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“FRACTURE FIXATION PLATE”

(o001} Technical Field

fooo2] The invention relates generally to the fixation of bone fractures and in

particular to plates for the volar fixation of fractures of the distal radius.

(00031 Backeround Art

[0004] Fracture fixation plates for the distal radius are known m the art. In
particular, volar fracture fixation plates for the treatment of the Colles” fracture are
frequently used. While many existing plates are effective, in many instances they
do not provide the means for: a.) good visualization of the fracture; b.} achieving
good contact between the plate and the bone; ¢.) the need to farget particular bone
fragments; d.) the fixation of small volar margmal fragments and )
accommodating for conditions such as morbidity of the patient m the form of
osteoporotic diaphyseal bone, Furthermore, in & small but significant number of

cases, known fracture fixation plates andfor the fasteners attached thereto can
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unpinge upon flexor andior extensor tendons, resulting m post-operative tendon

injury or rupture.

[000s] Summary of Invention

00061 It is among the objecis of this invention to overcome the himitations of the
heretofore-known devices by providing mventive features to gchieve: a.) superior
fixation of the plate to osteoporotic diaphyseal bone; b)) improved visualization of
the fracture ling; ¢.) intraoperative adjustability to achieve better contact of the
plate and the bone; d.} reduction of the risk of post-surgery flexor and extensor
tendon rupture; e.) improved fixation of small volar margimal fragments; and {))

improved targeting and fixation of particular fractured bone fragments.

(00077 Although the invention is illustrated and described herein as embodied in a
volar fracture fixation plate for the distal radius 1t 18 nevertheless not mtended to be
timited to only the details shown, since various modifications and structural
changes may be made therem without departing from the spirit of the invention and

within the scope and range of equivalents of the claims.
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[0008] The construction of the mvention, however, together with additional objects
and advantages thereof will be best understood from the following deseription of
the specific disclosed embodiments when read in connection with the

accompanying drawings.

[0009] For purpose of the deseriptions of the invention that follow, “bottom™ refers

to the bone contacting swiace of a plate and “top” refers to the opposite surface.

00101 Brief Description of Drawings

[0011] FIG. 1 1s a top view of a fracture fixation plate m accordance with the
present invention.

[0012] FIG. 2 is a bottom view of a fracture fixation plate in accordance with the
present invention.

00131 FIG. 3 is an additional top view of the fracture fixation plate of FIG. 1
showing additional features of the present invention.

[0014] FIG. 4 1s an additional bottom view of the fracture fixation plate of FIG. 2

showing additional features of the present invention.
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(00151 FIG. § is a top orthogonal view of a fracture fixation plate In accordance
with the present invention iHustrating the skew axes defined by holes in the ulnar
head portion of the fracture fixation plate.
(00161 FIG. 6 is top orthogonal view of a fracture fixation plate in accordance with
the present mvention illusirating the skew axes defined by holes m the radial head
portion of the fracture fixation plate.
0017] FIG. 7 is a top orthogonal view of an alternate embodiment of a fracture
fixation plate 1 accordance with the present invention illustrating the skew axes
defined by holes i the ulnar head portion of the fracture fixation plate.
[0018] FIG. 8 is top orthogonal view of an altemate embodiment of a fracture
fixation plate in accordance with the present invention illusirating the skew axes
defined by holes in the radial head portion of the fracture fixation plate.
(00191 FIG. 9A 13 a top view (semi-transparent for clarity) of a fracture fixation
plate m accordance with the present mvention with bone fasteners and K-wires
installed therein.
(0020} FIG. 9B 1s a longitudinal cross section of the fracture fixation plate 1 FIG.
9A showing the ulnar side of the fracture fixation plate.
(0211 FI1G. 9C s a longitudinal cross section of the fracture fixation plate m FIG.

