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(57) Abréegée/Abstract:

A drill guide includes a first bone plate that extends along a first middle plane, and a second bone plate that extends along a second
middle plane. The drill guide further includes a first articulation and a second articulation that is connected to the first articulation.
The first and second articulations are arranged between the first and the second bone plate. Each of the first and second

articulations Is releasably lockable.
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(57) Abstract: A drill guide includes a first bone plate that extends along a first middle plane, and a second bone plate that ex-
tends along a second middle plane. The drill guide further includes a first articulation and a second articulation that 1s connected
to the first articulation. The first and second articulations are arranged between the first and the second bone plate. Each of the
first and second articulations 1s releasably lockable.
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DRILL GUIDE SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This claims priority to U.S. Provisional Patent Application Serial No.
61/285,755 filed December 11, 2009, the disclosure of which 1s hereby incorporated by

reference as 1f set forth 1n 1ts entirety herein.

FIELD OF THE DISCLOSURE
[0002] The present disclosure generally relates to bone fixation, and 1n particular

relates to a drill guide system for post-osteotomy bone plates.

BACKGROUND

[0003] Unreduced bone fractures and malunited fractures can cause considerable
loss of anatomical function. For instance, an unreduced radial head in a malunited fracture
can cause considerable loss of anatomical forearm function. Unreduced and malunited
extraarticular fractures of the distal radius can be subsequently treated with a planned
corrective osteotomy. Correct preoperative planning of the corrective osteotomy can be
achieved on the bases of two-dimensional X-ray image data or three-dimensional Computer
Tomography data. One such system related to an osteotomy of a maxilla 1s disclosed in U.S.
Patent Application Serial No. 12/770,088 filed on April 29, 2010, the disclosure of which 1s
hereby incorporated by reference as if set forth 1n 1ts entirety herein. While extraarticular
bone fixation plates can be used to fix the bone segments achieved post-osteotomy, 1t 18

desired to provide a method and apparatus for providing a preoperative planned correction.

SUMMARY

[0004] In accordance with one embodiment, a method and apparatus are provided
that provide a pre-operatively selected cutting line to realign fractured bones (e.g., of the distal
radius) that may have been joined 1n an incorrect non-anatomical way. Correction of the mal-
alignment involves cutting bone at a desired place so as to divide the bone 1nto a pair of bone
segments, re-positioning the bone segments 1n a longitudinal and rotational correct position,
and fixing the bone segments 1n the correct position so that they can be re-united correctly.
The fixation can be effected with any suitably constructed bone plate, such as a T-shaped

bone plate or an L-shaped bone plate 1n a right or left side configuration.
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[0005] According to the inventive solution of the above object a pre-operative
planning 1s performed 1n which the corrections between the two bone segments, 1n particular
the rotational corrections and the longitudinal axial correction are determined before
performing the cutting of the mal-united bone.

[0006] In accordance with one aspect, a drill guide for a distal radius plate 1s
provided which comprises a first longitudinal bone plate substantially defining a first middle
plane, a second transverse bone plate substantially defining a second middle plane, a first
articulation and a second articulation connected to the first articulation. The first and second
articulations are arranged between the first and the second bone plate and each of the first and
second articulations 1s releasably lockable.

[0007] The drill guide allows the bone fixation holes for the bone anchors that secure
the bone fixation plate to the bone segments can be drilled prior to performing the corrective
osteotomy. The drill guide can be adjusted to position the transverse bone plate relative to the
longitudinal bone plate 1n such manner that once the osteotomy has been performed the plate
holes of a T-shaped bone plate coincide with the bone fixstion holes drilled before performing
the pre-operatively planned osteotomy.

[0008] The correction values of the drill guide can be adjusted directly using small
scales on the drill guide. Alternatively or additionally, an auxiliary device 18 configured to
adjust the correction values of the drill guide using larger scales of the auxiliary device so as
to enhance visibility of the scales.

[0009] According to another embodiment the first articulation comprises a first axis
of rotation and the second articulation comprises a second axis of rotation which 1s not
parallel to the first axis of rotation. The first and second axis of rotation are skewed, or
angularly offset, relative to each other. The first and second articulation can be configured so
as to not define a spherical joint.

