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SURGICAL RETRACTOR AND RETRACTOR ASSEMBLY

[001]  The present application claims the benefit of U.S. Provisional Applicaton No. 60/780,929, filed
on March 8, 20006.

FIELD OF THE INVENTION

[002]  The present invention generally relates to a surgical retraction device. Particular embodiments of
the invention relate to a retractor device for insertion within an incision of a patient, the retractor
including blades configured for independent movement relative the frame of the retractor. Further
aspects of the invention include a retractor assembly with one or more tools to facilitate positioning

theteof, and related methods.

BACKGROUND OF THE INVENTION

[003] A tissue retractor can be used during a surgical procedure, and in particular during minimally
invasive surgical procedures, to temporarily displace tissue and create a working channel to a surgical
target site. Such a retractor allows unobstructed access to the target site while limiting the amount of
dissection required to reach the target site and reducing trauma to the skin and surrounding tissue. The
retractor can be used, for example, to provide unobstructed access to a spinal disc, a vertebra, and/or
vertebrae during spinal surgery, such as disclosed in U.S. Application No. 10/937,180 to Landry filed
September 9, 2004 (US Patent Application Publication No. 20060052672, published March 9, 2000).

[004] A tssue retractor is usually inserted through an incision made in a patient's skin. Insertion can
be by blunt insertion, whereby the retractor is simply urged into the incision, or alternatively, insertion
can be performed in conjunction with a plurality of dilators, whereby the retractor is inserted over the
dilators after sequential dilation of the incision. In either case, insertion of the retractor within the

incision can be made difficult due to friction of the skin and tissue against the retractor.

[005] A tssue retractor typically includes a number of retractor blades, which are inserted into an
incision made through a patient’s skin. After insertion, it is desirable to adjust or move the blade within
the incision to retract tissue away from the surgical target depending on the physician's preferences
and/or the tequirements of the sutgical procedure. Movement of the blade within the incision can be

difficult due to the tensile forces imparted on the blade by the skin and tissue.

[006]  'Thus, thete temains a need for a retractor or retractor assembly that obviates the disadvantages
described above, for example, by allowing a physician to easily insert and adjust the retractor within an
incision, and in particular, allowing movement of the retractor blade to a variety of tissue retracting

positions.
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SUMMARY OF THE INVENTION

[007]  'The purpose and advantages of the present invention will be set forth in and apparent from the
description that follows, as well as will be learned by practice of the invention. Additional advantages of
the invention will be realized and attained by the methods and systems particularly pointed out in the

written description and claims hereof, as well as from the appended drawings.

[008]  The present invention is directed to a retractor for insertion within an incision of a patient. The
retractor of a preferred embodiment includes a frame defining a central opening and a reference plane.
The retractor also includes at least one blade disposed within the central opening, the blade operatively
coupled to the frame by a suppott structure for movement in a first ditection generally lateral with the
reference plane between an unretracted position and a retracted position, a second direction at an angle
extending through and relative to the reference plane for adjustment of the blade depth, and a third
direction rotationally relative to the reference plane. The frame includes a track in mating relationship
with the support structure for sliding movement therebetween in a defined relationship relative to the

reference plane. In one embodiment, the frame of the retractor has a generally D-shaped configuration.

[009]  Preferably, the suppott structure includes a lateral edge with a dovetail configuration in mating
relation with the track. In one embodiment, the retractor also includes a locking mechanism to prevent
sliding movement of the support structure relative to the frame when in a locked position. Preferably,
the support structure includes a lateral edge with a plurality of teeth defined therein, and the locking

mechanism is configured to engage at least one of the plurality of teeth when in the locked position.

[0010] In one embodiment, the blade has a distal end portion and a proximal end portion, and the
proximal end portion of the blade is coupled with the support structure for sliding movement
therebetween in the second direction, such as for adjustment of the blade depth. Preferably, the proximal
end portion of the blade includes a dovetail configuration in mating relation with a track disposed on the
support structure. The retractor also preferably includes a locking mechanism to prevent sliding
movement of the blade relative to the support structure when in a locked position. In one embodiment,

the locking mechanism includes a worm gear assembly.

[0011] In one embodiment, the blade is pivotally mounted on the support structure by a mounting
member for rotational movement in the third direction. Preferably, the mounting member is pivotally
connected to the suppott structure. Also, the retractor can include a locking mechanism to prevent

rotational movement of the blade relative the support structure.

[0012] The retractor can include a plurality of blades disposed within the central opening, and each
blade is preferably operatively coupled to the frame by a cortesponding support structure for movement
in the first direction, the second ditection and the third direction, respectively. Each blade preferably
includes an inwardly-facing surface and a pair of lateral edges, and each inwardly-facing surface

preferably defines a portion of a working channel formed when the blades are in an unretracted position
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with the lateral edges of adjacent blades disposed proximate each other. Preferably, the working channel
has a central axis defined therethrough, and each blade is preferably capable of being moved from the
unretracted position in the first direction away from the central axis and has a distal end portion that is

preferably capable of being rotated in the third direction away from the central axis.

[0013] The present invention is also directed to a retractor assembly comprising a retractor in
combination with one ot more tools. For example, the tetractor assembly can include a retractor in
combination with an adjustment tool. The adjustment tool generally includes a first arm removably
engageable in a fixed location relative to the blade, and a second arm removably engageable for
movement with the blade, the second arm movable relative to the first arm to move the blade selectively
relative the reference plane. Preferably, the first arm is hinged relative the second arm. Also, the first

arm and second arm are preferably biased away from each other.

[0014] In one embodiment, the adjustment tool includes a first engagement portion on the first arm and
a second engagement portion on the second arm, and the first engagement portion is engageable with the
frame of the retractor. Preferably, the frame includes a recess to receive the first engagement portion.
The second engagement portion of the adjustment tool is preferably engageable with the support
structure to move the blade in the first direction. Preferably, the support structure includes a recess to

receive the second engagement portion.

[0015] In another embodiment, the first engagement portion on the first arm is engageable with the
suppott structure and the second engagement portion on the second arm is engageable with the blade to
move the blade in the third ditection. Preferably, the support structure includes a recess to receive the
first engagement portion, and the second engagement portion is preferably configured to engage an

inwardly-facing sutface of the blade.

[0016] In another preferred embodiment of the retractor assembly, an insertion tool is provided. The
insertion tool includes a tubular member having a distal end and a proximal end, and a coupling structure

at the distal end of the tubular member to removably engage the retractor proximate the blade.

[0017] In one embodiment, the coupling structure includes a finger configured to engage the support
structure. Preferably, the finger has an L-shape configured to engage the support structure upon rotation
of the insertion tool telative to the retractor. The finger preferably inhibits movement of the blade at
least in one of the first ditection, second direction and third ditection, although mote preferably, the

finger inhibits movement of the blade in each of the first direction, second direction and third direction.

[0018] In another embodiment, the retractor assembly further comprises a plurality of dilators
configured for sequentially dilating tissue within an incision, and the insertion tool preferably has an
inner channel defined thetethrough with a cross dimension sized to receive at least a portion of the
plurality of dilators therein. Preferably, the insertion tool includes at least one viewing port defined

therein to allow visual inspection of the dilators therein.
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[0019] The present invention is also directed to methods of inserting positioning a retractor using the
tools previously described. The present invention thus describes a retractor and retractor assembly that
enables a physician to insert and adjust the retractor more readily within an incision. Additionally, the
present invention describes a method of use for insertion and adjustment of the retractor within the
incision.

[0020] Itis to be understood that both the foregoing general description and the following detailed

description are exemplaty and atre intended to provide further explanation of the claimed invention.

