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Retractor Illumination System

Field of the Inventions

The inventions described below relate to the field of
illumination of tissue and surgical work space within the body

during surgery, especially during minimally invasive surgery.

Background of the Inventions

Existing technology for illumination during
surgical/medical procedures is generally overhead
illumination. This illumination comes from either raised
fixtures above the surgical field or head mounted fiber optic
systems. Traditional overhead lighting systems include
numerous limitations. Direct exposure of the field from the
overhead source is required. Changes in patient or surgeon
positioning may interfere with the illumination. Frequent
adjustments are an inconvenience for the surgeon and disrupt
the surgical flow. Overhead lighting is frequently inadequate
for surgery in deeper cavities where more intense focused
illumination may be required. In addition, the alignment of
the surgeons head frequently interferes with the remote
illumination and prevents light from reaching the field. Head
mounted fiber optic systems are often used for more limited
surgical exposures. However, these devices also have numerous
limitations. First, the surgeon is tethered by the light cord
attached to the headset, limiting mobility in the operating
room. Second, the devices are associated with head and neck
fatigue from frequent or prolonged use. Third, the devices
require the surgeon to maintain a steady head and neck
position to provide a constant and steady illumination of the

field. Fourth, the use of remote light sources and fiber
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bundles introduces tremendous inefficiencies into the system.
An approximate 10% loss per foot of cable is not uncommon.
(for example, a 300 Watt light source and a 10ft cable will

only provide a few watts of illumination at the surgical site)

With the introduction of newer minimally invasive
surgical techniques, the demand has risen for the delivery of
high intensity light through minimal surgical incisions into
deep surgical fields. To satisfy this need, light delivery
devices have been developed for delivery of light from a
remote, high intensity light source to the surgical field.

The devices consist of bundles of optical fibers that directly
attach to the top surface of surgical retractors to illuminate
the surgical field and are connected via fiber optic cable to
a high intensity light source. While these fiber-based
illumination devices provide a technique for directly
illuminating the surgical field, they are cumbersome and
inconvenient. Due their position on top of the retractor,
they get in the way and occupy valuable work space. Similar
to the head mounted fiber optic systems, they provide
inefficient illumination. They provide either a spot of
light, which must be constantly moved around to illuminate
different areas of the surgical field, or such broadly
distributed light that there is insufficient illumination of
the area of interest and much of that light shines back up

into the surgeon’s eyes.

The devices described below provide efficient
illumination that may be tailored to the illumination

requirements for a given surgical field.
Summary

The surgical illumination system may include a retractor
having a proximal handle portion and a distal portion adapted

for insertion into a surgical field and retraction of body
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tissue, and a light guide disposed on the retractor, said
light guide having a distal surface adapted to face the
surgical field when in use in retracting body tissue away from
a surgical field, and a proximal aperture adapted to receive
light from a light engine or other light source wherein a
portion of the distal surface adapted to face the surgical
field is faceted with a plurity of facets, ridges, steps or
shoulders, wherein the distally oriented surface of said
facets, ridges, steps or shoulders are angle relative to the
axis of the light guide and the location of the surgical field
such that light passing through the light guide is emitted and

directed toward the surgical field.

An alternate medical retractor illumination system may
include a light guide retractor having a distal end, a
proximal end, an upper surface and a lower surface, the lower
surface is adapted to engage tissue to expose a surgical
field, the light guide retractor having an input adapter and
one or more light emitting surfaces to illuminate the surgical
field, and a light source providing illumination enerqy to the.

input adapter.

Another medical retractor illumination system may include
a retractor having a distal and a proximal end and a shape
adapted to engage tissue to expose a surgical field, and a
light guide conforming to the shape of the retractor and
removably secured to the retractor, the light guide having an
input adapter and one or more light emitting surfaces to
illuminate the .surgical field, and a light source providing

illumination energy to the input adapter.

Brief Description of the Drawings

Figure 1 is a surgical retractor blade fitted with an

attachable illuminator and light source.
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Figure 2 is an integrated illuminating retractor wherein
the light guide is shaped to match the form and function of a

standard retractor.

Figure 3 is the integrated illuminating retractor of

Figure 2 with an alternatively configured light guide.

Figure 4 is a light gquide with an input and ‘light

directing structures on the front and back surfaces.

Figure -5 is a rear view of the light guide of Figure 4

showing the rear light directing structures.

