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1
SURGICAL KNIFE BLADE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a surgical knife blade of
the type primarily intended for making incisions in the eye,
as for a clear corneal incision. The cutting edges of the blade
arc defined by the intersection of bevels formed on the
blade’s anterior surface and posterior surface, with the plane
of the bevels with respect to the anterior and posterior
surfaces being non-symmetrical.

2. Description of the Prior Art

Numerous prior art devices and blades are known for
making i1ncisions in the eye. Since the cornea and sclera are
spherical, any blade penetrating their surface at an angle
other than 90° will produce an irregular, or curved, incision
line resembling a “smile.” Ophthalmic surgeons have
struggled with this problem for years, since curvilinear
incisions are less likely to reapproximate as quickly, are less
cficient, and are much less likely to create a suture-less
water-tight seal. In an attempt to create substantially linear,
perpendicular incisions, surgeons find themselves applanat-
ing the globe of the eye 1n an attempt to flatten it out, and
invariably “dimple down” as soon as the tip of the blade
reaches Descemet’s membrane. However, problems are cre-
ated with this “dimpling down” procedure in that this
requires the surgeon to lift the back of the blade upwardly in
order to point the tip of the blade downward. This maneuver
causes the tissue 1n the corners of the external 1ncision to tip,
compromising its water-tight integrity and creating stromal
distortion in the path of the tunnel. Lifting the back of the
blade also increases the angle of the cut, making 1t less
tangential to the circumierential arc of the cornea. This
results in a reduced valve sealing surface areca, further
comprising water-tight integrity. In an attempt to compen-
sate for this tearing of tissue, surgeons hydrate the corners of
the 1ncision. When a conventional flat blade enters a spheri-
cal object at an angle, as when making a clear corneal
incision, it 1s the fact that the shoulders of the blade enter the
oglobe closer to the center than the tip that produces the
curved, “smile” 1ncision.

While the phenomenon described above 1s certainly well-
known and recognized when one attempts to incise the
surface of a spherical member such as the eye, the producing
of a curved 1ncision derives most directly from the fact that
state-of-the-art blades are typically symmetrical when the
anterior surface 1s compared to the posterior surface. For
example, U.S. Pat. No. 5,376,099 to Ellis, et at., discloses an
undercut diamond surgical blade. However, when the bevels
forming the cutting edges on the anterior surface of the blade
are compared with the bevels on the posterior surface of the
blade, one immediately recognizes that the bevels are 1den-
fical. A similar construction i1s taught 1n U.S. Pat. No.
5,336,235 to Myers, even though the blade of that invention
1s slightly curved with respect to its major longitudinal axis.

The ophthalmologic surgical instrument disclosed in U.S.
Pat. No. 4,688,570 to Kramer, et al., teaches the use of a
cutting blade which i1s also quite symmetrical when the
bevels of one surface of the blade are compared to the bevels
on the other surface, those bevels defining the blade’s
cutting edge.

10

15

20

25

30

35

40

45

50

55

60

65

2

A variety of blade configurations are disclosed in U.S. Pat.
No. 5,098,438 to Siepser, but the blades of that patent have
bevels on only one of the blade surfaces.

While the blade disclosed 1n U.S. Pat. No. 5,201,747 to
Mastel 1s shown as having three cutting edges, the bevels

defining those cutting edges on the opposed surfaces of the
blade are identical.

The blades disclosed 1n U.S. Pat. No. 5,203,865 to Siepser

are virtually 1dentical to those disclosed 1n the Siepser "438
patent.

A surgical blade similar to the Siepser blades in that

bevels are provided on only one blade surface i1s taught 1n
U.S. Pat. No. 5,370,652 to Kellan.

Finally, U.S. Pat. No. 5,217,476 to Wishinsky and U.S.
Pat. No. 5,224,950 to Prywes each disclose surgical knife
blades primarily for use 1n eye surgery wherein the cutting
edges are defined by identical bevels on both surfaces of
their respective blades.

