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I nvention The invention relates generally to arthroscopes, endoscopes and
sim | ar optigc@li77isnstrunents and nore specifically to variapk$ﬂxhpﬁa‘
arthroscopes. Back round of the Invention Arthroscopes and Srmrar b%{ical
instrunments, such as endoscopes, are used in nedical applications, such as

surgery and exam nation, ayARIABIZS VIBWIRRTIRAbS@HPRPP! i cations that
simlarly involve visual inspection of a confined or inaccessible space

that constitutes the working argag £ ggnrh(;nhe present invention is
descri bed here with reference t or simlar instrunent

enpl oyed for rgery. the invention y be useful for other applications
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t echni qUEITU R apdrpe specHisalHite vaiiablelyiewraribapscopast ar, art hr oscopy and
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nost common surgical procedures. Mnimally invasive surgery is |ess

pai nful for the patient and, Backmsind ofniké¢ Brvesson can be perforned nore

qui ckly and safely than surgery that requires greater invasion of the
patient's bodythredchgds dnenghitirpatal Thathidntsy shdVASHUSs Péﬂ%fe}’uécﬁ% Wia; Lhat
adm ni stration of anesthesia is sinpler for mnimally [nvasive surgery,
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principal ,optical instrupents enployed. In particular, the rather limted
field o?"owg%\ﬁlif‘f é\lfg‘%ﬁ € BUFSRP I RYENYeg ds %ﬁﬁﬁﬂg%ﬂﬂeée with reference to an

arthroscope or similar instrament 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 the 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 valve 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 dimensional and other requirement of surgical applications has
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Light is typically provided to the object input end of the arthroscope
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di ffus 9. lLight the viewi ng area around the distal end of the
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fiber OB I.C ﬁié%dh%e; the external fiber optic bundle is nechanically
coupl edMOCH SN} AR¥erbean spbyantiakui de, which is typically also a fiber optic
bundl e. Typically, the external source and the internal optical fiber '
light guide are standard parts that are commercially available. The
coupl i ng ef flleménatijig the wgwings aren e obtaiumbsabfe imdgbts bfvalier agduirdhleyt passes
fromthe Iight source to the viewing area, is

arthroscopes and similar instruments. Without adequate 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 Ii ght 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 li ght 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 1s, the amount of light that actually passes from the i ght 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
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nuner i qerceapretofittes bfhtiheomeined ui ngartivier disanee irbe the Shircd Hothe BRERYR, t he
numerical aperture of the receiving fiber will be lost. Conversely, if the

f(ﬁger 22%}&3{?2 egiiff@ggrratflﬂ%hﬁ gﬁﬂ%fﬁgodscisgﬁf&zlsl%n;tgla eSnshiian lfgﬂ?fa'ﬂ‘s' %(hlif ﬁlle HREHEA" € of

aperture of the receiving fibers and the spot size of the transmitted light is smaller than the
core of the receiving fiber. A focusing lens or focusing system may be used to aid in directing
the light from the source appropriately. Typically, if the spot size of the external light source
1s 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 Jight that exceeds the
numerical aperture of the receiving fiber will be lost. Conversel y. 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



of the converging light may be larger than the core size of the receiving
fiber. and the Iight that exceeds the core size of the receiving fiizBer.

will be | esbozMatzehi ng the numerical aperture and spot si ZF /f t he source
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source and the internal |ight guide, can be especially difficult when the
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ight, i e . when the c?%v*é‘#“éiﬁglef@g‘iﬁﬂ%lé’t‘ép 419, Phen Fheantisel eperlingsgptdhe ze

and nunekicd sane recei.ving.fiber and when the optical
centerlr?%gs;ﬁéo ﬂ%}hg{elﬁeﬁnﬁlsﬁg %?g%m’ngfhetrﬁ‘gel‘fléigégﬁeh@r%?%’éh and the receiving
fiber are coaxial. An additional problemthat |eads to poor I|ight

transm ssion,toq.the viewn rea results fromthe construction of bundles
of fibers. AA’giaﬂéli“Qn%ld?r\F,’wEJﬁ% tg?tt}é%dscﬁ@ﬁmrshglt dusmisgipe t¢ theevibwight ares Rkl Ng
portio 2_ agli(‘j t he cl addi ng ét he covering of the core that causes the |ight
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lost due to the spaces between the cores. When a group of fibers having circular cross-
sections is bundled into a cylindrical confi guration, 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 bundie. Improved light

transmussion 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

referenced applications are incorporated herein by this reference. There is also a need for an
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of the arthroscope will inprove the illumination of the viewing drea and

I ncrease the information contained in captured inmages. There is a need for
an arth ; f.f, - W ff Jdve field of view and tha does
not rquﬁé@%egﬁgﬁlﬁ?ﬁ Q%I ZfozerJI}[N;rﬁIgaglgxeﬁggilgw\}% §CF P OURl, R ATRIOGGORE, LHES such
arthros I.s disclosed in copending U. S, App. Ser. No. 09/243, 845,

entitl eg‘%% 5@?8%?%5"\}?%61%%? g’é%ﬁ@,%'m%hif‘éﬂn‘%@p%‘ BRI Shoaldthsr with t he
present . aé)pl i cation. Another such arthroscope is disclosed in copending

U S. Apprtergested irdnclpdy anendvaeppeanany bdr Sivilar abtieal indtexmotr thircisaped forwhi ch
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. need for an 4 WD 02/17773 PCT/ US01/ 26530 i nproved light relay system for
illumnating the viewi ng area through an arthroscope. In this
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should be interpreted to include an endoscope or any other simlar optical
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I nvention A variable view arthroscope 1n accord

i nvent i Qn. {.ncll variabl e %5)' ect .jinput assenbly in an el ongated
housi ng‘g'lt?ltzj1 Bfél' Jbi&ggnrﬂ%} %ﬁse?]é%’\fﬁra&? a?ﬁdé\ﬁgé‘flgt“i'\@’ agpjieel ojviaputhe ysee abthg,  and
a lighti n%tassenbl %{bﬁo illumnate the view ng area. An input w ndow,
I ocatlecPl%j M AHERP e ARd aisbHes ase@phgotiliyainatd thewseveingiaess. ofn tapet wor ki ng
area. The input windowis preferably spherical. The object input assenbly
i ncl uderingdawi ﬁ)ggpd pefs inpot 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 mirror is fixed.
The reflected light from the viewing area forms a workin gimage 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 position and a second limit position. As object
rays pass through 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 gnide formed from one or more rods of transparent material with mirrored surfaces. The



first mrror, and a second mrror. The input lens is novable and, the first
mrror is rotatable- The input lens and the first mrror nove around-the
same axl ewoliharsscond mrror is fixed. The reflected i ghtp(gffgg‘]lm%“
viewing area forns a working image and the |ight inage or object rays pass
fromthe viewi ng area through the input wi ndow and the input |lens, reflect
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| ens an Irst mrfor to any position, or to a series of fixed positions.
between a first limt position and a second limt position. As object rays
pass through the input lens_to the first mrror, to the second mrror or
prism and into.the relay D Q ‘of the axial ray renmains
t he sane when the angle of view of the arthroscope changes. Al so, the
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captures each light ray froman extern source an tfay to
t he vi gm’eggn.ar ea. Brief Description of the Drawi ngs: For a fuller
under st andi ng of the present invention, reference should be nade to the
follow ng detail ed description taken in connection with the acconpanying
drawi ngs, n drawn to scal & in V\{ni ¢h the sane reference nunerals
i ndi cate thé SHfd Bp PLAAYIFY ot 3arapable igve prbrpscapeggrascardpaceavigh am vi ew of a
vari abl e _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

aJjusted for both a maximuny 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.




embodi ment of the present invention; Figure 2 is a sectional elevation view
of the variable view arthroscope of Fig. 1; Figure 3 is a sectional ° '

el evati onwo @w70f3 the obj ect input end of the arthroscope @i rhi®i/2654

showi ng portions of an object input assenbly in accordance with an

enbodi mrent of the present invention, adjusted for a maxi mum upward view,

Figure 4 is ﬁgﬁﬁ?ﬁ san@bri&h ARG VieeVh Qe %Q@ctqmglﬁ%lhdio?métﬁrﬁl?&cgégo{)ijﬁg.

