 can have a substantially smooth outer surface 107
so as to provide a non-locking or compression bone
screw 102 in accordance with one embodiment. Other-
wise stated, the screw head 106 is unable to threadedly
engage corresponding threads in a screw hole extending
through a bone plate or other implant. In accordance with
certain embodiments, bone screws are provided as lock-
ing screws having screw heads whose radially outer sur-
faces are threaded (see e.g., Figs. 4A - 4C).
[0011] The opening or cannula 108 can be stepped,
so as to define a first portion 118 having a first cross-
sectional dimension or diameter D1 that transitions to a
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second portion 120 having a second cross-sectional di-
mension or diameter D2 that is different than the first
diameter. In accordance with the illustrated embodi-
ments, the second diameter D2 is greater than the first
diameter D1. The diameters D1 and D2 are substantially
constant as illustrated, however it should be appreciated
that they could increase or decrease along a longitudinal
proximal or distal direction. It should be appreciated that
the first portion 118 is disposed proximal with respect to
the second portion 120 that is disposed distal to the first
portion 118. Thus, in accordance with the illustrated em-
bodiment, the first portion 118 can be referred to as a
proximal portion, while the second portion 120 can be
referred to as a distal portion.
[0012] It should also be appreciated that while various
structure is described herein as defining diameters, the
various structure described herein is not limited to being
cylindrical, and thus can be said to define cross-sectional
dimensions, which are in a direction transverse with re-
spect to the longitudinal axis L-L. In accordance with cer-
tain embodiments, the cross-sectional dimensions define
diameters.
[0013] The cannula includes a transition portion 121
that is disposed between the proximal portion 118 and
the distal portion 120, and gradually transitions between
the proximal and distal portions. The transition portion
121 can be provided as a ledge 122 that defines a beveled
wall with a predetermined bevel angle (e.g., between 10°
and 90°) and length as desired. In accordance with one
embodiment, the first diameter D1 of the proximal portion
118 is approximately 1.05 mm, and the second diameter
D2 of the distal portion 120 is approximately 1.15 mm. It
is noted however that the diameter of the cannula 108
may be modified, for instance, to reflect the particular
procedures to be performed, the amount of torque to be
applied to the screw, or the shearing force to which the
bone screw 102 is to be subjected, and other factors.
The proximal portion 118 may extend into the screw 102
by a distance of approximately 1 - 4 mm distally from the
head 106 although this length may vary with respect to
a length of the bone screw 102.
[0014] The bone screw 102 may comprise a thread
124 oriented and sized in the same manner as conven-
tional bone screws. In order to facilitate the insertion of
the bone screw 102 into a target portions of bone, a distal
end of the thread 124 may be tapered to the distal tip
132. which can have a reduced diameter with respect to
the remained of the shaft, and can extend for example
at an angle of approximately 25° with respect to the lon-
gitudinal axis L-L.
[0015] The distal end 112 of the shaft 1 14 may include
a plurality of cutting slots 126 extending substantially
proximally into the distal tip 132 as desired, as is under-
stood by one having ordinary skill in the art. As shown in
Figs. 2A-2C, the bone screw 102 may comprise three
cutting slots 126 substantially evenly disposed about a
circumference of the bone screw 102. The cutting slots
126 comprise a first substantially planar cut 128 expend-

ing proximally into the shaft 114 at an angle of, for ex-
ample, approximately 17° with respect to the longitudinal
axis L-L. The bone screw 102 includes second cut 130
extending back toward the distal end 112 at approximate-
ly the same angle and with a convex radius of curvature
with respect to the cutting slot 126. In the exemplary em-
bodiment shown, the cutting slots 126 intersect two ad-
jacent turns of the thread 124. However, it should be ap-
preciated that the cutting slots 126 may extend through
any number of coils of the thread 124 as desired. The
cutting slots 126 impart a sharp edge that permits bone
material to be sheared by the bone screw 102 as the
bone screw 102 is inserted into a target portion of bone.
[0016] Referring now to Figs. 3A-D, the driver 104 con-
figured to manipulate the bone screw 102 includes a shaft
144 extending centrally along the longitudinal axis L-L,
and defining a proximal end 138 and an opposing distal
end 139. The proximal end 138 can define any suitable
shape (e.g.. hexagonal) configured to non-rotatably cou-
ple to a receptacle of a screw driver body or other device.
The shaft 144 includes a first section 140 and a second
section 145 that is disposed distal with respect to the first
section 140. The second section 145 has a second cross-
sectional dimension or diameter that is different than that
of the first section 140, and is less than that of the first
section 140 in accordance with the illustrated embodi-
ment, thereby allowing a push-sleeve to be inserted over
the shaft 144 while also minimizing instrument obscuring
of a line of vision. A portion of the shaft 144 and first
diameter section 140 can be etched with a part number
or label to aid in identification.
[0017] The shaft 144 defines a circumferential groove
142 extending into, but not through, the first section 140.
The curved groove 142 is configured to engage a locking
mechanism of the screw driver body as is understood by
one having ordinary skill in the art. The driver 104 in-
cludes a screw-engaging driver tip 134 coupled to the
distal end 139 of the shaft 144, and in particular at the
distal end of the second section 145. The tip 134 of the
driver 104 extends centrally along the longitudinal axis
L-L, and is sized and shaped to engage the slot 116 of
the bone screw 102. Specifically, the tip 134 includes a
plurality of circumferentially evenly spaced blades 146.
Each blade 146 defines a proximal end 151 coupled to
the distal end 139 of the shaft 144, and an opposing dis-
tale end 153. Each blade 146 includes a first side wall
148 that is curved at the proximal end 151 from a direction
substantially perpendicular to the longitudinal axis L-L to
a direction extending substantially parallel to the longitu-
dinal axis at the distal end 153. Each blade 146 further
includes a second side wall 149 extending substantially
parallel to the longitudinal axis L-L from the proximal end
151 to the distal end 153.
[0018] In the illustrated embodiment wherein the tip
134 includes four blades 146, each of the blades is sep-
arated from the adjacent blades 146 by approximately
90°. The blades 146 can be approximately 0.456 mm
thick, or define any other thickness as desired. It should
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be appreciated, of course, that thc tip 134 can define any
shape known in the art, including a flat-head tip, a hex-
agonal, square, or star-shaped tip, or any suitable alter-
natively shaped tip suitable to engage the screw slot 116.
[0019] The driver 104 further includes a pin 136 that
projects in a longitudinally outward direction from the tip
134 and in particular from the distale end 153 of the
blades 146. The pin 136 extends centrally along the lon-
gitudinal axis L-L, and defines a proximal portion 141
extending out from the distal end 153 of the blades 146,
and an opposing distal portion 143 which defines the dis-
tale end of the driver 104. The proximal portion 141 of
the pin shaft 152 has a longitudinal length substantially
equivalent to the longitudinal length of the proximal por-
tion 118 of the cannula 108, The pin 136 can be formed
by any known method including, for example, machining,
forging or adjoining of two separately formed compo-
nents, etc. of any sufficiently rigid material.
[0020] The pin 136 includes a pin shaft 137 having a
diameter or cross-sectional dimension that is less than
the diameter or cross-sectional dimension of the diver
shaft 144, and slightly less than the cross-sectional di-
mension or diameter of the opening 111 or cannula 108.
The pin shaft 137 has a longitudinal length that is at least
twice the distance of its cross-sectional dimension or di-
ameter, which provides the driver 104 with greater sta-
bility when engaging the bone screw with respect to con-
ventional drivers. The pin 136 includes an abutment 154
extending transversely (or radially) out from the distal
end 143 of the pin shaft 137. Thus, the abutment 154
has a cross-sectional dimension or diameter greater than
that of the pin shaft 137, and has a longitudinal length
less than that of the pin shaft 137.
[0021] The abutment 154 includes a tapered proximal
end 154’ that extends inward toward the pin shaft 152
along a proximal direction. In accordance with the illus-
trated embodiment, the tapered proximal end 154’ de-
fines an angle α of approximately 25° with respect to the
longitudinal axis L-L. In one embodiment, the angle α
may range from approximately 10° to approximately 90°.
Alternatively, the proximal end 154 can be curved instead
of tapered. The abutment defines a distal end 154" that
defines a rounded tip 158 that provides an insertion guide
when slidably inserting the abutment 154 past the prox-
imal portion 118 of the cannula 108. The pin 136 further
defines an opening in the form of a slot 160 extending
longitudinally into the pin shaft 152, and in particular into
the rounded tip 158 along a proximal direction, so as to
provide a bifurcated pin 136. The slot 160 terminates at
a proximal end 164 disposed in the pin shaft 152 at a
location proximal with respect to the abutment 154.
[0022] The slot 160 thus defines a pair of distal pin
arms 166 disposed at the distal end of the pin 136 and
separated by the slot 160. Thus, the distal arms 166 are
compressible from a first outer cross-sectional dimension
or diameter in a first unbiased configuration to a second
reduced cross-sectional dimension or diameter in its
compressed configuration. The outer cross-sectional di-

