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ABSTRACT

A device for dissecting, grasping and/or cutting an
object has at least two elongate elements at least a
portion of at least one of the elements is formed from a
pseuddelastic material, preferably a pseudoelastic shape
memdry alloy. End portions of the elements can be moved
away from one another and then toward one another to
dissect, grasp and/or cut an object with the elements. In
certain embodiments, the device further comprises an
actuating means and at least a pOrtion of the elements
and/or the actuating means is formed from a pseudoelastic
material. The device is particularly useful in dissecting,
grasping and/or cutting objects located in difficult to

reach areas, for example within the body during surgery.
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A DEVICE FOR GRASPING
OR CUTTING AN OBJECT

This invention relates to a device and 1o a method of grasping or cutting an object.

Many devices which are used commonly for grasping or cutting objects have two
elements which can be moved towards one another and away from one another. The
elements have surfaces which may be blunt or sharp so that an object positioned between
them may be either grasped or cut when the elements are moved towards one another.

Examples of such devices include tongs, tweezers, forceps, scissors, guiliotines, and wire
cutters.

The elements of such devices are generally rigid, and are moved relative to one
another pivotally. The combined requirements that the elements be rigid and capable of
pivotal movement can preciude their use in situations where there is a limited amount of
space. Furthermore, it can be difficuit to manipulate such devices remotely or at angles.
These factors tend to make it difficult to use such devices within the body of an animal or
human undergoing surgery, especially during less invasive surgical techniques, such as
arthroscopy, endoscopy and laproscopy. During such surgery, it may be necessary 1o grasp

and move tissue, for example, to expose an underlying site, or to cut diseased or damaged
tissue.

In these less invasive surgical proceduras, slongate housings have been developed
to position the instrument or davice into the body through a minimal incision. Example of
such devices are disclosed in U.S. Patents Nos. 3,404,677 to Springer, 3,491,747 to
Robinson, 4,218,821 to Schneider, 4,423,729 to Gray, 4,612,708 to Hattori, 4,656,999 to
Storz, 4,678,459 to Onik, 4,768,505 to Okada et al, and German Patents Nos. 1,266,446 1o
Fischer and 3,732,236 o Baumgarnt.

it has now been discovered that one or more elements of such grasping or cutling
devices can be formed from a pseudoelastic material, such as a shape memory alioy, which is
capable of being greatly deformed without permanent deformation, to provide an improved
device that can be more readily used in applications-in which there is a fimited amount of
space. Furthermore, the device can be operated ramotely or at angles more conveniently
than previously used devices. |
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It has been proposed to make medical devices from pseudoelastic materials,
but such prior art devices typically do not have elements which are splayed apart and
then moved toward one another in the manner necessary in grasping or cutting

devices, such as scissors. Descriptions of medical devices made from pseudoelastic
materials can be found in U.S. Patents Nos. 4,616,656 to Nicholson et al, 4,665,906 to

Jervis, 4,898,156 to Gatturna et al. 4,899,743 to Nicholson et al and 4,926,860 to Stice
et al.

In one aspect, the present invention provides a device for dissecting an object
which device comprises at least two elongate elements, positioned alongside one
another, each having a body portion and an end portion. The end portions of the
elements include means for being capable of being splayed apart from one another
when free of transverse constraint to dissect the object from surrounding material, and
being capable of being moved toward one another. A portion of at least one of the
elements is formed from a pseudoelastic material.

Another aspect of this invention comprises a device for manipulating an object
which device comprises at least two elongate elements, positioned alongside one
another, each having a body portion and an end portion. The end portions of the
elements include means for being capable of being splayed apart from one another

when free of transverse constraint and presenting manipulating surfaces to an object to
be manipulated that is placed between them, and being capable of being moved

toward one another to manipulate the object. A portion of at least one of the elements
Is formed from a pseudoelastic material.

Yet another aspect of this invention comprises a device for dissecting an object
which device comprises a hollow elongate component and at least two elongate
elements. At least part of the elongate elements are positioned within the component.
The elements are positioned alongside one another, each having a body portion and
an end portion. The end portions of the elements include means for being capable of
being splayed apart from one another when free of transverse constraint to dissect the
object from surrounding rhaterial, and being capable of being moved toward one
another. The elements and the component are longitudinally slideable relative to one
another so that at least a portion of the elements can be slid into and out of the
component. A portion of at least one of the elements is formed from a pseudoelastic

‘material.

A further aspect of this invention comprises a device for manipulating an object
which device comprises a hollow elongate component, and at least two elongate
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elements. At least part of the two elongate elements are positioned within the
component. The elements are positioned alongside one another. each having a body
portion and an end portion. The end portions of the elements include means for being
capable of being splayed apart from one another when free of transverse constraint
and presenting manipulating surfaces to an object to be manipulated that is placed
between them, and being capable of being moved towards one another to manipulate
the object. The elements and the component are longitudinally slideable relative to
one another so that at least a portion of the elements can be slid into and out of the
component. A portion of at least one of the elements is formed from a pseudoelastic
material.

Another aspect of the present invention relates to a method of manipuiating an
object, which method comprises the steps:
A. providing a device which comprises:
a) at least two elongate elements, positioned alongside one another, each having a
body portion and an end portion, the end portions of the elements:
(1) being capable of being splayed apart from one another when free of
transverse constraint and presenting manipulating surfaces to an object to be
manipulated that is placed between them: and
(1) being capable of being moved toward one another to manipulate the object;

wherein at least a portion of at least one of the elements is formed from a

pseudoelastic material:

B. positioning the object between the splayed apart end portions of the elements: and
C. causing the end portions to move toward one another so as to manipulate the
object.

Yet another aspect of the present invention relates to a method of manipulating
an object, which method comprises the steps:

A. providing a device which comprises:

a) a hollow elongate component: and
b) at least two elongate elements, at least part of which are positioned within the
component, the elements being positioned alongside one another, each having a
body portion and an end portion, the end portions of the elements:
(1) being capable of being splayed apart from one another when free of
transverse constraint and presenting manipulating surfaces to an object to be
manipulated that is placed between them: and

(i) being capable of being moved toward one another to manipulate the object;

3
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wherein the elements and the component are longitudinally slideable relative to one
another so that at least a portion of the elements can be slid into and out of the

component and wherein at least a portion of at least one of the elements is formed
from a pseudoelastic material:

B. positioning the object between the splayed apart end portions of the elements: and
C. causing the end portions to move toward one another so as to manipulate the
object.

The pseudoelastic material is preferably a shape memory alloy, such as a
nickel/titanium-based alloy.

The device of this invention comprises a hollow elongate component and two
elongate elements. Preferably, hollow component is tubular. This has the advantage
that the device can be operated remotely.

The material of the hollow component may be polymeric. It may be reinforced,
for example, with fibers, to enable it to withstand the forces exerted on it by the
elements while they are constrained within and deformed inwardly by the component.
A suitable polymeric material for the component is, for example,
polytetrafluoroethylene, reinforced with braided fibers. Alternatively, the material of the
hollow component may be metallic, for example stainless steel. A preferred hollow
component is an elongate tube, preferably formed from stainless steel. The elongate
hollow component can be, for example, a tubular housing, cannula, catheter or sheath.

