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METHOD AND APPARATUS FOR SECURING VERTEBRAE

Technical Field
The present invention relates to a method and
apparatus for performing a surgical procedure on a body
of a patient, and more particularly, to a method and
apparatus for fixing vertebrae of a patient together at

a surgical site.

Background of the Invention

Percutaneous surgery is a procedure in which
surgical instruments and an endoscope are inserted
through a cannula into the body of a patient. A
viewing element, typically a small video camera, is
part of the endoscope and is connected to a monitor so
that the surgeon may view the surgical site.

The cannula is a hollow tube that is inserted
through an incision into the body of a patient so that

a.distal end of the cannula lies adjacent the surgical

JP 2004-504893 A 2004.2.19
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site. The cannula holds the incision open and serves
as a conduit extending between the exterior of the body
of the patient and the local area inside the body where
the surgery will be performed. The instruments,
usuvally one at a time, and the endoscope are inserted
through the cannula. The cannula also allows the
instruments and the endoscope to be removed from the
body and/or adjusted in the body during the surgery
without trauma to the body.

A conventional apparatus for supporting the
cannula and the endoscope allows a surgeon to
manipulate the surgical instruments without also moving
the endoscope. Also, a known support apparatus allows
adjustment of the endoscope relative to the cannula for
viewing different areas of the surgical site in the
body.

While the above described method and apparatus
enables many types of surgeries at small surgical
sites, the fixing of vertebrae together has heretofore
been conducted by a much more invasive open surgical

method.

Summary of the Invention

In accordance with one feature of the present

invention, a method of £ixing vertebrae of a patient

JP 2004-504893 A 2004.2.19



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(35)

WO 02/09801 PCT/US01/23999

10

15

20

_3-

together at a surgical site includes the following
steps: inserting a first cannula into the body of the
patient; moving a first fastener through the cannula;
securing the first fastener to a first vertebrae;
moving a second fastener through the cannula; securing
the second fastener to a second vertebrae; moving a
first fixation element through the cannula; and fixing
the first fixation element to the first and second
fasteners.

In accordance with another feature of the present
invention, a method of performing a surgical procedure
on a body includes the following steps: providing a
cannula having a tubular structure with first and
second tubular portions defining first and second
passages for receiving surgical instruments, the second
passage being a continuation of the first passage;
inserting the cannula through an incision in the body,
the inserting step including inserting the second
tubular portion inside the body and inserting the first
tubular portion into the incision so that the first
tubular portion extends from an exterior of the body to
inside the body; expanding the second tubular portion
of the cannula to increase the cross-sectional area of

the second passage in the second tubular portion while

JP 2004-504893 A 2004.2.19
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the second tubular portion is inside the body; and
maintaining the cross-secticnal area of the first
passage in the first tubular portion while expanding
the second tubular portion of the cannula.

In accordance with still another feature of the
present invention, a cannula is used for receiving
surgical instruments. The cannula includes a first
tubular portion defining a first passage for receiving
the surgical instruments and a second tubular portion.
The first tubular portion has a first thickness
measured in a direction perpendicular to inner and
outer surfaces of the first tubular portion. The
second tubular portion is attached to the first tubular
portion and defines a second passage for receiving the
surgical instruments. The second passage is a
continuvation of the first passage. The second tubular
portion has a thickness measured perpendicular tc inner
and outer surfaces of the second tubular porticn. The
first thickness is different than the second thickness.

In accordance with yet another feature of the
present invention, a cannula is used foxr receiving
surgical instruments. The cannula includes a first
tubular portion and a second tubular portion. The

first tubular portion has a first outer surface for

JP 2004-504893 A 2004.2.19
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engaging the body and a first inner surface defining a
first passage for receiving the surgical instruments.
The first tubular portion has a proximal end and an
opposite distal end. The second tubular portion is
attached to the distal end of the first tubular
portion. The second tubular portion has a second outer
surface for engaging the body and a second inner
surface defining a second passage for receiving the
surgical instruments. The second passage is a
continuation of said first passage. The second tubular
portion is pivotally connected to the distal end of the

first tubular portion.

Brief Description of the Drawings

The foregoing and other features of the present
invention will become more apparent to one skilled in
the art upon consideration of the following description
of the invention and the accompanying drawings, in
which:

Fig. 1 is an exploded schematic perspective view
of a surgical cannula constructed for use with the
present invention, the cannula being shown in an

expanded condition;
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Fig. 2 is a schematic perspective view of the
cannula of Fig. 1 with parts removed for clarity, the
cannula being shown in a contracted condition;

Fig. 3 is a schematic end view showing the cannula
of Fig. 1 in the expanded position;

Fig. 4 is a rollout view of a part of the cannula
of Fig. 1:

Fig. 5 is a schematic sectional view of one
position of the cannula of Fig. 1 during a surgical
procedure;

Fig. 6 is an exploded schematic perspective view
of another surgical cannula in accordance with the
present invention, the cannula being shown in an
expanded condition;

Fig. 7 is a schematic perspective view of the
cannula of Fig. 6, the cannula being shown in a
contracted condition:

Fig. 8 is an exploded schematic perspective view
of still another surgical cannula in accordance with
the present invention, the cannula being shown in an
expanded condition;

Fig. 9 is a schematic sectional view of part of

the cannula of Fig. 8;
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Fig. 10 is a schematic end view,

(39)

PCT/US01/23999

similar to

Fig. 3, of part of another cannula in an expanded

condition.

Fig. 11 is a schematic elevational view of a

support apparatus in accordance with the present

invention;

Fig. 12 is a schematic view taken
in Fig. 11;

Fig. 13 is a schematic view taken
in Fig. 11 showing part of the support
Fig. 11;

Fig. 14 is a schematic view taken
in Fig. 11 showing part of the support
Fig. 11;

Fig. 15 is a schematic view taken
in Fig. 11 with parts removed;

Fig. 16 is a schematic view taken
in Pig. 11:

Fig. 17 is a schematic view taken
in Fig. 11 showing part of the support
Fig. 11;

Fig. 18 is a schematic view taken
in FPig. 11 showing part of the support

Fig. 11;

along line 12-12

along line 13-~13

apparatus of

along line 14-14

apparxatus of

along line 15-15

along line 16~16

along line 17-17

apparatus of

along line 18-18

apparatus of
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Fig. 19 is a schematic perspective view of the
support apparatus of Fig. 11;

Fig. 20 is a schematic perspective view of the
support apparatus of Fig. 11 looking at the support
apparatus from an angle different than Fig. 197

Fig. 21 is a schematic perspective view of the
support apparatus of Fig. 11 looking at the support
apparatus from an angle different than Figs. 19 and 20;

Fig. 22 is a sectional view taken approximately
along line 22-22 of Fig. 14;

Fig. 23 is an enlarged view 5f a part of Fig. 22;

Fig. 24 is a schematic end view taken along
line 24-24 in Fig. 15 with parts removed;

Fig. 25 is a view further illustrating parts shown
in Fig. 15;

Fig. 26 is a sectional view taken approzimately
along line 26-26 of Fig. 25;

Fig. 27 is a schematic view showing part of the
support apparatus of Fig. 11 with an associated known
mechanical arm;

Fig. 28 is a schematic view of another feature of
part of the support apparatus of Fig. 11;

Fig. 29 is a schematic view of a fixation assembly

attached to vertebrae of a patient;
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Fig. 30 is a schematic view taken along line 30-30
of Fig. 29;

Fig. 31 is an exploded schematic perspective view
of part of the assembly of Fig. 29;

Fig. 32 is a schematic view of another fixation
assembly attached to vertebrae of a patient:

Fig. 33 is a schematic view taken along line 33-33
of Fig. 32;

Fig. 34 is an exploded schematic perspective view
of part of the assembly of Fig. 32;

Fig. 35A is a schematic sectional view of one
position.of a cannula during a surgical procedure in
accordance with one feature of the present invention;

Fig. 35B is a schematic sectional view of another
position of the cannula during the surgical procedure
of Fig. 35A;

Fig. 36 is a schematic sectional view of the
position of another cannula during a surgical procedure
in accordance with another feature of the present
invention;

Pig. 37 is a schematic sectional view of positions
of cannulae during a surgical procedure in accordanhce

with still another feature of the present invention;
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Fig. 38 is a schematic view of part of an
alternative fixation element to be attached to
vertebrae of a patient, similar to Fig. 29;

Fig. 39 is a schematic exploded view of part of a
cutting tool used with a method in accordance with the
present invention: and

Pig. 40 is a schematic view of part of the cutting

tool of Fig. 39.

Description of a Preferred Embodiment

The present invention is directed to a method and
apparatus for use in a surgical procedure, and
particularly for fixing together the vertebrae of a
patient at a surgical site. The method involves the
use of a cannula, an adjustable support for the
cannula, surgical instruments, and a viewing device.

Figs. 1~5 illustrate one suitable cannula 10
constructed for use in a method in accordance with the
present invention. The cannula 10 is a tubular
structure 12 centered on an axis 14. The tubular
structure 12 defines a passage 16 through the
cannula 10. Surgical instruments may be inserted into
the body during surgery through the passage 16

The tubular structure 12 comprises a first tubular

portion 20 and a second tubular portion 40 attached to
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the first tubular portion. The first tubular

portion 20 is preferably made of a length of stainless
steel tubing, but could alternatively be made of
another suitable material such as a radiolucent
material. The first tubular portion 20 has a proximal
end 22 and a distal end 24. Parallel cylindrical inner
and outexr surfaces 26 and 28, respectively, extend
between the ends 22, 24 of the first tubular

portion 20. The inner surface 26 defines a first
passage portion 30 of the passage 16 through the
cannula 10. The first passage portion 30 has a
diameter D1 that is preferably in the range from 10mm
to 30mm (or approximately 0.4 to 1.2 inches).

The inner surface 26 may have a non-reflective
coating. The non-reflective coating reduces glare on
any video image produced by a video camera inserted
through the passage 16. Alternatively, the inner
surface 26 may not have the coating.

The second tubular porticn 40 of the tubular
structure 12 is attached to the distal end 24 of the
first tubular portion 20. The second tubular
portion 40 is preferably made from stainless steel, but
could alternatively be made from another suitable

material such as a radiolucent material.
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As best seen in the rollout view of Fig. 4, the
second tubular portion 40 comprises an arcuate
segment 42 of sheet stock. The arcuate segment‘42
includes first and second arcuate edges 44, 46
respectively, and first and second planar edges 48, 50,
respectively. The first and second planar edges 48, 50
are rolled in an overlapping manner to form the tubular
configuration of the second tubular portion 40.

When the second tubular portion 40 has been rolled
into its tubular configuration, the first and second
arcuate edges 44, 46 define oppositely disposed first
and second ends 60, 62 (Figs. 1 and 2), respectively,
of the second tubular portion. The first and second
ends 60, 62 are connected by a central portion 64. The
first end 60 of the second tubular portion 40 is
attached to the distal end 24 of the first tubular
portion 20 by a single fastener, such as a rivet 66.
The rivet 66 extends through two aligned apertures 68
(Fig. 4) at the first end 60 of the second tubular
portion 40. The first end 60 of the second tubular
portion 40 is pivotable about the rivet 66.

