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i$4) Tithe: LLEXIBLE STABILIZER ARM FOR FORCIBLY HOLDANG AN OBIECT AGAMST A SURFACE

& (57) Absiract: The present invention provides  flexible stabilizer arm assembly thar can be positioned in a desired three-dimen-

094

sional attitude and then fired in place to forceubly holding an object against an undulating surface. In one embodiment, the imeation
asserably conyxises a mounting base for artachment of the arm to a stationary fAxture, o flexibke amn of mullipl: urticubated eloogate

Frae links rotatably joined o adjacent links, 8 freely rolatable turret joint al the distal ead of te wro that is adapted o altech an appendage
~~. infrecty mtatahlc Fashion to ibe distal end of the arm. Onee positioned, o tightaning echanism is acmated to fix the atttode of te
s with zespect fo the mounting base, Optopally. the appendage is a two-tined foot adapled (or bolding a surgical instoument, sich
a5 a suction body, againsl 4 beating heart. The flexibla arm, which ranges up o 12 inches in langth, can withstand an undulating force.
exerted against the distal end of up 10 20 pounds whilc remaining in the Gred position. To stabilize the arm under thase conditions,

e i y ises multiple

d elongate linke and a joining pievs that subsiantially ioereases G friction fit of the

amm o the mountng ba 5o as 1o withstand a counter-farce of up to 150 pounds.
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FLEXIBLE STARILIZER ARM FOR FORCIBLY HQLDING
AN OBJECT AGAINST A SURFACE

EIL T N

‘The present invention geacrally relates to flexible holding members that lock imte 2
desired shape. More particularly, the present invention relates to flexible erticulated arms useful

for forceably holding an object against a surface, particularly an undutating surface.
BACKGROUNT OF THE INVENTION

Flexible arms that can be adjusted 10 a desired position or attitade and then “locked” imo
position serve 4 variety of uses it industry and in medicine. For example, such devices are useful
for holding a light at a desireble angle or location, or for holding an object against a grinding wheel.
However, in practice it is difficult to keep the flexible arn from moving after it has been *locked”
irto position if it is used to hold ot support & heavy object or when used to forceably hold an object
against & surfree, particularty against an undulating surface.

Wien adapted for attachment to a stationary object. such as a chest retractor, & flexibic arm
<an be used during surgery for holding a medical device in a desired location. It has proven
particularly difficuit to obtain a lexible acm that can be used in this fashion to position and hold 2
device, such as a suction body, against the undulating sur(ace of a beating heart while applying
sufficient pressure to the surface of the heart w stabilize an area on the swrface of the heart for
surgery. The censtant movement of the undulating surface lends 0 break down the “set” of the
arm, leading 1o evenrual loss of tyidity and even coliapse.

If the surgical site is on the anterior side of the heart (when the patientis lying on his back).
it would be desirable to have a srabilizer arm long enough to atlach and stabilize the suction device
againgt the anterior side of the heart. However, in an aniculated flexibie arm of multiple links, the
iohger the armn, the harder it is to keep the arm rigid once it is in piace and locked intg positon.
Each jointure between two links in the articulsted arm is a potential site of movement, and the
greatest moment of movement is at the jeinturc of the flexible arm o the base used to mount the
artn ypon a stationary object This difficulty is compounded wher the surface against which the

arm is to be placed is in constam movement, such as the surface of a beating heart.

JP 2004-507276 A 2004.3.11
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Accordingly, there is still a nced in the art tor flexibiz holding members thar lock inre a
desired shape. More particularly, there is 5till a need in the art for fexible articulated amms

uschul for farceably holding an ehicet agains a surface. peritoularly an undulating surface.
BRIEF DESCRIPTION OF THE INVENTION

The present invention overcomes many of the problems in the art by providing swbilizer
arm asserblies for forceably helding an object against a surface. The invention stabilizer arm
assembly comprises a mounting assermbly comprising a mounting base and moveable mounving
clarp for remaveably clemping the sizbilizer arm assembly to 4 stetionary fixrure: a flexible arm
attzched to the mountng base, said flexible arm comprising multiple articulated efongate links with
cach link being rotatably joined 1o adiacent links; a weret joint comprising a freely rotatable socket
attached to the distal-most Xink of the arm: 2 holding appendage fixedly joined 10 the muerer joine
and a tightening mechanisir loosely anaching together the mounting base, the multiple links of
the arm, and the freely rotztable socket of the turret joint. Upon actuation of the tightening
mechanism, the turret joint, the links of the arm and the meunting base are ngidly compressed
tegether so as to hold the assembly in a fixed attitade white from abour ane to abour nventy

paunds of counter-foree is applied against the appendage.

In another embodiment. the mverion provides & stabilizor amm assembly comprising a
mounting base: a floxible armn akached at the proximal end thereof to the mounting base, said
flexible anm comprising a plurality of anticulated links of gredusted diminishing length from the
rroximal 1o the distal end thereof; a juining piece that enhances tie friction in the jointure between
the mounting base and the proximal-most link of the flexible atm: a turret joim comprising a freely
rotatable socket, being artached to the distal-most link of the arm via the freely rotatable socket; an
eppendage fixedly arached to the turret joint; and 2 lightening mechanism loasely attaching
together the mounting base, the jeining piece, the plurality of links of the flexible arm, and the
{reely rotatable socket of the et joint. Acwation of the fghtening mechanism rigidly
compresses together the et joint, the links of the arm, the joining piece, and the mounting
base 80 as to bold the assembly in a fixed attitude while from about one to about 1wenty pounds
ol counter-foree is applicd apainst the appendage and wherein the joining piece resists 2 greater

force than the force o jointures betwaen adjacent links of the am.
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BRIEF DES i : 2 FIG

Tigure | is & perspective drawing showing the tnvention swebilizer atm assembly locked

inw a tixed amitude.

Figure 2 is a qut-away drawing showing the tightening mecharism running down the
central axis of the flexible arm. At the disial end of the cable assembly, a bafl attached to the
distal end of the cable is held within the turret joint, to which an appendage (font) is fixediy
attached. A cut-away of the clamping handie shows the mechanism of the clamping screw. which is

used to removeably attach the flexible arm assembly te a stationary fixture.

Figure 3 is an exploded drawing showing a preferred crmbodiment of the invention

Mexible arm assembly.

Figure 4 3 a schematie drawing showing the tvention {lexible arm locked into a fixed
atiude by acnuation of the tightening mechanism. The position of the flexible aym prior to

pesitioning and actuation of the tightening mechanism is shown in phantom (dotted lines).

Figure 5 is an isvmeitic drawing showing in pariial cut-away the cable hall captured
within the cylindrical conpector in the turret joint. The appendage, which is is attached to the
exterior of the connector is shown in phantom.

Figure 6 is a cut-away drawing down the median of the distal end of the invention flexible
arm assembly showing the cable ball riding within the turret joint and the appendage anached to the

exlerior of the turret joint.
: 5 : v

I accordance with the prasent invenrion, there are provided stabilizer arm assemblies for
ferecably holding an object agains an undulating surface. In one embodiment, the invention
stabilizer arm assembly comprises a mounting assembly comprising a mounting base and moveable
mounting <lamp for removeably clamping the stabilizer amn assembly t = stationary fixwure: a
flexible arnm atached to the maunting base; a turret joint comprising a freely rotatable socket
attached to the distal-most link of the arm; a hatding appendage fixedly joined to the trret joint:
and a tightening mechanism loosely attaching together the mounting base. the rmultipie Links of
the arm, and the fieely rotatable socket of the turret joint. The fexible amm comprises multiple
articulated elungate links with each link being totatably joined 1o adiacent links. Upon actuation of

the tightening muchanism. the turret joint. the links of the arm and the mounting basc are rigtdly
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compresses together 50 a5 to hold the asssmbly in a fixed atiitude while from about one to aboul

twenty pounds of countet-foree is applied against the holding appendage.

In anather emizodiment, the invemion provides a stabilizer anm assembly comprising 2
mounting base; a flexible arm atiached at the proximal end thereof to the mounting base, said
Tlexible arm comprising a piurality of 2niculated links of uniform or graduatet diminishing length
from the proximal to the distaf end thereoi: & joining picee thm enhances the friction in the jointure
between the mounting base and the proximal-most link of the flexible arm; a turret joint comprising
& fizely rotalzble socket, being anached to the distal-most link of the am via the freely rotatable
sockel: an appendape fixedly amached to the wirret joint: and a lightening mechanism loosely
attaching together the mounting base, the joining picce. the plerality of links of the flexible arm,
and the fresly rotarabis socket of the trret joint. The flexible 2nm comprises multiple articulated
clongate links with each link being rotatably joined to adjacent éinks. Acutation of the tightening
mechanism rigidly compresses iogether the turret joint, the links of the agm, the joining picce,
and the maunting base so a3 to hold the assembly in 2 fixed artitude while from about one to
abaut twenty pounds of counter-fores is applicd against the zppendape and wherrin the joining
pieee resists a greater force than the fotce at jointures between adjaceat links of the arm. For

exampte, the foree at the joining piece can be from about one pound to sbout 150 pounds.

