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APPARATUS AND METHOD FOR SUPPORTING A ROBOTIC ARM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This claims priority from U.S. Provisional Patent Application 61/565,498, filed on

November 30, 2011 , and U.S. Provisional Patent Application 61/570,560, filed on December 14,

2011, the contents all of which are incorporated herein by reference.

FIELD

[0002] The present specification here relates in general to a field of robotic instruments, and

more particularly, to a robotic system for use in surgery.

BACKGROUND

[0003] With the gradual transition of medical surgery from the conventional process of

making a long incision in the patient's body for performing a surgery to the next generation of

surgery, i.e. minimal invasive surgery (MIS), continuous research is going on to develop and

integrate robotic instruments in a system which can be used for MIS purposes. Such integration

can help a surgeon perform a surgery in an error-free manner, and at the same time work in a

realistic environment that gives the surgeon a feel of conventional surgery.

SUMMARY

[0004] In accordance with an aspect of the invention, there is provided an apparatus for

medical procedures. The apparatus includes a base. The apparatus further includes a member

having first and second ends. The first end connected to the base. The apparatus also

includes a curved support configured to support a robotic arm. The curved support connected

to the second end of the member.

[0005] The member may be configured to position the curved support relative to a surface

of a surgical table.

[0006] The member may be articulable.

[0007] The curved support may be further configured to support the robotic arm at a plurality



of locations.

[0008] The curved support may be configured to be positionable such that each location of

the plurality of locations substantially equidistant from a target area.

[0009] The curved support is further configured to support a plurality of robotic arms.

[0010] The apparatus may further include a first robotic arm of the plurality of robotic arms

interchangeable with a second robotic arm of the plurality of robotic arms.

[0011] The curved support may include a support rail disposed on the curved support.

[0012] The support rail may be connected to the second end of the member such that the

curved support is configured to slide relative to the member.

[0013] The curved support may include a robotic arm rail disposed on the curved support.

[0014] The robotic arm rail may be configured to slidably support the robotic arm.

[0015] The first end of the member may be pivotally connected to the base.

[0016] The member may include a first portion and a second portion. The first portion

pivotally is connected to the second portion.

[0017] The curved support may be pivotally connected to the second end of the member.

[0018] The first end of the member may be rotatably connected to the base.

[0019] The curved support may be rotatably connected to the second end of the member.

[0020] In accordance with an aspect of the invention, there is provided a method for

positioning a robotic instrument for performing robotic surgery. The method involves adjusting a

member to position a curved support configured to support a robotic arm. Furthermore, the

method involves positioning the robotic arm at a location on the curved support. In addition, the

method involves adjusting the robotic arm in accordance with a non-surgical adjustment such

that the robotic instrument is within range of a target area.

[0021] Positioning the robotic arm may involve sliding the robotic arm along a robotic arm

rail.

[0022] The method may further involve positioning the curved support relative to the

member.

[0023] Positioning the curved support relative to the member may involve sliding a support

rail slidably connected to the member, the support rail disposed on the curved support.



[0024] The method may further involve positioning the robotic arm relative to the curved

support.

[0025] Positioning the robotic arm may involve sliding the robotic arm along the robotic arm

rail.

[0026] Adjusting the robotic arm may involve controlling a motor. The motor may be for at

least facilitating motion in accordance with the non-surgical adjustment.

[0027] The method may further involve storing a predetermined position of the robotic arm.

The predetermined position may be for positioning the robotic instrument within range of the

target area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Reference will now be made, by way of example only, to the accompanying drawings

in which:

[0029] Figure 1 is a perspective view of an operating theater according to an

embodiment;

[0030] Figure 2 is a perspective view of an operating theater according to another

embodiment;

[0031] Figure 3 is a view of a curved support positioned above a patient in accordance

with the embodiment of Figure 2 ;

[0032] Figure 4 is a perspective view of a curved support in accordance with another

embodiment;

[0033] Figure 5 is a cross sectional view of the curved support in accordance with the

embodiment of Figure 4 ;

[0034] Figure 6 is a perspective view of a curved support in accordance with another

embodiment;

[0035] Figure 7 is a cross sectional view of the curved support in accordance with the

embodiment of Figure 6 ;