[0010] According to a further embodiment one of the first and second axis of
rotation 18 substantially perpendicular to the first middle plane.

[0011] In yet another embodiment the other one of the first and second axis of
rotation lies substantially in the second middle plane.

[0012] In a further embodiment of the drill guide the first and second articulation are
configured as releasably lockable ball-and-socket joints and wherein the first and second

articulation comprise a first, respectively second axis of rotation. Accordingly, the first and
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second bone plates can be rotated relative to each other with respect to three degrees of
freedom.

[0013] In a further embodiment of the drill guide one of the first and second axis of
rotation lies substantially in the first middle plane.

[0014] In again a further embodiment of the drill guide the other one of the first and
second axis of rotation lies substantially in the second middle plane.

[0015] In another embodiment of the drill guide, the first articulation 1s coupled to
the first bone plate and the second articulation 1s coupled to the second bone plate, and an arm
comprising a first and a second arm portion 1s coupled between the first and second
articulation, wherein the first and second arm portion are pivotally coupled to each other by a
central articulation, which can be provided as a hinge joint. Accordingly, the first and second
bone plate can be moved relative to each other with respect to six degrees of freedom.

[0016] In another embodiment of the drill guide the first bone plate comprises a first
and a second lateral extension each comprising a housing with a socket of one of the ball-and-
socket joints and wherein the first and second lateral extension measured 1n the first middle
plane can be equidistantly spaced from the longitudinal axis of the first bone plate.
Accordingly, the drill guide can be used to align both the left radius and the right radius of a
patient.

[0017] In again another embodiment of the drill guide the first and second arm
portion cach comprises a ball of one of the ball-and-socket joints and wherein each ball 1s
located at an end of each of the first and second arm portion opposite the central articulation.

[0018] According to again another embodiment the second bone plate 1s arranged
transverse at an angle o to the first bone plate.

[0019] According to a further embodiment the angle o 1s adjustable by pivoting the
second bone plate about the first axis of rotation, respectively about the first and/or second
ax1s of rotation. The angle o between the longitudinal axis of the first bone plate and the
longitudinal axis of the second bone plate measured 1n a plane parallel to the first middle
plane can be 1n a range having a lower end of approximately 50°, and alternatively
approximately 55°, and an upper end of approximately 130°, and alternatively approximately
125°. In accordance with one embodiment the angle o 18 approximately 50°. This first
correction angle o corresponds to the rotation of the osteotomied joint head about an axis of

rotation extending in the dorsal-palmar direction of the radius.
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[0020] According to another embodiment the first bone plate comprises a
longitudinal axis and the first axis of rotation. The first axis of rotation 1s located at a non-
zero distance from the central longitudinal axis of the first bone plate between approximately
15 mm and 20 mm, such as approximately 18 mm. Accordingly, the transverse bone plate
can be displaced relative to the longitudinal portion 1n a direction that can have one or both of
a rotation component and a translation component so as to simulate a pivot axis extending in
the dorsal-palmar direction of the radius defined by the osteotomy. The distance A can be
selected so that rotation of the distal radius head can be effected after the osteotomy has been
performed 1n a plane orthogonal to the dorsal-palmar direction of the radius. The rotation of
the distal radius head can be performed about an axis of rotation defined by the tip of the
ostcotomy cut.

[0021] According to a further embodiment the second bone plate comprises at least
two plate holes each having the form of a key-hole which comprises an enlarged portion
allowing a screw head of a bone anchor to pass therethrough.

[0022] According to yet another embodiment the second bone plate comprises at
least two plate holes having a channel extending from the respective plate hole towards the
periphery of the second bone plate allowing to remove the second plate from two or more
bone anchors 1n a direction parallel to the second middle plane. Two or all of the plate holes 1n
the second bone plate can be configured with a channel extending 1n a distal direction from
the plate hole to the periphery of the second bone plate. If the channels of the plate holes 1n
the second bone plate extend 1n a lateral direction from the plate hole to the periphery of the
second bone plate the channels extend 1n opposite lateral directions from the outer two plate
holes towards the periphery of the second bone plate. The channels between the plate holes
and the periphery of the second bone plate allow the bone anchors to remain fixed to the
underlying bone, but can be loosened so that the bone fixation plate can be translated such that
the bone anchors pass through the channels.

