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LOW-COST DISPOSABLE ULTRASONIC
SURGICAL HANDPIECE

[0001] The present invention is a continuation-in-part of
U.S. patent application Ser. No. 16/001,673 filed Jun. 6,
2018, which in turn is a continuation-in-part of U.S. patent
application Ser. No. 15/821,137 filed Nov. 22, 2017; and is
also a continuation-in-part of U.S. patent application Ser.
No. 16/240,513 filed Jan. 4, 2019, which in turn is a
continuation-in-part of U.S. patent application Ser. No.
15/941,366 filed Mar. 30, 2018, the contents of all of which
are incorporated herein by reference in their entirety.

TECHNICAL FIELD

[0002] The present invention is generally directed to sur-
gical handpieces, particularly disposable ultrasonic surgical
handpieces for the removal of cataracts from the eye of a
patient by phacoemulsification.

BACKGROUND OF THE INVENTION

[0003] The use of ultrasonic surgical instruments for vari-
ous surgical procedures, including cataract removal, is well
known. For example, the phacoemulsification procedure,
first disclosed in U.S. Pat. No. 3,589,363 of Anton Banko
and Charles D. Kelman, which issued on Jun. 29, 1971,
recently reached its 50-year anniversary.

[0004] Phacoemulsification handpieces today are essen-
tially the same as the ones developed in the 1970s. They
have a very complicated design, are expensive to manufac-
ture, and require sterilization by autoclaving in order to
reuse them. The main reason for these disadvantages is the
fact that the irrigation and aspiration lines extend through
the handpiece and interfere with the performance of the
vibrating transducer in the handpiece.

[0005] Additionally, the housing that contains the vibrat-
ing transducer must be waterproof in order to withstand the
high temperatures and pressures of the pressurized steam
used during autoclaving. The power cord and the electrical
connector must also be able to withstand these high tem-
peratures and pressures of the pressurized steam and must be
water proof because they also must be sterilized. This adds
considerable expense to the materials and procedures used in
the manufacture of the handpiece.

[0006] Due to the complexity of the handpieces and the
expense of the manufacturing process, ultrasonic pha-
coemulsification handpieces are generally sold to ophthal-
mic surgeons with a price ranging from four thousand to
seven thousand dollars each. For example, the Alcon®
OZil® Torsional Handpiece (Alcon® Model 8065750469)
currently retails for $7,492.95 from Medex Supply.

[0007] FIG. 1 shows a prior art handpiece 600 made by
Surgical Design Company, the present applicant, with a
magnetostrictive ultrasonic transducer 630 that works by
expanding and contracting nickel laminations 610 in a
magnetic field. The magnetic field is provided by a wire coil
620 that is wound within the handpiece. As the nickel
laminations expand and contract, the ultrasonic vibration is
amplified and transmitted through a connecting body 640 to
the work tip 650 through the connecting body 640. This
version of the handpiece contains fluid lines 670, 690 within
the vibrating transducer. The center fluid line 690 is the
aspiration line that starts with the vibrating hollow pha-
coemulsification needle work tip 650 and ends at the rear
fluid connector 660 of the handpiece. Similarly, the irriga-
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tion line 670 enters the rear connector 660 and goes through
the nickel laminations 610. From there, the irrigation line
enters the irrigation sleeve 680.

[0008] FIG. 1 illustrates the complexity of the handpiece
600. This complexity is due to the design of the handpiece,
the autoclaving requirements, and the dozens of specialized
components that are required to construct the handpiece.
[0009] FIG. 2 shows an enlarged view of the prior art
connecting body 640 for the same handpiece 600. The
aspiration line 690, the irrigation line 670, and a thread
design 700 where the connecting part 640 attaches to the
work tip 650 are shown. FIG. 2 illustrates the complexity
and tolerances of the machining required to manufacture a
titanium connecting body. This complexity is in part due to
the existence of the fluid lines in the body of the handpiece.
For example, the tolerances and the radii are specified to
thousandths of an inch.

[0010] FIG. 3 shows a typical prior art design for the coil
assembly 700 for the same handpiece 600, including the
wire coil 620. This portion of the handpiece has center fluid
line 690 and irrigation line 670 passing through it. Further,
this portion can be seen in relation to the rear fluid connector
660, an O-Ring 710 for confining fluid to the lines, a
waterproof housing 720 that surrounds the structure, a coil
nut 730 that holds the wire coil 620 in place and a centering
pin 740. Also, as shown in FIG. 3 there is a cable connector
750, a power cord 790, a power cord jacket 760, a socket set
screw 770 and soldering terminals 780 that allow the ultra-
sonic signal transmitted over cable 790 to be applied to the
coil to create the magnetic field that vibrates the laminations
610, the connecting body and the work tip.