[0021] The accompanying drawings, which are incorporated in and constitute part of this specification,
are included to illustrate and provide a further understanding of the invention. Together with the

description, the drawings serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Fig. 1 depicts a perspective view of a representative embodiment of a retractor with four blades

in the unretracted position;

[0023] Fig. 2 depicts a perspective view of a representative embodiment of a frame and a variety of

SllppOIt structures;

[0024] Fig. 3a depicts a perspective view of a representative embodiment of a support structure and a

mounting member coupled thereto;

[0025] Fig. 3b depicts a top view of the support structure of Fig. 3a;

[0026] Fig. 4 depicts an exploded view of the engagement a support structure with the frame;
[0027] Fig. 5 depicts an exploded view of the engagement of a blade with the support structure;

[0028] Fig. 6a depicts an exploded view of the engagement of a blade with the support structure

coupled to a frame;
[0029] Fig. 6b depicts a perspective view of the height adjustment of a blade using an adjustment tool;
[0030] Fig. 7 depicts a perspective view of the rotational adjustment of the blade;

[0031] Fig. 8 depicts a perspective view of a representative embodiment of a retractor with four blades

in the retracted position;

[0032] Fig. 9 depicts a perspective view of the retractor of Fig. 8 with the four blades each in the

retracted and angled position;

[0033] Fig. 10 depicts a perspective view of a representative embodiment of a distractor tool in

accordance with another aspect of the invention;

[0034] Fig. 11a depicts a perspective view of the distractor tool of Fig. 10 engaged in a first orientation

with a frame and support structure of a retractor;



WO 2007/103997 PCT/US2007/063529

[0035] Fig. 11b depicts a perspective view of the retractor assembly of Fig. 11a with the handles of the

distractor tool moved toward the compressed position to distract the corresponding blade;

[0036] Fig. 12a depicts a perspective view of the distractor tool of Fig. 10 engaged in a second

orientation with a frame and support structure of a retractor;

[0037] Fig. 12b depicts a perspective view of the retractor assembly of Fig. 12a with the handles of the

distractor tool moved toward the compressed position to distract the corresponding blade;

[0038] Fig. 13 depicts a perspective view of a representative embodiment of a pivot tool in accordance

with another aspect of the invention;

[0039] Fig. 14a depicts a perspective view of the pivot tool of Fig. 13 engaged with a blade and support

structure of a retractor;

[0040] Fig. 14b depicts a perspective view of the retractor assembly of Fig. 14a with the handles of the

pivot tool moved toward the compressed position to pivot the corresponding blade;
0041] Fig. 15 depicts a perspective view of a representative embodiment of an insertion tool;
8 P ;

[0042] Fig. 16a depicts a perspective view of the insertion tool of Fig. 15 and a retractor prior to

engagement therebetween;

[0043] Fig. 16b depicts a perspective view of the retractor assembly of Fig. 16a upon engagement

therebetween;

[0044] Fig. 17a-d schematically depict selected views of a method of inserting the retractor assembly of

Fig. 16a; and

[0045] Fig. 18 depicts a perspective view of an embodiment of a retractor engaged to an articulating

snake arm.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT'S

[0046] Reference will now be made in detail to presently preferred embodiments of the invention,
examples of which are illustrated in the accompanying drawings. Methods of using the retractor

assemblies of the invention are described in conjunction therewith.

[0047] In accordance with the invention, a retractor is provided for insertion within an incision of a
patient. ‘The retractor includes a frame generally defining a central opening and a reference plane. At
least one blade is disposed within the central opening, and operatively coupled to the frame by a support
structure for movement in a first direction generally laterally with or across the reference plane between
an unretracted position and a retracted position, a second direction at an angle extending through and

relative to the reference plane for adjustment of the blade depth, and a third direction rotational relative
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to the reference plane. In accordance with a further aspect of the invention, the frame includes a track in
mating relationship with the support structure for sliding movement therebetween in a defined

relationship relative to the reference plane.

[0048] For the purpose of illustration and not limitation, reference is made to the representative
embodiment of the retractor shown in Fig. 1. A retractor 20 is configured for insertion within an incision
to temporarily displace obstructing tissue and create a channel to gain access to a sutgical tatget site,
among other things. The retractor 20 can be used to retract or otherwise displace skin, muscle, tissue,
organs, bone, blood vessels, connective tissue, nerve tissue, ot the like. The retractor 20 generally

includes a frame 30 and blades 40, each coupled to the frame 30 by a support structure 50.

[0049] As embodied hetein, for purpose of example and not limitation, the frame 30 has a D-shaped
configuration that defines a central opening 31 within the frame. The D-shape configuration is
advantageous for posterior indications, with the straight side of the D-shaped frame aligned along a
length of the spine. In other embodiments, the frame can have an alternative configuration depending on
its desired use and application. For example, the frame can be generally circular, elliptical, oval,
rectangular, or asymmetric shape. Furthermore, and as previously noted, the frame generally defines a
reference plane. For example, and for purpose of illustration, the frame 30 embodied herein is depicted
with a generally planar configuration that defines reference plane 32 in which the frame 30 lies, as shown
in Fig. 2. However, the frame likewise can have an angled, arcuate or curved shape and still define a

reference plane, such as an imaginary plane extending through any desired reference point on the frame.

[0050] The retractor can include one or more moveable blades, although a plurality of blades are
preferred. While the retractor 20 of Fig. 1 includes four blades 40, any number of blades can be coupled
to the frame. As embodied herein, each blade is coupled to the frame by a support structure 50. With
regard to the D-shaped frame embodied hetein, for putpose of illustration, three of the support
structures 50 ate of equal length, and the fourth suppott structure 50 is shorter in length. In this manner,
the shotter support structure 50 is preferably configured to couple to the D-shaped frame 30 adjacent the
straight portion thereof. Fach support structure 50 generally has an elongate configuration, with a
proximal end portion, a distal end portion and a lateral edge extending therebetween. The length of the
suppott structures can vary depending upon the dimensions of the frame, the number of blades to be
used, and the intended applications, among other things. Although depicted with a rectangular cross-
section, the support structures can be generally oval or elliptical, or have any other cross-section or
configuration depending on the requirements of the application or surgical procedure. Furthermore, the
support structures of different configurations and lengths preferably interchangeable with each other,

such that a kit can be provided with a variety of support structures, if desired.

[0051] As described in detail below, coupling of each blade 40 to the frame 30 by support structures 50

in accordance with the invention allows the blades 40 to move in a first direction 10 generally laterally
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across or with the reference plane 32, as depicted for purpose of illustration by arrow 10 in Fig. 4. In
accordance with one aspect of the invention, the frame includes a track in mating relationship with the
suppott structure for sliding movement therebetween. Preferably, the track is configured to ensure a
defined or predetermined relationship of movement of the suppott structure relative to the reference
plane. As embodied herein, four tracks are provided. Although a vatiety of track configurations and
arrangements are possible, Fig. 1 depicts the tracks in radial alignment relative to central axis, with pairs

of tracks opposing each other.

[0052] As embodied in Figs. 3a and 3b, each support structure 50 includes a distal end portion 51 and a
proximal end portion 52. Mating engagement 1s accomplished, in this embodiment, by a dovetail
configuration along a lateral edge 53 the support structure that is configured to matingly engage within
the track in the from of receiving slot 33 disposed along the surface of the frame 30, the receiving slot 33
configured to receive the lateral edge 53 therein. Hence, each support structure 50 can slide relative to
the frame 30 in the first direction 10 in a fixed or predetermined relationship relative to the reference
plane, as shown in Fig. 4. For example, Fig. 4 depicts the fixed relationship as being parallel with the
reference plane, although an angled relationship is also possible. Preferably, the support structure 50
includes an abutment portion 54 disposed proximate the distal end portion 51 thereof. The abutment
portion 54 is configured to engage a pottion of the frame 30 when the support structure 50 slides in the
first direction 10 toward the central opening 31 to prevent the distal end portion 51 of the support
structure 50 from sliding unobstructed completely through the track. Other embodiments can include
different configurations to engage the support structure with the frame to provide movement in the first

direction in a fixed relationship with the reference plane.

