WO 03/ 037190 PCT/ US02/ 32108 SEGVENTED ARM FOR HOLDI NG A STABI LI ZI NG Tl SSUE
DEVI CE FI ELD OF I NVENTION [0001 ] The present invention relates to surgical
retract orwoa@sneyi ces for stabilizing a predetermnm ned ar exTafSo/sEPOdY
during a surgical procedure, nore particularly to surgical retractors and
stabilizing devices used in connection with an inproved segnented arm
support systemthat is preferably used in coronary artery bypass grafting
surgi cal procedusesSMENTED ARVEFOREOLDING A STABILZIGE TSSUEBERIGR appar at us
that is used with various surgical retractors and stabilization devices
for use in various surgical procedures. BACKGROUND OF THE | NVENTI ON [ 0002]
D seases of the cardiovascul ar systemaffect mllions of people each year
and are a cause of death for |large nunbers of people in the United States
and t hroughpub dPevverirhN A particularly preval ent form of cardi ovascul ar
di sease involves a reduction in the blood supply to the heart caused by

at her oscl efqph$ ft@%&él&ﬁﬁ%eﬂﬁ&ﬁ%ﬁéte@'t&ﬁ?g‘i@% re%ct&mﬁ& dSRRd ks sBBffizin hat create
arestriction in bllood flow at a critical point 1n the cardiovaScul ar

syst em af f epreietgymiedaerafof 8w body duringhicsargical jro@daie, @ore perichiaily teesufaieal t r eat i ng
such a blo I | L . Proc as a coronary
artery by pgelég&&s %d Srtgﬁﬁ{dégg%érv gctgs {d\%fl?h&}%&%@émggﬁﬁ%&fe vmn\{vgls a heart
bypass” Opﬁ'ﬂpabnt mtem‘l’chﬁ isprefprably used inr@odnaynrtedy bgpz{sls paéthganrgihbprosdaesor onar y

arteries S fii n a st .common procedures
per f or ned f‘%da’gore Spe@’ts%lﬁ%@y “9‘0"&%12 ﬁ’aﬁzft'ésngé}g? 't‘sfgﬁ'ng‘ Vﬁ’é‘é‘ﬁéﬂ®°{’8004] In the
coronary afeuzecftyrs bydpassligried ﬂevﬁxfe@ﬁ@dwm,vaﬁm sSigicglg@bcegideler renoves a
portion Eéﬁ f iﬁ?ﬁfghﬁ‘ﬁé &ﬁg}? of the body for grafting or detaches
one end of K:Q C&Nb d ¥ hat end past the obstruction in the
coronary ajgoeRy Dikdak& dfeRVdaRfiodREuatshREm aIFekt nﬁﬁfoﬁQBﬁe&o{)Q chfifyeaf dfalak )
supply. When using a vein fromanother part of the t he surgeon

instal | s tfause plglepthdpr latse pymiers of peaplayy ;sle@s@mteﬁétws%n:da ropghput the wedlh cases,
the obj echipifichfirly BrevaRhiGbin BLEABbyREAAMfh QWi @vdsNEeMRAGA in the blood

supply to the heart caused by atherosclerosis (coronary artery disease) or other conditions

that create a restriction in blood flow at a critical point in the cardiovascular system
affecting blood flow to the heart.

[0003] One technique for treating such a blockage or restriction is a surgical procedure
known as a coronary artery bypass graft procedure, which is more commonly known as "a
heart bypass" operation. The surgical correction of occluded or stenosed coronary arteries
by means of bypass grafting is among the most common procedures performed today,
especially when multiple grafts are needed.

[0004] In the coronary artery bypass graft procedure, the surgeon either removes a portion
of a vein from another part of tlie body for grafting or detaches one end of an artery and
connects that end past the obstruction in the coronary artery while leaving the other end
attached to the arterial supply. When using a vein from another part of the body, the
surgeon installs this portion at points that bypass the obstruction. In both cases, the
objective is to restore normal blood flow to the heart.

[0005] In addition, when using this technique the surgeon makes a long incision down

the middle of the chest, saws through the sternum, spreads the two halves of the



[ 0005] In addition, when using this technique the surgeon nmakes a | ong

i ncision dowmm the mddle of the chest, saws through the sternum spreads

t he two hwiows®3mbot he WO 03/ 037190 PCT/ US02/ 32108 st er numprcapesor/3ang t hen
perforns several procedures necessary to connect the surgical patient to a
cardi opul nonary bypass nmachine to continue the circul ation of oxygenated
blood to the rest of the body while the heart is stopped and the graft is
bei ng sewn in place. Although such a procedure is one common technique for
t reat ment , stefiempipagafdithen prforine gty protedatesBédearyao sédnyctalndsuegical damage t he

heart, the central nervous system and the blood, s ly. [0006
| nt er vent i BHEM rf’é‘éﬁ%i“l?ﬂ@?,na S5 ?%@tcawgb‘ﬁ@etcfréﬁgﬁ?%rﬂfﬁ%}’geﬁﬁ opl asty

(PTCA),  hamed 8athd R FARWoAY kwhile 8 hbdieis RRpHRAdSA e opdtels 6ink Kwitiner apy of
at heroscl erosi s occl usions, for A several reasons. The translum nal approach

is a mini ndlapsy Alheagh seh 8 seedugiis ophermmembicelniaie farfsament. érpresdyreduced
trauma andis"l@t%‘tlﬁ@&adn@ﬁi@,vc%lﬁﬂ/y dld'Ten dASRE HeRehy NRRAABRBELY stA, AURASS

grafts which uti'lize honol ogous tissue, such as saphenous vein grafts.
Al so, the pkedamwplbften suffers conplications at the donor site of the

raft that . e [ ]
Al though- PYERS) RSl GARiRE <80k OMecHl s AR S S0 C1EA o
such as r bstegniosd popularityhasomdboethedsanf dhaeefot thempy dadiegnsdsedis wedssdins, fof t en
require sugg)&ﬁka igt Qxﬁpgign {or(gq;rectionl The .sur icaltc rrection of
rest enosi s O PKEMNE CEAVEHPPERLIPPTES 8ﬁ§W§mﬁﬁﬁg§§“¥h?§F%ﬁF SEEr e,
requires t e pagat to reducb@iraingmd dedunel tebwefyainc tpe@hlBOritbn@Bmpaed R yhads UNQ

bypass machi ne during the procedure. [0008] In recent years, and in an
ot Pore 1o Pl ebichoBie RoleGiie sshds tohen 15k Pt ACplerbrumehave

turned to pifftry@niplicfiond /e doAYEEe \bE the Bidi thatlmagde hdachnm thostiiGoMgand ., such
as intercostal and endoscopic access to the surgical site. Wth such

procedur es¥RBO/{Eart i s beating during the surgical procedure. Thus,

there i s npovrgdakifug®PYCA PEBeires £ADFHNARHTRN A NpRYRRAS canPiile, kilIE 1S NO
need to perforimthe extensive surgical procedures necessary to connect the

pati ent t oresigaosisoriyrpmbesispadgimhelism. Restenosed vessels often require surgical
intervention for correction. The surgical correction of restenosis, like the conventional

coronary bypass surgical procedure, requires the heart to be stopped and the patient placed on
a heart/lung bypass machine during the procedure.

[0008] In recent years, and in an effort to reduce cost, risk, and trauma to the patient,
physicians have turned to minimally or less invasive surgical approaches to the heart, such as
intercostal and endoscopic access to the surgical site. With such procedures, the heart is
beating during the surgical procedure. Thus, there is no need for any form of
cardiopulmonary bypass, and there is no need to perform the extensive surgical procedures
necessary to connect the patient to such a bypass machine.