9A showing the radial side of the fracture fixation plate.
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00221 F1G. 10A 15 a top view of a fracture fixation plate in accordance with an
alternate embodiment of the present invention with bone fasteners installied therein,
and superimposed on a human radius bone to illustrate s relative positioning.
(00231 FIG. 10B is a longitudinal cross section of the fracture fixation plate in FIG.
10A showing the ulnar side of the fracture fixation plate.

f0024] FI1G. 10C 18 a longitudinal cross section of the fracture fixation plate i FIG.
10A showing the radial side of the fracture fixation plate.

(0025 FIG. 11 15 a bottom orthogonal view of a fracture fixation plate
accordance with the present invention illustrating various portions of the bone
contacting surface of the fracture fixation plate.

foo26] FIG. 12 1s a bottom orthogonal view of a fracture fixation plate in
accordance with the present invention tlustrating the range of adjustability of the
position of the radial head portion of the fracture fixation plate.

(00271 F1G. 13 1s a perspective view of an alternate embodiment of a fracture
fixation plate in accordance with the present mvention installed on a human radius
bone illustrating its position relative to the watershed hine.

(00281 FIGS. 14A and 14B are diagrams illustrating the relative positioning
between a flexor tendon in the volar side of the human radius bone and prior art

single-headed fracture fixation plates.
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(00297 F1G. 14C 15 a diagram illustrating the relative posttioning between a flexor
tendon in the volar side of the human radius bone and a fracture fixation plate in
accordance with the present invention.

(00301 FIG. 15A and 15B show, respectively, prior art threaded fastener and the
relative positioning between an extensor tendon and the prior art threaded fastener
affixed to a fracture fixation plaic installed on the human radius bone.

0031] FIG. 15C and 13D show, respectively, a threaded fastener in accordance
with the present invention and the relative positioning between an extensor tendon
and a threaded fastener in accordance with the present invention affixed to a
fracture fixation plate nstalled on the human radius bone.

[0032] FIG. 16A is a perspective view of a variable angle cannulated fastener in
accordance with the present invention

(00331 FIG. 16B is a longitudmal, perspective cross-section view of variable angle
cannulated fastener in accordance with the present invention.

(00341 FIG. 17A 18 a partial top orthogonal view of an alternate embodiment of a
fracture fixation plate in accordance with the present invention Hlustrating suture
holes and a communicating channel therebetween.

(00351 FIG. 178 15 a bottom orthogonal view of the fracture f{ixation plate i FIG.

16A,
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[0036] Description of Embediments

[0037] Referring to FIGS. 1 and 2, a generally 7Y™ shaped fracture fixation plate
100 is shown having a bone contacting surface 101 and an opposite surface {02, a
straight or slightly curving elongated body portion 110 having a proximal end and
a distal end and a plurality of independently adjustable head portions 120, 130
The plurality of head portions are angled relative to the body portion 110 about
ulpar lateral axis ul and radial lateral axis ri that diverge distally. In one
embodiment of the present invention, for gse as a volar radius fixation plate, the
plurality of head portions are embodied as an ulnar head portion 120 and a vadial
head portion 130, Head portions 120 and 130 are independently connected to body
portion 110, respectively, by ulnar neck portion 125 and radial neck portion 135
which branch out angularly from the distal end of body portion 110 and are
independently adjustable. Body portion 110 15 intended to be anchored to the
diaphysis portion of a bone while ulnar and radial head portions 120 and 130 are
adapted to anchor, respectively, the ulnar and radial metaphyseal fragments of a
fracture. The gap 140 formed between head portions 120 and 130 as well as
between neck portions 125 and 135 allows for good visualization of the fracture

Hine.
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[0038] Referring now fo FIGS. 1 - 4 radial head portion 130 of fracture fixation
plate 100 includes a plurality of threaded holes 160, In this particular embodiment,
the radial head portion 130 includes three threaded holes 160, The threaded holes
160 are arranged non-linearly, ¢.g.; as vertices of a triangle if three holes 160 are
present.  In alternate embodiments, if more than three threaded holes 160 are
present, the holes are arranged as vertices of a polygon. Holes 160 are intended to