1n one embodiment, the tightening mechanism is acreated by advancing a tightening
screw attached 10 the ¢able 1o increase tension in the cable, thereby forcing the links of the arm
together, restricting motion of the links retative 10 one another, Thus. tightening of the
tightening mechanism locks the multiple links into the desired position. To excrt sufficient
tension on the links to provide rigidity to the amm withow breaking, the cable preferably has a
breaking strength (1o withstand high tensile force) in the range fom about 500 1o 1000 pounds

force, such as 300 series corrosion resistant stainless stesh.

The preferred cmbodiments of the imvention flexible arm assembly are descrited with
reference to Figures 1-5. As shown in Figure 1, flexible arm assembly 2 comnprises a flexible arm 3
having a phurality of tinks 16, ending at the distal tip it turret joint 50, which is comprized of
spherical coupting 15 and appendage connector 42 (shewn in detail i Figures § and 6}, to which is
attached appendage 20. The combinution of spherical coupting 18 and appendage comector 42
forms nurret joint 30. The flexible anm 3 5 attached at the proximal end to mounting base 4.
Tightening handle 12 is alse attached to mounting base 4 via conrol screw 17, thrust beaning 22,
and slideable connector 14, which is received into an internal bore within mounting base 4.

Mounting base 4 further comprises 2 mountng mechanism comprising fixed clamp foat 7,
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meveable ciamp foot 6, and actuating clamp screw 8. Rotatzble clamyp screw handle 10 is rotated to
advance moveable clamp foot 6 towards fixed clamp foot 7 to clamp the mounting assernbiy 10 a

stationary fixnue.

The flexthility ot the flexible arm in the invention Nlexible arm assembly is increased by
having segments of shorter length, but the shoner the segments, the jess serengih ¢e.g., the arm is
more difficuls to leck inta @ rigid pesition or will become unmiable when a foree is applied to the
distal tip}. The relative length and other dimensions of the Finks can be determined by the materials
used to fabricate the arm (e.g., the weight of the materals), and the mtended purpose. For example.
it has been determined thar, for an amm in an invemion device intended for use in beating heart
surgery (which requices a high degree of flexibility to position the arm acourately} the optimum
combination of flexibility and strenpri is achieved by having multple links of uniform size, for
example abour 0.3 inch in length or less for & total anm length of about 2 inches ta 12 inches when
fabricated of 316 grade stainfess sieel. This configuration results in uniform distribition of sress
along the fexible atm, thus preventing excessive wear on any particular ok, However, in another
embodiment the iinks in the arm ¢an have diminishing graduated length from the proximal to the
distal end thereef. For example, a ficxible arm comprised of the follewing set of links of graduated
diminiching lenath from the proximal to the distai end of the arm has also proven useful: twa links
of one inch (locaied most proximally). two links of ¥ inch. and four links of % inch (located mast
distally), for 2 totad of 5 1% inches. At a length greater than about 12 inches (30 em), oven if the arm
if fabricated of swinless steel, it has been found impossibie to maintain the arm in a fixed position

when a force as great as 12 pounds is applied against the disial tip (i.c.. the appendage).

Preferably, to enhance flexibility of the arm, each link is rotatably joined to adjacent links.
For example, s shown in cut-away in Figure 2. links 16 of the flexible arm comprise a substantially
cvlindrical segmem 34, with knob 36 at one end of the cylindrical segment of the fink and concave
socket 38 recessed inko the opposite end of the cylindrical segrment of the link. The knob at one end
of the cylindrical link is received inte the socket recessed at the end of an adjacem dnk so as to
rotatably join 10 the adjacent link when the flexible arm remains loosened. However, when itis
destred to fix the attrinde of the arm prior to use by tightening the tightening mechanism, cach
jointure of two adjacent links is a potential site of movement. To aid in stabilizing the amm upon
actuation of the tightening mechanism, ot Ieast a portion of the surface of the knebs 36 can be
treated to increase the friction it of the knobs into the sockets. For sxample, the surfaces of the
knobs at the end of the links can be coated with a friction-inducing substance, [However, it is

possible that a suctiace coating will crode during use, forming flakes of coating. If the stabilizer
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assembly is 10 he used a¢ 4 surgical site. the flakes of coating may be undesirable. Consequentfy, in
this situation. it is preterred te roughen at least pant of the surface of the knobs in the flexible arm to
increase the friction fit of the knob 36 into the socket of the adjoining link. For exatmnplc. metat
knobs can be scored with a fine pattern by tuming the knobs at fow speed to cut 2 groove pattern in
he knobs.

Preferably. the knebs of the links of the flexible arm have a genarally convex (2.q.,
substantially spherical) portion that attaches to the oylindtical portion of the tink, but are more
flattened at the head of the knob (the portion mest distant from the eytindrical pertion of the Fnk).
The sockets in the cylindrical portion of the links can have a carresponding concave shape (g,
semi-gpherical) 1o receive the convex knabs. Duc to the knob and socket jointores berween the
links of the arm, the flexible arm is freely deformable in theee dimensions and/or can assume an “C™
or *5" shape, il desired, as shown in Figure 2. In other words, the flexible arm can have up 10 360°

of curvarure along its length and can flex in a sideways motion as well as in a vortical plane,

The segments {i.e.. links 16) of the flexible arm can be qumufactured of any subsiance
having sufficient hardress and steength for the inlended purpese. The jointuce of the flexible arm lo
the 1igid mounting base is lhe poin that experiences the greatest foree when the am is locked it a
fized position and 2 counter-farce is applied aganst the distal tip of the arm. e.g., via an appendage
tived at the distal tip. To further provide strength and nigidity when the arm is Jocked ino position,
the invention flexibic arm assemhty further comprises 2 jeining picce 44 located ar the jotnmre of
the flexible amm 3 to the rigid mounting base 4. The joining picce 44 is designed 1o enfiance fiction
in the jointure between the mounting base 4 and the proxtmal-most link 16. Preferably, the joining
piece is made of hardened meral (f.¢. a metal harder than (bt used to fabricate the proximal most
link} and is positioned 1o be replaceable. For example. if the aniculated arm is vormprised of
ouhiple links juined together tn a knob and socket assembly. as deseribed above, the joining piece
44 can consist of a plate or dise having & many-sided vpening 45 into which the knob of the
praximal-most link is forceably compressed upon actuation of the tightening mechanism.

Preferably the opening 43 in the joining piece is a double hex prranged 10 provide points and valleys
around the opening so that the paims will dig inte the proximal-most link of the flexible arm whent
lightened. I this cmbodiment. the joinmre of the proximal-mest iink to the mounting base can
withstand a force of from about ane pound 10 about 130 pounds while the joining piece substanttally
eliminstes muvement of the arm with respect to the mounting base. In alermnative embodirments the

opening can have from about 6 to about 30 sides . The many-sided opening 45 provides g greater
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resistance 1o movernent of the knob within the opening than would 2 smooth and curvilinear

opening.

As showm in Figure 3, the joining piece 44 is 2 platc that slides into a slor 46, which as
beveled edges to replaceably hold the joining picse int the slot cut in mouniing base 4. Because
the joining picce s many-sided rather than curvilinear, the knob in the socket within the mounting
base will be more restricted in movernent by the joining piece than are the knobs in the curvilinear
sockets in the balance of the flexible arm, thus providing enhanced rigidity to the invention
assembfy at the point of greatest forec during use of the assembly to hokd an object against a

surface. such as an wndulating surface.

As also shown in Figure 3. connector 42 is permanently attached to the proximal cnd of
appendage 20 (shown here as & forked foot). For example, conneetor 42 can be welded to
appendage 20. As further shown in detail in Figures 5 and 6, the turret joint 50 is formed by
spherical coupling 18 at the distal tip ef the flexible arm 3 and appendage connector 42 5o z to
attach appendage 20 1o lexible arm 3 in a frecly ratatabie manner (ic., 1 flex in a vertical plane ag
well as to freely rotate or spin at the end of the flexable arm) until the dghtening meehanism is
acmuated. Spherical coupling |8 comprises a knob that fits inlo the cancave recess of its adjoining
link in the arm, a cylindrical middle porton. and & distal portion with semi-spherical socket 54 for
receiving the cvlindrical-shaped portion 56 of appendage connector 42. Connecter 42 comprises a
cylindrical-shaped ponion with internal bore sized 1 receive the ball of the cable and which hasa
slot-like cut-out 48 ranning semi-circurferentially around the side of the cylinder, providing an
apening that connects with the internal bore. Ap additional cui our 32 is at right angles to the slot-
Tike cut-out 48 and is sized to allow the gable 1o slide through cut eut 52 while ball 32 {5 received
into the bore of cyiindrical conncetor 42,

Rall 32 at the disial end of cable 30 (shown in Figure 2} is prefirably a bell and shank fittng
which is swaged ente the end of cable 30. Ball 32 is keld within pivot joint 50 by the sides of the
serni-spherical suocket 54 in spherical coupling 18 and pivots or rotates 360° within the bore of the
cytindrical connector 42 while the cable teanslates along slot-like eut-out 48, giving a deflection of
the appendage (like a foor at an anklc joint), for example a deflection of up 1o about 120 as shown
here. Thwus the appendage is freely rotatable within the pivot joint and has a large range of flexure to
facilitate accurate positioning of the appendage zgainst any contour of & surtace until the anm and
turret joint is locked into a fixed snimude by actuation of the tightening mechanism. Dall 32 can be
modified by placing a flat on the surtace closes 1o the shank 10 mave and spread the force away

from the slot in conneetor 42,
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The tightening mechanism connects gether the dista) portion of the arm and the
proximal end of the stabilizer assembly {c.g., the mounting base) and locks the links of the
flexible arm into a fixed attitude. Before tighwening, the connection between the various parts of
the assembly arc icosely joined by the cable, which coniects together mounting base 4, the
plurality of links 16 of the flexible arm. and the freely rotatable socket of the: turret joint 50 via
cable 30 and ball 32. Upon actuation of the tightening mechanism, the oarret jeint the links of
the armn and the mounting bage are ryidly comprassed together so as 1o hold the assembly inz
fixed anitude while from about one to about twenty pounds, for example from about five 1o

about twelve pounds. of vounter-force iz applicd against the bholding appendage.

