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Once the amplitude of oscillations attains the maximum

REPETITIVE PROGRESSIVE AXIAL
DISPLACEMENT PATTERN FOR
PHACOEMULSIFIER NEEDLE TIP

preset steady amplitude, ef?ciency to disrupt tissue
decreases to an intermediate level, as observed by the speed
at Which a fragment of cataract tissue advances into the

phacoemulsi?cation needle tip.

BACKGROUND OF INVENTION

The same studies teach that during ultrasonic activity only
1. Field of Invention
This invention is related to motion control of a tissue
emulsi?er needle and more particularly to the axial displace
ment pattern folloWed by the tip of an emulsi?er needle used

1O

to emulsify biological tissues such as the phacoemulsi?ca
tion of the crystalline lens during eye surgery.
2. Description of Prior Art
Current phacoemulsi?cation apparatus usually use elec
tro-mechanic actuators driven at sonic or ultrasonic frequen

a small portion of the tip axial excursion located at the distal
end of each stroke has real contact With the lens tissue being
emulsi?ed. This occurs because the high repetition rate of
each stroke does not alloW a lens fragment to folloW the full

trajectory of the phacoemulsi?cation needle because of

fragment inertia.
The lens fragment remains at the distal Zone of the
15

excursion of the phacoemulsi?cation needle tip during
steady ultrasound. Only about 5 degrees of the sinusoidal

cies to energize a holloW phacoemulsi?cation needle. These
actuators operate under pieZoelectric, magnetostrictive or

trajectory located before the apex of the stroke of the
phacoemulsi?cation needle tip enters in contact With the lens

voice-coil principles.

fragment during steady ultrasonic activity.

Axial sinusoidal oscillation of the phacoemulsi?cation
needle emulsi?es the lens tissue of the eye during cataract

This situation is different during the attack and decay
portions of a single ultrasonic burst. During the attack
portion the amplitude of ultrasonic oscillations progres
sively increases. Lens fragment inertia during the attack

surgery primarily by jackhammer action. Friction betWeen
the holloW phacoemulsi?cation needle external Walls and
the surrounding elements generates undesired heat that can
lead to thermal injury of the ocular tissues. Also high

intensity ultrasonic activity produces undesired cavitation

25

bubbles.
Several measures have been adopted to minimiZe the risk
of thermal injury. For example, it is a necessary condition
that cooling ?uid circulates before ultrasonic poWer can be

applied in order to guarantee suf?cient heat dissipation.
Also, an aspiration bypass port, consisting in a lateral shunt
located near the distal opening has been added to refrigerate
the surroundings of the phacoemulsi?cation needle When the
distal opening of the phacoemulsi?cation needle becomes
occluded by lens material.
Furthermore, various schemes of modulation of the driv
ing signal that poWers the ultrasonic electro-mechanic actua

a single burst of ultrasonic activity, the lens disruptive effect
is greatly reduced With respect to the ultrasound lens dis

ruptive effect observed during steady ultrasound because
contact betWeen the needle tip and the lens fragment is
diminished.

Object and Advantages. A main object of the present
invention is to provide a method to increase the ef?ciency of
35

alloWing the effective use of less ultrasonic poWer and

A further object of the present invention is to reduce the
40

modulation schemes typically having a 50% duty cycle
45

period of inactivity, usually providing up to 15 pulses per

of ultrasonic activity knoWn to provide minimal or no lens

An advantage of the present invention is to reduce the
undesired thermal and cavitation effects When compared to
currently used systems With similar degrees of lens remov

ing capabilities. Further objects and advantages of the
present invention Will become apparent from consideration

second.
Burst Mode is another scheme that provides an energiZed
actuator for a ?xed predetermined period, typically above 30
milliseconds duration, folloWed by an operator controlled

of the draWings and ensuing description.
SUMMARY OF INVENTION

period of actuator inactivity and repeated in cycles.
Recently, systems providing very short bursts in the order
of 4 milliseconds have been introduced, With a user select

able separation betWeen bursts. This method has been
claimed to generate less heat and to provide more lens
disruption poWer for similar ultrasound energy levels deliv

delivery of ultrasonic energy into the eye during the periods

disruptive poWer.