[0023] According to a further embodiment the first bone plate comprises scale that
extends parallel to the central longitudinal axis of the first bone plate, and defines a marked
zero-position. The scale allows a drill bit to be positioned at a predetermined distance from
the zero-position corresponding to a pre-operatively planned length of correction of the
ostcotomy.

[0024] In another embodiment of the drill guide the second bone plate comprises two

through channels which are open towards the periphery of the second bone plate.
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Accordingly, the second bone plate can be positioned on an auxiliary device 1n a defined
position.

[0025] In another embodiment of the drill guide the second bone plate comprises two
or more through holes configured to receive a guide wire each. The drill guide can thus be
fixed to by the guide wires.

[0026] The first bone plate can include a pair of elongated plate holes, wherein each
of the elongated plate holes comprises a first section with a conical thread and a second
section with a recess which enlarges, for instance spherically, towards the top surface of the
first bone plate. The second bone plate can comprise four plate holes arranged on a
longitudinal axis of the second bone plate and each being provided with a conical thread.
Furthermore, the first and second articulations can be releasably lockable using respective
locking screws that fix the first and second articulations a desired position. The drill guide
can be made from any suitable material, such as stainless steel and alloys thereof, titanium and
titanium alloys or PEEK.

[0027] The embodiments of the drill guide for the right hand side and left hand side
differ only therein that the first articulation 1s arranged at a distance A measured 1n the right or
left direction from the longitudinal axis of the first bone plate.

[0028] In accordance with a further aspect, an auxiliary device for the drill guide 1s
provided. The auxiliary device comprises a base plate that defines a central axis of rotation, a
rotatable member rotatably arranged on the base plate in such a manner that the rotatable
member 18 rotatable about the central axis of rotation, a first positioning member arranged on
the base plate and including a seat configured to recerve the first bone plate and a second
positioning member fixed on the rotatable member. The second positioning member includes
a slideable member and 1s configured to angularly adjust the second bone plate.

[0029] The slideable member can be slideably displaceable on an arc in such manner
that the second middle plane of the second bone plate 1s located at an angle B of minimum 0°
with respect to the first middle plane of the first bone plate. The angle B 1s maximum +60°.
The angle P allows a rotation of the second bone plate about an axis which 1s orthogonal to the
dorsal-palmar direction of the radius and orthogonal or oblique to the longitudinal axis of the
radius. The zero position of the plane surface of the slideable member 1s defined so that the
second middle plane of the second bone plate 1s at an angle of +25° with respect to the first
middle plane of the first bone plate. Typically the second bone plate 1s rotated about the

second axis of rotation, respectively the second and/or first axis of rotation with an angle 1n a

d
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range between -50° and +40° (for an application for the tibia up to 90°) with respect to the
zero position. The first positioning member can include a first fastener to releasably fix the
first bone plate 1n the seat. The slideable member can comprise a second fastener to releasably
fix the second bone plate to the second positioning member. Furthermore, the rotatable
member can be releasably fixable with respect to the base plate.

[0030] In a further embodiment of the auxiliary device the first positioning member
1s fixedly arranged on the base plate and the seat defines an adjustment plane orthogonal to
the central axis configured to receive the first bone plate 1n a position with the first middle
plane parallel to the adjustment plane and the slideable member 1s slideable on an arc
orthogonal to the adjustment plane. The seat 1s configured to recerve the first bone plate with
the first axis of rotation coinciding with the central axis of the base plate. Furthermore, the arc
has a radius R with a center lying on the second axis of rotation when the first bone plate 1s
mounted 1n the seat.

[0031] In another embodiment of the auxiliary device the first positioning member
comprises a hinge joint with an axis of rotation orthogonal to the central axis.

