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(7) ABSTRACT

A surgical knife is provided. The knife has a blade, a handle,
an elongated tube connected to the blade and the handle, and
a sheath slidable over the tube and blade. The sheath is move-
able from a first position that exposes the blade to and second
position that conceals the blade. The blade, handle, and tube
are in a fixed rigid relationship with each other while the
sheath is movable.
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SURGICAL KNIFE

BACKGROUND OF THE DISCLOSURE

[0001] 1. Field of the Disclosure

[0002] The present disclosure relates to a surgical instru-
ment. More particularly, the present disclosure relates a sur-
gical instrument that is a knife with a blade that avoids move-
ment once positioned. Such a knife can be used during, for
example, laparoscopic surgery.

[0003] 2. Description of Related Art

[0004] Surgical knives are sometimes equipped with a
sheath that has a blade extendable beyond the coverage of a
protected sheath. In use, a surgeon will actuate a mechanism
that causes a knife blade to project out from or back into a
protective sheath. Thus, a surgeon will position the knife in
the vicinity of a site where a cut is to be made prior to the
incision or cut. Then, the surgeon will actuate the knife,
urging the knife blade toward the site.

[0005] As well known in the art, surgical procedures
require use of surgical instruments including surgical knives
in a precise manner. The aforementioned sheathed knives
have an inherent imprecision. More specifically, since the
knife blade is movable, a surgeon cannot use the handle to
precisely locate the blade at a desired surgical point of inci-
sion, but instead can only position the sheath near the desired
surgical incision point. Further. such a knife also has an
inherent spring back movement. This movement hampers
precision alignment.

[0006] Presently, surgeons deal with the aforementioned
shortcomings in at least two ways. The first way involves the
surgeon positioning the knife close to a desired incision or cut
location. The surgeon will estimate the distance the knife
blade will protrude from the protective sheath. The surgeon
will then move the sheath to approximately this distance.
Next, the surgeon will slowly extend the blade from the
sheath toward the cutlocation, visually monitoring and physi-
cally compensating for any imprecision in the estimated dis-
tance. The second way that surgeons deal with the aforemen-
tioned shortcomings of surgical knives involves the surgeon
positioning the sheath tip at the location of the desired inci-
sion. Then, the surgeon will simultaneously urge the knife
blade towards the surgical site and move the handle of the
knife away from the surgical site, again visually monitoring
and physically compensating for any imprecisions in move-
ment.

[0007] Accordingly, there is a need for a surgical knife that
prevents movement and forces on the knife blade and that
allows a surgeon to position the knife with better precision
than heretofore.

BRIEF SUMMARY OF THE DISCLOSURE

[0008] The present disclosure provides a surgical knife that
has a blade that provides for more precise alignment with the
incision site.

[0009] The present disclosure further provides such a sur-
gical knife that avoids unwanted movement of the blade once
positioned at the incision site.

[0010] The present disclosure also provides such a surgical
knife having a sheath that is retractable from a first position to
uncover the blade of the surgical knife and extendable to a
second position to cover the blade.

[0011] The present disclosure further provides such a sur-
gical knife having the blade, the sheath, a handle, and a slide
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in the handle. In a preferred embodiment, the slide is attached
to aflexible wire that travels in a tube that has the sheath atthe
working end thereof.

[0012] The present disclosure yet further provides such a
surgical knife that when a surgeon actuates the slide for use,
the sheath moves back to expose the blade of the surgical
knife.

[0013] Accordingly, the present disclosure provides a sur-
gical knife in which the blade is always in a rigid fixed
position with respect to the handle of the surgical knife even
during use of the surgical knife by the surgeon. Thus, any
blade replicates the exact movement of the surgeon’s hand.
[0014] The present disclosure still further provides such a
surgical knife in which the blade itself is placed in the exact
incision position by the surgeon prior to incision.

