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VARIABLE VIEW ARTHROSCOPE
Field of the Invention
The invention refates generally to arthroscopes, endoscopes and similar optical

instruments and more specifically to variable view arthroscopes.

Background of the Invention
Arthroscopes and similar optical instraments, such as endoscopes, are used in medical
applications, such as surgery and examination, as well as in non-medical applications that
similarly involve visual inspection of a confined or inaccessible space that constitutes the
working area. Although the present invention is described here with re‘ference to an
arthroscope or similar instrument employed for surgery, the invention may be useful for other

applications and is intended to embrace all suitable variations.

Over the last fifteen or more years, minimally invasive surgery has become a
mainstream surgical technique. Within the orthopedic field, in particular, arthroscopy and
similar techniques that employ devices such as arthroscopes have become thc most common
surgical procedures. Minimally invasive surgery is less painful for the patient and, in most
instances, can be performed more quickly and safely than surgery that requires greater
invasion of the patient’s body; other benefits of minimally invasive surgery include that
administration of anesthesia is simpler for minimally invasive surgery, that patients heal:more
quickly, that hospital stays may be reduced in length or even eliminated, and that the

procedures are more cost effective.

The value of using minimally invasive surgical techniques may be limited by the
capabilities of the arthroscopes, endoscopes and other principal optical instruments

employed. In particular, the rather limited field of view afforded by even the best available

instruments that satisfy the dimensjonal and other requirement of surgical applications has
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limited the useful scope of minimally invasive surgical techniques. Typically, the Jarger the

field of view, the greater the usefulness of the instrument for most applications.

Several methods for widening the field of view offered by arthroscopic/endoscopic
instruments have been proposed, but they have not been especially successful. Generally,
such proposals have required packing a plurality of movable lenses or prisms into the input
end of the instrument; the resulting problems of precision of construction, precision of
relative movements, space requirernents, optical distortions, and elimination of undesired

ambient light have been substantial.

Tluminating the viewing area to obtain a usable image is another requirement of
arthroscopes and similar instruments. Without adequaie light, the resultant image does not
contain sufficient information to be maximally useful. Light is typically provided to the
object input end of the arthroscope from an external source through a light guide. The light
from the external source is transferred to an internal light guide in the arthroscope at one end.
of the arthroscope and transmitted to the distal end of the arthroscope via the internal light
guide, where the light generally diffuses to light the viewing area around the distal end of the
arthroscope. The external source typically includes a light connected to a fiber optic bundle;
the external fiber optic bundle is mechanically coupled to the internal light guide, which is
typically also a fiber optic bundle. Typically, the external source and the internal optical
fiber light guide are standard parts that are commercially available. The coupling efficiency,
that is, the amount of light that actually passes from the light source to the viewing area, is

relatively poor.

The poor coupling efficiency results in part from the difficulty in controlling the light
emitted from the external source fiber optic bundle and focusing that light into the internal

light guide and in part from the physical structure of a bundie of optical fibers. Matching the

-2-
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numerical aperture and spot size of the external source in the receiving internal light guide is
very important for coupling efficiency. The numerical aperture of an optical fiber is a
mathematical representation (the sine of the half angle of the full cone of light that can be
accepted by the optical fiber and completely transmitted without any loss) of the angle at
which light may strike the surface of an optical fiber that is perpendicular to the optical axis
of the fiber and still travel down the fiber. Light that strikes that surface at too great an angle
as measured from the optical axis of the fiber, i.e. exceeds the numerical aperture of the fiber,
will be lost. The spot size of a light beam is defined by the circular area within which a large
percentage of the light is contained at a particular distance from the source of the light beam.
The most efficient light transfer occurs when the transmitted light falls within the numerical
aperture of the receiving fibers and the spot size of the transmiited light is smaller than the
core of the receiving fiber. A focusing lens or focusing system may be used to aid in disecting
the light from the source appropriately. Typically, if the spot size of the external light source
is reduced by a focusing lens, then the cone angle of the converging light from the focusing
lens may exceed the numerical aperture of the receiving fiber, and the light that exceeds the
numerical aperture of the receiving fiber will be lost. Conversely, if the cone angle of the
converging light is less than the numerical aperture of the receiving fiber, then the spot size
of the converging light may be larger than the core size of the receiving fiber, and the light
that exceeds the core size of the receiving fiber will be lost. Matching the numerical aperture
and spot size of the source fiber to those of a receiving fiber, such as between the external
light source and the internal light guide, can be especially difficult when the source is a
bundle of fibers. Also, when attempting to focus light from a bundle of fibers into a second
bundle of fibers, the coupling efficiency is greatly reduced because a single focusing system
is attempting to focus a group of spots simultaneously. Since only one ray is actually on the

focusing system optical centerline, all other rays from the source fibers, as they spread out
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from the center of each fiber, are decentered and unsymmetrical in the focusing lens. They
therefore cannot match both the spot size and numerical aperture of the receiving fibers. The
greatest coupling efficiency is achieved through a compromise between the spot size and the
cone angle of the converging light, i.e., when the converging light most nearly matches the
core size and numerical aperture of the receiving fiber and when the optical centerlines of the

emitting fiber, the focusing system, and the receiving fiber are coaxial.