The hollow component may be circular in cross-section which can have the
advantage that it permits deformation of the elements substantially uniformly in all
directions. Other cross-sections may be preferable in some situations. For example, it
can be advantageous to use a hollow component which has the same shape in cross-
section as the elements which are received within it, to minimize twisting of the
elements relative to one another.

Generally, the elements are at least partially formed from a pseudoelastic
material, such as a shape memory alloy, which is capable of being elastically
deformed, by as much as 10%, or more depending on the material selected. As
discussed above, the device of the invention has the advantage that, by use of
elements formed at least partially from a péeudoelastic material, which can be
deformed, it can be used in applications in which there is a limited amount of space.
Furthermore, the device can be operated remotely or at an angle more conveniently
than many previously used devices.
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In certain embodiments of the invention, at least one of the end portions ot the
elernants is formed from a pseudoelastic material, preferably a shape memory ailoy, and that
end portion has a curved configuration when not constrained and is deformed into a
straightened configuration when within the hollow component. The term "straightened
configuration” means that the configuration of the element is straighter when deformed than it
is when the element is not deformed. When the end portion of the element (or end portions
of the elements if both are of pseudoelastic material) is extruded from the hollow component it
is no longer constrained and reverts or recovers to its curved configuration thereby splaying
away from the other element. When the end portion is withdrawn back into the hollow
component, or the hollow component is drawn over the end portion, it moves toward the
other end portion grasping or cutting any object placed between them.

In some embodiments of the invention, the end portions of the elongate elements
are formed from a shape mamory alioy and are deformed inmo a straightened configuration
whan within the component and curve at an angie to the end of the component when
extended therefrom. In certain other embodiments in which the end portions ot the elongate
elements are formed from a shape mamory alloy, they are deformed into a curved
configuration when within the component and are substantially straight when extruded from
the component. In still other embodiments, the body portion of one or both of the elements
is formed from a shape memory alloy and the body portion of the element becomes curved on
exiting the component, thereby splaying the end away from the other end poriion.

In any embodiment, an aciuating means, which may be formed trom a shape memory
alloy, can be provided to spiay the end portions apart from one another and/or to move them
toward one another and/or {0 rotate the elements with respact 1o the housing and/or slide the
alemomnts with respect 10 the hollow componen‘t. In such embodiments, it is not necessary for
the elements to be formad from a pseudoelastic material.

At least a portion of at least one, preferably each, of the elements is tormed from a
shape memory alloy which exhibits pseudoelasticity when deformed under an applied stress.
The use of a shape memory which exhibits pseudoelasticity has the advantage that the
amount of elastic deformation that is available is large compared with that availabie from many
other materials. In certain preferred embodiments, the end portion of one or both of the
alements is formed from a shape memory alloy. In other embodiments, a section of the body
portion of one or both of the elements is formed from a shape memory alloy. The large



10

20

30

CA 02064830 1999-06-11

amount of elastic deformation of the elements allows the device to be used to grasp or

cut large objects, while ensuring also that the device has a small transverse dimension

when the elements are deformed inwardly, allowing the device to pass through small
spaces. '

The property of pseudoelasticity of certain shape memory alloys, which
preferably is used in the device of this invention, is the subject of a paper presented by
T. W. Duerig and G. R. Zadno at the International meeting of the Materials Research
Society in Tokyo in June 1988. As discussed in the paper certain alloys are capable of
exhibiting pseudoelasticity of two types. "Non-linear pseudoelasticity” arises in
appropriately treated alloys while they are in their austenitic phase at a temperature
which is greater than M; and less than My (M; is the temperature at which, when a
shape memory alloy in its austenitic phase is cooled, the transformation to the
martensitic phase begins, and My is the maximum temperature at which the
transformation to the martensitic phase can be induced by the application of stress). It
is generally required that the alloy be annealed at a temperature which is less than the
temperature at which the alloy is fully recrystallized. An article formed from an alloy
which exhibits non-linéar pseudoelasticity can be deformed substantially reversibly by
8% or more. In contrast, "linear pseudoelasticity” is believed not to be accompanied by
a phase change. It is exhibited by shape memory alloys which have been cold worked
while in the martensitic phase, but have not been annealed in the manner discussed
above. An article formed from an alloy which exhibits linear pseudoelasticity can be
deformed substantially reversibly by about 4%.

While the alloy that is used in the device of this invention may exhibit either of
the extreme types of pseudoelasticity, or pseudoelasticity of an intermediate type, it is
generally preferred that it exhibit non-linear pseudoelasticity because of the large
amount of elastic deformation that is available, and also because the effective elastic
modulus which is characteristic of such deformation is lower, giving rise to the
advantages discussed above.

"Non-linear” pseudoelastic properties may be conferred on an article by
annealing at a temperature below that at which the alloy is fully recrystallized. The
elements may be provided with a desired configuration by holding the arms in that

configuration during the annealing step.
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A method of treating shape memory alloys to enhance their pseudoelastic properties
can be found in U.S. Patent No. 4,935,068 to Duerig.

The material of the elements will be selected according to the characteristics desired
of them. For some applications, materials such as spnng steel and beryllium copper alioys may
be suitable. When a shape memory alloy is used, it is preferably a nickel titanium based alloy,
which may include additional elements which might affect the yieid strength that is available
from the alloy or the temperature at which particular desired pseudoelastic characteristics are
obtained. For exampie, the alloy may be a binary alioy consisting essentially of nickel and
titanium, for example 50.8 atomic percent nickel and 49.2 atomic percent titanium, or it may
include a quantity of a third element such as vanadium, chromium or iron. Alloys consisting
essentially of nickel, titanium and vanadium, such as disclosed in US-4505767. are particularly
preferred for some applications, particularty since they can exhibit non-inear pseudoelastic
properties at or around body temperatures. Copper based alloys may also be used, for
exampie alloys consisting essentially of copper, aluminum and nickel. copper, aluminum and
zinc, and copper and zinc.

The end and body portions of the elongate elements may be tormed from the same
matenal, for example, both may be formed from a shape memory alloy, for convenience.
Frequently, however, it may be preferabie to use ditferent materials because of the different
functions that the end and body portions might have to serve. For example, the end portions
may be of stainless steel or the like to provide a sharp cutting edge or a cutting edge of
stainless steel may be provided on a part of end portions formed from a shamp memory alioy.
The cross-sections of the end and body portions will generally be different, atthough this
need not necessarily be the case. For example, the end portions may be rectanguiar to
presemt a grasping surtace or triangular to present a cutting surtace, and the body portions
may be rectanguiar for rigidity.

In some embodiments, the end portions of the elements are pivotally connected to
one another towards their free ends. This minimizes the possibility ot an object to be cut
becoming dislocated from the cutting device before it is cut. The device may then be used to
move an object once it has baen positioned between the elements. This can aiso be
achieved when the elements are not joined together at their free ends; but with less control in
some situations. When the elements are not connected directly at their free ends, they may
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be connected by a flexible component which extends between the end portions ¢f the
elements 80 as, together with the end porions of the alements, {0 form a closed loop.

Leaving the elements unattached at their free ends can facilitate positioning the device so
that the object is located between the elements.