[0009] Such attempts at performing minimally invasive bypass grafting on a beating heart,
however, have been characterized as tedious, dangerous and difficult because of the delicate
nature of the surgical procedure, the lack of adequate access through a reduced surgical field,
and the lack of an ability to adequately stabilize and reduce tissue movement at the graft site.
Because these procedures are performed while the heart muscle continues to beat, the blood

continues flowing and the heart continues moving in three-dimensional movement while the



[0009] Such attenpts at performing mninally invasive bypass grafting on a
beati ng heart, however, have been characterized as tedi ous, dangerous and
di fficul twoasasmeo of the delicate nature of the surgical pomocsegiszies t he

| ack of adequate access through a reduced surgical field, and the |ack of
an ability to adequately stabilize and reduce tissue novenent at the graft
site. Because these procedures are perfornmed while the heart nuscle
continues to beat, the blood continues flowing and the heart continues

noving in dud &ﬁaderﬁpﬂm e thegRAfe TRl hceW b tﬁe}mlgleal\p@oe&hewm@ﬁu the
PCT/ US02/ 32108 surgeon attenpts to sew t he graft 4ace t he

surgi cal p¥af&enyies PE"WE&%’P?S qf yatures thropsh @hygiteme! 3b‘°f Y55k a@i@?‘?tgs of

sut ures t hEQHER AR EEQT B e ATBhE M4GR6RHuRBN G 19RERssaly Gat@edchatur&det | nues
to nove during the procedure. It Is necessary that these sutures be fully

and secur eﬁuillyi?néée@éreéﬁoplﬁm sotthat thy gipft i keld Bpalyrip pasifion anddess Pdeakand does
not | eak. gio’hl%g?srcﬁsdléseg '11‘??' OFafnt RoY ’fJO Tt BMtccd¥ Fla%ﬁo? ﬁ@oﬂtﬁg an access

platformf Issection of an Intern manmary arfery descri bed
access pl adl‘smmdﬁsanflnﬂemal aatmagye etery. Ehad@srlbm‘ﬂt@ﬁ@émh&ﬂ@@ai ﬁrsaalsbr eader

member hatecon lg“lfuile %ter%%)%ﬁ/e edttgg %egcge??n %¥ {hat ﬁfer%lggcﬁwég the, MS §]gaqp ort

pads i nt ert6ANec |rs torS|ona nber 1's ably
i nt er conneat togethe, diesuppars pads limdroamateilhie tedirecddade. néetmspnalmmslsused to

vertically displace the fi t her direction, .thus |ncrea3| ng
the sur geo?Pe@BWq{?‘H’é‘e ‘LEO th%\ﬁﬁﬂgfaguﬁﬁ 858@% 61?en6bC§’sa§’8 16548t the

i nternal nydiaedlly dplRE Yhe f&st]blSéEdJﬁ eithedt diketiaf, thlmhﬁd’realmg&hé egtgéam'st he bl ades
is used to draw t he soft tissue around .t he jncisi %%{fromthe

surgeon' s Werkingpace andivigual aqqpsHer Iﬁﬁeﬁg?rﬂ%fcfh? gD H’éar%ﬂ} 28Rt At B3P can

include a pakbtol AedrcdMBetBEtEEH1ales BRLWH todrdie e lsoft tighiel dragid theymbisioRent .
[0011 ] There also is described in U S. Patent No. 5,875, 782 granted to

Ferrari etaway from thesurgogn's oringrea s ltosBirtagpprgyided that the 2eesshplation casat ent  No.

6,102, 854 &E%’&E%o&%at@éﬁﬁé 8ed 85 nfdhnt 2 UG sHbfhzePﬁJsﬁﬁ‘rherNo 5,894, 843 grant ed
to Benetti et al. various devices for stabilizi n% a predeterm ned area on

the heart 014 Hléhermiﬂgalﬁ defcridegint UenPatent No. 5,879, 78R ainéedato Eeratiiet al :
procedure gn i RepREANJ"Y,098363 prahRATS CARY, G.85Pd R NUIG, 1087659 YRnuaR! | 1 zat i on
Cartier et al.; and U.S. Patent No. 5,894,843 granted to Benetti et al. various devices for
stabilizing a predetermined area on the heart or other organ of a patient, e.g., to enable a
surgical procedure on the beating heart. These devices include various stabilization
members and an elongated arm. The arm segments can be movably attached to a rib
retractor so that a person is not required to hold the arm segment.
[0012] There also is described in U.S. Patent No. 5,836,311 granted to Borst et al. an
apparatus for stabilizing a predetermined area on the heart or other organ of a patient,
e.g., to enable a surgical procedure on the beating heart. The apparatus includes a single
legged or bifurcated member having a plurality of suction members thereon which are
attached to the surface of the heart using suction pressure. The arm portion of this device
can be movably attached to a rib retractor or other surgical device so a person is not
required to hold the arm segment and the suction device may be locked into position

against the surface of the heart.



menbers and an el ongated arm The arm segnents can be novably attached to a
rib retractor so that a person is not required to hold the arm segnent.
[0012] Thwoesambmeoois described in U S. Patent No. 5,836, 3ptTgrsapnsadst o
Borst et al. an apparatus for stabilizing a predeterm ned area on the
heart or other organ of a patient, e.g., to enable a surgical procedure on
the beating heart. The apparatus includes a single |egged or bifurcated
menber having a plurality of suction nmenbers thereon which are attached to

the surfacqpoes] 1he PHeaH NoUsonY,3666lah @D tPSIRSE WL &l ddREbEY M peddlitng aeh this
device can be novably attached to_a rib retractor, or other surgical device

so a per soRadediprfsegpeniylinlememgenso ipjonerpartiguiar saprdisiens Hgramses U4 on devi ce

may be | ockegh ﬂ%&}i@&%&%ﬁﬂ is AeAbAFhatiflea s4H1d ﬁ%‘%‘mgfthﬁohgl hRefbmbers YR
03/ 037190 PCT/US02/ 32108 [ 0013] U.S. Patent No. 5,947,896 granted to
Sherts et aul"ovefessoter blosking mechdnéum &ritightcainmtbengadte. s iBKNQWE WO | | nk

menpers. | 14350 BR' 4 L ?ﬁj%u%h a QH?c(a!laHﬁQtarrﬁ,ng{ griogain(iael.qﬁlk%% ers %&Flﬁﬁic’tedate

articulated armis drsclosed having“a ca passi ng throug nmenber s
and an " oueger ©entee tHan|nowk idisgpl ek neenibsm dugrtotlirgh fapdsragplierbatdhdodistal ol i s
known to those .skilled in t art.. in s n ti [ .

proxi mal |i ﬁtkpr?w%uﬁﬁg}ogeﬁ %ﬂ%su%}ﬁée rg%llmtagen ';ér%g‘%se? f(;)er i(ﬁ%%}élg glg h%ﬁgeﬁgglt al

| i nk menbedisendois 4na theaé end @edt@sismppdiidad tathatdle thti sidalonelndrque hainggmoduce
nonent ar t. the proxijmal end. Because the. ||nk nenbe have, i denti cal

di nensi ongt?‘ﬁﬁak PeEb rsiaét}’r‘?cPrﬂ’é‘Eﬁﬁﬁl?{Fﬁli)?Q?\?fe&éﬂmf @‘el%??(dpgfﬁﬂ%m%l&ﬁrf #Snal
torque actidigagBle dfh®sdrbink thefilensouat oftthgue taxisiftse@Nehoni tighteginglar ent t hat
the proximal |ink nmenbers are not_ capabl e of_ absorbing_the fglll anount of

torque t hatables Ascaxiialy.ihodegrseitishicnige dhad cag by pchuey ﬂ&‘%%‘?rﬁéf 5t he degree

of tightenifged BAd af3Natb8taBANLENENhE bh8IE&. VoRbverl i SHekteet £d onighd
adequate stabilization cannot be assured. Mreover, In Sherts et al., only

a smal | nuplrumgfer pf Hrk mermbens areprevidedinddng theirpraei o graveaentpidhe of
novenent Olrgmﬁedgﬁﬁ.i culated arm [0014] U. S. Patent 5,899,425 to Corey,