arthroscope of Fig. 1, show ng portions of "an obj ect 1 nput ass

adj ust ximum downward yiew. Figure 5 is. a sectional elevation
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superinposed the portions of an object input assenbly for the arthroscope

~adj ust SERARMERY 9 e SRS HURYSIBMBT d vi ew and a maxi mum downwar d vi ew, Fi gure
6 is a sectional elevation view of the object input end of the arthroscope

of Fig. 1, adjusted for an internmediate view, further show ng an i nput

. 1 ens cont r ol Figweatis grsgatienl alevhticraviewrdf ok otgatt iofuttehé op theserhtoscopeesttiign. 6
WO (12/17773 PCT/ US01/ 26530 Figure 7 is a sectional elevation view of the

obj ect I, apjusted o af intdiedtatdwiesceiravias bbihtan input 188 d6nt8Haddod fidmirror
internedi ate view, further showi ng a first mirror control, in accordance an

enbodi @BAtroRin 4Srd¥hEs With AnMHRNdAR JFliERsdh kfvefigECt i onal el evation view
of the obj ectI inplrjt endlof nt he artﬁl}oscop %%‘t:'ffvﬁﬁ“&i’, adj usted for an
i nternedi ate view, showi ng both an input lens control and a first mrror

edi ng both an input lens o afirst nio
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of Fig. . adiusted for a maxj mum ypward, view, show ng both an_i nput |ens
cont f ol” 5%85‘89 EOr P PP wEB Y By SHOn G BEGARIAEH TR iR WHGLHsheRtOTof
the present inventjon; )

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.
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Figure 10 is a sectional elevation view of the object input end of the _
arthroscope of Fig. 1, adjusted for a maxi mum downward vi ew, showi.ng bot h

an input lvesszepmsrol and a first mrror control, in accordp?ﬁﬁjsm,&'lgs‘an
enbodi ment of the present invention; Figure 11 is a sectional elevation
view of the object input end of the arthroscope of Fig. 1, show ng
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of the present invention, adjusted for an'interne

ection i: V] f bject input. end of the arthroscope of
Is:i g. 1, Qéscﬁg(\hm&\r{fg%ﬁ’ga np%ﬁ??ogﬁlg}lg?ef tgehblifﬁ‘frﬁéﬁ‘ SPHBYt assenbly and rel alto ed

controls, in accordance wth an enbodi nent of the present invention,

adj usted for an i éﬁ]r_mad'iate Vi EW. Figure 13 is a sectional elevation view
of a lighti ng?%g&%? 15 Plagey chissddp el Fig- 488or dance with an enbodi ment of
the present invention. Figure 14 is a sectional elevation view of the
l'ighting systemof Fig. 13, further showing the transm ssion of |ight rays
t hrough t he EigepdCiyaneqd yiew of twalegle/of FigZd SBCT/ USO1/ 26530 Figure 15A is
an elevation view of a slide portion of an arthroscope control in
accordance wth an enbodi nent of the present invention. Figure 15B is a

pl an vi ew of Figuee b6A dea planRiigy ofl5Aan/afle glenebel ban Srilids@pd oW B the slide
of Fig. ISA. Figure 16A is a plan view of a can/axle nmenber of an

ar t hr osmopelaaontvithlan bARsGeEA NS iRB §HPOdI ment of the present
invention. Figure 16B is an end view of the can-i/axle nmenber of Figure

16A. Figure 16Cis an elevation view of the canmfaxl e nenber of Figure 16A
Figure 16B is an end view of the canv/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 17¢-17¢ in Fig. 17A, of the control knobs.

Figure 18A is a plan view of the slide and cam/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

can/axle relationship in the full aft travel position in accordance with an embodiment of the

present invention.




Figure 17A is a plan view of two control knobs of an arthroscope control in
accordance with an enbodi nent of the present invention. Figure 178’ ifs3an:
end vi ew afouhreroontrol knobs of Figure 17A. Figure 17C i s pg15@&h 06!

view, along line 17c-17c in Fig. 17A, of the control knobs. Figure 18A is
a plan view of the slide and camaxle relationship in the center travel

position in 3¢&AEdaNGS 2% d&nﬁ%i&ﬂ?ﬁaﬂgrgﬁgﬁ?ﬁtlgﬁgﬁir@?%@%%@&Ynfggh% Mae T'fr}cg”r ©

18B is a sectional view along I'ine 0 he s e

and ca e telationship in the cenfer travel position in agcqordance
o th ancenle R BT Ry) Belvife GROLRGy Gor e litanceatitp on s M S
view algng line 1813-D in Figure 18 A showing the slide and cani/axle
relatio THSSRINYVRBUTY| | aft travel position in accordance with an
~enbodi ment of the present invention. 8 2. F WO 1}2/17773 PCT/ US01 /2653u
Figure 18D is a sectional view along line 18B-D in Figure 18A show ng the

_slide and can axle rel atRengpiqn éfith¢ Refdrrdd Efbodiared:st r avel position in

accordance with an enbodi nent of the present invention. Description of the

Preferred EnBodirmbhd sieh aviifdsaddean Mt @ndaict Ri@SHQRBLIIRImBRCSI PR th an
enbodi nent of the present invention is shown in Figs. 1 and 2. Although

shown apdefeStisishEfn e FRs .n]f am ?ZnAﬁﬁéJHh%ﬁ?\%B%nd REQY gl ggreﬂp adl9 't%jog(%pge

variability, a simlar configurationTcou be oriented so as t0 provi

A AT T R R e
housi ngsirflcltj—?c)e—si %’vig&r E'Qria rillit())z %Jl 353% 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 extends along a central, Jongitudinal axis.

Arthroscope 30 includes an outer control portion 35. Housing tube 31, and more specifically

1ts 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 housing 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 attachment 36 is
connected by appropriate means to an image screen (not shown) to be viewed by a person
using arthroscope 30. CCD attachment 36 may be of conventional construction and is not
shown 1n 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



input end 32 and a control end 33, that extends along a central,. . .. .

| ongi tudi nal axis. Arthroscope 30 includes an outer control porzi---o[rii‘?s’S'.-?
Housi ng twbea2831373and nore specifically its control end" 3pdrayseexignd into
the outer control portion 35 of arthroscope 30. Generally, an image object
is captured at the object input end 32 of housing tube 31, relayed to the

cont r olinpnend3? iamdhe ECOY dedthard 86.SAt geamitdric@mrbhgoreibh 85, GeRkhRIscdRr tion
35 of arthroscope 30. As discussed herein, the inage object is forned of

obj ect il'i@lﬂéesad"ﬁbrﬁbﬁ OPQiigﬁﬁné %&nbf}ﬁu;' me%rﬁ'@rﬁiaaﬂc%%gy%?é ?lli ﬁg‘at ?%éoinfl%léec? ent er

of the object image, and rimrays at the outer e obj ect

i mge. : 0 i 5 .ends with attachnment 36. The

at't achr[r‘i:]a-ﬁtf.T 1g§g1[}.ltld'§z Aségrﬁ%lgc&eﬁwlgﬁ%&ﬁsﬁ“ﬁ% irré}é'r‘fgmﬁ?sén‘”?‘ﬁ’é@eaf"s"c eé’g{%) ot
shown) to be viewed by a person_ using arthroscope 30. CCD attachment 36
may be °BiECtBRYEFRG thal the brusipg dibec- élﬁ@ Vigwingtaresisgupierablen aich in froet ut er
control portion 35 may also include a control, such as a s) ide, for

adj ust ithegotyhes inpuswnd 32t ¢heaart inwepedeor8 @bownkd deghasrlavg tedbsgiasiseibky 55
for adjusting the focus of the arthroscope 30. The focusing | ens assenbly