The second tubular porticn 40 includes parallel
inner and outer surfaces 70, 72 (Figs. 1 and 2),

respectively, extending between the first and second
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ends 60, 62. The inner surface 70 defines a second
passage portion 74 of the passage 16 through the
cannula 10 that extends as a continuation of the first
passage portion 30 of the first tubular portion 20.
The inner surface 70 may optionally have a
non-reflective coating (not shown).

An arcuate slot 80 is formed in the second tubular
portion 40 and extends between the inner and outer
surfaces 70, 72 of the second tubular portion. The
arcuate sleot 80 extends along a curvilinear path in the
central portion 64 of the second tubular portion 40
toward the second end 60 of the second tubular portion.
The arcuate slot B0 has a first terminal end 82 located
in the central portion 64 of the second tubular
portion 40. A second terminal end 84 of the arcuate
slot 80 is located adjacent the intersection of the
second arcuate edge 46 and the first planar edge 48 of
the arcuate segment 42.

A guide pin 90 is attached to the inner surface 70
of the second tubular portion 40 adjacent the
intersection of. the second arcuate edge 46 and the
second planar edge 50. In the tubular configuration of
the second tubular portion 40, the guide pin 90 is

located in the arcuate slot 80 and is movable along the
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curvilinear path of the arcuate slot. A washer 92 is
secured at an inner end of the guide pin 80 to retain
the guide pin in the arcuate slot 80.

The second tubular portion 40 of the tubular
structure 12 is expandable from a contracted condition
shown in Fig. 2 to an expanded condition shown in
Fig. 1. 1In the contracted condition, the guide pin 90
is located at the first terminal end 82 of the arcuate
slot 80 in the second tubular portion 40 and the second
passage portion 74 defined by the second: tubular
portion is generally cylindrical in shape. The second
passage 74 has a generally constant diameter D2
(Figs. 2 and 3) that is approximately egual to the
diameter Dl of the first tubular portion 20. Thus, the
cross-sectional area of the second passage portion 74
at the second end 62 of the second tubular portion 40,
which is a function of the diameter D2, is
approximately the same as the cross-sectional area at
the first end 60 of the second tubular portion and is
approxzimately the same as the cross-sectional area of
the first passage portion 30 in the first tubular
portion 20.

In the expanded condition, the guide pin 90 is

located at the second terminal end 84 of the arcuate
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slot 80 in the second tubular portion 40 and the second
tubular portion has a generally conical configuration.
At the second end 62 of the second tubular portion 40,
the second passage portion 74 has a diameter D3
(Fig. 3) that is larger then the diameter D2 of the
second passage portion at the first end 60
(typically 14mm to as large as 60mm or 0.6 to 2.4
inches). Preferably, the diameter D3 of the second
passage portion 74 at the second end 62 of the second
tubular portion is 40% to 90% greater than the
diameter D1 of the second passage portion at the first
end 60. Thus, in the expanded condition, the cross-
sectional area of the second passage portion 74 at the
second end 62 of the second tubular portion 40, which
is function of the diameter D3, is 16% to 81l% greater
than the cross-sectional area of the second passage
portion at the first end 60 of the second tubular
portion. In the expanded condition, the cross-
sectional area of the second passage portion 74 at the
second end 62 of the second tubular portion 40 may be
large enough to overlie a major portion of at least
two, and as many as three, adjacent vertebrae.

The cannula 10 includes an outer layer 100

(Fig. 1) for maintaining the second tubular portion 40
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of the cannula in the contracted condition. It is
contemplated that other suitable means for maintaining
the second tubular portion 40 in the contracted
condition may be employed. Preferably, the outer
layer 100 comprises a section of plastic tubing 102
which is heat shrunk over both the first and second
tubular portions 20, 40 to hold the second tubular
portion in the contracted condition.

In addition, a loop of polyester string 104 for
tearing the tubing 102 is wrapped around the tubing so
that it extends both underneath, and on top of, the
tubing. An outer end 106 of the string 104 extends
beyond the tubing 102.

Fig. 1 sho@s an actuatable device 111 for
expanding the second tubular portion 40 from the
contracted condition to the expanded condition.
Preferably, the actuatable device 111 comprises a
manually operated expansion tool 112. The expansion
tool 112 resembles a common pair of scisscrs and has a
pair of legs 114 pivotally connected to one another.

The expansion tool 112 includes a frustoconical end

section 116 forming a pair of frustoconical halves 118.

Each of the frustoconical halves 118 extends from a

respective one of the legs 114 of the expansion
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tool 112. It is contemplated that other suitable means
for expanding the second tubular portion 40 toward the
expanded condition may be employed, such as an
inflatable balloon (not shown).

During a typical endoscopic surgical procedure,
the cannula 10 is inserted into the body of a patient
in the contracted condition. The outer end 106 of the
string 104 is then manually pulled on by a surgeon,
nurse, or other technician. Pulling on the string 104
tears the tubing 102 most of the way along the tubing,
thereby freeing the second tubular portion 40 for
expansion. The tubing 102, in its torn condition, may
remain attached or secured to the first tubular
portion 20.

Next, the expansion tool 112 is inserted into the
passage 16 in the cannula 10 until the frustoconical
end section 114 is located at the second end 62 of the
second tubular portion 40. The legs 114 of the
expansion tool 112 are manually separated, causing the
frustoconical halves 118 to separate. As the
halves 118 separate, a radially outward directed force
is exerted on the inner surface 70 of the second
tubular portion 40 by the halves 118, causing the

second tubular portion to expand toward the expanded

JP 2004-504893 A 2004.2.19



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(50)

WO 02/09801 PCT/US01/23999

10

15

20

-18—

condition. Under the force of the expanding expansion
tool 112, the guide pin 90 glides from the first
terminal end 82 of the arcuate slot 80 to the second
terminal end 84 of the arcuate slot to permit the
expansion of the second tubular portion 40. The
expansion tool 112 can be rotated about the axis 14 to
ensure that the second tubular portion 40 of the
cannula 10 is completely expanded to the expanded
condition. The expansion tool 112 is then collapsed
and removed so that one or more surgical instruments
(indicated schematically at 21 in Fig. 5) and a viewing
element can be received through the cannula 10 and
inserted into a patient’s body 130. The expandable
second tubular portion 40 of the cannula 10 provides a
significantly larger working area for the surgeon
inside the body 130 within the confipes of the cannula.
As a result, the simultaneous use of a number of
surgical instruments (such as steerable instruments,
shavers, dissectors, scissors, forceps, retractors,
dilators, etc.) is possible with the expandable
cannula 10.

The expanded second tubular portion 40 can dilate
and locally retract and separate spinalis muscle and

soft tissues from the vertebrae thereby creating an
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endoscopic operating field at the surgical site. This
endescopic operating field within the spinal muscles
differs from arthroscopic, laparoscopic, or cystoscopic
working spaces in that there is no physiologic space or
defined tissue plane that can be insufflated with air
or distended with fluid.

Figs. 6-7 illustrate another suitable cannula 1150
constructed for use in a method in accordance with the
present invention. The cannula 1150 includes a tubular
structure 1152 centered on an axis 1154. The tubular
structure 1152 defines a passage 1156 through the
cannula 1150. Surgical instruments may be inserted
into the body 130 during endoscopic surgery through the
passage 1156.

The tubular structure 1152 (Fig. 6) comprises a
first tubular portion 1160 and a second tubular
portion 1180 attached to the first tubular portion.

The first tubular portion 1160 is preferably made of a
length of stainless steel tubing, but coula
alternatively be made of another suitable material such
as a radiolucent material. The first tubular

portion 1160 has a proximal end 1162 and a distal

end 1164. Parallel cylindrical inner and outer

surfaces 1166, 1168 extend between the ends 1162, 1164
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of the first tubular portion 1160. The first tubular
portion 1160 has a thickness measured perpendicular to
the surfaces 1166, 1168 in the range of
approximately 0.5mm to approximately 1.0mm (or 0.02
inches to O:O4 inches).

The inner surface 1166 defines a first passage
portion 1170 of the passage 1156 through the
cannula 1150. The first passage portion 1170 has a
diameter dl that is preferably in the range o: 10mm
to 30mm (or approximately 0.4 inches to 1.2 inches).
The inner surface 1166 may have a non-reflective
coating 1174. The non-reflective coating 1174 reduces
glare on any video image produced by a video camera
inserted through the passage 1156. Alternatively, the
inner surface 1166 may not have the coating 1174.

The second tubular portion 1180 (Fig. 6) of the
tubular structure 1152 is attached to the distal
end 1164 of the first tubular portion 1160. The second
tubular portion 1180 is preferably made from stainless
steel, but could alternatively be made from another
suitable material such as a radiolucent material.

The second tubular portion 1180 includes an
arcuate segment 1182 of sheet stock. The arcuate

segment 1182 includes first and second arcuate
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edges 1184, 1186. The arcuate segment 1182 also
includes a first planar edge 1188 and a second planar
edge (not shown) extending between the arcuate

edges 1184, 1186. The first 1188 and second planar
edges are rolled in an overlapping manner to form the
tubular configuration of the second tubular

portion 1180.

When the second tubular portion 1180 has been
rolled into its tubular configuration, the first and
second arcuate edges 1184, 1186 define oppositely
disposed first and second ends 1200, 1202 of the second
tubular portion. The first and second ends 1200, 1202
are connected by a central portion 1204. The first
end 1200 of the second tubular portion 1180 is attached
to the distal end 1164 of the first tubular
portion 1160 by a suitable fastener, such as a
screw 1206 and nut 1208 threaded onto the screw.
Alternatively, the second tubular portion 1180 may be
connected to the first tubular porticn 1160 by a rivet.
The screw 1206 extends through two aligned
apertures 1240 at the first end 1200 of the second
tubular portion 1180. The first end 1200 of the second

tubular portion 1180 is pivotable about the screw 1206.
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The second tubular portion 1180 includes parallel
inner and outer surfaces 1212, 1214 extending between
the first and second ends 1200, 1202. The inner
surface 1212 defines a second passage portion 1216 of
the passage 1156 through the cannula 1150 that extends
as a continuation of the first passage portion 1170 in
the first tubular portion 1160. The second tubular
portion 1180 has a thickness measured perpendicular to

the surfaces 1212, 1214 in the range of approximately

.0.075mm to 0.15mm (or 0.003 inches to 0.006 inches).

The inner surface 1212 has a non-reflective

cecating 1218. The non-reflective coating 1218 reduces
glare on any video image produced by a camera inserted
through the passage 1156. Alternatively, the inner
surface 1212 may not have the coating 1218. .

An arcuate slot 1220 (Fig. 6) is formed in the
second tubular portion 1180 and extends between the
inner and outer surfaces 1212, 1214 of the second
tubular portion. The arcuate slot 1220 extends along a
curvilinear path in the central portion 1204 of the
second tubular portion 1180 toward the end 1184 of the
second tubular portion. The arcuate slot 1220 has a
first terminal end (not shown) located in the central

portion 1204 of the second tubular portion 1180. &
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second terminal end 1224 of the arcuate slot 1220 is
located adjacent the intersection of the second arcuate
edge 1186 and the planar edge 1188 of the arcuate
segment 1182.

A guide member or screw 1230 is attached to the
inner surface 1212 of the second tubular portion 1180
adjacent the intersection of the second arcuate
edge 1186 and the second planar edge (not shown).
Alternatively, a guide pin could be used instead of the
screw 1230. 1In the tubular configuration of the second
tubular portion 1180, the guide member 1230 is located
in the arcuate slot 1220 and is movable along the
curvilinear path of the arcuate slot.