Jr. et al. describes a stabilizer with a flexible
[0014] U.S. Patent 5,899,425 to Corey, Jr. et al. describes a stabilizer with a flexible

arm having a series of elements of progressively decreasing size from the proximal end to
the distal end of the arm. Because larger elements are used at the proximal end, where
the elements are subjected to larger torques, the arm is able to resist articulating
movement in the locked state. However, use of the larger elements reduces flexibility in
the arm in the unlocked state. Therefore, the range of movement and the available
locking positions are limited.

[0015] It is therefore desirable to provide a new system and devices related thereto for
stabilizing a predetermined area of an organ such as the heart and methods for using such
devices. It is particularly desirable to provide an articulating arm with sufficient
flexibility to allow a large range of motion and a wide variety of positions, but one that is
capable of adequately locking to assure stabilization during surgical procedures.
SUMMARY OF THE INVENTION

[0016] The present invention features a system for retracting, stabilizing or
manipulating a predetermined area of the body. The system includes a segmented arm

system or apparatus and a tissue support or stabilization device, and methods of use



arm having a series of elenents of progressively decreasing size fromthe
proximal end to the distal end of the arm Because |arger elenents are
used at twe oppnsuporal end, where the elenments are subj ect edTiusod/ariger
torques, the armis able to resist articulating novenent in the | ocked
state. However, use of the |larger elements reduces flexibility in the arm
in the unl ocked state. Therefore, the range of novenent and the avail abl e

| ocki ng positions are limted. [0015] It is therefore desirable to provide
a new syst eflatahthetbévi ces related thereto for stabilizing a predeterm ned

area of an such as the heart and t hods faor using such evices. It
L art i ol e bnired Hen BRER al e e A R e SR ot
f1exibilit et ad picdallpEDRNEAAGE f6 usE B peRforAiE GEf-Pidf YA biter§T
positions, but one that i s capable of adequately |Iocking to assure

st abi | | zat PEIISTRIATHG Reerediealn Bhisk dpdieat .remasmﬁ% éjmlw%e FMIZERTI ON [ 0016]

The present @il Pk VaBRI MRSy Fh&Y¥ BHleqiBhfi & stbifel 2 €ink REyanicRBE HeZrd8nOr
mani pul ating a predeterm ned area of the body. The system' ncludes a

segment ed EVeRticdyslagantotheaispaietuss ohig segnanse msiypigrwhiek isgoasiciedat i on
devi ce, angn et &qqéla Qctiblﬁ 6t fiie Yyragl?dé gt?cg %igc? regaq:gé y§%ﬁl§gtgog\%evfcg loiagu?%c?ilher eto.

[0017] The segnented arm system an e vi ces and appar at uses t hat
ar e feat ur egplethenten p dagiredgmsitiosuThe hse dditheaaxtargdoaid systam os gheirptrasenrf or m ng

of f - punp C?l:lcg%adrgl ﬁire&%ﬁ%hm Qéﬁaq’gtﬁs l%rb%fattt%a%dgcg ﬁl%ergt"rjg ?gr ait D \A@eis%gd fo@aetio%ear t
remai ns beating aar ng the rgical  procedure and/or- val ve surgery where
t he heart &gl dieoppedquiGhbaativacgnagedefmtahparpuebestid on fromrtni ead of &l ates t o

the versatile use of the. segnented.arm syst which is connected to an arm
or 1 ack el RN P AR OPoaal A Sy ALty SR BRTSE FBh devi ce or
surgi cal syspnesknt piclerat itheatioe all@nsiof 4 ANl radfeofuieafiméiforakinetisiadf thai |
Syotem on LhSiLSLLaEtar o SLERS,S SEaTENLed, sum gRpelsLus L ke oLy ached o
segment ed gf BB fAdh SadheofIhd #tr@&tof dnaMhAsbgRAte@far@Apfrfus. The segmented
arm apparatus is also easily and conveniently manipulated by the surgeon and is movable
so as not to obstruct the surgeon's view of the desired target location.
[0018] The stabilization device preferably includes devices of the type commonly
known as the Cohn Cardiac Stabilizer or the Immobilizer marketed by the Genzyme
Corporation of Cambridge, Massachusetts, although horseshoe or suction type devices
may also be used. The preferred form of the stabilization device is a generally square,
rectangular, or teardrop shaped member having a planar surface with centrally located
opening therein. This opening is the area through which the surgeon performs the
anastomosis or other procedure on the tissue of the beating heart. The stabilization
device is preferably a multiple piece member so that once the anastomosis is completed,
the pieces or an end portion thereof may be separated to remove the device from around
the anastomosis. Flexible tapes can be sutured through the tissue and then threaded
through the stabilizing device to provide temporary vessel occlusion. Once the
stabilization device is positioned in the desired orientation and location in contact with
the tissue, the flexible tapes are then pulled snug through the opening of the stabilization

device to provide a system that captures the predetermined area of the tissue.



or specially attached in certain specific |ocations. Additionally, the
segnented arm system of the present invention allows for a full range of

t hr ee- di nwosBesAbo noti on of the stabilization device or PamgisozB2108
instrunment which is controlled by a single knob that is spaced apart from
each of the retractor and the segnmented arm apparatus. The segnented arm
apparatus is also easily and conveniently mani pul ated by the surgeon and is
novable so as not to obstruct the surgeon's view of the desired target

| ocation. [003 Q]S]Th'Eh;e giaémbd hinz @tsieﬂﬂpldﬁvdbt}anprudésa{red‘ibygaldd(}irm:immg eunces of

the type comonl ngwn as the |ac bilizer or the |Inmobilizer
mar ket ed bJAEHe ﬁEVﬁén P%B?E%?@&mﬁﬁm Bgreﬁﬁ§§é@ﬁ3§%¥¥s al t hough
hor seshoe gdnn&di6it thefdoh YirGeResbEADdTNg ﬁie%%bﬂ&aﬂéﬁdevﬂé’l& dafgedaerred form of
the stabilization device is a generall§#s gquare, _rectangular, or teardrop

shaped rren’é’é‘ir“fﬂ%ht?l&‘eaaf%?"éﬁﬁ’lg axyy ke distgl eonneeior Alkows the é@h’chééponcﬁﬁé‘ﬁ? o)

therein. v&ﬁﬁﬂ bﬁ@slicﬁbfﬂﬁo%@@ 2 B4R PBsivibA Glto E&ﬁa@t Wid&ad 1@8&@1%{1{1&1 the
anastonDS|s or procedure on the tissue of eatlng heart. The
1

stabilizat &re«'mof fdjé\vusw of sheppasieet abieyegmentdd arpl %’Stﬁme‘tféhlﬁt@mbé mept t hat once
t he anasto [ r may be
Rithat n% ﬁ{ahglék gfu?ﬁlt% #&%m@h@%gﬁggﬁed%orggﬁge% I §n ete!gﬁqex y

separ at ed evic m ar the St OMDSI S, | e tapes
can be sut sagedntsiprovidia phieality sEloeatamel fctrhelatlvémmewmt Of t‘hleowgﬂlzathml

stabilizi ng. C1iceevIs%veellta% ov1glnig?oca8&gs%ra ﬁXlHé%‘%SCFCSHg& Yrdn (%qf t]tw stacoellz IE'