[0036] Figure 8 is a perspective view of an operating theater according to another

embodiment;



[0037] Figure 9 is a perspective view of a curved support in accordance with another

embodiment;

[0038] Figure 10 is a cross sectional view of the curved support in accordance with the

embodiment of Figure 9 ;

[0039] Figure 11 is a view of a curved support and a plurality of robotic arms in accordance

with another embodiment;

[0040] Figure 1 is a view of a surgical apparatus in accordance with another embodiment;

and

[0041] Figure 13 is a flow chart of a method in accordance with an embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0042] Referring to Figure 1, a schematic representation of an operating theater in a sterile

environment for medical procedures such as Minimal Invasive Surgery (MIS) is shown at 100. It

is to be understood that the operating theater 00 is purely exemplary and it will be apparent to

those skilled in the art that a variety of operating theaters are contemplated. The operating

theater 100 includes a surgical table 104 and a surgical apparatus 108. The surgical table 104

includes a surface 112 supported by a base 116. It is to be understood that the surgical table

104 is not particularly limited to any particular structural configuration. A patient P rests on the

surface 112. The surgical apparatus 108 is for supporting a robotic arm 128, which in turn

supports a robotic instrument 132. In the embodiment shown in Figure 1, the surgical apparatus

108 includes a base unit 120, a member 124, and a curved support 126.

[0043] In a present embodiment, the base unit 120 is generally configured to support other

components of the surgical apparatus 108 which include the member 124, and the curved

support 126. In addition, the base 120 also is configured to indirectly support the robotic arm

128 and the movements associated with the surgical apparatus 08 and connected components

such as the robotic arm 128. In terms of providing physical support, the base unit 120 is

mechanically structured to support the weight and movement of the member 124, and the

curved support 126 in this embodiment. For example, the base unit 120 can be bolted to a fixed

structure such as a wall, floor, or ceiling. Alternatively, the base unit 120 can have a mass and a

geometry such that when the base unit 120 is free-standing, it will support the member 124, the

curved support 126 and the robotic arm 128. In some embodiments, the base unit 120 can



further include a moveable cart to provide easy movement of the surgical apparatus 108 around

the operating theater 100.

[0044] In addition to providing structural support, the base unit 120 can also house various

other components. For example, the base unit 120 can include mechanical controls (not

shown), or electrical controls (not shown), or both. The mechanical controls can control gears,

cables or other motion transfer mechanisms (not shown) connected to a motor, or other

mechanical driver such as a hydraulic system, for moving various components of the surgical

apparatus 108 and/or the robotic arm 128. In some embodiments, a control panel is disposed

on the base 120 and configured to receive input associated with a movement of a component of

the surgical apparatus 108, such as the member 124 or the robotic arm 128. In other

embodiments, electrical signals or electromagnetic signals can be received from an external

input device (not shown) to control the movements of other components of the surgical

apparatus 108.

[0045] Referring again to Figure 1, the member 124 is generally configured to support the

curved support 126, the robotic arm 128, and their associated movements. Therefore, in the

present embodiment the member 124 acts as a support connected to the base 120 at a first end

and to the curved support 126 at a second end. In terms of providing physical support, the

member 124 is constructed of materials that are mechanically structured to support the weight

of the curved support 126, the robotic arm 128, and their associated movements. For example,

the member 124 can be constructed from materials such that it is rigid enough to be suspended

above the patient P. Some examples of suitable materials from which the member 124 can be

constructed include steel, titanium, aluminum, plastics, composites and other materials

commonly used to provide structural support. In the present embodiment, the member 124 is

configured such that it is positionable relative to the base unit 120. The member 124 includes a

moveable joint at the base for providing a pivotal degree of freedom about an axis 136. It will

now be understood that in embodiments where the member 124 is movable relative to the base,

the movement of the member 124 can be controlled by the base unit 120 through various

controls described above. In other embodiments, the member 124 can be rigidly fixed to the

base 120 such that the member 124 can only be positioned by moving the base 120.

