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ABSTRACT

A surgical system (e.g., an ophthalmic surgery system) comprising a surgery unit including an
operative tip connected to a console and a foot pedal control that adjusts to a number of different
sizes of user's shoes. The foot pedal control has a treadle on which a user places his or her foot and
a sensor that tracks the movements thereof. Adjustable lateral guides mount to the treadle and
conform to both sides of the foot. The guides are shaped and positioned to conform to a wide
variety of feet or shoes, and may easily be adjusted between users. A retractable heel stop converts
between up for reference and down to enhance movement of the user's foot. A convertible handle
may be stowed in a down position parallel to a base or pivoted up over the treadle for protection
and ease of movement of the foot pedal control. The foot pedal control may be wireless and have

various other electronic controls, and may have a dual-control treadle.

CA 2936454 2018-01-12



10

15

20

25

CA 02936454 2016-07-15

WO 2010/054140 ‘ - PCT/US2009/063479

ADJUSTABLE FOOT PEDAL CONTROL FOR OPHTHALMIC SURGERY

Field of the Invention

[0001] The present application relates to operating controls for ophthalmic surgical

apparatus and, more particularly, to an adjustable foot operated control.

Background of the Invention
[0002] Ophthalmic surgical apparatus such as phacoemulsification apparatus typically

include operating controls for regulating parameters or functions of the apparatus, Such
phacoemulsification apparatus is particularly directed for surgically removing the natural,
crystalline lenses from cataractic eyes prior to the insertion of an artificial intraocular lens,

[0003] Such apparatus typically includes a control cabinet, power supply, one or more
pumps as well as associated electronic hardware for operating a multifunction handheld surgical
implement in order to sonically emulsify eye tissue, irrigate the eye with a saline solution and
aspirate the emulsified lens from the eye.

[0004] In view of the handheld instrumentation necessary for a phacoemulsification
procedure, foot controls are frequently provided in order to facilitate use of the handpiece by
delegating other control functions to the foot pedal device. '

[000S] Any number of foot pedal device systems have been utilized which included a

variety of pneumatic and electrical actuators to control the ophthalmic surgical apparatus. For

instance, improved foot pedal control systems such as that described in U.S. Pat. No. 4,983,901
provide for a virtually unlimited number of control variations and modes for operating
phacoemulsification apparatus. One popular type of foot control is termed a dual-control foot
pedal because of the two directions of foot movement to actuate the controls. A treadie (the
actual pedal) may be pivoted in a vertical plane, as in a standard car accelerator-type pedal,
while also rotated in a horizontal plane or yaw direction. In addition to the dual treadle control,

one or more other foot-actuated switches placed close to the treadle are often provided for easy
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[0006] The foot pedal must be user friendly in order to provide a surgeon comfort and
reliability in its use so as not to initiate disruption of the surgeon’s concentration when
performing surgery. During control of the foot pedal the surgeon’s posture 1s influenced by
efforts to prevent losing contact with the foot pedal, which is achieved by keeping one foot
flexed above the pedal and loading the body weight on the other foot. This causes a non-
ergonomic posture which can lead to physical discomfort, and sometimes mistakes in control of
the foot pedal.

[0007} Furtherrriore, as may be expected, different types of foot pedals are preferred by
different surgeons, with some surgeons preferring an accelerator-type pedal in which the sole of
the surgeon’s foot is utilized for depression, while others desire a pedal engageable by the
surgeon’s toe in order to depress the pedal. This, of course, leads to the development of a
multitude of foot pedal devices of diverse configuration in order to provide the comfort and
reliability desired by individual surgeons. For instance, U.S. Pat. No. 6,360,630 to Holtorf
discloses a dual position foot pedal rotatably mounted to a base in order to be operated by the toe
or sole of a user’s foot. However, even with such flexible designs, a change in foot pedals is
often required when phacoemulsification apparatus is utilized in sequence by different
physicians, which is inconvenient and may require recalibration of the apparatus, In addition,
such alternative foot pedals may not be available or even offered by a manufacturer.

[0008] Despite the availability of a number of relatively effective foot pedal designs,

there 1s a need for a more ergonomically flexible foot pedal that enhances surgeon comfort and

concentration.

Briet Description of the Drawings

[0009] Features and advantages of the present invention will become appreciated as the
same become better understood with reference to the specification, claims, and appended
drawings wherein:

[0010] Figure 1 is a top view of a prior art foot pedal control for ophthalmic surgery;.

[0011] Figure 2 is a perspective view of another prior art foot pedal control for
ophthalmic surgery;

[0012] Figures 3A-3D are b;)ttom plan views of a number of different shoe shapes;

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

CA 02936454 2016-07-15

WO 2010/054140 PCT/US2009/063479

[0013] Figure 4 is a perspective view of an exemplary foot pedal control for ophthalmic

surgery described in the present application;

[0014] Figures 5 and SA are side elevational and transverse sectional views of the foot
pedal control of Figure 4;

[0015] Figure 6 is an exploded perspective view looking up on the foot pedal control of
Figure 4; '

[0016] Figure 7 is an exploded perspective view looking down on the foot pedal control
of Figure 4; .