5p
stabi | i zatfon device ifs tione esired orien i'onan ocation
i N cont act am $yktent ztieng thssetmctdrhadfdlambd) ehetsagbdiizadive devien pul | ed snug

t hrough th nj .of th stab Ilzatlon deyice to provid st.em t hat
captures. « OPBF heaiankofe Ticabls rdisalriioble SErip B Tl £ HorSh

PCT/ US02/ 33fl8pluf i} 8 arﬁh@gﬁﬁgmmagaﬁomrtm gassiee Burpicafl gteaddl thatitiRc| udes an

el ongat ed artlculatlng arm haV|ng pr oxi mal nnuntlng assenmbly far

at t achnment 2HigulptRe 31gt dogs gt obstyctd ?j‘(1§‘f’é’|f thecyrgraR ©p th %%@F%%W%rprwé@@asab| y

connectin gsﬁfﬂ&elﬁtlé&érégezt@tpkmdéj@é’chlﬂ@ s@kicRli@iag@ko alld\® hdcHERBadidust he
articulating arm The distal connector allows the stabilization device to

be pi vot al logatigag og|theilaartof tesradicplo The gegmendyicash dnve amproximatelydhe a@e wi t h t he
predet er m ged,,q shape, are of low profile, and are capable of a large range of movement,

allowing the articulating arm to be manually arranged in a desired position. Each
segment preferably is made of a material with high stiffness (e.g., stainless steel) coated
with a high friction material (e.g., nickel, gold, silver, tin, copper, or an elastomer).
[0021] Other aspects and embodiments of the invention are more fully discussed below.
BRIEF DESCRIPTION OF THE DRAWING

[0022] For a fuller understanding of the nature and desired objects of the present invention,
reference is made to the following detailed description taken in conjunction with the
accompanying drawing figures wherein like reference character denote corresponding parts
throughout the several views and wherein:

[0023] FIG. 1 is a perspective view showing a segmented arm apparatus of the present
invention;

[0024] FIG. 2 is a partial exploded parts view of the segmented arm apparatus of FIG. 1,

including the tightening assembly, mounting assembly, and one segment;



area of the tissue of the patient. The segnmented arm systemof this

enbodi nent preferably includes a plurality of segnents positioned al ong

t he | engtwoaB/osheo arm The segnents provide a plurality ecTiwoasiions for
rel ati ve novenent of the stabilization device as well as providing

| ocations for fixing the desired position of the stabilization armsystem
along the retractor and relative to the stabilization device. [0020]
Additionally, the novabl e segnments allow the user to position at |east a
portion of00RGE HIGU3 &lai 8b9tionﬁl \aerwmhwgigshta’sls afvhy tightening dseeraldy indawbugting)i cal
site so théatst nt1bq oft%e%flz cuem ; ucsloes not obstruct the view of the
surgeon or tHe 2 Ant V\,ﬁmf Ii?row ding sufficient |everage to provide a
stabl e sur[po2e] HEGt£isangrtiabegllddedpacosssof the diatl assnbly ofiat segmsntedhariche hear t
of the patl ent. The segnents each have approximately the sanme size and
shape, ar e F‘SW profile, and are capable of a |arge range of novenent,

al [ owi ng ttémza] tHIGUS atd RgicahIidwsHd&ilaRtak bitha htRR@Ees Jf hedtaBi@igitioad
posi tion. mant@greferably is made of a material with high

stiffness &g atth§g§Fa|11P of the wePsniRdAMSPAHNIEh a high friction materi al
(e.g.., nicjgy nlogﬁt}% 1s5a'n|e}{ﬁf%ed §dcBonaf PBRRhowiRE d&&l@f%spthﬁm bf segh Q2 the O her

aspects and enpodi nents of the invention are nore 'y di scussed bel ow.
BRI EF DESCREPTMEARTFPPREIBRAW NG [ 0022] For a ful | er under st andi ng of the

nature and oﬂﬁ%et %I f@g%%&sgeé?fve%fé% IR e#ﬁen‘ts“&’ a9 6ehar ence i's made to

thefollo cription tak |ncnunct|on wth the
acconpanyi [0@3(]} &g isfa og@nsesctmhai vewroflond ef theﬁegmems detitied adil6s. cadot e

correspondj , views and wherein: [0023] FIG
lis a peris?g Aﬂ(ﬂ\/}%ﬁ%é\%&@lﬁ%&ﬁ%@ﬁ?@ﬁéﬁ@g arm apparatus of the present

i nvent i on; [00BOPAJIGF] (Hustatéssan@xpaple bid segipihtediath pphatus 10 efthopretdne segnent ed
arm appar at us of

ncludin ht eni ng. assenbl nti ng
assenbl y, ’é‘ﬁ?i“&?ﬂe%éf‘eﬁﬁ@ﬁ?tﬂ Wpﬁéﬁj‘é%&%%‘d E’EB’% BoYHES afg%%%zﬁ?@ 3is
a sect i onahuavhiByMhs REWIrNGs Welsatdidal Rfradidi@sck IFubIBNARGIAsHeRtivulARE af@ Wt | Ng

made up of a plurality of segments 16 is connected to the mounting assembly 12 at a distal

end thereof, the articulating arm having a cable 18 (see, e.g., FIG. 2) received in a passage
extending through approximately the middle of each segment. A tightening assembly 20 is
attached to the proximal end of the mounting assembly 12 and connected to the cable 18 for
tightening the cable and thus forcing the segments 16 of the articulating arm 14 into locking,
frictional engagement.

[0032] Attached to the distal end of the articulating arm 14 is a distal connector 21 for
receiving a stabilization device 22, e.g., a tissue stabilizer or other surgical instrument. The
stabilization device 22 can fix or immobilize a section of tissue of an organ, such as the heart
wall, when the articulating arm 14 is in a locked condition, for use in performing surgical
operations.

[0033] As shown in FIGS. 2 and 3, the mounting assembly 12 includes a mounting block 24
having a lip 26 and a mounting extension 28 to permit mounting of the segmented arm
apparatus 10 on a retractor 30. Details of the retractor and attachment of the segmented arm
apparatus to the retractor is provided in U.S. Serial Number 09/746,310, filed on December 20,

2000, which application is incorporated by reference herein.