[0011] Repeated autoclave cycles require extraordinary
efforts to seal the handpiece so that it can withstand the
moisture, high pressure, and high temperatures of the auto-
claving cycle. For example, in the prior Surgical Design
product and other prior products the coil wire 620 is wound
onto the handpiece and sealed with an epoxy such as the
Huntsman Araldite® CY 8043 Resin Brominated Epoxy.
The power cord jacket 760 and the soldering terminals 780
that connect the power cord 790 to the wire coil 620 are
sealed with GE RTV133 silicone rubber adhesive sealant
that can withstand autoclaving. The power cord 790 is prone
to failures from repeated autoclaving because the high
pressures and temperatures result in water vapor that gets
inside the insulation and corrodes the wires. To minimize
corrosion, custom-made power cords need to be used in the
handpiece. For example, a nickel-plated wire with a gold
coating can be used, which is available from New England
Wire Technologies (Lisbon, N.H. 03585). A roll of this
custom wire was offered for $28,882.45 per 1000 ft in 2007,
but this product is no longer available because of the
complexity and cost of manufacturing it.

[0012] Because of the expense involved in the manufac-
ture of ultrasonic surgical handpieces, it has so far been
impractical to offer them as disposable items. Manufacturers
have only offered reusable, autoclavable handpieces.
[0013] One of the most common uses for ultrasonic hand-
pieces in the field of ophthalmology is for removing cata-
racts. Phacoemulsification systems have typically been sold
in combination with the console that contains the ultrasonic
generator and controls the fluidics. The titanium phacoemul-
sification tips and external plastic tubing that transports fluid
between the surgical system and the handpiece are marketed
as disposable, with the rationale that because these compo-
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nents come into contact with the patient’s bodily fluids, it is
easier and safer to dispose of them after a single use rather
than autoclave them. This approach has been very profitable
for manufacturers. However, the present inventor has real-
ized that logically this does not make sense since the
handpiece itself is being reused after exposure to bodily
fluids, even though the channels internal to the handpiece
(especially the aspiration tube) are exposed to bodily fluids
and are much harder to clean and sterilize.

[0014] Concerns about the spread of infection through
contaminated body fluids have intensified significantly in
recent years with the escalation of HIV/AIDS and other
lethal viruses; antibiotic-resistant bacteria; Toxic Anterior
Segment Syndrome (TASS); and Prion (Mad Cow) Disease,
against which autoclaving may not be 100% effective. For
example, with Prion Disease, the proteins are very stable and
normal autoclaving may not be enough to denature the
structure of the infectious protein and render it harmless.
Also, regarding TASS, the Association of periOperative
Registered Nurses (Denver, Colo. 80231) reports that

[0015] most cases . . . appear to result from inadequate
instrument cleaning and sterilization. Other reported
TASS cases were associated with glutaraldehyde and
detergent residue on instruments, endotoxins from
gram-negative bacteria in ultrasonic cleaners, impuri-
ties in steam from improperly maintained sterilizers,
and degradation of brass surgical instruments sterilized
by hydrogen peroxide gas plasma. Prevention of TASS
requires thorough cleaning and rinsing of surgical
instruments.

[0016] (“Recommended Practices for Cleaning and
Care of Surgical Instruments and Powered Equipment,”
Association of periOperative Registered Nurses, p. 24)
Thorough cleaning does not always occur.

[0017] Even when it is effective, the autoclaving process
is time-consuming and expensive. The Association of Sur-
gical Technologists (Littleton, Colo. 80120) details 15 prac-
tices over 30 pages regarding the complexity of dealing with
the decontamination of surgical instruments (“Standards of
Practice for the Decontamination of Surgical Instruments,”
Association of Surgical Technologists, which is incorporated
herein by reference in its entirety). These practices involve
several different steps and techniques such as placing instru-
ments in a sterile water bath directly after surgery; manually
rinsing and flushing the instruments; using ultrasonic clean-
ing baths with or without enzymatic detergents; etc.
[0018] The “Guidelines for the Cleaning and Sterilization
of Intraocular Surgical Instruments,” compiled by the Oph-
thalmic Instrument Cleaning and Sterilization (OICS) Task
Force (which includes representatives from the American
Society of Cataract and Refractive Surgery (ASCRS), the
American Academy of Ophthalmology (AAO), and the
Outpatient Ophthalmic Surgery Society (OOSS)) gives an
overview of the comprehensive training required of nursing
and medical staff regarding sterilization procedures. The
guidelines, which is incorporated herein by reference in its
entirety, recommend that

[0019] “Personnel . . . should be properly trained in
handling, cleaning, and sterilizing intraocular surgical
instruments and subject to periodic oversight. In addi-
tion to the general principles of asepsis, this training
should also include the cleaning, inspection, prepara-
tion, packaging, sterilization, storage, and distribution
of intraocular surgical instruments. Appropriate staff
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should also be trained in related tasks, such as equip-
ment operation and preventive maintenance. They
should undergo competency validations by direct
observation of performance. Staff education, training,
and validation of competency should be updated and
documented at least annually and be coincident with
the introduction of new surgical equipment, medical
devices, or packaging systems.”
[0020] In addition, each instrument comes with its own
specifications for autoclaving from the manufacturer, but it
is highly impractical to autoclave instruments individually.
All of these procedures require strict quality control guide-
lines and specifications, as well as careful documentation,
and this takes up a significant amount of time.