The end portions of the elements may be provided with a cutting edge of a maternial

other than a shape memory alioy. The cutting edge may be inlaid in the end portion or can
extend from the end portion of the device.

Preferably the body portions of the elements are attached to ong another. This can
facilitate manipulation of the two elements. For example, the elements may be attached (o
one another by adhesive material or by fasteners such as screws or rivets, or the slements
may be formed as a single body of material. Akernatively, the elements may be attached o an
elongate membar by which they are moved longitudinaily relative to the hollow component.

For example, such a member may be hotlow, at least at its end, and the slements may be
recaived within the member.

The elongate elements may be symmetrical when they are splayed outwardly apan,
and preferably also when deformed inwardty. However, for some applications, i might.be
appropriate for the elements not to be symmetricai, or for the elements not 10 be deformed
symmetrically (for exarnple only one of the elements might be deformed), or both.

The cutting surfaces of the elements may abut one another in the manner of wire
cutters, or they may cross one another in the manner of shears. The grasping suriaces of the
elements may abut one another and be sutficiently blunt to avoid cutting the object to be
grasped. Alternatively, the grasping surtaces need not be configured 30 as to contact each
other in the manner of cutting devices. The object being grasped need merely be entrapped
between the end portions of the elements. The grasping surfaces may be ridged or contain
protuberances to assist in grasping the object.

In certain embodiments, an object may be grasped or cut using the device ot the
invention by bringing together the device and the object while the elemants are positioned at
least partially within the component, and by then moving the holiow component and the
elernents longitudinally relative to one another, so that the end portions of the elements
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extend from the object and become splayed outwardly. The object can then be positioned
between the elements to be grasped or cut in accordance with the method described above.

in other embodiments, the end portions of the ealemsants do not splay apart from one
another due to pseudoelasticity. in such embodiments, the davice is provided with means for
actuating the end portions of the elements. lilustrative actuating means are descnbed more
fully below with reference 10 the drawings and include rack and pinion means, pin and siot

means, four-bar inkages ancl the kke. In certain embodiments, the actuating means may be
pseudoeiastic.

The device will be particularly useful in applications in which access 1o an object to be
cut or grasped is restricted, for example in medical applications in which the object to be cut or
grasped is a part of a human or animal body. In this application, the elongate elements may be
positioned in the body by means of a hollow component in the trom of a cannula,catheter or
sheath introduced, for example, through an opaning imto a body cavity.

The device may be arranged so that the axis on which the elements cut the object is
not coaxial with the axis of at least a significant portion of the hollow component. This may be

arranged, for exampie, by providing the elements with a suitable bend. The elements may be
deformed from their bent configuration towards their straight configuration, and held in the

straight configuration, by the holiow component while they are within it. Alternatively, it may be

arranged by use of a hollow component which is bent towards the end from which the
glermnents extend.

The davice may also be useful in the assembly of mechanical, siectrical or other
equipment, for axample by means of robots.

The invention will be better understood with reference to the accompanying
drawings, in which:

Figure 1 is an isometric view ot a cutting device of the invention;

Figures 2 (a) to (c) are cross-sections through the device shown in Figure 1, taken at
lines A-A, B-B and C-C respeciively,
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Figures 3 (a) to (e) are elevational views of a first embodiment of the cutting device
shown in Figure 1 at various stages during a cutting operation; and

Figures 4 (a) 10 (C) are eievational views, partially in section, of another embodiment of
cutting device at vanous stages auring a cuiting operation.

Figures S (a) to (e) illustrate an embodiment of a device in accordance with this

invention in which the end portions and body portions of the elongate elemens are integral
and are moved by a rotational actuator made of a matenal other than a pseudoelastic matenail.

Figures 6 (a) t0 (e) illustrate reprasantative cross sections of end portions of the
elements adapted to grasp or cut an object. '

Figures 7 (a) to (e) illustrate various actuating means which function to cause the
elements to splay apant and come together and, optionally, rotate the elements, and/or
withdraw the elements into or out of the hollow componemnt.

Figures 8 illustrates an embodiment of the device of this invention in which the end

portions are curved when at least partially unconstrained and pinned together pivotally at their
tips.

Figure 9 demonstrates a method of using a grasping device of this invention.

Figure 10 (a) o (c) illustrate an embodiment of the device of this invention in which
the elemants are splayed and in which the body portions of the elements are bent when the
elements are unconstrained.

Figure 11 (a) and (b) illustrate a device of this invention in which the aglements have
end portions beyond a pivot point, and in which the body portions of the elements are of
pseudoelastic material and when unconstrained are bent to spiay the end portions and
position them at a desired angle with respect to the holiow component. The body portions act
as actuating means to open and close the end portions of the elements to grasp or cut an
object.

PCT/US90/04624



WO 91/02493 PCT/1U590/04624

11
2884320

-

Figure 12 illustrates a device similar to the device in Figure 11(b) , but in which the

body poriions of the elements are made of a pseudoaslastic material and have a bend of about
90°.

Figures 1 and 2 show a cutling or grasping device which comprises two elongate
elements 1 and 3, each having a body poriion 5 and an end portion 7. The end portions are
poined together pivotally at their free ends by a pin 9. The end portions preferably have a
triangular cross-section, where the apex of the triangle providas a cutting surface 10.
Alternatively, any flat cross-sectional area may prasent a grasping surface. Cther possibie
cross-sectional areas are ittustrated in Figures 6(a) to {e).

The elongate elemeants are preferably formed {rom a shape memory alioy which has
been treated so that it exhibits pseudoslasticity in the temnperaiure range between ambient
temperature and a temperaiure above body temperature.

Elongate elements 1 and 3 are located within an elongate housing 11 within which
they can slide longitudinally, the housing preferably being a stitf tubular sheath. The slongate
elememnts can be extanded beyond the end of housing 11 by longitudinally moving them
relative to housing 11 via any suitable manually operated mechanism.

Figure 3 (a) shows the cutting or grasping device with elongate elements 1 and 3
restricted completely within housing 11, which holds the slongate elemants in a deformed
configuration inwardly towards one another. The housing is positioned as desired retative 10
an object 10 be cut whila the elongate slements are in this configuration. Once so positioned,
the end portions 7 of the elongate elemants are caused to extend from the housing, by
rolative movament of the slements and the housing. Once released from the transverse
constrairg imposed by the housing, end portions 7 of the slements splay outwardly apart, as
shown in Figure 3 (b), allowing an object 15 to be positioned between them, as shown in
Figure 3 (¢). Figure 2 shows the cross-sactional configurations of elongate elements 1 and 3
at positions A-A, B-B, and C-C of Figure 1, which illusirates the elongate elements splayed

apan.

Object 15 is caused to engage the cutting surfaces 10 of elongate elements 1 ana 3.
Relative longitudinal movement of the elongate elements and the housing will force at least
parts of the elongate elements together, thereby cutting the object, as shown in Figures 3 (d)
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and 3 (e). If desired, object 15 can be moved by holding the housing and moving the
elongate elements. If it is desired not to move object 15, the elongate elements are held
fixed and the housing is moved. Once object 15 has been cut, the slongate elements are
retracted into the housing for ramoval of the device from the site of the cutting operation.