The second tuwbular portion 1180 of the tubular
structure 1152 is expandable from a contracted
condition, shown in Fig. 7, to an expanded condition,
shown in Fig. 6. 1In the contracted condition (Fig. 7),
the guide member 1230 is located at the first terminal
end (not shown) of the arcuate slot 1220 in the second
tubular portion 1180 and the second passage
portion 1216 defined by the second tubular portion is
generally cylindrical in shape. The second
passage 1216 has a generally constant diameter d2 that

is approximately equal to the diameter dl of the first
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tubular portion 1160. Thus, the cross-secticnal area
of the second passage portion 1216 at the second

end 1202 of the second tubular portion 1180, which is a
function of the diameter d2, is approximately the same
as the cross-sectional area at the first end 1200 of
the second tubular portion and is approximately the
same as the cross-sectional area of the first passage
portion 1170 in the first tubular portion 1160.

In the expanded condition (Fig. 6), the guide
member 1230 is located at the second terminal end 1224
of the arcuate slot 1220 in the second tubular
portion 1180 and the second tubular portion has a
generally conical configuration. At the second
end 1202 of the second tubular portion 1180, the second
passage portion 1216 has a diameter d3 that is larger
than the diameter d2 of the second passage portion at
the first end 1200. ?referably, the diameter d3 of the
second passage portion 1216 at the second end 1202 of
the second tubular portion is 40% to 90% greater than
the diameter d2 of the second passage portion at the
first end 1200. Thus, in the expanded condition, the
cross-sectional area of the second passage portion 1216
at the second end 1202 of the second tubular

portion 1180, which is function of the diameter d3, is
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greater than the cross-sectional area of the second
passage portion at the first end 1200 of the second
tubular portion.

The cannula 1150 includes an outer member (not
shown) for maintaining the second tubular portion 1180
of the cannula in the contracted condition. It is
contemplated that other suitable means for maintaining
the second tubular portion 1180 in the contracted
condition may be employed. Preferably, the outer
member may be similar to the layer 100 shown in Fig. 1
and include a section of plastic tubing which is heat
shrunk over both the first and second tubular
portions 1160, 1180 to hold the second tubular
portion 1180 in the contracted condition. In addition,
a loop of nylon string (not shown) for tearing the
tubing may be wrapped around the tubing so that it
extends both underneath and on top of the tubing. An
outer end of the string may extend beyond the tubing.

During an endoscopic surgical procedure, the
cannula 1150 is inserted through an incision into the
body 130 of a.patient in the contracted condition. The
second tubular portion 1180 is inserted inside the
body 130. The first tubular portion 1160 is inserted

into the incision so that the first tubular portion
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extends from an exterior of the body 130 to inside the
body.

The outer end of the string may then be manually
pulled on by a surgeon, nurse, or other technician.
Pulling on the string tears the tubing that is then
removed from the cannula 1150. With the tubing
removed, the second tubular portion 1180 of the
cannula 1150 is thereby released for expansion toward
the expanded condition.

Next, the expansion tool 112, shown in Fig. 1, may
be inserted into the passage 1156 in the cannula 1150
until the frustoconical end section 114 is located at
the second end 1202 of the second tubular portion 1180.
The legs 114 of the expansion tool 112 are manually
separated, causing the frustoconical halves 118 to
separate. As the halves 118 separate, a radially
outwardly directed force is exerted on the inner
surface 1212 of the second tubular portion 1180 by the
halves 118, causing the second tubular portion to
expand toward the expanded condition. Under the force
of the expanding expansion tool 112, the guide
member 1230 slides from the first terminal end of the
arcuate slot 1220 to the second terminal end 1224 of

the arcuate slot to permit the expansion of the second
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tubular portion 1180. The expansion tool 112 can be
rotated about the axis 1154 to ensure that the second
tubular portion 1180 of the cannula 1150 is completely
and uniformly expanded to the expanded condition. The
expansion tool 112 is then collapsed and removed so
that one or more surgical instruments and a viewing
element can be received through the cannula 1150 and
inserted into a patient’s body 130

The thickness of the second tubular portion 1180
allows the second tubular portion to deform as the
second tubular portion expands. As the second tubular
portion 1180 expands and engages tissue in the
body 130, the tissue resists expansion of the second
tubular portion. The second tubular portion 1180 may
deform slightly to prevent the second tubular portion
from being damaged while expanding. Because of this
deformation, the expanded second tubular portion 1180
may be elliptical-conical in shape.

The expandable second tubular portion 1180 of the
cannula 1150 provides a significantly larger working
area for the surgeon inside the body 130 within the
confines of the cannula. As & result, the simultaneous
use of a number of endoscopic surgical instruments,

including but not limited to steerable instruments,
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shavers, dissectors, scissors, forceps, retractors,
dilators, and video cameras, is made possible by the
expandable cannula 1150.

Figs. 8-9 illustrate still another suitable
cannula 1250 constructed for use in a method in
accordance with the present invention. In the
cannula 1150 in Figs. 6-7, the tubular portions 1160
and 1180 are connected by a screw 1206 and nut 1208 and
the guide member is a screw 1230. In the cannula 1250,
the tubular portions are connected by a rivet and the
guide member is a rivet. The cannula 1250 is similar
to the cannula 1150 shown in Figs. -7 with regard to
the other features. Accordingly, only the rivets will
be described in detail.

The cannula 1250 (Fig. 8) includes a tubular
structure 1252 centered on an axis 1254. The tubular
structure 1252 defines a passage 1256 through the
cannula 1250. The tubular structure 1252 includes a
first tubular portion 1260 and a second tubular
portion 1280 attached to the first tubular portion.
The first tubular portion 1260 has a proximal end 1262
and a distal end 1264. Parallel cylindrical inner and
outer surfaces 1266 and 1268 extend between the

ends 1262, 1264 of the first tubular portion 1260. The
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inner surface 1266 defines a first passage portion 1270
of the passage 1256 through the cannula 1250. The
inner surface 1266 may optidénally have a non-reflective
coating (not shown)

The second tubular portion 1280 (Fig. 8) of the
tubular structure 1252 is attached to the distal
end 1264 of the first tubular portion 1260. The second
tubular portion 1280 includes an arcuate segment 1282
of sheet stock. The arcuate segment 1282 includes
first and second arcuate edges 1284, 1286. The arcuate
segment 1282 also includes a first planar edge 1288 and
a second planar edge (not shown) extending between the
arcuate edges 1284, 1286. The first 1288 and second
planar edges are rolled in an overlapping manner to
form the tubular configuration of the second tubular
port;on 1280.

When the second tubular portion 1280 has been
rolled into its tubular configuration, the first and
second arcuate edges 1284, 1286 define oppositely
disposed first and second ends 1300, 1302 of the second
tubular portion. The first and second ends 1300, 1302
are connected by a central portion 1304. The first
end 1300 of the second tubular portion 1280 is attached

to the distal end 1264 of the first tubular
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portion 1260 by a rivet 1306. The rivet 1306 extends
through two aligned apertures 1340 at the first

end 1300 of the second tubular portion 1280. - The first
end 1300 of the second tubular portion 1280 is
pivotable about the rivet 1306.

The rivet 1306 (Figs. 8 and 9) has a first
portion 1308 and a second portion 1310. The first
portion 1308 has a shaft 1312 extending from a
head 1314. The shaft 1312 extends through the
apertures 1340 in the tubular portion 1280 and the head
engages the inner surface 1266 of the first tubular
portion 1260. A generally cylindrical opening 1316
extends through the shaft 1312 and the head 1314.

The second'portion 1310 of the rivet 1306 has a
shaft 1318 extending from a head 1320. The shaft 1318
extends into the opening 1316 in the first portion 1308
of the rivet 1306 and the head 1320 engages the second
tubular portion 1280. The shaft 1318 of the second
portion 1310 extends into the opening 1316 in the first
portion 1308 to connect the first and second portions
of the rivet 1306 and pivotally connect the second
tubular portion 1280 to the first tubular portion 1260.

The second tubular portion 1280 (Fig. 8) includes

parallel inner and outer surfaces 1322, 1324 extending
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between the first and second ends 1300, 1302. The
inner surface 1322 defines a second passage

portion 1326 of the passage 1256 through the

cannula iZSO that extends as a continuation of the
first passage portion 1270 in the first tubular
portion 1260. The inner surface 1322 may optionally
have a non-reflective coating (not shown).

An arcuate slot 1330 is formed in the second
tubular portion 1280 and extends between the inner and
outer surfaces 1322, 1324 of the second tubular
portion. The arcuate slot 1330 extends along a
curvilinear path in the central portion 1304 of the
second tubular portion 1280 toward the end 1284 of the
second tubular portion. The arcuate slot 1330 has a
first terminal end (not shown) located in the central
portion 1304 of the second tubular portion 1280. A
second terminal end 1334 of the arcuate slot 1330 is
located adjacent the intersection of the second arcuate
edge 1286 and the first planar edge 1288 of the arcuate
segment 1282.

A rivet 1336 is attached to the inner surface 1322
of the second tubular portion 1280 adjacent the
intersection of the second arcuate edge 1286 and the

second planar edge (not shown). Alternatively, a guide
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pin may be used instead of the rivet 1336. In the
tubular configuration of the second tubular

portion 1280, the rivet 1336 is located in the arcuate
slot 1330 and is movable along the curvilinear path of
the arcuate slot. A washer 1338 retains the rivet 1336
in the arcuate slot 1330.

The rivet 1336 is generally similar to the
rivet 1306 and, therefore, will not be described in
detail. The rivet 1336 has a first portion 1342 and a
second portion 1344. The first portion 1342 has a
shaft 1346 extending from a head 1348. The shaft 1346
extends through the slot 1330 and the head 1348 engages
the washer 1338. A cylindrical opening 1350 extends
through the shaft 1346 and the head 1348.

The second portion 1344 of the rivet 1336 has a
shaft 1352 extending from a head 1354. The shaft 1352
extends into the opening 1350 in the first portion 1342
of the rivet 1336 and the head 1354 engages the outer
surface 1324 of the second tubular portion 1280. The
shaft 1352 extends into the opening 1350 to connect the
first portion 1342 of the rivet 1336 to the second
portion 1344,

The second tubular portion 1280 of the tubular

structure 1252 is expandable from a contracted
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condition to an expanded condition, shown in Fig. 8.

In the contracted condition the rivet 1336 is located
at the first terminal end (not shown) of the arcuate
slot 1330 in the second tubular portion 1280 and the
second passage portion 1326 defined by the second
tubular portion is generally cylindrical in shape. The
second passage portion 1326 has a generally constant
diameter that is approximately equal to the diameter of
the first tubular portien 1260. Thus, the cross-
sectional area of the second passage portion 1326 at
the second end 1302 of the second tubular portion 1280
is approximately the same as the cross-sectional area
at the first end 1300 of the second tubular portion and
is approximately the same as the cross-sectional area
of the first passage portion 1270 in the first tubular
portion 1260.