In this direction, Pulsed Mode is one of the basic poWer

Where a burst of ultrasonic activity is folloWed by an equal

phacoemulsi?cation needles With respect to currently used
methods of ultrasonic energy delivery for lens removal,

decreasing heat generation.

tors have been used to reduce the thermal risk during the
procedure. These schemes consider the intercalation of

periods of actuator inactivity that provide thermal relaxation
before the folloWing period of ultrasonic oscillatory activity
takes place, minimiZing heat build up.

portion alloWs the phacoemulsi?cation needle tip to produce
a relatively higher lens disruptive effect When compared to
the steady ultrasound lens disruptive effect.
In the opposite Way, during the decay or ending portion of

55

A method to improve the efficiency of a phacoemulsi?er
system based on a novel phacoemulsi?cation needle tip axial
displacement pattern designed to increase the exposure of a
lens fragment to successive strokes of ultrasonic activity of
the phacoemulsi?cation needle tip. The method also con

siders avoiding delivery of ultrasonic poWer during the
periods of ultrasonic activity Where minimal lens removing

ered into the ocular tissues. The explanation raised for the

increased ef?ciency produced by this mode Would consist in

capabilities are knoWn to occur.

a relative increase of transient cavitation over steady cavi
tation.
Inventor’s research on phacoemulsi?cation needle inter

action With lens tissue using high speed recording tech

Increased exposure of lens fragments to phacoemulsi?
cation needle tip action during each ultrasonic stroke accord
ing to the present invention is achieved by using a loW

niques has revealed that the most ef?cient portion of an
ultrasonic burst to disrupt lens tissue occurs When the
amplitude of oscillations increases at the initial portion of
each single burst. This portion of a burst can be de?ned as
the attack portion of the envelope of the motion burst.

the ultrasonic energy preferably in phase With the fraction of
the loW frequency motion component corresponding to
displacement of the tip toWards the distal limit With respect
to the hand-piece.

frequency axial displacement carrier signal and by activating
65
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BRIEF DESCRIPTION OF DRAWINGS

detector circuit 32. LoW frequency phase detector circuit 32
connects through connector 34 With hand-piece controller
unit 10 and also With ultrasonic oscillator driver unit 22.

FIG. 1 depicts a block diagram of a phacoemulsi?cation
hand-piece electronic driver circuit and electro-mechanic
actuators of the present invention.
FIG. 2 depicts a longitudinal section of a phacoemulsi?

Ultrasonic electro-mechanic transducer 60 is axially
mounted betWeen proximal resonant body 58 and distal
resonant body 56. Distal resonant body 56 attaches to holloW
phacoemulsi?cation needle 80 having a needle tip 82. LoW

cation hand-piece and needle. A typical axial displacement
pattern is illustrated.
FIG. 3 depicts typical time versus displacement plots of
the tip of a phacoemulsi?cation needle using prior art
methods.

10

FIG. 4 illustrates one embodiment of an axial displace

ment pattern for a phacoemulsi?cation tip of the present
invention.
FIG. 5 illustrates one embodiment of an axial displace

si?cation needle 80.
15

ment pattern for a phacoemulsi?cation tip of the present
invention.
FIG. 6 illustrates a preferred embodiment of an axial

displacement pattern for a phacoemulsi?cation tip of the
present invention.

amplitude, loW frequency stroke amplitude, burst duration,
burst repetition rate and activity period are provided through
20

FIG. 7 illustrates another preferred embodiment of an

FIG. 8 illustrates another preferred embodiment of an
25

FIG. 9 illustrates another preferred embodiment of an

axial displacement pattern for a phacoemulsi?cation tip of
the present invention.
30

REFERENCE NUMERALS FOR FIGURES

26.—connector, 30.—connector, 32.—phase-position detec
tor, 34.—connector, 40.—aspiration line connector,
50.—loW
frequency
electro-mechanic
transducer,

driver 22 and ultrasonic electro-mechanic actuator 60 char
acteristics.