SUMMARY OF THE INVENTION

[0021] In accordance with the invention an ultrasonic
surgical handpiece is provided with a so called “cobra” cone
shaped work tip located at the distal end of the connecting
body of handpiece. The connecting body and the work tip
may be manufactured as one piece or in two pieces that are
connected together. In a preferred embodiment the connect-
ing body and work tip are made in one piece. As a result,
there is no thread between the connecting body and the work
tip. This cuts down on manufacturing expense, greatly
improves the transmission of ultrasonic vibrational energy
from the connecting body to the work tip and is easier to
keep clean because there are no threads to provide spaces for
bacteria. The increase in efficiency allows for smaller, less
expensive parts to be used to achieve the same output energy
for removing surgical tissue, e.g., cataracts, than a typical
more complex handpiece. Because of the reduction in cost,
the connecting body/work tip can be disposable after each
use. Since the aspiration channel passes through both the
work tip and handpiece, this construction also eliminates the
need to sterilize them between uses, thus saving further costs
and speeding up the process when multiple patients are
operated on during a single session.

[0022] The ultrasonic surgical handpiece has a housing
that surrounds the ultrasonic vibration generating elements
and the connecting piece, and extends along the work tip to
the vicinity of the cobra cone shape, thus forming an
aspiration sleeve. This housing, unlike the prior art, is not
designed, manufactured, or extensively sealed to be water-
proof in order to withstand numerous autoclaving steriliza-
tion cycles because, being disposable, there is no need to
autoclave it. Further, the disposable aspect of the handpiece
also allows the power cord and connector to be made of
simpler, less expensive materials.

[0023] Ultrasonic surgical handpieces have always been
complex and expensive to manufacture. For example, pha-
coemulsification handpieces used for removing cataracts
have the irrigation and aspiration fluid lines built into the
handpiece. This interferes with the core vibrating transducer
within the handpiece, and results in unnecessary complexity.
Furthermore, the autoclaving of these handpieces and mate-
rials management is a huge disadvantage to the operating
room staff. This complexity and its cost are avoided in part
with the present invention wherein the irrigation fluid lines
do not pass through the ultrasonic generating parts and the
connecting part. Instead, the irrigation line connects to the
housing beyond the connecting piece and can be made to be
disposable. Besides, eliminating the irrigation line from the
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ultrasonic generating parts and the connecting part simplifies
the design and reduces its cost.

[0024] The electrical power cord and connector that sup-
ply electricity to the ultrasonic vibrating parts are made
detachable from the hand piece. Since no bodily tissue or
fluids contact the cord and connector, it could be asserted
that it need not be disposable and can be reused. However,
the cable plug does contact the handpiece, even if it does not
contact bodily tissue or fluids. Thus, under strict protocol, it
enters the sterile field and should not be reused. This can be
overcome, however, by surrounding the plug with a sterile
sheet so it can be reused. Nevertheless, the rest of the hand
piece is intended to be disposed after each use. In particular,
the aspiration line and the housing with its ultrasonic vibra-
tion generating parts, connecting body and work tip, are
thrown away after each use. The irrigation line can be made
detachable from the housing and reused, or it can also be
thrown away. Because the disposable parts are of a simpler
design and are not extensively sealed to be waterproof in
order to withstand numerous autoclaving cycles, their manu-
facture is simpler with less expensive materials, so the
overall cost is greatly reduced. Further, the connection of the
power cord to the ultrasonic vibration parts can also be made
simpler and with less expensive materials because corrosion
of the wires due to autoclaving is not a concern. This
represents another basis for reducing cost whether the cord
is reused or disposed of after use.

[0025] The benefits of having an entirely disposable ultra-
sonic surgical handpiece are numerous. As the Furopean
Pharmaceutical Review (Kent, TN16 1NU, UK) explains in
general: “The advantages of single-use technology can be
summarized as: eliminating the need for cleaning; removing
requirements for in-house sterilization (typically by auto-
claving) for all components; reducing the use of cleaning
chemicals; cutting storage requirements; lowering process
downtime; and increasing process flexibility and reducing
cross-contamination risks.” (Dr. Tim Sandle, “Strategy for
the adoption of single-use technology,” 22 Mar. 2018, which
is incorporated herein by reference in its entirety.)