55 may of el dttheoskohO QIBRINGolaBOS 108 depRRTb&RSthe MMkitulfial 2898 1Rl SthrothEpe
focusing |l ens assenbly directs the object received fromthe 9 WO 02/ 17773

PCT/ US@ihe/ A(530 input end 32 into the CCD attachnent 36. At the outer
control portion 35, the arthroscope includes a portion of a lighting
assenbly 42, formed froma light source 41 that is connected to a |ight

beyond the. ey nPUBe BN g S S TOR iy 587G PR oUHerd ARG ca | s
preferg@lﬁlanfate in front of the object jnput end 32 of the arthroscope,
From aBgut™ RS G anoderel, B ebieshigpil asrrablyaa iecludes tmapst WHIGSCThent ube

31 to about 105 degrees above the |ongitudinal axis of the arthxoscope
mnput lens 54, a first mirror 56 and a second nurror 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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tube 31. Referring nowto Figs. 3-5 the object input end 32 incjudes an
obj ect input assenbly 50. In preferred enbodi nents, the object input”
assenbly @ énmghwdes an input window 52, an input |ens 54,p & fdok Stz rror
56 and a second mrror 58. In obtaining an image of the object, the object
rays pass fromthe viewing area into the i nput wi ndow 52 and through the

input  BESWER maPbe %Iﬁlerd%‘flgga% %Fsérhemhfeggﬁ%{é&a&iﬁg %heﬁﬁ(j)ﬁ %Eﬁﬁ\ggﬁ%’”d

m nor 58. The input end 32 ¢ ousing tu I's preferab tbeve and

cl osed i : | 52, The _input w ndow i referably a concentric
spheri C@%%@ﬁ#@&@ﬁﬁ%ﬁﬁygﬁﬁw*eoIa%gﬂg(gna[yﬂgﬁseﬁ.ﬁé t%?ﬂ‘&h? Eﬁa\i-fgi %%/S”ffhé)r er and
i nner surfafces are concentric to each other around a compn center point.
Pr ef er £19P1 e, Bowsdlg wbs 31 nPraferably, 1wt echd el havsingftubhal isdosmedso thatheh i s
on the front reflecting surface of the first mrror 56 (as discussed

f ur t heredge$ olghe hopdisg tubsrdflevaklspapd similaent the paifile shapeai tidi@poptinded saxi s

. of the input lens 54. If the centerpoint of the input wi ndow 52 is

posi t i amekxemdttrgond i isutfesSofOBRphGRAIndawi 52, to AffeRNGk B atd e bk QA RS fhel S
mai nt ai ned between the refractive angles of the input object rays as the

i nput | ; @Sy : Bt posi B : : refraction
of the | D aBR SR BRI O ot RES Sy S Bk Rpaboa bl
respectarﬁgostcgeewput | ens 54 and distortions are reduced. The di nensions
of the Tnput ¥ ndow 52 preferably are selected to nmaxim ze the range of
view of the arthroscope 30 in cooperation with the other elenents of the

obj ect input._assenbly._J]nput -10 WO 02/17773 PCT/ US01126530 wi ndow 52 may
be formed of ' ’:&BQHB% %‘Lﬁ'@i %'Fﬁ'lé?t TR 6128 MRY e apd topgther Ko sHAL 52 i s

fixed in place, such as by adhesive, and also may be sealed to forma
seal ed 2% #hipecaps30mane direpighe taptheedioags ythe sbend miner 88 e Thblcymmionpate end
32 of housing tube 31 is forned so that the edges of the housing tube 31
have a ashapevkichibbdrthe opuhEnpsdfant ehshiapmiodr itheoiapad, wittneepecbd 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, 1nput 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 Jens 54 rotates between a
maximum upward view position (Fig. 3) and a2 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 mirror 58, which is fixed. The first mirror 56 pivots around
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and extend beyond the surface of input wndow 52 to afford the gr eat est
protection to the input window 52 without interfering with theé’ifaput

obj ect raysodweimng operation of the arthroscope 30. The H\g;},tmg‘ﬁ%\gﬁ and
the first mrror 56 are novable and together vary the view
arthroscope 30 and direct the captured inmage to the second mrror 58. The

common  duelaxle 80,00 aGnoMuncdbft bl onRMorRMSipecASl t 8 fdliatindbf H27
nove and, with respect to which they are p05|t|oned de?‘ Ines a prefrerr ed

al i gnrregme@b ik RSP Wit cror.56. .. The | en

of the object i ult as}sﬂeﬁn%ﬁm%g(s @u}] gur%aCSHEHw r§ FRUTYIRS- ﬁ?ﬁ}ﬁfﬁ "E’HEI]‘%%S%f
housi ng 1 oxi to the | nput, w ndow 52. I n the enbodi nents

i |l ust rafw%S tﬁ Sb% giat}liélmlrﬂ‘&?t‘ mushehagge fosprgserpmihe desiged onentatimsof the
However, any suitable | ens may be used. The input lens 54 is novable and
r ot at esCRIFHURLP- tIee taxthe egometThef mapyons, thensglb4haigeah agapediieeaid fooraxXhintomN
upward view position (Fig. 3) and a maxi num downward vi ew position (Fig.

4), appvikberdewily theomgiesprnge hgtht ee@ettin plink o tRYmtRR, fucklad wiken YAeEWirror
afforded by the input w ndow 52. The input lens 54 is preferably fixedly

nount ectofiteifftomifidst p&MSor toP 8R4 ]Sja-ﬁffon '@&Hkgﬁeglgl?f g oF lﬁ%p&r’] g the

i nput lens 54 at one end and pivotS around th end.

The in ontr c m put Iens 54
s m%ﬁ%’%“‘ %%E%L%%S&# e TRUEF a5 %%gft%"th?elh%‘edﬁl?qt&%ﬂsr%e“éﬂ% 5Py
axi s of &ﬁ ut en5154|s dlrectg_gtothe centerline of the axle 90.
The fi '8t e ol® 3e0HE CCREF Y BHEFYP Y  Bitteip. &k imputleny rsates weuwbihecrly 4y s
received from _the input lens 54 to the second mrror 58, which is fixed.
The fi rRPeughR st %1%9W§10@F Eherfiyst mirranO6Q2Y AT T8N CE LEO) 66N 4 heoad| e
90, in a notion conplenentary to that of the input Iens 54. The centerline
of t he 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.e., the longitudinal axis of the tube 31.

The object rays obtained through the input lens 54, first mirror 56, and second niirror
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 guality of the

image and to minimize aberrations. The second mirror 58 is fixed in position to reflect the
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axle 90 is coplanar with the front reflecting surface of the first mrror
56. As the input lens 54 noves, the position of the first mrnarinusty
change towasegerye the desired orientation of the object rlqyﬁus(%%ﬁ'o t he
geonetry of mrrors, the angle change in a ray reflected froma m'rror

wi || be double the angle change in the reflecting plane of the mrror, such
as when:dherelghiR! ravk HBLESreld ' L to a_ second posjtion.
Consequérgﬂffy, t%e %‘aiy%st mﬁrl;c](i)ﬁg%é?sg%lgﬁgs@p;hgusﬁgoqdﬁ%mé I 1§8re§?rah | f the
rate of _anqul ar .change at which the input lens 54 rotates around the axle
90, in %?%r%ﬁﬁ? Sﬁﬁﬁtﬁﬁg flefﬁﬁcieggqql%ﬁFayﬁrP&faﬁ)lF@‘,O the optial pxis of theagkayrlensaassemblyound
the W go through a first angle of rotation, the first mrror 56 pivots
around ?hevhich axigds prefesalj raralebiortbe langghéinalf aivetibe bnuginatube S 1h ATtk relag
~first angle of rotation. The first mrror 56 correspondingly rotates

bet weenleas asseinn6U pyaettrablpvopodistitiome @Riabray3pledned frofPok BB QRNRKE. Vi ew
~position (Fig. 4). Together with the novenent of the input |ens 54, the

rotati om waricub @mbbaSientdlithid RlayabnVAkLABIyIdEs ¥ iSW £ A Sggpe 30. In
alternative enbodi nents, the iynput ensy54 Sénd theafsi rgstéfrn%&lr;%eg’r& 6 may be