receive bone fasteners (1.8 screws or pegs, solid or cannulated) having threaded

heads that are adapted to engage the threads of holes 160 in either: a.) a fixed angle
relationship {1.e.; along the axis of a hole 160) or b.) a variable angle relationship
(1.e.c along an axis selected intraoperatively by the surgeon, non-collinear with the
axis of a hole 160). Likewise, ulnar head portion 120 includes a plurality of holes

of type 160, similarly arranged and having similar functionality to those in radial

head portion 130,

(00391 Referring again to FIGS. 1 — 4, radial head portion 130 of fracture fixation
plate 100 optionally mcludes at least one non-threaded hole 161, Holes 161 are
mtended to recetve complimentartly sized Kirschner wires (heremafier “K-wires™)
therethrough in a pre-defined angular velationship to the bone contacting surface

101 of head portion 130, The K-wires (shown in FIGS. 9A, 9B and 9C) enter the
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plate through the opposite surface 102 and exit the fracture fixation plate through
the bone contacting surface 101, Likewise, ulnar head portion 120 s optionally
provided with at least one hole of type K having identical functionahity to those in
radial head portion 130 and may optionally be provided with interconnected holes

164 for receiving sutures as will be explamed further below.

(00401 As further shown in FIGS. 1 - 4, m the present embodiment, the body
portion 110 includes at least one anchoring hole 162, which is threaded and
adapted to receive anchoring fasteners with complementarily threaded heads that
engage the threads of anchoring holes 162 at a fixed angle relationship {i.e:
collinear to the axes of anchoring holes 162). The axes of threaded holes 162 may
optionally be skew (heretofore defined as non-coplanar) relative to each other.
Furthermore, the body portion 110 may optionally include one or more non-
threaded anchoring slots 163, for receiving compression screws permitting the
temporary repositioning of the plate relative to the underlying bone during surgery.
Body portion 110 may optionally mclude one or more holes K intended to receive
complimentarily sized K-wires for temporary anchoring of the body portion to the

hone.
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(00417 Referring now to FIGS. 5 - 6, therein 1s shown one embodiment of a fracture
fixation plate 100 having axes al through a9 defined by the plurality of holes 160
and 162, The actual number of axes al, a2...aN in a particular fracture fixation
plate 1 a function of the number of holes 160 and 162 existing m that particular
embodiment of the fracture fixation plate. Axes al, a2 and a3 in ulnar head portion
120 are skew (non-coplanar, as previously defined) relative to gach other but exist
in planes that are mutually parallel. Axes ad, a3, and a6 n radial head portion 130
are also skew relative to cach other and also exist in planes that are mutually
parallel. However, the parallel planes where the first set of axes {al, a2, a3) exist
are not parallel to the parallel planes where the second set of axes (a4, a3, a6) exist
but, msiead, the first set of parallel planes diverges distally relative to the second
set of parallel planegs. This arrangement is advantageous because skew lines are
inherent fo the formation of surfaces that mimic the shape of the articular surface
of at least one bone m a jomnt. Axes a7, a8 and a9 in body portion {10 may
optionally be skew relative to each other. This is also advantageous since fasteners
anchored along skew axes provide better anchorage of the plate to the diaphysis of

osteoporotic bone than equivalent fasteners with parallel axes.
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{0042} Referring now to FIGS. 7 ~ §, theremn 1s shown an alternate embodiment of a
fracture fixation plate 200 having axes bl through bl0 defined by the plurality of
threaded holes 260 and 262. In this particular embodiment the ulnar head portion
220 defines four threaded holes 260 arranged as vertices of a four-sided polygon,
Axes bl, b2, b3 and b4 of the threaded holes 260 in ulnar head portion 220 are
skew relative to each other but exist in planes that are parallel.  Axes bS5, b6 and
b7 of the threaded holes 260 in radial head portion 230 are also skew relative {o
cach other and also exist in planes that are parallel.  As in the case of fracture
fixation plate 100, the parallel planes where the first set of axes (b1, b2, b3 and bd)
exist are not parallel to the parallel planes where the second set of axes (b3, b6 and
b7} exist but, mstead, the first set of parallel planes diverges distally relative to the
second sef. Axes b8, b® and b10 of threaded holes 262 in body portion 210 are

also skew relative to each other.