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The foregoing and other objects and advantages of
the present invention will become more apparent when
considered in connection with the following detailed
description and appended drawings in which like designa-
tions denote like elements in the various views, and wherein:
[0027] FIG. 1is a view in partial cross-section of a prior
art ultrasonic surgical handpiece;

[0028] FIG. 2 is a detailed enlarged cross-sectional view
with dimensions of a prior art ultrasonic connecting body
that is a component of FIG. 1,

[0029] FIG. 3 is a partial cross-section of prior art ultra-
sonic surgical handpiece that details the coil assembly of
FIG. 1;

[0030] FIG. 4A is a cross-section of a completely dispos-
able ultrasonic surgical handpiece with a cobra work tip,
external irrigation fluid tubes, a piezoelectric crystal trans-
ducer and a detachable electrical cord according to the
present invention, while FIG. 4B is an enlarged view of a
plug at the end of the cord, a sterile sheet and a socket in the
housing prior to being connected to each other;

[0031] FIG. 5 is bottom view of the cobra work tip
showing a secondary semicircular cutting gap wherein the
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major portion is toward the proximal end of the work tip and
illustrating the direction of ultrasonic forces from the work
tip;

[0032] FIG. 6 is a side view of the cobra work tip of FIG.
5 with the secondary cutting gap of FIG. 5 engaging a
cataract in the eye of a patient;

[0033] FIGS. 7A and 7B are a bottom view and a side
view, respectively, of a cobra work tip with a semicircular
cutting gap wherein the major portion is toward the distal
end of the work tip;

[0034] FIGS. 8A and 8B are a bottom view and a side
view, respectively, of a cobra work tip with an oval cutting
gap;

[0035] FIGS. 9A and 9B are a bottom view and a side
view, respectively, of a cobra work tip with a triangular
cutting gap wherein the major portion is toward the distal
end of the work tip;

[0036] FIGS. 10A and 10B are a bottom view and a side
view, respectively, of a cobra work tip with a triangular
cutting gap wherein the major portion is toward the proximal
end of the work tip; and

[0037] FIGS. 11A and 11B are a top view and a side view,
respectively, of a cobra work tip with a semicircular cutting
gap wherein the major portion is toward the proximal end of
the work tip.

DETAILED DESCRIPTION OF THE
INVENTION

[0038] FIG. 4A shows a disposable ultrasonic surgical
handpiece 100 according to the present invention. This
handpiece is unique in its design simplicity. The handpiece
has a housing 110 that can be made of plastic, metal or rigid
paper, and does not require waterproofing to withstand the
moisture, high temperatures, and high pressures of autoclav-
ing. The housing has a larger diameter portion at its proximal
end to accommodate internal element and it necks down to
a reduced diameter portion toward its distal end. The
reduced diameter portion extends to a distal portion or
sleeve 110" at its distal end that extends to the vicinity of a
work tip of the handpiece. The internal elements can be fixed
to the housing 110 with simple plastic or elastic components
114, e.g., O-rings. No epoxies or sealants are required
between the housing 110 and the internal components. The
power cord socket 112 and its connector 184 also do not
require epoxies or silicones to keep moisture from entering
the rear of the handpiece. In addition, the power cord 180
can be made of simple, inexpensive electrically conducting
wires covered with insulation, where the insulation is only
required for the purpose of isolating the electrical conduc-
tivity of the wires. It is not necessary to insulate the wires
against corrosion due to moisture, high temperatures, and
detergents or other chemicals that are encountered during
autoclaving.

[0039] The ultrasonic transducer 130 of this handpiece
100 can be either magnetostrictive or made of ceramic piezo
crystals. A connecting body 140 extends from the transducer
130 and surrounds a long tube 150 with a cobra work tip 152
at its distal end. The long tube 150, which may be one piece
or a series of connected pieces, runs through the transducer
130 to a connector 119 at the proximal end of the housing
110. The transducer 130 with an extension 132 and the
connecting body 140 are supported in the housing 110 by the
O-rings 114. The long tube 150 is supported in the housing
by smaller O-rings 116.
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[0040] The distal end of the housing or a separate sleeve
110' surrounds the long tube and extends to the vicinity of
the cobra work tip 152, thus forming an irrigation channel
170. The distal end 110" of the housing 110 may actually be
made of a flexible silicone material which forms the outer
sleeve of the irrigation channel 170. Having this part made
of flexible silicone makes it easier to insert into an incision
in the eye. A part 110" connects the main housing 110, which
would be rigid, to the flexible sleeve 110". A connector 118
at the distal end of the main housing 110 allows an irrigation
line 172 to connect to the irrigation channel 170. A channel
190 through the cobra tip 152, long tube 150 to the proximal
end of the handpiece forms the aspiration channel that is
connected to aspiration tube 192. In one embodiment main
housing 110 is made of a rigid material and distal housing
110" is made of a flexible silicone material. In another
embodiment all of the housing is made of flexible material
(e.g., silicone), but the part 110 is reinforced, e.g., with an
epoxy resin, paper, plastic, etc. to make it rigid