An additional problem that leads to poor light transmission to the viewing area results
from the construction of bundles of fibers. A single optical fiber consists of a core (the light
carrying portion) and the cladding (the covering of the core that causes the [ight to stay
contained within the core). Only the cores of the bundled fibers carry light; therefore, light is
lost due to the spaces between the cores. When a group of fibers having circular cross-
sections is bundled into a cylindrical configuration, only about 78% of the cross-sectional
area of the cylindrical configuration is taken up by fibers. Also, the core of each of the
bundled fibers is smaller than the cladding, Consequently, the actual light-carrying area is
significantly smaller than the circular cross-section of the bundle. Improved light
transmission to the distal end of the arthroscope will improve the illumination of the viewing

area and increase the information contained in captured images.

There is a need for an arthroscope that affords a wide effective field of view and that
does not require movement of the arthroscope to vary its scope of view. One such
arthroscope is disclosed in copending U.S. App. Ser. No. 09/243,845, entitled “Variable
View Arthroscope,” which has a common inventor with the present application. Another
such arthroscope is disclosed in copending U.S. App. Ser. No. 09/452,340, entitled “Variable
View Arthroscope,” which also has a common inventor with the present application. The

seferenced applications are incorporated herein by this reference. There is also a need for an
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improved light relay system for illuminating the viewing area through an arthroscope. In this
specification and in the appended claims the term “arthroscope” means and should be
interpreted to include an endoscope or any other similar optical instrument, whether used for

surgery or otherwise.

Summary of the Invention

A variable view arthroscope in accordance with the present invention includes a
variable object input assembly in an elongated housing tube, a control to vary the view of the
object input assembly, and a lighting assembly to illuminate the viewing area. An input
window, located in the input end of the housing tube, allows a view of the working area. The
input window is preferably spherical. The object input assembly includes an input lens, a
first mirror, and a second mirror. The input lens is movable and the first mirror is rotatable,
The input lens and the first mirror move around the same axle. The second rmitror is fixed.
The reflected light from the viewing area forms a working image and the light image or
object rays pass from the viewing area through the input window and the input lens, reflect
from the first mirror to the second mirror, and reflect from the second mirror into a relay lens

system. In some embodiments, the second mirror may be replaced by a prism.

The control varies the position of the input lens and first mirror to any position, or to a
series of fixed positions, between a first limit posilibn and a second limit position. As object
rays pass throngh the input lens to the first mirror, to the second mirror or prism, and into the
relay lens system, the length of the axial ray remains the same when the angle of view of the
arthroscope changes. Also, the lengths of the rim rays may be equal to each other and may

also remain the same when the angle of view of the arthroscope changes.

In another aspect of the invention, the lighting assembly preferably includes a relay

light guide formed from one or more rods of transparent material with mitrored swrfaces. The
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relay light guide preferably captures each light ray from an external source and transmits the

rTay to the viewing area.

Brief Description of the Drawings:

_For a fuller understanding of the present invention, reference should be made to the
following detailed description taken in connection with the accompanying drawings, not
drawn to scale, in which the same reference numerals indicate the same or similar paris,

wherein:

Figure 1 is a plan view of a variable view arthroscope in accordance with an

embodiment of the present invention;
Figure 2 is a sectional elevation view of the variable view arthroscope of Fig. 1;

Figure 3 is a sectional elevation view of the object input end of the arthroscope of Fig.
1, showing portions of an object input assembly in accordance with an embodiment of the

present invention, adjusted for a maximum upward view;

Figure 4 is a sectional elevation view of the object input end of the arthroscope of Fig,

1, showing portions of an object input assembly, adjusted for a maximum downward view;

Figure 5 is a sectional elevation view of the object input end of the arthroscope of Fig.
1, showing superimposed the portions of an object input assembly for the arthroscope

adjusted for both a maximum upward view and a maximum downward view;

Figure 6 is a sectional elevation view of the object input end of the arthroscope of Fig.
1, adjusted for an intermediate view, further showing an input lens control in accordance with

an embodiment of the present invention.
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Figure 7 is a sectional elevation view of the object input end of the arthroscope of Fig.
1, adjusted for an intermediate view, further showing a first mirror control, in accordance an

embodiment of the present invention;

Figure 8 is a sectional elevation view of the object input end of the arthroscope of Fig.
1, adjusted for an intermediate view, showing both an input lens control and a first mirror

control, in accordance with an embodiment of the present invention;

Figure 9 is a sectional elevation view of the object input end of the arthroscope of Fig.
1, adjusted for a maximum upward view, showing both an input lens control and a first mirror

control, in accordance with an embodiment of the present invention;

Figure 10 is a sectional elevation view of the object input end of the arthroscope of
Fig. 1, adjusted for a maximum downward view, showing both ‘an input lens control and a

first mirror control, in accordance with an embodiment of the present invention;

Figure 11 is a sectional elevation view of the object input end of the arthroscope of
Fig. 1, showing portions of an object input assembly, in accordance with another embodiment

of the present invention, adjusted for an intermediate view;

Figure 12 is a sectional elevation view of the object input end of the arthroscope of
Fig. 1, showing the portions of an object input assembly and related controls, in accordance

with an embodiment of the present invention, adjusted for an intermediate view.

Figure 13 is a sectional elevation view of a lighting system for an arthroscope in

accordance with an embodiment of the present invention.

Figure 14 is a sectional elevation view of the lighting system of Fig. 13, further

showing the transmission of light rays through the system.

-7-
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Figure 15A is an elevation view of a slide portion of an arthroscope conirol in

accordance with an embodiment of the present invention.
Figure 15B is a plan view of the slide of Fig. 15A.
Figure 15C is an end view of the slide of Fig. 15A.