[0032] In another embodiment of the auxiliary device the first positioning member 18
displaceable along an axis which can be substantially orthogonal to the central axis and can
further be substantially orthogonal to the axis of rotation.

[0033] According to a further embodiment the seat of the first positioning member 1s
configured to recerve the first bone plate 1n a right side or 1n a left side embodiment.

[0034] According to another embodiment the first positioning member includes a
first and a second secat configured to receive the first bone plate 1n a right side or 1n a left side
embodiment.

[0035] In yet another embodiment of the auxiliary device the second positioning
member comprises two or more positioning elements allowing to position the second bone
plate of the drill guide 1n a defined position.

[0036] The drill guide can be further used to reduce fractures in the epiphysis of a
long bone.

[0037] In accordance with a further aspect the method for performing a corrective
operation of malunited extraarticular bone fractures comprises the following steps:

a) pre-operatively planning of angular and length correction values including selecting
an osteotomy line to be performed and selecting a suitable bone plate for fixing the distal long

bone osteotomy;
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b) adjusting a drill guide using the angular corrections values established under step a);

¢) marking the end position of the longitudinal portion of the bone plate to be used on
the bone shaft segment;

d) positioning the drill guide with the guiding mark at the free end of the longitudinal
portion of the adjusted drill guide at the marked position on the bone shaft segment and
holding the longitudinal portion there manually or using an instrument;

¢) drilling the bone fixation holes through the bone fixation holes of the transverse
portion of the drill guide 1nto the distal bone segment;

f) drilling one or more bone fixation holes 1n the shaft segment, while applying the
pre-planned longitudinal correction by positioning the holes at a desired longitudinally
corrective location on the scale that 1s located adjacent to the elongated hole of the drill guide.
The longitudinal correction 1s applied by positioning the tip of the drill bit at a distance from
the marked zero-position measured on the scale which coincides with the longitudinal
correction of the osteotomy determined under step a);

o) removing the drill guide;

h) performing the pre-planned osteotomy;

1) fixing the pre-selected bone plate with bone anchors at the transverse portion to the
distal segment;

1) reducing the bone segments angularly and axially so that a bone anchor can be set
through the longitudinal portion of the bone plate into the pre-drill bone hole 1n the shaft
segment; and

k) setting one or more additional bone anchors through the longitudinal portion of the
bone plate according to the length correction value determined under step a).

[0038] In accordance with one embodiment, the angular and length correction values
include rotation angles of an osteotomied epiphyseal bone portion relative to a remaining long
bone portion and a displacement length of the osteotomied epiphyseal bone portion relative to
the remaining long bone portion.

[0039] According to a further embodiment the step of drilling the bone fixation holes
through the transverse portion of the drill guide and the step of removing the drill guide are
composed by the steps of:

¢l) drilling the bone fixation holes through the bone fixation holes of the transverse

portion of the drill guide 1nto the distal bone segment;
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¢2) fixing the drill guide with bone anchors at the transverse portion to the distal
segment;

¢1) loosening the bone anchors at the transverse portion of the drill guide; and

o2) removing the drill guide by displacing the transverse portion 1n such manner that
the screw heads of the bone anchors pass through the enlarged portion of the key-hole shaped
plate holes or that the bone anchors pass through the open plate holes towards the periphery of
the transverse portion.

[0040] Bone chips can be introduced 1nto the osteotomy gap produced between the
two correctly repositioned bone segments to further facilitate healing.

[0041] In accordance with again another aspect a kit for drilling bone fixation holes
in bone segments 1n a pre-operatively planned position 1s provided including the drill guide
the auxiliary device.

[0042] In accordance with yet another aspect a kit for performing and fixing of a
corrective osteotomy 1s provided including the drill guide and a bone plate, such as a T-

shaped bone plate or an L-shaped bone plate 1n a right side or in a left side configuration.