I
noved -] < ] 0sj- t:i.on [ b ved..1.o any
posi t i gﬁéﬁﬁ}eﬁofﬁ e&‘r?gncggmgé[ﬁy g%%{rfﬁor%sac%%g a%@ﬁ%@%’ﬂ‘%’“gﬁ? ?‘gc}‘{l?)%ﬁ i's
preferaeblﬂy dmun{ e{:lhlﬁonl a first ipgrrgr frame 86. A control adjusts the
posi t i oA oo ALt e delay fgmsagsenidy 6P masihe agradedeingexlgngor pihsr Isbp Baving aput
assenbly 50, the reflecting surface of the first mrror 56 is horizontal
with r e@hBEE relsadtive ipdsrgilp aliemativoenbediaensnthefrelay brms 3gseantdy 6Aenayibeput | ens
54 is positioned so the optical axis of lens 54 is at an angle 45 degrees
up frorreplaeed by amepwdal fiber coheSir blindle halthdughshe aladesniReinbBNG0 istshewaapt er
of the Huddle viewis therefore 45 degrees up fromthe horizontal (Fig 6),

i.e., tiing onghihedlivivain @xiispuaknd BE of URe0dding T PinRCl1dyayss KtabRad
through the input lens 54, first mrror 56, and second mrror 58 are

f N3 e 80 1, o0
pref er abpivanekriges fuen tem%“%ﬁsgg _ ngtli%l%d RAr 4 40 Si?%g{ns %J%gn?)g);gé géel%gigﬁ E

via the relay |ens assenbly Is preferred t ayed
2. B ESREAR WIRIULY 08 L RRR P PR A BRI
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 guide 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 mirro_r 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
congruent]y to maintain the desired alignment. Referring to Figs. 6-10, preferably, a push rod
70 directs the motion of the input lens 54 and the first mirror 56. The position of the input
lens 54 is adjusted by the push rod 70 engaging the input lens frame 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
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-12 -1J WD 02/17773 PCT/ US01/ 26530 captured object rays into tpe rel ay

| ens assenbly 60. The second mrror 58 is preferably aligned to" 6Fient the
refl ect edvobpertzirays parallel to the optical axis of the pelrakehens:
assenbly 60, which axis is preferably parallel to the |ongitudinal axis of
t he housing tube 31. The relay I|ens assenbly 60 is preferably coaxial wth

the ax iﬁauknerm/tbrcmfghaﬁti@;d;tflé&nﬂréjﬁ@f)ﬁﬁm nls fHeFiRh 18870 nidvey BEdKOMR BRRAdMENt S,
the relay lens assenbly 60 is a lens or a series of |enses, one

al t er ngid MasRldiMiagh df %%{fg thhé 9‘1,%.% @?rgfe a5 18 7h el ”GSPCE;Q%ll?a{gQ)J tﬁgs
I

system In additional odi nent s, a?’?ens assenb a
graded.index l.ens ther le havi n rying refractive index. In

al ter néqgusgené%% %’r@sFCI%%OQ‘@FA’;PH%%&%&S@W%RB@ Hale %é‘“ MIERT aR&d by an
optical fiber coherent bundle. Al though the relay Iens assenbly 60 is shown
as bepdiystes ky dhsushwpd D snggng dsirsemilt@drashe Bhdrohgus fing miive 31, the
relay |l ens assenbly 60 typically extends further towards the control end

33. | f cotecting sy 82 rEheafSisenmdiryr Ghnkaingapt 2dd comidctedao tiphgisbnbd ond bestof
optical fibers or is replaced with a graded index |ens system each wll

typi cakddyysetns, wokeHimn ] dloky palsomthndg € SHBsf o \OMRIsNE sTaed8f t%t]:'prlilg-ltl]e

relay lens assenbly 60 nay be of conventional construction, e.g., "having

an ot g SR A LES S REYEur 0o SbAR L Yo 85 i USLSLRY g RoseTlY

60 may rest in a groove cut into relay Iig gui | ens
assenb| 0. dir s the object rays toward a receptor, such as a focusing

| ens gggrg%?ryc ggt"hr?ﬁ@} ﬁ&%%ﬁ%‘r‘?tor g%qm%ﬁp.ﬁs ipg RESEPdaifynpKes back epd i rror

56 all v‘%’the view ng position_ of the arthroscope 30 and thus the _
partic the st miFIFonBegs NG Ted 82 mdiuses thy angle o€ scliBOminom. vari abl e. The
control that adjusts the input lens 54 and the first mrror 56 adjusts them

congruently to maintain the desired alignnent. Referring to Figs. 6-10,
pr ef er abl y, The Hiss mipreticonnecting 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 lens 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 §-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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70 directs the notion of the input lens 54 and the first mrror 56, The.
position of the input lens 54 is adjusted by the push rod 70 edgabiﬁg t he
i nput | ensoOfizaner380 t hrough an i nput | ens connecting rod Pér/uEhe2dsmput

| ens connecting rod 74 is connected to the push rod 70 at push rod yoke 72
by yoke pin 76. The input |ens connecting rod 74 is connected to the input

I ens - ¥Bed bedadse ithe SR 3 Ie/7rde MrHdrIBQ4 fik &0 83 thef deaPelifOot iRk QURIDEN AP Ut
|l ens frame pin 78. As the push rod 70 noves back and forth along the

| ongi t yghi: j ' : c iR 7 iffs the
posi ti ;{ﬂh gl?h%eﬁéb& lﬁ%uﬁtﬁ%éﬂn%kgirtgrgrg&%&énﬁ%m%gﬁ}:ee(?g]g(ﬁ%%aég#\%{heﬁé?\@éﬁ The
posi ti of. the first mrror 56 is adjusted by the push rod 70 engagi ng
Phe 11 A8 e ok of Ree T fiirciigh e Srbus maor B WHShRABEr T O Babah O The
first mrror connecting rod 82 is connected to the push rod 70 at push rod
yoke 72heijrsysreopph Tire avaliay piangefietafiamaie srcondinios 68 abmedhpopiitad si des
of the push rod yoke 72 and are coaxial. The first mrror connecting rod
82 i s earndahedldlebhassémbBt 60, mhichae filkedmeth86spehr wughoml mit&t 587 Béqansd r ane
pin 84. As the push rod 70 noves back and forth, the first mrror
connectehétfsdp@tbnd f Adiohfdcb artilieraqBalhes DbixthRnbin e 18hgh F Rbebidienddi st
mrror connecting rod 82 is fastened to the push rod yoke 7£ at yoke pin 77
and t hesi t i ok t-.yoke pin
6. Bocadnat i SBSEACITE HERIEER! St BB RARRE For B A B U o 2
synchr gnousl y. ef era ,.the.distance fromthe axle 90 to the_input |ens
frane ﬁﬂﬁmfggﬁ’csﬁgﬁ%‘qﬁaItﬁlgtopr@c?:ﬁ‘%’tlaﬁc & RISH PP RED ﬁ'ﬁl"épmé%flst oHae firsst mirror
frame pin 84. As the push rod 70 npves |aterally a certain distance, the
angul a™EREAGe Bicaniseqd sa 03 trroaxal wih Hiegriicabbys elinpat lene Samjlekiectchange
of the first mrror 56 since the radius of the input lens arc is one half
t he r adinysysfodtane symmetricrabopoaxigiray 6T has larg assilrafjed rpesire ratdchgt @nd
rel ative proportions of the connecting rods, axle and input |ens

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 mirror 56 into
the relay lens assembly 60. The prism 59 receives object rays and internally reflects them in
the desired 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 alimost 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 illustrated in Figs. 11 and 12, the iﬁput lens 54 may be a doublet consisting of two

spherical lenses, which may be easier to construct than a single conic negative lens of very

small size.