Figure 16A is a plan view of a can/axle member of an arthroscope conirol in

accordance with an embodiment of the present invention.
Figure 16B is an end view of the cam/axle member of Figure 16A.
Figure 16C is an elevation view of the cam/axle member of Figure 16A.

Figure 17A is a plan view of two control knobs of an arthroscope control in

accordance with an embodiment of the present invention.
Figure 17B is an end view of the control knobs of Figure 17A.
Figure 17C is a sectional view, along line 17c-17¢ in Fig. 17A, of the control knobs.

Figure 18A is a plan view of the slide and carn/axle relationship in the center travel

position in accordance with an embodiment of the present invention.

Figure 18B is a sectional view along line 18B-D in Figure 18A showing the slide and
cam/axle relationship in the center travel position in accordance with an embodiment of the

present invention.

Figure 18C is a sectional view along line 18B-D in Figure 18 A showing the slide and
cam/axle relationship in the full aft travel position in accordance with an embodiment of the

present invention.
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Figure 18D is a sectional view along line 18B-D in Figure 18A showing the slide and
cam/axle relationship in the full forward travel position in accordance with an embodiment of

the present invention.

Description of the Preferred Embodiments

A varjable view arthroscope in accordance with an embodiment of the present
invention is shown in Figs. 1 and 2. Although shown and described herein as an arthroscope
providing up-down view variability, a similar configuration could be oriented so as to provide
side-to-side view variability or view variability along any other axis. A variable view
arthroscope, generally indicated at 30, includes an elongated housing tube 31, with an object
input end 32 and a control end 33, that exiends along a central, longitudinal axis.
Arthroscope 30 includes an outer control portion 35. Housing tube 31, and more specifically
its control end 33, may extend into the outer control portion 35 of arthroscope 30. Generally,
an image object is captured at the object input end 32 of bousing tube 31, relayed to the
control end 33, and recorded and displayed from the outer control portion 35 of arthroscope
30. As discussed herein, the image object is formed of object rays and the object rays include
an axial ray at the optical center of the object image, and rim rays at the outer edges or rims

of the object image.

The control portion 35 ends with a CCD attachment 36. The CCD attachrnent 36 is
connected by appropriate means to an image screen (not showi) to be viewed by a person
using arthroscope 30. CCD attachment 36 may be of conventional construction and is not
shown in detail. The outer control portion 35 may also include a control, such as a slide, for
adjusting the view of the arthroscope 30, and a focusing lens assembly 55 for adjusting the
focus of the arthroscope 30. The focusing lens assembly 55 may include a focusing lens, a

zoom lens, and their controls. The focusing lens assembly directs the object received from the
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input end 32 into the CCD attachment 36. At the outer control portion 33, the arthroscope
includes a portion of a lighting assembly 42, formed from a light source 41 that is connected
to a light relay assembly 43. The lighting assembly 42 illuminates a viewing area beyond the
object input end 32 of the housing tube 31. The viewing area is preferably an area in front of
the object input end 32 of the arthroscope, from about 15 degrees below the longitudinal axis
of the arthroscope tube 31 to about 105 degrees above the longitudinal axis of the arthroscope

tube 31.

Referring now to Figs. 3-5, the object input end 32 includes an object input assembly
50. In preferred embodiments, the (.>bject input assembly 50 includes an input window 52, an
input lens 54, a first mirror 56 and a second mirror 58. In obtaining an image of the object,
the object rays pass from the viewing area into the input window 52 and through the input

lens 54, and are reflected from the first mirror 56 to the second mirror 58.

The input end 32 of housing tube 31 is preferably beveled and closed by input
window 52. The input window 52 is preferably a concentric spherical meniscus lens and
formed so that the curvatures of the outer and inner surfaces are concentric to each other
around a common centerpoint. Preferably, the centerpoint is on the centerline of the axle 90,
which is on the front reflecting surface of the first mirror 56 (as discussed further below).
Also, preferably, the centerpoint is on the optical axis of the input lens 54. If the centerpoint
of the input window 52 is positioned on the input lens optical axis, a constant relationship is
maintained between the refractive angles of the input object rays as the input lens 54 moves
from position to position. As a result, the refraction of the input object rays through the input
window 52 is constant with respect to the input lens 54 and distortions are reduced. The
dimensions of the input window 52 preferably are selected to maximize the range of view of

the arthroscope 30 in cooperation with the other elements of the object input assembly. Input
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window 52 may be formed of glass or some other suitable material. The input window 52 is
fixed in place, such as by adhesive, and also may be sealed to form a sealed closure for the
end of the housing tube 31. Preferably, input end 32 of housing tube 31 is formed so that the
edges of the housing tube 31 have a shape similar to the profile shape of the input window 52
and extend beyond the surface of input window 52 to afford the greatest protection to the
input window 52 without interfering with the input object rays during operation of the

arthroscope 30.