[0041] Having the connecting body 140, the tube 150 and
the work tip 152 as a single piece has several significant
advantages. Manufacturing a single-piece (e.g., by casting,
3D printing, etc.) costs only a fraction of the cost of
manufacturing a connecting body, tube and work tip as
separate pieces with threads that screw them together. For
example, creating the thread 700 in FIG. 2 requires precision
machining with extremely tight tolerances (thousandths of
an inch). In addition to the expense, unless the thread on the
work tip exactly matches the thread on the connecting body,
there is a loss of ultrasonic energy between the transducer
130 and the work tip 152. In particular, there is never
one-hundred percent efficiency in coupling the parts, so
there is a power loss especially during ultrasonic vibration
when the connecting body transmits the vibration at a
frequency of anywhere from 44 kHz/s to 50 kHz/s. An
arrangement in which the connecting body and work tip are
a single piece is thus much more efficient for transmitting
ultrasonic vibration and offers cost-savings that are so
significant that the handpiece can be disposable. If tube 150
is in one piece, the handpiece can be constructed from the
tube outward. In which case the main housing including the
reduced diameter (necked down) portion may be made in
two axial half shells that are placed about the transducer with
tube 150 and connecting piece 140. The halves are brought
together and sealed.

[0042] The cobra tip 152 has the conventional cone shape
of such devices. However, it may also have a cutting gap 154
at the bottom edge as shown in FIG. 4A. This gap gives the
cobra tip additional cutting capability as will be explained
below.

[0043] Power is provided to the handpiece via power cord
180. A connector 182 of the power cord is attached to a
console (now shown) that contains an ultrasonic signal
generator and also controls the fluidics. The ultrasonic signal
is passed from connector 182 through cord 180 to plug 184
on the proximal end of the ultrasonic surgical handpiece
100. Plug 184 is detachably connected to socket 112 in the
housing, which is permanently electrically connected to the
transducer 130. In one embodiment the power cord parts
differ from similar parts 750 and 790 of the prior art as
shown in FIG. 3, in that they are made disposable, because
they never have to withstand autoclaving. In particular, they
need not be waterproof or corrosion resistant, and as a result
can be less expensive than the prior art.
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[0044] Sterilization protocols differ in different parts of the
world. Thus, depending on local medical protocols, it may
be deemed that because the power cord will not come into
contact with bodily fluids or tissue during a procedure, there
is no need to dispose of the cord. Instead, when a procedure
is completed, the cord can be disconnected from the used
hand piece and connected to a fresh hand piece for the next
procedure. This not only results in material cost savings, but
it reduces the time required to start a new procedure since
the plug 182 does not have to be removed from the console.

[0045] The cable plug does contact the handpiece, even if
it does not contact bodily tissue or fluids. Thus, under strict
healthcare protocols, it enters the sterile field and should not
be reused. This can be overcome, however, by surrounding
the plug with a sterile sheet so it can be reused. In order to
overcome this problem a sterile sheet can be interposed
between the plug of the cord and the socket of the housing.
FIG. 4B is an enlarged view of the plug 184 and the socket
112 at the left end of the handpiece before they are con-
nected. Sterile sheet 186 is placed between these parts.
When plug 184 is connected to socket 112 its pins 185 pierce
the sheet and enter openings 113 in the socket 112. In this
way the cord 180 is isolated from the sterile operating field
in which the handpiece exists. In this embodiment, before
the handpiece is discarded the plug 184 is disconnected from
the socket. By placing a new sterile sheet over the plug 184,
the cord 180 can be used with a new handpiece without
having to sterilize it. At some point, however, it may be
advisable to have the cord and a batch of others sterilized,
perhaps by a professional using non-liquid means. In such a
situation, it may be economical to make the cord water
proof, so it can be sterilized after a number of uses.

[0046] During a typical phacoemulsification procedure an
incision is made in the eye, and the surgeon extends the work
tip 152 through the incision and into the vicinity of a cataract
that is to be removed. The console is then operated so that
irrigation fluid is directed into the incision through a tube
172, a connector 118 in the reduced diameter portion of
housing 110 and into a channel 170 formed by the space
between the interior of housing sleeve 110" and the exterior
of the tube 150. Similarly, fluid and cataract tissue are
withdrawn from the incision through a channel 190 in the
work tip 152, long tube 150 and flexible tube 192. For
example, irrigation fluid from the console may be passed
through flexible plastic tube 172 attached to the console and
a connector 118 on the housing 110 that leads to channel
170. Fluid may be aspirated from the incision through the
cobra tip 152, long tube 150 and flexible plastic tube 192
connected to tube 150 by a connector 119 for delivery back
to the console or a separate disposable container (not
shown). Tube 172 may extend to a rotary peristaltic pump on
the exterior of the console, as opposed to entering into the
console itself.

