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(57) ABSTRACT 

The invention includes linkage assemblies comprising 
coupled links with metallic contact Surfaces with improved 
Stiffness. The inventors found Significant mechanical prob 
lems with all previous descriptions of metallic contact links 
Sufficient to preclude their commercial use. These metallic 
contact links are a significant improvement over existing 
plastic ball and metal joint, or all plastic beads as found in 
the prior art. The invention includes methods providing 
these links and high friction couplings between them, as well 
as the linkage assemblies and flexible arms resulting from 
these processes. 
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METHOD AND APPARATUS FOR IMPROVED 
STIFFNESS IN THE LINKAGE ASSEMBLY OFA 

FLEXBLE ARM 

CROSS-REFERENCE TO PRIORITY 
APPLICATION DOCUMENTS 

0001. This application is a continuation of application 
Ser. No. 10/268.397, filed Oct. 9, 2002, which claims the 
benefit of provisional patent application Ser. No. 60/327,990 
filed Oct. 9, 2001, the specifications and drawings of which 
are hereby incorporated by reference in their entirety. 

TECHNICAL FIELD 

0002 The present invention relates to articulating load 
bearing flexible arms, particularly Suited for use as Surgical 
tissue Stabilizers, and more particularly to increasing the 
Stiffness of Such an articulating column when in the locked 
configuration. 

BACKGROUND ART 

0.003 Flexible arms or, as they are often called, articu 
lable columns, have many uses. For example, they are often 
used for positioning tools, article Supports, or for locking 
measuring apparatus. In Surgery, it is common practice to 
mount them as adjustable Supporting brackets on a Side rail 
of an operating table to Support retractors, endoscopes and 
other Surgical devices. 

0004 U.S. Pat. No. 4,949,927 discloses an articulable 
column and, more particularly, describes prior art columns 
of the ball and socket type which are flexible in their normal 
State and which, by application of tension from a central 
cable, become rigid. 
0005 Recent developments in heart surgery require 
Stronger and more rigid adjustable brackets. In particular, a 
procedure has been introduced for carrying out cardiac 
bypass Surgery without Stopping the patient's heart. In this 
procedure, a device called a “tissue Stabilizer” is used. 
0006. A specific prior art example, U.S. Pat. No. 5,727, 
569 teaches that the tissue stabilizer is attached to the wall 
of the heart by drawing a vacuum in an array of Suction cups. 
With one or more Such devices attached to the wall of the 
heart, the site at which the repair is to take place can be held 
fixed while the heart continues to beat. 

0007. A tissue stabilizer is often supported using a lock 
able articulating column, such as disclosed in U.S. Pat. No. 
5,348,259. A lockable articulating column is described as a 
flexible, articulable column having a central tensioning 
cable Strung through a Series of ball and Socket members. 
Each Socket member has a conical opening with internal 
teeth engagable with a ball made of an elastomeric polymer. 
When the cable is tensioned, the Sockets move toward each 
other and the balls become indented by the teeth of the 
Socket. The column becomes rigid when the central cable is 
tensioned. Releasing the tension returns the column to the 
flexible state. 

0008 FIG. 1 is an elevational view illustrating a tissue 
Stabilizer Supported from the Side rail of an operating table 
by a bracket as found in the prior art of U.S. Pat. No. 
5,899,425. 
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0009. The assembly in FIG. 1 includes vertical post 10 
attached to Side-rail 12 of an operating table (not shown) by 
a clamp 14. The post 10 often has plural facets, which 
cooperate with the clamp to prevent rotation of the post 
relative to the clamp. A tension block 16, mounted at the top 
of post 10, comprises a mounting block 18 and a rotatable 
member 20. 

0010. In FIG. 1, one end of a flexible arm 24 is connected 
to the Side of mounting block 18 opposite to the Side having 
the rotatable member 20. Flexible arm 24 comprises a series 
of articulating elements connected to one another by ball 
and-socket joints. The number of ball and socket members 
may be increased or decreased depending on the use of the 
articulating column. The flexible arm 24 has a clamp assem 
bly 26 mounted at its other end. The clamp assembly 26 
holds the shank 28 of tissue stabilizer 30. 

0011 Typically, tensioned mounting block 18 has an 
internal passage receiving a Screw 32. Affixed to the Screw 
is a transverse pin riding in Slots formed in opposite sides of 
mounting block 18. The engagement of the pin with the slots 
prevents the Screw from rotating relative to mounting block 
18. The threads of the Screw engage internal threads in a 
rotatable member 20, which also has an internal shoulder 
that can engage with the Screw's head. 

0012. The tension cable is often a braided structure made 
of metal specifically built to withstand cyclical tensile 
fatigue. The cable may be pre-stretched to minimize further 
elongation of the cable caused by the application of tension. 
Turning the rotatable member 20 often supports cable ten 
sions in the range of 5 to 1000 lbs. 

0013 Plastic links have a significant problem when used 
in a Surgical theatre, they often cannot be reused due to 
difficulties in cleaning them. Metallic links, if feasible, 
would be easier to clean, reducing a costly form of Surgical 
WaSte. 