mension or diameter of the arms 160 in their first or un-
biased configuration is greater than the diameter of the
proximal portion 118 of the cannula 108, and can further
be greater than the diameter of the distal portion 120.
[0023] In this regard, the pin 136, and in particular the
abutment 154, can be said to be compressible under a
biasing force applied by the screw 102 from a first or
initial configuration defining a first outer dimension, to a
second configuration defining a second outer dimension
that can be reduced with respect to the first outer dimen-
sion when the abutment 154 is disposed in the first or
proximal portion 118, to a third locked configuration de-
fining a third outer dimension that is greater than the sec-
ond outer dimension when disposed in the second por-
tion 120 so as to prevent the driver from being inadvert-
ently removed from the opening or cannula 108. In ac-
cordance with one embodiment, the third outer dimen-
sion is also less than the first outer dimension. It should
be appreciated that the second outer dimension can be
equal to the first outer dimension, for instance as de-
scribed below with reference to Figs. 9A-C. It should fur-
ther be appreciated the abutment 154 may assume dif-
ferent intervening configurations and corresponding di-
mensions between the first and third configurations de-
pending on the configuration of the opening or cannula
108.
[0024] In accordance with the illustrated embodiment,
the slot 160 defines a plane P that extends transverse to
the longitudinal axis L-L in a direction that defines an
approximate 45° angle with respect to planes defined by
the blades 146, though the angle can be anywhere be-
tween 0° and 90° as desired. The slot 160 can be rounded
its proximal end 164 as illustrated so as to provide a
smooth transition between arms 166 formed on either
side of the slot 160. In the illustrated embodiment, the
160 may be approximately 1.75 mm long, though it can
extend any length as desired, and preferably extends to
a location disposed proximal with respect to the proximal
end of the abutment 154.
[0025] The slot 160 defines a width extending in a di-
rection normal to the arms 166 that increases in a direc-
tion from the proximal end 164 to the distal end 143. In
the illustrated embodiment, the width of the slot 160 can
be between approximately 0.3 mm and approximately
0.5 mm. For instance the slot 160 can have a minimum
width of approximately 0.3 mm at the proximal end 164,
and a maximum width of approximately 0.5 mm at the
distal end 143. Alternalively, the slot 160 defines a sub-
stantially uniform width of approximately 0.05 mm. to 0.75
mm. As will be described in greater detail below, the slot
160 permits radially inward flexing of the arms 166 when
subjected to a radially compressive force as the abutment
154 is inserted distally past the proximal portion 118 of
the cannula 108. When the abutment 154 has penetrated
distally into the cannula 108 to the point at which the
proximal end 154’ thereof is distal of the ledge 122, the
arms 166 spring radially outward to lock the pin 136 within
the cannula 108.
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[0026] During operation, the driver 104 is engaged with
the bone screw 102, which can at the time be stored in
a screw module or screw-retention housing. The driver
104 picks up the screw 102 from the screw module prior
to insertion adjacent the bone plate. The pin 136 is then
inserted into the cannula 108 until the abutment 154 is
inserted into the proximal portion 118, which causes the
arms 166 to compress toward each other, assuming a
compressed configuration in which the outer cross-sec-
tional dimension or diameter of the compressed abut-
ment 154 is substantially equivalent to the cross-section-
al dimension or diameter of the proximal portion 118 of
the cannula 108.
[0027] The driver 104 may then be rotated to align the
blades 146 with the respective crosshead slots 116.
Once the blazes 146 and the slot 116 is aligned, further
distal insertion of the driver 104 into the screw causes
the blades 146 to engage the crosshead slot 116, and
also causes the abutment 154 to move distally from the
proximal portion 118, past the ledge 122, and into the
distal portion 120. Thus, the longitudinal distance or
length between the proximal end 141 of the pin 136 and
the abutment 154 can be less than the distance between
the proximal end 110 of the bone screw 102 and the ledge
122, but greater than the distance between the proximal
end of the proximal portion 118 and the ledge 122.
[0028] Once the abutment 154 is received within the
distal portion 120 of the cannula 108, the abutment 154
expands to assume a locking configuration whereby the
arms 166 define an outer cross-sectional dimension or
diameter that is greater than that of the compressed con-
figuration. In particular, the cross-sectional dimension or
diameter of the arms 166 in the locking position can be
equal to that of the original unbiased configuration, or
can still be compressed in an intermediate configuration
whereby the cross-sectional dimension or diameter of
the arms 166 is less than that of the original configuration
but greater than that of the compressed configuration.
[0029] A physician or other user of the system 100 may
then manipulate the screwing device connected to the
hexagonal proximal portion 138 of the driver 104 to screw
or unscrew the bone screw 102 as desired. Engagement
of a proximal end 154’ of the abutment 154 with the ledge
122 prevents the pin 136 from being easily or inadvert-
ently retracted from the cannula 108. In this configuration,
the driver 104 is locked with respect to the bone screw
102 and is not proximally or distally movable with respect
thereto.
[0030] Alternatively, the longitudinal distance or length
between the proximal end 141 of the pin 136 and the
abutment 154 can he greater than the distance between
the proximal end 110 of the bone screw 102 and the ledge
122, such that the abutment 154 is disposed in the distal
portion 120 prior to engagement of the blades 146 and
the crosshead slot 116.
[0031] When it is desired to remove the driver 104 from
the bone screw 102, a force can be applied to the driver
104 in a proximal direction relative to the bone screw 102