The end portions 7 of elongate elements 1 and 3 may represent sections cf sphencal
surfaces to facilitate the splaying and cuiting. End portions 7 may be used to grasp, instead of
cutting, tissues. The grasping function would be facilitated it end portions 7 do not have
cutting surfaces 10, and if end portions 7 are not fully retracted into housing 11. Furthermore,
the splaying action of elongate elements 1 and 3 may be utilized to separate tissues.

Figure 4 shows a device which cornprises two elongate elements 21 and 23 that are
preferably formed from a shape memory alloy which has been treated so that it exhibis
pseudoelastic behavior. The elements can slide longitudinally within a tubular housing 25.
Figure 4 (a) shows the device with the elongate elements 21 and 23 positioned almost

entirely within the tubular housing 25. Housing 25 constrains elongate elements 21 and 23 in
straightened and deformed shapss.

As elongate elements 21 and 23 are moved longitudinally relative 10 housing 25, the
elongate elements extend from the end of housing 25, as shown in Figures 4 (b) and 4 (C).
As they extend from the end of housing 25, the elongate elements become unconstrained
and recover toward their preset curved shapes pseudoelastically. They pseudoelastically
splay outwardly so that they can receive an object 27 between them. The glongate slements
may be interconnected indirectly towards their free ends 29 by a flexible component, such as
a piece of wire 31, which helps to prevent dislocation of object 27 from between the swongate
elemants. Object 27 is cut or grasped by relative movemeant between housing 25 and the
elongate elements, such that the elongate slements become constrained within the housing,
generally as described above with reterence to Figure 3. The splaying action of elongate
alements 21 and 23 may also be utilized to separate tissues.

Figure 5 (a) illustrates an embodiment of the invention in which glongate elements 51
and 52 are substantially planar and straight in their unconstrained shapes, but are located in a
plane which deviates by an angle & from a plane which includas the axis x-x of a hollow tube
53. in this embodiment, elongate elements 51 and 52 are attached to outer tube 53 and
inner {ube 55, respectively, as shown in Figure 5 (b). The proximal end (i.e., the end opposite
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the elongate element 52) of inner tube 55 is provided with a groove 58, and inner tube 35 is
positioned within outer tube 53. The proximal end of outer tube 53 is provided with a groove
59, which extends in a diraction opposite to groove 58 of inner tube 55. Plunger 60 is
provided with a peg 61. The plunger is positioned at the proximal end of the tubes. The
proximal ends 58p and 59p of grooves 58 and 59, respectively, are positioned such that they
overlap and are engaged by peg 61. Whan peg 61 engages proximal ends 58p and 59p of
grooves 58 and 59, elongate elements 51 and 52 are preferably splayed apart in the piane
defined by their respective flat surfaces. When plunger 60 is pushed into inner tube 35 in a
distal direction toward the elongate elements, peg 61 engages grooves 58 and 59, causing
tubes 53 and 55, and thereby the elongate elements 51 and 52, to rotate in opposite
directions. Preferentially, this rotation woulkd cause the elongate slemants to rotate into a
more overlapped configuration. The elongate slements can thereby grasp an object placed
between them. If the elongate elements have cutting edges, they coulkd thereby cut an
object placed between them. When plunger 60 is withdrawn from inner tube 55 again, peg
61 could cause tubes 53 and 55 1o rotate such that slongate elements 51 and 52 splay apart

from their overlapped configuration. Elongate elements 51 and 52 could thereby be used t0
separate tissues.

With respect to this embodiment, it should be noted that the angle o between
glongate elements 51 and 52 and tubes 53 and 55 can be any number of degrees desired,
even 90 degrees. In addition, the elongate glements may be curved, not only within the
plane generally described by their suriaces, but aiso out of the plane generally described by
their surfaces. Furthermore, there may be more than one peg on piunger €0.
Correspondingly there would be additional grooves in tubes 53 and 55. The grooves may be
spiralied, and longer, such that slongate elements 51 and 52 could be caused to rotate in
both directions of their overlapped position in one stroke of piunger 60. Finally, grooves 58
and 59 could be made configured such that elongate elements 51 and 52 could be brought
to their overiapped configuration by withdrawing piunger 60 in a proximal direction away from
the elongate slements.

Figure 5 (c) shows the attachment of elongate elements 51 and 52 onto inner and
outer tubes 53 and 55, respeactively. Elongate element 52 is provided with aperture 63 which
fits over stem 64, which is integral with or is secured to the distal end of inner tube 55. The
length of stem 64 is equal to or less than the thickness of elongate element 52. The cross-
sectional shapes of aperture 63 and stem 64 are preterably noncircular, and they may, ior
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example, be square, serrated, notched, etc. Screw 65 and washer 66 fasten elongaie
elernent 52 to inner tube 55. Washer 66 may have a beveled sice 10 accommodate ihe angle

g between the axis x-x of inner tube 55 ( and tube 53) and the plane of elongaie elements 51
and 52.

Elongate elemeant 51 is provided with an aperture 68 which fits over stem 69, which is
integral with or is sacured to the distal end of outer tube 53. The length of stem &9 is
preferably slightly greater than the thickness of elongate element 51, so that rotation of
elongate element 51 relative to elongate element 52 is not hindered. The cross-sectional

shapes of aperture 68 and stem 69 are preferably noncircular, and they may, tor example, be
square, serrated, notched, etc.

Inner tube 55, with attached elongate element 52, fits into outer tube 53. Eiongate
elernant 51 will be captured between the base of stem 69 and elongate element 52. Outer
tube 53, with inner tube 55 contained therein, and elongate elements 51 and 52 attached,
can be inseried into a sheath 61. As shown in Figure 5 {d), when elongate elements 51 and
52 are drawn into sheath 61 (shown in cross-section), they will be deformed in a direction
more parallel to axis x-x. This deformation will be tacilitated if elongate elements 51 and 52 are
transversely curved along their longitudinal dimensions (i.e., trough shaped). Also, i the
outer diameter of tube 53 is only slightly smailer than the inner diameter of sheath &1, the
circumierences of elongate slements 51 and 52 ailong portions 81 and 83 (i.e., the
circumierences of elongate elements 51 and 52 around their respective apernures 68 and 83,
axcept for their longitudinally extended portions), should preferably not extend beyond the
outer diameter of outer tube 53. When outer tube 53 is extended distally beyond the end of
sheath 61, elongate elements 51 and 52 will no longer be constrained, and they will glasticaily
recover their preset shapes again. This deformation and shape recovery is enhanced if the
elongate elements are made of a pseudoelastic shape memory alioy.

Figure 5 (@) is a bottom view of a possible embodiment of washer 68. Projection 62
has an outer diameter which is equal to or smalier than the outer diameter of outer tube 53.
The suriace of projection 62 may be rough, or it may even have teeth or protrusions, in order
to obtain a betier grip on elongate element 52. Projection 62 preferably encompasses 18ss
than hatf of the circumiferential arc of washer 68. The remaining circumierence of washer 66
has a outer diameter which is equal to or smaller than the maxirnum diameter of the head of
screw 65. As shown in Figure 5 (d), projection 62 covers the back end 67 of elongate
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element 52. In this manner, elongate element 51, and secondarily, elongate element 52, can

be given as much bending length as possible when they are both constrained within sheath

61. The sides 33 and 34 of projection 62 are pretferably perpendicular 10 the axis y-y of

symmetry of washer 66, where axis y-y is parpendicular to the longitudinal dimension of

glongate element 52. This will permnit ready bending of elongate element 52 along a zone

which is perpendicular to its longitudinal dimsnsion.