frame pin and first mrror frame pin in Figures 8-10 preferably minimze
any error in the relative angular changes. It should be understood that
any nmechaWPd3/178¥r angement that preserves the desired geommtwij@s @izt he
mrrors and the input lens is suitable; for exanple, nore than one push
rod may be effective. To minimze distortion in the recorded inage,

pref erabl y, Thelightingasserablygidt Huseaigd s Fig. @nhichudesasicBnioase 4 heinigw of the
arthroscope varies. The object axial ray 62 passes through the optical

cent er eaferndl@phicgtber fimht H4dé @ hRnGERFRT0 e O il Stelinis (LS
distance is -14 WD 02117773 PCT/ USO1/ 2%530 t1xed rbggausgg]t%eéct:@gtegrgn%sf t he

first nhoree akol 190 > ' . he axl.e. around . whi ¢ch the
i nput | ens 54 rg%iﬂp&ﬁ%ﬂﬂz&ﬂﬁﬁgﬁéﬁf Hrsa g%?ll}gﬂt gﬂlféceoaﬂﬁdgtg%?g%dﬁlmaryav ‘83281 hen
refl ectg.: cepter of the first myrror 56 to the second mirror 58,
whi ch 1 3PicE Rt R FER B Ry Bl fsgofhedtd dAn g liames the s ol her
reflecils f.romtge \%ﬁcond mrror 58 along the optical axis of the relay

| ens aZ8BHRE Pibse ! vimiedrehtigemasseapl e imaeisplade atcondeceninsia foons hght fBgsause
each segnent of the object axial ray 62 has a fixed |length, the | ength of

t he objlcixtemrplsouresyd]l @Ro thempoiend ofibe liperrelayhstanblpesr ahay; heRgapystem 60
remai ns constant as the view of the arthroscope 30 vari es. e object rim

rays 64sspably 4 hreoughtstthe liphipllond @R JoPAtdthal aﬁisfd#‘h?é hodﬁx{grtﬂfae gga“ pecause
axial ray 62 is coaxial wth the optical axis of input [Fens , all object

rimrayan®dithe i [ Lal : long, as all object rays
are refl ect (tad orh%ﬁfrgﬁlgg?%ggggwpgg&lt%e ?g g@@llgﬁdﬁ]@yﬁ&%@ly f41c7$ B3 al " ray
62, su ' - _of .the rela | ens system 60, the length of the
obj ectﬁllraa@% Oﬁ‘g?r’éwrgté’ﬁ{sﬁﬁﬁtb@ P?P@%ﬁrﬁ"é‘ﬁﬁ&ﬁ“ﬂ%‘ﬂ cRif. the & ghbredayaassenblydat i on,

this featur all ow the view to change w t hout changes in distortion
fedu oplisr e viaelsr

and i nige % S IRgw I ey end B2nfdhe arthrosropr 381 e rhamatne

enbodi melr;t . rather than second
embodiments, the light relay assembly 43 may include structures 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 a relay rod 120. One
advantage of some embodiments of rod-based li ght relay assembly 100 is that the cross-
section is defined by only one rod and light is not Jost as between the cores of fibers in a fiber
- ¢ 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
4land 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 lLight 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 1i ght 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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mrror 58, a fixed prism59 may orient the inmage rays reflected fromthe
first mrror 56 into the relay |ens assenbly 60. The prism 59 recéi:ves

obj ect rapwp @ndzinternally reflects themin the desired dip@etdihssipecause
the input and output surfaces of prism59 are normal to the object axial
ray 62, and the object rimrays 64 are alnost parallel at this point, the

Pri sm S&kewPia®s 8y &ShE edraél JFeabR Yol Bl WheGeniruMahan bRt s MOmALinl@l <128
Repl aci ng second minor 58 with prism59 reduces the |nput Iens systen1

Local |98t S mc 0 LIRS M o) Sl LLLUROGF o0,
h I whi ch b t t t th I
o RGP oL B 0 R AL B 1L

lighting assenbly 42, illustrated in Fig. 2, includes a |ight source 41
with aﬁaV%k%%ﬂﬁhweéﬁmﬁ@aqedﬁmégh thedight galaesseioblyr Bt |ight to the |ight
~relay assenbly 43 that extends into the arthroscope 30. Any conventi onal
external |ight source and |ight guide nmay be used. Typically, the externa
| i ght sour ceTkelinpst mdniitécind dhatelgnrod ighenofiringd érdre pldige axotheafankfi@ent
housi ng tube 31. The lighting assenbly 42 may include a condenser lens to

focus Ih@bfiall 5N astdbs/ IR rPoNRartp@bieCtatil saie th8ct BRUIHE Qﬁd@fﬂ\teh@lak gt
rel ay assenbly 43. The light relay assenbly 43 reorients the |ight along

the I ongi I'éféjr'aﬁlﬁjr?eo@ﬁio%e&’go Hﬁ?g@%@ﬁ?%&&?%hﬁ% F’nda&li&‘d‘%" x%n%ge oo ch%h fisto

the end 2 of ousing tu assenb T icl ude
one or nore fi ber | es SQ ht relay
assenbiRrirseRRld R askhRlon e FsninthreSt e SRR AL Ve Vb ToPeait 32 of
t he artp 8 cope 30._.In alternative enbodinments, the light relay assenbly
43 may PRBP @ibr 3¢ @nd eedigehidie lighaAlogpthecas of thetubatindiiaht freafles ring t o

Figs. 13 and 14, in sane enbodi nents, the light relay assenbly 43 is a
r od- ba§§6ﬂnﬂghﬂﬂﬁéﬂ&ykﬁgﬁﬁnﬁwyIQ@@lQﬂnutudwngﬁQHHPMpud1ﬂ©¢nmmmeaﬂdvaxkelay
rod 120. One
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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advantage of some enbodi ments of rod-based light relay assenbly 7100 -is that
the cross- section is defined by only one rod and |ight is not |ost as

bet ween tW® ¢xwr78% of fibers in a fiber ?.)c bundle. The roggtiddapd 120
are preferably joined to each other so that the input light guide rod 110
receives the light fromthe optical fiber |ight guide of the external |ight
sour ce 12Mwihdnprosnte effciencyt of thhaniakay titedibll 2lhe diAReEebAY]140Sd1L29 is
transmits the light fromthe input rod 110 to the distal end 32 of the

ar t hr osengrenia@ bpiiel S4B AL A AIuBE SR TIDBUAL 4] i [ﬁ'li{%éﬁ{]??ﬁﬁ%{i%éﬁéﬁo s

preferably designed to transmt the nmaxi num anount rom ?ght

source Vi e - | ay..assenpl 00 preferably is
dosi gnea oy Baltbe Ml B Row P isreBed Gl d TR o) ol B0 S el padica
axis of. the l.ight y.assenbly, the light may typically be skewed by 40
degr ees,‘mé’PDHﬂ?lgﬂff?%ﬁ@hEg‘am% %a%haﬁ%ﬂ.lm%ewfrax Aepengpen g Light Biaatss of t he

external |ight guide of the external light source 41 emts a cone of |ight
equal teHUHGH &t the extavealisewlice 4peThe irpubénd diahé idey rod20tibeurdgat gfe each
cone are the maximum-16 ! | WD 02/ 17773 PCT/ US01/ 26530 skew rays and at

the centtfaceol2lenbéredighe cnsribdfrocaht input folyreflbdls DR WeEEirERE 17RELIYMSKEW
rays, an infinite nunber of rays fans out fromthe central ray. Preferably

every rasfadswhéfeansraliy Rd 120 it Mened B\Wg - pHl @ apitA el it LRleS L he path
of both a central ray )t130 ané j::b‘li‘new raysp%lg)a't Egétf&glr%’ {Hreéﬁgiééjfg%? %uﬁY%ugh

the |ighti ;& 8lijy i.nput. rod 110 and th I rod 120 are
formed from pl zflg'? ?I?;?g&& %tt%é(r)h{%—'g gﬁlsaﬁél‘r?ee(%lfj me‘%ﬁ?é&\eé%,ay §?f§h£(§sg’ééer‘?r}l’li3’c or

pol yca te h is.sui.table to act as a light guide. The relay rod is
pr ef er% ﬁflﬂﬁo@i‘k‘? giﬂé AUYSPR AT ﬁé&%“rﬂ&fg 126 of fhetygre 12 loistip ghe lefud thokeft f or
exanple so that it is h(;ier pendi cul ar, to accommpdate the orientation of the
ext er n&789 Plke mired 1 with respect to the housing tube 31 and redirect
the light -along the axis of the tube 31. Light fromthe