[0017] Figure 8A and 8B are top plan views of a treadle of the foot pedal control
illustrating laterally-adjustable guides thereon;

[0018] Figures 9A-9D are bottom plan views of different shoe shapes showing the
adjustable guide rails conforming thereto;

[0019] Figure 10 is an exploded perspective view of the treadle of the foot pedal control
of Figure 4,

[0020] Figure 11 is an exploded perspective view of an actuation plate of the treadle of
Figure 8;

[0021] Figures 12A and 12B are top plan views of actuation plate of the treadle with
guides adjusted in two different positions;

[0022] Figures 13A and 13B are perspective views of the foot pedal control of Figure 4
showing adjustment to fit two different sizes and shapes of shoes;

[0023] Figures 14A and 14B are perspective views of the foot pedal control of Figure 4

showing two different positions of a carrying handle;

[0024] Figures 15 and 16 are perspective views of the foot pedal control of Figure 4 with
the carrying handle in a raised position to illustrate different benefits during use; .

[0025] Figures 17A and 17B illustrate two different methods of carrying the foot pedal
control of Figure 4 with the handle in raised and lowered positions, respectively;

[0026] Figures 18A and 18B are two perspective views of an alternative foot pedal

control treadle having articulated laterally-adjustable guides; and
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[0027] Figure 19  illustrates an  exemplary phacoemulsification/vitrectomy
Irrigation/aspiration system in a functional block diagram as an exemplary surgical system in

which the foot pedal control disclosed herein may be utilized.

Summary of the Invention

[0028] The present application discloses a foot pedal control for a surgical system (e.g.,
an ophthalmic surgery system) that adjusts to a number of different sizes of users’ shoes. The
toot pedal control has a treadle on which a user places his or her foot and a sensor that tracks the
movements thereof. Adjustable lateral guides mount to the treadle and conform to both sides of
the foot. The guides are shaped and positioned' to conform to a wide variety of feet or shoes, and
may easily be adjusted between users. A retractable heel stop converts between up for reference
and down to enhance movement of the user’s foot. A convertible handle may be stowed in a
down position parallel to a base or pivoted up over the treadle for protection and ease of
movement of the foot pedal control. The foot pedal control may be wireless and have various
other electronic controls, and may have a dual-control treadle.

[0029] In accordance with one embodiment, a foot pedal control for a surgical system
comprises a base, a treadle mounted for rotational yaw movement relative to the base and having
a generally planar foot platform, and a sensor that tracks the yaw movements of the treadle and
generates an electronic signal therefor. A pair of guides mounted on the treadle flank and extend
upward from the foot platform, wherein at least one of the guides is movable to adjust the lateral

spacing therebetween and accommodate variable foot widths on the foot platform therebetween.
[0030] In one embodiment, both of the guides are adjustable, and the guides may be

adjustable independent of one another or move in tandem. The guides may each mount to

articulate on the treadle with at least two adjustable segments. Preferably, both of the guides are

also adjustable in an antenior-posterior direction, however at least one adjustable guide is
preferably adjustable 1n an anterior-posterior direction and translates along an angled slot in the
treadle. The angled slot desirably extends from a posterior point outward 1n an anterior direction
at an angle of between about 15° and 45° from the longitudinal axis of the treadle. Further, the
guide may be configured to move along the angled slot in a ratcheted fashion so as to have a

series of stop positions distinguished by audible and/or tactile clicks.

-
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[0031] The treadle may be a dual-motion treadle also mounted for vertical pivoting

movement relative to the base, and the control further includes a sensor that tracks the pivoting
movements and generates an electronic signal therefor. In one embodiment, the guides have a
rail extending upward to a height generally perpendicular to the foot platform of between about
15 mm (0.6 inches) and 38 mm (1.5 inches). Desirably, the guides are elongated in an anterior-
posterior direction and each includes a lip extending toward the other guide and generally
parallel to the foot platform, and a rail extending upward from the lip generally perpendicular to
the toot platform. The guides may be elongated in an anterior-posterior direction and S-shaped
SO as to have convex and concave inner faces to conform to different areas of users’ feet, In one
version, the treadle further includes a heel stop at the posterior end of the foot platform, the heel
stop being convertible from a first position extending upward from the foot platform and a
second position at or below the level of the foot platform.

[0032] Another aspect of the present application is a system for surgery including a
surgery unit having a hand-held operative tip connected to a console. A foot pedal control in
electronic communication with the console features a base and a treadle mounted for rotational
yaw movement relative to the base and having a generally planar foot platform. The foot pedal
control has a built-in sensor that tracks the yaw movements of the treadle and generates an
electronic signal for communication to the console and subsequent control of the operative tip.
The treadle has a pair of guides mounted thereon flanking and extending upward from the foot

platform, wherein at least one of the guides is movable to adjust the lateral spacing therebetween

and accommodate variable foot widths on the foot platform therebetween.

[0033] In one embodiment, the surgery unit is for ophthalmic surgery and the operative

tip 1s adapted for insertion into an eye and includes a lumen for aspiration. Variations of the foot

pedal control 1n the surgical system are described above.
[0034] Another system for surgery disclosed herein comprises a surgery unit including

an operative tip connected to a console, and a foot pedal control 1n electronic communication
with the console. The foot pedal control has a base with an undercarriage arranged to lie flat on
a ground surface, and a treadle mounted for vertical pivoting movement relative to the base. The
foot pedal control has a built-in sensor that tracks the pivoting movement of the treadle and

generates an electronic signal for communication to the console and subsequent control of the
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operative tip. A carrying handle connects to the base and converts between at least two positions

- a first position above the treadle and generally perpendicular to the undercarriage of the base,
and a second position out of the way of the treadle and generally parallel to the undercarriage of
the base,

[0035] In one embodiment, the surgery unit is for ophthalmic surgery and the operative
tip 1s adapted for insertion into an eye and includes a lumen for aspiration. Variations of the foot
pedal control in the surgical system are described above.