0014 While there are references in the cited prior art to 
metal links in a flexible arm linkage assembly dating back to 
1990, the inventors have only found plastic links actually in 
the market. The references in the cited prior art will be 
discussed in the next few paragraphs. 

0015 Prior art, plastic link components were found by 
the inventors to undergo deflections of up to a factor of 
1000% for plastics such as polyethylene when tensioned. 
Metallic link components typically deflect by less than 50%. 
This difference in the materials turns out to require an 
entirely different approach to determining useful metallic 
links and their contact Surfaces. The percentages used above 
were percent elongation derived from the reference: Mate 
rials Science and Engineering, 3rd Edition, W. Callister 
copyright 1985, which is hereby incorporated by reference. 

0016 U.S. Pat. No. 4,949,927 teaches in FIG. 6 and its 
asSociated discussion about a link integrating a ball and rod 
made of aluminum. The inventors found that this link was 
inoperable, due to a low coefficient of friction. By having the 
low coefficient of friction, Such linkS Slipped easily, far 
below the point of usefulness. 

0017 U.S. Pat. No. 5,899,425 teaches (FIG. 2, Col. 4, 
lines 7-11) “The flexible, articulating arm 24, as shown in 
FIG. 2, comprises a series of elements, preferably made of 
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Stainless Steel. Each element has a convex, Spherical Surface 
at one end and a concave, Spherical Surface at the other end.” 
0018. In the Summary of U.S. Pat. No. 5,899,425 (Col 
umn 2, lines 35-57), “The bracket is characterized by an 
interference fit between the spherical balls and their sockets. 
The diameter of each ball is preferably larger than the 
diameter of the Socket into which it fits. The Sockets are 
hemispherical or almost hemispherical, and their walls are 
sufficiently flexible to allow the balls to enter them. The very 
small difference in diameter, and the flexibility of the Socket 
walls, allows the balls and Sockets to be engaged over an 
area of contact. The terms area of contact and area 
contact, mean contact between a ball and a Socket over a 
Substantial area in a common sphere, greater than approxi 
mately 20% of the total surface area of the sphere, and is 
distinguishable from line contact, which is contact between 
a ball and Socket Over a circular line or a narrow band having 
an area which is substantially less than 20% of the total area 
of the Sphere corresponding to the larger of the ball or 
Socket. The area of contact extends from the periphery of the 
Socket to the envelope of the perimeter of the cable opening 
in the concave spherical Surface and the circle defining the 
end of the convex spherical Surface adjacent to the cable 
opening therein. The contact area is preferably approxi 
mately 30% to 40% of the total Surface area of a corre 
sponding sphere.” 

0019. The inventors found that U.S. Pat. No. 5,899,425 
was both contradictory and inoperable in its teaching regard 
ing metallic link components. First, maximizing the Stain 
leSS Steel contact area actually reduces the frictional force 
needed for stiffness. The disclosure from the Summary was 
appropriate for a plastic link component, but failed to 
account for the physical characteristics of StainleSS Steel as 
well as alloys of iron and titanium, which do not deflect 
anywhere near as much as plastics. 
0020. Unlike, the prior art plastic articulating columns 
that are highly textured and consequently need only low 
tensile loads for fair rigidity, metallic link contact Surfaces 
behave differently. This is due to the inherently lower 
interface friction of Semi-Smooth metallic mating convex 
and concave Surfaces. Friction forces are directly propor 
tional to these distributed contact forces. While two mating 
Spherical Surfaces would produce a large contact area, the 
distributed contact forces are relatively low because they are 
widely dispersed. 

0021 Note that a link will also be known herein as a 
bead. 

0022. The inventors know of no disclosure or teaching 
that provides for an effective metallic link for use in the 
linkage assembly of a flexible arm. What is needed is such 
an effective metallic link. 

0023. In Summary, there is a need for increased stiffness 
in articulating joints, particularly in flexible arm linkage 
assemblies. There is a need for reusable links within a 
Surgery, leading to needing metallic, reusable linkS. And 
there is a need for reusable linkS providing increased Stiff 
neSS in flexible arm linkage assemblies. 

SUMMARY OF THE INVENTION 

0024. The invention addresses the needs discussed in the 
background. The invention increases the stiffness of flexible 
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arm linkage assemblies, by increasing the friction between 
link contacts when in a locked configuration. 
0025. One embodiment of the invention includes a flex 
ible arm linkage assembly provided with a tensioning cable. 
The linkage assembly includes a first link with a first contact 
Surface composed of a first contact material, and a Second 
link with a Second contact Surface composed of a Second, 
differing contact material. A high friction coupling between 
the first link and the second link is created by the first contact 
Surface contacting the Second contact Surface when induced 
by the tensioning cable. 

0026. Each of the contact materials is primarily com 
posed of a respective metallic compound, providing a higher 
coefficient of friction between the two contacting Surfaces 
than would result from both contacting Surfaces being 
composed of the same contacting material. The contacting 
materials are primarily composed of metallic compounds. 
0027 A flexible arm including the invention provides an 
increased range of motion and better Stabilization of Surgical 
instruments. 