[0047] When a cataract 300 is contacted with the work tip
152 as shown in FIG. 6, the console provides ultrasonic
electrical signals through cable 180 to the transducer 130,
which causes the tip 152 to vibrate at an ultrasonic frequency
and to chop or emulsify the cataract tissue. During this
procedure the surgical site is bathed in irrigation fluid from
channel 170 (FIG. 4) and the pieces of cataract are with-
drawn with the aspiration fluid through channel 190. In this
operation bodily fluid is entrained with the aspiration fluid.
It has been discovered that the vibration of tube 150 is
amplified by the cone shape of the cobra tip so that enhanced
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cutting is achieved with the leading edge 155 of the tip as
shown in FIGS. 5 and 6. It is this edge that plays the major
roll in breaking up the cataract, i.e., where the edge contacts
the cataract.

[0048] In the design for the cobra tip according to the
present invention the edge 155 is slanted from front to back
as shown in FIG. 6. Defining the location of the most
proximal area of this edge as the “bottom” of the tip, it can
be seen in the embodiment of FIGS. 4A, 5 and 6 that the
cutting gap 154 is located at the bottom. As the cobra tip is
vibrated at ultrasonic frequencies, the edge 155 provides
cutting force as illustrated by the arrows. In addition, the
proximal edges 157 of cutting gap 154 also provide supple-
mental cutting force during a forward vibration stroke as
shown by the arrows. Because a surgeon will typically angle
the work tip, so the bottom portion of the edge contacts the
cataract tissue, the proximal edge 157 of gap 154 is also
brought into contact with the cataract tissue to provide
additional cutting to break up the cataract. Because aspira-
tion force is applied through the cobra tip, as pieces of
cataract tissue is broken off by edge 155, they are sucked
into the work tip main opening 158 surrounded by edge 155.
In like manner, as pieces are broken off by edge 154, they are
sucked into the work tip through the supplemental opening
159 surrounded by the edge 157.

[0049] A distal edge 151 of the gap 154 also provides a
cutting force during the backward vibration stroke of the
work tip. Such cutting force is not provided by the edge 155
so the gap 154 provides further cutting ability during the
back stroke.

[0050] The cobra work tip 152 shown in FIGS. 4-6 has a
cutting gap 154 with a semicircular shape in its bottom view.
In its side view the distal edge 151 of the gap is perpen-
dicular to the outer surface and the rest falls along an arc that
extends in the proximal direction somewhat in the shape of
a quarter circle. The portion of the arc shaped edge that
reaches the outer surface is the portion that engages in
cutting the cataract during the forward stroke of the work tip,
while edge 151 engages in cutting the cataract during the
rearward stroke.

[0051] FIGS. 7A and 7B illustrate a bottom view and a
side view, respectively, of a cobra work tip with a different
semicircular cutting gap. In the embodiment the proximal
edge of the gap is perpendicular to the outer surface and
extends for a distance D and the rest of the edge falls along
an arc that extends in the distal direction for a distance L
somewhat in the shape of a quarter circle. In this embodi-
ment the perpendicular edge that reaches the outer surface is
the portion that engages in cutting the cataract during the
forward stroke. The cutting gap 154 thus extends both
perpendicular to the axial direction by the distance D and in
the axial direction of the cobra tip by the distance [ sufficient
for an edge of the gap to engage tissue. In a typical
embodiment values for D are between 0.008 and 0.012
inches, while typical values for L are between 0.12 and 0.24
inches.

[0052] As shown in U.S. Pat. No. 6,159,175 of Strukel et
al., is has been known to place aspiration holes in the side
walls of cobra work tips. However, in those cases there is no
or a relatively small distance D so that these holes do not
provide cutting edges.
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[0053] FIGS. 8A and 8B are a bottom view and a side
view, respectively, of a cobra work tip with an oval cutting
gap. As shown in FIG. 8B the shape from the side is in the
form of an inverted U shape.

[0054] FIGS. 9A and 9B are a bottom view and a side
view, respectively, of a cobra work tip with a triangular
cutting gap. As shown in FIG. 9B the shape of the distal edge
of the gap is perpendicular to the outer surface and the rest
falls along a straight line that extends in the proximal
direction toward the outer surface. The portion of the edge
that reaches the outer surface at the proximal location in
FIG. 9B would typically engage in cutting the cataract.
[0055] Like FIGS. 9A and 9B, FIGS. 10A and 10B are a
bottom view and a side view, respectively, of a cobra work
tip with a triangular cutting gap. As shown in FIG. 10B the
shape of the proximal edge of the gap is perpendicular to the
outer surface and the rest falls along a straight line that
extends in the distal direction toward the outer surface. The
portion of the edge that reaches the outer surface at the
proximal location in FIG. 9B would typically engage in
cutting the cataract.