[0036] In one embodiment, the carrying handle is mounted to the base to lock into the
two positions, Preferably, the carrying handle has two ends mounted to the base at two pivot
points, and each pivot point features an actuator for unlocking the carrying handle for rotation,
wherein both actuators must be activated to convert the carrying handle between positions. The
carrying handle may mount to the base to pivot about an axis parallel but offset with respect to
the plane defined by the undercarriage of the base, wherein in the first position above the treadle

and generally perpendicular to the undercarriage of the base the carrying handle defines a

curvilinear side strut that 1s convex in the anterior direction.

Detailed Description of the Preferred Embodiments

[0037] The present application describes an improved foot pedal control for ophthalmic
surgery that adjusts to a number of different sizes of users’ shoes. An exemplary illustrated
embodiment 18 designed for ophthalmic surgery, although the foot pedal control may be
moditied for other types of surgery, such as endoscopic coagulation surgery. Furthermore, the

exemplary foot pedal is described as having a number of functional features, and it should be

understood that some of these features may be amended or modified as needed. Likewise,
though the illustrated design with an adjustable foot shape and movable handle is particularly
well-suited for the controls shown, those controls may be modified while still retaining the novel

aspects described herein.

[0038] To better understand the limitations of prior art foot pedal controls, two currently

available models will be discussed. Figure 1 is a top view of a foot pedal control 20 for

ophthalmic surgery that 1s available as Model No. AMO SOV680701 from Advanced Medical
Optics, Inc. of Santa Ana, CA. The foot pedal control 20 includes a base 22 having an
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upstanding, generally inverted U-shaped carrying handle 24 thereon. A generally rectangular

treadle 26 having a non-stick surface thereon is arranged to pivot on the base 22, much like the
accelerator of a car. A pair of side switches 28 projects outward from the base 22 on either side
of the toe portion of the treadle 26. Electronic circuitry (not shown) within the foot pedal control

20 translates depression of the treadle 26 into a control signal for whatever surgical instrument

(not shown) to which the foot pedal connects.

[0039] Figure 2 shows another prior art foot pedal control 30 for ophthalmic surgery, as
described in U.S. Patent Publication No. 2006/0219049 assigned to Alcon, Inc., of Fort Worth
Texas. Alcon makes a similar looking foot pedal control and markets it in conjunction with its
Infiniti® phacoemulsification surgical system. The foot pedal control 30 includes a body or
housing having a bottom portion 32 and a top portion 34, and a foot pedal or treadle 36. The
control 30 includes a separate heel cup assembly 38 and a carrying handle 40 positioned in the
front. Side or wing switches 42 mount on the top housing portion 34 on either side of the treadle
360. It should be noted that the switches 42 mount to the housing and remain stationary until
actuated by lateral contact with the user’s foot from on the treadle 36.

[0040] The heel cup assembly 38 is positioned at the rear portion of the foot pedal
control 30 to engage the heel of the operator, and allows the operator to rotate the heel cup
assembly through an arcuate path 44. This movement produces an electrical signal received by
encoder assembly (not shown) as an additional control signal to the surgical system.
Furthermore, an ON/OFF switch is included in the heel cup assembly 38, such as a slide switch
actuated by moving the heel cup assembly along a linear path 46. Although this design provides

functionality, it is not the most intuitive or convenient to use.

[0041] ’Figures 3A-3D are bottom plan views of a number of different shoe sole shapes
to 1llustrate the wide variety of potential users of foot pedal controls. Figure 3A is a standard flat
sole preferred by many female medical professionals, in a relatively large shoe size for the left
foot, Figure 3B is a somewhat smaller-sized left-footed, high-heeled shoe with a larger
metatarsal region. Figure 3C shows an even smaller-sized low-heeled shoe for the right foot that
1s substantially narrower than the high-heeled shoe. Finally, in Figure 3D the sole of a relatively
large-sized running shoe for the right foot indicates a still further shape variation. Moreover,

many medical professionals shed shoes in favor of socks or sterile booties, which add very little
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in the way of bulk and largely conform to the user’s foot. Without belaboring the point, the
reader will see that even in similarly-sized feet, the use of both right and left feet with different
widths and shoe styles, or no shoes, creates thousands of permutations. Present foot control
pedals provide relatively little adjustability, which often creates discomfort and at times
impediments to proper operation of the pedal.

[0042] Figure 4 is a perspective view of an exemplary foot pedal control 50 for use in a
surgical system, for instance for ophthalmic surgery. The foot pedal control 50, as also seen
exploded in Figures 6 and 7, comprises a base 52 on which is mounted a treadle 54 and a
carrying handle 56. The base 52 has an undercarriage 58 arranged to lie flat on a ground surface.
More specifically, the undercarriage 58 includes either a flat bottom surface or a series of
separate feet that provide a stable base surface on the ground. For purpose of orientation, the
foot pedal control 50 extends upward from the undercarriage 58, a forward or anterior direction
18 to the left in Figure 4, and a rearward or posterior direction is to the right. Furthermore, in a
preferred embodiment the treadle 54 is symmetric about a vertical medial plane bisecting the
treadle 1nto two substantially symmetric lateral (left and right) halves. The various components
of the foot pedal control 50 may be made from any suitable material, such as stainless steel.
titantum or plastic.