sufficient to cause the beveled proximal portion 154’ of
the abutment 154 to ride along the ledge 122 and com-
press the arms 166 toward each other to their com-
pressed configuration, whereby the driver 104 can be
removed from the bone screw 102.
[0032] When the bone screw 102 is to be inserted into
a target portion of underlying bone 103, the driver 104
can be rotated in an insertion direction until a torque is
applied sufficient to drive the bone screw 102 into under-
lying bone. Engagement of the pin 136 in the opening
111 or cannula 108 prevents inadvertent angular dis-
placement of the driver blades 146 with respect to the
slot 116, while interference between the abutment 154
and the ledge 122 prevents inadvertent removal of the
driver 104 from the screw. Prevention of each advertent
driver motion, both alone and in combination, prevents
the shearing of the head 106 of the bone screw 102 while
providing a stable connection between the driver 104 and
the bone screw 102 during insertion and removal of the
bone screw 102. The driver 104 can then be removed
from the bone screw 102 by application of a proximally
directed force to the driver 104 sufficient to apply a radi-
ally compressive force from the ledge 122 to the arms
166 via the tapered proximal end 154’ of the abutment
154, This will again flex the arms 166 radially inward per-
mitting the pin 136 to be moved out of the cannula 108
disengaging the driver 104 from the screw 102.
[0033] To remove a bone screw 102 from underlying
bone using the driver 104, the driver 104 is first positioned
in locked engagement with the bone screw 102 in the
manner described above, and rotated in a direction op-
posite to an insertion direction (e.g., if the bone screw
102 was inserted by screwing in a clockwise direction,
the driver 104 is rotated in a counter-clockwise direction).
[0034] It should be appreciated that the bone screw
driving system 100 used in methods of inserting and re-
moving a bone screw into and from underlying bone have
been described in accordance with one embodiment, and
that numerous alternative embodiments are contemplat-
ed for providing enhanced securement of a driver to a
bone screw. Thus, drivers and bone screws are contem-
plated in accordance with alternative embodiments. The
alternative embodiments arc intended to fall within the
scope of the present invention, unless otherwise noted,
but the present invention is not intended to be limited to
the particular embodiments described herein, unless oth-
erwise indicated.
[0035] Referring now to Figs. 4A - 4C, a bone screw
202 constructed in accordance with an alternative em-
bodiment is illustrated including reference numerals cor-
responding to like elements of the bone screw 102 incre-
mented by 100 for the purposes of form and clarity. The
bone screw 202 is substantially as described above with
respect to the bone screw 102 with the exception that
the screw head 206 includes threads 204 projecting out
from the outer surface 207. The outer surface 207 is sub-
stantially cylindrical and tapers distally, and is thus con-
figured to be lockingly engage complementary threads
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of a target bone plate hole. Thread 204 of the bone screw
202 can extend radially outward from the outer surface
207 so as to define an angle that can be, for instance
between approximately 30° and approximately 60° rela-
tive to the longitudinal axis L-L. The threads 204 can taper
distally along a direction parallel to the outer surface 207.
The thread 204 terminates at a distal end of the head
206 adjacent the screw shaft 214.
[0036] The head 206 of the bone screw 202 also com-
prises a crosshead slot 216 to permit engagement with
the tip 134 of the driver 104 in the manner described
above with respect to the bone screw 102. For instance,
as shown in Fig. 4C, the crosshead slot 216 opens into
an opening, which in one embodiment is a cannula 208,
extending longitudinally through the bone screw 202
along the central longitudinal axis L-L. The cannula 208
may also comprise a proximal portion (not shown) com-
prising first diameter which transitions to a second in-
creased diameter at a distal portion (not shown), as de-
scribed in greater detail with respect to Figs. 2A-3C. The
bone screw 202 can further include a plurality of cutting
slots 226 extending proximally into the distal end of the
shaft 214. As shown in greater detail in the distal view of
Fig. 4B, the bone screw 202 may, for example, comprises
three evenly circumferentially spaced cutting slots 226.
The cutting slots 226 may be formed substantially as de-
scribed above with respect to the cutting slots 126 of
Figs. 2A-2D. The distal end of the shaft 214 may further
comprise a tapered portion 232 in which a wall of the
shaft 214 tapers radially inward at a predetermined angle.
The bone screw 202 may be operated in a manner sub-
stantially as described above with respect to the bone
screw 102.
[0037] Referring now to Fig. 5, a bone screw 302 con-
structed in accordance with an alternative embodiment
is illustrated including reference numerals corresponding
to like elements of the bone screw 102 incremented by
200 for the purposes of form and clarity. The bone screw
302 is substantially as described above with respect to
the bone screw 102 with the exception that the opening
311 does not necessarily extend entirely through the
length of a bone screw 302, but rather through a prede-
termined portion of the bone screw. Thus, the opening
311 extends through the screw head 306 and into the
shaft 314 a distance sufficient, to define the first or prox-
imal portion 318, the transition portion or ledge 322, and
the second distal portion 320 of different (for instance
greater as illustrated) cross-sectional dimension or diam-
eter with respect to that of the proximal portion 318 in the
manner described above. The expanded distal portion
320 allows the abutment 154 to expand therein, thereby
locking the driver 104 to the screw 302. In this regard, it
should be appreciated that the term "locked" does not
refer to a state where the driver 104 is incapable of being
removed from the screw, but rather that the driver 104
and screw 302 engage so as to prevent unintentional
removal of the driver 104 from the screw, absent a force
sufficient to compress the arms 166 in the manner de-