0028. The contacting metallic compounds are further 
preferred to be primarily composed of alloys including at 
least one of iron, copper and titanium. The contacting 
metallic compounds are Still further preferred to be at least 
two of the following: StainleSS Steel, titanium, and nitinol, 
which will refer herein to Ni-Ti alloys. 
0029 Metallic links have a significant advantage when 
used in a Surgery, they can be Sterilized and reused many 
times. Using metal linkage assemblies reduces the waste 
products and lowers the costs associated with the use of 
flexible arms. 

0030 The invention includes increasing the overall 
metallic link to metallic link friction as a result of optimized 
contact geometry between the links, based upon the metallic 
composition of the contacting link Surfaces. 

0031) Another embodiment of the invention includes 
optimization of metallic bead to metallic bead contact fric 
tion comprising the following Steps. Maximizing the coef 
ficient of friction between the first contact material of the 
first contact Surface and Second contact material of the 
Second contact Surface by Selecting the first and Second 
contact materials. Determining a ball diameter and conical 
angle to maximize frictional forces in Static equilibrium 
based upon the coefficient of friction. 
0032. The inventors found that determining the ball 
diameter and conical angle maximizing Static frictional 
forces required optimizing away from maximized contact 
area for a number of metals, including alloys of at least 
titanium, and iron, and in particular, StainleSS Steel. 
0033). Using stainless steel for both contact surfaces, the 
inventors experimentally proved that they had discovered 
the first practical metallic link for flexible arms, providing 
Significant improvement in the mechanical Stiffness of the 
joint over typical plastic link components. This new metallic 
link used the interface geometry that resulted from their new 
approach to interface geometry determination. 
0034. The inventors further experimentally proved that 
they could make an even better joint using contact materials 
of Stainless Steel and titanium for the respective contact 
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Surfaces based upon the optimized interface geometry. The 
joint formed from the Stainless Steel contacting titanium 
beads had greatly improved Stiffness over anything the 
inventors know of. 

0035. The invention includes methods of providing link 
age assemblies using metallic links, as well as the linkage 
assembly and flexible arm as products of these methods. 
0.036 The invention provides a flexible arm, also known 
as an articulating column, with the Strength to Stabilize 
devices holding a beating or stopped heart for an incision or 
the operation of a Scope. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037 FIG. 1 is an elevational view illustrating a tissue 
Stabilizer Supported from the Side rail of an operating table 
by a bracket as found in the prior art of U.S. Pat. No. 
5,899,425; 
0.038 FIG. 2 illustrates a flexible arm including a linkage 
assembly 1000 in accord with the invention providing 
increased Stiffness when experimentally compared with Sev 
eral alternatives, 
0.039 FIG. 3A illustrates a metallic linkage assembly as 
taught by the prior art; 
0040 FIG. 3B illustrates a metallic linkage assembly 
1000 of FIG. 2; 

0041 FIG. 3C illustrates a preferred metallic linkage 
assembly 1000 of FIG. 2; 
0.042 FIG. 4 illustrates experimental results obtained by 
testing a first link coupling to a Second link as illustrated in 
FIGS. 3A to 3C, each under 200 pound tension; 
0043 FIGS.5A and 5B illustrate two links of FIG. 3B 
coupling with each other through a spherical conveX Surface 
contacting a spherical concave Surface; 

0044 FIG.5C illustrates two stainless steel links of FIG. 
3C coupling with each other through a spherical convex 
Surface contacting a conical concave Surface; 
004.5 FIG.5D illustrates two links of FIG. 3C coupling 
with each other through a spherical convex titanium Surface 
contacting a conical concave Stainless Steel Surface; 
0046 FIG. 6A is an exploded view of item 16 and the 
rotatable member 20 of FIG. 2; 

0047 FIG. 6B shows the present invention with an 
alternate retraction mechanism 330; 

0.048 FIG. 7A shows a close-up of the ergonomically 
designed handle 20 of FIGS. 2 and 6A, and 

0049 FIGS. 7B, 7C, and 7D, illustrate handles for other 
commercially available articulating columns. 

DETAILE DESCRIPTION OF THE INVENTION 

0050. Various embodiments built in accord with the 
invention will be discussed. The invention increases the 
Stiffness of flexible arm linkage assemblies, by increasing 
the friction between link contacts, when in a locked con 
figuration operating Similarly to existing plastic based link 
age assemblies. 
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0051. The invention includes a flexible arm linkage 
assembly provided with a tensioning cable. The linkage 
assembly includes a first link with a first contact Surface 
composed of a first contact material, and a Second link with 
a Second contact Surface composed of a Second, differing 
contact material. A high friction coupling between the first 
link and the Second link is created by the first contact Surface 
contacting the Second contact Surface when induced by the 
tensioning cable. 
0052 Each of the contact materials is primarily com 
posed of a respective metallic compound, or compounds, 
providing a higher coefficient of friction between the two 
contacting Surfaces than would result from both contacting 
Surfaces being composed of the same contacting material. 
0053 FIG. 2 illustrates a flexible arm including a linkage 
assembly 1000 in accord with the invention providing 
increased Stiffness when experimentally compared with Sev 
eral alternatives. 