In the expanded condition (Fig. 8), the rivet 1336
is located at the second terminal end 1334 of the
arcuate slot 1330 in the second tubular portion 1280
and the second tubular portion has a generally conical
configuration. At the second end 1302 of the second
tubular portion 1280, the second passage portion 1326
has 'a diameter that is larger than the diameter of the

second passage portion at the first end 1300. Thus, in
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the expanded condition, the cross-sectional area of the
second passage portion 1326 at the second end 1302 of
the second tubular portion 1280 is greater than the
cross-sectional area of the second passage portion at
the first end 1300 of the second tubular portion.

During a typical endoscopic surgical procedure,
the cannula 1250 is inserted through an incision into
the body 130 of a patient in the contracted condition.
The second tubular portion 1280 is inserted inside the
body 130. The first tubular portion 1260 is inserted
into the incision so that the first tubular portion
extends from an exterior of the body 130 to inside thev
body.

Restraint tubing (not shown) is removed from the
cannula 1250 by a surgeon, nurse or other technician.
With the tubing removed, the second tubular
portion 1280 of the cannula }250 is thereby released
for expansion toward the expanded condition. Next, the
expansion tool 112, shown in Pig. 1, is inserted into
the passage 1256 in the cannula 1250 until the
frustoconical end section 114 is located at the second
end 1302 of the second tubular portion 1280. The
legs 114 of the expansion tool 112 are manually

separated, causing the frustoconical halves 118 to
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separate also. As the halves 118 separate, a radially
outwardly directed force is exerted on the inner
surface 1312 of the second tubular portion 1280 by the
halves 118, causing the second tubular portion to
expand toward the expanded condition. Under the force
of the expanding expansion tool 112, the rivet 1336
slides from the first terminal end of the arcuate

slot 1330 to the second terminal end 1334 of the
arcuate slot to permit the expansion of the second
tubular portion 1280. The expansion tool 112 is then
collapsed and removed so that one or more surgical
instruments and a viewing element can be received
through the cannula 1250 and inserted into a patient’s
body 130.

The expandable second tubular portion 1280 of the
cannula 1250 provides a significantly larger working
area for the surgeon inside the body 130 within the
confines of the cannula. As a result, the simultaneous
use of a number of endoscopic surgical instruments,
including but not limited to steerable instruments,
shavers, dissectors, scissors, forceps, retractors,
dilators, and video cameras, is made possible by the

expandable cannula 1250.
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As viewed in Fig. 10, a second tubular
portion 1040 of the cannulae 10, 1150, and/or 1250 may
be elliptical in shape in order to provide access to a
larger area. The longitudinal dimension D4 of the
second portion 1040 may expand to as much as 65mm
(or 2.6 inches) from a contracted condition (not
shown) .

Figs. 11-28 illustrate one suitable support
apparatus 110 for use in a method in accordance with
the present invention. The support apparatus 110
includes a first support 120, a second support 140, a
first adjustment mechanism 160, a second adjustment
mechanism 180, and a third adjustment mechanism 900.

As viewed in Figs. 2 and 22, the first support 120
is associated with the cannula 10, 1150, or 1250
(hereinafter only the cannula 10 will be referred to
with respect to the support apparatus 110) and has a
cilrcular perimeter 121. The perimeter 121 has a
center 122 located on the axis 14. The first
support 120 comprises a circular platform, or disk 124,
which has a circular opening 126 in the central area of
the disk 124 for receiving the proximal end 22 of the
cannula 10. The circular opening 126 has a center

located on the axis 14. The proximal end 22 of the
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cannula 10 can be easily inserted into, and remcved
from, the opening 126. The disk 124 has a projection
portion 120a, which is located adjacent the
perimeter 121 of the disk 124. The disk 124 has an
upper circular surface area 124a, which surrounds the
opening 126.

As viewed in Fig. 20, the second support 140
supports a viewing device 200 including a camera
head 201 and an endoscope 202 with a rod and lens
assembly 203, herein referred to as a viewing element,
extending down through the passage 16 of the
cannula 10. The second support 140 includes a body 142
having an opening 144 through which the viewing
device 200 extends and a clamp 146 for clamping the
viewing device 200 to the body 142 in the opening 144.
The clamp 146 includes a threaded set screw 148 for
securing the viewing device 200 to the body 142. The
set screw 148 has a ménually rotatable knob 148a and a
stem threaded into the body 142. When rotated, the
screw 148 moves axially relative to the body 142 to
clamp (or release) the viewing device 200 depending on
the direction of rotation of the screw 148.

The body 142 of the second support 140 further

includes two extension arms 151, 152 (Fig. 13) for
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supporting the endoscope 202. Each extension
arm 151, 152 includes a threaded bore for receiving a
resilient detent member, or ball plunger 400.

As viewed in Figs. 22 and 23, a ball plunger 400
is illustrated at another location in the support
apparatus 110. Each ball plunger 400, including those
in the extension arms 151, 152, has an externally
threaded tubular body 402 with a cylindrical cavity 404
located therein. The cavity 404 houses a
projection 406 and a coiled spring 408. The
projections 406 of the two ball plungers 400 of the
extension arms 151, 152 are spherical detent
members 420 in the form of balls (not shown). The
spring 408 urges each projection 406 against a lip
portion 409 of the body 402. The lip portion 409 is
located at one end of the cavity 404. As shown in
Fig. 19, the other ball plungers 400 of the
apparatus 10 have projections 406 with hemispherical
extensions 420 and shoulder portions 422.

As viewed in Fig. 20, the endoscope 202 has
corresponding hemispherical recesses (not shown) for
receiving the spherical detent members (balls) of the
ball plungers 400 which are located in extension

arms 151, 152. As the endoscope 202 is inserted
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between the extension arms 151, 152, the springs 408
will compress in each ball plunger 400 in each
extension arm 151, 152 and the spherical detent members
will move inward of each cavity 404 and then spring
back into the hemispherical recesses in the

endoscope 202. The entire viewing device 200 will

thus be secured between the extension arms 151, 152,
but may be removed by overcoming the biasing force of
the spherical detent members of each ball plunger 400
in the extension arms 151, 152.

The ball plunger 400 further includes a head
portion 430 with a slot 432 for engaging a tool, such
as a screwdriver. The ball plunger 400 may be
threadedly adjusted within the threaded bore of either
extension arm 151, 152 to alter the distance that tﬁe
spherical detent member 420 projects away from the
extension arms 151, 152 (toward each other). This
distance, along with the stiffness of each spring 408,
will determine the holding force by which the
endoscope 202 is secured between the extension
arms 151, 152.

The first adjustment mechanism 160 provides for
relative axial adjustment of the cannula 10 and the

first support 120 along the axis 14. The first
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adjustment mechanism 160 includes a first toothed rack
member 162, a cannula gripper mechanism 164 fixedly
connected to the first rack member 162, a first
manually adjustable, rotatable knob 166 rotatably
carried by the projection portion 120a of the first
support 120, and a first gear member 165 (Fig. 17)
rotatable by the first knob 166 and in meshing
engagement with the teeth 163 of the first rack member.
The first support 120 and, in particuvlar, the
projection portion 120a, rotatably carries the fixst
gear member 165 (Fig. 17).

The first rack member 162 is secured to slide
axially within the first support 120 and the projection
portion 120a by two ball plungers 400 (Fig. 17). One
ball plunger 400 is tangentially threaded into a
tapered, threaded bore (Fig. 12) in the perimeter 121
of the first support 120 and the other is tangentially
threaded into a threaded bore in the projection
portion 120a. The hemispherical extensions 420 thus
frictionally engage a smooth portion (without
teeth 163) of the first rack member 162 and bias the
first rack member 162 against the first support 120 and

the projection portion 120a. This biasing also
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maintains the engagement of the first rack member 162
and the first gear member 165 (Fig. 17).

As viewed in Figs. 15 and 24, the cannula gripper
mechanism 164 includes two gripper arms 172, 174 for
clamping against the outer surface of the cannula 10,
and a gripper actuating lever 176 for moving the
arms 172, 174 into engagement with the outer surface of
the cannula 10 and for releasing the arms 172, 174 from
engagement with the cannula 10. References in this
application to gripping the outer surface 28 of the
cannula 10 are meant to also include the gripper
arms 511, 512 engaging the tubing 102.

As viewed in Fig. 24, the cannula gripper
mechanism 164 further includes a support pin 177, a
colled spring 188, a washer 189 with a bore (not
shown), and a lock pin 190. The support pin 177 has a
head 179, a shaft 180, and an oblong, or flat, end 181
that can mate with the bore in the washer 189. Other
suitable structures could also be used.

During assembly, the coiled spring 188 is
interposed between the arms 172, 174. The flat end 181
of the support pin 177 is inserted through a circular
bore in the first clamp arm 172, through the coil of

the spring 188, through a circular bore in the second
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arm 174, and through the bore in the washer 18%. The
flat end 181 of the support pin 177 is then inserted
into a slot 176a in the lever 176. The lock pin 190 is
inserted through a bore in the lever 176 and through a
bore in the flat end 181 of the support pin 177 thereby
securing the mechanism 164 together and allowing the
levef 176 to rotate about the lock pin 190. A camming
surface 178 on the lever 176 adjacent the washer 188
forces the arms 172, 174 together to grip the

cannula 10 as the lever 176 is rotated clockwise (as
viewed in Fig. 15). Counterclockwise rotation of the
lever 176 allows the spring 188 to force the arms 172,
174 apart and releases the cannula 10 from the gripper
mechanism 164.

When the gripper mechanism 164 is either gripping
the cannula 10 or released from the cannula 10 and the
knob 166 is rotated, the disk 124 and parts attached to
the disk 124 will move along the axis 14 of the
cannula 10 relative to the cannulg 10. After the
support apparatus 110 is initially lined up with the
cannula 10, the viewing device 200 may be positioned on
the support apparatus 110 and adjusted along the

axis 14 by rotation of the first knob 166.
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The second adjustment mechanism 180 provides axial
adjustment of the first and second supports 20, 40
relative to each other along the axis 14. The second
adjustment mechanism 180 includes a second toothed rack
member 182 connected to the first support 120, a second
manually adjustable, rotatable knob 186 rotatably
carried by the body 142 of the second support 140, and
a second toothed gear member 185 (Fig. 18) rotatable by
the second knob 186 and in meshing engagement with the
teeth 183 of the second rack member 182. The second
support 140, and in particular, the body 142, rotatably
carries the second gear member 185 (Fig. 18).

The body 142 of the second support 140 may have a
notch 149 which can fit around part 902a of the third
adjustment mechanism 900 and allow the lower surface of
the body 142 to completely abut the disk 124 as the
body 142 is brought inte an axial position adjacent the
disk 124.

The second rack member 182 is secured to slide
axially within the second support 140 by a ball
plunger 400 (Fig. 18). The ball plunger 400 is
tangentially threaded into a threaded bore in the side
of the notch 149 of the second support 140. The

hemispherical extension 420 thus frictionally engages a

JP 2004-504893 A 2004.2.19



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(76)

WO 02/09801 PCT/US01/23999

10

15

20

-44-

smooth portion (without teeth 183) of the second rack
member 182 and biases the second rack member 182
against the second support 140. The biasing also
maintains the engagement of the second rack member 182
and the second gear member 185. Both sides of the
notch 149 have tapered portions 149z, 149> for
facilitating insertion of the ball plunger 400 into the
threaded bore of the notch 149 of the second

support 140. Rotation of the second knob 186 causes
the body 142 and the viewing device 200 attached
thereto to move relative to the cannula 10 and disk 124
along the axié 14,

The third adjustment mechanism 900 provides
arcuate, circumferential adjustment of the second
support 140 about the axis 14 relative to the first
support 120. The third adjustment mechanism 900
includes a wedge-shaped support member 902 (Fig. 14)
fixedly connecting the second rack member 182 to a ring
member 904 that is rotatably supported by the first
support 120 and rotatable about the axis 14 relative to
the first support 120 (Fig. 22).