[0043] The treadle 54 mounts for movement on the base 52 to provide a movable control
surtace for the user. A variety of different movements for the treadle 54 may be provided,
although the present invention provides particular advantages for treadles mounted for rotational
yaw movement relative to the base 52, as seen by the movement arrows in Figure 4.

Alternatively, the treadle 54 may be mounted for pivoting movement in a vertical plane (pitch),

as seen by the movement arrows in Figure 5, or may be a dual-control treadle capable of both
yaw and pivoting movement. The foot pedal control 50 further incorporates one or more sensors
that track the movements thereof and generate an electronic signal therefor. As will be
explained 1n the context of the surgical system shown in Figure 19, the generated signal is used
to control various functions of an operative tip, such as an ultrasonically \}ibrated needle with
aspiration 1n a phacoemulsification/vitrectomy system.

[0044] Figures 5 and SA show the base 52 comprises a housing 60 having a pair of
upstanding posterior shoulders 62 laterally flanking a central depression 64. A posterior end of
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the treadle 54 extends between the shoulders 62 and mounts on a dual-axis pivot assembly 66.
As mentioned, the pivot assembly 66 enables both yaw movement and pitch (pivoting)
movement in a vertical plane. That is, the anterior end of the treadle 54 may be moved side-to-
side as indicated by the movement arrows in Figure 4, or in a vertical plane as indicated by the
movement arrows 1n Figure 5. The pivot assembly 66 desirably incorporates biasing members
(¢.8., springs) that tend to return the treadle 54 to a neutral position having an angle to the
vertical as seen in Figure 5 and horizontally centered between the shoulders 62 and along a
medial plane over the base 52. The treadle 54 range of movement is desirably symmetric about
the medial plane so as to avoid any difference for left- and right-footed users.

[00435] Figure 7 best illustrates a circuit board 70 and various electronic components
provided in the foot pedal control 50. The pivot assembly 66 registers with sensors, such as
encoder assemblies, that translate the yaw position as well as the angular or pitch position of the
treadle 54, and communicate with the circuit board 70. Also, separately functional side or wing
switches 72 may be placed on the top of housing 60 on either side of the treadle 54, such as on
the shoulders 62. The switches 72 provide alternative controls, such as power and operating
mode controls. A wire or wireless transmitter (not shown) communicates the resultant signals to
the aforementioned surgical system for controlling an operative tip thereof.

[0046] The foot pedal control 50 of the present invention incorporates a number of
features that greatly improved the ease-of-use thereof for a variety of different foot and/or shoe
sizes and styles. With reference to Figure 7, among others, a pair of laterally-adjustable guides
30 mount on the treadle 54 flanking a central foot platform 82. In a preferred embodiment, the

foot platform 82 has a non-slip (e.g., rubber) liner with bumps or other friction-enhancing

teatures. Also, a heel stop 84 may be converted between an up position as shown for receiving
and supporting the heel of the user, and a down position out of the way of the user.
Additionally, the carrying handle 56 converts between at least two positions depending on the
preference of the user, as will be explained below. Finally, various ergonomic shapes, surfaces,
and placements of the functional features of the foot pedal control 50 facilitate use by a variety
of foot sizes and shapes. It should be understood that each of these advantages may be
incorporated 1nto existing foot pedal controls by themselves, or in combination with any of the

others.
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[0047] First with reference to Figure 8A and 8B, the adjustable guides 80 are shown in
two different potential positions on the treadle 54. In these views, up on the page corresponds to
the anterior direction, down corresponds to the posterior direction, a medial plane M extends out
of the page through a central plane of the treadle 54, and the adjustable guides 80 are disposed
laterally outward therefrom, flanking the foot platform 82. In Figure 8A, the guides 80 are
shown displaced laterally outward from the medial plane M, and upward in an anterior direction,
while in Figure 8B the guides or displaced laterally inward toward the medial plane M and
downward in a posterior direction. In the illustrated embodiment, the adjustable guides 80 are
mounted to the treadle 54 and move between these two positions in tandem. However, as will be
explained below, various other possible configurations for the guides 80 are contemplated.

[0045] The lateral inward and outward movement of the guides 80 relative to the medial
plane M adjusts the spacing therebetween. This provides flexibility for users having different
sizes of feet or shoes, as the case may be. As mentioned above, many users operate foot controls
wearing just socks, while others prefer to leave their shoes on. Preferably, the guides 80 adjust
inward to a minimum spacing to accommodate the smallest user foot without a shoe, such as
women'’s’ size 5, while they also adjust outward to a maximum spacing to accommodate large
shoes such as size 13 men’s’.

[0049] Figures 9A-9D illustrate the same shoe bottoms as previously described with
respect to Figures 3A-3D, but this time showing the adjustable guides 80 on either side thereof
in different locations conforming to the various shoes. It should be noted that the guides 80 are
shown not only moved laterally inward or outward, and upward or downward (anterior or

posterior), but also rotated to conform to the various shoes. Although the illustrated mechanism

for displacing the guides 80 does not explicitly accommodate such rotation, it is shown here to

1l]ustrate a further possible movement. The guides 80 may be adjusted to contact either side of
the shoes, or merely be relocated to reduce the space between the shoes and the guides.