More particularly, as shown in cxploded view in Figure 3, the tightening mechanism
catmpnises (from preximal to distal ond} control screw 17, draw bar 40, cable 30 with imemal,
seeurity serew 11 (that screws into internal threads along the proximal-most end of exteriotly
threaded and swaged portion 31 of cable 30} and cabie ball 32, which is fixedly attached at the
distal end of cable 30. The proximal portion of draw bar 40 is genernlly cylindrical with an
interior bore and external thieads (hat mate with internat threads slang an internal bore within
handle 12, However, the distal portien of draw bar 44 has fiztied sides and the interior bore is
lined with internal threads that mate with the externel threads on the threaded and swaged
pottion 31 of cable 30. Preferably, the extesnal threads an the draw bar and the mating inernal
threads on handie 12 are acme threads for added srength while the internal threads along the
bare of draw: bar 40 and the mating external, swaged threzds slang the threaded portion 31 of
cable 30 are pointed.

When the assermbly is assembled as shown in Figure 1, stideable connector 14 is used to
joint together draw bar 40, handie 12 and the flexible arm threaded through with the cable
assembly and attached appendage. Slideable connector 14 has a distal end with a cylindrical
exterior portion and an interier bore with flatted sides designed to receive the distal end (with
mating flatted sides) of draw bar 40, The eylindrical exterior partion of connector 14 is sized to
slide into a bare hole through mounting base 4. Slideable connector 14 also comprises a
proximal pertion with a smooth interior bore and squared exterfor sized to sit flush against the
exterior of distal washer 17. The proximal, threaded pottion of cable 30 is passcd through an
interior smnorh bere in connector 14 thirough washers 27 and thrust braring 2% and the bore of
handle 12. Draw bar 40 passes through the large opening the in proximal ¢nd of handle 12 and is
threaded via the exterior threads thereon imto the mating imterior threads in the bore of handie 12

. The thrust beaying 28 is a three pivce assembly of fwo washers 27 and a set of steel bearings
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26, which are encased in a slightly compressible material . such as nylon, Thrust bearing 78
facilitates otation of the tightening handle 12 a5 the various parts of the assembiy are
comypressed together by effective shorening o7 the cable {i.e., by advancement of the threaded
portion 31 of cable 30 proximally within the deaw bar). Thrust bearing 28 compresses somewhat
as the tightening mechanism is tightened to prevem sudden application of greater tensile force
than can be tolerated by the assembly.

When handle 12 is rotated, the threaded portion of the cable advances proximally up the
handie, while the handle advances distally along the deaw bar, Security screw 11, which screws
into the imterior threads at the proximal end of the threaded portion of the cable, afso fits into &
recess in the proximal end of draw bar 40 and js sized with respect 1o the intetior bore of the
draw bar to lodge against shoulders therein created by a small decrease in the interna) diameter
af the interior bore in the draw bar. Thus, securnty screw 11, which is inserted into the end of the
cable assembly using s long handled Allen wrench applied through the proximal opening of
handle 12, funetions to prevent backthreading of the cabie campletely aut of the draw bar.
Control screw 17, which is inserted last, has o hex head for receiving an Adien wrench and
screws into the interfor threads at the proximal end of the draw bar. Canmrol serew 17 functions

ta keep alipgnment of the assembly and o prevent threading of the cable too far into the draw bar.

Cable 30 can be manofactured of any substance having sufficient teosile strength 1o
provide the invention flexihle arm assembiy with the capability (o remain rgid when up ro about
rwenty pounds of courier-force is applisd against its tip (c.g. against an appendage attached al its
tip or sgainst an instrument held by the spperdage against an undufating surface). For example,
a 300 Series corrosion Tesistant stainless steek wire rope cable having 2 breaking sirength rating
at 926 pounds has been found to provids the strength necded for a Nextble arm of sbout @ inches
in length.

The appendage can be in any shape adapted 1o the particular use to which the stabilizer arm
assembly i5 1o be put, such as a grabher, clipper. seissors, flat blade, and the Jike. Ina preferred
embodiment, as illustrated herein, the appendage 20 is a forked toot with two tines. In this
embodiment. the two-lined stabilizer foot is shaped to be threaded through attachment sites located
in a flexible suction body such as is described in copending U.S. Patent Appiication Serial No.
09/293,334, {iled April 16, 1999, which is incorporaled herein by reference in its catirety. In this
embodimann. the stabilizer arm assembly is adapted to hold a suction bedy against the undulating
surfece al'a beating hean during an “off pump corenary artery bypass” (OPCAB) praceduge 1o
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perform an anasiomosis. Preferably. the inventon stabilizer arm assembly is sized and adapted for

use wherein the undulating surface is on the anterior side of the benting hean.

As shown in Figures 1-3, the mounting base 4 of the stabilizer arm assembly includes a
clamp actuated by a rotatable clamp screw for removeably attaching the stabilizer arm assembly to o
stationary fixture. As seen in cul-away in Figure 2. the clamping mechanism is actuated by turning
rotatable clamping handle 1), which mates with the many-sided head 22 of the clamp screw 8 t
advance moveable clamp foor 6 towards [ixed clamp foot 7. Set screws 23 abur against opposite
sides of head 12 and ean be removed 10 remove clamping Landle 10 for sterilization of the
assembly. if desited. Set pin 24 is recessed within moveable clarnp foot 6 and rides withina groove
encircling the distal end of clamp screw 8 to foree moveable fot 6 10 advance wards fixed foot 7
a5 clamp screw § is rotated. [n an alternative embodiment. tiw handles or intechanpeable or a
single handle can be used as the clamp tightening handle und the tiphtening handle, In this
crmbodiment & mut used to attach the handle ta the draw har such that the nut move downs the draw
bar as the tiphtening handle is rotated swhile the draw bar doss not rotate. The bore in the handie is
alser dimensioned to attach 10 the head ol the clamp screw. In this embodiment, the hande can
veadily be used to perform either function and then can be removed from the assembly for

canvenience duting use.

The handles can be of any convenient size that does not interfere with use of the assermbly,
For example. if the invemion assembty is to be used in surgery, it is convenient for the surgeon il
the handles arc about 3 inches in length and has a cross-scetional diameter at its largest dimension
alzheut 2 inches to about 3 inches for case tr placing the Hlexible amy into a desited position at a
treatment site, for example, for forceably holding s suction body in place on the surface of a
beating beart. To avoid excessive weight (he handle can be partially hollow and can be fabricated
of such materials as plastic ar bakelite. and the like, by injection molding. Alematively. the handle
can be machined trom metal or plastic. and the like, using techniques known inthe art. jna
preferred embodiment, lightening handle 12 is injestion molded from Delrin 500 plastic and. for
convenience during nse is positioned at an angle of from about 07 1o about $0° with respeet to the
face of \he meunting base 4 at the point of attachmen. for exampie at an angle of about 30° 0
about 43°. In 1his embodiment, the mounting ctamp ts preferably designed with dimensions
campatible with mast adult cardiac retractors. For example, 1he clamp is about 0.8 inch (2 em)
wide and acconmumodates rectangular sections ranging in thickness of 0,125 inch (0.32 cmj 10 (.4
inch (1702 em) and widihs of 0.2% inch to 1.5 inch (3.81 cmu.
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The flexible arm of invertion stabilizer assemblies can be manipulated \hree-dimensionaity,
¢ .. manually, to assume a desired shape and then are locked into whatever attitude s present when
the tightening mechanism is actuzted. However, once locked into a desired position. the arm
becames substartially rigid both along its length and at the point of greatest stress, i.e., the jolnture
of the amm Lo the mounting base. These arributes particwlarly suit the invention devices for halding
an appendage attached to the furret joint (or an object antached 1o or hefd by the appendage) against
any tvpe of undulaing swrface. For example, a preferred use of the invention stabilizer assembiy is
tor forecably holding u suction deviee motiantess agzinst a beating heart to stabilize the site for
surgery. In other embodiments. the invention device can ba used to hold an object against 2