Figure 6 is a section view of the light guide of Figure 4

showing the stepped facets of the light directing structures.

Figure 7 is a light guide releasably attached to a right
angle retractor blade with a fiber optic cable attached to the

light guide.

Figure 8 is a perspective view of the light guide of

Figure 7.

Figure 9 is a top view of the light guide and right angle

blade retractor of Figure 7.

Figure 10 is a light guide modified to fit a Caspar style
blade retractor.

Figure 11 is a light gquide that snaps into the rear of a
modified Caspar style blade retractor with light directing

Structures exposed through a cutout in the blade face.

Figure 12 is a light guide designed for a wide style
McCulloch blade retractor.

Figure 13 is an alternative configuration for securing
the light guide to the blade retractor using the frame support

arm normally attached to the blade retractor.
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Figure 14 is a light guide adapted to engage an offset
style McCulloch blade retractor.

Figure 15 is an integrated illuminating blade retractor

in the Caspar style.

Figure 16 is an alternative configuration of the Caspar

style integrated illuminating blade retractor.

Figure 17 is a section view of the integrated

illuminating retractor of Figure 16.

Figure 18 is an integrated illuminating blade retractor
in the McCulloch style.

Figure 19 is an adaptation of the integrated illuminating

retractor of Figure 18.
Figure 20 is a light guide with a flexible input section.

Figure 21 is an alternate configuration of the light

guide of Figure 20.

Detailed Description of the Inventions

Figures 1 and 2 illustrate a retractor illumination
system implemented by modification of a typical retractor. 1In
Figure 1, retractor 3 is fitted with a light guide insert 5
which is mounted on the retractor, such that a light emitting
surface 7 of the light guide faces the open surgical field 9.
The light guide insert 5 may be mounted on the field surface
of the retractor, or it may be mounted on the back side of the
retractor, so long as a light emitting portion 7 of light
guide 5 is exposed to illuminate surgical field 9, for
example, through a cut out formed in the retractor or from
around one or more sides of the retractor. Light guide insert
5 of Figure 1 may be formed of any suitable material such as

transparent or translucent material, shaped to conform to the
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surface of retractor 3 and includes one or more mating
structures for releasable or fixed attachment to the
retractor. A light source 11 may be mounted on the distal end
of the retractor, in optical communication with the light
guide, and may be a small self contained LED light engine
mounted on the handle portion of the retractor, as shown, or a
fiber optic cable carrying light from a remote laser or other

suitable light source.

In Figure 2, integrated illuminating retractor 13 is
fabricated from a suitable light guide material, and a light
source is operably connected to an input aperture 15 provided
on the proximal handle portion of the retractor. The light
guide, whether distinct from the retractor or integrally
formed as a retractor, is modified at various portions along
its length to emit and direct light to a nominal illumination
field, such as surgical field 17 which is near the distal
blade portion of retractor 13 when in use. The nominal
illumination field is based on the particular retractor type
and general surgical procedure in which the retractor will be
used. In an operation such as total hip arthroplasty, during
broaching for example, the surgical field will include the
femoral neck, and the surgical field will be as illustrated in
Figure 1, above the hook 19 of the retractor and below the
light emitting section, and on a plane substantially
perpendicular to the long axis of the lower portion of the
retractor. In other surgeries, it may be required to direct
light to a plane substantially below the tip of the retractor’
(for example, surgical field 17 as shown in Figure 2) or
substantially parallel to lower portion 13L of retractor 13

(for example, surgical field 21 as shown in Figure 3).

Figures 4 and 5 show a light guide 23 for use as a light
guide insert (as in Figure 1) or, if made of rigid and tough
material such as a polycarbonate, as a simple hook retractor

or blade retractor. The light guide proximal end 23P includes
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a light receiving aperture 25 which is adapted to be optically
coupled to a light engine or a fiber optic bundle fed by a
higher power light source. A portion of the blade, on the
front surface 23F of the blade, may be faceted with one or
more facets such as facets 27, which permit lighﬁ passing
through the light guide to be directed onto a surgical field.
Each facet may be considered to be in the form of a stair step
with a riser surface such as surface 27R and a step surface

such as surface 27S.

In this embodiment, the step surface generally supports
total internal reflection whereas the riser surface is
typically the light emitting surface. Refraction of the light
at the riser surface of the facet (typically air is the other
medium) results in significant change of direction of the
light emerging from each facet, so the facets are angled,
relative to the axis of the device and the surgical field, to
refract light toward the surgical field. The angle between
the step surface and the riser surface may be chosen to
maximize light directing and light extracting functions for
each facet, and this angle may be different from facet to
facet. While the riser and step surfaces are typically flat,
they may also have more complex shapes to control light within
the light guide or to direct light out of the light guide.