[0053] The retractotr preferably also includes a locking mechanism to prevent sliding movement of the
suppott structure at least toward the unretracted position relative to the frame when in a locked position.
For example, the support structure includes a lateral edge with a plurality of teeth defined therein. The
locking mechanism is configured to engage at least one of the plurality of teeth when in the locked

position.

[0054] As embodied herein and with reference to Fig. 4, a lateral edge 53 of the support structure 50
includes a plurality of teeth 55 configured for engagement with a locking mechanism 34 on the frame 30.
Preferably, the locking mechanism 34 includes a protrusion 35 disposed proximate the receiving slot 33
and configured to engage at least one tooth 55 of the lateral edge 53. In a preferred embodiment, the
locking mechanism 34 also includes an adjusting or activating handle 36, which is configured to adjust
the locking mechanism 34 to a locked position such that the protrusion 35 engages the teeth 55 of the
lateral edge 53. Upon engagement, the support structure 50 is prevented from sliding in the first
direction 10 towatd the unretracted position. If desired, the locking mechanism can be configured to
allow movement toward the retracted position even when locked, ot to prevent any movement if

preferred. Upon release of the locking mechanism 34 from the locked position, movement of the
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support structure 50 along the first direction 10 is restored. In other embodiments, the locking
mechanism can be biased to automatic activation can have other configurations to prevent movement of

the support structure in the first direction.

[0055] Coupling of each blade to a support structures of appropriate configuration also allows the blade
to move in a second direction extending through and at an angle relative to the reference plane 32 for
adjustment of the relative blade depth as depicted for purpose of illustration by arrow 12 in Fig. 5, and in
a third direction rotational relative to the reference plane 32 as depicted by arrow 14 in Fig. 7. For
example, and as shown in the embodiment of Fig. 1, each blade 40 1s coupled to the frame 30 by the
suppott structures 50 such that the blades are disposed within the central opening 31, preferably
extending at an angle to the reference plane 32. Although shown as orthogonal to the reference plane,
the angle of the second direction relative the reference plane can be adjusted or altered by movement of

the blade in the third direction.

[0056] Each support structure 50 includes a mounting member 60, which is pivotally coupled at one
end to the support structure 50. The opposite end of each mounting member 60 is configured to
matingly engage a portion of a respective blade 40. Fach blade preferably has a distal end portion and a
proximal end portion. The proximal end portion of the blade is coupled with the support structutre for
sliding movement therebetween in the second direction, such as for adjustment of the relative blade
depth. For example, and as embodied herein, the proximal end portion of the blade includes a dovetail
configuration in mating relation with a track disposed on the support structure as described further

below.

[0057] As shown in the embodiment of Fig. 5, each blade 40 has a distal end portion 41 and a proximal
end portion 42 that defines a blade length 46. Preferably, the blades of the retractor have equal lengths
46. 'The distal end 41 preferably has a tapered configuration to facilitate insertion of the blade 40 within
an incision. The length 46 of each blade is generally between about 20 mm and about 200 mm. For
example, blades for posterior spinal approaches can range in length from about 20 mm to about 80 mm,
and blades for anterior spinal approaches or lateral spinal approaches can range in length from about 70

mm to about 200 mm.

[0058] Furthermore, each blade preferably includes an inwardly-facing sutface and a pair of lateral
edges. Each inwardly-facing surface defining a portion of a working channel formed when the blades are
in an unretracted position with the lateral edges of adjacent blades disposed proximate each other.
Preferably, the working channel has a central axis defined therethrough and each blade is capable of
being moved from the unretracted position in the first direction away from the central axis and has a

distal end that is capable of being rotated in the third direction away from the central axis.

[0059] For example, and as depicted in Fig. 6a, extending between the distal and proximal ends 41,42

and along the blade length 46 is an inward-facing blade surface 43, preferably having a convex or curved



WO 2007/103997 PCT/US2007/063529

configuration. More preferably, the curved surface 43 substantially complementary to the curvature of a
dilator that is used to provide initial dilation of the incision. Opposite the inward-facing surface 43 is a
retraction surface 44 that is configured to contact and retract skin and tissue. In some embodiments, the
blade can include a slot that tuns along the length of the blade such that during a suzgical procedutre, a
scalpel or other cutting instrument can be inserted through slot to further cut or extend the incision
without removing the retractor from the patient. In other embodiments, the blades can be of varying

lengths and configurations, depending on the desired use and application of the retractor.

[0060] Each blade 40 also includes a coupling portion disposed at the proximal end 42 of the blade. As
embodied herein, the coupling portion 45 is disposed adjacent the retraction surface 44 of the blade, and
has a dovetail configuration. Preferably, the coupling portion 45 is configured to matingly engage the
mounting member 60 of the support structure 50, which is configured to receive the dovetail coupling
portion 45 therein. This allows the blade 30 to slide relative to mounting member 60 and support
structure 50 in the second direction 12 for depth adjustment of the blade. Other embodiments can
include different configurations to engage the blade with the support structure to provide movement in

the second direction.

[0061] Preferably, the retractor includes locking mechanism to prevent sliding movement of the blade
relative to the support structure. More preferably, the locking mechanism is an adjustable mechanism,
such as a worm gear assembly or the like. As embodied in Fig. 5, the locking mechanism 61 includes a
worm geat 62 (shown in Fig. 3b) at least partially disposed on the mounting member 60 to receive the
dovetail coupling portion 45 of the blade therein. The coupling portion 45 preferably has threaded or
toothed sutface 48 configured for engagement with the worm gear 62. In this configuration, the worm
gear 62 facilitates an adjustable association of the coupling portion 45 of the blade 40 with the mounting
member 60 as the worm gear 62 engages the threaded surface 48 of the coupling portion 45. Upon
rotation of the worm gear 62, the coupling portion 45 and the blade 40 move along the second direction,
as shown in Fig. 6a. Preferably, the engagement between the worm gear 62 and the threaded surface 48
of the coupling portion 45 is under high torque such that the blade 40 is inhibited from movement in the
second direction without intentional rotation of the worm gear 62 or an overriding force applied to the
blade. As embodied herein, rotation of the worm gear 62 requires use of a leverage tool 63 that is
configured to associate with worm gear 62 and rotate the worm gear 62 upon rotation of the tool 63, as
shown in Fig. 6b. In other embodiments, the locking mechanism can have other configurations to

prevent movement of the blade in the second direction or depth, such as a ratchet assembly ot the like.

[0062] Preferably, the proximal end of the coupling portion 45 includes an abutment portion 47
configured to engage a portion of the mounting member 60 when the coupling portion 45 slides along
the second direction 12 toward the target site. The abutment portion 47 prevents the proximal end of the

coupling portion 45 from sliding completely through the mounting member 60 toward the tatget site.
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[0063] In contrast, and as embodied herein, the coupling portion 45 preferably does not include an
abutment portion to prevent the coupling portion 45 from being removed from the mounting member 60
along the second direction 12 away from the target site. Thus, movement in the second direction not
only allows for depth adjustment, but also permits the blade 40 to be completely removed from
engagement with a mounting member 60 when desired. This advantageously allows an individual blade
to be removed and replaced with another blade of the same or different length or configuration,
depending on its desired use and application. As embodied herein, each blade 40 can be removed and

replaced while the retractor 20 is inserted within the incision.

