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ABSTRACT

T he present invention provides smethods and apparatus in w-hich a surgical retractor
comprises a plurality of mechanically coupled tissue retaining wwvalls that are guided into
osition along one or more guideas previously implanted into time patient. The walls are
pareferably coupled by pivots, so that separating some of the walls from one another
oepens an operating space. There are preferably two guides, whi ch are driven or screwed
irto the pedicles of vertebrae, or other bone. Since practical coonsiderations will usually
nmean that the guides are not genesrally parallel to one another, t he guides are capable of
peolyaxial movement with respect t o the pedicles, and retractor iss provided with oversized
c-hannels to receive the guides. Tie channels may be conveniertly disposed tin a frame,
wrhich also serves to hold lock the walls apart. Various cconvenience features are
¢ ontemplated including a web dis posed between the walls, whi ch expands as the walls
a re separated. Also contemplated are projections from near the= bottoms of one or more

o f the walls, which can alternativesly or additionally help to hold the underlying tissue in

p lace.
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GUIBED-RETRACTOR AND» METHODS OF USE

CROSS REFFERENCE TO RELATED APPLICATIONS

[0001] This is a continuation-in-part of Appplication Serial No. 10/645,136, Filed
August 20, 22003, entitled “Guided Retractor and Methods of Use,” which claims priority to
Provisional A\pplication Serial No. 60/433,343, fileed on December 13, 2002, and
incorporates= both applications herein in their entirety and claims priority thereto.

BACKGROULJND OF THE INVENTION

1. The WField Of The Invention:

[0002] The field of the invention is surgical retractors.
2. The ™Relevant Technology:

[0003] Many types of surgical retractors aare known. The simplest devices: are
tubular prob es, or probes adapted with a paddle ©r other somewhat flatter surfface=. Recent
embodimeniits of that concept are depicted in US 6206826 to Mathews etal. (Mar«ch 2001).
More complilicated retractors utilize scissors, bow string, or screw-jack expanders #&hat
operate aga_inst mating paddies. Those retractors have the advantage of being akole to lock
the paddles in place, leaving at least one of the s urgeon’s hands free for other actitions.

See e.g., USS 6471644 to Sidor (Oct. 2002). Still other retractors are self-opening .. including
Cosgrove etk al., US 6162172 (Dec. 2000). All cited patents herein are incorporatesd herein
by reference.

[0004] While undoubtedly useful in many respscts, none of the above-mewtioned
retractors amre readily fixed in position relative to ©ne or more bones. US 602779338 to
Engelhardt et al. (July 1991) addresses that need to some extent, by providing spwikes on
the bottom of a retractor wall, and further providirg spikes that can be driven into the bone.
The conterrmplated uss is to resect the operating area down to the bone, position the
retractor, ard then pound both the retractor and the spikes into place.

[0005] A problem remains, however, in tihat the resection required to propeerly
position the- retractor can cause considerable tra uma to the overlying and surrournding
tissues. Armother problem is that multiple retractors are needed to retain tissue pLushing into
the operatirg area from different directions. Thes Engelhardt et al. retractor, for example,
did not have= to address that issue because the preferred application was acetabular
surgery, in =which the major encroachment was from gluteus muscles that are all
substantiall-y superior to the operating site.

[0006] In spinal and some other surgeriess these problems can be especially
severe. Th us, there is still a need to provide me-thods and apparatus in which an operating
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sprace’can e positionéd“amit-opened with respect to spescmc anatomical area - s, while

reducing trauma to surrournding tissue.

BRIEF SUMMARY OF TH EINVENTION

[0007] To that end the present invention providess methods and appar—atus in which
a surgical retractor comprisses a plurality of mechanically coupled tissue retairning walls,
which are guided into posilikion along one or more guides previously implanteca into the
patient.