0054 FIG. 3A illustrates a metallic linkage assembly as 
taught by the prior art. 
0055 FIG. 3B illustrates a metallic linkage assembly 
1000 of FG, 2. 

0056 FIG. 3C illustrates a preferred metallic linkage 
assembly 1000 of FIG. 2. 
0057. In FIG. 2, linkage assembly 1000 includes a link 
130-T coupling with link 110-S and link 100 coupling with 
link 110-S. AS used herein a link 110-S will refer to a link 
shape 110 composed primarily of StainleSS Steel. A link 
110-T will refer to a link shape 110 composed primarily of 
titanium. 

0058. A link may employ two or more distinct metallic 
compounds, typically one for each contact Surface. Note that 
it is also within the Scope of the invention to use Separate 
materials within a link for the contact Surfaces, as well as for 
the body joining the two contact Surfaces. 
0059 Alink 110-TS refers to a link possessing a concave 
Surface primarily composed of a titanium alloy, and a 
conveX Surface primarily composed of a stainleSS Steel alloy. 
Note that a link 110-ST refers to a link possessing a concave 
Surface primarily composed of a stainless Steel alloy, and a 
conveX Surface primarily composed of a titanium alloy. The 
concave and conveX Surfaces both Support a tensioning cable 
traversing through their link. 
0060. The concave and convex surfaces preferably 
embody shapes, which for their materials, maximize Static 
friction as well as kinetic friction when contacting each 
other under tension. 

0061. In FIGS. 2, 3B, and 3C, there are four linkage 
shapes used, 100, 110, 120 and 130. Each linkage shape 
includes at least one contact Surface, which contact couples 
to a neighboring contact surface of another link. Links 100 
and 130 each have exactly one contact Surface, which are 
convex and concave, respectively. Links 110 and 120 each 
have two contact Surfaces, one concave and the other 
COWCX. 

0062) The invention includes linkage assemblies pro 
Vided with a tensioning cable and including the following. A 
first link forming a first contact Surface composed of a first 
contact material. A Second link forming a Second contact 



US 2005/0152739 A1 

Surface composed of a Second contact material. The ten 
Sioning cable traversing through the first link and the Second 
link. 

0.063. In certain embodiments, a high friction coupling 
between the first link and the second link is created by the 
first contact Surface contacting the Second contact Surface 
when induced by the tensioning cable. The first contact 
material is distinct from the Second contact material. Each of 
the contact materials is primarily composed of a respective 
metallic compound. The first contact Surface, composed of 
the first contact material, contacting the Second contact 
Surface, composed of the Second contact material, has a 
higher friction coefficient than results from composing both 
contact Surfaces of either contact materials. This higher 
friction coefficient is preferably greater than 0.3. 
0.064 Preferably, each of the respective metallic com 
pounds is primarily composed of at least one alloy contain 
ing at least one member of the collection comprising: iron, 
copper, and titanium. However, other materials including 
other metals and alloys may be uSeable. 
0065. Further preferred, each of the respective metallic 
compounds is primarily composed of an alloy belonging to 
the collection comprising: Stainless Steel, titanium, and 
nitinol. 

0.066 FIG. 4 illustrates experimental results obtained by 
testing a first link coupling to a Second link as illustrated in 
FIGS. 3A to 3C, each under 200 pound tension. 
0067 FIGS.5A and 5B illustrate two links of FIG. 3B 
coupling with each other through a spherical conveX Surface 
contacting a spherical concave Surface. 
0068. In FIGS.5A and 5B, the spherical convex surface 
112 connects with the Semi-spherical concave Surface 124. 
The diameters of the two surfaces are preferably slightly 
different, with the convex semi-spherical 112 diameter being 
larger than the Semi-spherical diameter of the interfacing 
concave Surface 124. ConveX Surface 112 and concave 
Surface 124 form an interference fit when the two Surfaces 
contact each other under tension. The wall of link 120-S is 
sufficiently thin and resilient where the two surfaces come 
together to provide an area contact between the first link and 
the Second link. 