erinding wheel during s grinding procedure, and the like,

For illustrative purposes the varjous pais of the. flexible arm aysembly have been fabricated
from the following maerials: Links 16 of the flexible anm are febricated from 316 stainloss stesl, as
wre the appendage 20 and draw bar 40: joining piccs 44 s fabricated from 17-4 stainless stewl
hardened: cable 30 is 300 series corrosion resistant stainless stee]; set screws set pins and sequrity
screw are fabricated from 18-8 stainless steel and all other parts (except for the handles and the
beating housing in the thrust bearing) are fabricated Jrom 18-8 stainless steei. However, various
comosion-tesisiant, hardencd metallic materials, such as stzinless steel, titanium, and the ifke, can be
used when it is desired ta machine the various parts of the invention flexible anm agscrnbly.
Alternatively, plastics or composites having comparable propertics of strength and hardness ean
alsa be vsed to fabricate various parts of the assembly by methods kaown in the urt, such as

injection molding,

In the preferred embodirnent. the fexible arm assembiy {5 designed for repeated use (e.g.. in
medical applications) and henee is readily adapted to be sterilized for rense. To facilitate
stetilization, the tightening assembly can be loosened by romting the tighieaing handle 5o asto
partially backthread the cabie our of the draw bar until the cable is visible between the links and
connector 14 slides out of the mounting base. The security screw will prevent backthreading of
the cable 10 the point that the apparats comes apar. In this loosened state the assembly can
readily be scrubbed to remove debris that may have lodged in the links. Tn addition, in
embedimens whercin the assembly is manufactured of hardened metals, the compicte assembly
an be steam sterilizable. Tor example. in the preferred embodimen: described herein, the assembly
can be steam sterilized unwrapped at a temperstare of ahout 132 °C, for 10 minutes in a gravity
air displacenent instrument. For a doubile wrapped instrument (double wrapped using a single

use, non-woven, fint frec fabric for sterile good wrapping), & suitabie steam-cleaning remperatmre

JP 2004-507276 A 2004.3.11



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(25)

WO 01/50946 PCT/USH1/00885
12

is 121 °C for 3¢ minutes. When properly cared for as described herein_ the invention flexibie
arm assembly can be reused (e.p, tightened, loosened and sterilized? a multitude of imes, for

example abeut 500 1o 1000 times.

The invention flexible arm asscmbly can be lubricated to facilitue use. for example by
complets immersion in a water-soluble lubricant for 30 seconds . Suitable lubrication agents are
higk viscosity labricants that cling to the surface of metal wien steam autoclaved, ¢.g.
PRESERVE ™ Instrument Mild (Johnson & Johnson-Codman. Catalog No. 43-1633).

While the invention has been described in detai] with reference to cenain preferred
embodiments thereod, it wili be understood that modifications and variations are within the spirit

and scope of that which is described and ciaimed.

JP 2004-507276 A 2004.3.11
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WHAT IS CLAIMEDR [5:

1. A stahilizer arm assembly for forceably holding an object against a surtace, sa1d
assembly comprising:

a mounting assembly comprising a mounting base and moveable mounting ciamp for
removeably clamping the stabilizer arm assembly to 2 stationary fixture;

a flexible amm attached to the mounting base. said Aexible arm comprising multiple ardeulaied
elongate finks with each link being rotaably joined to adjacent Jinks,

a turret joint comprising a freely rotatsble socket attached to Uie distal-most link of the arm:

a holding appendaye fixedly joined to the turret joint: and

a tightening mechanism loosely artaching together the mounting base, the multiple Jinks of
1he arm, and the freely rotatable socket of the wrret joint,

wherein actuation of the tightening mechanism rigidly compresses together the turret joiot,
the links of the zrm and the mounting base so as to hold the assembly in a fixed attitude whils from

ahowt one o abour twenty pounds of counter-pressurs 15 applied apainst the holding appendage.

2 The stabilizer 2rm according to clgine 1 wherein the object is a surgical instrument and
the surface is a beating heart.

The stabilizer armm according to ctaim 1 wherein the surface 15 a grinding surface.

[

4. A siabilizer arm assembly comprising:

& mounting bass;

a flexible arm atrached at the proximal end thereof to the mounting base, said flexible
arm comprising a phurality of articulated links of uniform or graduated diminishing length from the
proximal to the distal end thereof;

a joining piece that enthances the friction in the jointure between the rounting base anc
the proximalt-moest tink of the flexible ammy;

a turret joint comprising a freely rotaisbic socket, being attached Lo the distal-rost link,
of the arm via the feely roratable sockey

an appendage fixedty attached 1o the turret joint; and

JP 2004-507276 A 2004.3.11



t

1
ih

L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

27) JP 2004-507276 A 2004.3.11

WO 0150946 PCTAUSAL00865
14

a tightening mecbanism lovsety atraching together the mounting base. the joining

piece. the plurality of links of the flexible arm. and the freely roratable socket of the furret joint:

-wherein actuation of the dghlening mechanism rigidly compresscs together the turret joint, the
links af the aom. the joining piece, and the mounung base so a5 10 hold the assembly in a fixed
attitude while from about one 10 abour twenty pouads of counter-force (s applicd against the

appendage and wherein the joining piece resists a greater force than the foree at jointures berween

adjacent tinks of the amm.

5. The stabilizer arm assembly according to claim 4 wherein the force is an undulating
force,

é. ‘The stabilizer arm assembly according to claim 4 whercin the force at the joining picce

is from ahout one pound to about 1 30 pounds.

7. The stabilizer arm assembly according © clajrm 4 wherem the flexible arm is from about

2 inches to abeut 12 inches in length.

8. The stabilizer ammn assembly according 1o claim 4 wherein each fink is rotatably joined
ta adjacent Hnks.
9. The stabilizer atm assemably according to claim 8 whergin the links have a substantially

cylindrical sepment with a knob anached o1 une end ol the cylinder and a socket at the other end of the

cylinder for receiving the khob of an adjacent link in the arm so as to rotatably jein to the adjacent link.

i0.  The stabilizer arm assembly accarding to cleim 9 whenein at Ieast part of the surtace of

the knob js freated to increase the friction fit of the knob into the seckel.

11.  The stabilizer arm asserbly aecording to claim % wherein the joining picce i a plas
with a many-sided, centrally located opening therein for forceably receiving the knob of the proximal-

mast link.

12.  The stabilizer arm assembly aceording io claim 11 wherein the joining plece is recessed
inta a stot in the mounting basc 10 restrict movemen of the knab af the proximal-most link within the

socket in the mounting base upon actuation of the tightening mechanism.
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13, The stahilizer arm assembly according to claim 2 wherein the joining piece is
fabricated of harder metal than the knob of the proximal-most link

14, The stahilizer amm assembly according to cluim 13 wherein the joining piece replaceabiy

slides into the siet.

3. The sizbilizer arm assembly accerding to claim 4 wherein the fightening mechanism g

connecled between the distal end of the arm and the mounting base.

16.  The stabilizer arm assembly according to claim 4 whesein the tightening mechanism
comprises a rotatable tightening screw atiached to a tighiening cable, whereby rotation of the screw

actuates the tightening mechanism 1o fix the attitude of the arm and turret joine.

17.  The stabilizer wrm assembly scearding to claim 16 wherein each of the plurality of links
conaing a hallow apening and the cable ia threaded chrough the holiow openings 1o connect betwsen
the mounting base and the urrer joint.

18, The stabilizer arm assembly according to claim 4 wherein deflection of the arm is
curvilinear along the arm throogh an are up te 360° and actuation of the tightening mechanism fixes the

arm in such curvilinear attitude.

19. The stabilizer arm assembly according o claim 18 wherein deflection of the arm ar the

joining piece is from about 20° to 907 with respect to the face of the mounting base.

20. I stabilizer arm assembly according to claim 4 whercin deflection of the amm is three

dirnensional.

21,  The swubilizer arm assembly according to claim 2 wherein the tightening mechanism
further comprises a ightening screw assambly arached at the distal end ta the cable and at the proximal
end o a ratatable, replaceable handle for advancing the screw 50 a5 10 shonen the effective length of the

cable, thereby compressing together the links of the flexible arm.

22, The stabilizer arm assembly according to claim 20 wherein the Hghtening screw
assembly can be sufficiemtly loosened for cleaning 10 completely expose each link m the flexible am

without aliowing the flexible arm assembly 1o fall apart.
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23, The stabilizer am assemibly according o claim 4 wherein the mounting base comprises
4 moveable clamp far removeably anaching the assembly 10 a suationary fixture.

24, The stabilizer arm assembly according to claim 4 wherein the appendage is a forked

foot with tines for holding an ohjuct against a surface.

25, Thestabilizer arm assembly according ta claim 24 wherein the abject is a cardiac

suction tody having apenures for receiving the tines of the forked foot.

26, The stabilizer arm asseombly according 1o claim 4 whetein the appendage is a grabber,

<lipper, scissors, or flat blade.

27 The stabilizer arm assembly according to claim 4 wherein the appendayg can freely spin
through 360° at the jointure with the wurrer joint prior 1o actuation of the tightening mechanisr.

28.  The stabilizer arm assembly according to claim 4 wherein defiection of the appendage
at the joinwre with the nrret joint is through a vertical angle of up to 120° prier @ actuation of the

tightsning mechanism.