[0008] Preferred ermbodiments utilize two main wealls, and four smalle rwalls, one
on each of the ends of the two main walls. In such embodiments all of the waalls are
coupled by pivots, such thaatthe faces of the two main walls can be moved towwards or apart
from each other to open or— close an operating space. Tte faces of at least thme main walls
are preferably flat, but can be any other suitable shape, i ncluding convex. Thme invention is
particularly suited for operating on or near curved bony s:urfaces, and the botitoms of the
walls can be compliant (i.e-., advantageously adapted to ¥it and/or conform to the bone
surface below).

[0009] There are pereferably two guides, which ar-e driven or screwed into the
pedicles of vertebrae, or ofther bone. The various guidess can be implanted in=to different
bones, or different areas o~ the same bone. Since practiacal considerations wiill usually
mean that the guides are ot parallel to one another, the retractor has oversi=zed channels
to receive the guides, and the guides should be polyaxia lly moveable relative to the
pedicles. The channels caan be circular in cross section, but are more prefer=ably elongated
into an oblong or other sloRted shape.

[0010] The channeals are best disposed In a fram €, which also serves 1o hold lock
the walls apart. Any suitalole devices can be used to mo-ve apart the main w&lls to open
the operating space, inclucling for example a simple wed ge or T-bar, or a meeachanism
disposed on the frame. Tie frame can be held in place mrelative to the guidess by wires,
nuts, clamps, and so forth.

[0011] Various corwvenience features are contermmplated including a weeb disposed
between the walls, which eexpands as the walls are sepamrated. The web can be cut, tom,
bent away, or otherwise mmanipulated to expose the tissu € below. Also conte mplated are
projections from near the koottoms of one or more of the wwalls, which can alte rnatively or
additionally help to hold th e underlying tissue in place, amnd can similarly be reemoved in any
suitable manner from the corresponding wall. The frame= or other portion of t: he retractor
can be transparent to aid i nsurgeon visualization.

[0012] These and other objects and features of the present invention  will become
more fully apparent from tlhe following description and ajopended claims, or may be learned

by the practice of the invemntion as set forth hereinafter.
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BIRIEF DESCRIPTION OF ‘THE DRAWING

[0%13] To further clarify the above and other advantages and featares of the
pr«esent invention, a more particular description of the invention will be ren-dered by
reference to specific embodiments thereof which are illustrated in the appe=nded drawings.
It &s appreciated that these drawings depict only typical embodiments of thae invention and
ar«e therefore not to be considered limiting of its scope. The invention will Bbe described and
exxzplained with additional specificity and detail through the use of the accommpanying
draawings in which:

[0-014] Figure 1 is a perspective wiew of a retractor according to thee inventive
sumbject matter, in an open configuration.

[0 015] Figure 2 is a perspective wiew of the retractor of Figure 1, dilisposed in a
closed configuration.

[0 016] Figure 3 is a perspective wiew of the back and spine of a patient, in which
firxger dissection is being employed to locate a pedicle of a vertebra.

[0-017] Figure 4 is a horizontal cross-sectional view of a vertebra, sshowing use of
ar awl to punch a guide hole into a psdicle.

[0-018] Figure 5 is a horizontal cross-sectional view of the vertebra_ of Figure 4, in
whhich a screw is being screwed into the hole created in Figure 4.

[0=019] Figure 6 is a perspective wview of the back and spine of a patient in which the
cleosed retractor of Figure 2 is being fittedd onto the guides implanted into a_djacent
veartebrae.

[0»020] Figure 7 is a perspective view of the back and spine of the patient of Figure
6 in which the retractor is being opened by an opening tool.

[0»021] Figure 8 is a perspective view of the back and spine of the patient of Figure
6 in which the retractor has been opened, and the web is being removed %o expose various
fimgers and the underlying tissue.

[0»022] Figure 9 is a perspective view of the back and spine of the patient of Figure
6 in which the retractor has been opened, and various fingers (bottom tisssue retainers) are
besing removed.