[0064] Preferably, the blade is pivotally mounted on the support structure by a mounting member for
rotational movement in the third direction. For example, and with reference to the embodiment lever,
the mounting member can be pivotally connected to the support structure. Additionally, the retractor
preferably includes a locking mechanism to prevent rotational movement of the blade relative the support
structure. As shown in the embodiment of Figs. 3a, 3b, and 7, the mounting member 60 is coupled to
the support structure 50. Preferably, the mounting member 60 is pivotally coupled to one end of the
support structure 50. This allows the mounting member 60 and the blade 40 coupled thereto to pivot
relative to the support structure 50 in the third direction 14. As embodied herein, the support structure
50 includes a body 56 having a pair of arms 57 extending therefrom. The extending arms 57 define a
receiving area 59 therebetween. The mounting member 60 is received in the receiving area 59 between
the arms 57, and coupled to the extending arms 57 by an axle ot pivot pins 58 for rotational engagement.
In this configuration, the mounting member 60 can pivot about the pivot pins 58 to rotate the blade 40
in the third direction 14 relative to the support structure 50. Preferably, the blade 40 can rotate between
a first position, where the blade 40 is disposed at an angle of about 90° relative to the reference plane 32,
and a second position, where the blade 40 is disposed at an angle of about 30° or even less if desired
relative to the reference plane 32. Other embodiments can include different configurations to engage the

blade with the support structure to provide rotation in the third direction..

[0065] Preferably, movement of the mounting member 60 relative to the support structure 50 in the
third direction 14 is controlled by a locking mechanism. As embodied herein, the mounting member 60
includes a locking mechanism 64 configured to engage the pivot pins 58 such that upon engagement
therewith, rotation of the mounting member 60 about the pivot pins 58 in the third direction 14 is
inhibited. Upon disengagement of the locking mechanism 64 with the pivot pins 58, rotation of the
mounting member 60 in the third direction 14 is restored. In one preferred embodiment, the locking
mechanism 64 is an adjustable set screw configured for movement between locked and unlocked
positions upon rotation by the leverage tool 63. In other embodiments, the locking mechanism can have
other configurations, such as to allow for fine adjustments of the mounting member in the third direction
upon rotation of the locking mechanism. After coupling the blade 40 with the mounting member 60, the

blade 40 can be advantageously rotated to and fixed in a variety of angles relative to the support structure

10
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50 to retract skin and tissue away from the target site.

[0066] As described further below, the frame also preferably includes at least one tool engagement
portion disposed about the surface of the frame and configured for engagement with a tool. For
example, and as embodied herein, the frame 30 includes four recesses 29 disposed about the surface of
the frame 30. Each recess 29 is configured for engagement with a tool that is configured to move each
of the blades 40 relative to the frame 30. The tool and its engagement with the recesses 29 of the frame
30 are described in more detail below. Likewise, each support structure 50 also preferably includes a tool
engagement portion disposed on the surface thereof and configured for engagement with a tool. As
embodied herein, each support structure 50 includes a recess 28 disposed on the surface of the body 56.
The recess 28 is preferably configured for engagement with tools that are configured to move the blade
40 relative to the frame 30. The tools and their engagement with the recess 28 of the support structure

50 are described in more detail below.

[0067] The retractor 20 and its components (e.g., the frame 30, the blades 40, the support structures 50,
and the mounting members 60) as previously described are preferably assembled prior to insertion of the
retractor 20 within the incision. Preferably, each of the support structures 50 of the assembled retractor
20 is moved to an unretracted position with each support structure 50 moved in the first direction 10
toward the central axis of the opening 31. In the untetracted position, each of the blades 40 extending
from the support structures 50 define a working channel 70 within the central opening 31, as shown in
Fig. 1. As embodied herein, the working channel 70 has a generally circular configuration defined by
curved inward-facing sutfaces 43 of cach of the blades. Preferably, the abutting surfaces of the support
structures prevent the blades from being positioned with the lateral edges of the blades 40 in engagement
with each other so as to define a gap between the adjacent blades. In other embodiments, the lateral

edges of adjacent blades can be positioned to engage one another to formed a closed working channel 70.

[0068] Preferably, the circular wotking channel 70 has a diameter 71 configured to receive a plurality of
nested tissue dilators thetethrough. Upon removal of the dilators, the diameter 71 of the working
channel 70 is preferably large enough to provide an unobstructed view to the surgical target site, and
allow manipulation of surgical tools therethrough to perform a surgical procedure. Alternatively, the

blades of the retractor can be retracted as desired to increase the working space.

[0069] In accordance with another aspect of the invention, a tool is provided to assist with inserting the
retractor within the incision. Preferably, the tool includes a tubular member having a distal end and a
proximal end, and a coupling structure at the distal end of the tubular member to removably engage the

retractor proximate at least one blade.

[0070] As embodied in Fig. 15, the tool is an insertion tool 100 that includes a tubular member 108, and
has a proximal end 101 and a distal end 102. The tubular member 108 preferably defines a longitudinal

length 107 between the proximal and distal ends 101,102, and has a cross dimension or diameter 109
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along the length 107. Preferably, the length 107 and diameter 109 are of sufficient size and proportion to
allow physician to easily grip the insertion tool 100 with a single hand for manipulation of the insertion
tool 100 and the retractor 20 engaged therewith. Preferably the tubular member is hollow, and has an
inner cross dimension sufficiently sized to receive a portion of nested tissue dilators therethtough after
insertion of the tetractor 20 into a dilated incision over the tissue dilators, as will be described in more
detail below. A plurality of dilators configured for sequentially dilating tissue within an incision therefore
are preferably provided for use with the insertion tool. Preferably, the insertion tool includes at least one
viewing port defined therein to allow visual inspection of the dilators therein. As embodied herein, the
tubular portion 108 includes a plurality of slots 106 disposed along a portion of the longitudinal length
107 thereof. Upon insertion of the retractor 20 into an incision over dilators using the insertion tool 100,
the slots 106 allow a physician to ensure the dilators are received through the tubular member 101, and

propetly position the members.

[0071] A variety of coupling structures can be used in accordance with the invention for example, as
embodied in Fig. 15. The coupling structure preferably includes a finger configured to engage a
corresponding support structure. Preferably, the finger has an L-shape configured to engage the support
structure upon rotation of the insertion tool relative to the retractor. In a preferred embodiment, the
finger preferably inhibits movement of the blade at least in one of the first direction, second direction
and third direction. Mote preferably, the finger preferably inhibits movement of the blade in each of the
first direction, second direction and third direction. In this manner, the retractor can be positioned with

the blades in an unlocked condition, but still inhibit movement of the blade.

[0072] As embodied herein, the insertion tocl 100 includes an engagement portion 103, such as a hub,
that is disposed at the distal end 102 of the insertion tool 100, and preferably configured to engage a
portion of the retractor 20. Preferably, the engagement portion includes at least one L-shaped
engagement member extending from the hub configured to engage a support structure 50 of the retractor
20. As embodied herein, the engagement portion 103 includes four L-shaped members 104 extending

distally therefrom.

[0073] The insertion tool 100 is preferably used by engaging the retractor 20 with all four blades in the
unretracted position. Prior to insertion of the retractor 20 within the incision, the retractor components
(i.e. the frame 30, the blades 40, the support structures 50, and the mounting members 60) are all
preferably in unlocked positions and can move relative to each other. Engagement of the retractor 20 by
the insertion tool 100, however, acts to stabilize many of the components of the retractor 20 to simplify

insertion of the retractor 20 within the incision.