[0046] The curved support 126 is generally configured to support the robotic arm 128 and

its associated movements. In the present embodiment, the curved support 126 is substantially

"C-shaped" and is connected to the member 124 approximately at the center. It is to be

understood that the connection point of the curved support 126 is not particularly limited. For



example, the curved support 126 can be connected to the member 124 at one end of the curved

support in certain applications. In terms of providing physical support, the curved support 126

can be constructed of materials that are mechanically structured to support the weight of the

robotic arm 128 and its associated movements. Some examples of suitable materials from

which the curved support 126 is constructed include steel, titanium, aluminum, plastics,

composites and other materials commonly used to provide structural support. For example, the

curved support 126 can be constructed from materials such that it is rigid enough to maintain its

shape while being suspended above the patient P and connected to the member 124. In some

embodiments, the curved support 126 can be configured such that it is positionable relative to

the member 124. For example, the curved support 126 can include a plurality of mounts (not

shown) disposed on the curved support 126 at which the curved support 126 can be connected

to the member 124. It is to be appreciated that the plurality of mounts would provide a curved

support 126 that is positionable relative to the member 24 .

[0047] Referring again to Figure 1, in the present embodiment, the robotic arm 128 is

generally configured to support the robotic instrument 132 and can include many configurations.

As discussed above, the robotic arm 128 is mechanically structured to support and position the

robotic instrument 132 both prior to and during surgery. Some examples of suitable materials

from which the robotic arm 128 is constructed include steel, titanium, aluminum, plastics,

composites and other materials commonly used to provide structural support. The robotic arm

28 is further configured such that the robotic instrument 32 is positionable relative to the base

unit 120 and the surface 112. It is to be appreciated that the robotic arm 128 can move the

robotic instrument away from the patient P prior to surgery such that the patient P can be

properly positioned for the surgical procedure without interference from the robotic instrument

132. In addition, it is also to be appreciated that the robotic arm 128 can move the robotic

instrument 132 during the surgical procedure to allow for the robotic instrument 132 to be

positioned during surgery.

[0048] The degrees of freedom of the robotic arm 28 are not particularly limited and the

robotic arm 128 can have any number of degrees of freedom as well as different types of

degrees of freedom. A degree of freedom refers to an ability to move according to a specific

motion. For example, a degree of freedom can include a rotation of the robotic arm 128 or a

component thereof about a single axis. Therefore, for each axis of rotation, the robotic arm 128

is said to have a unique degree of freedom. Another example of a degree of freedom can

include a translational movement along a path. For example, the robotic arm 128 can include



an actuator for extending and contracting a portion of the robotic arm 128 linearly. It will now be

apparent that each additional degree of freedom increases the versatility of the robotic arm 128.

By providing more degrees of freedom, it will be possible to position the robotic arm 128 and the

robotic instrument 132 in a wider variety of positions or locations to reach around obstacles.

Furthermore, it is to be understood that in some embodiments, the member 124 can also

include various degrees of freedom. It will now be apparent that each additional degree of

freedom increases the versatility of the surgical apparatus 108.

[0049] The degrees of freedom of the robotic arm 128 fall generally into two different

categories. One category includes non-surgical degrees of freedom. Non-surgical degrees of

freedom refer to degrees of freedom which are adjusted prior to the surgical procedure. Once

the surgical procedure has begun, the non-surgical degrees of freedom are generally not

adjusted. Therefore, the purpose of the non-surgical degrees of freedom is to allow for the

robotic instrument 132 to be positioned near a target area of patient P prior to surgery. The

target area is the area where the surgical procedure is performed on the patient P. The other

category of degrees of freedom includes surgical degrees of freedom. In contrast with non

surgical degrees of freedom, the surgical degrees of freedom are generally not adjusted prior to

surgery and are intended to be adjusted during the surgical procedure to allow for the robotic

instrument 132 to be moved accordingly as part of the surgical procedure. In general, surgical

degrees of freedom are adjusted during surgery based on inputs received from an input device

(not shown) under the control of a trained medical professional. For example, the base 120 can

include a receiver for the inputs for controlling the surgical degrees of freedom. In some

instances, it may be necessary to adjust the non-surgical degrees of freedom prior to surgery in

order to configure the non-surgical degrees of freedom to a starting point prior to surgery.