For example, the riser surface may include micro-structures to
shape the light exiting that surface. Laterally, each riser
may be straight or may have some other shape, such as convex
or concave. The spacing of the stepped facets along the light
guide may be described by a mathematical formula and or may be
irregular or aperiodic. The size of the facets may be regular
or irregular along the light guide. In addition, the step
surface may be coated, for example, with a metallic reflective

coating, to promote total internal reflection.

By providing numerous facets, the surgical field may be

illuminated with numerous rays and may appear to be uniformly
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illuminated. Fewer facets may be used but may result in some
areas receiving more illumination than other areas, which may
or may not be desirable. A single facet may be used, for
example, by cutting off the end of the light guide, but this
approach lacks the light directing capabilities of the
configurations described herein. Light directing capabilities
of such a single facet may be improved by shaping the facet,
for example, angling the face or providing a concave or convex
face, and or by adding micro-structures to shape the profile

of the light beam.

The back side of the light blade, lower surface 23L, near
the distal. tip 23D, may include angled facets 29 to cause
internal reflections of light rays remaining in the light
guide, reflecting those rays toward the surgical field at an
angle to the front surface (at the distal tip) sufficient to
permit passage of those light rays past the surface of the
light guide (without all being reflected back into the light
guide). The light guide front surface at the distal tip may
have additional light directing structures, such as a molded
or foil-stamped micro-structure diffuser or diffusing film.
Again, numerous facets are provided, and the angles of the
reflecting surface of the back facets are selected, relative
to the incoming light and the surgical field, to create a
uniform illumination. Figure 6 provides a side view of light
guide 23, illustrating the placement of the facets 27 and 29
and rough angles of the diffracting and reflecting faces of

the facets.

The faceted area may vary, depending on the application.
For the retractors illustrated, faceted areas of about 10 to
30 mm long, and 10 to 30 mm wide, are provided. This provides
good illumination for many typical surgeries. One or more
facets may be placed at different zones along the light guide
to illuminate different parts of the surgical field, and the

facets in each of these zones may have different design
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characteristics to meet illumination needs. For example, it
may be desirable to have one part of a surgical field
illuminated with a focused beam to create a bright spot
whereas another part of the surgical field may require a more
diffuse illumination. Alternatively, it may be desirable to
have the light directed to the side so that the retractor may
be placed in one area but illuminate a nearby area that is off
to the side of the retractor. Though shown in very large
scale in the drawing, the preferred size of the facets is
about 25 to 500 microns, more preferably about 50 microns,
which will provide illumination without perceptible dark and
light bands on the surgical field. The facets may be curved,
as shown, in the manner of Fresnel facets (though the function
is to redirect light rays parallel to the plane of the light
guide) to focus the escaping light onto a particlular area or
more narrowly defined nominal surgical field. Each facet
distal face is angled differently, depending on its position
on the light guide and the desired illumination field. The
actual angles to be used are dependant on the particular
retractor, the particular light guide material, the light
guide geometry, and the geometry of the desired illumination

zone.

Placement and design of facets and the features that
support total internal reflection may need to be altered for a
substantially flat light guide versus a substantially curved
light guide or a light guide with both flat and curved
geometries. Facets may be provided only on the front face or
only on the rear face, or both depending on the illumination
needs. The combination of light control features described
herein improves the overall efficiency of the light guide by
ensuring that most of the light in the light guide is directed
toward the surgical field. For example, we have found that
the light guide of Figure 4, when fabricated from silicone,

has greater than 65 percent efficiency as compared to less
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than 40 percent efficiency for optical fiber based devices.
In addition, other features are normally included as part of
efficient light guide design, such as a surface roughness less
than 500 Angstroms in variation, preferably less than 100
Angstroms, in order to maximize total internal reflection and
minimize light loss in the light guide itself, both of which
contribute to overall efficiency. Lower absorption materials
and/or coatings, such as reflective coatings or films, are
also preferred to maximize efficiency. Additional design
elements may be included in the light guide to maximize
efficiency, that is, to maximize the ratio of the amount of
light illuminating the target area to the amount of light
entering the light guide at its input. It is preferred that
the light emitting structures be designed to minimize light
directed back up into the surgeon’s eyes to minimize eye

fatigue and perceived glare.