[0074] Engagement of the retractor 20 is preferably achieved by moving the insertion tool 100 axially
such that the engagement portion 103 approaches the proximal ends of the blades 40, as shown in Fig.

16a. Prior to engagement, the insertion tool 100 is preferably rotated such that the L-shaped members
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104 are aligned between adjacent mounting members 60. The insertion tool 100 is then moved axially
until the engagement portion 103 contacts the proximal ends of the blades 40 and mounting members 60

over the working channel 70.

[0075] As shown in Fig. 16b, the insertion tool 100 is then preferably rotated counter-clockwise about a
quarter of a revolution such that each of the L-shaped members 104 engages beneath the lateral edge 53
of a respective suppott structure 50, and behind the respective blade 40. The interlocking engagement
between the insertion tool 100 and the retractor 20 allows the physician to easily manipulate and control

the position of the retractor 20 during insertion into the incision.

[0076] Additionally, the intetlocking engagement prevents the retractor components from moving with
respect to each other duting insertion. For example, each of the support structures 50 is fixed in the
unretracted position because abutment of the retraction surface 44 of the blade 40 against the L-shaped
portion 104 prevents the support structure 50 from moving in the first direction 10. Similarly, each of
the blades 40 is prevented from moving in the second direction 12 due to the abutment of the proximal
end 42 of the blade 40 against the engagement portion 103. Finally, each of the blades 40 is prevented
from rotating in the third direction 14 due to the abutment of the mounting member 60 against the

engagement portion 103.

[0077] With the insertion tool 100 and the retractor 20 in interlocking engagement, the retractor 20 can
be inserted within the incision that has been previously dilated, for example, with a plurality of nested
dilators as shown in Figs. 17a. As embodied herein, a series of nested dilators 110 are used to initially
dilate skin and tissue away from a target site on a portion of the spine 112, as shown in Fig. 17a. A K-
wire can be used for placement of the dilators if desired. The insertion tool 100 is then used to insert the
retractor 20 in the incision ovet one or more dilator(s) 110, as shown in Fig. 17b. Upon insertion, the
dilators 110 are received through the wotking channel 70 defined by the blades 40, and the tubular
member 101, such that the tetractor 20 can be fully inserted within the incision. Advantageously, the
slots 106 of the insertion tool 100 allow the physician to see the movement of the tetractor/insetrtion tool
assembly relative to the dilator(s). This allows the physician to ensure that the insertion tool 100 is
moving the retractor 20 within the incision relative to the dilator(s) 110, rather than accidentally moving
both the retractor 20 and the dilator(s) 110 further into the incision. Once the retractor 20 is fully
inserted within the incision, the insertion tool 100 can be removed, as shown in Fig. 17c. Preferably, the
insertion tool 100 is rotated clockwise about a quarter of a revolution such that each of the L-shaped
members 104 disengage from beneath the lateral edge 53 of the respective support structures 50, and
from the corresponding blade 40. The insertion tool 100 can then be removed from the dilator(s) 112.
Finally, as shown in Fig. 17d, the dilators 112 are removed from within the working channel 70 of the

retractor 20, with the target site exposed and unobstructed view through the wotking channel 70.

[0078] After insertion and placement of the retractor 20 within the incision, the retractor 20 can be
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adjusted to enlarge the working channel 70 such that skin and tissue is retracted away from the surgical
site as desired, as shown in Figs. 8 and 9. For example, the worm gear 62 can be adjusted either by
application of sufficient force on the proximal end portion of the blade or with the leverage tool 63 to
move the blade 40 in the second direction 12 adjust the depth of the blades, and thus the wotking
channel, within the incision. Similatly, the support structures 50 can be independently moved in the first
direction 10, or the blades 40 can be independently rotated in the third direction 14, to increase the size
or diameter 71 of the working channel 70. Movement of the support structure and the rotation of the
blades can be achieved by the application of manual force, or with the assistance of a tool in accordance

with additional aspects of the invention.

[0079] For example, a tool is provided for removable engagement with the retractor to move the blade
selectively relative to the reference plane in the first direction. Preferably, the tool includes a first arm
removably engageable in a fixed location relative to the blade and a second arm removably engageable for
movement with the blade, and the second arm is movable relative to the first arm to move the blade
selectively relative the reference plane. Preferably, the first arm is hinged relative the second arm. Also,

the first arm and second arm are preferably biased away from each other.

[0080] For example, and in accordance with one aspect of the invention as embodied in Figs. 10, 11a,
11b, 12a, and 12b, the tool is a distractor tool 80 that includes a first arm 81 and a second arm 82. Each
arm has a handle portion 83 and an engagement portion 84. As embodied herein for purpose of
illustration, the first and second arms 81,82 are in hinged association with each other about hinge
member 85. As the handle portions 83 of the first and second arms 81,82 are compressed towards each
other to a compressed position, the engagement portions 84 of the arms move away from each other.
Similatly, as the handle portions 83 move away from each other, the engagement portions 84 move
towards each other. As embodied herein, the handle portions of the distractor tool 80 preferably are
biased away from each other, such as by bias members 86 disposed between the handle portions 83 of

the first and second arms 81,82 as schematically depicted.

[0081] The arms 81,82 of the distractor tool 80 are preferably configured for operation with two hands
such that adequate force can be applied to compress the handle portions 83 together. Alternatively, the
handle members can be configured for operation with a single hand if desired. Furthermore, alternative
configurations that allow relative movement between the engagement portions of the first and second

arms can be used.

[0082] In one preferred embodiment, the tool includes a first engagement portion on the first arm and a
second engagement portion on the second arm, wherein the first engagement portion engageable with the
frame. For example, as embodied herein, the distractor tool 80 preferably includes first and second

engagement protrusions 87,88 disposed at the ends of the engagement portions 84 of the first and second

arms 81,82. The engagement protrusions 87,88 are configured for receipt within a recess 29 on the
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surface of the frame 30 and a recess 28 on the body 56 of a support structure 50, respectively. In one
embodiment, the engagement protrusions are disposed on the distal surfaces of the first and second arms,
adjacent the engagement portions, to facilitate a vertical engagement of the distractor tool with the
retractor as shown in Fig. 11a. Additionally, or alternatively, the engagement protrusions are disposed on
the lateral surfaces of the first and second arms, adjacent the engagement portions, to facilitate a
horizontal engagement of the distractor tool with the retractor as shown in Fig. 12a. As embodied
herein, the distractor tool 80 preferably includes engagement protrusions 87,88 on both the distal and
lateral surfaces of the arms 81,82, adjacent the engagement portions 84, such that the distractor tool 80

can be used for both vertical and horizontal engagement.

[0083] The distractor tool 80 is preferably used by engaging the retractor 20 to move independently a
single support structure 50 in the first direction 10 after the retractor 20 is initially inserted within an
incision. As shown in Fig. 11a, for example, the retractor 20 is inserted within the incision with the
blades and corresponding support structures 50 in the unretracted positions over the target site. The
distractor tool 80 can vertically engage the retractor 20 by inserting the first engagement protrusion 87 of
the first arm 81 within the recess 28 of the desired support structure 50, and inserting the second
engagement protrusion 88 of the second arm 82 within a recess 29 on the portion of the frame 30
generally opposing (and slightly offset from) the support structure 50. Once the distractor tool 80 is
engaged with both the frame 30 and the support structure 50, the handle pottions 83 of the first and
second arms 81,82 are compressed towards cach other to the compressed position, as shown in Fig. 11b.
This movement in turn acts to separate the engagement portions 84, and as a result, moves the support
structure 50 and corresponding blade 40 in the first direction 10 away from the central opening 31, and
into a retracted position to retract skin and tissue away from the target site. Once the support structure
50 is moved to a desired retraction position in the first direction 10, the locking mechanism 34 can
manually or automatically be activated or adjusted to the locked position to lock the support structure 50
in the selected retraction position. Similarly, upon unlocking of the locking member 34, the handle
portions 83 can be moved away from each other to move the engagement portions 84 towards each
other, which acts to move the support structure 50 and corresponding blade 40 in the first direction 10
toward the unretracted position. After moving the support structure 50 to a desired position, the
distractor tool 80 can be disengaged from the support structure and the frame, and then engaged with

another support structure 50 for similar movement thereof, if desired.