Hand-piece controller unit 10 also con?gures though
energiZes loW frequency electro-mechanic actuator 50
though connector 30 providing an electric signal to produce
35

loW frequency oscillations of a selected frequency, Wave

form, amplitude and duration. Typically, loW frequency
component Will be in the range of 10 to 5000 hertZ according

to operator settings and system construction.
40

52 .—coupler, 56.—distal ultrasonic resonant body,
58.—proximal ultrasonic resonant body, 60.—ultrasonic

electro-mechanic transducer, 70.—surgical hand-piece
enclosure,
80.—phacoemulsi?cation
needle,
82.—phacoemulsi?cation needle tip.

external control 14 that has been user con?gured and pro
vides an activation signal for phacoemulsi?cation hand
piece controller unit 10.
Hand-piece controller unit 10 con?gures though connec
tor 20 ultrasonic oscillator driver 22 that in turn energiZes
ultrasonic electro-mechanic actuator 60 though connector 24
providing an electric signal to produce ultrasonic oscilla
tions of a selected frequency, Waveform, amplitude and
duration. Typically, ultrasonic frequency Will be in the range
of 20.000 to 90.000 hertZ according to ultrasonic oscillator

connector 16 loW frequency oscillator driver 18 that in turn

1.—attack, 2.—steady state, 3.—decay, 10.—hand piece
controller unit, 12.—connector, 14.—external control, 16.
connector, 18.—loW frequency oscillator-driver unit,
20.—connector, 22.—ultrasonic oscillator-driver unit,
24.—connector, 25.—loW frequency position sensor,

Operation of the invention: Ahost phacoemulsi?er system
provides operator control and settings through external
control 14. Operational parameters such as ultrasonic stroke

axial displacement pattern for a phacoemulsi?cation tip of
the present invention.
axial displacement pattern for a phacoemulsi?cation tip of
the present invention.

frequency electro-mechanic transducer 50 is axially coupled
through coupler 52 With the proximal section of ultrasonic
resonant body 58. Aspiration line connector 40 provides
Watertight ?uid connection betWeen an aspiration line (not
shoWn) and the inner proximal end of holloW phacoemul

45

DETAILED DESCRIPTION

As shoWn in FIG. 1 a hand-piece controller unit 10
interconnects through a connector 12 to a host external 50

Oscillatory activity produced by electromechanical trans
ducers 50 and 60 axially coupled inside phacoemulsi?cation
hand-piece enclosure 70 is additively transmitted to pha
coemulsi?cation needle 80 (FIG. 2A) to produce axial
displacement of the phacoemulsi?cation needle tip 82 (FIG.
2B and FIG. 2C).
Phase-position detector 32 receives input signals from
loW frequency oscillator-driver 18 through connector 30 and
from loW frequency position sensor 25 through connector
26. Phase detector 32 produces an output signal that informs
the cycle position of the loW frequency component of the

through a connector 20 to an ultrasonic oscillator driver unit

axial displacement of the phacoemulsi?er needle tip. Phase
detector 32 output signal is fed into hand-piece controller

22. Hand-piece controller unit 10 interconnects through a

unit 10 and into ultrasonic oscillator-driver unit 22.

controller 14. Hand-piece controller unit 10 interconnects

The ultrasonic component of the axial oscillatory dis

connector 16 to a loW frequency oscillator driver unit 18.

Ultrasonic oscillator driver unit 22 connects through

55

placement of phacoemulsi?cation needle tip 82 produced by
ultrasonic electro-mechanic transducer 60 can be typically

connector 24 to an ultrasonic electro-mechanic transducer

60 located inside phacoemulsi?cation surgical hand-piece

regulated betWeen 0 and 100 microns tip stroke correspond

enclosure 70. LoW frequency oscillator driver 18 connects
through connector 30 to a loW frequency electro-mechanic

ing to a phacoemulsi?cation poWer range betWeen 0 and
100% of a typical prior art system.

transducer 50 located inside phacoemulsi?cation surgical
hand-piece enclosure 70. LoW frequency oscillator driver 18

60

also connects through connector 30 to loW frequency

phase—position detector circuit 32.
LoW frequency electro-mechanic transducer 50 has an
attached loW frequency position sensor 25 that provides a

65

The loW frequency component of the axial oscillatory
displacement of the phacoemulsi?cation needle tip 82 pro
duced by loW frequency electro-mechanic transducer 50 can
be typically regulated betWeen 0 and 500 microns. Both
ultrasonic and loW frequency components of phacoemulsi
?cation needle tip motion cycles can independently depart

loW frequency motion component phase output signal that

from a sinusoidal Wave displacement pattern according to

connects through connector 26 With loW frequency phase

driving signal characteristics.

US 6,939,3l7 B2
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distally displacing phase of the loW frequency electro

Tip motion versus time plots depicted in FIGS. 3, 4, 5, 6,

mechanic transducer 50 displacing phase for increased ef?