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 it 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 portion 122, The lower
curved portion 122 is misrored 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 Jower 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 curved 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. Referrin g to the illustration in Figs. 13. the
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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 rfel &y rod
120 t hr ongly d2he7isnput wi ndow 52 to the view ng area. Bot hpé&pgisinpus, rod
110 and the relay rod 120 have entirely mrrored surfaces except for the
i nput end and the output end of each. Because of the mrrored surfaces,

light depteay2a9$ amlibwed 06 vel 08B isnothedef 8N themdtdTehd WhiRhrkE Shr AR ME ppé i t S
of total internal reflection to gather and transmt |ight through |F

| engt h.pofSoof @8Wihy réd STRUSDRAL 2}5‘3%@'] ??rag \QJH)theCl@hegr’Fﬁpforw%fJ fow a?% i rl ons,

and msmatched nurrerlcal apertur cause loss 0 I ng

and tr smssm eff fte urs in o fibers. Preferably,
every %@Wlnénatr%ar hgt Eﬁg%?géﬁ?“?t ek § 9&‘ tﬁ%f‘?@%f@di %rBePHEOF%q"h%PfrlB‘H 120
at the joint between the input rod 110 and the relay rod 120 and through
the relURper gavadprtase tRa alspepierpingtemamaus of Hight andatirertion ptheilighorad on its
surface except at its input face 111 and output face 112. Preferably, the

di amet deavaig thegelappod 12@0d Thi Opps cerped|suifaccol23sik pgiedaylyl desigaed shamt ligat
overall dianmeter of the external |ight guide. Preferably, the dianeter of

the relrays refectindOrdrd the Rfade tultvB@Burtdee 19D 3lethe @fpdrRErved BHH&E@@%QCSSW th
the rods 110, 120 positioned at a 90 degree or other angle from one

anot heryafenk afiges] aqgfée; 0 u%g%fcdrﬁdtsﬁ?fagg I’“ﬁe%ﬁ e&f é & fﬁd§at¢1er1lﬂan {HG%I'HIZI N of

02/ 17773 PCT/ USO1/ 2 I nprove’t P5 citeric

Space. Tscbe etk ARt red, YD T pop it %Fg’ﬁ {EE 2o B DR gL,

t hat the. maxi mum skew ra is reflected down the length of relay rod 120 and
not badight WHP@G&NGW ﬁ’ﬁtﬂb‘?’@& aqrps thepyiewingpisaoflhe ﬁéamm@ 1¢ gppadepends
on the light that is emtted fromthe external source 41. The input end of
t he relBy lower stpfgcdssl 28ul Yewilhdepehed on gerdeaved IRIninkiermepropehies efither i ng from

the input rod reflects, i.e., the surface 121 opposite the surface where

t he relaayrasoopejiﬂDfoirshejﬂEWEerm_the i nput rod. Preferably, the radius of the
curve

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 élide
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 cani/axle member 162 includes a large control knob shaft attachment
segment 164 of circular cross-section; a circular off-axis cam segment 165 contains a relay
lens assembly slot 166, and a small control knob shaft attachment segment 167. Two control

knobs, 149, 150 shown in Figs. 17A-17C, are mounted on the outer ends 164 and 167 of
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121 is substantially equal to or larger than the dianeter of the-.relay r-pd
120. Preferably. referring to the illustrations in Figs. 13, thé center
124 of theOournveg’3l21l is to the left of the left edge of thedp8Hkh£9d i

10. The relay rod 120 preferably extends al ong the |ongitudinal axis of the
housi ng tube 31 and ends near the input w ndow 52 of the arthroscope 30.
The r el ayn/nxdd niedbber 4621 Thot&drol ®Aobd 4% UBDAEEXSE BRAIMAGEE k] %%P%%%t
light fromthe input rod 110 on face 112 and where’'it releases |ight at

sur f aceis $i23d ohlbAnO MU0 RRS v eltéﬂﬁftfaﬁha}l’rﬂéﬂgﬁ él%gm] %&g@%’ t@ﬂg; e &9(3} Oxpmgph%p“t

w ndow 52, has an upper curved portion 122.

The | g 122 i ' dt flect light in the desired
di rect i 5 TSR HEN 0 kot 2 onfabe Bl carlpbbngostifon 125 i s

clear to allow the transmitted light to escape through the end of the rod
120 t hrYagH EHEc s AN 758 can/axia mambax £62. nRoalieniof thearoatol kiRybsfld®aksy,

together the | ower curved portion 122 that is mrrored and the upper curved
porti orth@2ge eached & Gingaxlejtdvawte thsoffunds ¢Arghts ascnnasidl 62 benbhe Wkew ng
area and reduce diffusion of light into non-working areas that need not be

i 11 um rahtes.irahSesrbogRhinen @fortshge mgraaagmgfsua@m RIRbvE Eéf@fi)é,?&éri1$&9§e&‘22

and I ength of the | ower curved surface 122 determ ne e an rom whi ch

the Vi eNidAghed £8a965!in fol ngt]ce t; HIR f light directed to the
wor Ki ngwar ea. The radius 5# t eglf%v\i]%?’ 1%1%% org%]goctg' \5‘33%5{5’10\(‘11338??2/&?‘%
prefergBhy equal to or larger than the dianmeter of the relay rod 120.
Referring to the illustration in Figs. 13, the -18 WD 02/17773

PCT/ USO1/ 26530 center 125 of the |lower curve 122 is to the left of the end

of the m'rrciéeg sur.face c;)cﬁ t he upper $ortion of the're{j&é_.rod end.
Pref er abl y, "BOdPPAYGHRPUREN) he side &4§ mab edporsralentidcalbudivent fdidevit8wi ng
area by surface 122 and not back through the relay rod 12.0. The
pr opor 3RS dfvephy 2 sigFpaptasuvied Botdraney ddd: cdnsiaxidettdr o ceen/ukile JaMonat  of
| ight and direction of the light rays

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 1s 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 vpon the



7 P ’_.
| eaving the relay rod 120. The upper curved surface 123 is preferably "
designed so that light rays reflecting fromthe |ower curved surface 122

stri ke thgouppetrzcurved surface 123 at less than the cri tiPE?JUSﬁ‘”?('R% of
upper curved surface 123, and escape rod 120, rather than internally
refl ecting back through the rod 120. The upper curved surface 123

pr ef er atohddinff t j 1 LSt ri-butd S e _view ng
area. The exactd%gr%osoggrﬂ?imo%gs’gﬂ‘(}%l%g@ﬁﬁd&g?&%%ﬁgsﬁ)g)\?ggﬂségﬁp %ggg&fg-‘ﬁ% Qﬁ%" Wil
depend i ilLum natign properties _of the rthroscope 30 for
ot SRS RER BEfhobl LHIMRL o8y RoSBRebE 66 bttt sRomam 65Ul at | ng

t he push rod éo, operate the ob{ ect input assenmbly control and adjust the
vi ew ofSUPPIESAPG HpgsedB ple G6D Aiachmentcinthrengiefigugag lens asteabdy Shrtodeope 30
the push rod 70 extends into and engages a slide 148. The slide includes a
mai n bodyversTy thesurggonor asicapesal aying arsrtpecipg3.58; the relay |ens
~opening 159 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

i | ustrat ed ItHeqersoanising it 6@0pe 60 ig MickaGOEdRNitd Bk infek A6RAIBE thld-86khd ¥
bel ow t he axi al opening 158 for the relay |lens. The cam portion 165 of