[0084] The distractor tool 80 can also engage the retractor 20 from a horizontal approach. As shown in
Fig. 12a, for example, the first engagement protrusion 87 on the lateral surface of the first arm 81 is
inserted within the recess 28 of a support structure 50, and the second engagement protrusion 88 on the
lateral surface of the second arm 82 is inserted within the recess 29 on the portion of the frame 30
opposing and slightly offset from the support structure 50. Once engaged, the distractor tool 80 can be

operated as described above to move the support structure 50 in the first direction 10 and corresponding
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blade 40, as shown in Fig. 12b. Engagement of the distractor tool 80 with the retractor 20 in either the
vertical or horizontal approach provides similar distraction forces to the support structures 50, and
selection of one approach over the other is dependent on the presence of obstructions in and around the

working channel 70, and access thereto, and personal preference.

[0085] In accordance with another aspect of the invention, a tool is provided to remove engagements
with the tetractor to pivot a blade relative to its corresponding suppott structure in the third direction.
For example, and as embodied in Fig. 13, a pivot tool 90 is provided that includes first and second arms
91,92, each arm further including a handle portion 93. Disposed at the end of the first arm 91 opposite
the handle portion 93 is a blade engagement portion 94, and disposed at the end of the end of the second

arm 92 opposite the handle portion 93 is a support structure engagement portion 95.

[0086] The first and second arms 91,92, as embodied herein for purpose of illustration, are in hinged
association with each other about hinge member 96. As the handle portions 93 of the first and second
arms 91,92 are compressed towards each other to a compressed position, the blade engagement portion
94 rotates about the hinge member 96 and away from the support structure engagement portion 95.
Similatly, as the handle portions 93 are brought away from each other, the blade engagement portions 94
rotates toward the support structure engagement portion 95. As embodied herein and schematically
depicted, the pivot tool 90 preferably includes a bias member 97 disposed between the handle portions
93 of the first and second arms 91,92, The bias member 97 acts to bias the handle portions 93 away

from each othet toward an uncompressed position.

[0087] 'The arms 91,92 of the pivot tool 90 are preferably configured for operation with two hands such
that adequate force can be applied to compress the handle portions 93 together. In some embodiments,
the handle members can be configured for operation with a single hand such that a physician’s other

hand is free to operate another surgical instrument.

[0088] As embodied herein, blade engagement portion 94 has an extended configuration to associate
with the inward-facing surface 43 of a blade 40 along the length of the blade 46. The support structure
engagement portion 95 preferably includes a protrusion 98 that is configured for receipt within the recess

28 on the body 56 of a support structure 50.

[0089] 'The pivot tool 90 is preferably used by engaging the retractor 20 to rotate a single blade 40
independently in the third direction 14 after the retractor 20 is initially inserted within an incision.
Beneficially, the blade 40 can be rotated with the pivot tool 90 before or after movement of the support

structure 50 to a retracted position in the first direction 10, as described above.

[0090] As shown in Fig. 14a, for example, the retractor 20 is inserted within the incision with the
support structures 50 and corresponding blade 40 in the unretracted positions over the target site, and
with all blades 40 disposed substantially orthogonal to the reference plane 32. The pivot tool 90

embodied herein can engage the retractor 20 by inserting the protrusion of the support structure
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engagement portion 95 within the recess 28 of a support structure 50, and engaging the blade
engagement portion 94 along the inward-facing surface 43 of the blade 40 that is associated with the
suppott structure 50. Once the pivot tool 90 is engaged with both the support structure 50 and the blade
40, the handle portions 93 of the first and second arms 91,92 are compressed towards each other to the
compressed position, as shown in Fig. 14b. This movement in tutn acts to rotate the blade engagement
portion 94 and thus the blade toward the support structure upon which the blade is supported. That s,
the blade 40 rotates in the third direction 14 to a retraction angle to retract skin and tissue away from the
target site. Once the blade 40 is rotated to a desired retraction angle in the third direction 14, the locking
mechanism 64 can be adjusted to the locked position to lock the blade in the selected retraction angle.
After rotating the blade 40 to a desired angle, the pivot tool 90 can be disengaged from the support
structure and the blade, and then engaged with another blade 40 for similar movement thereof. If
desired, the blade engagement portion can be configured to couple with the blade such that upon
unlocking of the locking member 64, the handle portions 93 can be moved away from each other to
rotate the blade engagement portions 94 away from the support structute and totate the blade 40 in the
third direction 12 towatd the unretracted position. Altetnatively, the retracted tissue can act to teturn the

blade to the untetracted position upon unlocking the locking mechanism.

[0091] The frame of the retractor also can include at least one stabilizing portion disposed on the
surface of the frame. Preferably, the stabilizing portion is configured for engagement with a stabilizing
member that is stably attached to the operating table or other stationary object to fix the position of the
retractor at a certain orientation relative to the operating table and the patient. As embodied in Fig. 18,
the frame 30 includes four C-shaped notches 37 disposed about the surface of the frame. The notches
37 are configured to matingly engage the end of a articulating snake arm 38 to stably support the
retractor 20 in any number of fixed positions. Preferably, the end of the snake arm 38 also includes a
locking mechanism 39, embodied herein as a screw clamp that is configured to secure the frame 30 in

mating engagement with the snake arm 38. Other configurations can be used.

[0092] In some embodiments, frame also preferably includes an attachment portion to attach surgical
instruments or the like thereto. Such instruments can include, for example, light sources, suction tubes,
retractors, scissors, and/or imaging devices (e.g., laparoscopes). Preferably, the instruments can be
positioned through one or more openings formed in the frame. In some embodiments, the instruments

are be clamped, screwed, or otherwise attached to the frame.

[0093] 'The retractor and tools of the present invention can be made of materials that allow the retractor
to be heat and/or chemically sterilized. Components of the retractor can be made of metal (including
steel and aluminum), ceramics and/or polymers. In some embodiments, the retractor and/or blades can
be formed of a radiolucent material. The radiolucent material advantageously allows radiological imaging
of a surgical site while the retractor is in use. Preferably, the radiolucent material is a polymer or a

carbon-reinforced polymer. More preferably, the polymer can be polyetheretherketone (PEEK). In some
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embodiments, radio-opaque markers can be placed at selected locations of the retractor. For example, a
tantalum bead or member can be positioned at or near the distal end of a blade so that the position of the
blade is indicated in radiological images taken during a surgical procedure. Radio-opaque markers can
also be positioned on the frame and/or along one or mote of the blade surfaces. Preferably, a portion of
a blade is formed of a polymeric material includes radio-opaque matetial (e.g., barium doping) so that a

position of the blade is indicated on radiological images taken during a surgical procedure.

[0094] The term "about," as used herein, should generally be understood to refer to both the
corresponding number and a range of numbers. Moreover, all numerical ranges herein should be

understood to include each whole integer within the range.