scribed above. The distal portion 320 of the opening 311
can define a substantially conical tip 324 or any suitable
shape.
[0038] Referring now to Fig. 6, a bone screw 402 con-
structed in accordance with an alternative embodiment
is illustrated including reference numerals corresponding
to like elements of the bone screw 102 incremented by
300 for the purposes of form and clarity. The bone screw
402 is constructed substantially as described above with
respect to the bone screw 102 with the exception that
the bone screw 402 includes a second portion provided
as a groove 420 projecting outwardly from the cannula
408 into the screw shaft 114. Thus, the cannula 408 de-
fines a first portion 418 having a first cross-sectional di-
mension or diameter as described above that is disposed
both proximal and distal with respect to the second por-
tion 420. The second portion or groove 420 defines a
diameter having a cross-sectional dimension or diameter
different than (for instance greater than, as illustrated)
the first cross-sectional dimension or diameter of the first
portion 418 in the manner described above.
[0039] However, the groove 420 docs not extend to
the terminal end of the cannula 408 as described with
respect to the bone screw 102. Rather, the groove 420
terminates at a location proximal with respect to the distal
end of the cannula 408 so as to define a third portion 418
having a cross-sectional dimension or diameter less than
the second diameter of the groove 420. In the illustrated
embodiment, the first and third portions 418 define the
same cross-sectional dimension or diameter. The sec-
ond portion or groove 420 is adjoined to the first portions
418 via respective transition portions or ledges 422 and
424 that arc tapered between the larger diameter of the
groove 420 and the smaller diameters of the first and
second portions 418.
[0040] The expanded diameter groove 420 is disposed
at a predetermined distance from the head 406 so as to
be aligned with the abutment 154 of the driver 104 when
the blades 146 engage the slot 116. In this regard, the
distance from the proximal end of the cannula 418 to the
tapered wall or ledge 422 is substantially equal, or sightly
less than, to the distance from the proximal end of the
pin 106 to the proximal end 154’ of the abutment 154.
The groove 420 has a longitudinal length equal to or
greater than the longitudinal length of the abutment 154
formed at a distal end of the pin 136 to, such that the
abutment 154 to radially expand therein into locking en-
gagement with the screw 402.
[0041] Referring now to Fig. 7, a driver 504 constructed
in accordance with an alternative embodiment is illustrat-
ed including reference numerals corresponding to like
elements of the driver 104 incremented by 400 for the
purposes of form and clarity. The driver 504 includes an
abutment 554 separated longitudinally from a distal end
508 of the pin 536 by a predetermined distance along
the longitudinal axis L-L. Specifically, the abutment 554
comprises a compressible o-ring 559 retained in a groove
557 that projects radially into the pin 536, and thereby
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locks the ring 559 on the pin 536 with respect to longitu-
dinal movement relative to the pin 536. The ring 559 may
be made from any suitably compressible structure or ma-
terial. For instance, the ring 559 can be made from an
elastomeric material, and/or can be provided as a spring
insert disposed a predetermined distance proximally of
the distal end 508.
[0042] The ring 559 is coupled to the pin 536 so that,
when the driver 504 is inserted into, for example, the
cannula 418 of the bone screw 402, the ring 559 expands
into the increased diameter portion of the second portion
or groove 420, thereby locking the driver 504 to the screw
402 in the manner described above. It should be appre-
ciated, of course, that the driver 504 can be used in com-
bination with any of the other bone screws described
herein, such that the ring 559 is can become locked in
the second portion of the opening or cannula having an
increased diameter relative to the first portion of the open-
ing or cannula in the manner described above. It should
further be appreciated that, depending on the material
properties of the ring 559, the ring 559 is movable cir-
cumferentially within the groove 557. Accordingly, once
the ring 559 has been inserted into the first portion of an
opening or cannula of a bone screw so that the ring 559
is compressed, the pin 536, and thus the driver 504, is
rotatable with respect to the ring 559, thereby allowing a
user to more easily align the blades 546 with the slot(s)
of the screw head.
[0043] It should be appreciated that, as illustrated al-
ternatively, the tip 534 and pin 536 can be provided as a
unitary structure devoid of a slot such as the slot 160 of
the pin 136. Alternatively, the pin 536 can be bifurcated
by a slot as described above with respect to the pin 13.
It should be appreciated that the tip 534 of the driver can
be otherwise constructed substantially as described
above with respect to the tip 134 of the driver 104. That
is, the tip 510 includes a plurality of blades 512 formed
in a crosshead shape.
[0044] Referring now to Fig. 8, a driver 604 constructed
in accordance with an alternative embodiment is illustrat-
ed including reference numerals corresponding to like
elements of the driver 504 incremented by 100 for the
purposes of form and clarity. In particular, the abutment
654 is provided as a compressible ring 609 disposed in
a groove 657 extending into the pin 636 in the manner
described above with respect to the driver 504. However,
the ring 659 is a split ring that defines a gap 661 extending
therethrough that separates the ring 659 into first and
second ring segments 659’ and 659" that are separated
at one end by the gap 661.
[0045] The split ring 659 may be formed of a substan-
tially rigid material and is positioned along a length of the
pin 636 so that, when the pin 636 is inserted into a screw
such as, for example, the screw 402, to a desired position,
the ring 659 is positioned within the increased diameter
groove 420 of the cannula 408 with a proximal edge
thereof engaging the proximal ledge 422 of the groove
420. Furthermore, the ring 659 is movable circumferen-

tially within the groove 657. Accordingly, once the ring
659 has been inserted into the first portion of an opening
or cannula of a bone screw so that the ring 659 is com-
pressed, the pin 636, and thus the driver 604, is rotatable
with respect to the ring 659, thereby allowing a user to
more easily align the blades 646 with the slot(s) of the
screw head.
[0046] When the ring 659 is subjected to a radially com-
pressive force, for instance when the ring 659 is disposed
in the first portion of a screw opening or cannula, such
as first portion 418, the split ring 659 is flattened against
and around the outer surface of the pin 636 reducing the
profile of the pin 636 and permitting the pin 636 to be
advanced into the cannula 408 until the split ring 659
enters the groove 420 and expands radially under its nat-
ural bias to lock The driver 604 to the screw 402 in the
same manner described above.
[0047] The gap 661 is formed with a size sufficient to
permit insertion of the split ring 659 past a proximal por-
tion of a cannula (not shown) which comprises a diameter
smaller than a diameter of the unbiased split ring 659.
Specifically, as the split ring 659 of the pin 636 is inserted
into the proximal portion of the cannula, the split ring 659
is forced to a compressed configuration, whereby the dis-
tance of the gap 661 between the adjacent segments
659’ and 659" is reduced, as the segments approach
each other. A diameter of this constricted split ring 659
is then substantially equivalent to a diameter of the first
portion 418 of the cannula 408 in the compressed con-
figuration so as to permit a slidable insertion of the pin
636 through the first portion 418 and into the second por-
tion 420. Once the split ring 659 has been advanced into
the groove 420 (or other second portion of the screw
opening or cannula), the natural bias of the split ring 659
pushes the segments 659’ and 659" away from one an-
other radially expanding the diameter of the split ring 659
to a locked configuration as descried above.
[0048] Referring now to Figs. 9A-C, a driver 704 con-
structed in accordance with an alternative embodiment
is illustrated including reference numerals corresponding
to like elements of the driver 104 incremented by 600 for
the purposes of form and clarity. In particuiar, the driver
is constructed substantially as described above with re-
spect to the driver 104, with the exception that a lumen
770 extends longitudinally through the driver pin 736, tip
734, and shaft 744. The driver 704 includes an expansion
pin assembly 781 configured to be received in the lumen
770.
[0049] The driver tip 734 is constructed substantially
as described above with respect to driver 134, with the
exceptions of the dimensions described herein. For in-
stance, the tip 734 defines a plurality of blades 746 sub-
stantially evenly disposed about a circumference thereof.
A pin 736 projects from the tip 734 and distally past the
distal ends of the blades 746. The pin 736 includes a pin
shaft 752 extending to an abutment 754 at a distal end
thereof, wherein a diameter of the abutment is greater
than that of the pin shaft 752.
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[0050] In the illustrated embodiment, a diameter of the
abutment 754, in an non-expanded state, is slightly small-
er than an inner diameter of the proximal portion 118 of
the opening 111 or cannula 108 of the bone screw 102
(or any of the bone screws as described herein). The pin
shaft 752 has a longitudinal length that is substantially
equal to the longitudinal length of the first portion of the
opening or cannula 108. A distal end of the abutment 754
comprises a rounded tip 758 to aid in the slidable removal
of the abutment 754 from a bone screw after a designated
procedure has been completed.
[0051] The driver 702 further includes a slot 760 ex-
tending longitudinally into the pin 736 from an open distal
end 762 of the slot 760 to a proximal end 764 of the slot
760, thereby bifurcating the slot 760 into opposing flexible
arms 766. A width of the slot 760 remains substantially
constant from the proximal end 764 to the distal end 762.
The slot 760 permits the arms 766 to flex radially outward
when subjected to a radially outward biasing force ap-
plied by the expansion pin assembly 781 as it travels
through the lumen 770.
[0052] As illustrated in Fig. 9B, the expansion pin as-
sembly 781 includes an expansion shaft 783 and an ex-
pansion pin 785 coupled to the distal end of the shaft
783. The expansion pin 785 has a cross-sectional dimen-
sion or diameter that is greater than the thickness of the
slot 760. Accordingly, as the pin 785 travels through the
slot 760, the pin 785 provides a force that biases the arms
766 outward in a direction away from each other. As il-
lustrated in Fig. 9B, the expansion shaft 783 has a diam-
eter or cross-sectional dimension less than that of the
lumen 770 and slot 760. Accordingly, as illustrated in the
shaft 783 can extend longitudinally through tho driver
704, and can be slidable within the driver 704.
[0053] The expansion pin 785 can be a substantially
cylindrical or alternatively shaped member with a diam-
eter greater than at least a portion 776 of the lumen 770
within the pin 736 (i.e., when the arms 766 are in the non-
expanded state). The lumen 770 extends longitudinally
through the driver 704, and defines a distal end 772 dis-
posed at a distal end 712 of the driver 704.
[0054] Thus, as illustrated in Fig. 9B, the expansion
pin 785 can be initially disposed external to the driver
704 and positioned adjacent the distal end 712 of the
driver 704. The expansion shaft 783 can extend longitu-
dinally in a proximal direction from the expansion pin 785,
through the lumen 770, and can extend out the proximal
end of the driver 704. A pulling force can then be applied
to the expansion shaft 783 that draws the expansion pin
785 into a portion 776 of the lumen 770 at a location
aligned with the arms 766, whereby the expansion pin
785 has a greater cross-sectional dimension than the
lumen portion 776. As a result, the expansion pin 785
applies a radially expansive force to the arms 766.
[0055] Alternatively, as illustrated in Fig. 9C, the ex-
pansion pin 785 can be initially disposed internal to the
driver 704 and positioned adjacent the arms 766. The
expansion shaft 783 can extend longitudinally in a prox-