The dimensions of light guide 23 in Figure 4 change along
its length. The thickness T decreases from input 25
(proximal) to the opposite tip (distal). The stepped facets
serve to remove material, making light guide 23 thinner toward
the distal end 23D to minimize its impact on the surgical work
space and not hinder the surgeon’s ability to manipulate
instruments within that space. Light guide 23 gets wider
along dimension W from the proximal to distal ends. This
improves the ability to generate a wider beam. In another
embodiment the light guide may be made to taper distally, in
excess of any material reduction that may be caused by light
directing structures. This causes the numerical aperture to
increase as the area decreases. The angle of some of the
light thus increases, which can be used to advantage to create
a wider beam. Thus, the cross-section of a light guide may be
changed from proximal to distal ends to improve light

directing capabilities.

10
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The invention is illustrated with a flat blade retractor,
but it may be implemented in various forms including Steinman
pins, cylindrical spinal retractors, hooks, converse blade
retractors, right angle retractors, Desmarres lid retractors,
lumbar retractor blades, laryngoscope blades, malleable
retractors (provided the light guide is malleable or
flexible), dental retractors and various other retractors.

The facets may be formed as ridges, steps, or distally facing
shoulders cut into or built up upon the face of the light
guide.

Figure 7 shows a retractor blade illuminator 31 with
fiber optic cable 33 shown connected to light guide 35 that is
releasably attached to right angle blade retractor 37. Any
suitable right angle blade retractor may be used such as
McCulloch, Caspar, Taylor, Meyeding or any other. In this
illustration a narrow McCulloch style retractor is shown.
Light guide 35 may be scaled to any size of blade retractor.
In this particular embodiment, the fiber optic cable has a
male connector and the light guide has a corresponding female
connector, but the opposite arrangement may also be used.
Coupling of light from the fiber optic cable to the light
guide is typically through a simple face-to-face coupling,
typically with a small air gap between the two faces. The
coupling interface may also be accomplished with an index
matching material to facilitate light transfer. In some
applications, it may be desirable to include other elements in
the coupling interface such as focusing lenses or protective

sapphire windows.

Figure 8 shows light guide 35 with primary light
directing structure 39 that directs incoming light
orthogonally to light directing structures 41 on the rear face
and light directing structures 43 on the front face. Rear
light directing structure 41 may be a simple ramp surface, a

series of angled or stepped surfaces as shown in Figure 5, or

11
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other suitable light directing structures. Also shown is
slide engagement structure 45 that engages a corresponding
slide structure in the retractor, as well as snap feature 47
that helps hold the light guide in place on the retractor.
Figure 9 shows a top view of retractor blade illuminator 31
with light guide 35 on retractor 37 with primary light
directing structure 39. An important element of this
embodiment is the inclusion of air gap 49 around light
conducting structure 51 that separates light conducting
structure 51 from structural members 53. All light conducting
structures should minimize any contact with supporting
structures in order to reduce the light loss that would occur
either through internal reflection or through refraction at
the interface of two different materials with different
indices of refraction. Careful consideration of the light
conducting pathway and use of air gaps at supporting
structures, which may be integral to the light guide or may be
made from other materials and attached to the light guide,
help minimize light loss. For this and other embodiments, the
thickness and width tapering techniques described in relation

to Figure 4 may be applied.

Figure 10 shows an alternative embodiment for a Caspar
style blade retractor illuminator system 55. Light guide 57
includes split light conductor 59 that goes around head 61 to
which holders and other instruments are attached to hold or
manipulate the retractor. The blade body 60 has bend 63 which
provides an extension of the front surface of the light guide
to mimic the vertically flat surface of a standard Caspar
style blade retractor and so that the light guide does not
extend into the surgical field created by the retractor.
Without bend 63, the bottom of the light guide would be fully
exposed, thereby allowing other light directing structures to
be positioned at the bottom surface, for example, to shine
light straight down the face of the retractor blade.