assenbly of the segnented arm apparatus; [0026] FIG 4 is a parti al
expl oded parts view of the distal assenbly of the segnented arm apparatus;
[0027] FIWO 0B/odEI@ sectional view showi ng details of the atradoevenins of the
stabilization device at the distal end of the segnented arm appar at us;
[0028] FIG 6 is an enlarged sectional view show ng details of a plurality
of segments of the segnented arm apparatus; [0029] FIG 7 is a perspective
view of the segnents depicted in FIG 6; and [0030] FIG 8 is a
(E)IrE gz ISLE %C 0 R llg'ﬁ 1%%(11%11}:1 _?_ﬂ;@m@[fy 12 beths @gaﬁamirslentﬁmiimdlmﬁshmnEBmtacEedatndnﬂ
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A& segnent ed

ar m appar g\ 30td nhstdfSin @ sRERX bithé cdi@BmtahﬁlﬂleQ&%Qﬁbﬂhtéadeﬁ 1f1t0ra levat B@chi ng
the apparatus to a surgical retractor éﬂee FI G . An el

arti cul at i@ tey mouing gaigesie?Sdring spdyrcher bgtwgen @%ﬁﬁ%ﬁ% %“dllg‘pe? Sé lg‘?fﬁ%sc‘?t ed to
the nmount 'ﬂ{%r@e? %gg?@/ta& %vﬂﬂtth@caﬁlﬂ ﬁtlﬁlan bR B hBERR the 16RE(1RE doGM), Athtitgh ar m

havi ng a see : received in a passage extendlng
t hrough appthetéventaskas tltldr@mrﬁ?dd mV@WltbmémpuﬁéwnSloAz Bhid#ingghedeEnbl y 20

d
15 2L 2l bRl S L U AL LRSS SRl caancct

to the ca nin ing the segnents 16
of the ar tmdutiag ams@naﬁMch thatahd @okinnggs towaufd olt avmyétoneul'lgeegeﬁ@rﬁo Thoe32]
Attached to the distal articul at onnect or
21 for r &EIPOHGE ASSE LN OIgfhfgfese mdgr\l/tlloél & rcévi % S%’pqé grﬁatn?%g%é% %&%Ih n:;gzer or
ot her sur ghebmémed driapphratud toen resdcada) dliowartg ansurgéew toqmsﬁﬁn airepasiionrthe

i mmobi lize a section of tissue 8f an organ, such as the heart wall, when

the arti cSPERGURG EPFPRU2IPESHSEY ocked condition, for use in perforning

surgi cal {M]atrh@ RshtedifaHmbAB20518 euBividinkl Yote 4Pfonniel i3 Ihetﬂﬂ@unﬁﬁlwlﬁﬂ oflg
assenbly 12 includes a nounting bl ock 24 having a I| gnd a.nounting

ext ensi on thamewtins black 2hp Thft l?qff‘g‘m(ﬁ"“@cnﬂ%dlété]@h@rf?@aa a?q:ﬂ AAYESRE on a
retractor 30.i, Deh At hoiidH 44 & aﬁhgtﬁeﬁt%lenéHM@tﬁtﬁ%ﬂﬁEﬁ&tl&J46tdaﬁ bé REMEMIed arm

a shape corresponding to the shape of the slot 42. For example, the shaft can have a
hexagonal shape to fit within a hexagonally-shaped slot 42. Extending in a proximal
direction from the bore 40, the adjustment element 44 includes a threaded portion 48 that is
generally of larger diameter than the shaft portion 46, so that when the shaft portion 46 is
engaged in the slot 42, the threaded portion 48 remains positioned outside of the slot. The
cable 18 extends through the adjustment element 44 and terminates beyond the proximal end
of the adjustment element 44 with a crimp 50 preferably made of stainless steel or similar
material. The adjustment element 44 and crimp 50 can be received within the adjustment
knob 54. The knob 54 contains a threaded fastener portion 52 adapted to engage the threaded
portion 48 of the adjustment element 44. Therefore, the adjustment element 44 and crimp 50
are received within the opening of the knob, and upon rotation of the knob, the crimp 50 and
the cable can be tightened or released. The mechanism for tightening the cable and thereby
forcing the segments of the articulating arm into locking, frictional engagement is discussed
further below.
[0036] With reference to FIG. 2, a mounting socket 60 is secured to the distal end of the
mounting block 24 by threaded or non-threaded engagement with the mounting block 24.



apparatus to the retractor is provided in U. S. Serial Nunber 09/746, 310,
filed on Decenber 20, 2000, which application is incorporated by reference
herei n. 7Waé030371087190 PCT/ US02/ 32108 [0034] The nount i n@caassembiigs 12 of
the present invention includes a cam 32 attached to the nounting bl ock 24
by a threaded fastener or screw 34. The screw 34 preferably receives a
washer 36 to connect with a surface of the cam 32, and the screwis
threaded into a lever 38, wth the nounting extension 28 bei ng sandw ched
bet ween tl’l‘ﬁae@r&ﬁhﬁﬁig sookkt b@ineludB8. loBeqdismb sutfive 60 duered irsa ¢amveopermatllywi t h t he

cam 32 by an ec i ¢ boss of .the J.ever (not. sh rotati f

| ever caus 4HC312(’I1°’E?WHB Tape-+ HIS RS r‘ﬂ”if?fa g&@@’?&f‘%l}gsf etga%a cgtl ng
the | ever o b@ie‘éﬁ%ﬁ 1f1larcSﬁca%EﬁrfS@kﬂ@dlrﬂ@sgnﬁdnﬁ%of thh@ti@adringarm bé 'Ehk}ﬁmst ed

| aterally on a e paral] el tot rmunt{nyg extenlon Zqﬁbg)chthat t he

| an
cam noves SEBMEN § g 8l isviglgrred i hreings |t }?tl?%f’&f’li??‘ Segﬂ‘?ﬁ%" the arm

assenbl y Qfghdies I §3RNMrtidul¥i8 R hdnP U BE CMind&ted assluﬁmr%amﬁ@meémm&or
attachi ng % he segnmented arm apparatus to a retractor, allow ng6ra sur geon

to positi dﬂo%Z']dAISé?ﬁlisil FlGn, hpaticelanesmmdd inglyden pplarit of saemessioreagh | 0035]
The tight %Qjﬂﬂ L}S'Og&gsag% sl %ﬁd %ﬁge 2a&nPQ erﬁgbéug 3Rfa 'tdée&@ﬁn@r oxi mal

end of the 0 extends di ally forma
narrow sl ¢1a1142d fSQIﬂieirtﬂwovﬁgvgatlonhéclmtw wgmbrtf 16 pighe arcwlart@g@fméﬁ argdj ust ment

el ement Apolf i 20RENRRN BY. 4B PANRR LALIPH. b hu FIRAR GG LegRoNdi ng to

or exanple, can have a hexagonal
shape to flodatediat hnenend ohthx agporeat, Isl)ovaimpfeﬁldassth@dismzendﬁmaadmcngpavenmaerpr oxi mal

direction fromthe bore 40, . diustnment ele t t hr eaded
portion 4§u‘ff?1°§t°“|e§te‘?ﬁletﬁ%?pé’f)flyhebt?&fog‘r ﬁe?pwrgﬁgwgrgr&lﬁ?é%l?%&ngﬂgf Erﬁ Poftion 46,
so that W&rbtﬂ&c&hﬁﬂfsh@@)’dfiem sémés 14 engafigded mdtahengel 0 a Aating he t hr eaded
portion 48 renmajns positio e slot. The | e 18 tends

t hrough t AERBRSHE: igeRHERte @%ighsﬁamépﬁ?maggntswa ]{iﬁ end

of the adjfsidraRiude! ABRInaghsibd M1 for GEdoiPncatkiny B @bROBY made of stal nl ess
steel or simlar material. The adjustnent elenent 44 and crinp 50 can be

recei ved PP#EIn The artigglptingtern At prefealy Beludgyippienprtein2Q o ft0spamens. thovghded
fastener pELLLPRweLsRRBRE £ a0 wiFABEsbPEo R £29@En. In the example shown in

FIG. 1, the arm includes 28 segments. Each segment preferably constitutes a substrate made

of a material of high stiffness, preferably stainless steel, that is covered with a high friction
plating material. For example, as seen in FIGS. 6 to 8, segment 80 has a substrate 82 made of
stainless steel and an outer plating material 84 covering the substrate. A preferred plating
material is nickel, although other metals can also be used in accordance with the invention,
including but not limited to: gold, silver, tin, and copper. The plating material also can be
formed of non-metal elastomers.