There may be any suitable means betwesn outer tube 53 and inner tube 55 to
prevent plunger 60 from pushing inner tube 55 out of outer 53 tube when plunger 60 is
pushed in a distal direction in inner tube 55. In addition, there may be any suitable means
between outer ube 53 and sheath 61, so that outer tube 53 can not be completely pushed
out of sheath 61 once elongate elements 51 and 52 are adequately extended out of sheath
61 and plunger 60 is used to cause rotation of elongate elements 51 and 52. Plunger 60 can
be pushed relative to sheath 61 and tubes 53 and 55 by any suitable manually operated
mechanism. Examples of manually operated mechanisms include sliders, pistol grip handies,
scissors handies, and syringe-plunger armangemants.

While most of the specific embodiments are directed {0 cutting devices, it is to be
understood that blunt edges can replace the cutting edges in any of the embodiments.
lliustrative biunt and cutting edges are shown in Figures 6 (a), (b), (), (d), and (g). The cutting
and grasping edges may be integral with the elements or may be formed separately and
attached thereto. Figure 6 (a) illustrates grasping surfaces 71 and 72. Surtaces 71 and 72
may be flat or they may comain ridges, protrusions or the kke to aid in gripping an object.
Figure 6 (b) illustrates shearing cutting edges 73 and 74 which cut an object by a sheanng

" action. Figure 6 (c) illustrates another pair of edges for cutting. In Figure & (C), surface 75 is
fiat, while edge 76 provides a sharp edge for cutting an object. Figure 6 (d) illustrates cutting
edges 77 and 78. Sharp edges 77 and 78 of the triangular cross-sections meet to permit
cutting. Figure 6 (e) illustrates cutting edges 80 and 82, which are at any desired angles a and
B relative to the direction of opening and closing of the elongate elements. In all of these
ambodimeants. as well as in all of the embodiments described herein, the cutting edges or
gripping surfaces could be made of any material such as steel, diamond, plastic, etc., which is
attached to the slongate olements.

Figure 7 (), (b), and (c) illustrate several difterernt means of aciuating elongate
elements. In Figure 7 (a), slongate elements 150 and 151 are joined together at pivot 152.
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Also joined at pivot 152 is one end of a linkage composed of four bars 153, 154, 155, and
156, which are pivotally connected to each other. Elongate siements 150 and 151 are
preferably rigidly attached to bars 183 and 154, respecilively. Alternatively, bars 153 and 154
may merely represent extensions of elongate elements 150 and 151, respectively. Pivot 152
is preferably fixed to a cannuia 158. The pivot 157 at the other end of the tour-bar linkage is
joined to rod 158. When rod 158 is pushed in direction 301, pivot 157 is pushed cioser {0
pivot 162. This will cause slongate elements 150 and 151 to splay apart. Since the
transverse dimension of four-bar linkage 153, 154, 155, and 156 which is perpendicular 10
rod 158 becomes larger as pivot 157 approaches pivot 152, slots 160 and 161 may be
provided in cannuia 159 to permit pivot 157 to approach closer to pivot 152 if the transverse
dimension of cannula 159 is small. Rod 158 may be pushed (or pulled) relative to cannula 159
by any suitable manually operated mechanism. Examples of manually operated mechanisms
include sliders, pistol grip handies, scissors handies, and syringe-punger arrangerments.

Elongate elements 150 and 151 may be constrained in detormed and straightened
shapes within a sheath 162. This will permit compact and relatively atraumatic entry into a
body. Rod 158 can then be used to pushed axiaily in direction 301 within sheath 162. The
four-bar linkage 153, 154, 155, and 156 will partially extend through siots 160 and 161 in
cannula 159, but the inner surface of sheath 162 will pravent pivot 157 from tully apprbaching
pivot 152. Therefore, cannula 159 will be forced to move in direction 301, and elongate
elemems 150 and 151 will extend from the end of sheath 162 in direction 301. In their
extended position, elongate elements 150 and 151 will not be constrained, and they may
recover toward their preset curved shape. However, slots 163 and 164 are provided in
sheath 162 to permit rod 158 to push pivot 157 fully toward pivot 152 in order to fully splay
glongate elements 150 and 151 apart. Siots 163 and 164 in sheath 162 may be made to
overiap slots 160 and 161 in cannula 159 by simply axtending cannuia 159 far enough within
sheath 162, or by extending cannula 159 far enough within sheath 162 and then rotating
sheath 162 relative to cannula 159 to aliow the respective slots to coincide. Rod 158 may
then be used to splay or increasingly overlap slongate elements 150 and 151 as desired.

Rod 158 can be moved in direction 302 so that pivot 157 is moved as far away as
possible from pivot 152. This will cause elongate elements 150 and 151 to be in their mos!
overlapped configuration. Moving rod 158 further in direction 302 will cause cannula 138 to
slide in direction 302, and will cause glements 150 and 151 o be drawn into deformed and
straightened shapes within sheath 162. This will permit the entire assemoly {0 be withdrawn
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trom the body in a compact and relatively atraumatic tashion. The passive member of the
manually operated mechanism would preferably be mounted to sheath 162.

In this jashion, the extension and withdrawal of elongate elements 150 and 151 from
or into sheath 162 can be accomplished by utilizing an expanded stroke of the same manually
operated mechanism which is used to splay or increasingly overiap elongate elements 150
and 151. Inthis case, a means must be provided to prevent cannula 159 from sliding beyond
a certain location within sheath 162 in direction 301. Also, a means may be provided to
minimize relative motion between cannula 159 and sheath 162 while the four-bar linkage is
being used to repeatedly move elongate elements 150 and 151 toward their splayed or
overiapped configurations. Furthermore, the manually operated mechanism woukd preferably
permit axial rotation of the entire assembiy of sheath 182 and its contents relative to the
manually operated mechanism, so that elongate elements 150 and 151 can be oriented in
any desired direclion relative to the manually operated mechanism.

in the configuration illustrated in Figure 7 (a), it will be noted that movement of rod 158
in direction 301 will tend to splay elongate elements 150 and 151 apart. As described above,
one method of minimizing this spiaying before the device is in the correct location is {o create
siots in specific ocations of sheath 162. In an alternative method, bars 1586 and 155 are
shorter than bars 153 and 154, and pivot 157 is already positioned as close as possible to
pivot 152 during placement of the device into a body. (In this coniiguration, bars 155 and 156
would overlap bars 153 and 154, respectively.) Moving rod 158 in direction 301 will then urge
elongate elements 150 and 151 toward their overiapped configuration, even though the
glongate aslaments can be extended beyond the end of sheath 162 by the same motion in
direction 301 when the sheath is held lixed. Elongate elements 150 and 151 can then be
splayed apart by moving rod 158 in direction 302. When the device is to be withdrawn from a
body, rod 158 is moved further in direction 302, 5o that pivot 157 is as far as possible from
pivot 152, whare the configuration shown in Figure 7 {a) would be an intermediate position.
Elongate elements 150 and 151 will thereby be urged back toward their overiapped
configuration. Moving rod 158 even further in direction 302, relative to sheath 162, will permit
withdraw elongate elements 150 and 151 into sheath 162.