The third adjustment mechanism 900 further
includes a third manually adjustable, rotatable

knob 906 that is part of a set screw. The set screw is
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rotatably threaded into a projection portion 902a of
the support member 902 and is engageable with the
circular perimeter 121 of the disk 124 of the first
support 120 teo lock éhe support member 902 in an
arcuate position relative to the first support 120 and
the axis 14.

As viewed in Figs. 22 and 23, the ring member 9504
is supported within a cylindrical, open ended
recess 905 of the first support 120. The recess 805 is
concentric about the axis 14. The perimeter 904a of
the ring member 904 has a groove 904b for engaging a
plurality of ball plungers 400 (preferably four equally
spaced apart) threaded into the first support 120.
Fach of these ball plungers 400 is similar in
construction. Each ball plunger 400 is threaded
radially into the perimeter 121 of the first
support 120 to provide a hemispherical extension 420
extending into the recess 905 of the first support 120.

The ring member 904 thus is biasingly supported
within the recess 905 of the first support 120 and can
rotatably slide within the recess 905 about the
axis 14. The ball plungers 400 operatively support the
ring member 904 in the recess 905 of the first

support 120. The ring member 904, along with the
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second support 140 and the second and third adjustment
mechanisms 180, 900, can be easily removed from the
recess 905 for cleaning, maintenance, etc. of the parts
by overcoming the force applied by the ball

plungers 400 to the ring member 904. When the third
knob 906 is rotated to disengage the perimeter 121 of
disk 124, the body 142 and parts connected thereto can
be manually rotated about the axis 14. This causes the
viewing device 200 to rotate about the axis 14 of the
cannula 10 and enables the surgeon to view different
parts of the surgical sight, as desired.

As viewed in Fig. 21, the fixed connections of the
first rack member 162 to a support arm 300, the second
rack member 182 to the wedge-shaped support member 902,
and the support member 902 to the ring member %04 may
be made by one or more suitable metal fasteners 290,
such as rivets or bolts. The entire support
apparatus 110 can be constructed from metal or any
other suitable material having sufficient mechanical
strength and durability. Certain parts may be made
from materials permitting X-rays and other techniques
for viewing the surgical sight (i.e., radiolucent

parts). Other parts may also be made from non-magnetic
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mate&ials to reduce electromagnetic interference
(i.e., electromagnetic insulating parts).

As viewed in Figs. 25-27, the gripper arms 172,
174 are a part of the support arm 300 for attaching the
support apparatus 110 to a mechanical robotic arm 301.
The suppeort arm 300 includes an arm portion 302 that is
formed integrally with the gripper arms 172, 174. The
gripper arms 172, 174 are integrally constructed with
the arm portion 302.

The support arm 300 also includes an arm
portion 303. The arm portion 303 has an attaching
structure 304, including a groove 305, which snaps into
a socket in the mechanical arm 301. Detents of any
suitable type and designated 306 in the mechanical
arm 301, hold the arm portion 303 in position in the
socket in the mechanical arm 301. The detents 306 may
be controlled by external actunation levers (not shown)
on the mechanical arm 301 for manually releasing the
arm portion 303 from the mechanical arm 301.

The arm portions 302 and 303 are pivotally
connected to each other by a fastener 310. The
fastener 310 extends through an opening 311 in the arm
portion 302 and threads into a threaded opening 312 in

the arm portion 303. When the fastener 310 is
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released, the arm portions 302, 303 may pivot relative
to each other about a pivot axis 314. The pivot

axis 314 is centered on the axis of the fastener 310
and the axis of the threaded copening 312. When the
fastener 310 is tightly screwed into the threaded
opening 312, the arm portions 302, 303 are secured
together against pivoting movement. When the fastener
is released, the arm portions 303, 302 may pivot
relative to each other about the axis 314.

The end of the arm portion 302, which is adjacent
to the arm portion 303, has a convex surface 350, which
is curved about the axis 314. The arm portion 303 has
a concave surface 351, which is also curved about the
axis 314. The surfaces 350, 351 move concentrically
relative to each other when the arm portions 303, 302
pivot relatively about the axis 314.

The arm portion 303 has a set of teeth 320 which
encircle the axis 314 and which project axially toward
a set of teeth 321 on the arm portion 302. The
teeth 321 project axially toward the teeth 320. The
teeth 320 and the teeth 321 mesh with each other and
provide a locking action so that the arm portions 302,
303 are positively locked against relative movement

about axis 314 when the fastener 310 is tightly screwed
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into the opening 312. ~The teeth 320, 321 comprise a
lock which blocks relative rotation of the arm
portions 302, 303 about the agis 314. When the
fastener 310 is loosened, the arm portions 302, 303 may
be rotated relative to each other about the axis 314.
Thus, the arm portions 302, 303 may pivot relative to
each other to adjust the position of the support
apparatus 110.

2 cylindrical projection 325 is welded to the arm
portion 303. Thus, the projection 325 and arm
portion 303 are fixedly connected together. The
projection 325 is centered on the axis 314 and contains
a chamber 328.

As viewed in Fig. 27, the chamber 328 communicates
with a fluid passage 329 in a male fluid connector 331.
The male connector 331 attaches to a male connector 333
on the mechanical arm 301 by means of a flexible
hose 392 so that the fluid passage 329 communicates
with a fluid passage in the mechanical arm 301.

As viewed in Fig. 25, the chamber 328 is closed at
its upper end by a cap 335. The cap 335 has an
opening 336 centered on the axis 314. The opening 336
communicates with the chamber 328. A manually movable

internal valve member 340 biasingly closes the opening
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and blocks the chamber 328 from communicating with the
ambient air surrounding the support arm 300. The valve
member 340 is connected to a stem 341, which is also
centered on the axis 314. The stem 341 has a knob or
button 343 on its end that may be manually depressed to
move the stem 341 and valve member 340 downward into
the chamber 328. When the stem 341 and valve
member 340 are so moved, the chamber 328>is in
communication with the ambient air surrounding the
device due to the unblocking of the opening 336.

The mechanical arm 301 is a known device and is of
the type generally disclosed in U.S. Patent
No. 4,863,133, The mechanical arm 301 is sold by
Lecnard Medical, Inc. 1464 Holcomb Road, Huntington
Valley, PA, 19006. The mechanical arm 301 includes
relatively movable parts, which permit movement and
adjustment of éhe support apparatus 110 in a variety in
planes, directions, and orientations. The mechanical
arm 301 permits easy movement when a vacuum is not
applied to the arm 301. When a vacuum is applied to
the arm 301, relative movement of the parts of the
arm 301 is resisted, and therefore adjustment of the

support apparatus 110 is difficult.
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When the button 343 is depressed, the chamber 328
loses its vacuum and the pressure in the chamber 328
increases toward ambient pressure. The passage 329
communicates this pressure increase to the mechanical
arm 301, and thus the parts of the mechanical arm 301
are free to move and allow for adjustment of the
position of the support apparatus 110 by the surgeon.

Accordingly, when the surgeon uses the support
apparatus 110, the support arm 300 is snapped into the
socket of the mechanical arm 301 where it is held by
the detent 306. The surgeon may then depress the
button 343 and relatively move parts of the mechanical
arm 301, as well as the support apparatus 110 into the
position where the surgeon desires the support
apparatus 110 to be. This position may be where the
opening 126 in the disk 124 is aligned with the
proximal end 16 of the cannula 10 that has been
positioned in the patient's body with the distal end 24
of the cannula 10 being located in an incision in the
body of the patient. The viewing device 200 may be
mounted on the support apparatus 110, and the surgeon
may make adjustments prior to and during the surgical

procedure as desired, as described above.
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As viewed in Fig. 28, the support apparatus 110
may include a second support with a fourth adjustment
mechanism 500 for rotating the viewing device 200
about an axis 501 (Fig. 20) defined by the ball
plungers 400 of the extension arms 151, 152 when set
screw 148 is not clamping the viewing device 200 to the
body 142. The axis 501 is offset from the axis 14 of
the cannula 10 and perpendicular to the axis 14 of the
cannula 10. Rotation of the viewing device 200 about
axis 501 causes the endoscope 200 and the rod and lens
assembly 203 to move perpendicular to the axis 14 of
the cannula 10. This rotation will result in
adjustment of the position of the rod and lens
assembly 203 in a radial direction transverse to the
axis 14.

The spring-loaded connections of the spherical
detent members 420 of the ball plungers 400 and the
hemispherical recesses of the endoscope 202 allow
rotation about the axis 501 when the set screw 148 is
released from clamping engagement of the viewing
device 200.

The fourth adjustment mechanism 500 includes a
threaded bore 510 in the second support 140 and an

adjustable member 520 for moving (vertically as viewed
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in the Figs.) a part of the viewing device 200 about
the axis 501. The adjustable member 520 has a rounded
first end portion 522, a threaded middle portion 524,
and a knurled second end portion 526, or knob. The
bore 510 extends at an angle (as shown in Fig. 28) from
a lower portion of the second support 140 up to the
opening 144 in the clamp 146 of the second support 140.

The adjustable member 520 is rotated and threaded
into the bore 510 and may be rotated until the first
end portion 522 protrudes into the opening 144 of the
second support 140. Accordingly, when the surgeon
wishes to adjust the rod and lens assembly 203 (within
the surgical sight) about the axis 501 and radially
relative to the axis 14 of the cannula 10, the surgeon
may loosen the connection of the set screw 148 with the
viewing device 200 and rotate the adjustable member 520
by manually rotating knob 526 so that the first end
portion 522 vertically extends farther or less into the
opening 144. This adjustment will adjust the part of
the viewing device 200 engaged by the clamp 146 along
the axis 14, rotate the viewing device 200 about the
axis 501, and cause the lens 203 at the surgical site
to move transverse to the axis 14 of the cannula 10.

This increases the area of the surgical site that the
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surgeon may view. When the adjustment is complete, the
surgeon may tighten the set screw 148 and re-secure the
viewing device 200 to the second support 140 of thé
support apparatus 110.

In accordance with one feature of the present
invention, a method of securing two 601, 602 or
three 1601, 1602, 1603 vertebrae'together may include
the insertion of a vertebral fixation assembly 620
through the cannula 10 and attachment of the vertebral
fixation assembly 620 to the pedicles of two or three
vertebrae {such as the L4, L5, and S1 vertebrae), as
viewed in Figs. 5 and 29-38.

The vertebral fixation assembly 620 may be of any
suitable construction and is shown in Figs. 29 and 32
as including four identical attachment devices 622.
Each attachment device 622 includes a threaded fastener
624, or pedicle screw, placed in a pedicle of a
vertebra 601 or 602, as viewed in Figs. 30 and 33. The
fastener 624 has a first threaded portion 626 with a
first threaded diameter that threads into the pedicles
of the vertebrae 601, 602 by screwing the fastener 624
into the pedicles of the vertebrae. The fastener 624
further includes a second threaded portion 628 with a

second threaded diameter that may be less than the
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first threaded diameter. The second threaded
portion 628 extends away from the vertebrae 601, 602.