[0039] By manually rotating the adjustment knob 54 in a clockwise direction (looking
distally from the knob toward the stabilization device), a pulling force is exerted on the cable
18, causing the cable to be placed under tension and thereby tightened. By tightening the
cable, the segments 16 of the articulating arm 14 become locked together as a result of
frictional forces exerted between connected segments. Segments closer to the proximal end
of the articulating arm experience larger torques due to the larger forces applied to the distal

end of the segmented arm apparatus 10.



portion 48 of the adjustment elenent 44. Therefore, the adjustnent el ement
44 and crinp 50 are received within the opening of the knob, and upon
rotati on wb mla7ikmob, the crinp 50 and the cable can be ticghtsezgnioor

rel eased. The nmechanismfor tightening the cable and thereby forcing the
segnents of the articulating arminto |ocking, frictional engagenent is

di scussed further below [0036] Wth reference to FIG 2, a nounting
socket 60 is secured to the distal end of the nounting block 24 by
threaded fo40 rlﬁgﬂfneﬁg& BREASBIRMcedid Btdérhe as¥iphdpagerph@adenst the 8 WO

03/ 037190 PCT/ USO2/ 321038 The npunti ng socket 60 includes a, lqwer (distal)
surface 6seementBasentyatdhrRrexmalfad srer] 3i4pd lagpdhanssepeyy at H&%lséag F'Gr

shape. Th&&%ﬂ\éﬁgng%ﬂ{emg errQbivd f&?pl%@ﬁkﬂﬁ% 1@%5@&@%@@ SdRPdeehlentt, Oubie recei ved
in a concave surface of a first segnent 64 of the articul ati ngtﬁ;grm 14. The

first segmesitabBLonissan fhe prasens invertionalup & e Hrgesrefife ohisgmens BRIFRICE egnent

of th 14. . ' L ;
e ar {Rg Prgxir ltéga anc? g E@%ﬂéeﬁ ﬂ%%bﬁfcty I)I{lg% %%%ﬁl%lg?lgg Eigei: %rdlizel lééeffegltnﬁlgﬂneﬁ ed

inasim’ nd-socket nmnner.
arti cul at [00413rThefeforenialacabedinee wikhuthe biesent ofvestignandtis orier te peeventishRN2ge

appr oxi mat e t he. sane. sj ze and sh adj a S€ i Jsd ned
t oget her f“’f‘lJ %S“r?)%thy"’g%chtl&}% E@agﬁeﬁggﬁg%ﬁ%n Sgtg':d %nnt?g( %eﬁ'g?{ g’% Cg[ga’r‘r% nts 16 of
t he arti ctdgadehts greasonted it adighSHctium plating heddriat sodkdtahd segmer® fB8liomRland 7. Each

segnent 16 i ncludes a convex .out fac I t t.. .end of th
segnment , %‘Fﬁ?ﬁ?’leaﬁ]éf)giehupffg Utgﬁféma% gtteth? gai’if’d ef,’xagﬁge%g%ggrﬁtlgglg%}cﬁﬁ%Plgtl%r fe ace

oriented pfckibBs RRRAS Ah@xehaple 6t 4 i, high Erictiop @hiting mheyielrisart dsstopieox Wirh end
70. Thus, an outer surface (ball shape) of each se rl’ge t 14 is,configured
and ar r anfEedesmEnss FREARY Withed sRftiDhas M3 tenrb fess p ﬁﬁ’éﬁgﬂ §€ PPYELOl Dk ket ~shape)

of an adj aggitted$EMTERLt seEREHs SRHAMRMENAS of the EAUICind ASdgeMER ofihe iséin@mbal

passage 74 for accommodating the cable 18. [0038] The articulating arm 14
pr ef er abl yThisiteueradts fomrimpraiaf e sofepceagng of adiagaineamenisnyhgeby thof@UBEs f ewer

segment s %f fdt] %%1&%@%4’1&1@ ef]lé gang g%ﬁle(}gm%)%?sei% ggﬁﬁl‘tt bR MardbiiB®y e @aRE& shown

in FIG e Inc segnen h segnent preferably
const i t ut eselaubstbes rallpwingalieplatog nzatarat efraidiscens fednegis ta fhikt prdesompressedr abl y

stainl ess tosgte%grl, ancf trt‘fé‘}eb} lseaéﬁgé/ 8%%%&@4 %rﬁtignari' .Elgéﬁgélﬁé.n? tfdr @Btaining sufficient

locking of the segments at both the distal and proximal ends of the articulating arm. The

cr owned

n

segments still maintain an overall rigidity and stability due to the strength of the substrate
stainless steel material present in each segment. .

[0042] By including a plurality of segments coated with a high friction material, the
segments can be manufactured of approximately equal size. It is not necessary to include
larger proximal segments, since the larger torques experienced at the proximal end of the
segmented arm apparatus are counteracted by frictional, locking engagement of the segments.
In the case of segments coated with a soft, high friction plating material, the plating material
tends to compress against the harder stainless steel substrate. Therefore, the articulating arm
14 can be comprised of smaller, lower profile segments, as compared with prior art devices.
[0043] FIGS. 4 and 5 illustrate a distal end of the segmented arm apparatus including the
most distal segment 90 and the cable 18 extending through a passage in the segment 90. The
most distal segment 90 is received in a basin 95 formed in a proximal portion of a plunger 96,

the basin 95 having a generally concave surface to compliment the convex surface on the

10



plating material. For exanple, as seenin FIGS. 6 to 8, segnent 80 has a
substrate 82 nade of stainless steel and an outer plating material 84
covering woassstisérate. A preferred plating material is mcakeso2/3abs hough
other netals can also be used in accordance with the invention, including
but not limted to: gold, silver, tin, and copper. The plating materi al

al so can be fornmed of non-netal elastoners. [0039] By manually rotating

t he adj ustnent knob 54 in a clockw se direction (looking distally fromthe

knob t owaiogstdsef Gibakirhdnz 90. i Tha dibeal esd)f, thacaplel 18i tergnifatys oathi acrieopeddt ed on t he
cable 18, cau5|ng the cable to be Iaced under te |on an the

ti ght ened Preggrably grdenf svnless steelox gt a“fnﬁ@“%le ﬁrtugp 186?%{‘1? L3 (08 Eul ating

arm 14 befi&@ﬁaéle%%ﬂﬂlchmt:ckiﬁrhoc&&d%&ﬁm%h@ger gkrictional forces exerted
bet ween connected segnents. ?rrents closer to the pro of the

arti cul at i[PRA4r W%RIB@W Bhiselifahbyghisposedrip aeeckgiid2 whershy aIPé?Ftth‘P?a{?rP&%erappl i ed
to the di ?g %J(t§ncﬁF%thfail§/ REm SRHIBALS Sk ALY Qfarﬁﬁf @f)ﬂéﬁmi]a@porgoﬂ/@ tA3{JRRet 189