7, 8 and 9 depict time in the horizontal axis. Phacoemulsi
?cation needle tip position is shoWn in the vertical axis in all
referred ?gures. Top of page represents distal from the
phacoemulsi?cation hand-piece and near to lens fragments
position. Bottom of page represents proximal to the hand

ciency.
Contrarily, during the proximally displacing phase of the
loW frequency electro-mechanic transducer 50 component,
ultrasonic electro-mechanic transducer 60 is turned off as

piece in all referred ?gures.

this is a reduced efficiency segment of the needle tip motion
pattern. This embodiment considers deviation of the loW
frequency displacement pattern from a sinusoidal Waveform

Motion versus time plots in FIG. 3 depict typical prior art

ultrasonic displacement patterns for phacoemulsi?cation
needles. FIG. 3A shoWs steady ultrasound displacement
pattern. FIG. 3B shoWs a single burst of ultrasonic activity

10

transducer 50 motion cycles occurs sloWer than the proxi

Where 1 signals the attack portion, 2 signals the steady
ultrasound portion and 3 signals the decay portion of the
envelope of the single burst.
FIG. 3C shoWs a train of tWo independent bursts of

mally displacing phase.
Other embodiment of a motion versus time pattern of the
15

ultrasonic activity separated by a resting period. These prior
art motion patterns can be reproduced by activation of
ultrasonic electro-mechanic transducer 60 of the present
invention alone.
A motion versus time plot is depicted in FIG. 4C that
shoWs the resultant axial motion pattern obtained by acti
vation of ultrasonic electro-mechanic transducer 60 (FIG.

present invention is depicted in FIG. 8D that shoWs the
resultant axial motion pattern of the phacoemulsi?cation
needle tip obtained by activation of ultrasonic electro

mechanic transducer 60 (FIG. 8A) only during a selected
portion (FIG. 8C) of the displacement cycle of the loW
frequency component according to the phase detector 32
output signal. Selective activation of ultrasonic electro
mechanic transducer 60 is preferably set to occur during the

distally displacing phase of the loW frequency electro

4A) using amplitude modulation (FIG. 4B). The motion
pattern depicted in FIG. 4C is obtained after active cancel
lation of the ultrasonic electro-mechanic transducer 60 activ

into an asymmetric Waveform (FIG. 7B) Where the distally
displacing phase of the loW frequency electro-mechanic

mechanic transducer 50 displacing phase for increased ef?
25

ciency.

ity during the expected decreasing portion of the ultrasonic

Contrarily, during the proximally displacing phase of the

motion pattern thus avoiding to deliver ultrasonic energy

loW frequency electro-mechanic transducer 50 component,

during the inef?cient portion of decreasing ultrasound

ultrasonic electro-mechanic transducer 60 is turned off as

amplitude.

this is a reduced efficiency segment of the needle tip motion
pattern. This embodiment considers deviation of the loW
frequency displacement pattern from a sinusoidal Waveform

A motion versus time plot is depicted in FIG. 5C that
shoWs the resultant axial motion pattern obtained by simul
taneous activation of ultrasonic electro-mechanic transducer

60 (FIG. 5A) and of loW frequency electro-mechanic trans
ducer 50 (FIG. 5B). The motion pattern depicted in FIG. 5C
converts the steady ultrasound motion pattern into a pro

into an asymmetric Waveform (FIG. 8B) Where the distally
displacing phase of the loW frequency electro-mechanic
transducer 50 motion cycles occurs faster than the proxi
35

gressive distal displacement motion pattern during the distal
displacing phase of the loW frequency component With

Other embodiment of a motion versus time pattern of the

increased ef?ciency. Contrarily, during the proximal displac
ing phase of the loW frequency component, the steady
ultrasound motion pattern is converted into a decreasing

40

distal displacement motion pattern With reduced ef?ciency.
One embodiment of a motion versus time pattern of the

present invention is depicted in FIG. 6D that shoWs the
resultant axial motion pattern of the phacoemulsi?cation
needle tip obtained by activation of ultrasonic electro

mally displacing phase.
present invention is depicted in FIG. 9D that shoWs the
resultant axial motion pattern of the phacoemulsi?cation
needle tip obtained by activation of ultrasonic electro

mechanic transducer 60 (FIG. 9A) only during a selected
portion (FIG. 9C) of the displacement cycle of the loW
frequency component according to the phase detector 32
output signal. Selective activation of ultrasonic electro