(00431 Referring now to FI(. 9A, therein is shown a plan view of fracture fixation
plate 100 (transparent, for clarity) indicating the alignment of axes al, a2, a3, a4,
a5 and a6 of ulnar head 120 and radial head 130 in an example of one
embodiment of the present mvention.  FIGS. 9B and 9C, respectively, show

longitudinal cross sections of fracture fixation plate 100, FIG. 9B shows the ulnar
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side cross section view of the alignment of axes al, a2 and a3 of the ulnar head
120, FIG. 9C shows the radial side cross section view of the alignment of axes a4,

a3 and ad on radial head 130

00441 Referring now to FIG. [0A theremn is shown a perspective view of the distal
volar side of a radius bone 300, transparent for clarity, with an alternate
embodiment 200 of the fracture fixation plate of the mstant invention
superimposed in the correct posttion on the bone 300 and indicating the alignment
of axes bl, b2, b3 and bd of the threaded holes and the comresponding fasteners of
the ulnar head portion 220 and axes b3, b6 and b7 of the threaded holes and the
corresponding fasteners of the radial head portion 230, Figs 10B and 10C are,
respectively, longitudinal cross sections of fracture fixation plate 200, Fig 10B
shows the alignment of axes bl, b2, b3 and b4 of the threaded holes and the
corresponding fasteners of ulnar head portion 220, FIG. 10C shows the alignment
of axes b5, b6 and b7 of the threaded holes and the comresponding fasteners of
radial head portion 230. The alignment of the axes of threaded holes 260 on each
of the head portions and, correspondingly, the axes of the bone fasteners installed
thereupon, are skew relative to each other {0 advantageously provide subchondral

support of the articular surface at the lunate fossa and scaphoid fossa.
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[0045] Referring now to FIG. 11 therein is shown a perspective view of particular
portions of the bone contacting surface 101 of one embodiment 100 of the fracture
fixation plate of the instant invention. In the ulnar head portion 120 the bone
contacting surface 170 is spherically concave. In the radial head portion 130 the
bone contacting surface 171 is substantially flat. In the body portion 110 the bone
contacting surface 172 is evlindrically concave in relation 1o the longitudinal axis
of the body portion 110, Alternate fracture fixation plate embodiments optionally

may include similar geometrical characteristics of the corresponding surfaces.

[0046] Referring now to FIG. 12, therein is mdicated the range of adjustability of
the position of radial head portion 130 of fracture fixation plate 100 1) separation
S between head portions 130 and 120; 2.) elevation E of the head portion 130
relative to the bone surface and 3.) rotation R of the head portion 130 around the
tongitudinal axis r1 of radial neck portion 135, The range of adjustability is
llustrated by way of example and is not intended fo be limiting. The adjustments
may be accomplished by the use of plate bending tools to apply appropriate
bending and/or torquemg force to radial neck portion 135, The adjustments are

advantageous because they facilitate achieving the best contact possible between
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the bone contacting surfaces of the plate 100 and the underlying bone and bone
fragments. Although indicated i FIG. 12 as referring to radial head portion 130,
similar postitonal adjustment can be accomplished on ulnar head portion 120,
Alternate embodiments of the fracture fixation plate optionally may include similar

positional adjustinent features.

00471 As previously described above, the instant invention provides a fracture
fixation plate with a plurality of head portions. This s particularly advantageous
for minimizing the nisk of post-operative flexor tendon rupture. Referring to FIG.
13 therein 18 shown a fracture fixation plate 200 correctly mstalled on the volar
side of a distal radius bone 300 just proximal of the watershed line 310, a
theoretical hne marking the most volar aspect of the volar margin of the distal
radius. Referring now to FIG. 14A theremn is shown a diagrammatic view of the
articular surface of the distal radius wherein i1s indicated the scaphoid fossa 320,
the lunate fossa 330 and the inter-fossae sulcus 340 and the edge of the watershed
line 310. Also shown diagrammatically i1s a flexor tendon 350 (for example: the
Flexor Pollicis Longus). In some patients, the inter-fossae sulcus 340 is relatively
shallow at the watershed line 310 and this allows for the correct installation of a