[0095] While illustrative embodiments of the invention are disclosed herein, it will be appreciated that
numerous modifications and other embodiments can be devised by those of ordinary skill in the art.
Features of the embodiments described herein can be combined, separated, interchanged, and/or
rearranged to generate other embodiments. Therefore, it will be understood that the appended claims are
intended to cover all such modifications and embodiments that come within the spirit and scope of the

present invention.
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CLAIMS

What is claimed is:

1. A retractor for insertion in an incision of a patient, the retractor comprising:

a frame defining a central opening and a reference plane;

at least one blade disposed within the central opening, the blade operatively coupled to the frame
by a support structure for movement in a first direction generally laterally with the reference plane, a
second direction at an angle extending through and relative to the reference plane, and a third direction
rotationally relative to the reference plane;

the frame including a track in mating relationship with the suppott structure for sliding

movement therebetween in a defined relationship relative to the reference plane.

2. The retractor of claim 1, wherein the support structure includes a lateral edge with a

dovetail configuration in mating relation with the track.

3. The retractor of claim 1, further comprising a locking mechanism to prevent sliding

movement of the support structure relative to the frame when in a locked position.

4. The retractor of claim 3, wherein the support structure includes a lateral edge with a
plurality of teeth defined therein, the locking mechanism configured to engage at least one of the plurality

of teeth when in the locked position.

5. The retractor of claim 1, wherein the blade has a distal end portion and a proximal end
portion, the proximal end portion of the blade coupled with the support structure for sliding movement
therebetween in the second direction.

0. The retractor of claim 5, wherein the proximal end portion of the blade includes a

dovetail configuration in mating relation with a track disposed on the support structure.

7. The retractor of claim 5, further comprising a locking mechanism to prevent sliding

movement of the blade relative to the support structure when in a locked position.

8. The retractor of claim 7, wherein the locking mechanism includes a worm gear
assembly.
9. The retractor of claim 1, wherein the blade is pivotally mounted on the support structure

by a mounting member for rotational movement in the third direction.
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10. The retractor of claim 9, wherein the mounting member is pivotally connected to the

support structure.

11. The retractor of claim 9, further comprising a locking mechanism to prevent rotational

movement of the blade relative the support structure.

12, The retractor of claim 1, wherein the frame has a generally D-shaped configuration.

13. The retractor of claim 1, comprising a plurality of blades disposed within the central
opening, each blade operatively coupled to the frame by a corresponding support structure for movement
in the first direction, the second direction and the third direction, respectively;

each blade including an inwardly-facing surface and a pair of lateral edges, each inwardly-facing
surface defining a portion of a wotking channel formed when the blades are in an unretracted position

with the lateral edges of adjacent blades disposed proximate each othet.

14. The retractor of claim 13, wherein the working channel has a central axis defined
therethrough; each blade capable of being moved from the unretracted position in the first direction away
from the central axis and having a distal end capable of being rotated in the third direction away from the

central axis.

15. A retractor assembly for insertion in an incision of a patient, the assembly comprising:
a retractor including
a frame defining a central opening and a reference plane, and
at least one blade disposed within the central opening, the blade operatively coupled to
the frame by a support structure for movement in a first direction generally laterally with the reference
plane, a second direction at an angle extending through and relative to the reference plane, and a third
direction rotationally relative to the reference plane; and
an adjustment tool including a first arm removably engageable in a fixed location relative to the
blade and a second arm removably engageable for movement with the blade, the second arm movable

relative to the first arm to move the blade selectively relative the reference plane.

16. The retractor assembly of claim 15, wherein the first arm is hinged relative the second

arm.

17. The retractor assembly of claim 15, wherein the fitst arm and second arm are biased

away from cach other.
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18. The retractor assembly of claim 15, wherein the adjustment tool includes a first
engagement portion on the first arm and a second engagement portion on the second arm; the first

engagement pottion engageable with the frame.

19. The retractor assembly of claim 18, wherein the frame includes a recess to receive the

first engagement portion.

20. The retractor assembly of claim 18, wherein the frame has a track in mating relationship
with the support structure for sliding movement therebetween in the first direction; the second
engagement portion of the adjustment tool engageable with the support structure to move the blade in

the first direction.

21. The retractor assembly of claim 20, wherein the support structure includes a recess to

receive the second engagement portion.

22, The retractor assembly of claim 15, wherein the adjustment tool includes a first
engagement portion on the first arm and a second engagement portion on the second arm; the first
engagement pottion engageable with the support structure and the second engagement portion
engageable with the blade to move the blade in the third direction.

23. The retractor assembly of claim 22, wherein the support structure includes a recess to

receive the first engagement portion.

24, The retractor assembly of claim 23, wherein the second engagement portion is

configured to engage an inwardly-facing sutface of the blade.

25. A retractor assembly for insertion in an incision of a patient, the assembly comprising:

a retractor including

a frame defining a central opening and a reference plane, and

at least one blade disposed within the central opening, the blade operatively coupled to the frame
by a support structure for movement in a first direction generally laterally with the reference plane, a
second direction at an angle extending through and relative to the reference plane, and a third direction
rotationally relative to the reference plane; and

an insertion tool including a tubular member having a distal end and a proximal end, and a
coupling structure at the distal end of the tubular member to removably engage the retractor proximate

the at least one blade.
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26. The retractor assembly of claim 25, wherein the coupling structure includes a finger

configured to engage the support structure.

27, The retraction assembly of claim 26, wherein the finger has an L-shape configuted to
engage the suppott structure upon totation of the insertion tool relative to the retractor.
28. The retractor assembly of claim 26, wherein the finger inhibits movement of the blade at

least in one of the first direction, second direction and third direction.

29. The retractor assembly of claim 26, wherein the finger inhibits movement of the blade at

least in each of the first direction, second direction and third direction.

30. The retractor assembly of claim 25, further comprising a plurality of blades disposed
within the central opening, each blade operatively coupled to the frame by a corresponding support
structure for movement in the first direction, the second direction and the third direction, respectively,
each blade including an inwardly-facing surface and a pair of lateral edges, each inwatdly-facing surface
defining a portion of a wotking channel formed when the blades are in an unretracted positon with the
lateral edges of adjacent blades disposed proximate each other; and further wherein the coupling

structure of the insertion tool removably engages the retractor proximate each blade.

31. The retractor assembly of claim 30, wherein the working channel has a central axis
defined therethrough; each blade capable of being moved from the untretracted position in the first
direction away from the central axis and having a distal end capable of being rotated in the third direction
away from the central axis; the coupling structure of the insertion tool inhibiting movement of the blade

when engaged with the retractor.

32. The retractor assembly of claim 25, further comprising a plurality of dilators configured
for sequentially dilating tissue within an incision, the insertion tool having an inner channel defined
therethrough with a cross dimension sized to receive at least a portion of the plurality of dilators therein.

33. The retractor assembly of claim 32, wherein the insertion tool includes at least one

viewing port defined therein to allow visual inspection of the dilators therein.

34, The retractor assembly of claim 25, wherein the insertion tool is made of radiolucent

matetial.
35. A method of positioning a retractor, the method comprising:
providing a retractor including:

a frame defining a central opening and a reference plane, and
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at least one blade disposed within the central opening, the blade operatively coupled to the frame
by a support structure for movement in a first direction generally laterally with the reference plane, a
second direction at an angle extending through and relative to the reference plane, and a third ditection
rotationally relative to the reference plane;

providing an adjustment tool including a first atm and a second arm, the second atm movable
relative to the first arm;

inserting the retractor within an incision in a patient;

engaging the first arm of the adjustment tool in a fixed location relative the blade, and engaging
the second arm for movement with the blade; and

moving the first arm relative to the second arm to move the blade relative to the frame.

36. The method of claim 35, wherein the first arm of the provided adjustment tool is hinged

relative the second arm.