The input lens 54 and the first mitror 56 are movable and together vary the view of
the arthroscope 30 and direct the captured image to the second mirror 58. The common axle
around which both the input Jens 54 and the first mirror 56 move and, with respect to which
they are positioned, defines a preferred alignment of the input lens 54 and the first mirror 56.
The input lens 54 of the object input assembly 50 is positioned inside the input end 32 of
housing tube 31 proximate to the input window 52. In the embodiments illustrated in Figs. 3-
10, input lens 54 is a conic negative lens. However, any suitable lens may be used. The '
input lens 54 is movable and rotates around the axle 90. The input lens 54 rotates between a
maximum upward view position (Fig. 3) and a maximum downward view position (Fig. 4),
approximately corresponding to and limited by the field of view afforded by the input
window 52. The input lens 54 is preferably fixedly mounted on an input lens frame 80. The
input lens frame 80 supports the input lens 54 at one end and pivots around the axle 90 at the
other end. The input lens frame 80 is moved by a control mechanism. The input lens 54 is
mounted on the input lens frame 80 so that the optical centerline or axis of the input lens 54 is

directed to the centerline of the axle 90.

The first mirror 56 is accordingly positioned to reflect the object rays received from

the input lens 54 to the second mitror 58, which is fixed. The first mirror 56 pivots around

. -11-
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the axle 90, in a motion complementary to that of the input lens 54. The centerline of the
axle 90 is coplanar with the front reflecting surface of the first mirror 56. As the input lens 54

moves, the position of the first mirror must change to preserve the desired orientation of the

object rays. Due to the geometry of mirrors, the angle change in a ray reflected from a mirror -

will be double the angle change in the reflecting plane of the mirror, such as when the mirror
rotates from a first position to a second position. Consequently, the first mirror 56 rotates
around the axle 90 at half the rate of angular change at which the input lens 54 rotates around
the axle 90, in a complementary direction. That is, as the input lens rotates around the axle 90
through a first angle of rotation, the first mirror 56 pivots around the axle 90 through a second
angle of rotation that is half the first angle of rotation. The first mirror 56 correspondingly
rotates between a maximum upward view position (Fig. 3) and a maximum downward view
position (Fig. 4). Together with the movement of the input lens 54, the rotation of the first
mirror 56 varies the view of the arthroscope 30. In alternative embodiments, the input lens
54 and the first mirror 56 may be moved between a series of pre-defined positions or may be
moved to any position within the range of the arthroscope 30. The first mirror 56 is
preferably mounted on a first mirror frame 86. A control adjusts the position of the first
mirror 56. In the middle view of the object input assembly 50, the reflecting surface of the
first mirror 56 is horizontal with respect to the longitudinal orientation of tube 31and the
input lens 54 is positioned so the optical axis of lens 54 is at an angle 45 degrees up from the
plane of mirror 56. In the illustrated embodiment, the center of the middle view is therefore

45 degrees up from the horizontal (Fig. 6), i.¢., the Iongiiudinal axis of the tube 31.

The object rays obtained through the input lens 54, first mirror 56, and second mirror
58 are preferably relayed to the outer control portion 35 of the arthroscope 30 via the relay
lens assembly 60. It is preferred that the rays be relayed so as to preserve the quality of the

image and to minimize aberrations. The second mirror 58 is fixed in position to reflect the
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captured object rays into the relay lens assembly 60. The second mizror 58 is preferably
aligned to orient the reflected object rays parallel to the optical axis of the relay lens assembly

60, which axis is preferably parallel to the longitudinal axis of the housing tube 31. The relay

lens assembly 60 is preferably coaxial with the axial ray reflected from the second mirror 58.

In various embodiments, the relay lens assembly 60 is a lens or a series of lenses, one
alternative of which is commonly referred to as a ficld and relay lens system. In additional
embodiments, the relay lens assembly 60 may be a graded index lens or other lens having a
varying refractive index. In alternative embodiments, the relay lens assembly 60 may be
replaced by an optical fiber coherent bundle. Although the relay lens assembly 60 is shown as
being contained within the input end 32 of the housing tube 31, the relay lens assembly 60
typically extends further towards the control end 33. If the relay lens assembly 60 is replaced
with a coherent bundle of optical fibers or is replaced with a graded index lens system, each
will typically extend substantially along the length of housing tube 31. The relay lens
assembly 60 may be of conventional construction, e.g., having an outer stainless steel sleeve
for stability, or the relay lens assembly 60 may rest in a groove cut into relay light gnide 120.
The relay lens assembly 60 directs the object rays toward a receptor, such as a focusing lens

assembly 55.

The movement of the input lens 54 and the first mjrrqr 56 allows the viewing position
of the arthroscope 30 and thus the particular input image captured in the arthroscope 30 to be
variable. The control that adjusts the input lens 54 and the first mirror 56 adjusts them
congruently to maintain the desired alignment. Referring to Figs. 6-10, preferably, a push rod
70 directs the motion of the input lens 54 aﬁd the ﬁrst mirror 56. The position of the imput
lens 54 is adjusted by the push rod 70 engaging the input lens frarne 80 through an input lens
connecting rod 74. The input lens connecting rod 74 is connected to the push rod 70 at push

rod yoke 72 by yoke pin 76. The input lens connecting rod 74 is connected to the input lens

13-
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frame 80 through an input lens frame pin 78. As the push rod 70 moves back and forth along
the longitudinal axis of the housing tube 31, the connecting rod 74 shifts the position of the
input fens frame 80 and, hence, of the input lens 54. The position of the first mirror 56 is
adjusted by the push rod 70 engaging the first mirvor frame 86 through a first mirror
connecting rod §2. The first mirror connecting rod 82 is connected to the push rod 70 at push
rod yoke 72 by yoke pin 77. Yoke pins 76 and 77 are disposed on opposite sides of the push
1od yoke 72 and are coaxial. The first mirror connecting rod 82 is connected to the first
mirror frame 86 through a first mirror frame pin 84. As the push rod 70 moves back and

forth, the first mirror connecting rod 82 adjusts the angle of the first mirror 56.