It 1s, therefore, clear that there remains a great need in the
art for a surgical knife blade capable of making a straight,
linear 1ncision to create a self-sealing clear corneal 1ncision
without having to “dimple down” into Descemet’s
membrane, with the increased risk of tearing tissue at the
edges of the 1ncision as 1s almost always encountered using
the blades available today.

SUMMARY OF THE INVENTION

The present invention relates to a surgical knife blade of
the type primarily mntended for making incisions in the eye.
While the blade may be formed from any suitable material
such as, for example, precious or semi-precious stones and
man-made equivalents thereof, steel, glass, or ceramics, the
blade of this invention preferably comprises a diamond. The
structure of the blade 1n a preferred embodiment comprises
an elongated body having proximal and distal ends, anterior
and posterior opposing surfaces, a shoulder intermediate the
proximal and distal ends, first and second longitudinal sides
between the proximal end and the shoulder, and first and
second cutting edges between the shoulder and the distal
end. The first and second cutting edges are formed by the
intersection of first and second anterior bevels on the ante-
rior surface with opposed first and second posterior bevels
on the posterior surface. In this preferred embodiment the
first and second anterior bevels are shorter at the distal end
and longer at the shoulder. As used herein, the words “short™
and “long” refer to the transverse dimension of the plane
defined by the beveled surfaces with regard to the corre-
sponding planar surface of the respective anterior and pos-
terior surfaces. That 1s to say, the cutting edges formed by
the intersection of the first and second anterior bevels with
their corresponding first and second posterior bevels are
closer to the plane of the anterior surface at the distal end and
farther from that same plane at the shoulder.

The opposed first and second posterior bevels formed on
the posterior surface are longer at the distal end, and shorter
at the shoulder. Thus, as stated above, the cutting edges are
farther from the plane of the posterior surface at the distal
end and closer to that same plane at the shoulder.

The first and second longitudinal sides are formed by the
intersection of third and fourth anterior bevels on the ante-
rior surface with opposed third and fourth posterior bevels
on the posterior surface. The third and fourth anterior bevels
are substantially equal 1n length to the length of the first and
second anterior bevels at the shoulder, and the third and
fourth posterior bevels are substantially equal in length to
that of the first and second posterior bevels at the shoulder.
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Thus, as 1s clearly illustrated and more fully described
below, the third and fourth anterior bevels are relatively
longer than the third and fourth posterior bevels.

In a first preferred embodiment, the first and second
longitudinal sides of the blade of this invention are substan-
fially parallel. In a second preferred embodiment, the first
and second longitudinal edges diverge outwardly from the
shoulder to the proximal end.

In this second preferred embodiment, the third and fourth
anterior bevels become longer along a longitudinal axis from
the shoulder to the proximal end, and the third and fourth
posterior bevels become shorter along that same longitudinal
axis.

The mvention accordingly comprises an article of manu-
facture possessing the features, properties, and the relation
of elements which will be exemplified 1n the articles here-
inafter described, and the scope of the invention will be
indicated 1n the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the
invention, reference should be had to the following detailed
description taken in connection with the accompanying
drawings, 1n which:

FIG. 1 depicts an eye into which an incision has been
made utilizing a typical prior art blade.

FIG. 2 1s a perspective view of a typical prior art blade.

FIG. 3 1s a distal end view of the typical prior art blade
shown 1n FIG. 2.

FIG. 4 depicts an eye with an incision made therein by the
blade of this invention.

FIG. § 1s a perspective view of a first preferred embodi-
ment of the blade of this invention.

FIG. 6 1s an anterior plan view of the blade shown 1n FIG.
5.

FIG. 7 1s a posterior plan view of the blade shown 1n FIG.
5

FIG. 8 1s a right side view of the blade shown 1n FIG. 7.
FIG. 9 15 a left side view of the blade shown 1n FIG. 7.