imal direction from the expansion pin 785. A pushing
force can then be applied to the expansion shaft 783 that
pushes the expansion pin 785 into a portion 776 of the
lumen 770 that is aligned with the arms 766, whereby
the expansion pin 785 has a greater cross-sectional di-
mension than the lumen portion 776. As a result, the ex-
pansion pin 785 applies a radially expansive force to the
arms 766.
[0056] The arms 766 arc biased so that, when not sub-
jected to the radially expansive force, they contract radi-
ally inward to a first or non-expanded state in which an
outer diameter of the abutment 754 is slightly smaller
than the inner diameter of the proximal portion 118 of the
cannula 108 to permit the abutment 754 to pass distally
therethrough. In this regard, it should be appreciated that
the abutment 754 can define an outer dimension in their
second configuration (i.e., when disposed in side the can-
nula 108) that is equal to their outer dimension in the first
configuration (i.e., before inserted into the cannula 108).
After the pin 736 has been advanced into the cannula
108 so that the abutment 754 is received within the sec-
ond portion 120, the expansion pin 785 is inserted
through the portion 776 of the lumen 770, thereby biasing
the arms 766 outward and expanding abutment 754 to a
third locked configuration having a third cross-sectional
dimension that is greater than the second configuration,
so as to lock the pin 736 within the second portion 120
of the cannnula 108,
[0057] During operation, the driver 704 is engaged with
a bone screw (such as bone screw 102) in the manner
described above. The pin 736 is then inserted into the
opening or cannula 108 in the first and second non-ex-
panded configurations until the abutment 754 has been
advanced into the distal portion 120. Because the cross-
sectional dimension of the abutment 754 is less than that
of the first and second portions 118 and 120 of the open-
ing or cannula 108 when in the first and second config-
urations, the driver 704 can be easily rotated to align the
blades 746 to engage respective slots of the crosshead
slot 116. The expansion pin 785 is then inserted into the
portion 776 of the lumen 770, which causes the pin 785
to bias the abutment 754 to the locked configuration,
whereby the abutment 754 defines a cross-sectional di-
mension or diameter greater than that of the first portion
118, thereby locking the driver 704 in the cannula 108
and preventing the pin 736 from being inadvertently with-
drawn from the cannula 108. The bone screw 102 may
then be placed through a bone plate and driven into or
out of the bone as desired by rotating the driver 704.
When it is desired to disengage the driver 704 from the
screw 102, the expansion pin 785 is further drawn or
pushed through the driver 704 and removed from the
driver 704, which causes the arms 766 to return to the
non-extended configuration.
[0058] Referring now to Figs. 10A-C, a driver 804 con-
structed in accordance with an alternative embodiment
is illustrated including reference numerals corresponding
to like elements of the driver 104 incremented by 700 for
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the purposes of form and clarity. The driver 804 is sub-
stantially constructed as described above with respect
to the driver 104, except that the slot 860 extends trans-
versely into the pin shaft 852, but not through the pin
shaft 852. Accordingly, the pin 836 defines a pair of arms
866 separated at an open transverse end 869, and a
hinge 867 connecting the opposing outer transverse
ends of the arms 866, such that the arms 866 define a
substantially C-shaped cross sectional shape. As a re-
sult, the arms can expand and contract about the hinge
867 to iterate the abutment 854 between the first, second,
and third configurations as described above. In accord-
ance with an alternative embodiment, the driver 804 can
include a lumen such as the lumen 770 illustrated in Figs.
9A-9C configured to receive an expansion pin assembly,
such as the expansion pin assembly 781 that causes the
abutment 854 to iterate between the first, second, and
third configurations.
[0059] Referring now to Figs. 11A-C, a driver 904 con-
structed in accordance with an alternative embodiment
is illustrated including reference numerals corresponding
to like elements of the driver 104 incremented by 800 for
the purposes of form and clarity. The driver 904 is sub-
stantially constructed as described above with respect
to the driver 104, except that the pin 936 is illustrated as
a solid, unitary structure that is devoid of a slot, such as
slot 160. Furthermore, the abutment 954 extends trans-
versely (or radially) out in only one direction from the pin
936, as opposing to two opposing directions as illustrated
in Figs. 3A-D. The abutment 954 is formed as a extension
formed on a side of the pin shaft 952 comprising a tapered
wall 956 at the proximal end of the abutment 954. The
tapered wall 956 extends transversely inward toward the
longitudinal axis L-L along a proximal direction. The pin
936 further includes a substantially rounded wall 958 at
the distal end of the abutment 954 that adjoins with the
distal end 958 of the pin shaft 952.
[0060] The driver 904 can be used in combination with
a bone screw, such as the bone screw 102 described
above with reference to Figs. 2A - 2C. For instance, the
pin 936 can be inserted into the first portion 118 of the
bone screw 102 along the longitudinal axis L-L of the
opening or cannula 108, or at a predetermined angle rel-
ative to the longitudinal axis L-L of the opening or cannula
108 such that the abutment 954 defines a leading end
with respect to the opposing surface of the pin 936 that
is devoid of the abutment 954. The pin shaft 952 can be
flexible, such that the pin 936 can be inserted at an angle
or along the longitudinal axis L-L, such that the abutment
954 to easily translate distally past the proximal portion
118 even though the cross-sectional dimension of the
pin 936 through the abutment 954 is greater than that of
the first portion 118. Once the abutment 954 moves into
the distal portion 120, the abutment 954 assumes the
locked configuration in the second portion 120 of the
opening or cannula 108.
[0061] Referring now to Fig. 12, a bone screw 1002
constructed in accordance with an alternative embodi-