12
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In Figure 11 illuminating retractor 65 includes Caspar
style blade retractor 65R and light guide 67 engaging the rear
of the retractor. Light emitting portion 69 is designed to
project light down as illustrated. Spring snap 71 engages
light guide 67 into the area formed by bends in the light
guide as illustrated. While light emitter 69 works well, it
may cast undesired shadows on to the surgical field when
instruments are used. As such, a longer light emitting
section, such as that shown in Figure 4 or Figure 8 but still
coming through from the back side, may be preferred to reduce
shadowing. 1In addition, the light emitting surface area is
preferably made as large as possible to reduce the effects of
splattered blood or tissue, which will occlude areas of the
light emitting area leaving unsplattered areas free to
continue to provide illumination. The light guide of Figure 8
may be adapted to fit into the retractor from behind, exposing
the light emitting surface through a cutout in the retractor

so that light can illuminate the surgical field.

Figure 12 shows an alternative embodiment for a McCulloch
style illumination retractor system 73. Retractor 75 is
similar to Figure 7 except that blade 75B is a wide style
requiring light guide 77 to be made wider along dimension 74.
While the narrow light guide of Figure 7 can be made to fit
the wide style blade, the narrowness of the light guide may
restrict options for directing light in a wide enough
illumination zone for the types of surgeries in which the wide
style blade is.used. A wider light guide generally provides
more options for illuminating a wider illumination zone. The
light guide may be narrow at the top portion and wider at the
lower portion, or visa versa, to provide options for
illuminating both narrow and wide illumination zones. 1In

addition, light input connector 79 is male.

Figure 13 shows illuminating retractor system 81 with an

alternative light guide holding method relative to Figure 7 in

13
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which frame support arm 83 is used to lock in light guide 85

when it is engaged into retractor 87.

Figure 14 shows illuminating retractor system 89, which
is an alternative embodiment to Figure 12, in which the
primary orthogonal light directing structure 39 is replaced by
a gradual radius 91 on the front edge. This allows hole 93
for the support frame bar to be moved back, creating an offset
style retractor blade as is known in the art. Radius 91
provides substantially more work room for instruments than the

more squéred—off edge shown in Figure 12.

Figure 15 illustrates a Caspar style blade retractor 95
wherein body 97 is formed entirel& from light guide material,
with a cylindrical light input portion 99 extending to the tip
of head 101. Head 101 is preferably made from metal and may
be attached or insert molded. Optical element 103 may be a
structure for directing light, such as a compound parabolic
concentrator, serving to collect light from the input portion
99 and directing that light into body 97. Light directing
structures, sometimes also referred to as light extraction
structures, may be placed on the outer and or inner face of
body 97 and or along the tangs 105 to send light directly
under the tangs into an area of the surgical field sometimes
referred to as the “gutter” which is sometimes necessary to

see.

In this configuration, head portion 101 is directly
adjacent to the surgical work area, so any attachments such as
holders or manipulators may get in the way. Figure 16 shows a
preferred Caspar style illuminating retractor 107 that more
closely mimics a full metal Caspar retractor. Head portion
109 is positioned on base 111, both of which may be plastic or
metal. Head 109 may be integral with base 111 or may be a

separately attached component. Fiber Connector 113, for

example, may be an industry standard ACMI or Wolf connector or

14
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a proprietary connector used to connect to a sourée of light,
is preferably an integral part of base 111, but may be a
separate component. Light guide body 115 includes light
extraction facets on its front face and may have addition
light extraction structures on the lower tangs 107T. Rear
surface 115R of body 115 may be radiused to provide strength
and light direction, that is, a liéht directing structure may
also perform another function, such as adding mechanical
strength. Other light directing or light extracting
structures may be placed on other surfaces of body 115 as
needed to provide specific illumination to specific areas of
the surgical field. In addition, a film laminate of known
index of refraction may be placed on rear surface, which is
placed directly on body tissues of varying refractive indices
that may contribute to light loss. Such a film may perform
another function by holding together parts of a plastic

retractor that fractures or breaks during tissue retraction.

Figure 17 is a side view section of illuminating
retractor 107 in Figure 16 showing that light guide body 115
is continuous with light input portion 117 in connector 113.
Light input portion 117 may include light capturing and or
directing structures that can be hidden in connector 113, such
@ taper or compound parabolic concentrator. Air gaps may
occur between the light input face and the light source.
Since light immediately diverges as it exits the light source,
some light may be lost around the input face. For example, a
3.5 mm diameter optical fiber device connected to a 4.0 mm
diameter fiber optic cable would have lower efficiency due to
the mismatch in diameters and divergent light loss across an
air gap, e.g., a 0.5 mm air gap typical in ACMI connector

systems.