A first hexagonal engagement surface 630,
intermediate the first and second Ehreaded
portions 626, 628, allows gripping of the fastener 624
for screwing the fastener into the vertebrae 601, 602.
A first convex engagement surface 632, adjacent the
first hexagonal engagement surface 630 and the second
threaded portion 628, projects away from the
vertebrae 601, 602. A second hexagonal engagement
surface 634 projects away from the second threaded
portion 628 and allows further gripping of the
fastener 624.

Each attachment device 622 further includes a
first fixation washer 640 (Figs. 31 and 34) that
engages the first convex engagement surface 632. The
first fixation washer 640 includes a first concave
engagement surface 642 for abutting and slidingly
engaging the first convex engagement surface 632 of the
fastener 624.

The first fixation washer 640 further includes
spikes 644, typically three, extending away from the
vertebrae 601, 602. The spikes 644 of the first

fixation washer 640 engage a lower knurled surface 652
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of a vertebral fixation element 650 that in Fig. 29 is
a spine plate (and Fig. 32 is a universal side block.

An upper knurled surface 654 of the fixation
element 650 engages the spikes 664 of a second fixation
washer 660 that is identical to the first fization
washer 640, but inverted, as viewed in Figs. 31 and 34.
A second convex engagement surface 672 of a threaded
locking nut 670 abuts and slidingly engages the second
concave engagement surface 662 of the second fixation
washer 660 when the locking nut 670 is loosely threaded
onto the second threaded portion 628 of the
fastener 624.

The ceonvex and concave engagement surfaces 632,
642, 662, 672 allow angular adjustment of the fixation
elements 650, before the locking nuts 670 are fully
tightened, when the fasteners 624 are undesirably not
threaded into the vertebrae 601, 602 exactly parallel
to each other, as shown exaggerated in Fig. 30. These
surfaces may typically allow for up to a 12-degree
offset angle between the axes of the two fasteners 624.

One of two types of fixation elements 650 may
typically be used to secure the two vertebraes 601, 602
or three vertebrae 1601, 1602, 1603 (Figs. 35a, 35b, 36

and 37) together. The first type may be a spinal
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plate 651 (Fig. 31) with two slots 653, 655 or a spinal
plate 1650 with three slots 1653 extending along the
longitudinal axis 657, 1657 of the spinal plate. The
second threaded portion 628 of one fastener 624,
screwed into the pedicle of one vertebra 601, extends
through one slot 653 or 1653 and the second threaded
portion 628 of another fastener 624, screwed into the
pedicle of another vertebra 602, extends through the
other larger‘slot 655, 1653. The second threaded
portion 628 of a third fastener 624, screwed into the
pedicle of a third vertebra, may extend through a third
slot 1653. Two of the spinal plates 651, one on each
side of the vertebrae 601, 602, or 1601, 1602, 1603 are
used to secure the two or three vertebrae together, as
viewed in Figs. 29, 35a, 35b, 36, 37. The slots 653,
655 or 1653 allow further transverse adjustment so that
the same spinal plate 651 may be used for different
gize patients.

A second type of fixation element 650 may be two
universal side blocks 65la {(Fig. 34), each with one
slot 653a extending along the longitudinal axis 657a of
each side block and a securement opening 655a extending
substantially perpendicularly to each slot &53a, as

viewed in Fig. 34. The second threaded portion 628 of
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a fastener 624, screwed into the pedicle of one
vertebra 601, extends through one slot 653a and the
second threaded portion 628 of another fastener 624,
screwed into the pedicle of another vertebrae 602,
extends through a slot 653a in an identical side
block 65la. The second threaded portion 628 of a third
fastener 624, screwed into the pedicle of a third
vertebra, may extend through a slot 653a in a third
side block 65la. The side blocks 65la further include
lower and upper knurled surfaces 652a, 654a similar to
the knurled surfaces 652, 654 of the spinal plate 651.

This second type of Ffixation element 650 further
includes a rod 658a extending from the opening 655a in
one side block 65la to the opening 655a in the another
side block 65la. The rod 658a may extend through the
second side block 65la to an opening 655a in a third
side block 65la. Set screws 65%a secure the rod 658a
in each opening 655a when the rod 658a is positioned
properly to secure the vertebrae 601, 602 together, as
viewed in Fig. 32.

Pour of the side blocks 65la, one on each side of
each vertebra 601, 602, and two rods 658a are typically
used to secure the two vertebrae together. The

slots 653a allow further transverse adjustment so that
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the same side block 65la may be used for different size
pétients. The rods 658a may also be cut to fit
different sized patients. Six of the side blocks 651,
one on each side of three vertebrae 1601, 1602, 1603,
and two longer rods 658a may be used to secure the
vertebrae together (Figs. 35a, 35b, 36 and 37).
‘ The cannula 10, support apparatus 110, and
vertebral fixation assembly 620 (described above) may
be used to perform an operation which secures two or
three vertebrae together, such as the posterolateral
fusion and screw placement, described above. This type
of opération traditionally results in much blood loss
because of the open access to the spine reguired for
its performance. Utilizing the cannula 10 and support
apparatus 110 for placement of the fixation
assembly 620 at the surgical site and attachment of the
fixation assembly 620 to the vertebrae 601, 602
or 1601, 1602, 1603 in a manner to be described results
in a much less invasive procedure and significantly
less blood loss.

In accordance with the present invention, a method
of fixing two (Fig. 5) or three (Figs. 35a, 35b, 36
and 37) vertebrae of a patient together at a surgical

site includes two main procedures. The first procedure
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includes the following steps: inserting a first
cannula 10, 1150, or 1250 into the body 130 of the
patient adjacent one side of the spinal column;
inserting a second cannula 10, 1150, or 1250 into the
body 130 of the patient adjacent the other side of the
spinal column; expanding the second tubular
portions 40, 1180, or 1280 of both cannulae (as
described above) thereby creating a substantially
complete view of both sides of the adjacent
vertebrae 601, 602 or 1601, 1602, 1603 utilizing two
endoscopes 200 and one or more monitors.
Alternatively, instead of using two cannulae and
two endoscopes simultaneously so that both sides of
adjacent vertebrae may be worked on by the surgeon at
the same time, only one side of the adjacent vertebrae
may be worked on and then, subsequently, the other side
of the adjacent vertebrae may be worked on. In this
case, only one endoscope, one support apparatus 110,
and one monitor is required. Typically, two cannulae
are used, however, one for each side of the vertebrae.
The second procedure includes the steps of:
accessing the vertebrae through the cannulae 10;
providing insertion openings, one in each side, or

pedicle, of each vertebra utilizing suitable
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instruments extending through the cannula; inserting
fasteners 624 through each cannulae and screwing one
fastener into each insertion opening thereby securing
each fastener 624 to a vertebra; checking the position
of the vertebrae to ensure that the vertebrae have
maintained the proper position and, if necessary,
repositioning the vertebrae; moving fixation
washers 640, 660, locking nuts 670, and fixation
elements 650 or 1650 through the cannulae; placing
fixation washers 640 and the fixation elements on the
fasteners, each fastener extending through one fixation
washer and one slot in each fixation element; placing
additional fixation washers 660 on the fasteners; and
threading the locking nuts onto each fastener thereby
fixing the fixation elements to the vertebrae and
securing two or three vertebrae together in a natural
and permanent position within the body.

Also, bone graft may be moved through the cannula
and placed in and around the fixation element 650
or 1650 and fasteners 624 to facilitate fusion of the
vertebrae. . If necessary, the disk between the
vertebrae may be removed through the cannula; the area
between the vertebrae cleaned and the vertebrae

prepared for receiving a fusion device such as a fusion
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cage or cages and/or disk replacement material (i.e.,
autograft, allograft, etc.). This would be done before
inserting the fasteners 624 or attaching the fixation
elements 650 or 1650. The method may alsc include
inserting, through the cannulae 10, one or more
appropriately sized fusion cages and positioning the
fusion cage(s) appropriately relative to the vertebrae;
and inserting bone graft through the cannulae 10 and
positioning the bone graft in and around the fusion
cage(s) .

The fusion cage may be of any known construction.
One typical fusion cage is a hollow rectangular cage
that is inserted into grooves that are formed in facing
bone surfaces of the vertebrae. Another type of fusion
cage is a hollow cylindrical threaded cage that screws
into position between the vertebrae. Any suitable
fusion cage may be used. Alternatively, instead of a
fusion cage, an autograft bone.plug (from another
portion of the patient’s bedy) or an allograft bone
plug (from another body) may be used between vertebrae
to facilitate fusion of the vertebrae.

The cannulae 10 (and the tubing 102) are then
removed from the body 130 and the incisions are

suitably closed. After a time, vertebrae 601, 602 or

JP 2004-504893 A 2004.2.19



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(95)

WO 02/09801 PCT/US01/23999

10

15

—-63—

1601, 1602, 1603 and bone graft will grow together
across the fusion cage(s) and in and around the
fixation elements 650 or 1650. The vertebrae will then
no longer require the fixation assembly to maintain
their position. The fixation elements 650 or 1650 and
fasteners 624 may then be removed. The removal
procedure may utilize the same type of apparatus as was
used in the first and second procedures (i.e., cannula,
support apparatus, etc.).

The first and second cannulae 10 may be shifted
slightly in the incisions in the body 130 to desired
locations within the body at any time during the first
and second procedures'or the removal procedure. This
may be accomplished by changing the position of the
support apparatus 110 by manipulating the mechanical
arm 301.

In accordance with another feature of the present
invention, a method (Figs. 35a and 35b) of fixing three
vertebrae 1601, 1602, 1603 of a patient together
includes four main procedures. The first procedure
includes the following steps: inserting a first
cannula 10, 1150, or 1250 into the body of a patient
through a first incision adjacent one side of the

spinal column; inserting a second cannula 10, 1150,
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or 1250 (not shown) into the body of a patient through
a second incision adjacent the other side of the spinal
column; and expanding the second tubular portions 40,
1180, or 1280 of both the first and second cdnnulae (as
described above) thereby creating a substantially
complete view of both sides of two of the three
vertebrae utilizing two endoscopes 200 and one or two
monitors.

The second procedure includes the following steps:
accessing the two vertebrae through the cannulae;
providing four insertion openings, one in each side, or
pedicle, of each of the two vertebra in view through
the cannulae utilizing suitable instruments extending
through the cannula 10; inserting fasteners 624 through
each cannulae and screwing one fastener into each ‘
insertion opening thereby securing each fastener 624 to
a vertebra; and checking the position of the vertebrae
to ensure that the vertebrae have maintained the proper
position and, if necessary, repositioning the
vertebrae.

The third procedure includes the step of shifting
the first and second cannulae at the incision in order
to position the first and second cannnlae over each

side of the third vertebra that was not viewed
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previously. This shifting may be accomplished by
pivoting the cannulae at the incision or by shifting
the cannulae in the body.