D ETAILED DESCRIPTION

[((w023] The present invention is directed to a new surgical retractosr and related
ruethods that permit a surgeon to establish a useful operating space whiles at the same time
rezducing the amount of trauma to surrouanding tissue in comparison to afteamatives.

[O024] This is accomplished by poroviding a retractor system that iss preferably
substantially linear in form when in the closed state, by which it is meant t-hat when in a

cl osed position it has an aspect ratio that is substantially wider than it is tiick when viewed
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froin"aboVe™ This penmits &' placed in the area to be reatracted relatively easily, and

leads to formation of a useful operating area when it is movead to an open position.

[0025] A presently goreferred use for the inventive retcractor is in connection with
lumbar surgery, and the folRlowing discussion shall use that ams an example. It should be
understood, however, that #&he apparatus and methods of thes present invention could be
applied to other uses with Ioeneficial results.

[0026] Figure 1 gererally depicts a retractor 10, haviing a frame 20, which serves
as a retractor body. Inthe embodiment of Figure 1, retractomr 10 is provided with major
walls 32A, 32B and minor wvalis 34, which are coupled togetEner by six hinges 36. Figure 1
depicts retractor 10 in an ogpen position, which defines an opeerating space 50. A
locking/opening mechanisrmn 40 is provided to maintain the reatractor at the desired open
position.

[0027] The frame 2-0 can be any suitable size and sihhape according to a particulamr
application, with larger franmes being generally more useful feor larger incisions. For
posterior lumbar surgery or adult humans, the overall dimersions of the presently
preferred flame are about 5.5 cm in depth, 3.5 cm in length, 3.0 cmin width. Frame 20 ¢ an
be made of any suitable material, especially a nontoxic polymmer such as polyethylene. T he
frame 20 can advantageou sly be colored to reduce glare fro m operating room lighting, ard
some or all of the frame ca n be relatively transparent.

[0028] Frame 20 maay include a handle portion 22 in association with the locking
mechanism 40, and a perirmeter 24 around the operating spaace 50. The locking
mechanism 40 is shown ass a ratchet structure, but it will be appreciated that other lockineg
mechanisms could be usecd, espacially those that provide fo r a high degree of reliability aand
ease of operation. In the il lustrated embodiment, at least ore of the walls 32A, 32B, 34 iss
preferably coupled to the pmerimeter 24, such as through use= of a pin (not shown).

[0029] Channels 26 are located on opposite sides o the perimeter 24, and are
each sized to receive one of the guides 172 (see Figures 4-=9). The system is designed o
work with a wide range of gaedicle screw or other bone fixaticon systems, and with various
numbers of guides, regardless of the specific relationship beatween screw and guide. Itiss
preferred that the passage ways defined by the channels 26 be oversized with respect to
the outside diameters of thme shafts of the guides 172 so tha® the channels 26 can easily
receive guides 172 that arez out of parallel or in some other rnanner not perfectly aligned
with each other and/or witi—x the channsls. In a preferred emmbodiment, the channels defire
a passageway having a dizmeter of about 5 to 15 mm, whewreas the guides 172 (see
Figures 5, 6) preferably ha_ve a corresponding diameter of a_bout 4 to 6 mm. All ranges sset
forth herein should be intemrpreted as inclusive of the endpoints.

[0030] As with othear components, the various walls -32A, 32B, 34 are preferably
made of a biocompatible nmaterial, and here again they can have any suitable sizes and
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shrapes, depéiirfy onthe Surdichl site or sites for which they are intended. Walls 32A,

32B, 34, for example, can be mostly rectangular in vertical cross-section as shownm, with
bottoms of at least the major walls 32A, 32B curved to accommodate specific bone= shapes,
such as that of the laminae of the vertebrae in spinal saurgery. It is aiso contemplatited that
the bottoms ot at least the major walls 32A, 328 can be pliable, to conform at ieas® partially
to projections and depressions of the underlying bone. Walls 32A, 32B, 34 are derpicted in
the figures as having flat sides, but alternatives may be bowed outwardly (convex) ,
inwardly (conecave), or may have any other suitable ho rizontal cross-section.