[0050] With reference again to Figures 7 and 8A-8B, each of the guides 80 is elongated
In an anterior-posterior direction and includes a lip 86 extending toward the other guide and

generally parallel to the foot platform 82. Each guide 80 further includes a rail 88 extending
upward from the lip 86 and generally perpendicular to the foot platform 82.

-10-
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[0051] The shallow lips 86 provide sock-catchers, in a manner of speaking, in that they
help prevent the guides 80 from snagging loose booties or socks during adjustment or movement
of the foot. The lips 86 are generally tapered downward in height toward the medial plane M
from the rails 83, and the user at all times steps on the lips which helps prevent folds of the sock
from getting trapped under the guides. The lips 86 are also rounded to eliminate any corners to
catch on socks.

[0052] The anterior-posterior length of the upstanding rails 88 desirably provides enough
surface area for the user to comfortably laterally press his or her foot on either guide and cause
the treadle 54 to rotate in the yaw direction. That is, although the rails 88 may be as small as a
post and still provide a reaction surface against which to engage the foot, they desirably have a
length of at least 38 mm (1.5 inches) for comfort and greater control.

[0053] Additionally, the height of the rails 88 is desirably great enough to prevent the
user’s sock-covered foot or shoe from riding over them, but is not too great to permit the user to
easily lift his or her foot out from between the guides when needed. For example, the user may
wish to regularly actuate one or both of the two wing switches 72, which require rapidly placing
and removing the foot between the guides 80. In a preferred embodiment, the guides 80 have an
upward height generally perpendicular to the foot platform 82 of between about 15 mm (0.6
inches) and 38 mm (1.5 inches).

[0054] The guides 80 are desirably contoured to match typical foot shapes. As
mentioned, the user may be wearing a sock or some type of shoe, but all feet and shoes are
somewhat narrow toward the arch and heel, or on a posterior end, and broader adjacent the
metatarsal bones, or on the anterior, forward end. Therefore, the exemplary guides 80 are
slightly outwardly angled in an anterior direction, as indicated in Figure §A, by the angle 0
between a line extending from one tip to another of the guide and a reference line parallel to the

medial plane M. Furthermore, the guides 80 desirably have an S-shaped so as to define both

~convex and concave regions on their inner faces that conform to different areas of users’ feet.

More particularly, a convex-inward posterior segment 90 and a concave-inward anterior segment
92 match concave arch and convex metatarsal areas, respectively, of typical foot /shoe shapes.
Finally, as seen best in Figure 7, the axial height of the rails 88 varies from a maximum at the

midpoint to reduce heights at the anterior and posterior tips. That is, the rails 88 are gradually

11-
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tapered to have a taller middle and shorter ends. This helps avoid snagging socks on the rails,

and also facilitates moving the foot in out from between the rails, Furthermore, the tapered
height reduces corner angles in case the user accidentally steps down hard on them.

[0035] As mentioned above, the exemplary guides 80 desirably translate along angled
slots in the treadle 54, and are mounted so as not to rotate. However, other alternatives are
possible. For example, one of the guides 80 may be stationary while the other adjusts. A simple
alternative adjustable guide comprises blocks having pins that are movable between a series of
holes in the treadle 54. For example, both guides 80 shown in Figure 8A may be completely
separated from the treadle 54 and replaced in different holes to create the spacing shown in
Figure 8B. The matching pins and holes for such separate blocks desirably prevent rotation of
the guides for stability. For instance, the matching pins and holes may be other than circular, or
more than one matching pin and hole combination for each guide may be provided.

[0056] Figures 10 and 11 are exploded perspective views of the treadle 54 of the foot
pedal control 50 showing an exemplary lateral adjustment mechanism. The treadle 54 includes a
foot plate 100 on which a rubber cover 102 is placed to define the central foot platform 82. The
foot plate 100 mounts to and covers a lower actuation plate 104. The foot plate 100 further
includes a pair of angled slots 106 through which upstanding brackets 108 from the foot plate
extend. The brackets 108 fit within similarly-shaped receptacles on the underside of each of the
guides 80 (Figure 11).

[0057] As seen exploded in Figure 11, the brackets 108 each receive two guide pins 110
(e.g., rivets) that slide along a pair of parallel guide slots 112 provided in the actuation plate 104

(seen from below in Figure 6). The brackets 108 each feature an inwardly angled finger 114

having a slot therein that receives a pair of pins 116 on one of two oppositely extending wings
118 of a central ratchet member 120. The ratchet member 120 is in the shape of a cross with an
elongated central beam 122 and the outwardly extending wings 118. Upstanding pegs 124 1n the
actuation plate 104 project through a central channel 125 in the ratchet member 120. One of the

upstanding pegs 124, along with a secondary peg 126 (see Figure 12B), secures a triangular plate
128 to the foot plate 100. A pawl member 130 is mounted to rotate about a pin 132 on the plate
128. As seen best in Figures 12A and 12B, the pawl member 130 1s constrained for minimal

lateral movement between an upstanding step 134 on the plate 128 and a series of ratchet teeth
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136 on the ratchet member 120. A small spring the biases a pawl 140 on the pawl member 130
toward the ratchet teeth 136.