[0015] The present disclosure additionally provides a sur-
gical knife having a blade mechanically connected to a fixed
tube, which connection eliminates potential debris or loose
material in the instrument that importantly minimizes the risk
that such unwanted debris or materials could be left in the
body during surgery.

[0016] In anexemplary embodiment, the surgical knife has
a handle, a blade, an elongated tube with a distal end and a
proximal end, with the distal end connected to the blade and
the proximal end connected to the handle, and a sheath that is
slidable over the tube and blade. The sheath is at least as long
as the blade, and is movable linearly from a first or retracted
position in which the blade is exposed to a second or extend-
able position in which the blade is concealed. The blade,
handle, and tube are always in a fixed, rigid relationship with
each other even during movement of the sheath.

[0017] The above-described and other features and advan-
tages of the present disclosure will be appreciated and under-
stood by those skilled in the art from the following detailed
description, drawings, and appended claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0018] FIG. 11is a perspective view of the surgical knife of
the present disclosure.

[0019] FIG. 2 is a top view of the surgical knife of FIG. 1.
[0020] FIG. 3 is a side view of the surgical knife of FIG. 1.
[0021] FIG. 4is a cross section view of the surgical knife of

FIG. 2 taken at A-A.
[0022] FIG. 5 is a perspective view of an alternative
embodiment of the surgical knife of the present disclosure.

[0023] FIG. 6 is a top view of the surgical knife of FIG. 5.
[0024] FIG. 7 is a side view of the surgical knife of FIG. 5.
[0025] FIG. 81s a cross section view of the surgical knife of

FIG. 6 taken at B-B.

[0026] FIG.91is a cross section view of the surgical knife of
FIG. 2 taken at A-A with the sheath extended.

[0027] FIG. 10 is a cross section view of the surgical knife
of FIG. 2 taken at A-A with the sheath in an intermediate
position.

[0028] FIG. 11 is a cross section view of the surgical knife
of FIG. 2 taken at A-A with the sheath retracted.

[0029] FIG. 12 is the sheath and wire assembly of the
present disclosure prior to connecting the sheath with the
wire.

[0030] FIG. 13 is the sheath and wire assembly of the
present disclosure as the sheath is being connected with the
wire.
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[0031] FIG. 14 is the sheath and wire assembly of the
present disclosure after to the sheath is connected with the
wire.

[0032] FIG. 15 is the sheath and wire assembly, with the
wire positioned through the tube and the sheath positioned
over the tube.

[0033] FIG. 16 is the sheath and wire assembly of the
present disclosure in a position for attaching the blade.

[0034] FIG. 17 is a perspective view of an assembly of the
blade mount.
[0035] FIG. 18 is asecond perspective view of an assembly

of the blade mount.

[0036] FIG. 19 is an exploded assembly view of the front
cap.
[0037] FIG. 20 is an assembled view of the assembly of the

front cap of FIG. 19.

[0038] FIG. 21 is an exploded view of an assembly of the
wire and inner slide connection.

[0039] FIG. 22 is an assembled view of the assembly of the
wire and inner slide connection of FIG. 21.

[0040] FIG. 23 is a partially assembled view of the assem-
bly of the wire and inner slide connection of FIGS. 21 and 22.
[0041] FIG. 24 is an exploded view of an assembly of the
inner slide and handle.

[0042] FIG. 25 is an exploded view of an assembly of the
rear cap and handle.

[0043] FIG. 26 s an assembled perspective view of the rear
cap and handle of FIG. 25.

[0044] FIG.27is aperspective view ofthe handle assembly
with a spring installed.

[0045] FIG.28is aperspective view ofthe handle assembly
with a button installed.

[0046] FIG. 29 an exploded view of the handle assembly
with a ribbed slide.

[0047] FIG. 30 is a perspective view of the assembled
handle assembly of FIG. 29.