The first mirror connecting rod 82 is fastened to the push rod yoke 72 at yoke pin 77
and the input lens connecting rod 74 is connected to the yoke at yoke pin 76. Because yoke
pins 77 and 76 are coaxial, both connecting rods move synchronously. Preferably, the
distance from the axle 90 to the input lens frame pin 78 is one half the distance from the axle
90 to the first mirror frame pin 84. As the push rod 70 moves laterally a certain distance, the
angular change of the input lens 54 is preferably twice the angular change of the first mirror
56 since the radius of the input Iens arc is one half the radius of the first mirror arc. The
illustrated positioning and relative proportions of the connecting rods, axle and input lens
frame pin and first mirror frame pin in. Figures 8-10 preferably minimize any error in the
relative angular changes. It should be understood that any mechanical arrangement that
preserves the desired geometries of the mirrors and the input lens is suitable; for example,

more than one push rod may be effective.

To minimize distortion in the recorded image, preferably, the object ray path lengths
remain constant as the view of the arthroscope varies. The object axial ray 62 passes through

the optical center of the input lens 54 to the center of the first mirror 56. This distance is
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fixed because the center of the first mirror 56 is fixed on the centerline of the axle 90 around
which the input lens 54 rotates with a constant radins. The object axial ray 62 then reflects
from the center of the first mirror 56 to the second mirror 58, which is fixed with respect to
the first mirror 56. The axial ray then reflects from the second mirror 58 along the optical -
axis of the relay lens assembly 60, which is fixed with respect to second mirror 58. Because
each segment of the object axial ray 62 has a fixed length, the length of the object axial ray
62 from the input lens 54 to the relay lens system 60 remains constant as the view of the
arthroscope 30 varies. The object rim rays 64 pass through the input lens 54 to the first
mitror 56. Because axial ray 62 is coaxial with the optical axis of input lens 52, all object
rim rays 64 are symmetric about axial ray 62. As long as all object rays are reflected or
refracted symmetrically to any plane normal to axial ray 62, such as the first lens of the relay
lens system 60, the length of the object rays remain constant. In some embodiments of the
present invention, this feature may allow the view to change without changes in distortion

and image quality.

Referring now to Figs. 11 and 12, in an alternative embodiment, rather than second
mirror 58, a fixed prism 59 may orient the image rays reflected from the first mirfor 56 into
the relay lens assembly 60. The prism 59 receives object rays and internally reflects them in
the dcsﬁed direction. Because the input and output surfaces of prism 59 are normal to the
object axial ray 62, and the object rim rays 64 are almost parallel at this point, the prism 59
preserves relative ray lengths similar to second mirror 58. Replacing second mirror 58 with
prism 59 reduces the input lens system focal length, thereby improving image quality. Also,
as llustrated in Figs. 11 and 12, the input lens 54 may be a doublet consisting of two
spherical lenses, which may be easier to consiruct than a single conic negative lens of very

small size.
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The lighting assembly 4i, illustrated in Fig. 2, includes a light source 41 with an
external optical fiber light guide to transmit light to the light relay assembl& 43 that extends
into the arthroscope 30. Any conventional external light source and light guide may be used.
Typically, the external Jight source 41 is connected at an angle oblique to the axis of the
housing tube 31. The lighting assembly 42 may include a condenser lens to focus light from
the external source 41 onto the input end of the light relay assembly 43. The light relay
assembly 43 reorients the light along the longitudinal axis of the hOU§ing tube 31 and
transmits the light to the end 32 of the housing tube 31. The light relay assembly 43 may
include one or more optical fiber bundles. In some embodiments, the light relay assembly 43
is an optical fiber bundle that extends to the input end 32 of the arthroscope 30. In alternative
embodiments, the light relay assembly 43 may include strucures other than optical fiber
bundles. Referring to Figs. 13 and 14, in same embodiments, the light relay assembly 43 is a
rod-based light relay assembly 100, including an input rod 110 and arelay rod 120. One
advantage of some embodiments of rod-based light relay assembly 100 is that the cross-
section is defined by only one rod and light is not lost as between the cores of fibers in a fiber
optic bundle. The rods 110 and 120 are preferably joined to each other so that the input light
guide rod 110 receives the light from the optical fiber light guide of the external light source
41land transmits it to the relay rod 120. The relay rod 120 transmits the light from the input
rod 110 to the distal end 32 of the arthroscope 30 to light the viewing area. The light relay
assembly 100 is preferably designed to transmit the maximum amount of light from the light
source to the viewing area. The light relay assembly 100 preferably is designed to
accommodate light that is skewed with respect to the optical axis of the light relay assembly;
the light may typically be skewed by 40 degrees or more from the optical axis. Each of the
optical fibers of the external light guide of the external light source 41 emits a cone of light

equal to twice the numerical aperture of the fiber. At the edge of each cone are the maximum
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skew rays and at the center of each cone is the central ray. In between the maximum skew
rays, an infinite number of rays fans out from the central ray. Preferably every ray is
transmitted to the viewing area. Fig. 14 illustrates the path of both a central ray 130 and skew

rays 132 that are transferred through the light relay assembly 110.