[0058] Now with reference to Figures 10 and 12A-12B, which show the assembled
actuation plate 104, the movement of the various linked parts will be described, The ratchet
member 120 overlays both the triangular plate 128 and the inwardly angled fingers 114 on each
of the brackets 108. The ratchet member 120 further includes a bent tab 142 that protects
downward into an elongated channel 144 in the actuation plate 104 (see also Figure 11). The
upstanding pegs 124 and cooperation between the bent tab 142 and channel 144 constrain the
ratchet member 120 to longitudinal movement over the actuation plate 104. The two pins 116
on each of the oppositely extending wings 118 of the ratchet member 120 therefore remain in the
same relative orientation and translate longitudinally. Interaction between the pins 116 and the
slots in the angled fingers 114 of the brackets 108 links movement of the ratchet member 120 to
movement of the brackets. At the same time, the cooperating pins 110 restrict movement of the
brackets 108 to linear movement along the angled slots 112 in the actuation plate 104. The
brackets 108 can move laterally with respect to the ratchet member 120 by virtue of the sliding
play between the pins 116 and the slots in the angled fingers 114.

[0059] Figures 12A and 12B show two different positions of the mechanism. In Figure
12A the central ratchet member 120 is relatively high on the actuation plate 104 as seen by the
relative positions of the lower peg 124 in the bottom of the longitudinal channel 125. The pins
116 on the outwardly extending wings 118 are close to the innermost end of the slots in the
angled fingers 114 of the brackets 108. At the same time, the pins 110 on the brackets 108 are

close to the top ends of the angled slots 112 in the actuation plate 104. This corresponds to the
position of the guides 80 shown in Figure 8A.

[0060] In Figure 12B the brackets 108 as well as the ratchet member 120 have been
displaced downward, corresponding to the position of the guides 80 shown in Figure 8B. The
stmultaneous change in position of the various pins and slots are evident and will not be further

explained. It should be noted, however, that a number of the ratchet teeth 136 have descended
past the spring-biased pawl member 130). This corresponds to a series of stop positions for the

ratchet member 120 distinguished by audible and/or tactile clicks. Although not required for
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lateral guide adjustment, such a ratcheting configuration helps the operator quickly adjust the

guides 80 to the desired position.

[0061] It should also be noted that a movement of the guides 80 may be accomplished by
either manually displacing one or both of the guides 80 from the top of the treadle 54, or by
linearly displacing the bent tab 142 that extends through the channel 144 to the underside of the
treadle. Of course, a more ergonomically comfortable (plastic) knob or lever may be mounted
on the end of the bent tab 142, such as the widened grip 146 seen in Figure 6. The angle at
which the guides 80 move along slots in the treadle 54 should be selected so that the guides can

be easily moved by hand yet hold their lateral positions against foot movement. More

specifically, as seen in Figure 12B, the angled parallel guide slots 112 along which the brackets

108 slide may extend from a posterior point outward in an anterior direction at an angle o, of

between about 15° and 45° from a longitudinal axis of the treadle 54, preferably between about
15° and 30°, and in an exemplary embodiment o is about 25°. Note that from Figures 8A and

8B the longitudinal axis of the treadle 54 corresponds to the medial plane M bisecting the treadle
Into two substantially symmetric lateral halves. The slots 106 in the foot plate 100 also mirror
this angle, though some play may be introduced to accommodate the shape and/or rotation of the
brackets 108.

[0062] It should be noted that other means for displacing the guides 80 are contemplated
other than those described and illustrated. In a simple version the guides 80 slide along the same
angled slots but without the connecting/ratcheting structure. The guides may be locked in place
with a bolt/wing nut combination accessed under the treadle 54. Or, the guides may be arranged

to pivot about axes perpendicular to the foot platform 82, and locked in position with a threaded
tightener. In another example, the guides 80 may be spring-biased into their outward-most

position and automatically constrict to conform to the user’s foot after the user steps on the foot

plattorm 82. When the user removes his or her foot, the guides 80 spring outward again to be

ready to accommodate the largest feet/shoe. Another possible means for translating the guides
30 1s a motor of some sort. Much like the adjustment of a car seat, the user may have full
contro] over an infinite number of positions of the guides 80, in tandem or separately, using

electronic control switches.
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[0063] Figures 13A and 13B are perspective views of the foot pedal control 50 showing
the guides 80 adjusted to fit two different sizes and shapes of shoes. Specifically, Figure 13A

1lustrates the guides 80 adjusted to fit a relatively narrow woman’s heeled shoe, while Figure
13B shows the guides conforming around a flat-soled somewhat broader shoe, The reader will
also note that the carrying handle 56 lies out of the way and generally parallel to the ground, or

in terms of the foot control pedal, parallel to the undercarriage of the base 52. This permits the

user to easily engage and disengage the foot pedal control 50, and also to actuate the wing

switches 72.

[0064] Furthermore, Figure 13A shows the heel stop 84 in its down position which may
be preferred for the high-heeled type of shoe shown. That is, this type of shoe does not conform
easily to the heel stop 84, and thus the heel stop is most likely pivoted down out-of-the-way. In
contrast, the shoe in Figure 13B conforms nicely to the concave heel stop 84, which is in the up
position.

[0065] With reference back to Figures 7 and 11, the exemplary heel stop 84 comprises an
arcuate rigid member having two free ends 150 with through holes that pivot on a common axis
about pins 152 secured at the rear sides of the actuation plate 104 of the treadle 54. The concave
inside curvature of the heel stop 84 closely conforms to the convex posterior end of the treadle
54. An 1nside chamfer 154 on the upper corner of the heel stop 84 facilitates release of the
user’s foot from the treadle 54, especially in cases where the posterior end of the user’s shoe sole
1s highly angled. A small locking button 156 may be mounted through a midline of the heel stop
34 for engagement with a depression or other such feature on the posterior end of the treadle 54.