ment is illustrated including reference numerals corre-
sponding to like elements of the screw incremented by
900 for the purposes of form and clarity. The screw 1002
is substantially constructed as described above with re-
spect to the screw 102, except that the opening or can-
nulation 1008 defines a pair of second portions 1020’ and
1020" disposed proximally and distally, respectively, with
respect to a middle first portion 1018. The first portion
1018 can extend any longitudinal length as desired. As
described above, the first portion 1018 defines a cross-
sectional dimension or diameter that is less than that of
the second portions 1020’ and 1020". In this regard, it
should be appreciated that the first portion 1018 defines
a rib extending into the opening or cannula 1008 from
the screw shaft 1014.
[0062] In particular, the cross-sectional dimension of
the proximal second portion 1020’ can be greater than
that of an abutment, such as abutment 154, when the
abutment is in its first configuration. As a result, the driver
pin 136 can be inserted into the proximal second portion
1020’, and the driver 104 can subsequently be rotated
so as to align the blades 146 with the slot 1008 formed
in the screw head 1006. Further distal longitudinal move-
ment of the driver 104 relative to the bone screw 1002
causes the abutment 154 to translate into the first portion
1018 of the opening or cannula 108, thereby compress-
ing the abutment 154 to its second or compressed con-
figuration. Further distal longitudinal movement of the
driver 104 relative to the bone screw 1002 causes the
abutment 154 to translate into the distal second portion
1020" which can have a cross-section or diameter great-
er than that of the first portion 1018, and greater, less
than, or equal to that of the proximal second portion
1020’. The abutment 154 thus expands in the distal sec-
ond portion 1020" with respect to its compressed config-
uration in the first portion 1018, thereby interfering with
the first portion 1018 with respect to forces that might
otherwise unintentionally remove the driver 104 from the
bone screw 102.
[0063] It will be appreciated that a kit is provided that
includes at least one bone screw of the type described
herein, such as a plurality of bone screws. The plurality
of bone screws can be constructed in accordance with
one or more, up to all, of the embodiments described
herein, or in accordance with the same embodiment. The
screws can be provided in different shapes and sizes,
for instance having screw shafts of various lengths and
diameters. The kit also includes at least one bone screw
driver of the type described herein, such as a plurality of
drivers constructed in accordance with one or more than
one, up to all, embodiments described herein.
[0064] It will be apparent to those skilled in the art that
various modifications and variations may be made in the
structure and the methodology of the present invention,
without departing from the scope of the invention. For
instance, the structures, features, and methods associ-
ated with the embodiments described above can be in-
tegrated into any of the other embodiments described
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above, unless otherwise noted. Thus, it is intended that
the present invention cover modifications and variations
of the invention provided, for instance as defined by the
appended claims.

Claims

1. A kit comprising:

at least one bone screw (102; 202; 302; 402;
1002) including:

a screw head (106; 206; 306; 406; 1006)
defining a slot (116; 216) configured to en-
gage a driver (104; 504; 604; 704; 804; 904)
and defining a proximal end (110) of the
bone fixation screw (102; 202; 302; 402;
1002); and
a threaded shaft (114) that defines a distal
screw tip (132) that is distal to the screw
head (106; 206; 306; 406; 1006), the bone
fixation screw (102; 202; 302; 402; 1002)
defining an opening (111) extending longi-
tudinally through the screw head (106; 206;
306; 406; 1006) and at least into the thread-
ed shaft (114), the opening (111) defining a
first portion (118; 318; 418; 1018) having a
first cross-sectional dimension (D1) in a di-
rection transverse to the longitudinal axis,
and a second portion (120; 320; 420; 1020)
disposed distal of the first portion (118; 318;
418; 1018), the second portion (120; 320;
420; 1020) having a second cross-sectional
dimension (D2) in a direction transverse to
the longitudinal axis; and

at least one bone screw driver (104; 504; 604;
704; 804; 904) including:

a driver shaft (144) extending along a lon-
gitudinal axis (L-L) between a proximal end
(138) and an opposing distal end (139), the
driver shaft (144) defining a tip (134) at the
distal end (139), wherein the tip (134) is con-
figured to engage a screw head slot (116;
216); and
a pin (136; 536; 636; 736; 836; 936) extend-
ing from the tip (134) along the longitudinal
direction, the pin (136; 536; 636; 736; 836;
936) including a pin shaft (137; 152; 752;
852; 952) and an abutment (154; 554; 654;
754; 854; 954),

characterized in that the second cross-sec-
tional dimension (D2) is greater than the first
cross-sectional dimension (D1), and
in that the abutment (154; 554; 654; 754; 854;

954) is configured to assume a locked configu-
ration inside the second portion (120; 320; 420;
1020), in which the abutment (154; 554; 654;
754; 854; 954) defines a cross-sectional dimen-
sion greater than the first cross-sectional dimen-
sion (D1), when the abutment is inserted through
the first portion (118; 318; 418; 1018) and into
the second portion (120; 320; 420; 1020).

2. The kit as recited in claim 1, wherein the opening
(111) comprises a cannula (108; 208; 408; 1008)
that extends longitudinally through the shaft (114).

3. The kit as recited in claim 1 or 2, wherein the second
portion (120) extends to the distal end (112) of the
threaded shaft (114), wherein preferably the first por-
tion (118) extends from the screw head (106).

4. The kit as recited in claim 1 or 2, wherein the second
portion (1020) is a distal second portion (1020") that
is disposed distal with respect to the first portion
(1018), the bone fixation screw (1002) further com-
prising a proximal second portion (1020’) that is dis-
posed proximal with respect to the first portion
(1018), such that the proximal and distal second por-
tions (1020’, 1020") each define a cross-sectional
dimension greater than that of the first portion (1018).

5. The kit as recited in claim 1 or 2, wherein the second
portion (420) is a groove such that the first portion
(418) is disposed both distal and proximal with re-
spect to the second portion (420).

6. The kit as recited in any one of claims 1 to 5, further
comprising a transition portion (122; 322; 422; 1022)
that gradually transitions between the first (118; 318;
418; 1018) and second portions (120; 320; 420;
1020), wherein preferably the transition portion (122;
322; 422; 1022) comprises a ledge angled between
the first and second portions.

7. The kit as recited in any one of claims 1 to 6, wherein
the first and second cross-sectional dimensions (D1,
D2) are substantially constant along the length of the
first and second portions, respectively.

8. The kit as recited in any one of claims 1 to 7, wherein
the cross-sectional dimensions (D1, D2) comprise di-
ameters.

9. The kit as recited in any one of claims 1 to 8, wherein
the screw head (206) is threaded.

10. The kit as recited in any one of claims 1 to 9, wherein
the pin shaft (137; 152; 752; 852; 952) defines a
cross-sectional dimension and a longitudinal length,
wherein the length is at least twice the cross-sec-
tional dimension.
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11. The kit as recited in any one of claims 1 to 10, wherein
the abutment (154; 554; 654; 754; 854; 954) extends
out from the pin shaft (137; 152; 752; 852; 952) so
as to define a cross-sectional dimension in a direc-
tion transverse to the longitudinal axis (L-L) that is
greater than that of the pin shaft (137; 152; 752; 852;
952).

12. The kit as recited in any one of claims 1 to 11, wherein
the abutment (154; 554; 654; 754; 854) is compress-
ible.

13. The kit as recited in any one of claims I to 12, wherein
the pin (136; 736; 836) defines a slot (160; 760; 860)
extending into the distal end of the pin shaft (152;
752; 852) along a proximal direction so as to define
a pair of spaced pin arms (166; 766; 866).