[0031] One or more of the walls (not shown) can even be inflatable, made out of
balloons that -define the opening. Of course, the walls 32A, 32B, 34 must be sturd vy
enough, and ®&herefore thick enough, to withstand the exxpected forces placed uporm them.
The walls 32/, 32B, 34 are preferably not so thin that they would cut into the tissu e below
during deploy*ment, yet they should not be so thick as to significantly interfere with the size
of the operati g area. A presently preferred thickness in connection with the illustmrated
embodiment &s from about 3.5 mm to about 5 mm at the thickest point, tapering down to a
thickness of &about 1.5 mm - 3 mm at the bottom of ea.ch wall. The walls can also be
nested in any* suitable manner, which simply means thaat a portion of one wall may extend
around a porition of another wall. '

[0032] The hinges 36 are shown in the illustrated embodiment as continuaations of
the walls 322w, 32B, 34. Indeed all of the walls and hirniges can be molded as a sirmgle
piece, with ezach of the hinges 36 being formed as an especially thin region of a w-all. This
type of hinge is a so-called “living hinge” that can handle multipie openings when —formed of
a suitable maaterial such as polypropylene. It will be apppreciated that other configuurations
of hinges ma_y be used. For example, instead of four wminor walls 34, the major waalls 32A,
32B could bez coupled by only a single outwardly bowead, flexible piece (not showrn) at each
end. Certairily the total number of walls can be greater or less than 6.

[0033] The term “wall” is used herein in a very broad sense, to mean any sort of
tissue retaini ng barrier, generally wider than thick, and having a useful height for =n
intended use=. The sides of the walls may be pitted or indented as would occur if —the sides
had a mesh =coating (not shown), and the sides may even have through holes (nomst shown).
[0034] Because the closed form of the illustrated embodiment is rather linmear in
shape when viewed from the perspective of the area -to be retracted, the illustrate=d
embodiment: of retractor 10 may be referred to as a “linear retractor” to distinguislh it from
point retractors that are basically circular tubes. This term does not mean that thee retractor
as a whole reor any of the walls are necessarily linear , nor does the term mean th-at the wall
is so thin as to constitute a cutting blade. A feature of the use of a linear retracto ras
illustrated is that the walls have substantially the sam e circumference in both the  closed
and open poasitions, and the design and placement of the “living hinges” control tFe shape
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Of the ofyerating area Hiting T&traction. This design is believed =0 have a number of

advantages, including the distribution of pressure along the tissie to be retracted, a closed
operating space of controllabl« size and shape, and a relatively wide operating space that
allows a surgeon to have dire«ct visualization of the surgical aream as well as room to
manipulate the surgical instrumments.

[0035] Locking/openirg mechanism 40 is shown as a tygpical ratcheting type
mechanism, with teeth 44, and having a release 46. Frame 20 acan have both a locking
mechanism and an opening nnechanism (not shown), or sither cene by itself. There are
numerous other locking and/o»r opening mechanisms known to t he field, and presumably
others will become known in the future. It is contemplated that &any suitable locking and/or
opening mechanisms can be used.

[0036] Operating space 50 will be larger or smaller depeanding on the sizes and
shapes of the walls, and the eaxtent to which the walls are separ-ated out from one another.
A preferred area of the opera ting space 50 for lumbar surgery iss in the range of about 7
cm? and 14 cm?.

[0037] Figure 2 gener-ally depicts the retractor 10 of Figmure 1 disposed in a closed
configuration. The terms “clo sed” and “open”® with respect to camnfigurations of the retractor
10 are relative. Thus, closed merely means substantially closed, but does not require
complete closure, so that the walls 32A, 32B are juxtaposed. Ir a closed position the walls
32A, 32B may well be separaated by up to 1 mm or more. Simil=xrly, in a contemplated open
configuration, walls 32A, 32B would likely be separated by at le ast 1.5 cm, but may be
separated by up to 2.3 cm or more, depending upon the intendesd use.