The locking button 156 1s desirably spring-loaded toward the treadle 54, whereby the user

simply pulls a button in a rearward direction to release and pivot the heel stop 84 between its up

and down positions. The locking button 156 automatically clicks back into one of its locking
positions. It should be noted here that the heel stop 84 may altematively be provided as a

member separable from the treadle 54 which can be stored on the base 52, for example, until
needed, and then simply inserted into mounting holes in the treadle.

[0066] Figures 14A and 14B show the two different positions of the carrying handle 56,
which connects to the base 52 and converts between at least these positions - a first position

above the treadle 54 and generally perpendicular to the undercarriage 38 of the base (Figure
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14A), and a second position cut of the way of the treadle 54 and generally parallel to the
undercarriage 58 (Figure 14B). As mentioned above, the second position may be preferred by
those users who like easy entry and removal of their foot from the foot pedal control 50,
especially if the procedure requires constant use of the wings switches 72. On the other hand,
some users may prefer the first position with the carrying handle 56 over the treadle 54 to
provide a measure of protection from others inadvertently stepping on the control surfaces, or as
a means to easily reposition the foot pedal control 50 during a surgical procedure.

[0067] Figures 15 and 16 show two different users’ feet in the foot pedal control 50 with
the carrying handle 56 in its first position above the treadle 54. Even with the carrying handle
56 up, as in Figure 13, the user can easily access the wings switches 72 because of the contours
of the handle. More specifically, the carrying handle 56 preferably defines an inverted U-shape
with two free ends 160 that mount to the base 52 and pivot about a common axis parallel but
offset with respect to a plane defined by the undercarriage 58 of the base. Curvilinear side struts
162 are shaped to be convex in the anterior direction to arc out of the way of side movement of
the user’s foot. That is, a relief area provided by the arcuate side struts 162 facilitates sideways
movement of the user’s foot when attempting to actuate the wings switches 72 or otherwise
remove the foot from the treadle 54. Figure 16 illustrates another use of the carrying handle 56
when 1t 1s in its first or up position. Namely, the user can reposition the entire foot pedal control
50 by lifting it with his or her foot on the underside of the carrying handle 56. The convertible
carrying handle 56 thus provides enhanced flexibility for the foot pedal control 50.

[0068] Although two primary positions of carrying handle 56 are shown, it may be

adapted to be secured in other positions. In a preferred embodiment, one or more locking

detents secure the carrying handle 56 in various discrete positions. For example, the illustrated

embodiment shows a lock/release button 164 extending outward from each of the free ends 160
of the carrying handle 56. Desirably, the user depresses both of the buttons 164 inward against a

spring bias to release the carrying handle 56 for conversion between various positions, Although
not shown, those of skill in the art will understand that various depressions or grooves may be
provided on the side of the base 52 with which inner ends of the buttons 164 register at the

discrete stop posttions. Although only one button 164 is needed to lock the carrying handle 36,
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two buttons requires both hands to operate and may help prevent inadvertently trapping a finger

or other appendage between the pivoting handle 56 and the base 52.

[0069] Figures 17A and 17B show two different methods of carrying the foot pedal
control 50 with the carrying handle 56 in raised and lowered positions, respectively. As
mentioned previously, with the carrying handle 56 in its raised position the foot pedal control 50
may be repositioned short distances with the user’s foot. However, the entire unit may be easily
lifted and move to a different area in the operating room with the handle 56 in the up position of
Figure 17B, especially if it 15 a wireless unit. Alternatively, a user can carry the foot pedal
control 50 with the handle 56 converted to lie parallel to the undercarriage of the base 52, as in
Figure 17A, which results in a lower overall profile, typical for storage. One version of the foot
pedal control 50 weighs between 10-11 Ibs.

[0070] Figures 18A and 18B show an alternative foot pedal control treadle 170 having
articulated laterally-adjustable guides 172. Each of the guides 172 includes a first segment 174
prvotally mounted to a treadle 176, and a second segment 178 pivotally mounted to the first
segment 174. In the illustrated embodiment, the first segments 174 are mounted to rotate at
about a mudpoint of the anterior/posterior dimension of the treadle 176 and extend in an anterior
direction, while the second segments 178 extend farther in an anterior direction. Of course, this
orientation could be reversed with the anterior segments 178 mounted to the treadle 176.
Indeed, there are numerous possible arrangements of articulated guides with a plurality of
adjustable segments, the illustrated embodiment being necessarily representative.

[0071] As with the earlier-described guides 80, the combination of the first and second

adjustable segments 174, 178 defines an S-shape with both convex and concave regions on their

inner faces that conform to different areas of users’ feet. In addition, because of the separately
pivotal segments 174, 178, an even greater range of adjustment 1s possible.