4G, The stabilizer arm assembly according to claim 4 wherein the turret joint comprises a
eylindrical member with 2 semi-circular skor-like cur-gut in the side of the cyiinder and the cable of the
tightening mechanism has a ball at the distal end therzof that pivots or rotates within the semi-cireular

mernher and the cable wanslates along the slot prior 1o actuation of the tightening mechanism.

30 The siabilizer arm assembly aceording 10 claim 4 wheeein the stabilizer arm assembly 1s

constructed of stamiess steel.

31, The stabilizer arm assembly according o claim 4 wherein the stabilizer arm assembly is
steamn sterilizable for reuse.

32, The stabilizer arm assembly according to claim 31 wherein the stabilizer arm assembly

is stearn sterilizable unwrapped al a tempecature of about 132 °C, (or 10 minuces.

JP 2004-507276 A 2004.3.11
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FLEXIBLE STABILIZER ARM FOR FORCIBLY HOLDING
AN OBIECT AGAINST A SURFACE

FIELD OF THE iNY ENTION

The present invention generally refules to Nexibie holding members that lock
into 2 desired shape, More particidarly, the present invention Telates v flexible
artienlated arms useful for foreeably holding an object against a surface, particulacly

an undulating surface.
BACKGROUND OF THE INVENTTON

Flexible urms that can be adjusted to a desired position or attitude and then
“locked” into posilion serve a varicty of ses in indusity and in medicine. For example,
such devices are useful fer holding a light at a desirabls angle or lecation, or for holding
an object against a grinding wheel, lowever, in practics it is difficult 1o keep lhe
TNexible arm from moving after it has been “locked™ into pasiiion if'it is vsed to hold or
support a heavy object or when used Lo forceably hold an ohject against a surface,

particnlarly against an undulating surface.

‘When adapted for attachment to a stationary ebject, such as a chest retractor, a
fexible arm can be used during surgery for halding a medical device in 2 desired
location. Tt has proven particulurly difficulr 1o obtain a flaxibic arm that can be vaed in
this fashion to posilion and hold a device, such a3 a suction body, against the uudulating
surface af a beating heart while applying sulicient pressure to the surface of the heast to
stabilize au area on thie surtace of the heart for surgery. The constant movement of the
unduluting surface tends to break down the “ser” of the arm, leading Lo evental loss of

rigidity and cven coliapse.

If the surgical site is on (he enterior side ol the heart (when the patient is Iying on
his back), it would be desiruble to hive a siabilizer arn: long enouph fo attach and
stubilize the suction device against the anterior side of the heart. However, in an
articnlaterd Mexible arm of multiple Tinks, te longer the arm, the harder it is fo keep the

armt rigid once it is in place and Jocked into position. Each jointure between two Links in

SUBSTITUTE SHEET (RULE 25
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the articulated arm is a potential site of movement, and the greatest nmioment of
movement is at the jointure of the flexible arm to the base used fo mount the arm upon a
stationaly objeet, This difficulty Is compounded when the surface against wlich the arm

is to be placed is in constant inovement, such as the surtace ot a beating heart.

Accordingly, there is il a need in the art lor {lexible holding members that
lock into a desired shape, More particularly, there is still a need in the art for ficxibie
articulated anns useful for forceably holding an object againat a surface, particularly

un undulating surface.

“(he present invention overcomes many of the prohlems in the art by providing
stabilizer arm asscmblies for forceably holding an ohject against a surface. The
invention stabilizer arm assembly comprises @ mouniing assembly comprising a
mounting base and inoveable mownting clamp for removeably clamping the stabilizer
arm assembly to a stationary fixture; a flexible arm attached fo the mownting base, said
Hexible urm comprising muifiple articulated elongate links with each link being rotatably
joined 10 adjacent links; a trrat joint comprising a ficely rotatable socket attached to the
distal-most Link of the ann; a holding appendage fixedly juined to the turret joint; and 2
(ightening mechanism loosely afiaching ogether the mounting base, the multiple links
of the arm, and the fiecly rotatable soclet of the turret joint. Upen actuation of the
tightening mechanism, the twret joint, the links of the arm and the mounting base are
rigidly compressed together 50 as to hold the assembly i a fixed attitude while from
about onc to about twenty pounds of counter-foree is applied against the appenduge.

In another embodiment, the invention provides a slabilizer aim assembly
cornprising u mounting base; a flexible anm atlached at the proximal end thereof to the
mountiug hase, said flexible arm comprising a plurality of articulated links of graduated
diminishing length from the proximal to the distal end thereof; a joining piece that
enhances the friction i the joinéure between the mounting base and the proximal-most
link of the flexible arm; a turret joint comprising a freely rotatable socket, being anached

to the distal-most link of the arm via the frocly rotateble socket; un uppendage fxedly
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attached Lo the turret joint; and a tightening mechanism loosely attaching together the
mounting base, the joining piece, the plurality oFlinks of the flexible arm, and the
freely rotatable socket of the trret joint. Acutation of the tightening mechanisin
rigidly compresses together the rret joint, the links of the arin, the joining piece, and
the mounting base so as to hokd the assembly in a fixed attitude while from about one
1o about twenty pounds of counter-force is applied against the appendage and wherein
the joining piece resists a greater force than the force at jointuzes between adjacent links

of the arm.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 {s a perspective drawing shewing the invention stabilizer arm

assembly locked inte a fixed attitude.

Figure 2 js a cul-away drawing showing the lighlening mechamsm raoning
down the central axis of the flexible arm. At the distal end of the cable assembiy, a
ball attached to the distal end of the cable is held within the furret joint, to which an
appendage (foot) is fixedly attached. A\ cut-away of the clamping handle shows the
mechanism of the clamping serew, which is uscd o removeably attach the flexible ann

assembly to a stationary [Exture,

Figure 3 is an exploded drawing showing a prelerred embodiment of the

invention flexible atny asscmbly.

Figure 4 i3 a schematic drawing showing the invention flexible arm locked
inle a fixed attitude by actualion of the tightening mechanism. The position of the
Nexible arm prior to positioning and actaation of the tightening mechanism s shown

in phantom {dotted lines).

Figure 5 is an isometric drawing showing in partial cut-away the cable ball
cuplured within the eylindrical connector in the wrrel juint. The appendage, which is s

attached to the extorior of the connector is showi in phantom.
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Figure 6 i3 a cut-away drawing dewn the median of the distal end ol the
invention flexible arm assembly showing the cable ball riding within the twrret joint and

the uppendage allached to the exterior of the turret joint.

DETATLEN DESCRIPTION OF THE INVENTION

In aceordance wilk the present invention, fhere ars provided stabilizer arm
assemblies for forceably holding an abject against an undulating surface. In one
embodimeni, the invention stabiiizer arm assembly comprises a mounting assembly
comprising a mounting base and moveable mounting clamp for removeably clamping
the stabilizer arm asscmbly to a statienary fixture; a tlexible arm attached {o the
mounling bise; a lurrel joint comprising a fresly rolatable socket attached 1o the distal-
most link of the arm; 2 holding appendage fixedly joined fo the rurret joint; and a
tightening mechanism loescly attaching together thie mounting base, the multipie links
of the aym, and the freely rotatable socket of the wrret joint, The flexible arm
compriscs multiple arliculated elongaie links with each link being rotatably joined to
adjacent links. Upon actuation of the tightening mechanism, the turret juint, the links
uf the wrm and the mounling base are rigidly compresges together so as to haold the
assembly in a fixed attitude while from about ane to abaut twenty pounds of counter-

force is applied against the holding appendage.

In another embodiment, the mvention provides a stabilizer ann, assembly
comprising a mounting hase; & tflexible arm antached at the proximal cnd thereof to the
mounliny bese, said flexible wam comprising & piu;'alily of urlicutnled links of uniform or
graduaied diminishing lengih from the proxinal w (he distal end thereof; a joining picec
that enhances the friction in the jointure hetween the maunting basc and the proximal-
most link of the flexible arm; a murret joint comprising a fFeely rotatable sucket, being
attached to the distal-most link of the ann via the freely rotatable socket; an appendage
fixedly attached to the turet joint; and a tightening mechanism loosely attuching
wgether tha mounting base, the joining piece, the pluralily of links of the flexible arm,
and the fresly rotatable socket of the tweret joint. The flexible arm coryises maltinle
articulated slongare links with cach link being rotatably joined to adjacent links.

Acutation of the lightening mechanism rigidly compresses together the turrert joinl, the
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itnks of the army, the jeining piece, and the mounting base so as to hold the assembly
in & fixed aliilude while from about one to about twenly pounds of counter-force is
applied against the appendage and wherain the joining piece resisls a greater [imoe than
the force at joinfures between adjacent links of the arm. For example, the force at the

Jjoining pisce can be from ahout one pound to abont 150 pounds.

In one embodirnent, the tightening mechanistn is actuated by advancing 2
tighrening screw attached to the cable (o increase tension in the cable, thereby forcing
the links of the amm together, restricting motion of the links relative to one another.
‘Thus, tightening of the tightening mechanism locks the multiple links into the desired
position. To exert sufficient lension on the links io provide rigidity 1o the arm without
hreaking, the cable praferahly has a breaking strength (lo withstand high tensile foree)
in the range from abeut 500 to 1400 pounds force, such as 300 serics cotrosion
Tesistant stamless steel.