14. The kit as recited in claim 13, wherein the slot (160;
760) extends through the pin shaft (152; 752) and
the abutment (154; 754) along a direction transverse
to the longitudinal direction, or wherein the slot (860)
extends into, but not through, the pin shaft (852) and
the abutment (854) along a direction transverse to
the longitudinal direction, such that the arms (866)
are connected at one transverse end by a hinge
(867).

15. The kit as recited in any one of claims 1 to 12, wherein
the abutment (554; 654) comprises a ring (559; 659)
disposed in a groove (557; 657) formed in the pin
shaft, wherein preferably the ring is a split ring (654).

Patentansprüche

1. Set, umfassend:

zumindest eine Knochenschraube (102; 202;
302; 402; 1002), enthaltend:

einen Schraubenkopf (106; 206; 306; 406;
1006), der einen Schlitz (116; 216) definiert,
der eingerichtet ist, mit einem Dreher (104;
504; 604; 704; 804; 904) zusammenzuwir-
ken, und der ein proximales Ende (110) der
Knochenfixierschraube (102; 202; 302;
402; 1002) definiert; und
einen Gewindeschaft (114), der eine distale
Schraubenspitze (132) definiert, die distal
zu dem Schraubenkopf (106; 206; 306; 406;
1006) ist, wobei die Knochenfixierschraube
(102; 202; 302; 402; 1002) eine Öffnung
(111) definiert, die sich längs durch den
Schraubenkopf (106; 206; 306; 406; 1006)
hindurch und zumindest in den Gewinde-
schaft (114) hinein erstreckt, wobei die Öff-
nung (111) einen ersten Teil (118; 318; 418;

1018) mit einer ersten Querschnittsabmes-
sung (D1) in einer Richtung quer zur Längs-
achse und einen zweiten Teil (120; 320;
420; 1020), der distal zu dem ersten Teil
(118; 318; 418; 1018) angeordnet ist, defi-
niert, wobei der zweite Teil (120; 320; 420;
1020) eine zweite Querschnittsabmessung
(D2) in einer Richtung quer zur Längsachse
aufweist; und

zumindest einen Knochenschraubendreher
(104; 504; 604; 704; 804; 904), enthaltend:

einen Dreherschaft (144), der sich entlang
einer Längsachse (L-L) zwischen einem
proximalen Ende (138) und einem gegenü-
berliegenden distalen Ende (139) erstreckt,
wobei der Dreherschaft (144) eine Spitze
(134) an dem distalen Ende (139) definiert,
wobei die Spitze (134) eingerichtet ist, mit
einem Schraubenkopfschlitz (116; 216) zu-
sammenzuwirken; und
einen Stift (136; 536; 636; 736; 836; 936),
der sich von der Spitze (134) entlang der
Längsrichtung erstreckt, wobei der Stift
(136; 536; 636; 736; 836; 936) einen Stift-
schaft (137; 152; 752; 852; 952) und eine
Anlage (154; 554; 654; 754; 854; 954) ent-
hält,

dadurch gekennzeichnet, dass die zweite
Querschnittsabmessung (D2) größer ist als die
erste Querschnittsabmessung (D1), und
dass die Anlage (154; 554; 654; 754; 854; 954)
eingerichtet ist, einen gesperrten Zustand in
dem zweiten Teil (120; 320; 420; 1020) anzu-
nehmen, in welchem die Anlage (154; 554; 654;
754; 854; 954) eine Querschnittsabmessung
größer als die erste Querschnittsabmessung
(D1) definiert, wenn die Anlage durch den ersten
Teil (118; 318; 418; 1018) hindurch und in den
zweiten Teil (120; 320; 420; 1020) hinein einge-
führt ist.

2. Set nach Anspruch 1, wobei die Öffnung (111) eine
Kanülierung (108; 208; 408; 1008) umfasst, die sich
längs durch den Schaft (114) hindurch erstreckt.

3. Set nach Anspruch 1 oder 2, wobei sich der zweite
Teil (120) zum distalen Ende (112) des Gewinde-
schafts (114) erstreckt, wobei sich der erste Teil
(118) vorzugsweise von dem Schraubenkopf (106)
erstreckt.

4. Set nach Anspruch 1 oder 2, wobei der zweite Teil
(1020) ein distaler zweiter Teil (1020") ist, der distal
bezüglich des ersten Teils (1018) angeordnet ist, wo-
bei die Knochenfixierschraube (1002) des Weiteren
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einen proximalen zweiten Teil (1020’) umfasst, der
proximal bezüglich des ersten Teils (1018) angeord-
net ist, so dass der proximale und distale zweite Teil
(1020’, 1020") jeweils eine Querschnittsabmessung
definieren, die größer ist als die des ersten Teils
(1018).

5. Set nach Anspruch 1 oder 2, wobei der zweite Teil
(420) eine Nut ist, so dass der erste Teil (418) sowohl
distal als auch proximal bezüglich des zweiten Teils
(420) angeordnet ist.

6. Set nach einem der Ansprüche 1 bis 5, des Weiteren
umfassend einen Übergangsteil (122; 322; 422;
1022), der graduell zwischen dem ersten (118; 318;
418; 1018) und zweiten Teil (120; 320; 420; 1020)
übergeht, wobei der Übergangsteil (122; 322; 422;
1022) vorzugsweise einen Absatz umfasst, der zwi-
schen dem ersten und zweiten Teil abgewinkelt ist.

7. Set nach einem der Ansprüche 1 bis 6, wobei die
erste und zweite Querschnittsabmessung (D1, D2)
entlang der Länge des ersten bzw. zweiten Teils im
Wesentlichen konstant sind.

8. Set nach einem der Ansprüche 1 bis 7, wobei die
Querschnittsabmessungen (D1, D2) Durchmesser
umfassen.

9. Set nach einem der Ansprüche 1 bis 8, wobei der
Schraubenkopf (206) ein Gewinde aufweist.

10. Set nach einem der Ansprüche 1 bis 9, wobei der
Stiftschaft (137; 152; 752; 852; 952) eine Quer-
schnittsabmessung und eine Längslänge definiert,
wobei die Länge zumindest zweimal so groß ist wie
die Querschnittsabmessung.

11. Set nach einem der Ansprüche 1 bis 10, wobei sich
die Anlage (154; 554; 654; 754; 854; 954) von dem
Stiftschaft (137; 152; 752; 852; 952) aus erstreckt,
um eine Querschnittsabmessung in einer Richtung
quer zur Längsachse (L-L) zu definieren, die größer
ist als die des Stiftschafts (137; 152; 752; 852; 952).

12. Set nach einem der Ansprüche 1 bis 11, wobei die
Anlage (154; 554; 654; 754; 854) kompressibel ist.

13. Set nach einem der Ansprüche 1 bis 12, wobei der
Stift (136; 736; 836) einen Schlitz (160; 760; 860)
definiert, der sich in das distale Ende des Stiftschafts
(152; 752; 852) entlang einer proximalen Richtung
erstreckt, um ein Paar von beabstandeten Stiftar-
men (166; 766; 866) zu definieren.

14. Set nach Anspruch 13, wobei sich der Schlitz (160;
760) durch den Stiftschaft (152; 752) und die Anlage
(154; 754) hindurch entlang einer Richtung quer zur

Längsrichtung erstreckt, oder wobei sich der Schlitz
(860) in, aber nicht durch den Stiftschaft (852) und
die Anlage (854) entlang einer Richtung quer zur
Längsrichtung erstreckt, so dass die Arme (866) an
einem Querende über ein Gelenk (867) verbunden
sind.