45

mechanic transducer 60 is preferably set to occur during the

distally displacing phase of the loW frequency electro
mechanic transducer 50 displacing phase for increased ef?

mechanic transducer 60 (FIG. 6A) only during a selected
portion (FIG. 6C) of the displacement cycle of the sinusoidal

ciency.

loW frequency component according to the phase detector 32
output signal. Selective activation of ultrasonic electro

loW frequency electro-mechanic transducer 50 component,

mechanic transducer 60 is preferably set to occur during the

ultrasonic electro-mechanic transducer 60 is turned off as

distally displacing phase of the loW frequency electro
mechanic transducer 50 (FIG. 6B) for increased ef?ciency.
Contrarily, during the proximally displacing phase of the

this is a reduced efficiency segment of the needle tip motion
pattern. This embodiment considers an inactivity period of

loW frequency electro-mechanic transducer 50 component,

Contrarily, during the proximally displacing phase of the

55

the loW frequency displacement component constituting
repeated pulses of loW frequency displacement activity

ultrasonic electro-mechanic transducer 60 is turned off as

(FIG. 9B).

this is a reduced ef?ciency segment of the needle tip motion

Conclusions, rami?cations and scope: While the above
description contains many speci?cities these should not be

pattern.

construed as limitations on the scope of the invention, but
rather as an exempli?cation of preferred embodiments

Other embodiment of a motion versus time pattern of the

present invention is depicted in FIG. 7D that shoWs the
resultant axial motion pattern of the phacoemulsi?cation
needle tip obtained by activation of ultrasonic electro

mechanic transducer 60 (FIG. 7A) only during a selected
portion (FIG. 7C) of the displacement cycle of the loW
frequency component according to the phase detector 32

thereof. Many other variations are possible. For example the
loW frequency carrier motion pattern may conform to other
Waveforms such as saW-tooth, inverted saW-tooth, triangle,
etc.
65

The ultrasonic motion pattern may conform to other

output signal. Selective activation of ultrasonic electro

Waveforms such as saW-tooth, inverted saW-tooth, triangle,

mechanic transducer 60 is preferably set to occur during the

etc. The ultrasonic component and the loW frequency com

US 6,939,317 B2
8
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ponent of the motion Waveform can be generated by acti

selecting a loW frequency electro-mechanic actuator to
axially oscillate a phacoemulsi?er needle at loW fre
quency;

vation of a single electro-mechanic actuator and driver.

The loW frequency oscillator and the ultrasonic oscillator
circuits can be an integral part of the hand-piece controller
unit. The loW frequency phase detector signal can be pro
cessed at hand-piece controller unit level or alternatively at
ultrasonic oscillator—driver unit. The location and duration

mechanically combining the ultrasonic electro-mechanic
actuator and the loW frequency electro-mechanic actua
tor to obtain an aXial phacoemulsi?cation needle dis

placement pattern corresponding to the combined

of the fraction of the loW frequency motion cycle Where
ultrasonic bursts Will take place may vary to maximize

efficiency.

10

Accordingly, the scope of the present invention should be
determined not by the embodiments illustrated but by the

appended claims and their legal equivalents.
What is claimed is:
1. A method to improve the efficiency of a phacoemulsi
?cation system by delivering a burst of ultrasonic poWer
synchroniZed With a fraction of a loW frequency motion
Waveform at a phacoemulsi?cation needle tip, the method

comprising:
selecting an ultrasonic electro-mechanic actuator to aXi

action of both ultrasonic and loW frequency electro
mechanic actuators;
selecting a loW frequency driver signal Waveform to
oscillate the loW frequency electro-mechanic actuator;
selecting an ultrasonic driver signal Waveform to oscillate
the ultrasonic electro-mechanic actuator;

detecting a phase and position signal of the loW frequency
15

electro-mechanic actuator to synchroniZe bursts of
ultrasonic actuator activity;
in a Way that bursts of aXial ultrasonic activity of the

phacoemulsi?er needle are repeatedly produced in syn
chroniZation With a fraction of each loW frequency

electro-mechanic actuator cycle.

ally oscillate a phacoemulsi?er needle at ultrasonic

frequency;
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