0069 FIG.5C illustrates two stainless steel links of FIG. 
3C coupling with each other through a spherical convex 
Surface contacting a conical concave Surface. 
0070 FIG.5D illustrates two links of FIG. 3C coupling 
with each other through a spherical convex titanium Surface 
contacting a conical concave Stainless Steel Surface. 
0071. In FIG. 5C, the spherical convex surface 112-2 
connects with the conical concave Surface 114-1. The diam 
eters of the two surfaces are preferably slightly different, 
with the conveX Semi-spherical 112-2 diameter being larger 
than the conical diameter of the interfacing concave Surface 
114-1. Convex Surface 112-2 and concave surface 114-1 
form an interference fit when the two Surfaces contact each 
other under tension. The wall of link 110-S1 is sufficiently 
thin and resilient where the two Surfaces come together to 
provide an area of contact with each other. Percentages 
referenced in this paragraph were percent elongation. Taken 
from Reference: Materials Science and Engineering, 3rd 
Edition, W. Callister copyright 1985 
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0072. In FIG. 5D, the spherical convex surface 112-T 
connects with the conical concave Surface 114-S. The diam 
eters of the two surfaces are preferably slightly different, 
with the conveX Semi-spherical 112-T diameter being larger 
than the conical diameter of the interfacing concave Surface 
114-S. Convex surface 112-T and concave surface 114-S 
form an interference fit when the two Surfaces contact each 
other under tension. The wall of link 110-S1 is sufficiently 
thin and resilient where the two Surfaces come together to 
provide an of area contact with each other. 
0073. In FIGS.5A to 5D, the circular edge of the opening 
of each link is preferably concentric with the center of the 
imaginary Sphere in which the Surface lies when the links are 
fully engaged with each other. The edge is rounded to avoid 
a sharp edge that could damage the tensioning cable. The 
rounded edge has a very Small radius of curvature to 
maximize the contact area of the mating conveX and concave 
Surfaces. The fact that the edge is rounded instead of Sharp 
has negligible effect on the contact area. 
0074 The diameters of the convex and mating concave 
link Surfaces may preferably vary over the length of the 
linkage assembly. This Supports the need for increased 
Strength and/or Stiffness at the proximal end of the articu 
lating arm near tension block 18, where the applied 
mechanical moment is greatest. The applied moment is 
greatest at the proximal end of the flexible arm because the 
moment arm to the point of loading is greatest. Often, the 
flexible arm is oriented at the proximal end in a way that 
amplifies this effect. 
0075. The joints at the proximal end of the arm are 
preferably larger in diameter. This increases their rotational 
inertia, or resistance to rotation, in addition to providing 
greater frictional contact area than Smaller distal beads 
located furthest from tension block 18. 

0076. The greatest load-bearing link is usually the most 
proximal link. This link is sunk into the body of the 
articulating column providing a mechanical lock, prohibit 
ing rotation of this link. 
0077 Distal links which need not provide such a great 
magnitude of resistance to angular displacement, due to the 
Smaller applied moment, are preferably Smaller in diameter 
to facilitate a lighter, less obtrusive design. This is useful in 
a Surgery, where any protruding object may catch on fabric, 
tape, etc., distracting the Surgical perSonnel. 

0078 Links preferably do not deform more than 0.01% 
from their relaxed circumference when fully loaded. This 
Small deformation is achieved Specifically because of the use 
of metal materials of the joint elements. A plastic bead 
would have to be impracticably thick to achieve this con 
Straint. 

0079 Generally, the interference fit of the balls and 
Sockets of the link, and more importantly, the Significant area 
of contact between them, together provide the rigidity nec 
essary for tissue Stabilization in heart Surgery. These features 
also allow the bracket to be adjusted easily and locked into 
its rigid condition by the application of a moderate force on 
the cable. 

0080 However, the rigidity of the arm can be substan 
tially improved by improving the friction coefficient 
between links by differing selected materials between the 
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links. This can be accomplished by fabricating adjacent 
articulating elements of differing materials, or by using 
coatings or other modifications to the contacting Surfaces. 
0081. In the experimental data provided in FIG. 4, the 
links of FIGS. 3A to 3C, each used essentially one metallic 
compound. 

0082 In FIG. 4, the bottom curve 200 shows the perfor 
mance of an existing link. 

0083) In FIG.4, the second curve 210 is the performance 
of first link interface from a competitive device made of 
plastic. 

0084. In FIG. 4, the third curve 220 shows the perfor 
mance of an improved high friction coupling of metallic 
contact Surfaces in accord with certain aspects of the inven 
tion. The tensioning cable induces contact between the first 
contact Surface and the Second contact Surface providing a 
maximal Static friction combined with a maximal kinetic 
friction between the first link and the second link through a 
contact region. 

0085. The experimental data present by curve 220, uses 
a contact region is Smaller than a maximal contact region 
obtained from altering at least one member of the collection 
comprising the first contact Surface and the Second contact 
Surface. Such alterations include relatively Small changes in 
the shapes and relative sizes of one or both contact Surfaces. 

0086). In FIG. 4, the top curve 230 shows the perfor 
mance of the preferred high friction coupling. The tension 
ing cable induces contact between the first contact Surface 
and the Second contact Surface providing a maximal Static 
friction combined with a maximal kinetic friction between 
the first link and the Second link through a contact region as 
found in curve 220. Additionally, the contact materials are 
Stainless Steel and titanium. 

0087. The applied moment can be thought of as the 
amount of torque that the arm can resist before undergoing 
angular displacement. 

0088. The important point on these curves is where a 
device begins to deviate from Vertical, not where it plateauS. 
For instance, curve 200 for Device 1 begins to move around 
2 in-lbs, whereas the Ti-SS links with the preferred contact 
Surfaces begin to move up around 25 in-lbs. 

0089. The inventors analyzed the forces on the contact 
Surfaces of a pair of coupling links. This led to an insight 
regarding the parameters governing the Static equilibrium 
conditions. The Static equilibrium equations were Solved for 
the maximum moment that could be Supported prior to 
Slippage at the interface. The inventors found the influence 
of the friction was very nonlinear. 