can axleCmaidineh® 36! ©nR8FLAIRNEY {4 ﬁlag E?%é&: tolrSaY 81 ﬁﬁ%gegoﬁ%r}%i 1.‘6[3111:6 3in

slide 148. Opening 163 is not quite cir N “Cr 0ss- sec i

enl arg lightly. The cani/axle.menber 162 includes a |arge
contr oﬁgﬁfr%%bo@ %ﬁrgfé}?ﬁ?fg H)rr}é% ﬂyl% ggﬁg}ﬁ? TaEs SB?ﬁqurth]I’easr”rﬁ?%@-oé}?éthgﬁ? a
circul ar. oftfl-axi S ca se% nt 165 contains a relay |ens assenbly slot 166,
and a SPEEI %@ﬁ?‘r‘%‘?“&%‘ﬁ‘ rs%él“fi 5y tgcHresubatanfid sxenpwith Toehangstindhe  knobs,
149, 150 shown in Figs. 17A-17C, are nounted on the outer ends 164 and 167
of _19Pygionof theagstpognushn ¢ fes.3be euerall vicaving ndner of 62, infhenen30mady knobs
149, 150 include a righthand control knob 149 that 1is fitted onto the

| ar ge eviend Slomwiteelt 1§ degceabdlashnehngiegnanikisl@dhohodshe tastador nenber

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 modified; 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 sim_ilarr 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.



162. The second or |efthand control knob 150 fits onto the smaller control
knob shaft attachnment segment 167 of camf axle. nenber 162. Rotati:on’of the
control kwob®/b4% 150 that are attached to canmlaxle 162 GRYS$EshHREs3q
of f-axis cam 165 of camaxle 162 to engage the central transverse opening
163 of slide 148, causing slide 148 to nove laterally, as indicated by
dashed ar easTR6Bmiiadei\@ed AsrekBl 1RBE i3Ripdsls $ESRRE afqﬁ) 35{1@,2%Qﬁgr[_ywmfel on

e slide

of can-1/axle 162. In alternative enbodi nents, t may al'so be

el ectri ] i riven hy a.step notor. A step notor
may dritsgldc\%nmggfipgéﬁeg ,ﬂagfcui%% %%(E'I%%n %@f%ﬁ%{ymgt}%’)ﬁ? ’ée]gffrﬁ%%do\ﬂr?f%fre? or exanpl e,
a jacke%1 rew entgagi nﬁ slide 148. The step notor and jack screw are

pr ef er SBI CHRERPHEFH 8 ARRTERt R e shiledan Hisdribaiasigupmodificationpanche
notion of slide 148. Slide 148 may al so be driven with a piezoelectric
posi t i GHERURBE At Mate imiieldgvice of threprasenhimyscopewiBout Heparding ifoas ttepe 30
may be electrically operable by electrical buttons or by operating

sof t waspirband scopepfitbe jnvieotioexanpl e. 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 assenbly 43, which is preferably a
rod-based |ight relay assenbly 100. Light passes through the light relay
assenbly 43 and illum nates a surgical working area just beyond the input
end 32 of the arthroscope 30. In arthroscope 30, |ight passing through
l'ight relay assenbly 43 may reflect, at least in part, fromthe second
mrror 58 onto the reflective surface of the first mrror 56, and then pass
through the input lens 54 into the viewing area to be illum nated. Light
reflected fromthe view ng area passes through i nput wi ndow 50 and i nput

| ens 54 as object rays which inpinge on first mrror 56. The object rays
are directed fromthe first mrror 56 to inpinge upon the -20 WD 02117773
PCT/ US01/ 26530




second mnor 58 or prism59. Fromthe second mrror 58 or prism59 the
object rays are re- directed toward the input end of the relay Uen§;p;;5
assenbly 60. The relay | ens assenbly 60 supplies the image to the D
attachnment 36, through focusing | ens assenbly 55, to be viewed by the
surgeon or other person using the arthroscope 30. If the person using
arthoscope 30 is dissatisfied with the i mage avail able through the CCD
attachnment 36, control knobs 149, 150 nmay be used to provide an inage of a
di f f er epthat RQLEHh&NsQef the surgical region. In this way the imge supplied
to the surgeon or ofher person wusing the instrunent 30 can be and is
varied jo a ﬁ%ﬁ% {ed q{rﬁ&é&sg e Wving nikfte ﬁ'ﬁﬂ%99vfeQrirgfof@tsﬁﬁﬂ,sfnt:fuﬁﬂlﬁgﬁrgthe

instrunment. In eftect, eral | “view ng range e I nstrumment 30 may

extend from about 15 degrees. bel o 9H9§ di nal axis of the housing
tube to" 4BOHPTOS" a%%%?%gggglﬁg\'/neg%@ggkélos 0 % he housing tube, with no need

to change the axis of the instrunent. Further alteration or correction of
t he i mage nafg}“BB“@?’?sefeP leAFouRSA SHMM B of t ware. Several parts of
instrunment 30 _can_be nodified fromthose illustrated wi{hout  appreciable
ef fect on ovefiEst misyap@tablsareynd; the eomman axigdhe eammen axip being coplay ¥ithagg 70
may be nodified; the push rod 70 constitutes an optional nmechani sm for

oper at i reflecting surfpestofitkewmirraand first mirror but any nechanismthat will nove
the input lens and first mrror in the relationship described can be used.
The cani ax| earastgecs kélgleassanblyol nmechani sm nmay al so be altered. The angl e of
the bevel of the outer end of housing tube 31 may be varied as desired; a

curved gRaRRCGhsinpul lRfs, e fifdEmiprodbhd theSBRPErCRY abdamblyyrd brravged euttanabject
ext endi ng beyond the input wi ndow so as to provide maxi mum protection to

the i nppfs PASARVLM thd fiphr 1eRé B the fiksP ehirrd¥ dnb ré MRt KB IRL firsBSrdriowsdfiey r ed,
but may depend on the prinmary use f instrument 30. It wll be recognized

or
that - usgyigl: Byt ifly! arddWndeifl HRRAnEMa 90 oy HGnd HlelWRRfnused
for thgmgéggfay %aﬁ&vary apﬁrecia ?*§V@@B§f1777 PCde%gR/2§§30 .

axis between the first viewing position and the second viewing position is half the angular

rotation of the input lens around the common axis between the first viewing position and the

second viewing position.

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 1, further comprising a housing tube enclosing
the input lens, the first mirror, the aligning optical element and the object relay assembly, the
housing tube having a viewing end, the viewing end being closed by an input window, the input

window being spherical and having a first surface with a curvature and a second surface with a
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The | anguage used herein is used for purposes of reference and not .-, -+
limtation- Wiile Z:~ the invention has been particularly show and”
described with reference to preferred enbodinents, it will be apparent to
those skilled in the art that various nodifications and alterations can be
made in the device of the present invention w thout departing fromthe
spirit and scope of the invention. What is clained is: 1. A variable view
art hroscope having nore than one view ng position, including a first

Vi e NQe\R0Siel M8 @R FruResHF AV WstinB Weddhd RETFAcks Bthe SAP Wikl eirdf bonbditic | €ns
rotatable around a conmmon axis; a first mrror rotatable around the conmon
axis, t EHRH | I coplanar with a reflecting surface of the
nirror;ggﬂ&g | ec ggg ggﬁgggenbly; wherein the input lens, the first mrror
and the object relay assenbly are arranged so that object rays pass
through the input lens to the first mrror and reflect fromthe first
mrror toward the . object relay assenbly, and wherein the angular_ rotation
0t the $ 1ot T YorEPIRIATLAEIMDIOPE BTG > e B FEBPHEMETRU RATLHE
position and the second view ng position is half the angular rotation of

t he i nptAMMe/MAXiZ{r ound t he conmmon axi s between the first view ng position
and the second view ng position. 2. The variable view arthroscope of claim
1, further conprising a fixed aligning optical elenent, the fixed aligning
optical el enment being positioned so that object rays reflect fromthe

first nbrrorThovdriableaidvwgmithrgscopé ofalhine] ,funtier camprifingan inpet lahsd fjgme)g opt i cal
elenment into the object relay assenbly. 3. The variable view arthroscope
of cl ai Whéreinfthé Inper leRORPIduRtedDna SIS RY tHeURsut Gdi6 f@SIeNthe input lens frame

having a second end proximate to the common axis and having a pivot point at the common axis.