Figure 7 {b) shows an embodiment in which elongate elements 150 and 151 have a
pivot 165 and body portions 166 and 167, respectively. Body portions 166 and 167 have
slots 168 and 169, respectively. A rod 190 has a peg 191 which is oriented to shdeably
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engage slots 168 and 169. Pivot 165 is fixed to the cannula 192, and slots 168 and 169 are
preferably oriented so that motion of rod 190 in direction 310 will urge slongate elements 150
and 151 toward their overiapped configuration, and motion of rod 190 in direction 320 will
splay elongate elements 150 and 151 apart. Cannula 192 may be substantially the same as
cannuia 159 shown in Figure 7 (a). In addition, a sheath 193, which may substantially be the
same as sheath 162 shown in Figure 7 {a), can be Wlilized. The function and use of the
embodiment shown in Figure 7 (b) is then substantially the same as the embodiment shown in
Figure 7 (a).

A variation of the embodiment iilustrated in Figure 7 (bj would include eiongate
elements in which the slots are placed distal to the pivot point between the elongate
elements. (Thatis, the slots are located between the pivot point and the tips of the elongate
elements). Body portions 166 and 167 as shown in Figure 7 (b), and slots 160, 161, 163, and
164 as shown in Figure 7 (a) may then not be necessary. However, the actuating rod (such as
rod 190 shown in Figure 7 (b)), would have to be designed so that it does not interfere with
the pivot point between the elongate elemernts.

Figure 7 (c) shows another embodiment in which the elongate elements 150 and 151
may be made to splay apart or increasingly overiap each other. Elongate elements 150 and
151 are hinged at pivot 170, which is preferably fixed to a cannula 176. Surrounding pivot
170, elongate elements 150 and 151 each have a rounded body portion with teeth aiong
edges 171 and 172, respectively. The teeth engage the corresponding grooves located in
jaws 173 and 174 of sliding member 175. The degree of splaying or overlapping of elongate
elements 150 and 151 may be limited by limiting the lengths of edges 171 or 172 which are
toothed. Additionally, or altematively, the degree of splaying or overiapping of elongate
elements 150 and 151 may be limited by limiting the lengths of the grooved zones in jaws 173
and 174. Sliding member 175 is moved in direction 303 or 305 by any suitable manualy
operated mechanism. Examples of manually operated mechanisms include sliders, pistol gnip
handles. scissors handles, and syringe-plunger arrangements. Elongate elements 150 and
151 are preferably moved toward their overiapped configuration when sliding member 175 1s
moved in direction 203 and moved toward their splayed apart contiguration when sliding
member 175 is moved in direction 305. However, ioothed edges 171 and 172 can be
located on elongate elements 150 and 151 such that moving sliding member 175 in direction
303 moves elongate elements 150 and 151 toward their spiayed configuration and moving
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sliding member 175 in direction 305 moves elongate elements 150 and 151 toward their
overiapped configuration.

Elongate elements 150 and 151 may be constrained in deformed and straightened
shapes within a sheath 178. This will perrnit compact and relatively atraumatic entry into a
body. Shding member 175 can then be moved in direction 303 relative to sheath 178 in order
to extend slongate elements 150 and 151 from the end of the sheath. in the preferred
mode, this motion will also tend to keep elongate elements 150 and 151 in their overlapped
configuration without splaying these elements apart in the wrong direction. (As described
above, toothed edges 171 and/or 172 and/or the jaws 173 and/or 174 can be designed to
prevent splaying in the wrong direction). Elongate elements 150 and 151 can then be
repeatediy moved toward their splayed configuration or their overapped configuration by
mowving sliding member 175 in directions 305 or 303, respectively, and a means may be

provided to minimize relative motion batween cannula 176 and sheath 178 during this
repetitive motion.

Elongate elements 150 and 151 can be withdrawn back inside sheath 178 by forcibly
moving sliding member 175 in direction 305 ralative 10 sheath 178. The end of sheath 178
will force glongate elements 150 and 151 info their overlapped coniiguration, as well as
forcing elongate elements 150 and 151 into straightened and deformed shapes into sheath
178 in order 1o permit the entire assembly 0 be withdrawn trom a body in a compact and
relatively atraumatic tashion. Alkematively, sheath 178 can be extended over elongate
elemants 150 and 151 o straighten and deiorm these alemants into sheath 178 and {0

permit the entire assembiy 10 be withdrawn from a body in a compact and relatively atraumatic
fashion.

if @ sheaih 178 is utilized, it would preterably be mounted to the passive member ot
the manually operated mechanism. In this fashion, the extension and withdrawatl of elongate
elements 150 and 151 from or into sheath 178 can be accomplished by utilizing an expanded
stroke of the same manually operated mechanism which is used to move sliding member 175
in order to splay or increasingiy overlap siongate elements 150 and 151.

When elongate slements 150 and 151 are 10 be removed and replaced, it would be
advantageous to move cannula 176 tar enough in direction 303 so that pivot 170 is beyond
the end of sheath 178. Then the pivot pin can be removed, sliding member 175 can be
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extended beyond the end of cannula 176, and elongate elements 150 and 151 can be
simply slid out of jaws 173 and 174 in a direction parpendicular to the axis of sliding member
175. In addition, in order to permit the eiongate alements 150 and 151 o be orisnted in any
desired direction relative to the manually operated mechanism, this mechanism would

preferably permit axial rotation of the entire assembly of sheath 178 and its contents relative to
the actuating mechanism.

Figure 7 {d) shows how sliding member 175 couid be configured around a pivot fixing
member 185, which has holes 180 and 182. Elongate slements 150 and 151 are rotatably
mourited on a pin 180. The ends of pin 180 can be placed into holes 181 and 182 when
sheath 178 is pulied back in direction 400, since the ends of sliding member 175 and the
ends of pivot fixing member 185 can gently splay apan when they are not held within sheath
178. When sheath 178 is moved back in direction 401, elongate elemenis 150 and 151 will
be securely held when pin 180 is within sheath 178. The and of pivot fixing member 185
which has holes 181 and 182 can be fork shaped. Preferably a means is provided wiich
minimizes motion of pivot fixing memier 185 relative 10 sheath 178 when sliding member 175
is utilized to repeatedly movae elongate elements 150 and 151 toward their splayed or

overiapped configurations. Figure 7 {8) shows the device beiore sheath 178 is pulied back to
permit insention of elongate slements 150 and 151.

in the embodiments described for Figures 7 (a), (b), (C), and {d), the glongate
elements are preferably made of a pseudoelastic shape memory alioy. Also, in any of the
embodiments described for Figures 7 {a), (b), {(C), and (d), the slongate elements can be used
for cutting, grasping, and/or separating tissues. The end portions of the elongate elemernts
can be fashioned appropriatety for any of these functions, or separate appropriately designhed
parts may be attached 0 the end portions of the elongate elements.