0090 The friction coefficient of the contacting metallic 
surface is preferably greater than 0.3. The friction coefficient 
of the contacting metallic Surface is further preferred greater 
than 0.35. The friction coefficient of the contacting metallic 
surface is further preferred greater than 0.375. The friction 
coefficient of the contacting metallic Surface is further 
preferred greater than 0.3875. An analysis performed by the 
inventors indicates that a flexible arm with a friction coef 
ficient of 0.4 would be twice as stiff as one with a friction 
coefficient of 0.3. 
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0091. The flexibility of an articulating column using the 
invention allows for an attached retractor to reach all por 
tions of an organ, Such as the heart. This is because of the 
small bend radius that has been made possible by the 
invention. The flexibility afforded by the small bend radius 
is possible because of the geometry and rigidity of the joints 
keeping the same Stabilization of the organ as prior art 
device requiring greater bend radii. 
0092. The flexibility of an articulating column using this 
invention is increased over existing designs due to the 
conical angle at the conveX and concave Surfaces of the 
respective linkS. 
0093 Proximal links have a larger conical angle, afforded 
by their larger overall size. This increases the range of 
motion of the column by increasing the range of motion of 
the proximal links near to tension block 18. 
0094 Smaller distal links have smaller conical angles, 
but also Smaller distance from the articulating Surface to the 
center of rotation, creating a uniform range of motion 
throughout the device. 
0095 For all links, the tension cable traverses freely 
through the links when the links are rotated to the extent of 
their articulating Surfaces. This Supports the range of motion 
being limited by the link design rather than the cable. 
0096. The rigidity of the articulating column can be 
attributed to increased friction resulting from a combination 
of geometric and materials factors. 
0097. The geometry of the two metallic contacting Sur 
faces preferably acts to amplify the contact forces that are 
produced by applying tension to the tensioning cable. 
0098. In the case of certain embodiments of the inven 
tion, the Spherical conveX Surface of one link preferably 
mates with a conical concave Surface of another link. This 
mismatch produces larger contact forces distributed over a 
Smaller relative area. With metals, the magnitude of these 
contact forces must exceed a threshold for Static frictional 
forces to meet conditions of Static equilibrium under a given 
applied moment. The radius of curvature of the convex 
Surface is preferably large enough Such to provide an 
adequate amount of contact area, further increasing the 
frictional forces. 

0099. A transition link that joins two links of different 
diameter may have spherical Surfaces on both the convex 
and concave contact Surfaces to facilitate the transition 
within the confined Space. These geometric factors compli 
ment the material Selection, designed to increase the coef 
ficient of friction between links. 

0100 Certain preferred flexible arms are fixed to the 
body of the clamp 18, and the terminal element, or in some 
embodiments Several terminal elements, may be fixed to a 
Surgical device. In alternate embodiments all joints may be 
flexible. 

0101 FIG. 6A is an exploded view of item 16 and the 
rotatable member 20 of FIG. 2. 

0102) In FIG. 6A, the mechanism that supports the 
articulating column attaches to the Supporting Structure 
using a “C” bracket 304 and a tension block 18 applies 
tension to the Supporting Structure. This connection mecha 
nism is both Secure and is capable of a rapid disconnect. 
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0103) In FIG. 6A, the tension block 16 is forced down by 
a screw mechanism that is driven by turning handle 300. The 
advantage of this pivoted handle is that the Screw mecha 
nism does not extend further than 3mm past the upper 
Surface of the clamp for a profile Suitable for leSS invasive 
Surgery. 

0104 FIG. 6B shows the present invention with an 
alternate retraction mechanism 330. 

0105. This and other attachments to an articulating col 
umn are possible and those skilled in the art can make 
Suitable modifications for attachment of at least a variety of 
medical tools. The usefulness of the invention is not limited 
in Scope to medical applications. The Scope of the invention 
is intended to cover any linkage assembly of a flexible arm 
needing improved rigidity. 
0106 FIG. 7A shows a close-up of the ergonomically 
designed handle 20 of FIGS. 2 and 6A. 
0107. In FIG. 7A, handle 20 has a helical angle suited for 
right-handed people to oppose the thumb when tightening 
the handle. Also shown is a better view of clamp apparatus 
16. Tension block 18 is driven towards “C” bracket 304 by 
screw 302 when turning pivot handle 300. This exemplary 
embodiment is not the only attachment means to Support an 
articulating column including the invention's linkage assem 
bly 1000. Those skilled in the art will appreciate that other 
attachments are possible and may be considered as alternate 
embodiments of the present invention. 
0108 FIGS. 7B, 7C, and 7D, illustrate handles for other 
commercially available articulating columns. 
0109 The present invention allows an articulating col 
umn with a greater range of motion or Smaller flexible radius 
of curvature. This can be attributed to the conical angles 
used in the conveX Surfaces of each articulating bead, 
through which the tension cable passes. 
0110. In FIG. 7A, the proximal 4 beads have a conical 
angle of 40 degrees where as the remaining distal beads have 
a conical angle of 25 degrees. The larger conical angle 
allows for increased flexibility because the cable has more 
Space to bend. 
0111 Although exemplary embodiments of the invention 
have been described in detail above, many additional modi 
fications are possible without departing materially from the 
novel teachings and advantages of the invention. 
0112 For example, different dissimilar metals may be 
considered for different friction coefficients, different con 
tact Surfaces achieving Similar Static equilibrium require 
ments, to create the flexible arm linkage assemblies. The 
flexible arms may use different Support attachment mecha 
nisms and different retractors for connection to the articu 
lating column. 