6. The variable view arthroscope of claim 5, further comprising a control, the control

including a push rod having a slide end and an input assembly end.

7. The variable view arthroscope of claim 6, 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 coaxial.

8. The variable view arthroscope of claim 7, 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.
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the input lens, the first mrror, the aligning optical elenent and the
obj ect relay assenbly, the housing tube having a view ng end, fhervjew ng
end being closed by an input wi ndow, the input w ndow being spherl ‘cal and
having a first surface with a curvature and a second surface with a -23
curvature, the curvatures of the first and second surfaces of the input
w ndow bei ng concentric around a common centerpoint. 4. The variable view
art hroscope of claim 3, wherein the common centerpoint is on the conmon

axi s. 59 TheryayirableSid gMhBEdopE 9@&%?6 ,Qhe &rroMutther M[:lhhﬁnl’g aGRAPhtRh&Dioan
I nput Iens frane, wherein the input Iens is nounted on a first end of the

| nput u@l‘i fltPat th@ﬁhdené}}&t tﬂeeéiﬁefbreﬂl oné?&l}ﬂn'aﬂ% Thov BB o ‘foéra‘%% For ©

t he co aX|s an avi n pi vot nt~ at t common axi
vari abl e v4e art.hro coeof o |m5 further cQuprls a control, the
control mloﬁlcr:] rlnlde’ "“‘% ShY 8‘3‘%2 ﬁmgmgeﬂbcecagln gﬁs&erghf‘l nput assenbl y end.
7. The vari abI e view arthroscope of claim®6, the control further including
a push rod yoke attached to the push rod at the input assenbly end, an

i nput Iens connecting rod attached to the push rod yoke by a first yoke

pi n and!o tRbe varble Yiew arthiogeape 9f claim 2rfpbericamprising pbopsing tubpenglesing
mrror being nmounted on a first mrror frame, and a first mrror connecting
rod at t thehept fenstthefirspmémon the alipiag bptical @em@ndngr ticeobyrichredaychssamtinghd i r st
mrror frame by a first mrror franme pin, the first and second yoke pins
bei ng cbausingltubdthavifige wiewinglehd, the @ewaitchd bsieg plosaf bycdrainput Avinddnverthe inpihe

di stance fromthe comon axis to the input lens frame pinis half the

di st anc@iddo@rBeifyespheridid andiaving  fitsd Qurfidce S¥ithd Eurldtudelanl® tdhd sdrfaddWith

vari abl e view arthroscope of claim®6, the control further including a slide

att achegl JuﬂfatJrE'ethBUéiHvz{t&’r@s Jf thE'eﬁr§t| il s &Hd sbﬁ?ce'é'dfdﬁnebiﬁbﬁlgwhﬂaw bt nal 1y

novabl e, a camaxle assenbly f novi ng the slide, and view control to

mani pul gi e RE.GaR %Jnﬁm%ﬁ%&ﬂ@#pxmt-

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

second mirror.

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

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

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

spherical lenses.

15. A variable view arthroscope, comprising:

an input lens which is rotatable;

a first mirror which is rotatable; and

an object relay assembly;




10. The variable view arthroscope of claim2, further conprising a housing
tube enclosing the input lens, the first nmirror, the aligning optifgal "
el enent and the object relay assenbly, the housing tube having a view ng
end, the view ng end being closed by an input w ndow, the input w ndow
bei ng 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 w ndow being concentric around a conmon centerpoint. 11. The

vari abl GnieRVihelpllt RAC 2RE ifrof bt dHjéet rallisGenihy B2 aflah G Yo QUL ER cayFIE!

is a second mrr 1Z2. The variablfe vi oscope” of erein

the alignj | i S 13. The variabl e. vi ew,art hy oscope
of i ai L AFeep Bty 30 R Bl b ARSI oot 5 4 PR g Rk

vari abl e view.arthrosco f claim?2, wherein the jpput lens is a doubl et
of tvo QRS fighmineigutrds the obiet T asyanbly. stiaion ol e BRI BRBFE ting:  an
input lens which is rotatable; a first mrror which is rotatable; and an
obj ect VEMAf thesartwgncope, apdwhenein the argleefotatian phibadirst axgor fsicpardingiadrtobe and
object relay assenbly are arranged to cooperate to capture and direct

obj ect hd?@eﬁoﬂﬁhéﬂﬁﬂh@tﬁ@v§nwag§mthrough the input lens to the first
mrror, and reflect fromthe first mrror towards the object relay

assenbly, rotation of the input lens varying the view of the arthroscope,
and wherein the angle of rotation of the first mrror is coordinated to be

hal f t hes.anglThe @hridtdé elewitthedscogtficRit 5] Whkrein 1he inplitSenttindaid BrsVin@¥ér are
art hroscope of claim15, wherein the input lens and the first mrror are

rotatable around a common axis and the common axis is coplanar with a reflecting surface of the

first mirror.

17.  The optical system of claim 15, further comprising a second mirror, wherein the first
mirror reflects object rays to the second mirror and the second mirror directs object rays to the

object relay assembly.

18.  The variable view arthroscope of claim 17, wherein the second mirror is fixed.

19.  The variable view arthroscope of claim 15, wherein the object relay assembly is a relay
lens system, further comprising a prism, wherein the first mirror reflects object rays to the prism

and the prism directs object rays into said relay lens system.
20.  The variable view arthroscope of claim 19, the relay lens system having an optical center,

wherein the prism is fixed and is oriented to reflect an axial object ray received from the first

mirror to the optical center of the relay lens system.
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rotatabl e around a common axis and the comon axis is coplanar wth a
reflecting surface of the first mirror. 17. The optical system of -clai mi5,
further conprising a second mrror, wherein the first mrror reflects
object rays to the second mrror and the second mrror directs object rays
to the object relay assenbly. 18. The variable view arthroscope of claim
17, wherein the second mrror is fixed. 19. The vari able view arthroscope
of claim 15, wherein the object relay assenbly is a relay |ens system
further 2e0NPThSTAHAbR W SRhro¥WIBE 8F Slaith € JHieksth HE dpkiedl a&ﬁfdfﬂfé&'&%@gt rays
to the prism and the prismdirects object rays into said reléy | éns
system jflsectfe ¥thinBRLfis 1 MY ARG EAACORGi land i IHE sdebnd WASVREhENidrE S
system having an optical center, erern the prismis fixe nad 1s
oriented to reflect an axial object ray received fromthe first mrror to
the optical center of the relay lens system -26 21. The vari abl e view

arthroscope of clajm1, erein t optical axis. of the object rays

i ntersetts the® KA "ﬁ"%i’?(\é\’/{éll"f’?f:o?ﬁgp‘ﬁ?‘l"‘&s’\)‘ﬁ@ﬁ%@%‘&ﬁ‘i‘ teng Andiihg first mifrer &g cond
viewi ng position. 22. The variable view arthroscope of claim15, wherein

t he i nptRtatpldparoypdia corampn axis apd thegemman axistia transiversa fotin@pdcat 8¥ifon axi s and
the comon axis is transverse to the optical axis. 23. The variable view
art hroscope of claim 16, wherein the optical axis of the object rays
intersects the common axis as the view of the arthroscope is varied. 24.
The var 2Abl eThe easiabletvievo stiapscopé of ¢lainni 6l whieteirt the opticalpxis oF thg objeki tagd i rror
frame, wherein the first mrror is mounted on the first mrror frame, the
first mnteredetsith@egnmaty hxig astheivieM of tR®@hrrogtbpé R&afedMON axis. - 27

24.  The varnable view arthroscope of claim 1, further comprising a first mirror frame,

wherein the first mirror is mounted on the first mirror frame, the first mirror frame having a pivot

point at the common axis.