The input rod 110 and the relay rod 120 are formed from plastic or other transparent
material, such as acrylic or polycarbonate, that is suitable to act as a light guide. The relay rod
is preferably positioned so that it extends at an angle to the input rod, for example so that it is
perpendicular, to accommodate the orientation of the external light source 41 with respect to
the housing tube 31 and redirect the light along the axis of the tube 31. Light from the
external source 41 enters the input rod 110, turns where the input rod 110 joins the relay rod
120, and passes out the opposite end of the relay rod 120 through the input window 52 to the
viewing area. Both the input rod 110 and the relay rod 120 have entirely mirrored surfaces
except for the input end and the output end of each. Because of the mirrored surfaces, light
relay assembly 100 does not depend on the numerical aperture limits of total internal
reflection to gather and transmit light through its length. As a result, mismatched spot sizes,
optical fiber core locations, and mismatched numerical apertures do not cause loss of light-
gathering and transmission efficiency as often occurs in optical fibers. Preferably, every ray
entering the input rod 110 is reflected into the relay rod 120 at the joint between the input rod

110 and the relay rod 120 and through the relay rod 120 to the viewing area.

The input rod 110 is mirrored on its surface except at its input face 111 and output
face 112. Preferably, the diameter of the input rod 110 is equal to or slightly larger than the
overall diameter of the external light guide. Preferably, the diameter of the relay rod 120 is
larger then the diameter of the input rod 110. With the rods 110, 120 positioned at a 90

degree or other angle from one another, a larger difference in the diameter of the rods 110,
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120 will improve the efficiency of the turning of the light. The diameter of relay rod 120 is
determined by the available space inside tube 31. The curve 121 is preferably dimensioned to
ensure that the maximum skew ray is reflected down the length of relay rod 120 and not back
through input rod 110. The angle of the maximum skew ray depends on the light that is
emitted from the external source 41. The input end of the relay rod 120 is curved at the
surface 121 where light entering from the input rod reflects, i.e., the surface 121 opposite the
suiface where the relay rod 120 is joined to the inputrod. Preferably, the radius of the curve
121 is substantially equal to or larger than the diameter of the relay rod 120. Preferably,
referring to the illustrations in Figs. 13, the center 124 of the curve 121 is to the left of the left

edge of the input rod 110.

The relay rod 120 preferably extends along the longitudinal axis of the housing tube
31 and ends near the input window 52 of the arthroscope 30. The relay rod 120 is mirrored
on its surface except where if receives light from the input rod 110 on face 112 and where it
releases light at surface 123. The output end of the relay rod 120, proximate to the input
window 52, has an upper curved portion 123 and a lower curved poriion 122. The lower
curved portion 122 is mirrored to reflect light in the desired direction, i.e., out the input
window 52. The upper curved portion 123 is clear to allow the transmitted light to escape
through the end of the rod 120 through the window 52 to illuminate the viewing area.
Preferably, together the lower curved portion 122 that is mirrored and the upper curved
portion 123 that is clear provide as much light as possible to the viewing area and reduce
diffusion of light into non-working areas that need not be illuminated. The location of the
center of the lower curved surface 122 and length of the lower corved surface 122 determine
the angle from which the viewing area will be lighted and the amount of light directed to the
working area. The radius of the lower mirrored curved surface 122 is preferably equal to or

larger than the diameter of the relay rod 120. Referring to the illustration in Figs. 13, the
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center 125 of the lower curve 122 is to the Ieft of the end of the mirrored surface on the upper
portion of the relay rod end. Preferably, every light ray will be reflected forward toward the
viewing area by surface 122 and not back through the relay rod 120, The proportions of the
upper curved surface 123 also determine the amount of light and direction of the light rays
leaving the relay rod 120, The upper curved surface 123 is preferably designed so that light
rays reflecting from the lower curved surface 122 strike the upper curved surface 123 at less
than the critical angle of upper curved surface 123, and escape rod 120, rather than internally
reflecting back through the rod 120. The upper curved surface 123 preferably diffuses the
light with an even distribution across the viewing area. The exact proportions of the upper
and Jower surfaces 122, 123 will depend on the desired illumination properties of the

arthroscope 30 for the viewing area.

Figures 15A-18D illustrate a mechanism for manipulating the push rod to operate the
object input assembly control and adjust the view of the arthroscope 30. At the control end 35
of the arthroscope 30 the push rod 70 extends into and engages a slide 148. The slide
includes a main body 157 having an axial relay lens opening 158; the relay lens opening 158
also extends through an enlarged end 159 of the slide 148. A socket 161 aligns and attaches
push rod 70 to slide 148. In the illustrated embodiment, the control rod socket 161 is located

directly below the axial opening 158 for the relay lens.

The cam portion 165 of cam/axle member 162 is positioned in a central transverse
opening 163 in slide 148. Opening 163 is not quite circular in cross-section; it is enlarged or
stretched slightly. The cam/axle member 162 includes a large control knob shaft attachment
segment 164 of circular cross-section; a circular off-axis carn segment 165 contains a relay
lens assembly slot 166, and a small conirol knob shaft attachment segment 167. Two conirol

knobs, 149, 150 shown in Pigs. 17A-17C, are mounted on the outer ends 164 and 167 of
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cam/axle member 162. The contro] knobs 149, 150 include a righthand control knob 149 that
is fitted onto the large control wheel shaft attachment segment 164 of the cam/axle member
162. The second or lefthand control knob 150 fits onto the smaller control knob shaft
attachment segment 167 of cam/axle member 162. Rotation of the control knobs 149, 150
that are attached to cam/axle 162 cause the off-axis cam 165 of cam/axle 162 to engage the
central transverse opening 163 of slide 148, causing slide 148 to move laterally, as indicated
by dashed areas 168 in Figures 18C and 18D, in response to the rotary motion of cam/axle

162.