[0048] A component or feature that is common to more
than one drawing is indicated with the same reference number
in each drawing.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0049] Referring to the drawings and in particular to FIGS.
1-4, there is shown a surgical knife according to the present
disclosure generally represented by reference numeral 10.
Knife 10 has a handle 20, a tube 30, a blade 40, and a sheath
50. Tube 30 has a proximal end 32 and a distal end 34. Tube
30 connects to handle 20 at proximal end 32, and connects to
blade 40 at distal end 34. Sheath 50 surrounds both tube 30
and blade 40. As shown clearly in FIG. 4, sheath 50 is opera-
tively connected by a wire 52 to an actuator 22 on or in handle
20, such that when actuated, sheath 50 retracts to expose
blade 40, or sheath 50 extends to conceal blade 40. Advanta-
geously, blade 40 is held in rigid relationship to handle 20.
Significantly, there is no movement of blade 40 relative to
handle 20. Thus, movement of the handle 20 by the surgeon
results in direct movement of blade 40 at the surgical or
incision site.

[0050] Tube 30 is a linear conduit through which wire 52
travels, thereby controlling the movement of sheath 50. Tube
30 has a length of about 6 inches to about 20 inches. In a
preferred embodiment, tube 30 has a length of about 7 inches
to about 16 inches, and, in a most preferred embodiment, a
length of about 9 inches to about 12 inches. Tube 30 has a
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diameter from about 0.05 inches to about 0.5 inches. In a
preferred embodiment, the diameter is about 0.06 inches to
about 0.4 inches, and, in a most preferred embodiment, the
diameter is about 0.07 inches to about 0.3 inches.

[0051] As used herein, a wire is a flexible cylindrical or
rectangular strand or rod made of metal or plastic. Wire 52 has
a smaller outer diameter than the inner diameter of tube 30 to
allow smooth unimpeded movement therethrough. Wire 52
can be rectangular or flat, as shown, or round, not shown.
When wire 52 is flat, in a preferred embodiment, the wire has
adepth of about 0.016 inches to about 0.032 inches and width
of about 0.040 inches to about 0.095 inches. In a more pre-
ferred embodiment, wire 52 has a depth of about 0.018 inches
to about 0.030 inches and width of about 0.047 inches to
about 0.087 inches. In a most preferred embodiment, wire 52
has a depth of about 0.020 inches to about 0.028 inches and
width of about 0.055 inches to about 0.80 inches. When wire
52 is round, in a preferred embodiment, the diameter is about
0.020 inches to about 0.110 inches, in a more preferred
embodiment, the diameter is about 0.040 inches to about
0.090 inches, and in a most preferred embodiment, the diam-
eter is about 0.050 inches to about 0.080 inches. In this
context, i.e., wire 52, the term about means plus or minus
20%, preferably plus or minus 15%, and most preferably, plus
or minus 10%.

[0052] As discussed above, since blade 40 is held in rigid
relationship to handle 20, there is no movement of blade 40
relative to handle 20. Sheath 50 retracts to allow the surgeon
to operate knife 10 with a higher degree of precision com-
pared to conventional surgical knives since movement of the
sheath does not result in movement of blade 40 at the surgical
or incision site.

[0053] Referring to FIGS. 5-8, there is shown an alternative
embodiment of knife 10, generally represented by reference
numeral 100. Knife 100 is similar to knife 10, except knife
100 has a tube 130 instead of tube 30. Tube 130 is curved
while tube 30 s straight. More particularly, tube 130 is shaped
like a bayonet or s-curved having two straight parallel por-
tions 132 and 134. Portion 132 and 134 are spaced apart by a
distance 138. Distance 138 can be from about 0.05 inches to
about 1.5 inches, preferably from about 0.8 inches to about
1.25 inches, and most preferably from about 0.9 inches to
about 1.1 inches. Portion 132 and 134 are preferably in offset
parallel planes. A bend 136 joins portion 132 and 134 to form
tube 130. Bend 136 should have a radius that is large enough
and sufficient to allow smooth movement of wire 252 there-
through without impeding movement.