FIG. 10 1s a plan view of the distal end of the blade shown
in FIG. 7.

FIG. 11 1s an anterior plan view of a second preferred
embodiment of the blade of this invention.

FIG. 12 1s a posterior plan view of the blade shown in
FIG. 11.

FIG. 13 1s a plan view of the distal end of the blade shown
in FIG. 11.

FIG. 14 1s a right side view of the blade shown 1n FIG. 11.

FIG. 15 depicts the first preferred embodiment of the
blade of this invention operatively attached to an angled

handle.

FIG. 16 depicts the first preferred embodiment of the
blade of this mvention attached to a step handle with the

blade fully retracted.

FIG. 17 1s a view similar to that of FIG. 16 showing the
blade fully extended.

Similar reference characters refer to similar parts through-
out the several views of the drawings.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The views of FIGS. 1-3 1llustrate the current state-of-the-
art with regard to knife blades used for ophthalmic surgery.
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FIG. 1 illustrates an eye, generally indicated as 20, into
which an incision 22 has been made utilizing a diamond
blade such as that generally indicated as 24 in the views of
FIGS. 2 and 3. As clearly seen 1n the view of FIG. 1, incision
22 1s wrregular and essentially “smile” shaped. Such an
irregular incision 22 results from the geometry of the prior
art blade 24. Referring to the views of FIGS. 2 and 3, blade
24 comprises an elongated body, preferably formed from a
diamond, having a proximal end 26 and a distal end 28. Prior
art blade 24 further comprises an anterior surface 30 and
opposed posterior surface 32. First and second longitudinal
sides 34 and 36 extend between proximal end 26 and
shoulder 38 of blade 24. First and second cutting edges 40
extend from shoulder 38 to distal end 28.

As clearly seen 1n the view of FIG. 3, the intersection of
anterior and posterior bevels defining first cutting edge 40
and second cutting edge 42 are substantially identical.
Though not seen 1n the view of FIG. 3, the intersection of
anterior and posterior bevels defining first longitudinal side
34 and second longitudinal side 36 are also substantially
identical. That 1s to say, 1n prior art blade 24, the geometry
of anterior surface 30, including its corresponding bevels, 1s
substantially identical to the geometry of posterior surface
32 and 1ts corresponding bevels. It 1s as a direct result of this
symmetry of construction that a curved incision 22 results
from the use of blade 24 to incise a spherical object such as
the globe of eye 20.

Turning now to the remaining figures, FIG. 4 illustrates an
eye 20 wherein a substantially linear, perpendicular incision
44 has been made. FIGS. 5-10 1illustrate a first preferred
embodiment of the surgical knife blade of this invention,
ogenerally indicated as 46. While blade 46 may be formed
from any suitable material, the preferred material 1s
diamond, and that is 1llustrated 1n the drawing figures.

With particular regard to the view of FIG. §, 1t 1s seen that
blade 46 comprises an elongated body having a proximal
end 48 and a distal end 50. Referring to the view of FIG. 10,
it can be seen that blade 46 further comprises an anterior
surface 52 and an opposed, posterior surface 54. A shoulder
56 1s intermediate proximal end 48 and distal end 50, and
first and second longitudinal sides 58 and 60 extend from
shoulder 56 to proximal end 48. First and second cutting

cedges 62 and 64 extend angularly from shoulder 56 to distal
end 50.

The unique geometry of blade 46 provides for the sub-
stantially linear, perpendicular cut 44, as shown 1n the view
of FIG. 4, without the necessity of the surgeon’s applanating
the globe to try to flatten 1t out, or “dimpling down” as soon
as distal end 50 of blade 46 reaches Descemet’s membrane.
It 1s, 1n fact, the non-symmetrical planes of beveling with
regard to anterior surface 52 as compared to the beveling on
posterior surface 54 which results 1n the straight cut 44.
These different planes actually guide the blade 46 to main-
tain a substantially linear, perpendicular incision 44 through
the globe of eye 20 and Descemet’s membrane.