[0072] In one embodiment, each of the first and second adjustable segments 174, 178

rotates about a pivot point and may be locked in a plurality of different angular rotations. For
example, Figure 18B shows each second adjustable segment 178 in phantom to 1llustrate a pivot
shaft 180 as well as two stop pins 182. The stop pins 182 may be spring-biased toward a
plurality of depressions 184 formed in a circular array on flanges 186 of the corresponding first

adjustable segment 174. In this way, each second adjustable segment 178 may be incrementally
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rotated about the pivot shaft 180 with the stop pins 182 falling into the depressions 184 and
nominally holding the second adjustable segment relative to the first adjustable segment 174,
Although the force required to rotate the second adjustable segment 178 is relatively small it
may be sufficient as the user’s foot typically presses down on the (rubber-lined) treadle 176,
creating friction, and thus does not apply large lateral forces against the guides 172. However,
other arrangements that provide more positive locks to the positions of the first and second
adjustable segments 174, 178 may be utilized. For example, the mechanism may require the
user to press axially downward on the respective segments to unlock them for rotation.

[0073] While the present foot pedal control may be used in various environments and
applications, a particularly useful application is in an ocular surgical system such as a
phacoemulsification/vitrectomy system. For instance, Figure 19 illustrates an exemplary
phacoemulsification/vitrectomy system 200 in a functional block diagram to show the
components and interfaces for a safety critical medical instrument system in which the foot pedal
control disclosed herein may be utilized.

- [0074] A serial communication cable 202 connects a graphical user interface (GUT) host
204 and instrument host 206 for the purposes of controlling the surgical instrument host 206 by
the GUI host 204. The instrument host 206 may be considered a computational device in the
arrangement shown, but other arrangements are possible. A switch module associated with an
exemplary foot pedal 208, such as described herein, transmits control signals relating internal
physical and virtual switch position information as input to the instrument host 206 over a serial
communications cable 210, or wireleésly if destred. Instrument host 206 may provide a database

file system for storing configuration parameter values, programs, and other data saved in a

storage device (not shown). In addition, the database file system may be realized on the GUI
host 204 or any other subsystem (not shown) that could accommeodate such a file system.
[0075] The system 200 has a hand-held operative tip 212 that typically includes a needle

and electrical means, such as a piezoelectric crystal, for ultrasonically vibrating the needle, The
instrument host 206 supplies power on line 214 to the operative tip 212. An irrigation fluid
source 216 can be fluidly coupled to operative tip 212 through line 218. The irrigation fluid and
ultrasonic power are appiied by the operative tip 212 to an eye 220, or other affected area or

region. Alternatively, the urrigation source may be routed to the eye 220 through a separate
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pathway independent of the handpiece. Aspiration is provided to the eye 220 by one or more
pumps (not shown), such as a peristaltic pump and/or venturi pump, via the instrument host 206,
through lines 222 and 224. A surgeon/operator may select an amplitude of electrical pulses
either using the handpiece, via the instrument host and GUI host, using the foot pedal, and/or
voice command.

[0076] An interface communications cable 226 connects to the instrument host 206 for

distributing instrument sensor/parameter data 228, and may include distribution of instrument
settings and parameter information, to other systems, subsystems and modules within and
external to instrument host 206. Although shown connected to the instrument host 206, interface

communications cable 226 may be connected or realized on any other subsystem (not shown)

that could accommodate such an interface device able to distribute the respective data,

[0077] The scope of the claims should not be limited by the preferred embodiments

or the examples, but should be given the broadest interpretation consistent with the description

as a whole.
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CLAIMS:

1. A system for surgery, comprising:

a surgery unit including an operative tip connected to a console; and

a foot pedal control in electronic communication with the console, including a base
having an undercarriage arranged to lie flat on a ground surface and a treadle mounted on
the base for vertical pivoting movement relative to the base, the foot pedal control having
a built-in sensor that tracks the pivoting movement of the treadle and generates an
electronic signal for communication to the console and subsequent control of the operative
tip, a carrying handle connects to the base and converts between at least two positions—a
first position above the treadle and generally perpendicular to the undercarriage of the base,
and a second position out of the way of the trecadle and generally parallel to the

undercarriage of the base;

wherein the treadle has a pair of guides mounted on the treadle such that the pair of
guides are connected to the treadle, wherein the pair of guides flank and extend upward
from a foot platform of the treadle, wherein both guides are movable to adjust the lateral
spacing therebetween and accommodate variable foot widths on the foot platform

therebetween.

2. The system of claim 1, wherein the surgery unit is for ophthalmic surgery and the

operative tip is adapted for insertion into an eye and includes a lumen for aspiration.

3. The system of claim 1, wherein the guides are elongated in an anterior-posterior
direction and each includes a lip extending toward the other guide and generally parallel to
the foot platform, and a rail extending upward from the lip generally perpendicular to the

foot platform.

4. The system of claim 1, wherein both of the guides are also adjustable in an anterior-
posterior direction, and are elongated in an anterior-posterior direction and curved with a

convex-inward posterior segment and a concave-inward anterior segment.

J. The system of claim 1, wherein the carrying handle is mounted to the base and

comprises a lock extending outward from the handle.

20
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6. The system of claim 1, wherein the carrying handle has two ends mounted to the
base at two pivot points, and each pivot point features an actuator for unlocking the carrying

handle for rotation, wherein both actuators must be activated to convert the carrying handle

between positions.

5 T. The system of claim 1, wherein the carrying handle mounts to the base to pivot
about an axis parallel but offset with respect to the plane defined by the undercarriage of
the base, wherein 1n the first position above the treadle and generally perpendicular to the
undercarriage of the base the carrying handle defines a curvilinear side strut that 1s convex

in the anterior direction.
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