DESCRIPTION OF THE DRAWINGS

[0043] The foregoing summary, as well as the following detailed description of
preferred embodiments of the application, will be better understood when read 1n conjunction
with the appended drawings. For the purposes of illustrating the embodiments of the present
application, there 1s shown 1n the drawings certain embodiments. It should be understood,
however, that the application 1s not limited to the precise arrangements and instrumentalities
shown. In the drawings:

[0044] Fig. 1 1s a perspective view of a drill guide constructed 1n accordance with
onec embodiment;

[0045] Fig. 2 1s a top plan view of a portion of a drill guide similar to the drill guide
illustrated 1n Fig. 1, but showing a key-shaped plate hole 1n accordance with another
embodiment;

[0046] Fig. 3 1s a top plan view of a portion of a drill guide similar to the drill guide
illustrated 1n Fig. 1, but showing a plate hole which 1s open towards the periphery of the
second bone plate in accordance with another embodiment;

[0047] Fig. 4 1s a perspective view of a portion of the second bone plate including

key-shaped plate holes as 1llustrated 1n Fig. 2;
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[0048] Fig. 5 1s a perspective view of a drill guide system including an auxihiary
device constructed 1n accordance with one embodiment for use with the drill guide 1llustrated
in Fig. 1;

[0049] Fig. 6 1s a top plan view of the drill guide illustrated in Fig. 1 positioned on a
distal radius prior to performing a corrective osteotomy on the distal radius;

[0050] Fig. 7 1s a top plan view of a distal radius illustrated 1n Fig. 6, after the
corrective osteotomy has been performed and a T-shaped distal radius bone plate has been
positioned on the distal radius;

[0051] Fig. 81s a side elevation view of the drill guide 1llustrated 1n Fig. 6,
positioned on the distal radius prior to performing the corrective ostecotomy on the distal
radius;

[0052] Fig. 9 1s a side elevation view of the distal radius as illustrated in Fig. 7, after
the corrective osteotomy has been performed and the T-shaped distal radius bone plate has
been positioned on the distal radius;

[0053] Fig. 10 1s a perspective view of a drill guide constructed 1in accordance with
another embodiment; and

[0054] Fig. 11 1s a perspective view of a drill guide system including an auxiliary
device constructed 1n accordance with another embodiment for use in combination with the

drill guide 1llustrated in Fig.10.

DETAILED DESCRIPTION

[0055] Referring to Fig. 1, a drill guide 1 allows bone plate fixation holes to be
drilled into the underlying bone at predetermined locations prior to performing an osteotomy
on the underlying bone. The bone fixation holes receive respective bone anchors that fix a
pre-selected bone plate to the underlying bone segments at a predetermined location that
aligns the bone segments 1n a predetermined position after the osteotomy has been performed.
The underlying bone can be a distal radius, such that one plate of the drill guide can be placed
over the radius shaft, and a second plate of the drill guide can be placed over the radius head,
so as to reduce the osteotomy fracture of the distal radius in such a manner that the radius
shaft and radius head are aligned as desired. It will become apparent that the drill guide can
be used to align bone fixation holes 1n the epiphysis of any long bone as desired. The drill
ouide can be made from any suitable material, such as stainless steel and alloys thereof,

titanium and titanium alloys or PEEK.
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[0056] The drill guide 1 includes a first bone plate 2, a second bone plate 4 that 1s
angularly offset with respect to the first bone plate 2, a first articulation 6 fixedly connected to
the first bone plate 2 and a second articulation 8 located between the first articulation 6 and
the second bone plate 4. As will be appreciated from the description below, the second bone
plate 4 1s rotatably relative to the first bone plate 2 about the first and second articulations 6
and 8, respectively. The first bone plate 2 1s elongate along a central longitudinal axis 10, and
defines a proximal end P and an opposed distal end D that 1s spaced from the proximal end P
along the longitudinal axis 10. The first bone plate 2 further defines a bone contacting surface
62 that extends generally along a first middle plane 3 that extends along a bone-facing surface
of the first bone plate 2. The second bone plate 4 extends along a respective long axis 57, and
defines a bone-facing surface 63 that extends generally along a second middle plane 5. Each
of the first and second articulations 6 and 8, respectively, cane be configured as a hinge and 18
releasably lockable using any suitable fastener as desired, such as a set screw, a grub screw, a
standard screw, a stardrive screw, a socket, or any alternative fastener that an operator can
fasten with a tool as would be understood by the skilled person. The first articulation 6 1s
configured to rotate about a first center of rotation, 1llustrated as a first axis of rotation 7, that
extends substantially orthogonal to the first middle plane 3, 1.¢. in the dorsal-palmar direction
of the distal radius. The second articulation 8 1s configured to rotate about a second center of
rotation, 1llustrated as a second axis of rotation 9. The first and second axes 7 and 9,
respectively, are angularly offset (e.g., skewed) relative to each other. For instance, the
second axi1s of rotation 9 can be substantially orthogonal with respect to the first axis of
rotation 7. It should be appreciated that “orthogonal” components described herein can
alternatively be angularly offset as desired. The first and second articulations 6 and 8 can
provide non-spherical joints if desired.