[0038] Figure 3 genewally depicts a portion of the spine 100 of a patient, in which
the paraspinous muscles are designated schematically by sem&transparent bands 110,
112, respectively. The spine 100 includes vertebrae 120, each of which includes
transverse processes 122, spoinous processes 124, and pedicle=s 126. An incision 130 has
been made, and a finger 142 of hand 140 is being used to disseect through the muscle and
locate one of the pedicles 12 6. Of course a wedge, probe or ofther tool could be used in
place of or in addition to the ¥inger 142 to locate the pedicles.

[0039] Figure 4 gene rally depicts cannula 150 that posiitions an awl 152 or a probe
for use in producing a hole 160 in pedicle 126. The awi 152 ca_nbe manually pushed or
otherwise forced through the cortex 127 of the pedicle. Cannulla 150 is preferably made of
radiolucent material such as plastic or carbon fiber, while awl 1 52, and other tool
attachments and inserts are all preferably made of metal such =as surgical steel, titanium, or
other durable, radio opague mnaterial. Positioning the cannula ~150 can be aided by
fluoroscopy or other visualization technique.

[0040] In preferred methods, the awl 152 is withdrawn, and a longer, thinner probe
(not shown) is inserted throur gh the pedicle 126 into the softer rmedulia 128 of the body 129
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ofthie'vertebira 1220. The longer probe is then withdrawwm, ana in Figure 5 a screvevdriver 176

is shown in use to insert a screw 174. The illustrated sscrew is provided with a hesad 170,
which holds a guiede 172 in place. The screwdriver 176 is then removed, leavings the screw
174 implanted inteo the vertebra 120, and guide 172 attaached to the top of screw 174 ina
polyaxial engagerment, by which it is meant that the gulde is free to move in an aarea that
defines a cone emmnanating from the point of attachment to the end of the screw, &and with
the axis of the comne being coaxial with the longitudinal axis of the screw. This pr-ocess is
repeated to insert: another screw and associated guide 172 into another area of Boone,
which in the case of spinal surgery is most likely the pexdicle of an immediately smuperior or
interior vertebra cn the same side. In other surgeries (Cnot shown), the second, cr possibly
even a further guilide, can be inserted into a different loacation of the same bone ams received
the first guide.

[0041] In Figure 6 the guides 172 that are implaanted into adjacent vertetarae 120
have been insertead into the channels 26 of the closed mretractor 10. The polyaxiaal
movement of the gquides and the oversize width of the «channels make it a simple= matter to
insert the guides —through channels 26 even if the widtha of the channels do not ccoorespond
perfectly to the wilidth between the adjacent pedicles, o-r if the screws are not orieanted
parallel to one an other. Those skilled in the art will reamlize that the channels carm have
other configuratiosns besides those shown in the drawirhg, and can be multi-levei rather than
simply [-level.

[0042] Figures 8 and 9 show that the guides mmay be provided with threa~ds 190 that
receive wing nutss or other correspondingly threaded pEeces 192 that assist in armchoring the
frame 20 to the g uides 172. In alternative configuratio ms one could use non-threaded lock
down pieces such as finger clamps 193. Yet another &alternative would be to plamce a
template (not shown) on top of the frame, and the tempplate may be held in place using the
wing nuts, finger clamps, or other hold-down devices. The frame can also be ussed to hold
additional devicess, such as suction or lighting, introduced into the field 50 and heeld in place
by a coupling dewice on the frame 20. It will be apprecziated that the guides neead to be long
enough to permit them to extend sufficiently through the channels to allow them  to receive
the appropriate h old-down device so that the retractor body may be pulled dowrm onto the
end of the associ._ated pedicle screw.