PCT/ US02/ In prior art segnmented ann devices, in order to

assure pr byespurgtyehering b secket 108 éebrgvmpressaslgpward shegpasin Ré. podxi@fal end
were si ZEd ef%sgtﬁlr HEQQHO%@Q%%HE& %mﬁdqlhgfe ? 11’?[1:@ cableXd6 ta%ﬂe @ fgngenment is

ef fective Tor prodtci n ngagenent o e segne but is
undesi rabla&aa‘nesr tolesther smetolﬁélepmcﬁstana hmlmﬂ(%tthembydqmettmgtﬂtﬁaﬂh@eg% pidé i8.e of

segrrentslo a nd t.he.r ihility of the
articul ati H‘E g%ﬁl g rr{u(.s)[“fpﬁgp?t% gné?m %@% mef;jl1 @nglhﬁaﬁﬁlﬁg‘fe‘ﬁ%ﬁ&fgﬁé@@ {é%ée% n
acgordanc&;lwiﬂdhetsMetpresent invention, and in order to prevent slippage

and assur qu ckin enent he ment 0 i ht ni ng of
the cabl e op e dvehtaondta SLBI0EEA o o gl T poer TR abrfg ot ort o
so that the SeQIRss ﬁlcfuﬂingTa's@Uk@tlﬂanonel@g@%erﬂﬂf borﬂhtgﬁl@ﬂ astP@ngddgbtesiveg of the
cable. An exa e of a hard, high friction material is nickel. An

exanpl e ofPog 198 pttached iprihe stabalizelen davige 2Ag Th%?‘éf’ }Q§I anfl disghcomsdergdptm fyen

the segmenf,§. .ad. E’oc‘f(@@ctoﬁﬁjec%ﬂ tycl t&@ﬁﬁoxﬂb@stehﬂﬂg oL 8djhfhnent tkR6W 84, it Rsti08SCr i bed
anmount of "bite" exhibited in adjacent segrrents upon tighteni ng of the

cabl e and 2o tagtestrbilizhtiqnisvise gheantbs releappd gorp |theéeglé@1§ﬁdta§mfa§&§mblymgh of the
softer ¢ O%B'oﬂ&m?é lﬁ‘)qh AGE&Rbn SEAVERKS 10%‘.’“%&:%‘1@19,%&&&%1&%&9& device 22 can be

replaced easily and substituted for on the segmented arm apparatus.

[0046] Various modifications and additions can be made to the herein described invention.
For example, the articulating arm 14 preferably is covered with an outer sleeve made of a
thermoelastomer or other biocompatible material, thereby protecting the patient from
exposure to the plating material.

[0047] Further modifications can include a force-releasing mechanism or mechanical stop
positioned inside the knob to measure the force applied to the cable and prevent further
rotation of the knob if the applied force exceeds a prescribed threshold.

[0048] A low-pitch knob thread design (e.g., a turnbuckle-type mechanism with left- and
right-handed concentric threads) can be implemented to provide a larger axial movement of
the cable in response to each turn. Additional modifications to the knob design can include a
drum with pawl and lever, a cam with a spring-loaded cable, or a three-bar linkage

arrangement.
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of adjacent segnents engage and becone conpressed agai nst the harder
underlying stainless steel substrates, allowing the plating naterial of

adj acent weguomstisoto "bite" or be conpressed together, amdTiusez/enys| eadi ng
to a tighter frictional engagenent for obtaining sufficient |ocking of the
segnents at both the distal and proxinmal ends of the articulating arm The
segnents still maintain an overall rigidity and stability due to the
strength of the substrate stainless steel material present in each

segnent . [0d4894RiihdRgh h prkendil B@badiPkLA tictiyvenfiomiag bemtdescibed edngrpedifia hi gh
friction material, the segnments can be manufactured of aﬁgrggk éehy equa
size. It [esmporchissaipiign i f%)rdllpsﬁl@pmrpqsgsr@@* a?)‘f%}tq‘it f undefiioq tiat clignge

Ce the

| ar ger t ofQHIeSiaRRGhdyHRGREe Fithdul Berkting fromk the @%_ri@cﬁr stdiR of argolioving ar m
apparatus are counteracted by frictional, |ocking engagenent of the
segment s. clajms.t he case of segnents coated with a soft, high friction
plating material, the plating material tends to conpress agai nst the
harder stainless steel substrate. Therefore, the articulating arm 14 can
be conprised of smaller, lower profile segnents, as conpared with prior art
devices. [0043] FIGS. 4 and 5 illustrate a distal end of the segnented ann
apparatus including the nost distal segnent 90 and the cable 18 extending
t hrough a passage in the segnent 90. The nost distal segnent 90 is
received in a basin 95 formed in a proximal portion of a plunger 96, the
basin 95 having a generally concave surface to conplinment the convex
surface on the 10 WO 03/037190 PCT/ US02/ 32108 outside of the segnent 90.
The distal end of the cable 18 termnates with a crinp 94 preferably nade
of stainless steel or simlar material. The crinp 94 is received in a cable
receptacle 92 which is accommodated within the plunger 96. [0044] The

pl unger 96 is slidably disposed in a socket 102, whereby a portion of the
pl unger 96 extending distally fromthe basin 95 is biased agai nst a

proxi mal portion of the socket 102 by a spring 98, allow ng the socket 102
to be conpressed toward the basin 95. A pin 106 extends through a slot 97
in the plunger 96 and a hole 93 in the cable receptacle 92, and attaches
to either side of the socket via hole 105, thereby connecting the plunger
96, cable 18,

12



and socket 102. This type of attachnent allows for |ongitudinal novenent of
the plunger wthin the socket. [0045] The distal connector 21 is forned at
a di stal wodses7ibhe socket 102 and plunger 96, the plungecTa®or/smobgidi ng a
socket portion 104 preferably configured and arranged to receive a post
108 attached to the stabilization device 22. The post 108 and di stal
connector 21 forma ball-and-socket connection, such that upon | oosening
of the adjustnment knob 54, the post 108 and thus the stabilization device
22 can be rel egpatMfr om the segnented arm assenbly through an opening 110
in a section of the socket 102. Accordingly, the stabilization device 22
can be repl ac®habigsiineddtid substituted for on the segnented arm appar at us.
[0046] Various;modifi h@ﬂ%m@ﬂﬂ)p@fﬂQ%ﬁaié@&ﬁpﬁ@ﬂﬁclﬁﬁénﬂ&%ufgicdlF&a&t@ﬂ’, ein
descri bed invention. or exanple, the articulating arm 14 preferably is
covered weempangut er sl eeve made of a thernoel astoner or ot her

bi oconpati bl e i : I i eto
the pl ating mafor oy g s T T PN G s Pty DR toeRieh akifen SHEb A

f or ce- r el endamignersutiaa vstnagrssaecdrendoglthreeghsachreginpntone guiehgilbef afifet knob to
measure the force | i e ion of the
R

| ow pi t ch bking fortred etameatesal grith(héghgstiffnesstcoaterbwittkd kigh fnmionphkiagingterigh t h | ef t -
and right-handed,concentr.ic eads) can be inplenmented to provide a

| arger axi al nﬁ\‘}%]r%%teng‘rng tlfrﬁ'ég%gé%ﬁ’aés%gﬁofeeaggﬁe sg&t o each turn. Additional
modi fi cati ons hdetikeokidlendRshgenbameiebtausiag the ndtingsapndchtspabd bramght | ever, a

camwi th a spr ; ng- | oaded cable, ;or a three- | i nkage %tr)rangement. 11 WO
odi ment of the

03/ 037190 TBEHERISHOR FOERLCTIEH 481 CAPPIRBIRGHDSP %{I‘é%‘?@ a

invention has hgefie HE5EL41BE devisd MGctRARSIhE blticulbi@ipBm, Selchbiliesdh dptieon is for
illustrative purposes onlé,, and it is to be understood that changes and
S

vari at i ondewrgyodkeblergres tighenigthegadlarting fromthe spirit or scope of the
foll owi ng cl ai ns.