1. A flexible, articulated arm comprising: 

a first link having a first concave contact Surface, a first 
conveX contact Surface and a first cable opening pass 
ing through Said first concave contact Surface and Said 
first conveX contact Surface, 

a Second link having a Second concave contact Surface, a 
Second conveX contact Surface and a Second cable 
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opening passing through Said Second concave contact 
Surface and Said Second conveX contact Surface, 

a third link having a third concave contact Surface, a third 
conveX contact Surface and a third cable opening pass 
ing through Said third concave contact Surface and Said 
third conveX contact Surface, 

and a tension cable extending through Said first, Second 
and third cable openings, 

wherein Said first concave contact Surface engages Said 
Second convex contact Surface, 

wherein Said Second concave contact Surface engages Said 
third conveX contact Surface, 

wherein said first and third links are formed of a first 
material and Said Second link is formed of a Second, 
different material. 

2. The flexible, articulated arm of claim 1, wherein said 
first and third links are formed of a Single material. 

3. The flexible, articulated arm of claim 1, wherein said 
Second link is formed of a single material. 

4. The flexible, articulated arm of claim 1, wherein said 
first and third links are formed entirely of a first material and 
Said Second link is entirely formed of a Second, different 
material. 

5. The flexible, articulated arm of claim 1, wherein said 
first material is a coating on a body of Said first and third 
linkS. 

6. The flexible, articulated arm of claim 1, wherein Said 
Second material is a coating on a body of Said Second link. 

7. The flexible, articulated arm of claim 6, wherein said 
first material is a coating on a body of Said first and third 
linkS. 

8. The flexible, articulated arm of claim 1, wherein said 
first, Second and third links are formed of metallic com 
pounds. 

9. The flexible, articulated arm of claim 1, wherein a 
coefficient of friction exists between said first material and 
Said Second material and Said coefficient of friction is at least 
O3. 

10. The flexible, articulated arm of claim 1, wherein a 
coefficient of friction exists between said first material and 
Said Second material and Said coefficient of friction is at least 
O.35. 

11. The flexible, articulated arm of claim 1, wherein a 
coefficient of friction exists between said first material and 
Said Second material and Said coefficient of friction is at least 
0.375. 

12. The flexible, articulated arm of claim 1, wherein a 
coefficient of friction exists between said first material and 
Said Second material and Said coefficient of friction is at least 
0.3875. 

13. The flexible, articulated arm of claim 1, further 
comprising a plurality of additional links having a shape and 
composition matching Said first link and wherein Said ten 
Sion cable extends through Said plurality of additional linkS. 

14. The flexible, articulated arm of claim 1, wherein said 
first material is formed of an alloy containing an element 
Selected from the group of elements consisting of nickel, 
titanium, iron and copper. 

15. The flexible, articulated arm of claim 1, wherein said 
first material is stainless Steel. 

16. The flexible, articulated arm of claim 15, wherein said 
Second material is a nickel-titanium alloy. 
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17. The flexible, articulated arm of claim 1, wherein said 
first material is a nickel-titanium alloy. 

18. A flexible, articulated arm comprising: 
a first link having a first contact Surface, a Second contact 

Surface and a first cable opening passing therethrough, 

a Second link having a third contact Surface, a fourth 
contact Surface and a Second cable opening passing 
therethrough, 

a third link having a fifth contact Surface, a Sixth contact 
Surface and a third cable opening passing therethrough, 

wherein Said Second contact Surface engages Said third 
contact Surface creating a first contact region, 

wherein Said Second contact Surface is formed of a first 
material and Said third contact Surface is formed of a 
Second, different material, 

wherein Said fourth contact Surface engages said fifth 
contact Surface creating a Second contact region, 

wherein one of said fourth contact Surface and said fifth 
contact Surface is formed of Said first material, and one 
of Said fourth contact Surface and Said fifth contact 
Surface is formed of Said Second material, 

and wherein a coefficient of friction between said first and 
Second material is at least 0.3, 

and a tension cable extending through said first, Second 
and third cable openings. 