[0043] In Figure 7 the retractor 10 is shown in —the step of being opened by an
expander 180, whhich may be manually inserted betwe €n the opposing walls to [roduce
and widen a gap between them. In this figure the expaander generally comprisess a wedge
with a handle. Tlhe expander 180 may be preferable caver using unassisted fingeers
because it involvess a mechanical advantage. Aiternatively, the retractor can be opened
using fingers, such as by using a thumb and fingers-ogoposing force method usirg the
handle 22 and frame 20. There are numerous alterna—tives which may or may neot involve
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any rechidnital athyantade;inélating for example a ~1-snaped handie coupled to a shaft

and a cam (not sho~wn).

{0044)] In or«ger to minimize damage to the tisssues in the area of a lumbamr
operation, it is desir-ed for some procedures that the retractor be opened to prov-ide a
working area that iss greater than, but only slightly greaater than, the distance betwyeen
corresponding adjaecent pedicles. It should be under-stood, however, that one coould open
the retractor to a disstance less than the distance betwnveen corresponding adjace nt pedicles,
and the retractor maay be designed to be opened to am greater extend than the pe=dicle to
pedicle distance. FRetractor 10 should be configured so as to allow it 1o be open  ed large
enough to form a dessired operating space. Optionalflly, the retractor may be con—figured to
prevent it from bein g overlyexpanded. If desired, vamrious sizes of retractors migmaht be
provided so as to alllow selection of the smallest posssible retractor that will proviede an
adequate operatings space.

[0045] In Fiagure 8 the retractor 10 has been ~opened to reveal an option=al web 12
positioned betweerm walls 32A, 32B and 34. The welb 12 is preferably a thin, flexible sheet
of latex or other bio compatible plastic, which can be easily cut, ripped, or in sorme other
manner disrupted to© expose desired portions of undearying tissue 105 while keegping other
tissue from intrudineg into the working space. Web 122 is shown as covering the eentire floor
of the operating spaace 50, but it could alternatively ¢ over a lesser space, and ccould extend
between or among different walls.

[0046] Figu re 8 also depicts the optional use= of retaining fingers 14, whiech are
depicted as extendling from or rotating out below the web 12, although some or =all of the
fingers 14 could alteematively be positioned above th e web 12. It is preferred thaatfingers
14 be formed from =a malieable material so that they may be used to retract indinvidual
nerves, or other anaatomical elements by being meckanically positioned by the ssurgeon.
[0047] In Fi gure 9 the retractor 10 is shown &n an open position, and var-ious
unwanted fingers 1 4 are depicted as being removed: from the operating space. Such
removal can be accomplished in any suitable mannesr, including by cutting (as waith a
scalpel or scissors)-, bending by hand or with a tool, and so forth. There may be= wide
fingers, narrow finga ers, long or short fingers, closely spaced or widely spaced fimngers, flat
or rounded fingers, or in other configurations that mi ght be useful for an intende -d use.
Where fingers are Lised, they may be molded as cortinuous extensions of the walls or they
may be secured to the walls in some fashion. It woLald also be possible to take =a malleable
material and coat it with the material of the walls, theareby integrating them into t=he walls
while making them available for retraction of individuaal feature in the operating r—egion.
[0048] Pref ered methods of inserting a tissi_ie retractor 10 into a patientk involve the
steps of providing & retractor 10 having paired tissue retracting surfaces (such &as on walls
32A, 32B, 34) and —first and second guide receiving &areas (such as channels 26);
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percataneousiy*or otnetwise: ipRanting first and seecona guides (such as guides —172) into

different areas of bone in the patient; then positioring upper ends of the first and second
guides through the first and second guide receivin g areas, respectively, then fully= inserting
the retractor down the guides and into the patient, effectively splitting the muscle= and
finally moving the tissue retracting surfaces apart #rom one another to open the o perating
space . These methods are especially useful wher-e one or more of the guides aree screws,
which are implanted into very specific anatomical sstructures such as the pedicles of
vertebrrae. The contemplated methods are also ex<tremely useful in opening oper—ating
spaces overlying adjacent bones. Especially prefexrred methods optionally emplowsy nuts,
clamps, or other readily attachable and securable mechanisms to stabilize the re#&ractor 10
on the» guides and/or to pull the retractor down ont-o the end of the associated pedicle
screw.