The preferred embadimenis of the invention flexible arm assembly arc describad
with reference to Figures 1-5. As shown in Figure 1, fexible arm assembly 2 comprises
a Mexible armn 3 having a pluralily ol links 16, ending at the distal fip ia turrct joint 50,
which is comprised of spherical coupling 18 and appendage cormector 42 (shown in
detail in Figures 5 and &), io which is attached appendage 20. The combination of
spherical coupling 18 and appendage conncetor 42 forms tuerct joint 30. “The flexible
arm 3 is attached at the proximal end to mounting base 4. lightening handls 12 is wlso
attached o mounting hase 4 vin control screw 17, throsl bearing 22, and slideable
connector 14, wiich is Teceived mto an internal hore within mounting base 4. Mounting
basa 4 finther comprises a mounting mechanism comprising fixed clamp foot 7,
moveable clamp feot 6, and actuating clamp screw 8. Retatable clamp screw handle 10
is rotated 10 advance moveable clamp foot 6 towards fixed clawp faot 7 to clamp the

mouming assembly to a statlonary fixture.

The flexibility of the Hexible am in the invention flexible arm sssemhly is
mereased by having segments of shorter length, but the shorter the segrents, the icas
strength (2.2, the arni is mere difficult 1o Jock into a rigid position or will become
unstable when a foree is applicd to the distal tip). The relative length and other
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dimensions ol {he links can be determined by the materials used fo fabricate the arm
(e.2., the weight of the materials), and the intended purpose. For exampie, il has been
determined that, for an arm in an invention device intended for use in beating hezrt
surgery (which requires a high degree of flexibility to position the arm acourately) the
optimmm combination of flexibility and strength is achieved by having muoltple links of
unitorm size, for cxample about (.5 inch in length or Toss for a tota) armn length of about
2 jpches 1o 12 inches when fabricaied of 316 grade stainless steal. This configuration
results in uniform distihotion of siress wleng the Nlexible anm, thus preventing, excessive
wear on uny particular link. However, in another embodiment the links in the arm can
have diminishing graduated length from the proximal to the distal end thereof. For
cxample, a flexible amn comprised of the following set of links of graduated diminishing
length from the proximal to the distal end of the arm has also proven nseful: two links of
one inch (located most proximally), two links of % inch, and four links of ¥ inch
(acated most distally), (or afolal oF 5 M inches. At a length greater than 2bout 12
inches (30 cm), even if the arm if fabricated of stainless steel, it has been found
impossible lo maintain the amy in 2 fixed position when a force as yreat a5 12 pounds is

applicd against the distal tip (i.e., the appendagce).

Preferahly, to enhanee flexibility of the arm, cach link is rotatably joined to
adjucent links, For example, 18 shown in cut-away in Figure 2, links 16 of the Jexible
anm comprise a subsianiially eyliodrical segroent 34, with knob 36 at ane end of the
cylindrical segment of the link and concave sncket 3§ recessad into the opposite end of
the cylindrical segment of the link, The knob zf one end of the ¢ylindrical link is
received into the socket vecezsed at the end of an adjacent link so as to retatably join to
the adjacent link when the floxible arm remains loosened. However, when it is desired

to [ix the attitude of the arm prior (v use by lightening the lightening mevhanism, each

jointure of wo adjacent links is a potential site of movement. To aid in stabilizing the
arm upon actuation of the tightening mechanistn, at Jeast a portion of the surface of the
knobis 36 can be treqted to increase the friction fit of the knobs inte the socksts. For
cxample, the surfaces of the knobs at the end efthe links can he coated with a friction-
induecing substance. However, it is possible that a surface coating will erode during use,

forming fakes of coating. If ths stabilizer assembly is (0 be used al 4 surgical sile, the
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flakes of coating may be undesirable. Consequenily, in this sitwalion, it is preferred to
roughen at least part of the surface uf the knobs in the flexiblz amm to increase the
fiietion it of the knob 36 into the socket of the adjoining link. For exzmple, metal knobs
can be scored with a fine paltetn by fuming the kmobs at low speed to el 4 groove

pattermn in the knobs.

Preferably, the knebs of the links of (ke flexible arm bave a generally convex
(e.g.. substaulially spherical) pertion that attaches to the eylindrical portion of the linlk,
but are morc flattened at the head of the knob (the portion most distant from the
cylindrical portion of the link). The sockels in the cylindrical portion of the lnks can
have a corresponding concave shape (c.g., somi-spherical} io reccive the conves knobs,
Dhe 1o the knob and socket joinlures between the links of the arm, the tlexible arm is
Treely deformable in three dimensions and/or can assurne sn *07 or “8” shape, if' desired,
as shown in Figure 2. In other words, the flexihle anm can have up to 360° of curvature

aleng its length and can flex in a sideways motion as well as i a vertical plane.

The segments (i.c., links 1) of the flexible ann can be manufactured of any
substance haviny sufficient hardness and strength for the intended purpose. The jointure
ofthe flexible arm to the rigid mounling base is the poinl thal experiences the preatest
forve when the arm is locked into a fixed position and a counler-foree is applied against
the distal tip of the arm, .., via an appendage fixed at the distal tip. To further provide
swength and rigidiiy when the arm is locked into position, the invention flexikle wm
assembly turther comprises a joining picce 44 locared ai the joiniure of the flexible arm 3
to the rigid mounting base 4. The joining picce 44 is designed to enhanee friction in the
jointure botween the mounling base 4 and the proximal-most ifnk, 16, Preferably, the
Joining picee is made of hardencd metal {i.e. a metal harder than thal used 1o Fibricate
the prosimal most link) and is pasitioned to be replaceable. For example, if the
articulated arm is comprised of mulliple links joined together in a kmob and sockst
assembly, as described above, the joining piece 44 can consist of a plate or disc having a
many-sided opening 43 info which the knob of the proximal-most link is forceably
compreesed upon astuation of the tightening mechanism, Preferably the opening 43 in
the: jaining picee is a double hex arrangzd to provide points and valleys around the

opening 5o that the points will dig into the proximal-most link of the flexiblz mm when
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tightened. In this embodiment, the jointure of (he proximal-most link Lo e mownting
bage can withstand & force of from about one pound to abour 130 pounds while the
joining picee substantially eliminates movement of the arm with respect to the maunting
base. In nltemative embodiments the opening can have from about § i aboul, 30 sides .
“The m:my—sidﬂ opening 45 provides a ercater resistance to movement of the knob

within the opening than would & smooth and curvilinear opening,

As shown in Figure 3, the joining piece 44 is a plate that slides into # slot 44,
which as beveled edges to replaceably hold the joining picce into the slor et in
mounting base 4. Because the joining piess is many-sided rather than curvilinear, the
knob in the socket within the mounting base will be more restricled in movement hy the
juining piece than are the kmobs in the curvilinear sockets in the balance of the flexible
arm, thus previding enhanced rigidity to the invention assetnbly at the point of greatest
force during use of the assembly to hold un ofrject against a surfacs, such as an

undulating surface.

As also shown in Figure 3, connector 42 is permanently atiached to the proxamal
end of appendage 20 (shown here as a forked foot). For exumpls, connector 42 can be
welded to appendage 20, As further shown i detail in Figares 5 and 6, the torret joint
301 is formed by spherical coupling 18 at the distal tip of the flexible arm 3 and
appendage connecler 42 s 4 1o allach appendage 20 to flexible amm 3 in a frecly
rotatable manner (6., to flex in a vertical glane as well as to freely rolate or spin ut the
cnd of the flexible arm) uniil the tightening mechanism is actuated. Sphenval coupling
18 comprises # knob (hat fits into (he concave rscess of its adjeining link n the am, a
cylindrical middle porton, and a distal portion with semi-spherical socket 54 for
recciving the cylindrical-shaped portion 36 of appendage connector 42. Conncetor 42
comprises a cylindrical-shaped poition with juternal bore sized to receive the ball of the
cable and which has a slotlike cul-of 48 running semi-cireamteretially aroumd (he side
of the cylinder, providing an opening that connects with the atemal bore. An additional
cut out 52 is at right angles to the slot-like cut-out 48 and is sized to aliow the cable o
slide through wul vul 52 while balt 32 is reccived into the bore of cylindrical

conneclr 42,
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Ball 32 « the distai end of cable 30 {shown in Figure 2) is preferably a ball and
shunk fitting which is swaged unio the end of cable 30. Bill 32 is hald within pivot joint
50 by the sides of the semi-spherical socket 54 in spherical coupling 18 and pivols or
rotates 360° within the bore of the cylindrical connector 42 while the cable translates
ulong slot-like ent-out 48, giving a deflection of the appendage (like a foot at an ankls
joint), for cxample a deflection of up fo about 1207 as shown here. Thus the appendage
is freely rotatable within the pivat joint and has a large range of tlexure to facilitate
eccurate pasitioning of the appendage against any contour of a surface until the wrm wnd
trret joint is lacked into a fixed attitude hy actiation of the tizhtening mechanism. Ball
32 ean be modified by placing a flat on the surface closes 1o the shank 1w move and
spread the force away from the slof in cormector 42.