The fourth procedure includes the following steps:
accessing the third vertebrae through the cannulae;
drilling two additional insertion'openings, one in each
side, or pedicle, of the third vertebra utilizing
suitable instruments extending through the cannula, as
described above; inserting fasteners 624 through each
cannulae and screwing one fastener into each insertion
opening thereby securing each fastener 624 to the third
vertebra; checking the position of the vertebrae to
ensure that the vertebrae have maintained the proper
position and, if necessary, repositioning the
vertebrae; moving twelve fixation washers 640, 660, six
locking nuts 670, and two fixation elements 65la, 658a
or 1650 (Fig. 38) through the cannulae; placing six
fixatioﬁ washers 640 and the fixation elements on the
fasteners, each fastener extending through one fixation
washer and one slot 653a or 1653 in each fixation
element; placing the additional fixation washers 660 on
the fasteners; and threading the locking nuts onto each
fastener thereby fixing the fixation elements to the

vertebrae and securing the three vertebrae together in
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a natural and permanent position within the body. The
fixation elements 65la, 658a, or 1650 would have to be
manipulated in the body to be positioned on the
fasteners fixed to the three vertebrae 1601, 1602,
1602, 1603.

Assuming the discs between the vertebrae are
removed, the fusion cages or bone plugs would be moved
through the cannulae and positioned between the
vertebrae, as determined by the surgeon. Bone graft
may also be positioned between the vertebrae. This
would be accomplished prior to securing the fixation
elements in position on the vertebrae.

In accordance with still another feature of the
present invention, a method (Fig. 36) of fixing three

vertebrae 1601, 1602, 1603 of a patient together at two

" surgical sites includes two main procedures. The first

procedure includes the following steps: inserting a
first cannula 10, 1150, or 1250 into the body 130 of
the patient adjacent one side of the spinal column;
inserting a second cannula 10, 1150, 1250 into the
body 130 of the patient adjacent the other side of the
spinal column; expanding the second tubular

portions 40, 1040, 1180, oxr 1280 of both cannulae (as

described above) thereby creating a substantially
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complete view of both sides of the three adjacent
vertebrae 1601, 1602, 1603 utilizing two endoscopes 200
and one or more monitors. In this method, the first
and second cannulae would, when expanded, be large
enough to span three vertebrae.

The second procedure includes the steps of:
accessing the vertebrae 1601, 1602, 1603 through the
cannulae 10, 1150, or 1250; providing six insertion
openings, one in each side, or pedicle, of each
vertebra utilizing suitable instruments extending
through the cannula; inserting three fasteners 624
through each cannulae and screwing one fastener into
each insertion opening thereby securing each
fastener 624 to a vertebra; checking the position of
the vertebrae to ensure that the vertebrae have
maintained the proper position and, if necessary,
repositioning the vertebrae; moving twelve fixation
washers 640, 660, six locking nuts 670, and two
fixation elements 65la, 658a or 1650 (Fig. 38) through
the cannulae; placing six fixation washers 640 and the
fixation elements on the fasteners, each fastener
extending through one fixation washer and one slot 653a
or 1653 in each fixation element; placing the

additional fixation washers 660 on the fasteners; and
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threading the locking nuts onto each fastener thereby
fixing the fixation elements to the vertebrae and
securing the three vertebrae together in a natural and
permanent position within the body. Again, assuming
the discs between the vertebrae are removed, fusion
cages or bone plugs would be moved through the cannulae
and positioned between the vertebrae, as determined by
the surgeon. Bone graft may also be positioned between
the vertebrée. This would be accomplished prior to
securing the fization elements in position on the
vertebrae.

In accordance with yet another feature of the
present invention, a method (Fig. 37) of fixing three
vertebrae 1601, 1602, 1603 of a patient together at two
surgical sites includes two main procedures. The first
procedure includes the following steps: inserting a
first cannula 10, 1150, or 1250 into the body 130 of
the patient adjacent one side of the spinal column;
inserting a second cannula 10, 1150, 1250 into the body
of the patient adjacent the same side of the spinal
column; inserting a third cannula 10, 1150, or 1250
into the body of the patient adjacent the other side of
the spinal column; inserting a fourth cannula 10, 1150,

1250 into the body of the patient adjacent the other
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side of the spinal column; expanding the second tubular
portions 40, 1040, 1180, or 1280 of the cannulae (as
described above) thereby creating a substantially
complete view of at least three adjacent vertebrae
1601, 1602, 1603, or 1604 utilizing four endoscopes 200
and one or more monitors.

The second procedure includes the steps of:
accessing the vertebrae 1601, 1602, 1603 through the
cannulae 10, 1150, or 1250; drilling six insertion
cpenings, one in each side, or pedicle, of each
vertebra utilizing suitable instruments extending
through the cannula; inserting three fasteners 624
through each cannulae and screwing one fastener into
each insertion opening thereby securing each
fastener 624 to a vertebra; checking the position of
the vertebrae to ensure that the vertebrae have
maintained the proper position and, if necessary,
repositioning the vertebrae; moving twelve fixation
washers 640, 660, six locking nuts 670, and two
fixation elements 65la, 658a or 1650 (Fig. 38) through
the cannulae; placing six fixation washers. 640 and the
fixation elements on the fasteners, each fastener
extending through one fixation washer and one slot 653a

or 1653 in each fixation element; placing the

JP 2004-504893 A 2004.2.19



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(102)

WO 02/09801 PCT/US01/23999

10

15

20

-70-

additional fixation washers 660 on the fasteners; and
threading the locking nuts onto each fastener thereby
fixing the fixation elements to the vertebrae and
securing the vertebrae together in a natural and
permanent position within the body.

The methods described above may, and most probably
do, involve removal of tissue from the surgical site
through the cannula 10. Muscle, fat, and bone may be
removed through the cannula 10 to provide a proper view
of the vertebrae and the location to receive the
fixation assembly 620. Different tools may be used in
the process of removing tissue. These tools may
include a burr and/or tissue cutting blades that are
inserted through the cannula 10, 1150, or 1250.

A preferred tissue cutting blade device 710 is
shown in Figs. 39-40. The device 710 has a rotational
axis 712 and includes inner and outer cutting
tubes 740, 750. Each of the inner and outer tubes 740,
750 has openings 741, 751 into their interiors.

Cutting teeth 745, 755 are located on opposite sides of
each opening 741, 751.

The inner tube 740 rotates about the axis 712

relative to the outer tube 750 and wiﬁhin the outer

tube. The inner tube 740 rotates in opposite
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directions a predetermined amount equal to one or more
revolutions about the axis 712, then rotates in the
opposite direction the same predetermined amount.
Thus, the inner tube 740 oscillates about the axis 712.
As the inner tube 740 oscillates/rotates about the
axis 712, the cutting teeth 745, 755 on the inner and
outer tubes 740, 750 cut tissue. Alternatively, the
inner tube 740 may rotate in one direction (clockwise
or counterclockwise) within the outer tube.

During the cutting of tissue, a saline solution or
the like may be forced through the annular space 770
between the inner tube 740 and the outer tube 750 to
the surgical site. Suction may be applied in the
opening 741 of the inner tube 740 to remove the cut
tissue and the saline solution from the surgical site.

A tubular sheath 760 receives the inner and outer
cutting tubes 740, 750. The sheath 760 extends along
the length of the cutting tubes 740, 750 and adjacent a
distal end of the cutting tubes where the cutting
teeth 745, 755 are located. The sheath 760 is a
stainless steel tube that is electrically insulated
along its length from the patient's body and from the
outer tube 750. An electrical insulator 763, such as a

suitable polymer coating, is provided over the outside
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and inside surfaces of the sheath 760. However, a
selected area 762 of the outside surface of the
sheath 760 adjacent the distal end of the cutting
tubes 740, 750 is not coated with the insulator 763. A
portion 765 of the distal end of the sheath 760 is cﬁt
away so that the cutting teeth 745, 755 on the cutting
tubes 740, 750 are not blocked by the sheath 760 from
cutting tissue.

An electric current from a current source 766 may
be applied to the sheath 760. The electric current
flows through the sheath 760 and to the selected

uncoated area 762 of the sheath. The current then

‘flows through tissue and blood into the distal end of

the outer cutting tube 750 and back to the current
source through the outer cutting tube to form a
completed circuit.

The current flow through tﬁe electrically
energized sheath 760 and outer cutting tube 750 serves
to electrocoagulate blood in the cutting area at the
surgical site. Electrocoagulation of blood is known
and any other suitable electrocoagulation device may
alternatively be used.

From the above description, one skilled in the art

should realize that viewing of the surgical site may be
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performed without using an endoscope. A microscope or
glasses that magnify the site may be used. 1In fact,
any suitable viewing device may be used. Also, the
procedure discussed above mentions providing openings
in the vertebrae. Any suitable method (i.e., drilling,
using an awl or other instrument to form an opening to
receive a fastener, etc.) may be used.

Also, from the above description of the invention,
those skilled in the art will perceive improvements,
changes and modifications. Such improvements, changes
and modifications within the skill of the art are

intended to be covered by the appended claims.
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Having described the invention, the following is

claimed:

1. A method of fixing vertebrae of a patient

together at a surgical site comprising the steps of:

inserting a first cannula into the body of
the patient;

moving a first fastener through the cannula
and securing the first fastener to a first vertebrae;

moving a second fastener through the cannula
and securing the second fastener to a second vertebrae;

moving a first fixation element through the
cannula; and

fixing the first fixation element to the

first and second fasteners.

2. A method as defined in claim 1 further
including the steps of:
inserting a second cannula into the body of
the patient;
moving a third fastener through the second
cannula and securing the third fastener to the first

vertebrae;

JP 2004-504893 A 2004.2.19



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(107)

WO 02/09801 PCT/US01/23999

-75-

moving a fourth fastener through the second
cannula and securing the fourth fastener to the second
vertebrae;

moving a second fixation element through the
second cannula; and

fixing the second fixation element to the

third and fourth fasteners.

3. A method as defined in claim 1 further
including the step of expanding the first cannula at

its end adjacent the first and second vertebrae.

4. A method as defined in claim 2 further
including the steps of expanding the first cannula at
its end adjacent the first and second vertebrae and
expanding the second cannula at its end adjacent the

first and second vertebrae.

5. A method as defined in claim 4 further
including the step of shifting the first and second
cannulae in the body to position the first and second

cannulae to desired locations in the body.
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6. A method as defined in claim 1 further
including the step of positioning an endoscope in the
first cannula to provide a view of the activity at the

surgical site.

7. A method as defined in claim 6 further
including the step of positicning an endoscope in the
second cannula to provide a view of the activity at the

surgical site.

8. A method as defined in claim 1 further
comprising the step of cutting away tissue at the

surgical site.

9. A methed as defined in claim 8 further
comprising the step of utilizing a blood coagulation

sheath for coagulating blood.

10. A method as defined in claim 1 wherein said
step of securing the first fastener to the first
vertebrae includes the step of screwing the first
fastener into the first vertebrae and said step of

securing the second fastener to the second vertebrae
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includes the step of screwing the second fastener into

the second vertebrae.

11. A method as defined in claim 1 wherein the
first fixation element is a plate and said step of
fixing the first fixation element to the first and
second fasteners includes a step of positioning the
plate with the first and second fasteners extending
through openings in the plate and moving first and
second nuts through the cannula and threading the nuts

onto the first and second fasteners.

12. A method as defined in claim 1 wherein the
first fixation element is a rod and the step of fixing
the first fixation element to the first and second
fasteners includes positioning the rod ‘to extend
adjacent the first and second fasteners and between the

first and second vertebrae.