Figure 8 shows a cutling davice, similar to the device shown in Figure 1, with curved
elongate elements 91 and 93 extended from a housing 92. This permits the elongate
glements to be both open for cutting or grasping and curved at an angle 94 away from axis 95
of housing 92. Angle 94 is defined by the axis 95 of housing 92 and the straight ine 86
croated between the point of intersection of axis 95 with the distal end of housing 92 and the
pin 99. Angle 94 can be any desired angle, even greater than 80 degrees, thus permitling
cutting or grasping in a direction off axis 95. This provides access {o difficult to reach locations
in the body. Elongate elemsants 91 and 93 are shaped so that they circumscnbe sphencal
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arcs which allow the elements to engage each other and perform the cutting or grasping
tunction, either as they are retracted back inte housing 92, or as housing 92 is extended over
the elongate elements. The portions of slongate elemeants 91 and 93 which enter housing
92 assume a less curved shape. Since elongate elements 91 and 83 may be made of
pseudoelastic shape mamory alloy, they may attain these less curved shapes by undergoing
some phase transition from austenite {0 stress-induced-martansite.

Figure 9 shows a device in which elongate slements 102 and 106, preferably made of
pseudoelastic shape memory alloy, are first heid constraingd in straightened and deformed
shapes inside a cannula 103. This permits compact placement into a body through tissue
incision or orifice 108. Elongate elements 102 and 106 are then extended out of cannula
103 by moving elongate elemants 102 and 106 in direction 501 relative to cannuia 103.
Since at least part of extended elongate elements 102 and 106 are no longer constrained,
they will splay apart due to recovery of the pseudoesliastic shape memory alloy into its preset
curved unconstrained shapes. Cannula 103 can be then be extended onto glongate
elements 102 and 106 to force these elements {0 approach each other. Aiternatively,
glongate elements 102 and 106 can be withdrawn back into cannula 103 to force these
elements 1o approach each other. In gither mode, the tips of elongate elements 102 and 106
can be used to grasp tissue 107 or an object. The grasping function of elongate elements
102 and 106 can be enhanced by providing the end portions of these elements with bends
104 and 105, teeth, or the like at their tins. Elongate elements 102 and 106 may also be
ribbed or toothed along their entire lengths. The described mode of action may permit the
instrument to be used multiple times in each location.

The large pseudoelastic deformation of shape memory ailoys (up to 10%) permits much wider
splaying of alongate elements 102 and 106 over a much shorier distance 109 than would be
possible with traditional matals. This permits working in condined spaces, particularty in
endoscopic or laparoscopic surgery. A vanation of this emoodiment may include more than
two elongate elements.

Figures 10 (a), (b), and (c¢) iliustrate three views ot another embodiment. As elongate
elements 121 and 123 are extended outside the housing 120, they splay outward causing
end portions 122 and 124 to separate also. When elongate elements 121 and 123 are
partially withdrawn into housing 120, they cause end portions 122 and 124 to approach each
other. If elongate elements 121 and 123 are further withdrawn into housing 120, the sections
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121e and 123e of elongate elements 121 and 123 are {orced to dejorm into straightened
shapes in order to pass into housing 120, thus causing the direction of orientation of end
portions 122 and 124 10 approach the direction of axis 128 of housing 120, and the angle
125 approaches zero degrees (angle 125 is defined by axis 126 of housing 120 and the
plane of end portions 122 and 124). End portions 122 and 124 may also be fully or partially
withdrawn into housing 120, if desired. The straight configuration permits easy removal of the
instrument from a body in a compact and relatively atraumatic fashion. However, with elongate

glements 121 and 123 in a completely extended position, angle 125 permits access 1o
difficult to reach locaiions.

In the embodiments shown in Figures 10 (a), (b), and (¢), the bedy portions of
elongate elements 121 and 123 are preferably made of pseudeelastic shaps memeory alioy.
Alternatively, sections 121e and 123@ may be the only parts oi elongate elements 121 and
123 which are made of pseudoelastic shape memory alloy. &nd portions 122 and 124 may
also be made of pseudoelastic shape memory alloy, but they could be made of any suitable
matenal, even if elements 121 and 123 are made at least in pari of pssudoslastic shape
memory alloy. End portions 122 and 124 may have a cutting function or a grasping function.

They may also be used {0 separate tissues. The described mode of action may permit the
instrument to be used multipie times in each location.

Figures 11 (a) and 11 (b) show embodiments similar fo the embodiments shown in
Figures 1 and 8, respectively. In Figures 12 (a) and 12(b), the elongate elements 131 and
133 extend beyond the pin 139 in order to provide end portions 134 and 135. End portions
134 and 135 may be unitary extensions of elongate elements 131 and 133 or they may be
separate portions bolted or attached to elongate elements 131 and 133. The action of
withdrawing elongate elements 131 and 133 inio housing 111 closes and deforms body
portions 116 and 117, and the scissor action is transmitted to end portions 134 and 135. In
this manner, the body portions of the elongate elements act as the actuating means for the
end portions of the elongate elements. Figure 12 (b) illustrates a curved version of Figure 11
(a). The angle 112 is defined by the axis 113 of housing 111 and the straight line 114 created
between the point of intersection of axis 113 with the distal end of the housing and pin 139.
Angle 112 can be any number of degrees, even greater than 90 degrees, thus permitting
cutting or grasping in a direction off axis 113. This provides access to difficult to reach
locations within a body.
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in the embodiments of Figures 11 (a) and 11 (b), body portions 116 and 117 are
preferably made of pseudoelastic shape memory alloy. Altemaltively, only end portions 134
and 135 may be made of psaudoelastic shape memory alloy, but these end portions could be
made of any suitable material, even if body portions 116 and 117 are made of pseudoelastic
shape memory ailoy. End portions 134 and 135 may have a cutting function or a grasping
function. They may also be used 10 separate tissues. The described mode of action may
parmit the instrument to be used mullipie timeas in each location.

Figure 12 illustrates another ambodiment similar o the embodiment shown in Figure
11 (b). Body portions 141 and 143 of elongate elements 118 and 119 are used to create
both a scissors action through a pinned location 149 and also to provide the ability to direct
the scissor action at an angle of about ninety degrees off the axis 148 of housing 140.
Elements 141 and 143 splay apart when they are outside of housing 140. As housing 140 is
pushed over the body portions 141 and 143 in direction 144, sections 141e and 143e move
toward one another. This action in turn causes the end portions 146 and 147 to approach
each other in a scissor fashion by pivoting around pin 149. Because the relative movermnent of
housing 140 in directions 144 and 145 is parpendicular to end portions 146 and 147/, the
position of these end portions is unchanged with respect to the tissue location. After end
portions 146 and 147 have closed, further withdrawal of elongate elements 118 and 119 inio
housing 140 causes sections 141e and 143e to straighten from their curved shapes. This
permits end portions 146 and 147 to generaliy align with axis 148 of housing 140. End
portions 146 and 147 may also be fuliy or partially withdrawn into housing 140, it desired. The

straight configuration permits easy removal of the instrument from a body in a compact ard
relatively atraumatic fashion.