The tightening mechanism connecis together the distal portion of the arny and
the proximal end of the stabilizer assembly (e g., the mounting base) and locks the
links of the flexible arm into & fixed attitude. Before tightening, the conmection
between the various parts of the assembly are loosely jnined by the cable, which
connecis together mouming base 4, the plurality of links 16 of the flexible arm, and
the freely rotatable socket of the turret joint 50 via cable 30 and ball 32. Upon
asluation of the tightening mechanism, the turvet joitt, the links of the arm and the
mennting base are rigidly compressed logether so as 1o hold the assembly ina fixed
attitnde while frain about one to about twenty pounds, for example from about five to

about twelve pounds, of counter-force is applied against the holding appendage.

More pariicularly, as shown in exploded view in Figure 3, the tightening
mechanism comprises (fom proxintal to distal end} control serew 17, draw bar 40,
cable 30 with internal, security screw 11 (that sorews into intemal threads along the
proximal-most end of exteriorly threaded and swaged portion 31 of cable 30) and
cable ball 32, which 1s fixedly attached at the distal end of cable 30. The proximal
portion of draw bar 40 is generally eylindrieal with an interior bore and external
threads that mate with inlemal threads slong an internul bore within handle 12,
However, the distal portion of draw bar 40 has Natted sides and the interior bore is
lined with internal threads that mate with the external threads on the threaded and

swaged portion 31 of cable 30. Preferably, the extemal threads on the draw bar and
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the mating intcmal threads on handle 12 are acme threads for added strength while the
internal threuds zlong the bore of draw bar 40 and the mating external, swaged threads

along the threaded portion 31 of cable 30 are pointed.

When the assemhly is assembled as shown in Figure 1, slideable connector 14
is used to join together draw bar 40, handle 12 and the foxible anm threaded through
with the cable assembly and atfached appendage.  Slideable comnector 14 has a distal
cnd with a cylindrical #xterior portion and un interior bore with flaited sides designed
to receive the distal end {with mating flatted sides) of draw bar 40. The eylindrical
exterior portion of connecior 14 is sized to slide into a bore hole through mounting
bage 4. Slideable conneetor 14 also comprises a proximal portion with a smooth
nterior bore and squarcd exterior sized to sit flush against the exterior of distal
washer 17. 'The proximal, threaded poriion of cable 30 is passed rirough an intcrior
smooth bore in conneetor 14 through washers 27 ind throst bearing 28 2wl (he bore of
handle 12, Draw bar 40 passes through the large opening the in proximal end of
handle 12 and is threaded via the exterior threads thereon into the mating inlerior
threads i the bore of handle 12. The thrust bearing 28 is a three picer assembly of
two washers 27 and a sel ol steel besrmgs 29, which are encused in a slighily
compressible material , such as nylon. Theust hearipg 28 facilitates ratation of {the
tightening handle 12 as the various parts of tho assembly are conipressed together by
effective shurtening of the cable (Le., by advancement of the thresded portion 31 of
cable 30 proximally within the draw har). Throst hearing 28 compresses somewhal as
the tightening mechanism is tightened to prevent sudden application of greater tensile

force than can be lolerated by the assembly.

‘When handle 12 is rotated, the threaded portion of the cable advances
proximally up the handle, while the handle advances distally along the draw bar.
Securily screw 11, which screws into the interior threads at the proximal end of the
threaded purtion of Lhe cable, also fits into a recess in the proximal end of druw bar 40
and is sized with respeut to the interior bore of the draw bar to Indge against shoulders
therein created by a small decrease in the internal diameter of the intcrior bore in the
draw bar. Thus, security screw 11, which is inserted into the end of the cable

assemnbly using a long handled Allen wrench applied through the proximal epening of
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handle 12, functions to prevent baclthreading of the cable complerely out of the drew
bar. Conirol screw 17, which is inserted lasl, hus » hex head for receiving an Allen
wrench and screws into the interior threads at the proximal end of the draw bag,
Control screw 17 functions to keep alignment of the assembly and to prevent
threading of the cable too far into the dras bar.

Cable 30 can be manufactured of any substance baving sufficient tensile
strength to provide the invention flexible arm asserbly with the capability to remuin
rigid when up to about twenty pounds of counter-force is applied against its tip (c.2.
against an appendage attachcd at its 4ip or against an instrument held by Ihe
appendage against an undulating surface), For example, a 300 Scries corrosion
resislant stainless steel wire rope cable haying a breaking strength rating of 920
pounds has been found to provide the strength needed for a flexible arm of about 9

inches in length.

The appendage can be in any shupe adapted to the particular uss to which the
stabilizer arm assembly is to be put, such as a grabher, clipper, scissors, flat blade, and
the like. Inapreferred embodiment, as illustrated herein, the appendage 20 is a. forked
fool with two tines. In this cmbodiment, the two-tined stabilizer foot is shaped to be
threaded through attachment sites located jn a flexible suction bedy such as is
described in copending T1.8. Patent Application Serial No. 09/293,334, filed April 16,
1899, which is incorporated herein by reference in its entirety, Lu this smbodiment,
the stabilizer arm assernbly is adapted to hold a suction hody against the undulating
surface of a beating heart during an “off pumyp corenary artery bypass™ (QPCAB)
procedure to perform an anastomosis. Prefarably, the invenlion stabilizer ann assembly
is sized and adapted for use wherein the undularing surface i on the anterior side of the

beating heart.

Az shown in Figores 1-3, the mouniing base 4 of the stabilizer ann assembly
includes u clamp actuated by a votatable clamp serew for removeably allaching the
stabilizer arm assembly to a stationary fixture. As scen in cut-away in Figure 2, the
clamping mechanism is acluated by lwmning rotatable clamping handle 10, which mates

with the many-gided head 22 of the clamp screw 8 to advance maveable clamp foat 6
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towards lixed clamp foot 7. Sct serews 23 abut against opposite sides of head 22 and
can he removed to remove clamping handle 16 for sterilization of the assembly, if
desired. Set pin 24 is reeessed within moveushle clamp ool 6 and rides within a roove
eneircling the distal end of clamp screw 8 to force meveable foot 8 to advance towards
fixed fout 7 as clamp screw 8 is rotated. In an akternative embodiment, the handles or
interchangeable or a single handlc can be used as the clamp tightening handle and the
lightening handle. In this cmbodiment a nut used to atfach the handle to the draw bar
such (hat the nut move downs the draw bar as the lightening handle is rotuted while the
draw bar does net rolale. The bore in the handle is also dimensioned to atlach (o the
head of the clamp screw. In this embadiment, the handle can readily be used 1o perfarm

either function and then can be removed Som the assembly for converience durmg use.

The handles can be of any convenient size that does not interfere with use of the
assembly. For cxample, if the invention assembly is to be used in surgery, it is
cunvenient for the surpeon if ihe handles are abour 3 inches in Jength and has 4 cross-
sectional diamcter at its largest dimension of aboul 2 inches io about 3 inches for case in
placing the flexible arm inte a desived position at a treatment site, for example, for
forceably halding 2 suction body in place on the surfuce of a beating heart. To avold
cowcessive weight, the handle can be parially hollow and can be fabricated of such,
malerials as plastic or bukelite, and the like, by injection molding. Aftornatively, the
handle can be machined from metul or plustic, and the like, using (echniques known in
the art. [n a proterred embadiment, tightering handle 12 is injection maolded from Trelrin
500 plastic and, for convenience during use is positioned at an angle of from about 0°
to about 90° with respect to the face of the mounting base 4 at the point of attachment,
for cxamplc af an angle of about 30° to about 43°. 1n thiz cmbodiment, the mounting
clamp is preferubly designed with dimensions compatible with most adult cardiac
retractors, lor example, the clamp is about 0.8 inch. (2 cm} wide and accommedates
rectangular sections rauging m thickness of (.125 meh (0.32 cm) te 0.4 wch (1/02
cm} and widths of 0.25 ineb to 1.5 inch (3.81 e¢m).

The Nexible amm of invention s\abilizer assemblies can be manipulated three-

dimensionally, ¢.g., manually, lo assumne a desired shape and then are locked nle
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whatever attitude is present when the tightening mechanism is actuated. However, onee
locked into a desired position, (he urm becomes substantially rigid both along ils length
and at the point af greatest stress, i.e., the jointure of the arm o the maunting base.
These attiibutes particularly suit the invention devices for holding an appendage atrached
to the turret joint (or an object altached to or held by the appendage) against any type of
undulating surfacc. For cxample, a preforred usc of the invention stabilizer assembly is
tor torceably holding a suction device motionless against a beating heart to stabilize the
site for surgery. In other erubodiments, (he invenilon device can be used o hold an

object apainst a grinding wheel during a grinding procedure, and the like.

For illustrative purposes the various paris ol the flexible aom azsembly have been
fabricated from the following materials: Links 16 of the flexible arm are fabricated from
316 stainless sicel, as are the appendage 20 and draw bar 40; joining piecc 44 is
fabricated from 17-4 stainless steel hardened; cable 30 is 300 series comrosion resistant
stainless steel; sel screws sef ping and secority screw are (abricaied from 18-8 stuinless
steel and all other parts (except for the handlea and the bearing housing in the thrust
bearing) are fabricated from 18-8 stainless atcel. However, various corvosion-resistant,
hardencd metallic materials, such as stainless steel, ttanium, and the like, can be used
when it is desired to machine the various parts of the invention flexible amm asscmbly.
Alernatively, plastics or composiles having comparable properties of strength and
hardness can alfso be used 10 (abricale varivus parts of the assembly by methuds known

in the art, such as injection molding.