single headed fracture fixation plate 360 (shown dotted) just beyond of the
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watershed hine 310 without post-operative impingement with a flexor tendon 350
However, as shown in FIG. 14B, in other patients, the mter-fossae sulcus 340 is
much deeper at the watershed line 310, The installation of a single headed plate
(shown dotted), even if correctly mstalled proximal of the watershed line 310, can
fead to post-operative impingement of said plate and a flexor tendon 350 resulting
in tenosynovitis ot rupture of the tendon.  Referring now to FIG. 14C theremn 18
shown, diagrammatically in dotted line, the nstalled position of a double headed
fracture fixation plate of the nstant invention wherein the gap between the radial
head portion 230 and the ulnar head portion 220 of the plate allows for the

movement of the flexor tendon 350 tree of impmgement with erther of said heads.

(00487 In a further advantageous aspect of the instant invention, a threaded fastener
1s provided for the purpose of minimizing the risk of post-surgical extensor tendon
ruptare. Referring now to FIGS. 15A - 15D and in particular, FIG. 15A theremn 1s
shown a prior art threaded fastener 400 having a threaded head 401 for engaging a
threaded hole 160 of fracture fixation plate 100 and an opposite bone engaging
threaded sharp end 402, If, as can frequently occur and shown in Fig, 15B, the
sharp end 402 of the threaded fastener 400 should protrude even minimally

through the dorsal aspect of a distal radius bone 300, the sharp end 402 can injure,
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and even cause rupture, of extensor tendon 420, As shown in Fig. 15C the mstant
invention provides a threaded fastener 450 having a threaded head 451 for
engaging a threaded hole 160 of fracture fixation plate 100 and an opposite, bone
engaging, rounded end 452 that is atraumatic.  As shown in FIG. 13D, should the
threaded fastener 450 protrude as much as 2mm through the dorsal aspect of the
radius, the rounded end 452 of the fastener will not mjure or rupture the extensor

tendon 420,

(00491 As previously discussed, threaded holes 160, 260 of fracture fixation plates
100, 200 are intended to receive fasteners (1.e.: solid pegs or screws) with threaded
heads adapted to engage the threads in holes 160, 260. These fasteners can be
recetved at fixed angles, that 1s, collinearly with the axes of the corresponding hole
160, 260. However, it is one object of the mstant invention to provide improved
targeting and fixing of particular fractured bone fragments and in many instances
this s difficult to accomplish by fixed angle fasteners. Accordingly, to accomplish
this purpose, alternative embodiments of the present invention may employ

cannulated, variable angle fasteners.



CA 02864470 2014-08-13

WO 2012/112327 PCT/US2012/023979

-17-
[0050] Referring now to FIGS. 16A - 16B therein is shown one embodiment of a
cannulated vanable angle tastener 500 adaptable for use with the present invention.
Fig. 16A shows a perspective of a variable angle cannulated fastener 500, n this
instance a screw, having a tapered threaded head 501 adapted to engage a threaded
hole 160, 260 at an angle selected by the surgeon. Variable angle cannulated
fastener 500 may optionally have a threaded portion 302 adapted to engaging a

bone fragment.

00511 Fig. 161 shows a longitudinal, perspective cross-section of variable angle
fastener 500 with longitudinal cannula 503 extending through the entire length of
variable angle fastener 500 and open at both ends. The cannula 503 of variable
angle fastener 500 is adapted to be inserted over an appropniately sized K-wire,

[0052] Bone fragments fo be fixated using the fracture fixation plate 100, 200 of the
present mvention may be targeted by the surgeon under fluoroscopy. A K-wire is
inserted through a selected threaded hole 160, 260 and drilled info an identified
bone fragment, which is then over-drilfed with a cannulated drill or hole saw. The
drill 1s removed and the cannulated fastener 500 15 inserted over the K wire to
engage the bone fragment. Smce the axis of the dnlled K-wire 15 likely to be non-~

collinear with the axis of threaded hole 160 the thread 501 of the head portion of
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cannulated variable angle fastener 500 must be able to cross-thread into the thread
of threaded hole 160, 260, To accomplish this, fastener 500 must be made of
harder material than the head portions 120, 130, 220, 230 of the fracture fixation
plate 100, 200. For example, fastener 500 may be made of cobalt chromium while

the fracture fixation plate 100, 200 1s made of titanium.