in the embodiments of Figure 12, body portions 141 and 143 of elongate elements
118 and 119 are preieréb!y made of pseudoelastic shape memory alloy. Alternatively,
sections 141e and 143e may be the only parts of body portions 141 and 143 which are made
of pseudoelastic shape memory alloy. End portions 146 and 147 may aiso be made of
pseudoelastic shape memory alioy, but they could be made of any suitable maternai, even if
body portions 141 and 143 are made at least in part ol pseudoelastic shape memory alioy.
End portions 146 and 147 may have a cuiting function or a grasping function. They may aiso
be used to separate lissues. The described mode of action may permit the instrument to be
used multiple times in each location.
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A variation of the embodiment shown in Figure 12 would have end portions 146 and
147 in a plane which is paraliel to axis 148, so that pivot 149 is on an axis which is
perpendicular to axis 148. In this embodiment, moving body portion 141 in direction 144
and/or moving body portion 143 in diraction 145 would tend to splay end portions 146 and
147 apart. Moving body portion 141 in direction 145 and/or moving elemeant 143 in direction
144 would tend to bring end portions 146 and 147 into a more overlapped configuration. In
this manner, the body portions of the elongate elements act as the actuating means for the
end portions of the elongate elements. in order 10 facilitate the requisite bending in sections
141¢ and 143e, body portions 141 and 143 would preterably be either round or made of flat
material oriented in a piane perpendicular to the plane of end portions 146 and 147. if body
portions 141 and 143 are made of flat material, they may include a 90 degree twist in the
material between sections 141e and 143e and end portions 146 and 147, respactively.

24
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The embodiments of the invention in which an exclusive property or privilege is
claimed are defined as follows:

1. A device for dissecting an object, which device comprises at least two
elongate elements, positioned alongside one another, each having a body portion and
an end portion, the end portions of the elements including means for:

(1) being capable of being splayed apart from one another when free of transverse
constraint to dissect said object from surrounding material: and .
(1) being capable of being moved toward one another:

wherein a portion of at least one of the elements is formed from a pseudoelastic
material.

2. A device for manipulating an object, which device comprises at least two
elongate elements, positioned alongside one another, each having a body portion and
an end portion, the end portions of the elements including means for-

() being capable of being splayed apart from one another when free of transverse
constraint and presenting manipulating surfaces to an object to be manipulated that
Is placed between them; and

(i) being capable of being moved toward one another to manipuléte said object;

wherein a portion of at least one of the elements is formed from a pseudoelastic
matenal.

3. A device for manipulating an object, which device comprises at least two
elongate elements positioned alongside one another, each having a body portion and
an end portion, at least a portion of at least one of the elongate elements iIncluding a
manipulating edge constructed of a material other than a shape memory alloy, the end
portions of the elements including means for:

(i) being capable of being splayed apart from one another when free of transverse
constraint and presenting manipulating surfaces to an object to be manipulated that
IS placed between them; and

(i) being capable of being moved toward one another to manipulate said object;

wherein a portion of at least one of the elements is formed from a pseudoelastic
material.

4, A device for dissecting an object, which device comprises:
a) a hollow elongate component: and

e et o mta At ottt i e e e e e e e R ———



CA 02064830 1999-06-11

~b) at least two elongate elements, at least part of which are positioned within said
component, said elements being positioned alongside one another, each having a body
portion and an end portion, the end portions of the elements iIncluding means for:

(1) being capable of being splayed apart from one another when free of transverse
constraint to dissect said object from surrounding material; and

(i) being capable of being moved toward one another:
wherein the elements and the component are longitudinally slideable relative to one
another so that at least a portion of the elements can be slid into and out of said
component; and

wherein a portion of at least one of the elements is formed from a pseudoelastic
matenial.

5. A device for manipulating an object, which device cOmprises:
a) a hollow elongate component; and
b) at least two elongate elements, at least part of which are positioned within said
component, said elements being positioned alongside one another, each having a body
portion and an end portion, the end portions of the elements including means for:
(i) being capable of being splayed apart from one another when free of transverse

constraint and presenting manipulating surfaces to an object to be manipulated that
is placed between them; and

(1) being capable of being moved towards one another to manipulate said object:
wherein the elements and the component are longitudinally slideable relative to one
another so that at least a portion of the elements can be slid into and out of said
component; and
wherein a portion of at least one of the elements is formed from a pseudoelastic
matenal.

6. The device as claimed in claim 2, 3 or 5, wherein the means for
manipulating comprises means for cutting said object.

7. The device as claimed in claim 2, 3 or 5, which further comprises a
cutting edge of a material other than a shape memory alloy.

8. The device as claimed in claim 7, wherein said cutting edge is of
stainless steel.
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9. The device as claimed in claim 2, 3 or 5, which further comprises at least
one grasping surface.

10. The device as claimed in any one of claims 1 to 9, wherein the
pseudoelastic material is a pseudoelastic shape memory alloy.

11. The device as claimed in any one of claims 1 to 9, wherein the
pseudoelastic material is a superelastic material.

12. The device as claimed in any one of claims 1 to 11, in which the end
portions of the elements are pivotally connected to one another towards their free ends.

13. The device as claimed in any one of claims 1 to 12, wherein the end
portions of the elements are pivotally connected to one another.

14. A method of manipulating an object, which method comprises the steps:
providing a device which comprises at least two elongate elements, positioned
alongside one another, each having a body portion and an end portion, the end
portions of the elements:

(i) being capable of being splayed apart from one another when free of

transverse constraint and presenting manipulating surfaces to an object to be

manipulated that is placed between them; and

(i) being capable of being moved toward one another to manipulate said object;

wherein at least a portion of at least one of the elements is formed from a
pseudoelastic material;
positioning the object between the splayed apart end portions of the elements; and
causing said end portions to move toward one another so as to manipulate said object.

15. A method of manipulating an object, which method comprises the steps:
providing a device which comprises:
a)' a hollow elongate component; and
b) at least two elongate elements, at least part of which are positioned within said
component, said elements being positioned alongside one another, each having a
body portion and an end portion, the end portions of the elements:

T e
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(1) being capable of being splayed apart from one another when free of

transverse constraint and presenting manipulating surfaces to an object to be

manipulated that is placed between them; and

(1) being capable of being moved toward one another to manipulate said object:
wherein the elements and the component are longitudinally slideable relative to one
another so that at least a portion of the elements can be slid into and out of said
component and wherein at least a portion of at least one of the elements is formed
from a pseudoelastic material;

positioning said object between the splayed apart end portions of the elements: and

causing said end portions to move toward one another so as to manipulate said object.

16.  The method as claimed in claim 14 or 15, wherein the pseudoelastic
material is a superelastic material.

17. The method as claimed in claim 16, wherein the pseudoelastic material
Is a shape memory alloy.

18. The method as claimed in claim 17, wherein the shape memory alloy is
a nickel titanium alloy.

19. The method as claimed in any one of claims 14 to 18, in which the object
is a part of a human body or animai body.

20. The method as claimed in any one of claims 14 to 19, in which the object
is an internal part of the body, and the method includes the step of positioning at least

the end portions of the elements within the body.

21. The method as claimed in any one of claims 14 to 20, wherein the step
of manipulating said object comprises cutting said object.

stttk e e e e o e L ——
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