In alternative embodiments, the slide 148 may also be electrically driven. Slide 148
may be driven by a step motor. A step motor may drive cam/axle 162, or cam/axle 162 may
be replaced with, for example, a jack screw engaging slide 148. The step motor and jack
screw are preferably internal to the arthroscope 30 and mounted parallel to the motion of
slide 148, Slide 148 may also be driven with a piezoelectric positioner mounted internally to
the arthroscope 30. The arthroscope 30 may be electrically operable by electrical buttons or

by operating software on a computer, for example.

Operation of the arthroscope 30 can now be considered. At the outset, light from
external source 41 is focused upon the end of the light relay assembly 43, which is preferably
arod-based light relay assembly 100. Light passes through the light relay assembly 43 and
illuminates a surgical working area just beyond the input end 32 of the arthroscope 30. In
arthroscope 30, light passing through light relay assembly 43 may reflect, at least in part,
from. the second mirror 58 onto the reflective surface of the first mirror 56, and then pass
through the input lens 54 into the viewing area to be illuminated. Light reflected from the
viewing area passes through input window 50 and input lens 54 as object rays which impinge

on first mirror 56. The object rays are directed from the first mirror 56 to impinge upon the
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second mirror 58 or prism 59. From the second mirror 58 or prism 59 the object rays are re-
directed toward the input end of the relay lens assembly 60. The relay lens assembly 60
supplies the image to the CCD attachment 36, through focusing lens assembly 55, to be

viewed by the surgeon or other person using the arthroscope 30.

If the person using arthroscope 30 is dissatisfied with the image available through the
CCD attachment 36, control knobs 149, 150 may be used to provide an image of a different
portion of the surgical region. In this way the image supplied to the surgeon or other person
using the instrument 30 can be and is varied to a substantial extent with no change in the
position of the instrument. In effect, the overall viewing range of the instrument 30 may
extend from about 15 degrees below the longitndinal axis of the housing tube to about 105
degrees above the axis of the housing tube, with no need to change the axis of the instrument.

Further alteration or correction of the image may be effected by appropriate software.

Several parts of instrument 30 can bé modified from those illustrated without
appreciable effect on overall operation of instrument 30. For example, the push rod 70 may
be m;)diﬁed; the push rod 70 constitutes an optional mechanism for operating the input lens
and first mirror but any mechanism that will move the input lens and first mirror in the
relationship described can be used. The cam/axle and slide control mechanism may also be
altered. The angle of the bevel of the outer end of housing tube 31 may be varied as desired;
a curved shaped similaf to the profile shape of the input window and extending beyond the
input window so as to provide maximum protection to the input window without interfering
with the object rays is preferred, but may depend on the primary use for instrument 30. It
will be recognized that use of a CCD unit for a display is not essential. The software used for

the display may vary appreciably.
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The language nsed herein is used for purposes of reference and not limitation. While
the invention has been particularly shown and described with reference to preferred
embodiments, it will be apparent to those skilled in the art that various modifications and
alterations can be made in the device of the present invention without departing from the

spirit and scope of the invention.
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‘What is claimed is:
1. A variable view arthroscope having more than one viewing position, including a first

viewing position and a second viewing position, comprising:

an input window;

a movable input lens;

a movable first mirror;

an object relay assembly;
wherein the input window, the input lens, the first mirror and the object relay assembly are
arranged so that object rays entering the arthroscope pass through the input window and the

input lens to the first mirror and reflect from the first mirror toward the object relay assembly.

2. The variable view arthroscope of claim 1, further comprising a fixed aligning optical
element, the fixed aligning optical element being positioned so that object rays reflect from.
the first mirror to the aligning optical element and from the aligning optical element into the

object relay assembly.

3. The variable view arthroscope of claim 2, wherein the input Jens is rotatable about an

input lens axis.

4, The variable view arthroscope of claim 3, wherein the first mirror is rotatable about a
iITor axis.
5. The variable view arthroscope of claim 4, wherein the mirror axis is coplanar with a

reflecting surface of the first mirror.

6. The variable view arthroscope of claim 5, wherein the first mirror has a front

reflecting surface.
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7. The variable view arthroscope of claim 7, wherein the input lens axis and the mirror

axis are parallel.

8. The variable view arthroscope of claim 7, wherein the input lens axis and the mirror

axis are the same common axis.

9. The variable view arthroscope of claim 8, wherein the angular rotation of the first
mirror about the common axis between the first viewing position and the second viewing
position is balf the angular rotation of the input lens about the common axis between the first

viewing position and the second viewing position.

10.  The variable view arthroscope of claim 8, further comprising a housing tube enclosing
the input lens, the first mirror, the aligning optical element and the image relay assembly, the
bousing tube having a viewing end, the viewing end being closed by input window, the input
window being spherical and having a first surface with a curvature and a second surface with
a curvatore, the curvatures of the first and second surfaces of the input window being

concentric around a common centerpoint.

11.  The varjable view arthroscope of claim. 10, wherein the common centerpoint is on the

cormmnon axis.

12, The variable view arthroscope of claim 8, further comprising an input lens frame,
wherein the input lens is mounted on a first end of the input lens frame, the input lens frarme
baving a second end proximate to the commeon axis and having a pivot point at the common

axis.