(00531 As previously indicated above, ulnar head portion 120 of fracture fixation
plate 100 may optionally include suture holes 164, Suture holes 164 are non-
threaded and mutually communicating and are intended to receive sutures for
tension binding small volar marginal {fragments of bone. FIGS. 17A and 178 show
in greater detail suture holes 164 in ulnar head portion 120 and their
communicating channel 165 adapted to accommedate the suture knot.  If desired
suture holes 164 may optionally be provided m radial head portion 130 (not
shown). Similar suture holes 164 may optionally be provided in alternate
gmbodiments, for example 200, of the fracture fixation plate of the instant

invention.

(00341 Although described above in connection with a volar fracture fixation plate

and system for the distal radius, these descrniptions are not intended to be limiting,
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as other plates can be made i accordance with the description herein, but of
different size or scale, 50 as to treat other fiactures, as desired. As such, although
the invention 15 ilustrated and described heretn, various modifications and
structural changes may be made therein without departing from the spirit of the

mvention and within the scope and range of equivalents of the claims.
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A fracture fixation plate (100) for application to the volar surface of the distal radius,

said plate comprising:

a substantiallyrigid plate including an elongated body portion having proximal and distal ends;
said plate including a bone contacting surface (101) and an opposite surface (102);

said plate including an ulnar head portion (120) and a radial head portion (130), each of said head
portions independently connected to the distal end of said body portion by a corresponding neck
portion (125, 135);

each of said neck portions disposed about a respective neck axis (u1, r1) therethrough,

extending distally from said distal end of said body portion to its corresponding head portion;

each of said head portions including a plurality of threaded holes (160) adapted to receive

bone fasteners;

each of said threaded holes defining a bone fastener axis; said body portion including at least
one anchoring hole (162); wherein each of the neck axes diverge from each other distally;
wherein the bone contacting surface of the ulnar head portion is substantially concave and
adapted to anchor the ulnar metaphyseal fragments of a fracture; wherein the bone contacting
surface of the radial head portion is substantially flat and adapted to anchor the radial
metaphyseal fragments of a fracture;

wherein said ulnar head portion and said radial head portion are adapted to be installed on the volar

surface proximal to the watershed line of the distal radial bone.

The fracture fixation plate (100) of claim 1 wherein said head portions (120, 130), neck portions
(125, 135) and body portion are arranged to comprise a generally "Y" shaped plate.

The fracture fixation plate (100) of claim 1 wherein said bone contacting surface (101) of said

body portion is longitudinally cylindrically concave.
The fracture fixation plate (100) of claim 1 wherein one or more of said head portions (120, 130)
is independently adjustable relative to said body portion through deformation of the neck portion

corresponding to said head portion.

The fracture fixation plate (100) of claim 1 wherein at least one of said anchoring
holes (162) is threaded and defines an anchoring fastener axis.

The fracture fixation plate (100) of claim 1 further comprising one or more holes (161) adapted to

receive a K-wire.

The fracture fixation plate (100) of claim 8 wherein at least one of said holes (161) adapted to

receive a K-wire is located in at least one of said plurality of head portions (120, 130).
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8. The fracture fixation plate (100) of claim 1 further comprising a plurality of suture holes (164) on one
or more of said plurality of head portions (120, 130).

9. The fracture fixation plate (100) of claim 8 wherein at least two of said plurality of suture holes
(164) communicate through a suture hole communicating channel extending between said

suture holes on said opposite surface (102).
10. The fracture fixation plate (100) of claim 1 wherein said two neck portions (125, 135) and two head

portions (120, 130) define a gap therebetween adapted to accommodate and avoid impingement of
a tendon.
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