Referring to the planar view of FIG. 6, first and second
cutting edges 62 and 64 are partially formed by correspond-
ing first anterior bevel 66 and second anterior bevel 68. Also,
as 1s clearly shown 1n the view of FIG. 6, the planes defined
by first and second anterior bevels 66 and 68 arc shorter
adjacent distal end 50 and are longer adjacent shoulder 56,
craduating therebetween in a substantially linear fashion.

Referring to the view of FIG. 7, corresponding, but
opposed bevels are provided on posterior surface 54. First
and second posterior bevels 70 and 72 partially define first
and second cutting edges 62 and 64 from the posterior view
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of FIG. 7. As shown 1n the view of FIG. 7, the planes defined
by first and second posterior bevels 70 and 72 are longer
adjacent distal end 50, and are shorter adjacent shoulder 56.

Referring once again to the view of FIG. 6, first and
second longitudinal sides 58 and 60 are partially formed,
with respect to the anterior side of blade 46, by third and
fourth anterior bevels 74 and 76, respectively. Looking at the
posterior view of FIG. 7, first and second longitudinal sides
58 and 60 arc partially formed by corresponding third and
fourth posterior bevels 78 and 80, respectively.

As clearly shown 1n the views of FIGS. 6 and 7, the planes
of third and fourth anterior bevels 74 and 76 are substantially
equal to the length of first and second anterior bevels 66 and

68 at shoulder 56. In similar fashion, the length of third and
fourth posterior bevels 78 and 80 are substantially equal to
first and second posterior bevels 70 and 72 at shoulder 56.
Finally, the length of third and fourth anterior bevels is,
therefore, significantly greater than the length of third and
fourth posterior bevels 78 and 80.

In this first preferred embodiment for blade 46, typical
blade width, as measured between first and second longitu-
dinal sides 58 and 60 generally falls in the ranges of about
2.5 mm to about 3.2 mm. The preferred thickness for blade
46, measured from anterior surface 52 to posterior surface
54, 1s about 0.2 mm. The preferred length of blade 46 from
proximal end 48 to distal end 50 1s about 6 mm. Shoulder 56
1s formed about 1.75 mm below distal end 50).

Referring now to the views of FIGS. 11-14, those figures
illustrate a second preferred embodiment for the blade of
this 1nvention, generally indicated as 46'. As 1s clearly
evident from the views of FIGS. 11-14, the only structural
differences between blade 46 and blade 46' 1s the construc-
tion of blade 46' to graduate to a wider transverse dimension
from 1its shoulder 56' to its proximal end 48'. Accordingly,
the structural elements of blade 46' are substantially 1den-
fical to those of blade 46 and have been indicated in the
drawings by the addition of a prime (') mark. The use of this
second preferred embodiment of blade 46' is desirable as
when the surgeon elects to utilize larger phacotips after the
incision 44 has been initially made by first and second
cutting edges 62' and 64'. In a blade 46', wherein the
transverse distance between shoulders 56' 1s about 2.5 mm,

the transverse width at proximal end 48' 1s preferably about
3.9 mm.

Turning now to the views of FIGS. 15, 16 and 17, blade
46 1s shown operatively attached to an angled handle 1n FIG.
15, and to a step handle 84 1n the views of FIGS. 16 and 17.
It 1s to be understood that the present invention 1s not to be
limited to the use of any particular handle, but angled handle
82 and step handle 84 are equally well known and accepted
for use 1n the field of ophthalmic surgery. Though not shown
in the view of FIG. 15, the construction of angled handle 82
does permit full retraction of blade 46 in much the same
fashion as 1s shown 1n the view of FIG. 16. Thus, it is the
blade 46 or 46' and 1ts unique construction as shown in the
drawings and fully described above which permits a linear,
perpendicular incision 1nto the globe of the eye, and through
Descemet’s membrane, without the necessary of applanating
the globe or “dimpling down” the knife blade which 1s the
truly unique result of this invention.