[0056] It should be noted that vibration of the work tip in
any of the foregoing designs causes both the distal and
proximal edges of the gap 154 to have ultrasonic force.
Therefore, however the surgeon manipulates the tip, so long
as an edge comes into contact with the tissue, it will cut. The
greatest force will likely be from a perpendicular edge in
side view as opposed to a curved or angled edge. Further,
while in a preferred embodiment the cutting gap is provided
at the bottom of the cobra work tip as shown in FIG. 5,
additional cutting can be achieved when it is at a side or top
location. In particular, FIG. 11A shows a cutting gap similar
to that in FIG. 7A but located on the top of the cobra work
tip as opposed to the bottom, where the “top” is defined as
the location of the most proximal area of the edge 155 (See
FIG. 4A). FIG. 11B is a side view of the cutting gap located
on the top of the cobra tip. Whenever the gap is brought into
contact with tissue as the surgeon manipulates the hand-
piece, regardless of where the gap is located on the work tip,
there will be some cutting.

[0057] With the cost savings from (a) eliminating the
threaded connection between the connecting body and work
tip; (b) eliminating the need to form an irrigation fluid
channel through the handpiece; and (¢) eliminating the need
to provide water and corrosion protection for the housing
and power cord, the cost of the hand piece can be sufficiently
low that it can be a disposable single-use item.

[0058] Even more savings can be realized by making the
housing with at least part of an electrical terminal or socket
such that the power cord can be plugged and unplugged from
the socket of the housing. Thus, power cord need not be
disposed of and can be reused without sterilization.

[0059] While the invention has been shown and described
in connection with the removal of a cataract from the eye of
a patient, the apparatus and method may also be used for
other types of surgery in other parts of the body, e.g., the
removal of neurological tissue.

[0060] Specific features of the invention are shown in one
or more of the drawings for convenience only, as each
feature may be combined with other features in accordance
with the invention. Alternative embodiments will be recog-
nized by those skilled in the art and are intended to be
included within the scope of the claims. Accordingly, the
above description should be construed as illustrating and not
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limiting the scope of the invention. All such obvious changes
and modifications are within the scope of the appended
claims.

I claim:

1. An ultrasonic surgical handpiece comprising:

a transducer;

a connecting body attached to said transducer;

a tubular work tip attached to the connecting body;

a housing for containing the connecting body. the trans-
ducer and a portion of the tubular work tip, said
housing being formed without provisions for water
proofing;

an aspiration fluid channel that extends through the work
tip, the connecting body and the transducer, and exits
the housing at a proximal end thereof;

an irrigation fluid line that extends between an inner
surface of the housing and the tubular work tip and
exits the housing distal of the connecting body; and

wherein the handpiece so adapted to be reduced in cost
and disposable.

2. The ultrasonic surgical handpiece according to claim 1
wherein said housing is in the form of a main housing
section from which the irrigation fluid line exits and a
connected distal housing section, wherein the distal section
is a flexible sleeve located distally of the main housing
section.

3. The ultrasonic surgical handpiece according to claim 2
wherein the sleeve is made of silicone and the main housing
section is made with a rigid structure.

4. The ultrasonic surgical handpiece according to claim 1
further comprising a power cord for providing an ultrasonic
signal to said transducer, said power cord being detachably
connected to said housing and the transducer therein, said
power cord being formed without provisions for water
proofing or corrosion resistance.

5. The ultrasonic surgical handpiece according to claim 4
further comprising:

a socket with connectors, said socket being located at the
proximal end of the transducer and said connectors of
the socket being electrically attached to the transducer,
said socket further being attached to the proximal end
of the housing; and

wherein the connectors of the socket are adapted to be
electrically connected to and disconnected from the
power cord.

6. The ultrasonic surgical handpiece according to claim 1
further comprising a power cord with a plug for providing an
ultrasonic signal, a sterile sheet, an electrical socket attached
in said housing and connected to said transducer;

wherein the plug of said power cord and said socket have
attachable and detachable mating pins and openings,
said sterile sheet is located between said plug and
socket and being penetrated by the pins when said pins
and openings are attached.

7. The ultrasonic surgical handpiece according to claim 1

wherein the work tip is a cobra tip in the form of a tube
with a first portion of a certain diameter, a second
portion expanded in a cone shape followed by a third
portion of an expanded diameter, said cobra tip having
a distal opening slanted in the distal to the proximal
direction with respect to an axis thereof; and

wherein said cobra tip further includes a cutting gap in the
expanded diameter portion, said cutting gap extending
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both perpendicular to the axial direction and in the axial
direction of the cobra tip sufficient for an edge thereof
to engage tissue.
8. The ultrasonic surgical handpiece according to claim 7
wherein said cutting gap is located in a bottom region of the
cobra tip adjacent the most proximal edge of the cobra tip
slanted opening.
9. The ultrasonic surgical handpiece according to claim 7
wherein said cutting gap is located in a top region of the
cobra tip adjacent the most distal edge of the cobra tip
slanted opening.
10. A work tip for an ultrasonic surgical handpiece
wherein the work tip is a cobra tip in the form of a tube
with a first portion of a certain diameter, a second
portion expanded in a cone shape followed by a third
portion of an expanded diameter, said cobra tip having
a distal opening slanted in the distal to the proximal
direction with respect to an axis thereof; and

wherein said cobra tip further includes a cutting gap in the
expanded diameter portion, said cutting gap extending
both perpendicular to the axial direction and in the axial
direction of the cobra tip sufficient for an edge thereof
to engage tissue.