Another aspect of an illuminating retractor is for the
input face of the input connector to be larger than the mating

light source to gather the divergent light into the light

15
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guide. For example, simple geometry shows that a 5.6 mm
diameter light guide input will gather divergent light from a
4.0 mm fiber bundle with a 0.5 mm gap between the two and
assuming a numerical aperture of 0.55 in the light source. If
size is restricted, use of alternate input geometries still
improves efficiency. For example, a 4 mm sguare input
captures some divergent light at its corners from a 4 mm
diameter light source. Divergent light loss is a significant
contributor to heat generation in metal connectors in fiber
optic systems. These concepts will reduce this heat and
thereby reduce the likelihood that a patient may receive a
burn, which is a hazard associated with such systems. In
addition to adjusting the size of the light guide input, the
plastic light guide can incorporate a plastic female connector
to a metal male connector on a typical fiber optic cable.
Plastic will not conduct the heat as readily as a metal female
connector. Focusing lenses can also be used, but these add

cost to any assembly.

Figure 18 shows a McCulloch blade retractor fashioned as
a fully integrated light guide 119. Light enters connector
121, then hits orthogonally directing reflector 123. Some

light may be reflected off of the front wall of channel 125.

Some light may enter the back area 127 and may become lost due
to internal reflections that may not direct the light in a
downward direction. The alternative integrated illuminating
retractor 129 of Figure 19 solves this problem by providing
air gap 131 that creates longer reflecting wall 133, which
serves to directly light better in the downward direction.
This, an optical path in a light guide may be protected from
mechanical features in the same light guide. The fully
integrated light guide may be strengthened by conversion to a
composite structure in which structural elements are added to
the light guide. Structural elements may be added to the
plastic light guide itself, such as fillets, gussets or ribs.

16
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Structural members, such as a metal or reinforced plastic I-
beam, bar or tube, can be co-molded with the light guide. 1In
this case, such structural members are preferably placed in
areas where there is not much light in the light guide to
avoid interference with the carefully designed light path
within the light guide. Such structural members may include
polished surfaces that may be included in the light path
design, for example, as intentional reflectors. Metal or
reinforced plastic backbones may be adhered to the light gulde
to add strength, but the placement and materials
characteristics must be considered during light path design.
The surfaces of some materials may be treated to add
stiffness, but any such surface treatment must be considered
for its effect on the light path design, for example, it may
add a new layer with a different index of refraction than the
untreated material. As noted above, a film may be added for
certain optical properties (e.g., reflection or diffusion).
Such films may add strength to the final assembly and help
prevent release of fragments into the surgical field in case

the part fractures.

Figure 20 shows an alternative retractor illumination
system 135 comprised of retractor 137 configured to allow
light guide 139 to slide into grooves 141 formed into
retractor 137. Alternatively, light guide 139 may be
configured to slide around the sides of retractor 137 or snap
onto or into retractor 137. Light guide 139 has flexible
input 143 that is attached to light guide using a suitable
method, such as insert molding, co-molding or via adhesive,
preferably an index matching adhesive to minimize light loss
at it transfers from flexible input 143 into light guide 139.
Flexible input 143 may be formed from a suitable, flexible,
light conducting material such as a fiber optic cable or
silicone. Flexible input 143 may be flared into light guide
139 to help start distributing light across the width of light
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guide 139 and to match the thin profile of light guide 139
inside of the surgical work space. Proximal end 145 of
flexible input 143 may be a short length of flexible material
with a suitable optical connector to create a “pigtail” that
is connected via a separate fiber optic cable to a light
source, or it may be of a longer length to form a cable that
connects directly to a suitable light source. This embodiment
suffers in that flexible input 143 lies over the top of
retractor 137 and may be subject to damage from instruments
used during surgefy. Alternative retractor illumination
system 147 shown in Figure 21 addresses this issue by
modifying retractor 149 to allow flexible input 151 to be
position underneath frame bar 153 and thereby protecting
flexible input 151.

Multiple blade retractor illuminators of the types
described herein may be used in a particuiar surgery in order
to provide for different illumination needs. For example, an
illuminator designed to provide a more high intensity spot of
light may be used with an illuminator designed to provide a
more diffuse, wider angle light beam. In addition, different
frequencies of light may be used to improve visualization of
specific tissues and or polarization elements may be
integrated in the light guide £o reduce glare. The light
guides can also include other functions, such as providing
separate channels for ventilation, irrigation and or suction
using the concept of air gaps or insert molded metal
reflectors to separate the optical path from these other

functions within the same light guide.