It will thus be seen that the objects set forth above, among
those made apparent from the preceding description, are
ciiiciently attained, and, since certain changes may be made
in the above product without departing from the scope of the
mvention, it 18 intended that all matter contamned in the
above description or shown in the accompanying drawings
shall be interpreted as 1llustrative and not 1n a limiting sense.
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It 1s also to be understood that the following claims are
intended to cover all of the generic and specific features of
the mvention herein described, and all statements of the
scope of the invention which, as a matter of language, might

be said to fall therebetween.

Now that the invention has been described,

What 1s claimed 1s:

1. A surgical knife blade of the type primarily intended for
making incisions 1n the eye, said blade comprising: an
clongated body having proximal and distal ends, anterior
and posterior opposing surfaces, a shoulder intermediate
said proximal and distal ends, first and second longitudinal
sides between said proximal end and said shoulder, and first
and second cutting edges between said shoulder and said
distal end; said first and second cutting edges being formed
by the intersection of first and second anterior bevels on said
anterior surface with opposed first and second posterior
bevels on said posterior surface, said intersection of said first
and second anterior bevels with said first and second pos-
terior bevels disposing said first and second cutting edges on
a plane that 1s closer to the plane of said anterior surface than
to the plane of said posterior surface at said distal end; and
said first and second longitudinal sides being formed by the
intersection of third and fourth anterior bevels on said
anterior surface with opposed third and fourth posterior
bevels on said posterior surface, said third and fourth
anterior bevels being substantially equal to said first and
second anterior bevels at said shoulder and said third and
fourth posterior bevels being substantially equal to said first
and second posterior bevels at said shoulder, said third and
fourth anterior bevels each having a transverse dimension
that 1s different from the corresponding transverse dimen-
sion of said third and fourth posterior bevels.

2. A blade as 1n claim 1 wherein said blade comprises a
diamond.

3. A blade as in claim 1 wherem said first and second
longitudinal sides are substantially parallel.

4. A blade as i1n claim 1 further comprising a handle
attached to said proximal end.

5. Ablade as m claim 1 wherein said shoulder comprises
a width of about 2.5-3.2 mm.

6. A blade as 1n claim 1 wherein said intersection of said
first and second anterior bevels with said first and second
posterior bevels disposes said first and second cutting edges
on a plane that 1s closer to the plane of said posterior surface
than to the plane of said anterior surface at said shoulder.

7. A blade as 1n claim 6 wherein said first and second
anterior bevels are about 0.1 mm 1n length at said distal end
and about 0.5 mm 1n length at said shoulder.

8. A blade as 1n claim 7 wherein said first and second
posterior bevels are about 0.8 mm 1n length at said distal end
and about 0.1 mm 1n length at said shoulder.

9. A blade as 1n claim 6 wherein said third and fourth
anterior bevels are about 0.5 mm 1n length.

10. A blade as 1n claim 9 wherein said third and fourth
posterior bevels are about 0.1 mm 1n length.

11. A blade as 1n claim 1 wherein said first and second
longitudinal edges diverge outwardly from said shoulder to
said proximal end.

12. Ablade as i claim 11 wherein said intersection of said
third and fourth anterior bevels with said third and fourth
posterior bevels disposes said first and second longitudinal
sides on a plane that 1s closer to the plane of said posterior
surface than to the plane of said anterior surface at said
proximal end.

13. A blade as 1n claim 12 wherein said third and fourth

anterior bevels are about 0.5 mm 1n length at said shoulder
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and are greater than about 0.5 mm at said proximal end and
said third and fourth posterior bevels are about 0.1 mm 1n
length at said shoulder and are less than about 0.1 mm at said
proximal end.