19. The flexible, articulated arm of claim 18, wherein said 
coefficient of friction is at least 0.35. 

20. The flexible, articulated arm of claim 18, wherein said 
coefficient of friction is at least 0.375. 

21. The flexible, articulated arm of claim 18, wherein said 
coefficient of friction is at least 0.3875. 

22. A flexible, articulated arm comprising: 

a first link having a first concave contact Surface, a first 
conveX contact Surface and a first cable opening pass 
ing through Said first concave contact Surface and Said 
first conveX contact Surface, 

a Second link having a Second concave contact Surface, a 
Second conveX contact Surface and a Second cable 
opening passing through Said Second concave contact 
Surface and Said Second conveX contact Surface, 

a third link having a third concave contact Surface, a third 
conveX contact Surface and a third cable opening pass 
ing through Said third concave contact Surface and Said 
third conveX contact Surface, 

and a tension cable extending through Said first, Second 
and third cable openings, 

wherein Said first concave contact Surface engages said 
Second conveX contact Surface, 

wherein Said Second concave contact Surface engages said 
third conveX contact Surface, 

and wherein Said first, Second and third concave contact 
Surfaces are formed of a first material and Said first, 
Second and third conveX contact Surfaces are formed of 
a Second, different material. 
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23. The flexible, articulated arm of claim 22, wherein each 
of Said first, Second and third links have a body and Said first, 
Second and third concave contact Surfaces are formed by a 
coating on Said body. 

24. The flexible, articulated arm of claim 22, wherein each 
of Said first, Second and third links have a body and Said first, 
Second and third conveX contact Surfaces are formed by a 
coating on Said body. 

25. The flexible, articulated arm of claim 24, wherein said 
first, Second and third concave contact Surfaces are formed 
by a Second different coating on Said body. 

26. The flexible, articulated arm of claim 22, wherein said 
first, Second and third links are formed of metallic com 
pounds. 

27. The flexible, articulated arm of claim 22, wherein a 
coefficient of friction exists between said first material and 
Said Second material and Said coefficient of friction is at least 
O3. 

28. The flexible, articulated arm of claim 22, wherein a 
coefficient of friction exists between said first material and 
Said Second material and Said coefficient of friction is at least 
O.35. 

29. The flexible, articulated arm of claim 22, wherein a 
coefficient of friction exists between said first material and 
Said Second material and Said coefficient of friction is at least 
0.375. 

30. The flexible, articulated arm of claim 22, wherein a 
coefficient of friction exists between said first material and 
Said Second material and Said coefficient of friction is at least 
0.3875. 

31. The flexible, articulated arm of claim 22, further 
comprising a plurality of additional links having a shape and 
composition matching Said first link and wherein Said ten 
Sion cable extends through Said plurality of additional linkS. 

32. The flexible, articulated arm of claim 22, wherein said 
first material is formed of an alloy containing an element 
Selected from the group of elements consisting of nickel, 
titanium, iron and copper. 

33. The flexible, articulated arm of claim 22, wherein said 
first material is stainless Steel. 

34. The flexible, articulated arm of claim 33, wherein said 
Second material is a nickel-titanium alloy. 

35. The flexible, articulated arm of claim 22, wherein said 
first material is a nickel-titanium alloy. 

36. A flexible arm linkage apparatus provided with a 
tensioning cable, comprising: 

a first link forming a first contact Surface composed of a 
first contact material and approximating a partial con 
VeX Surface Supporting Said tensioning cable passing 
through Said first contact Surface; 

a Second link forming a Second contact Surface composed 
of a Second contact material and approximating a 
partial concave Surface Supporting Said tensioning 
cable passing through Said Second contact Surface; and 

a high friction coupling between Said first link and Said 
Second link is created by Said first contact Surface 
contacting Said Second contact Surface when induced 
by Said tensioning cable; 

wherein Said first contact material is distinct from Said 
Second contact material; 
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wherein each of Said first contact material and Said Second 
contact material is primarily composed of a respective 
metallic compound; 

wherein Said first contact Surface composed of Said first 
contact material contacting Said Second contact Surface 
composed of Said Second contact material has a friction 
coefficient greater than each member of the collection 
comprising: 

a friction coefficient value of 0.3; 
Said first contact Surface composed of Said first contact 

material contacting 
Said Second contact Surface composed of Said first contact 

material; and Said first contact Surface composed of 
Said Second contact material contacting Said Second 
contact Surface composed of Said Second contact mate 
rial. 

37. A flexible arm linkage apparatus provided with a 
tensioning cable, comprising: 

a first link forming a first contact Surface composed of a 
first contact material and approximating a first partial 
conveX Surface Supporting Said tensioning cable pass 
ing through said first contact Surface; 

a Second link forming a Second contact Surface composed 
of a Second contact material and approximating a first 
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partial concave Surface Supporting Said tensioning 
cable passing through Said Second contact Surface; and 

a high friction coupling between Said first link and Said 
Second link is created by Said first contact Surface 
contacting Said Second contact Surface when induced 
by Said tensioning cable; 

wherein each of Said first contact material and Said Second 
contact material is primarily composed of a respective 
metallic compound; 

wherein Said first contact Surface contacting Said Second 
contact Surface when induced by Said tensioning cable 
further provides a maximal Static friction combined 
with a maximal kinetic friction between said first link 
and Said Second link through a contact region; 

wherein Said contact region is Smaller than a maximal 
contact region obtained from altering at least one 
member of the collection comprising Said first contact 
Surface and Said Second contact Surface; and 

wherein Said first contact Surface composed of Said first 
contact material contacting Said Second contact Surface 
composed of Said Second contact material has a friction 
coefficient greater than a friction coefficient value of 
O.3. 