13.  The variable view arthroscope of claim 8, further comprising a control, the conirol

including a push rod having a slide end and an input assembly end.
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14, The variable view arthroscope of claim 13, the control further including a push rod
yoke attached to the push rod at the input assembly end , an input lens connecting rod
attached to the push rod yoke by a first yoke pin and to the input lens frame by an input lens
frame pin, the first mirror being mounted on a first mirror frame, and a first mirror connecting
rod attached to the push rod yoke by a second yoke pin and to the first mirror frame by a first

mirror frame pin, the first and second yoke pins being coazial.

15.  The variable view arthroscope of claim 14, wherein the distance from the common
axis to the input lens frame pin is half the distance from the common axis to the first mirror

frame pin.

16. The variable view arthroscope of claim 13, the control further including a slide
attached to the push rod at the slide end, the slide being laterally movable, a cam-axle

assembly for moving the slide, and a view control to manipulate the cam-axle assembly.

17.  The variable view arthroscope of claim 2, further comprising a housing tube enclosing
the input lens, the first mirror, the aligning optical element and the image relay assembly, the
housing tube having a viewing end, the viewing end being closed by the input window, the
input window being spherical and having a first surface with a curvature and a second surface
with a curvature, the curvatures of the first and second surfaces of the input window being

concentric around a common centerpoint.

18 The variable view arthroscope of claim 2, wherein the aligning optical element is a

second mirror.

19.  The variable view arthroscope of claim 2, wherein the aligning optical element is a

prism.
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20.  The variable view arthroscope of claim 2, wherein the input lens is a conic negative

lens.

21.  The variable view arthroscope of claim 2, wherein the input lens is a doublet of two

spherical lenses.

22, A variable view arthroscope having more than one viewing position, including a first
viewing position and a second viewing position, comprising:

an input lens;

a first mirror; and

a prism;
wherein the input lens, first mirror and prism are arranged to cooperate to capture and direct
rays from an object in each viewing position of the arthroscope so that the rays pass through
tl;e input lens to the first mirror, reflect from the first mirror to the prism, and internally

reflect through the prism in a desired direction.
23, The variable view arthroscope of claim 22, wherein the mirror is rotatable.
24, The variable view arthroscope of claim 23, wherein the input lens is rotatable.

25.  The variable view arthroscope of claim 24, wherein the mirror and the input Jens

rotate about the same axis.

26.  The variable view arthroscope of claim 23, wherein the angular rotation of the mirror
about the axis between the first viewing position and the second viewing position is half the
angular rotation of the input lens about the first axis between the first viewing position and

the second viewing position.
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27.  The variable view arthroscope of claim 22, further comprising a relay lens system,
wherein the prism directs object rays into said relay lens system in each viewing position of

the arthroscope.

28.  The variable view arthroscope of claim 27, the relay lens syster having an optical
center, wherein the prism is oriented to reflect an axial object ray received from the mirror to

the optical center of the relay lens system.

29.  An arthroscope control for manipulating an object input assembly in a variable view
a.t’chroscope’, the arthroscope having more than one viewing position, including a first viewing
position and 2 second viewing position, the object input assembly being movable and the
orientation of the object input assembly determining the viewing position of the arthroscope,

comprising:

a push rod having an input assembly end and a slide end, the push rod being
connected to the object input assembly at the input asserbly end, the push rod being laterally
movable between a first position. corresponding to the first viewing position and a second

position corresponding to the second viewing position;

a control knob to select a position for the object input assembly, the control knob

being rotatable; and

a cam-axle assembly to translate the rotational motion of the contro] knob into lateral
motion, the cam-axle assembly being connected to the conirol knob and to the push rod at the
slide end, the cam-axle assembly inducing lateral motion in the push rod to move the push
rod between the first position and the second position in response to rotation of the control

knob.
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30.  The arthroscope control of claim 29, the push rod being hingedly attached to the input

lens and to the first mirror,

31. A light guide assembly for an arthroscope, the arthroscope including a housing tube

extending along a longitudinal axis, comprising:

an input rod having an input end and a relay rod end and extending along a first axis;

and

a relay rod having an input rod end and an output end and extending along a second
axis, the relay rod at the input rod end being joined to the input rod relay rod end so that the

second axis is substantially perpendicular to the first axis;
the input rod and the relay rod being formed of a light transferring material.

32.  Thelight guide assembly of claim 31, the input rod and the relay rod having light
passing surfaces at the ends, the surfaces of the input rod and the relay rod being mirrored

except at the light passing surfaces.

33.  The light guide assembly of claim 32, wherein the diameter of the relay rod is larger

than the diameter of the input rod.

34. The light guide assembly of claim 32, wherein the input rod end of the relay rod has a

curved surface opposite to where the input rod is joined to the relay rod.

35.  The light guide assembly of claim 34, wherein the radjus of the curvature of the
curved surface of the relay rod is substantially equal to or larger than the diameter of the relay

input rod.
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36.  The light guide assembly of claim 32, wherein the output end of the relay rod has a
first curved surface and a second curved surface, the first curved surface being mirrored, the
second curved surface being transparent, the first curved surface being positioned to reflect
light rays arriving from the input rod end of the relay rod, the second curved surface being
positioned to refract light rays arriving from the input end of the relay rod and from the first

mirrored curved surface.

37. The light guide assembly of claim 36, wherein the radins of the curvature of the first

curved surface is equal to or larger than the diametef of the relay rod.
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