[0057] The second axis of rotation 9 can li¢ 1in the second middle plane 5 and can
extend along a direction transverse to the longitudinal axis of the distal radius 1n accordance
with the 1llustrated embodiment. Thus, 1t can be said that one of the first and second axes of
rotation 7 and 9 can be substantially perpendicular to the first middle plane 3, and the other of
the first and second axes of rotation can lie substantially in the second middle plane 5. Each
of the first and second bone plates 2 and 4, respectively, can define an elongated shape. The
second bone plate 4 can be oriented so as to define a central long axis 57 positioned angularly
offset or substantially orthogonal to the longitudinal axis 10 of the first bone plate 2. The

clongated second bone plate 4 can define an angle relative to the long axis 57, but the second

10
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bone plate 4 can nevertheless be described as extending along the long axis 57. The second
bone plate 4 further includes a first portion that 1s fixed at the second articulation 8 and
extends parallel to the second axis of rotation 9. The second bone plate 4 includes a second
portion opposite the first portion that extends at an angle relative to the second axis of rotation
9.

[0058] The second bone plate 4 can be rotated about the first axis of rotation 7 so as
to adjust a first angle o to a pre-planned correction value. The angle o 1s defined by the
longitudinal axis 10 of the first bone plate 2 and the second axis of rotation 9 of the second
articulation 8 measured 1n a plane parallel to the first middle plane 3. Because the second axis
of rotation 9 1s substantially parallel to the long axis 57 of the second bone plate 4, the angle o
can further be defined by the longitudinal axis of the first bone plate 2 and the long axis 57 of
the second bone plate 4. Accordingly, the longitudinal axis of second bone plate 4 can be
oriented angularly offset with respect to the longitudinal axis of the first bone plate 2 at the
angle o that has been adjusted to the preplanned first correction angle. The angle o can define
a minimum value of at least 50°, such as 55°, and a maximum value of at least 125°, such as
130°. Thus, the angle o can be within the range including and between approximately 50° and
approximately 130°. The first correction angle o corresponds to the rotation of the
osteotomied joint head about an axis of rotation extending in the dorsal-palmar direction of
the distal radius.

[0059] The second bone plate 4 can be rotated about the second axis of rotation 9 so
as to adjust a second angle B to a pre-planned correction angle. The angle B 1s defined by the
second middle plane 5 and the first middle plane 3. It should be appreciated that a bone plate
50 (see Fig. 7) can be selected sized and shaped so as to correspond to the first and second
pre-planned correction angles of the first and second angles a and 3. The first articulation 6 1s
supported by an oblique extension 49 that protrudes out from first bone plate 2 such that the
first axis of rotation 7 1s spaced from the longitudinal axis 10 at a distance A that can be
greater than half of the width of the first bone plate 2. The drill guide 1 can be selectively
positioned 1n a right hand side configuration or a left hand configuration. In the right hand
configuration, the first articulation 6 1s positioned such that the first axis of rotation 7 1s
arranged 1n the right direction from the longitudinal axis 10. In the left hand configuration,
the first articulation 6 1s positioned such that the first axis of rotation 7 1s arranged 1n the left
direction from the longitudinal axis 10. Thus, the extension 49 can be fastened to either the

right or the left side o