[0054] Analogous to knife 10, knife 100 has a blade 140.
Blade 140, like blade 40, can be made from hardened steel,
tempered steel, stainless steel, high carbon steel, ceramic,
titanium, and analogous materials. For applications where
metal cannot be used, such as when used in conjunction with
Magnetic Resonance Imaging, blades 40 and 140 can be
coated with titanium carbide, zirconium nitride, titanium
nitride, boron carbide, silicon based coatings, parylene, poly-
mer based coatings, and the like. Depending on the particular
application, blade 140 can take various shapes and forms. For
example, blade 140 can have a curved cutting edge, a trian-
gular cutting edge, a flat cutting edge, a crescent shaped
cutting edge, a chisel shaped edge, and the like.

[0055] Sheaths 50 and 150 can be plastic or metal. For
certain applications, a soft sheath will be preferred by the
surgeon. Plasticis softer than metal and thus presents less risk
to collateral soft tissue. Metal is more durable and thus can be
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more desirable for long repetitive procedures. Cost and appli-
cation considerations can also be taken into account.

[0056] Handles 20 and 120 can also be metal or plastic. For
certain applications, a plastic handle will be preferred by the
surgeon. Additionally, the difference in materials can yield
various price points.

[0057] Referring back to FIG. 4, there is shown a cross
section A-A of knife 10, and in FIG. 9, the same cross section
of handle 20. Actuator 22 comprises a ribbed slide 24, a
button 26, a spring 27, and an inner slide 29. Inner slide 29 is
connected to a proximal end of wire 52 by apin througha hole
53 in wire 52 or a tab portion connected thereto. Thus, as inner
slide 29 moves, wire 52 moves identically causing sheath 50
to move the same.

[0058] Advantageously, ribbed slide 24 has one or more
ridges, notches, ribs, or some pattern 25 that provides a tactile
feel and grip to a surgeon operating with knife 10.

[0059] The following illustrates an exemplary embodiment
of knife 10 and knife 100 of the present disclosure. This
discussion will refer to knife 10, although it is equally appli-
cable to knife 100 unless noted to the contrary. Sheath 50 has
three different positions, an open or first position where blade
40 is exposed, an intermediate or third position, and a second
or extended position where blade 40 is concealed. These
positions are set using actuator 22 in handle 20, shown in
FIGS. 9-11. Upon actuation, sheath 50 is moved about 0.45 to
about 0.65 inches, preferably from 0.5 to 0.6 inches, and most
preferably, 0.54 to 0.57 inches away from blade 50, and
towards handle 20, thus exposing the blade.

[0060] Inthe second orextended position, shown in FIG. 9,
sheath 50 is fully extended to enclose blade 40. Thus, sheath
50 shields the entirety of blade 40. Sheath 50 is also locked in
place to prevent sheath movement. Thus, knife 10 can be
moved around and about the surgical site or through the body
without the risk of making an undesired or accidental cut
which could thereby endanger the patient. In the second or
extended position, sheath 50 should extend beyond blade 40
by at least about 0.030 inches, preferably about 0.025 inches,
and most preferably about 0.020 inches.

[0061] The intermediate (or third) position, shown in FIG.
10, is a plurality of positions that exist between the retracted
or first position and extended or second position. In the inter-
mediate position, sheath 50 is not locked in place and is free
to move about its predefined path between the first and second
positions.

[0062] In the first position, shown in FIG. 11, sheath 50 is
fully retracted to expose blade 40. Sheath 50 is locked in place
to prevent sheath movement. Sheath movement is undesirable
while a surgeon is operating with the knife. Movement is
particularly undesirable as the distance from blade 40 to
handle 20 increases, because even slight movement can cause
amomentary imbalance and affect the critical positioning and
movement of the blade by the surgeon.