2. The segmented arm support apparatus of claim 1, wherein each segment is

defined by a convex outer wall and a concave inner surface.

3. The segmented arm support apparatus of claim 2, wherein the convex outer

wall of the first segment engages the concave inner surface of the second segment.

4. The segmented arm support apparatus of claim 1, wherein the material with

high stiffness comprises stainless steel.

5. The segmented arm support apparatus of claim 1, wherein the mating

relationship exists between each segment.

6. The segmented arm support apparatus of claim 1, wherein the high friction

plating material is softer than the material with high stiffness.
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12 WO 03/037190 PCT/US02/32108 CLAIMS: What is clainmed is: 1. A segnented
arm support apparatus for attachnent to a surgical retractor, conprising:
an arti cuwaetosng7ias m having a plurality of segnents, each ®egnesot/3fiayi ng an
outer wall and an inner surface wth a passage extendi ng through each
segnent, the outer wall of a first segnent in mating relationship with the
i nner surface of a second segnent, each segnent being forned of a nateri al
with high stiffness coated with a high friction plating material; a cable

ext endi ng through tihe RaAs5RES? fuppat BprrediRil tlaind 1 dfherde thedightftigitneni ng t he
cabl e, thereby causing the mating segnments to be brought into. tight

fricti onapladrgmaena it selepiad Somphegrarmepnsisingf aickelgshd sEYFa1PPHNY: 8¢ i ssue
stabili zagrlagst&%fi ce attached to the articulating arm the stabilization
devi ce being T'ockable upon tightening the cable. 2. The segnented arm
support apparatus of claim1l, wherein each segnent is defined by a convex

outer wall andﬁa cancave ig?ﬁﬁ?ﬁ@%ﬁ(ﬁ@w&%s O'lftaﬁilﬁ%al g?@leqiﬁéﬂﬁgﬂi}gprt

apparatus of cl'aim y Sher e convex outer the first segnent
engages t platicpnatena compiéses sivkdlace of the second segnent. 4. The segnented
arm support apparatus of claiml1, wherein the material with high stiffness
conprises stainless steel. 5. The segnented arm support apparatus of claim
1, wherein theg.nat img segn@nh@tiafn Sitipprtappasitss dietave éwisach deeggightening.of The

segnented arm support apparatus of claiml, wherein the . high friction
pl ating nﬁleéﬁliﬂ%elt&i }élg%@‘ggrf Plf‘%fn‘l‘t?féﬁ HE?CQ%CFEH Se%f‘?“ﬁs ﬁﬁf%‘ﬂlag}' ?r%fa%ees'ss. 13 WO
03/ 037190 PCT/ US02/ 32108

10. The segmented arm support apparatus of claim 1, wherein the stabilization

device is removably attached to the segmented arm support apparatus.

11.  The segmented arm support apparatus of claim 10, and further including a

movable socket to receive the stabilization device.

12.  The segmented arm support apparatus of claim 11, wherein the movable socket

is slidable along a plunger attached to an end of the cable.

13. The segmented arm support apparatus of claim 12, wherein the movable socket

is biased against the plunger by a spring.

14. The segmented arm support apparatus of claim 1, and further including a

mounting block for attachment to a retractor.

15.  The segmented arm support apparatus of claim 14, the mounting block

including a lever for positioning a cam to engage the retractor.
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7. The segnented arm support apparatus of claim1, wherein the high
friction plating material is selected fromthe group consisting of nickel,
gol d, silwero3osmpper, tin, and an elastoner. 8. The segnmearasozasrmsuppor t
apparatus of claiml1l, wherein the high friction plating material conprises
ni ckel . 9. The segnented arm support apparatus of claim1, wherein during
tightening of the cable, the high friction plating material of adjacent
segnents frictionally engages. 10. The segnmented arm support apparatus of
claim1, wherej@ thensiha®kdris@BilizRg a 16iaNicdarch 5f fist®VEbatieat, tanprizthgttiee t he
segnented arm support apparatus. 11. The segnmented arm support apparatus of
cl ai m 10, stepfPff urt her including a novabl e socket to receive the
stabilization A HRROAT arafR@inatats wath acl @i m 11,
wherein the m&gﬁpgggg%%%%nm?gﬁgﬁ%g%?%rﬁ%hna ai?%l unger eﬁ%t ached to an end
of the capluelityl® segfhatss eaghseanesat bavingouepist walhsp dmst H5fags. 289 apassae forpher e n
the novabl g S06Kelule ife RS o@g?ffrﬂ§%gxﬁeggin%aﬂﬂgfeﬁatgﬂslﬁp WA tRGnel 4. The
segnment ed arm support apparatus of clraim 1, and further including a

nmount i ng birfick of osecatdtsegrhentreactt egmentdeing dormed ofEmahid of bighwhfieegs etaldsuppor t
appar at us OL ci i m 1f1 ol he mounting block including a |ever for

posi ti oni NG4 P FB°8Alyage the retractor. 14 WO 03/ 037190 PCT/ US02/ 32108
16. A net hod fpovidinghistabitizapnalelioe atticheido dredicofating ssuendn a patient,
conprising the, K steps,of: providing a segnented arm suppQ rat us

i ncl udi ng an af8hgIZHhs W&leﬁm%%eﬁqﬁlng&a%@ (fft(?hye %St aé’éé%g)ﬁ@ ée,g%ggtgh segnent
havi ng an fu#oRillyWakdges, arrdbyRaisimfpund agelizaanddaicpaskage for receiving a
cable, the outer wall of a first segnent in mating relationship with the
inner surface of a second segnent, each segnment being forned of a material

of high stiffness cARLRGhod of claim 16, wherein the material of high stiffness comprises

stainless steel.

18.  The method of claim 16, wherein the plating material is selected from the

group consisting of nickel, gold, silver, copper, tin, and an elastomer.
19.  The method of claim 16, wherein the plating material comprises nickel.

20.  The method of claim 16, wherein the stabilization device is removably

attached to a socket in the articulating arm.

21.  The method of claim 16, and further including a step of replacing the

stabilization device by loosening the cable and removing the stabilization device from a

socket.

22.  The method of claim 21, wherein the socket is biased against a plunger

housing an end of the cable.
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with a plating material; providing a stabilization device attached to the
articulating arm and tightening the cable so that the plating material of
t he firstwand/osaeond segnents frictionally engages, ther@oy/sazsiing t he
stabilization device to lock. 17. The nethod of claim 16, wherein the
material of high stiffness conprises stainless steel. 18. The nethod of
claim 16, wherein the plating material is selected fromthe group

consi sting of nickel, gold, silver, copper, tin, and an elastoner. 19. The
met hod of cl ai p3.16, Tiwhasteédoftchem b aint Agthepibendiag a sioppf msesinpittekel . 20. The
met hod of claim 16, wherein the stabilization device is renovably attached
to a sockdBEmeRtedREN SYRPOEGPRAFIGOSA 1 A%%: The net hod of claim 16, and
further including a step of replacing the stabilization device by
| oosening the cable and renoving the stabilization device froma socket.
22. The met hod2bf cThgmsthad ofighim s vheran e aouptingssien el S&ﬁ’a}‘aﬁé’tmtﬁm}ﬁl unger
housing an, & fheliey AP AN 1k MOY §3%480PCT/ US02/ 32108 23. The method
of claim 16, an ?urther including a step of nhounting the segnmented arm
support apparatus on a retractor. 24. The nmethod of claim 23, wherein the

mounting step includes manually rotating a |ever connected with a camt hat
attaches to the retractor. 16
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