[0049] From the description above, it shousld now be apparent that the no—vel
methods and apparatus disclosed herein tum the mnormal retracting procedure on its head.
Instea d of positioning the retaining wall or walls amd then holding them in place b=y
implanting spikes or posts into the bone, as was d-one prior to the present inventicon, the
present procedure implants guides, and then usess them to position the retractor. Of
course, it would be possible to position the retractor first, and then place the guidees, and
the present invention provides useful improvemen-is for this alternative method.

[06050] The advantages of turning the proc edure around are significant. Aamong
other things, this new procedure allows the surgen to exactly position the retracior 10 at
the intended operative site because the positioningg can be done precisely with re spect to
underlying bony structures (e.g., the pedicle 126 o»f a vertebra). The screws are i mplanted
where the surgeon wants them, and the guides 1772, being attached to the top of —the
screws guide the retractor down into the desired a_natomy, splitting the muscles, &and
definimg an operating site 50 within the walls 32A, 32B and 34. After that the ope=rating site
50 is Opened, giving the surgeon the desired expossure needed to conduct the sumrgery
without excess retraction and resulting tissue destruction.

[0051] Another advantage is that these ne w methods and apparatus speed up the
proceciure and make more efficient use of resourc es relative to the prior art. Amoong other
things , after the guides 172 and screws 174 are pEaced and the retractor 10 is att ached and
opened, there is no more need for fluoroscopy, which can be moved along to a dmifferent
room.

[0052] Another advantage arises from the use of a linear retractor. A thirm but wide
device, when in the closed position, has been fournd to be easily placed in the opeerative
region, and because it splits anatomical features, ssuch as muscles, along a line, &t provides
a very useful operating space when in the open pOsition. It is a feature of the pre=sent
invention that the retractor is minimally invasive, y«et provides an operating space thatis
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arge ‘enotighvdrfd ficl s a usefuFshape that pemmits thme surgeon 10 visuaily onservwe the

operative site while erforming the surgery. This is & marked improvement over tubular
retractors.

[0053] Still omkher advantages involve convenaience and reduction in surgeson stress.
The novel methods zand apparatus make it mentally easier on the surgeon. Aftemr the
screws 174 are in, inm the first part of the procedure, severything else in terms of o=pening the
operating site is fairlyy straightforward. This helps thee surgeon relax mentally ancd
physically.

[0054] Thus, specific embodiments and appTications of novel retractors Mave been
disclosed. It should be apparent, however, to those skilled in the art that many rmore
modifications beside s those already described are ossible without departing from the
inventive concepts h erein. The inventive subject maatter, therefors, is not to be restricted
except in the spirit off the appended claims. Moreov er, in interpreting both the spoecification
and the claims, all te=rms should be interpreted in thes broadest possible manner consistent
with the context. In gparticular, the terms “comprisess” and “comprising” should bes
interpreted as referri ng to elements, components, omr steps in a non-exclusive manner,
indicating that the re=ferenced elements, component:s, or steps may be present, «or utilized,
or combined with otler elements, components, or stteps that are not expressly resferenced.