13. A method as defined in claim 7 wherein the
first fixation element is a plate and said step of
fixing the first fixation element to the first and
second fasteners includes a step of positioning the

plate with the first and second fasteners extending

JP 2004-504893 A 2004.2.19



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(110)

WO 02/09801 PCT/US01/23999

-78—

through openings in the plate and moving first and
second nuts through the cannula and threading the nuts

cnto the first and second fasteners.

14. A method as defined in claim 7 wherein the
first fization element is a rod and said step of fixing
the first fixation element to the first and second
fasteners includes positioning the rod to extend
adjacent the first and second fasteners and between the

first and second vertebrae.

15. A method as defined in claim 1 further

including the steps of:

removing a disk from between the first and
second vertebrae;

cleaning the area between the first and
second vertebrae; and

positioning at least one fusion device
between the first and second vertebrae by moving a

fusion device through the cannula.
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16. A method as defined in claim 6 further

including the steps of:

remeving a disk from between the first and
second vertebrae;

clesning the area between the first and
second vertebrae; and

positioning at least one fusion device
between the first and second vertebrae by moving a

fusion device through the cannula.

17. A method as defined in claim 7 further

including the steps of:

removing a disk from between the first and
second vertebrae;

cleaning the area between the first and
second vertebrae; and

positioning at least one fusion device
between the first and second vertebrae by moving a

fusion device through the cannula.
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18. A method of fixing vertebrae of a patient
together at a surgical site as defined in claim 1
further including the steps of:>

moving a third fastener through the cannula
and securing the third fastener to a third vertebrae,
and

fixing the first fization element to the
third fastener as well as to said first and second

fasteners.

19. A method as defined in claim 18 further
including the step of expanding the first cannula in
the patient's body at its end adjacent the first,

second, and third vertebrae.

20. A method as defined in claim 19 wherein,
prior to moving a third fastener through the cannula,

the cannula is shifted in the patient's body.

21. A method as defined in claim 19 wherein the
expanded first cannula is large enough to not reguire

shifting of the first cannula in the patient's body.
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22. A method as defined in claim 1 further

including the steps of:

inserting a second, third, and fourth cannula
into the body of the patient;

expanding the second, third, and fourth
cannulae in the patient’s body adjacent the first and
second vertebrae; and

viewing the first and second vertebrae and a
third vertebrae through the first, second, third, and

fourth cannulae.

23. A methed of performing a surgical procedure

on a body comprising the steps of:

providing a cannula having a tubular
structure with first and second tubular portions
defining first and second passages for receiving
surgical instruments, the second passage being a
continuation of the first passage;

inserting the cannula througﬁ an incision in
the body, said inserting step including inserting the
second tubular portion inside the body and inserting
the first tubular portion intc the incision so that the
first tubular portion extends from an exterior of the

body to inside the body;
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expanding the second tubular portion of the
cannula to increase the cross-sectional area of the
second passage in the second tubular portién while the
secend tubular portion is inside the body; and

maintaining the cross-sectional area of the

first passage in the first tubular portion while

expanding the second tubular portion of the cannula.

24. A method of performing a surgical procedure
as set forth in claim 23 wherein said step of expanding
the second tubular portion of the cannula includes
expanding the second tubular portion of the cannula
from a cylindrical configuration into a conical

configuration.

25. A method of performing a surgical procedure
as set forth in claim 23 wherein said step of expanding
the second tubular portion of the cannula includes
applying a radially outwardly directed force to the
second tubular portion to expand the second tubular

portion.
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26. A method of performing a sﬁrgical procedure
as set forth in claim 23 wherein said step of expanding
the second tubular portion of the cannula includes
moving a first edge of the second tubular portion
relative to a second edge of the second tubular portion

that the first edge overlaps.

27. B method of performing a surgical procedure
as set forth in claim 26 wherein said step of moving
the first edge of the second tubular portion relative
to the second edge of the second tubular portion
includes guiding movement of the first edge relative to

the second edge.

28. A method of performing a surgical procedure
as set forth in claim 27 wherein said step of guiding
movement of the first edge relative to the second edge
includes moving a guide member connected with one of
the first and second edges along a slot extending
through the second tubular portion adjacent to the

other one of the first and second edges.
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29. A method of performing a surgical procedure
as set forth in claim 28 wherein said step of moving
the guide member along the slot includes moving the
guide member along an arcuate slot extending through

the second tubular portion.

30. A method of performing a surgical procedure
as set forth in claim 25 wherein said step of moving
the first edge relative to the second edge includes
pivoting at least one of the first and second edges

relative to the first tubular portion.

31. A method of performing a surgical procedure
as set forth in claim 26 vherein said step of inserting
the cannula through the incision in the body includes
maintaining the second tubular portion in a contracted
condition while inserting the cannula through the

incision.
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32. A method of performing a surgical procedure
as set forth in claim 31 wherein said step of
maintaining the second tubular portion in the
contracted condition while inserting the cannula
through the incision includes covering the second

tubular portion of the cannula with a removable member.

33. R method of performing a surgical procedure
as set forth in claim 32 wherein said step of expanding
the second tubular portion of the cannula includes
removing the removable member from the second tubular
portion of the cannula after the second tubular portion

is inserted inside the body.

34. A method of performing a surgical procedure
as set forth in claim 33 wherein said step of removing
the removable member includes pulling a string wrapped
around the removable member to tear the removable

membexr.
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35. A method of performing a surgical procedure
as set forth in claim 23 wherein said step of expanding
the second tubular portion of the cannula includes
inserting a tool into the second passage in the

cannula.

36. A method of performing a surgical procedure
as set forth in claim 35 wherein said step of expanding
the second tubular portion of the cannula includes
moving first and second portions of the tool apart
after the tool is inserted into the second passage in

the cannula.

37. A method of performing a surgical procedure
as set forth in claim 36 wherein said step of moving
the first and second portions of the tool apart
includes moving first and second frustoconical halves

of the tool apart.

38. A method of performing a surgical procedure
as set forth in claim 36 wherein said step of expanding
the second tubular portion of the cannula includes

rotating the tool relative to the cannula.
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3%. A method of performing a surgical procedure
as set forth in claim 23 further including providing
the first tubular portion of the cannula with a first
thickness measured in a direction perpendicular to
inner and outer surfaces of the first tubular portion,
providing the second tubular portion of the cannula
with a second thickness measured in a direction
perpendicular to inner and outer surfaces of the second
tubular portion with the first thickness being

different from the second thickness.

40. A method of performing a surgical procedure
as set forth in claim 39 wherein said step of providing
the second tubular portion with a second thickness

includes providing the second tubular portion with a

second thickness that is less than the first thickness. .

41. A method of performing a surgical procedure
as set forth in claim 36 wherein said step of providing
the second tubular portion with a second thickness that
1s less than the first thickness include; providing the
second tubular portion with a thickness in the range of

.003 inches to .005 inches.
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42. A method of performing a surgical procedure
as set forth in claim 41 wherein said step of providing
the second tubular portion with a second thickness that
is less than the first thickness includes providing the
first tubular portion with a thickness in the range

of .02 inches to .04 inches.

43. A method of performing a surgical procedure
as set forth in claim 23 further including providing
the first passage in the proximal end with a diameter

in the range of 10mm to 20mm.

44. A method of performing a surgical procedure
as set forth in claim 43 further including providing
the second passage in the second tubular portion with a
diameter in the range of 40% to 80% greater than the
diameter of the first passage in the first tubular
portion when the second tubular portion is in an

expanded condition.

45. A cannula for receiving surgical instruments,
said cannula comprising:
a first tubular portion defining. a first

passage for receiving the surgical instruments, said
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first tubular portion having a first thickness measured
in a direction perpendicular to inner and outer
surfaces of said first tubular portion; and

a second tubular portion attached to said
first tubular portion and defining a second passage for
receiving the surgical instruments, said second passage
being a continuation of said first passage, said second
tubular portion having a thickness measured
perpendicular to inner and outer surfaces of said
second tubular portion, said first thickness being

different than said second thickness.

46. The cannula of claim 45 wherein said second

thickness is less than ssid first thickness.

47. The cannula of claim 46 wherein said second
thickness is in the range of .003 inches to .005

inches.

48. The cannula of claim 46 wherein said first

thickness is in the range of .02 inches to .04 inches.
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49. The cannula of claim 48 wherein said second
tubular portion is expandable to enable enlargement of
a cross-sectional area of said second passage to a size
which is greater than a cross-sectional area of said

first passage.

50. The cannula of claim 49 wherein said second
tubular portion has oppositely disposed first and
second ends, said first end being attached to said
first tubular portion, said second passage at said
second end of said second tubular portion, when said
second tubular portion is expanded, has a cross-—
sectional area which is greater than said cross-—
sectional area of said first passage in said first

tubular portion.

51. The cannula of claim 50 wherein said first
end of said second tubular portion has a first diameter
and said second end of said second tubular portion has
a second diameter, said second diameter, when said

second tubular portion is expanded, is 40% to .80%

’larger than said first diameter.
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52. The cannula of claim 49 wherein said second
passage, when said second tubular portion is expanded,

has a conical configuration.

53. The cannula of claim 49 wherein said second
tubular portion has an arcuate slot and a guide member
disposed in said arcuate slot, said guide member being
movable from a first terminal end of said arcuate slot
to a second terminal end of said arcuate slot to enable

said second tubular portion to expand.

54. The cannula of claim 53 wherein said second
tubular portion has first and second ends connected by
a central portion, said first end being attached to
said first tubular portion, said arcuate slot extending
circumferentially from said central portion toward said

second end.

55. The cannula of claim 49 further comprising a
member maintaining said second tubular portion in a
contracted condition, said member being manually
actuatable to release said second tubular portion for

expansion from said contracted condition.
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56. The cannula of claim 55 further comprising a
tool for expanding said second tubular portion from
said contracted condition to an expanded condition,
said tool being insertable into said first passage and
actuatable to apply a radially outwardly directed force

to expand said second passage.

57. The cannula of claim 45 wherein said first
and second tubular portions are made of a radioclucent

material.

58. The cannula of claim 45 wherein said inner
surface of said second tubular portion has a

non-reflective coating.

59. The cannula of claim 58 wherein said inner
surface of said first tubular portion has a

non-reflective coating.

60. A cannula for receiving surgical instruments,

said cannula comprising:
a first tubular portion having a first outer
surface for engaging the body and a first inner surface

defining a first passage for receiving the surgical
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instruments, said first tubular portion having a
proximal end and a distal end; and

a second tubular portion attached to said
distal end of said first tubular portion, said second
tubular portion having a second outer surface for
engaging the body and a second inner surface defining a
second passage for receiving the surgical instruments,
said second passage being a continuation of said first
passage,

said second tubular portion being pivotally
connected to said distal end of said first tubular

portion.

61. A cannula as set forth in claim 60 wherein
said second tubular portion is expandable to enable
enlargement of a cross-sectional area of said second
passage tc a size which is greater than a

cross—sectional area of said first passage.

62. A cannula as set forth in claim &1 wherein
said second passage, when said second tubular portion

is expanded, has a conical configuration.
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63. A cannula as set forth in claim 61 wherein
sald second tubular portion has an arcuate slot and a
guide member disposed in said arcuate slot, said guide
member being movable from a first terminal end of said
slot toward a second terminal end of said slot to
enable the cross-sectional area of said second passage

to increase.

64. A cannula as set forth in claim 60 wherein
said second tubular portion comprises an arcuate

segment of sheet stock rolled into a tubular shape.
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