14. A surgical knife blade of the type primarily intended

for making incisions in a cornea of an eye, the blade being
adapted for attachment to a handle, comprising:

an elongated body having a proximal end and a distal end
and anterior and posterior planar surfaces;

bevels formed in the planar surfaces, the bevels being
symmeltrical on each side of the anterior and the
posterior planar surfaces and non-symmetrical as com-
pared between the anterior and posterior planar
surfaces, the bevels intersecting to form first and sec-
ond cutiing edges, the cutting edges intersecting 1o
form a tip at the distal end.
15. The blade of claim 14 wherein the blade is formed
from diamond.
16. The blade of claim 15 wherein the planar surfaces are
disposed such that the distance therebetween is about 0.2
mm

17. The blade of claim 14 further comprising a pair of

shoulders formed at an intersection between the first and
second cutting edges and a pair of longitudinal sides extend-
ing between the shoulders and the proximal end.

18. The blade of claim 17 wherein the pair of shoulders
is disposed such that the distance therebetween is in the
range from about 2.5 mm to about 3.2 mm.

19. The blade of claim 17 wherein the longitudinal sides
are parallel.

20. The blade of claim 17 further comprising bevels
formed in the planar surfaces between the shoulders and the
proximal end, the bevels intersecting to form third and
fourth cutting edges, the third and fourth cutiing edges
intersecting the first and second cutting edges at the shoul-
ders.

21. The blade of claim 20 wherein the third and fourth
cutting edges diverge outwardly from the shoulders to the
proximal end.

22. A surgical knife blade of the type primarily intended
for making incisions in a cornea of an eye, the blade being
adapted for attachment to a handle, comprising:

an elongated body having a proximal end and a distal end
and first and second planar surfaces;

bevels formed in the planar surfaces, the bevels being
symmetrical on each side of the first and the second
planar surfaces and non-symmetrical as compared
between the first and second planar surfaces, the bevels

5

10

15

20

25

30

35

40

3

intersecting to form first and second cutting edges, the
cutiing edges intersecting to form a tip at the distal end.

23. The blade of claim 22 wherein the blade is formed
from diamond.

24. The blade of claim 22 wherein the planar surfaces are
disposed such that the distance therebetween is about 0.2
mm.

25. The blade of claim 22 further comprising a pair of
shoulders formed at an intersection between the first and
second cutting edges and a pair of longitudinal sides extend-

ing between the shoulders and the proximal end.
26. The blade of claim 25 wherein the pair of shoulders

Is disposed such that the distance therebetween is in the
range from about 2.5 mm to about 3.2 mm.

27. The blade of claim 25 wherein the longitudinal sides
are parallel

28. The blade of claim 25 further comprising bevels
formed in the planar surfaces between the shoulders and the
proximal end, the bevels intersecting to form third and
fourth cutting edges, the third and fourth cutting edges

intersecting the first and second cutting edges at the shoul-
ders.

29. The blade of claim 28 wherein the third and fourth
cutting edges diverge outwardly from the shoulders to the
proximal end.

30. A surgical knife blade of the type primarily intended
for making Incisions in an eye, COmprising.

an elongated body having proximal and distal ends, first

and second opposing planar surfaces, a pair of shoul-
ders intermediate the proximal and distal ends, and
first and second cutiing edges between the pair of
shoulders and the distal end, the cutiing edges being
formed by the intersection of bevels in the first and
second opposing planar surfaces and being included in
a plane, the plane being closer to the plane of the first
planar surface than to the plane of the second planar
surface at the distal end; and

first and second longitudinal sides between the proximal
end and the pair of shoulders, the longitudinal sides
being formed by the intersection of bevels in the first
planar surface with opposed bevels in the second
planar surface, the bevels being disposed such that they
substantially maich the bevels forming the first and

second cutting edges at the pair of shoulders.
31. The blade of claim 30 wherein the blade is formed

45 Jrom diamond.

32. The blade of claim 30 wherein the longitudinal sides
diverge between the pair of shoulders and the proximal end.
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