-10-
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CLAIMS
What is claimecd is:
1. A retractor s=ystem comprising:

a. a retractor bo=dy having a closed position and ar open position, said closeed position
presenting a substantiaZlly linear form for ease in placeme nt of the closed retractor bwody in a
region to be retracted, &and said open position providing a working area that is great=er than, but
only slightly greater thzn, the distance between corresporading adjacent pedicles in =said area to be

retracted, and said retramctor body having two elongated clhannels;

b. a pair of pedi cle screws for attachment to each eof said correspondingly adlljacent
pedicles, and a pair of gguide members in polyaxial engagesment with a respective pe=dicle screw
" so that the guide memb ers in polyaxial engagement with za respective pedicle screw so that the
guide member has a rarge of movement defining a cone \avith respect to the longituclinal axis of
said screw, each of saidll guide members having sufficient length to permit it to pass through a
corresponding channel in the retractor body, and each gui de member having an asscociated
attachment member for use in urging the retractor body deown onto the end of the as sociated

pedicle screw; and

c. said retractor body having a living hinge that alRows movement from the c=losed
position to the open possition while fully enclosing said working area when in the opsen position,
the perimeter of said rettractor body being substantially thes same in both the closed zand the open

positions.

11
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2. A retractor system as defined in ¢ 1aim 1, further comprising a welb across the bottomn of
the Operating space when the retractor is in an open position, said web beingg formed of a material
that can be removed in arcas where desired but which can prevent unwantecd tissue form

intruiding into the operating space in other a reas.

3. A retractor system as defined in ¢ laim 1, further comprising at lezast one finger formed

of a material that permits it to be used to ret ract anatomical elements withirm the operating field.
4. A retractor system comprising;:

a. a retractor body having a closed p osition and an open position, sa id closed position
pres enting a substantially linear form for ea se in placement of the closed rewtractor body in a

region to be retracted, and having two chanmels;
b. a pair of pedicle screws for attach ment to pedicles; and

¢. a pair of guide members in polyaxial engagement with a respectiv—se pedicle screw so
that the guide member has a range of moverment defining a cone with respe~ct to the longitudinal

axis of said screw, wherein each guide member extends through a channel.

5. A retractor system comprising: a. aretractor body having a closecd position and an open
posi tion, the perimeter of said body being swbstantially the same in both thez closed and open
posi tions, said body including a plurality of™ hinges to permit it to move bet<ween said open and

clos ed positions, and having two channels;

b. a pair of pedicle screws for attach ment to pedicles; and

12
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c. a pair of guide mesmbers in polyaxial engagemenut with a respective pedic le screw so
that the guide member has za range of movement defining am cone with respect to the= longitudinal

axis of said screw, wherein each guide member extends thmrough a channel.

6. A retractor systerm as defined in claim 5, whereir the retractor body is for_med from a

single piece.

7. The retractor systtem of claim 4, wherein at least a portion of the retractor— body is

substantially flat.
8. The retractor systtem of claim 4, wherein the retractor body has a living h inge.

9. The retractor syst_em of claim 4, wherein the retr.-actor body comprises a polurality of

retractor walls.
10. The retractor sysstem of claim 4, wherein the resractor body further comporises a frame.

11. The retractor sy=stem of claim 5, wherein at leasst a portion of the retractor body is

substantially flat.

12. The retractor sysstem of claim 5, wherein the re&ractor body further comporises a frame.

13. A retractor systeem comprising:

a. a retractor body maving a closed position, and an open position providing a working
area that is greater than the distance between correspondin_g adjacent pedicles in samd area to be

retracted, and said retractor- body having two elongated channels;
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b. a pair of pedicle screws feor attachment to each of said c-omrespondingly adjacent
pediczles, and a pair of guide membeers in polyaxial engagement w-ith a respective pedicle screw,
each of said guide members having sufficient length to permit it teo pass through a correspo-nding

chan xel in the retractor body; and

c. said retractor body having a living hinge that allows mo vement from the closed
posit-ion to the open position while fully enclosing said working amea when in the open posmtion,
the pmerimeter of said retractor body being substantially the same imn both the closed and the open

positions.

14. The retractor system of «laim 13, wherein the retractor— body further comprises &

fram e.

15. The retractor system of «laim 13, wherein a cross-secti onal area of a guide menmber is

substantially smaller than the size osfits corresponding channel.

16. The retractor system of «laim 13, further comprising a locking mechanism.

14
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