While the preferred embodiments of the devices and
methods have been described in reference to the environment in
which they were developed, they are merely illustrative of the
principles of the inventions. Other embodiments and

configurations may be devised without departing from the
spirit of the inventions and the scope of the appended claims.

18



10

15

20

25

WO 2007/084641 PCT/US2007/001385

We claim:
1. A medical retractor illumination system comprising:

a retractor having a distal and a proximal end and a
shape adapted to engage tissue to expose a surgical
field;

a light guide conforming to the shape of the retractor
and removably secured to the retractor, the light guide
having an input adapter and one or more light emitting

surfaces to illuminate the surgical field; and

a light source providing illumination energy to the input

adapter.

2. The medical retractor illumination system of claim 1
wherein at least one of the light emitting surfaces comprises

a plurality .of facets.

3. The medical retractor illumination system of claim 1
wherein at least one of the light emitting surfaces comprises

a plurality of steps.

4. The medical retractor illumination system of claim 1
wherein at least one of the light emitting surfaces comprises

a plurality of curved facets.

5. The medical retractor illumination system of claim 1
wherein the retractor further comprises an upper and a lower
surface and the lower surface is adapted to engage tissue to
expose a surgical field, and the light guide removably engages

the upper surface of the retractor:

6. The medical retractor illumination system of claim 1

wherein the retractor is a right angle retractor.
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7. The medical retractor illumination system of claim 6
wherein the right angle retractor is a McCulloch blade

retractor.

8. The medical retractor illumination system of claim 6

wherein the right angle retractor is a Caspar blade retractor.

9. The medical retractor illumination system of claim 6

wherein the retractor is an offset McCulloch blade retractor.

10. The medical retractor illumination system of claim 1

wherein the retractor further comprises:

an upper and a lower surface, the lower surface is

adapted to engage tissue to expose a surgical field;

one or more windows through the retractor from the upper
surface through to the lower surface, and the light
guide removably engages the lower surface of the
retractor, at least one of the light emitting surfaces
projecting light though one of the one or more windows

to the surgical field.
1ll. A medical retractor illumination system comprising:

a light guide retractor having a distal end, a proximal
end, an upper surface and a lower surface, the lower
surface is adapted to engage tissue to expose a
surgical field, the light guide retractor having an
input adapter and one or more light emitting surfaces

to illuminate the surgical field; and

a light source providing illumination energy to the input

adapter.

12. The medical retractor illumination system of claim 11
wherein at least one of the light emitting surfaces comprises

a plurality of facets.
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13. The medical retractor illumination system of claim 11
wherein at least one of the light emitting surfaces comprises

a plurality of steps.

14. The medical retractor illumination system of claim 11
wherein at least one of the light emitting surfaces comprises

a plurality of curved facets.

15. The medical retractor illumination system of claim 11
wherein at least one of the light emitting surfaces is on the

lower surface.

16. The medical retractor illumination system of claim 11
wherein the light guide retractor is a McCulloch blade

retractor.

17. The medical retractor illumination system of claim 11

wherein the light guide retractor is a Caspar blade retractor.

18. The medical retractor illumination system of claim 11
wherein the light guide retractor is an offset McCulloch blade

retractor.
19. A surgical illumination system comprising:

a retractor having a proximal handle portion and a distal
portion adapted for insertion into a surgical field and

retraction of body tissue;

a light guide disposed on the retractor, said light guide
having a distal surface adapted to face the surgical
field when in use in retracting body tissue away from a

surgical field;

a proximal aperture adapted to receive light from a light

engine or other light source;

wherein a portion of the distal surface adapted to face

the surgical field is faceted with a plurity of facets,
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ridges, steps or shoulders, wherein the distally
oriented surface of said facets, ridges, steps or
shoulders are angle relative to the axis of the light
guide and the location of the surgical field such that
light passing through the light guide is emitted and

directed toward the surgical field.

20. A retractor and illumination system of claim 19 wherein a
portion of the distal surface of the light guide opposite the
surgical field is faceted with a plurality of facets, ridges,
steps or shoulders, where the distally oriented surface of
said facets, ridges, steps or shoulders are angled relative to
the axis of the light guide and the location of the surgical
field such that light passing through the light guide is
reflected from facets, ridges, steps or shoulders toward the

surgical field then emitted and directed toward the surgicai
field.
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