In the preferred embodiment, the flexible arm assentbly is designed tor repeated
usc (c.g., in medical applications) and hence is readily adapted io be sterilized for reuse.
To facilitatc sterilization, the tightening assembly can be looscned by rotating the
lightening handle so as to purtially backthread the cable out of the draw bar until the
cable is visib)e between the links and conmnector 14 stides out of the mounting hase.
‘The sccurity serew will prevent backthreading of the cahle to the point that the
apparatus comes apart. In this loesened staic the asscmbly can readily be sorubbed to
remove debris that may have lodged in the links. In addition, in embodiments
wherein the assembly is mannfaciured of hurdened metals, the cornplele asserably can

be steam sterilizable, For example, in the preferred embadiment deserbed herein, the
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assembly van be steam sterilized unwrapped at a temperature of about 132 °C, for 10
muinutes in a gravily sir Jisplecement inslrument. For a double wrapped instrument
{double wrapped naing a single use, non-woven, lint free fabric for sterile good
wrapping), a suituble steamn-cleaniog temperature is 121 “C for 30 minutcs. When
properly carcd for as described herein, the invention flexible arm assembly can be
reused (e.g, tightened, loosened and sterilized) a puititude of times, for example
aheut 500 [ 1000 times,

The invention flexible ann ussembly can be lubxicaled to facilitate use, for
examplc by complete immersion in a water-soluble lubricant for 30 seconds .
Suitable lubrication agents are high viscosity lubricants that cling to the surface of
matal when steam autoclaved, e,g, PRESERVE ™ Instrument Mild (Johnson &
Johnson-Codman, Catalog No. 43-1033).

While the invention has been described m detail with reference lo certain
preforred embodiments thereof], it will be understoed that modifications and variations

dre within the spirit and scope of that which is described and claimed.
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WHAT 15 CLABMED IS:

1. A, stabilizer arm assembly for forecably holding an object against a
surface, said assembly comprising:

a mounting assembly comprising a mounting base and toveuble mounting
clamp 1or removeably clamping the stabilizer arm asscmbly to a stationary fxturc;

a flexible wrn attached to the mounting base, said flexible am comprising
multiple articulated elongate links with vach luk being rotatably joined to adjacent boks,

8 huret joint comprising a frecly rotatable socket afiached to the distal-most Tink
of the arm;

a holding appendage fixedly joined o the turret joint; and

a tightening mechanism loosely attaching iogether the mounting base, the
multiple links of the amm, and the frecly rotatable sockel of the turret joil;

whereln actuation of the tightening mechanism dgilly compresses togetler the
turret joint, the links of the atm and the mounting base so as to hold the assembly in a
fixed attilude while from about one to about twenty pounds of counter-pressure is

applied against the holding appendage.

2, The stabilizer arm according to clains 1 whercin the object is a surgical

instrument and the surfce is u beating heart.

kB The stabilizer arm according 1o claim 1 wherein (he surface is o grinding

surface,

4. A stabilizer arm asscmbly somprising:

& mounling base,

a flexible ann attacher al the proximal end thereof to the mounting base,
said flexible arm comprising a plurality of articulated links of uniform or graduared
diminishing length from the proximal to the distal ead thereof,

ajoining piece that enbances the fiction in the jointure between the
mounting base and the proximal-most link ol the Oexible arm;

a turret joint comprising a freely rotatable socket, being attached to the
distal-most linle of the arm via the freely rotatable socket
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an appendage fixedly attached ta the turret joint; and
a tightening mechanism loosely attaching together the mounting base,
the Joining piecs, the plurality of links of the fexible amm, and he freely rolutuble

socket of the turret joint;

wherein actuation of the tightening mechanism rigidly compresscs together the
trret joind, the links of the am, the joining piece, and the mounting base so a3 to hold
the assembly in a fixed attitude while from. about one to about twenty pounds of
counter-force is applied against the appendage and wherein the joining picec resists a

greater force than the force al joinlures between adjucent links of the arm.

3. "The stabilizer ann gssembly according to claim 4 whereln the force 1s an

undulating forece.

6. The stabilizer arm assembly according to claim 4 wherein the force at the

joining piece is from about ene pound to aboui 150 pounds.

7 The stabilizer arm assembly according fo claim 4 wherein the Nexible

arm is from abaut 2 inches 1 about 12 inches i length.

X, ‘The stabilizer arm assembly according 1o claim 4 wherein each link is

rotatably joined to adjacent links.

9 The stabilizer arpn assernbly according 10 claim 8 wherein the lnks have
a substantially eylindrical segment with a knob attached at one end of the eylinder and a
socket at the other end of the cylinder for receiving the knob of an adjacent link in the

arm $0 as to rotatably join to the adjacent link.

10, The stabilizer arm assembly according to claim 9 wherein at least part of

the surface of the lmob is weated 1o inereass the frictien fit of the knob into the socker.

1. The stabilizer arm assembly aceonding to claim 9 wherain the joining
plese Is u plale with a many-sided, centrully located openinyg therein {or loreeably

receiving the knob of the proximal-meost fink.
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12, The stainlizer arm assembly according to claim 11 wherein the joinng
piece is recessed into a slot in the mounting base to restrict movement of the knob of the
proximal-most link within the socket in the mounting base upon actuation of the

tightening mechanisnt.

13, The stabilizer arm assembly according to claim 12 wherein the joning

piece is fabricated of harder metal than the knob of the proximal-most link.

14, The stabilizer mm assembly according to claim 13 wherein the juininyg

piece replaceably slides into the slat.

15, The stabilizer arm assemb |y according to olaim 4 wherein the ightening

mechanism is connected between the distal end of the anm and the mounting base.

16. The stabilizer arm assembly according to claim 14 wherein the tightening
mechanisin comprises a rotatable fightening screw attached to a tightening cable,
whereby rotation of the screw acluates the tightening mechanism 1o fix the attiude of the.

arm aod turret joint.

17 The stabilizer atm assembly according to claun 10 wherzin each of the
plurality of links contains a hollow opening and the cable is threaded dirough, the hollow

opeuings to commect between the mounting base and the turret joiat.

18. The siabilizer arm assembly acvordiog to claizn 4 whercin dellection of
the arm is curvilinear along the arm through an arc up to 360° and actuation of the

tightening mechaniem fixes the arm in such curvilingar anitude.

19, "I'he stabilizer arm assembly according to claim 15 whersin deflection of
the arm at the joining piece is from about 207 to 907 with respect to the face of the

momting base.

20. The stabilizer arm asscmbly according to claim 4 wherein deflestion of

the arm is (hree dimensicnal.
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21.  The stahilizer arm assembly according to claim 2 wherein the tightening
mechanism further comprises a tightening screw assembly altached at the distal end to
the eablc and at the proxinial end to a rotatabls, replaccable handle for advancing the
sorew 50 us fo shorten the cifcctive length of the cable, thereby compressmg logether the

links of the exible wm.

22, The stabilizer artn assembly according to elaim 20 whercin the tightening
serew assembly can he sutficiently lonsened for cleaning o completely expose each link

in the flexible arm withour allowing the flexible aym assembly 1o fall apart.

23, ‘Lhe stabilizer arm assembly according to cluim 4 wherein the mounting
base comprises a maveable clamp for removeahly attaching the assembly to a stationary

fixmure.

24.  The stabilizer arm assembly according to claim 4 wherein the appendage
is a forked foot with tines for holding an object against a surface,

2. The stabilizer arm assembly according to claim 24 wherein the object is o

curdisc suction bady baving apertures for receiving 1he lines of the (orked fuor

26, ‘The stabilizer am assembly sccording 1o claim 4 wherein the appendage

is A grabber, clipper, scissors, or (at blade.

27, The stabiliver arm assenibly according to claim 4 wherein the appendage
can frecly spin through 360 at the jointure with the turret joint prior (o acluation of the

tightening mechanism.

28, The slabilizer o assembly according o olaim 4 wherein deflection of
the appendage at the jointure with the turret joint is through a vertical angle of up to 120°

prior to actuation of the tightsning mechanism,
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20, The stabilizer arm assembly according to claim 4 wherein the turrel joint
comprises a cylindrical member with a semi-circular slot-like cut-out in the side of the
cylinder and the cable of the tightening mechanism has a ball at the distal end thereof
that pivots or rotates within the semi-cireular member and the eable franslates along (he
slot prior 1o actuation of the tightening mechanism.

30. The stabilizer arm assembly according to claim: 4 wherein the stabilizer

arm assernbly s constructed of stainless steel.

3t ‘Lhe stabilizer am assembly according to claine 4 wherein the stabilizer

arm assembly is steam sterilizable for reusc.

32, The stabilizer arim assembly according to clabm 31 whersin the stabilizer
arm assembly 15 sieam sterilizable unwrapped al & temaperalure of about 132 °C, for 10

minutes.
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