11. The work tip for an ultrasonic surgical handpiece
according to claim 10 wherein said cutting gap is located in
a bottom region of the cobra tip adjacent the most proximal
edge of the cobra tip slanted opening.

12. The work tip for an ultrasonic surgical handpiece
according to claim 10 wherein the first and third portions
have cylindrical shapes.

13. The work tip for an ultrasonic surgical handpiece
according to claim 10 wherein said cutting gap has a
semicircular shape in plan view with its major portion
toward the distal end of the work tip, and in side view the
edge at its major portion is generally perpendicular to a
central axis of the work tip and the more proximal edges are
a curve that extends toward the outer surface.

14. The work tip for an ultrasonic surgical handpiece
according to claim 10 wherein said cutting gap has a
semicircular shape in plan view with its major portion
toward the proximal end of the work tip, and in side view the
edge at its major portion is generally perpendicular to a
central axis of the work tip and the more distal edges are a
curve that extends toward the outer surface.

15. The work tip for an ultrasonic surgical handpiece
according to claim 10 wherein said cutting gap has an oval
shape in plan view with its major axis transverse to the axis
of the work tip, and in side view the cutting gap has an
inverted U shape.

16. The work tip for an ultrasonic surgical handpiece
according to claim 10 wherein said cutting gap has a
triangular shape in plan view with a base portion toward the
distal end of the work tip, and in side view its distal edge is
generally perpendicular to a central axis of the work tip and
the more proximal edges are along a straight that extends
toward the outer surface.

17. The work tip for an ultrasonic surgical handpiece
according to claim 10 wherein said cutting gap has a
triangular shape in plan view with a base portion toward the
proximal end of the work tip, and in side view its proximal
edge is generally perpendicular to a central axis of the work
tip and the more distal edges are along a straight that extends
toward the outer surface.
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18. An ultrasonic surgical handpiece comprising:

a transducer;

a connecting body attached to said transducer;

a tubular work tip;

a tube attaching the connecting body to the tubular work
tip;

a rigid housing for containing the connecting body, the
transducer and a portion of the tube;

an aspiration fluid channel that extends through the work
tip, the connecting body and the transducer, and exits
the housing at a proximal end thereof;

a flexible sleeve fastened to the distal end of the rigid
housing and extending to a position just short of the
tubular work tip;

a connector for an irrigation fluid line located toward the
distal end of the rigid housing, whereby an irrigation
fluid channel extends between an inner surface of the
flexible sleeve and the tube, and exits at the tubular
work tip.

19. The ultrasonic surgical handpiece according to claim

18 wherein the tubular work tip is a cobra tip.

20. The ultrasonic surgical handpiece according to claim
19 wherein the cobra tip includes a cutting gap in an
expanded diameter portion thereof.

21. The ultrasonic surgical handpiece according to claim
19 wherein the rigid housing has a particular diameter to
contain the transducer and a portion of the connecting piece,
and a reduced diameter portion to contain the other portion
of the connecting piece, the tube and the connector.

22. The ultrasonic surgical handpiece according to claim
19 wherein the flexible sleeve is made of silicone.

23. The ultrasonic surgical handpiece according to claim
21
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wherein the tube is a continuous piece from the work tip
to the proximal end of the handpiece and forms the
aspiration fluid channel through the connecting piece
and transducer and

wherein the rigid housing is in the form of two axial
halves that can be placed about the assembled trans-
ducer and connecting body, and sealed.

24. The ultrasonic surgical handpiece according to claim
21 wherein the tube is in a plurality of sections connected
together.

25. An ultrasonic surgical handpiece comprising:

a transducer;

a connecting body attached to said transducer;

a tubular work tip attached to the connecting body;

a housing for containing the connecting body;

an aspiration fluid channel that extends through the work
tip, the connecting body and the transducer, and exits
the housing at a proximal end thereof;

irrigation fluid line that extends between an inner surface
of the housing and the tubular work tip and exits the
housing distal of the connecting body; and

a power cord for providing an ultrasonic signal to said
transducer, said power cord being detachably con-
nected to said housing and the transducer therein.

26. The ultrasonic surgical handpiece according to claim

25 further comprising:

a socket with connectors, said socket being located at the
proximal end of the transducer and said connectors of
the socket being electrically attached to the transducer,
said socket further being attached to the proximal end
of the housing; and

wherein the connectors of the socket are adapted to be
electrically connected to and disconnected from the
power cord.
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