37. The method of claim 35, wherein the first arm and second arm of the provided

adjustment tool are biased away from each other.

38. The method of claim 35, wherein the provided adjustment tool includes a first
engagement portion on the first arm and a second engagement portion on the second arm; the first
engagement portion engageable with the frame; and

further wherein engaging the first arm of the adjustment tocl in a fixed location relative to the

blade includes engaging the first engagement portion with the frame.

39. The method of claim 38, wherein the frame includes a recess to receive the first
engagement portion; and
further wherein engaging the first engagement portion with the frame includes engaging the first

engagement portion within the recess.

40. The method of claim 38, wherein the frame has a track in mating relationship with the
suppott structure for sliding movement therebetween in the first direction; and the second engagement
portion of the adjustment tool is engageable with the support structure to move the blade in the first
direction; and

further wherein engaging the second arm for movement with the blade includes engaging the
second engagement portion with the support structure; and moving the first arm relative to the second
arm to move the blade relative to the frame includes sliding the support structure in the track in the first

direction.
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41. The method of claim 40, wherein the support structure includes a recess to receive the
second engagement portion; and

further wherein the engaging the second engagement portion with the suppott structure includes
engaging the second engagement portion within the recess.

42. The method of claim 35, wherein the adjustment tool includes a first engagement
portion on the first arm and a second engagement portion on the second arm; the first engagement
portion engageable with the support structure and the second engagement portion engageable with the
blade to move the blade in the third direction; and

further wherein engaging the first arm of the adjustment tocl in a fixed location relative the blade
includes engaging the first engagement portion with the support structure, and engaging the second arm

for movement with the blade includes engaging the second engagement portion with the blade.

43, The method of claim 42, wherein the support structure includes a recess to receive the
first engagement portion; and
further wherein engaging the first engagement portion with the support structure includes

engaging the first engagement portion within the recess.

44, The method of claim 43, wherein the second engagement portion is configured to
engage an inwardly-facing surface of the blade of the provided retractor; and
further wherein engaging the second engagement portion with the blade includes engaging the

second engagement portion with the inwardly-facing surface of the blade.

45, A method of positioning a retractor, the method comprising:

providing a retractor including:

a frame defining a central opening and a reference plane, and

at least one blade disposed within the central opening, the blade opetratively coupled to the frame
by a support structure for movement in a first direction generally laterally with the reference plane, a
second direction at an angle extending through and relative to the reference plane, and a third direction
rotationally relative to the reference plane;

providing an insertion tool including a tubular member having a distal end and a proximal end,
and a coupling structure at the distal end of the tubular member to removably engage the retractor
proximate the at least one blade;

engaging the insertion tool with the retractor; and

inserting the retractor into an incision in a patient using the insertion tool.

46. The method of claim 45, wherein the coupling structure of the provided insertion tool

includes a finger configured to engage the support structure; and
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further wherein engaging the insertion tool with the retractor includes engaging the finger with

the support structure.

47. The method of claim 46, whetein the finger has an L-shape configured to engage the
suppott structure upon rotation of the insertion tool relative to the retractor; and
further wherein engaging the finger with the support structure includes engaging the L-shaped

finger with the support structure by rotating the insertion tool relative to the retractor.

48. The method of claim 46, wherein the finger inhibits movement of the blade at least in
one of the first direction, second direction and third ditection; and
further wherein engaging the finger with the support structure inhibits movement of the blade at

least in one of the first direction, second direction and third direction.

49, The method of claim 46, wherein the finger inhibits movement of the blade at least in
each of the first direction, second direction and third direction; and
further wherein engaging the finger with the support structure inhibits movement of the blade at

least in each of the first ditection, second direction and third direction.

50. The method of claim 45, wherein the provided retractor further comprises a plurality of
blades disposed within the central opening of the provided retractor, each blade operatively coupled to
the frame by a corresponding support structure for movement in the first direction, the second direction
and the third direction, respectively, each blade including an inwardly-facing surface and a pair of lateral
edges, each inwardly-facing surface defining a portion of a working channel formed when the blades are
in an unretracted position with the lateral edges of adjacent blades disposed proximate each other; and
the coupling structure of the provided insertion tool removably engages the retractor proximate each
blade; and

further wherein engaging the insertion tool with the retractor includes engaging the coupling

structure proximate ecach blade.

51. The method of claim 50, wherein the working channel has a central axis defined
therethrough; each blade capable of being moved from the unretracted position in the first direction away
from the central axis and having a distal end capable of being rotated in the third direction away from the
central axis; the coupling structure of the insertion tool inhibiting movement of the blade when engaged
with the retractor; and

further wherein engaging the coupling structure proximate each blade inhibits movement of each

blade.

25



WO 2007/103997 PCT/US2007/063529

52. The method of claim 45, further comprising:

providing a plurality of dilators configured for sequentially dilating tissue within an incision, the
insertion tool having an inner channel defined therethrough with a cross dimension sized to receive at
least a portion of the plurality of dilators therein; and

dilating tissue using the plurality of dilators;

wherein inserting the retractor into the incision in the patient using the insertion tool includes

receiving at least a portion of the dilators in the inner channel.

53. The method of claim 52, wherein the insertion tool includes at least one viewing port
defined therein to allow visual inspection of the dilators therein; and
further wherein receiving at least a portion of the dilators in the inner channel includes viewing

the dilators therein through the viewing port.

54, The method of claim 45, further comprising:

providing an adjustment tool including a first atm and a second arm, the second atm movable
relative to the first arm;

engaging the first arm of the adjustment tool in a fixed location relative the blade, and engaging
the second arm for movement with the blade; and

moving the first arm relative to the second arm to move the blade relative to the frame.

55. The method of claim 54, wherein moving the first arm relative the second arm moves

the blade relative to the frame in the first direction.

50. The method of claim 54, wherein moving the first arm relative the second arm moves

the blade relative to the frame in the third direction.

57. A retractor for insertion in an incision of a patient, the retractor comprising:

a d-shaped frame defining a central opening and a reference plane;

a first blade disposed within the central opening, the first blade operatively coupled to the frame
by a first support structure for lateral movement relative to the reference plane;

a second blade disposed within the central opening, the second blade operatively coupled to the
frame by a second support structure for lateral movement relative to the reference plane, and

wherein the first blade moves laterally independently from the second blade.

58. The retractor of claim 57, wherein the support structure includes a lateral edge with a

dovetail configuration in mating relation with the track.
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59. The retractor of claim 58, further comprising a locking mechanism to prevent sliding

movement of the first support structure relative to the frame when in a locked position.

60. The retractor of claim 59, wherein the first support structure includes a lateral edge with
a plurality of teeth defined therein, the locking mechanism configured to engage at least one of the

plurality of teeth when in the locked position.

61. The retractor of claim 57, wherein the first blade has a distal end portion and a proximal
end portion, the proximal end portion of the first blade coupled with the first support structure for
sliding movement therebetween in a second direction at an angle extending through and relative to the

reference plane.

62. The retractor of claim 61, wherein the proximal end portion of the first blade includes a

dovetail configuration in mating relation with a track disposed on the first support structure.

63. The retractor of claim 57, further comprising a locking mechanism to prevent sliding

movement of the first blade relative to the first support structure when in a locked position.

64. The retractor of claim 63, wherein the locking mechanism includes a worm gear.

65. The retractor of claim 57, wherein the first blade is pivotally mounted on the first
suppott structure by a mounting member for rotational movement in a third direction rotationally relative

to the reference plane.

66. The retractor of claim 65, whetein the mounting member is pivotally connected to the

first support structure.

67. The retractor of claim 65, further comprising a locking mechanism to prevent rotational

movement of the first blade relative the first support structure.
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