[0063] FIGS.12-30 areillustrative of the assembly ofknife
10.
[0064] As shown in FIGS. 12-14, wire 52 is connected or

directly attaches to an inner wall of sheath 50, thus forming
the sheath and wire assembly. Wire 52 has a bifurcation 54,
allowing a C-clip 62 to fitover a bridge 64. Wire 52 is inserted
into sheath 50. Sheath 50 is attached to wire 52 by pushing
wire 52 against bridge 64 until the wire snaps over the bridge
inside the sheath. C-clip 62 can have a feature 66 for assisting
or guiding the C-clip 62 around bridge 64 before the C-clip
snaps into place.
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[0065] As shown in FIGS. 15-16, the sheath and wire
assembly is mounted to tube 30. Wire 52 is inserted through
tube 30 from distal end 34 to proximal end 32. Sheath 50,
which is connected to wire 52, is pulled over tube 30 from
distal end 34 to proximal end 32. Sheath 50 is moved back
further towards proximal end 32 to expose a blade mounting
area 45. Blade mounting area 45 includes two bores or holes
in tube 30 for mounting blade 40. These two bores or holes are
hole 36 and hole 38.

[0066] Referring now to FIGS. 17-18, blade 40 is posi-
tioned into a flattened part of tube 30. Blade 40 is affixed to
tube 30 with a rivet 37 in hole 36 and a rivet 39 in hole 38.
Thus, two rivets 37, 39 inserted into two holes 36, 38, respec-
tively, align knife blade 40 with tube 30 and maintain a fixed,
rigid relationship therebetween. Once the rivets 37, 39 are
staked, tube 30 and blade 40 are connected.

[0067] Although shown as and described as a pair of rivets
37, 39, other permanent, and semi-permanent mechanical
fastener can be used. Such alternatives can include, but are not
limited to, screw, bolt, pin, and the like. In preferred embodi-
ments, a rivet is employed. Advantageously, a rivet is more
capable of supporting shear forces than a bolt or screw. Shear
forces are defined as the forces perpendicular to longitudinal
axis of tube 30. This is because rivets establish a very tight
interference fit that is difficult to achieve with other fasteners.
[0068] Referring to FIGS. 19-20, proximal end 32 of tube
30 and wire 52 are inserted through front cap 70.

[0069] FIGS.21-23 show the attachment of wire 52 to inner
slide 29. Irner slide 29 is positioned over wire 52. A hole 53
in wire 52 is aligned with a hole 23 in inner slide 29. A pin 75
is then inserted in hole 23 and through hole 53, thus connect-
ing wire 52 to inner slide 29.

[0070] Referring to FIG. 24, handle 20 is moved over inner
slide 29. Handle 20 is then affixed to front cap 70. As illus-
trated in FIGS. 25-26, a rear cap 80 is then attached to handle
20 at the end opposite front cap 70. As shown in FIG. 27, a
spring 90 is inserted through handle 20 and into inner slide 29.
[0071] 1InFIG. 28, a button 26 is positioned over spring 90
in handle 20. Finally, as shownin FIGS. 29-30, ribbed slide 24
is inserted onto inner slide 29, over button 26, such that button
26 can be pressed. As illustrated, ribbed slide 24 has two feet
96 that fit into two holes 98 of inner slide 29. However, other
variations as to the manner in which ribbed slide 24 attaches
to inner slide 29 are envisioned.

[0072] Operation of knife is accomplished by depressing
the button 26 and moving the ribbed slide 24. By ribbed slide
24 being connected to inner slide 29, inner slide 29 is moved
by the movement of ribbed slide 24. Inner slide 29, in turn,
causes wire 52 in tube 30 to pull or push sheath 50. When
ribbed slide 24 is pushed all the way forward, sheath 50
covers blade 40 entirely, i.¢., the closed or extended position
as shown in FIGS. 1 and 9. When ribbed slide 24 is pushed all
the way back, sheath 50 retracts to expose blade 40. The
straight tube embodiment of the present disclosure with tube
30 and the bayonet tube embodiment with tube 130 are both
assembled in a similar manner to each other. Both also oper-
ate in a similar manner.