15. Set nach einem der Ansprüche 1 bis 12, wobei die
Anlage (554; 654) einen Ring (559; 659) umfasst,
der in einer in dem Stiftschaft gebildeten Nut (557;
657) angeordnet ist, wobei der Ring vorzugsweise
ein Spaltring (654) ist.

Revendications

1. Kit comprenant :

au moins une vis à os (102; 202; 302; 402; 1002),
incluant :

une tête de vis (106; 206, 306, 406, 1006)
définissant une fente (116; 216) configurée
pour venir en prise avec un tournevis (104;
504; 604; 704; 804; 904) et définissant une
extrémité proximale (110) de la vis de fixa-
tion à os (102; 202; 302; 402; 1002), et
une tige filetée (114) qui définit un bout de
vis distal (132) qui est distal par rapport à
la tête de vis (106; 206; 306; 406; 1006), la
vis de fixation à os (102; 202; 302; 402;
1002) définissant une ouverture (111)
s’étendant longitudinalement à travers la tê-
te de vis (106; 206; 306; 406; 1006) et au
moins jusque dans la tige filetée (114),
l’ouverture (111) définissant une première
partie (118; 318; 418; 1018) présentant une
première dimension de section (D1) dans
une direction transversale à l’axe longitudi-
nal, et une seconde partie (120; 320; 420;
1020) disposée de manière distale par rap-
port à la première partie (118; 318; 418;
1018), la seconde partie (120; 320; 420;
1020) présentant une seconde dimension
de section (D2) dans une direction transver-
sale à l’axe longitudinal, et

au moins un tournevis pour vis à os (104; 504;
604; 704; 804; 904), incluant :

une tige de tournevis (144) s’étendant le
long d’un axe longitudinal (L-L) entre une
extrémité proximale (138) et une extrémité
distale opposée (139), la tige de tournevis
(144) définissant un bout (134) au niveau
de l’extrémité distale (139), dans lequel le
bout (134) est configuré pour venir en prise
avec une fente de tête de vis (116; 216), et
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une broche (136; 536; 636; 736; 836; 936)
s’étendant à partir du bout (134) le long de
la direction longitudinale, la broche (136;
536; 636; 736; 836; 936) incluant une tige
de broche (137; 152; 752; 852; 952) et un
point d’appui (154; 554; 654; 754; 854; 954),
caractérisé en ce que la seconde dimen-
sion de section (D2) est supérieure à la pre-
mière dimension de section (D1), et
en ce que le point d’appui (154; 554; 654;
754; 854; 954) est configuré pour adopter
une configuration bloquée à l’intérieur de la
seconde partie (120; 320; 420; 1020), où le
point d’appui (154; 554; 654; 754; 854; 954)
définit une dimension de section supérieure
à la première dimension de section (D1),
lorsque le point d’appui est inséré à travers
la première partie (118; 318; 418; 1018) et
dans la seconde partie (120; 320; 420;
1020).

2. Kit selon la revendication 1, dans lequel l’ouverture
(111) comprend une canule (108; 208; 408; 1008)
qui s’étend de manière longitudinale à travers la tige
(114).

3. Kit selon la revendication 1 ou 2, dans lequel la se-
conde partie (120) s’étend jusqu’à l’extrémité distale
(112) de la tige filetée (114), dans lequel la première
partie (118) s’étend de préférence à partir de la tête
de vis (106).

4. Kit selon la revendication 1 ou 2, dans lequel la se-
conde partie (1020) est une seconde partie distale
(1020") disposée de manière distale par rapport à la
première partie (1018), la vis de fixation à os (1002)
comprenant en outre une seconde partie proximale
(1020’) disposée de manière proximale par rapport
à la première partie (1018), de telle sorte que les
secondes parties proximale et distale (1020’ , 1020")
définissent chacune une dimension de section su-
périeure à celle de la première partie (1018).

5. Kit selon la revendication 1 ou 2, dans lequel la se-
conde partie (420) est une rainure telle que la pre-
mière partie (418) est disposée à la fois de manière
distale et proximale par rapport à la seconde partie
(420).

6. Kit selon l’une quelconque des revendications 1 à 5,
comprenant en outre une partie formant transition
(122; 322; 422; 1022) qui assure une transition pro-
gressive entre les première (118; 318; 418; 1018) et
seconde (120; 320; 420; 1020) parties, dans lequel
la partie formant transition (122; 322; 422; 1022)
comprend de préférence un épaulement présentant
un angle entre les première et seconde parties.

7. Kit selon l’une quelconque des revendications 1 à 6,
dans lequel les première et seconde dimensions de
section (D1, D2) sont sensiblement constantes le
long respectivement de la longueur des première et
seconde parties.

8. Kit selon l’une quelconque des revendications 1 à 7,
dans lequel les dimensions de section (D1, D2) com-
prennent des diamètres.

9. Kit selon l’une quelconque des revendications 1 à 8,
dans lequel la tête de vis (206) est filetée.

10. Kit selon l’une quelconque des revendications 1 à 9,
dans lequel la tige de broche (137; 152; 752; 852;
952) définit une dimension de section et une dimen-
sion longitudinale, dans lequel la longueur est au
moins égale à deux fois la dimension de section.

11. Kit selon l’une quelconque des revendications 1 à
10, dans lequel le point d’appui (154; 554; 654; 754;
854; 954) s’étend vers l’extérieur à partir de la tige
de broche (137; 152; 752; 852; 952) de manière à
définir une dimension de section dans une direction
transversale à l’axe longitudinal (L-L) qui est supé-
rieure à celle de la tige de broche (137; 152; 752;
852; 952).

12. Kit selon l’une quelconque des revendications 1 à
11, dans lequel le point d’appui (154; 554; 654; 754;
854) peut être comprimé.

13. Kit selon l’une quelconque des revendications 1 à
12, dans lequel la broche (136; 736; 836) définit une
fente (160; 760; 860) s’étendant jusque dans l’extré-
mité distale de la tige de broche (152; 752; 852) le
long d’une direction proximale de manière à définir
une paire de bras à broche espacés (166; 766; 866).

14. Kit selon la revendication 13, dans lequel la fente
(160; 760) s’étend à travers la tige de broche (152;
752) et le point d’appui (154; 754) le long d’une di-
rection transversale à la direction longitudinale, ou
dans lequel la fente (860) s’étend jusque dans la tige
de broche (852), mais sans s’étendre à travers celle-
ci, et le point d’appui (854) le long d’une direction
transversale à la direction longitudinale, de sorte que
les bras (866) sont reliés au niveau d’une extrémité
transversale par une charnière (867).

15. Kit selon l’une quelconque des revendications 1 à
12, dans lequel le point d’appui (554; 654) comprend
une bague (559; 659) disposée dans une rainure
(557; 657) formé dans la tige de broche, dans lequel
l’anneau est de préférence une bague fendue (654).

25 26 



EP 2 398 413 B1

15



EP 2 398 413 B1

16



EP 2 398 413 B1

17



EP 2 398 413 B1

18



EP 2 398 413 B1

19



EP 2 398 413 B1

20



EP 2 398 413 B1

21



EP 2 398 413 B1

22



EP 2 398 413 B1

23



EP 2 398 413 B1

24



EP 2 398 413 B1

25



EP 2 398 413 B1

26



EP 2 398 413 B1

27



EP 2 398 413 B1

28

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 9008510 A1 [0002]


	bibliography
	description
	claims
	drawings