[0073] It should be noted that where a numerical range is
provided herein, unless otherwise explicitly stated, the range
is intended to include any and all numerical ranges or points
within the provided numerical range and including the end-
points.

[0074] It should further be noted that the terms “first”,
“second”, “third”, “upper”, “lower”, and the like can be used
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herein to modify various elements. These modifiers do not
imply a spatial, sequential, or hierarchical order to the modi-
fied elements unless specifically stated. Also, when ranges are
used herein, the ranges further include all subranges therebe-
tween.

[0075] While the present disclosure has been described
with reference to one or more exemplary embodiments, it will
be understood by those skilled in the art that various changes
can be made and equivalents can be substituted for elements
thereof without departing from the scope of the present dis-
closure. In addition, many modifications can be made to adapt
a particular situation or material to the teachings of the
present disclosure without departing from the scope thereof.
Therefore, it is intended that the present disclosure not be
limited to the particular embodiment(s) disclosed as the best
mode contemplated, but that the present disclosure will
include all embodiments falling within the scope of the
appended claims.

What is claimed is:

1. A surgical knife comprising:

an elongated tube having a channel therethrough, the tube
having a distal end and a proximal end;

a blade affixed to the distal end;

a handle affixed to the proximal end, wherein the blade,
handle, and tube are in a fixed rigid relationship with
each other; and

a sheath slidable over the tube and blade, the sheath being
at least as long as the blade,

wherein the sheath is retracted and the blade is exposed in
a first position and the sheath is extended and the blade
is concealed in a second position.

2. The surgical knife according to claim 1, wherein the

handle has an actuator.

3. The surgical knife according to claim 2, wherein the
sheath is operatively connected to the actuator.

4. The surgical knife according to claim 2, further compris-
ing a wire located in the tube and having a first end and a
second end, and wherein the wire is connected to the sheath at
the first end and connected to the actuator at the second end.

5. The surgical knife according to claim 1, wherein the tube
is straight tube.

6. The surgical knife according to claim 1, wherein the tube
has a curve.
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7. The surgical knife according to claim 6, wherein the
curve is an s-curve.

8. The surgical knife according to claim 1, wherein the
sheath is lockable in the first position.

9. The surgical knife according to claim 1, wherein the
sheath is lockable in the second position.

10. The surgical knife according to claim 1, wherein the
sheath is made of plastic.

11. The surgical knife according to claim 1, wherein the
sheath is made of metal.

12. The surgical knife according to claim 1, wherein the
handle is made of plastic.

13. The surgical knife according to claim 1, wherein the
handle is made of metal.

14. The surgical knife according to claim 1, wherein the
blade is connected to the tube with a plurality of rivets.

15. The surgical knife according to claim 1, wherein the
blade is treated with at least one coating selected from the
group consisting of: titanium carbide, zirconium nitride, tita-
nium nitride, boron carbide, parylene, a silicon based coating,
and a polymer based coating.

16. The surgical knife according to claim 1, wherein the
blade and tube are adapted for laparoscopic surgery.

17. The surgical knife according to claim 1, wherein the
sheath extends beyond the blade by at least about 0.020
inches.

18. A surgical knife comprising:

an elongated tube having a channel therethrough, the tube
having a distal end and a proximal end,

a blade affixed to the distal end,;

a handle affixed to the proximal end, wherein the blade,
handle, and tube are in a fixed rigid relationship with
each other;

a sheath slidable over the tube and blade, the sheath being
at least as long as the blade,

awire located in the tube, wherein the wire is connected to
the sheath and connected to an actuator to commence
movement of the wire in the tube; and

wherein the sheath is retracted and the blade is exposed in
a first position and the sheath is extended and the blade
is concealed in a second position.

19. The surgical knife according to claim 18, wherein the

actuator is located in the handle.
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