[0050] In the present embodiment, the robotic instrument 132 is generally configured for

performing MIS and is responsive to inputs received from an input device. In general, the input

device is under the control of a trained medical professional performing the MIS. The

configuration of the robotic instrument 132 is not particularly limited. For example, the robotic

instrument 132 generally can move in accordance with at least one degree of freedom based on

the received input. In addition, the robotic instrument can include working members which are

also not particularly limited. It is to be appreciated that the number of degrees of freedom as

well as the type and number of working members of the robotic instrument can be modified to

meet the needs of the type of surgical procedure to be performed. For example, the robotic

instrument 132 can include two working members wherein each working member corresponds



to a jaw of a pair of forceps. In another example, the working members can be part of other

surgical instruments such as scissors, blades, graspers, clip appliers, staplers, retractors,

clamps or bi-polar cauterizers or combinations thereof. The robotic instrument 132 can also

only include a single working member such as imaging equipment, for example a camera or

light source, or surgical instruments such as scalpels, hooks, needles, catheters, spatulas or

mono-polar cauterizers.

[0051] In general terms, the surgical apparatus 108 is configured to support the robotic arm

128 and robotic instrument 132 for performing MIS responsive to inputs from the input device

(not shown). However, it is to be re-emphasized that the structure shown in Figure 1 is a

schematic, non-limiting representation only. For example, although the surgical apparatus 108

shown in Figure 1 only supports one robotic arm 128, it is to be understood that the surgical

apparatus 108 can be modified to support a plurality of robotic arms 128, each robotic arm of

the plurality of robotic arms 128 having its own separate robotic instrument 132. Furthermore, it

is also to be understood that where the surgical apparatus 108 supports a plurality of robotic

arms 128, each of the robotic instruments 132 can have different structures. For example, the

plurality of robotic instruments 132 can include a scalpel for cutting tissue and a pair of forceps

for holding tissue. It is also to be understood that the surgical apparatus 108 may be part of a

surgical system. In some embodiments, the surgical system may only include the surgical

apparatus 108. Indeed, different configurations are contemplated herein.

[0052] In use, the robotic instrument 132 is positioned relative to the surface 112 on which

the patient P rests by positioning the base 120 and then adjusting the member 124 and the

robotic arm 128. In embodiments where the curved support 126 can also be positioned, the

robotic arm 128 can be further positioned by positioning the curved support 126 relative to the

member 124. It is to be understood that the mechanisms used to position the robotic instrument

132 are not particularly limited and that the structure shown in Figure 1 is merely a schematic,

non-limiting representation. In the present embodiment, the member 124 can rotate about the

axis 136. Therefore, the member 124 is rotatably connected to the base 120 such that the

member 124 can be rotated about the axis 136 to position the curved support 126 above the

patient P. In addition, the robotic arm 128 can be adjusted using the various non-surgical

degrees of freedom to further position the robotic instrument 132 prior to surgery.

[0053] It is also to be appreciated that the ability to position the robotic instrument 132 by

adjusting the robotic arm 128 and the member 124 is advantageous because it can facilitate

positioning the patient P on the surgical table 104 prior to surgery without interference from the



surgical apparatus 108. After the patient P is positioned, the surgical apparatus 108 is adjusted

to allow the robotic instrument 132 to reach the target area. In particular, the target area refers

to the general area where incisions are made and the robotic instruments are inserted into the

patient P.

[0054] Referring to Figure 2 , another embodiment of a surgical apparatus 108a is generally

shown. Like components of the surgical apparatus 108a bear like reference to their

counterparts in the surgical apparatus 108, except followed by the suffix "a". The surgical

apparatus 108a includes a base unit 120a, a member 124a, and a curved support 126a for

supporting a robotic arm 128a, which in turn supports a robotic instrument 132a.

[0055] In a present embodiment, the base unit 120a is generally configured to support other

components of the surgical apparatus 108a which includes a member 124a, and a curved

support 126a. In addition, the base 120a is also configured to support a robotic arm 128a

connected to the curved support 126a. In terms of providing physical support, the base unit

20a is mechanically structured to support the weight and movement of the member 124a, the

curved support 126a and the robotic arm 128a. In the present embodiment, the base unit 120a

has a mass such that the base unit 120a can support the member 124a, the curved support

126a and the robotic arm 128a. Furthermore, in the embodiment shown in Figure 2 , the base

unit 120a includes a plurality of wheels 140a to provide easy movement of the entire surgical

apparatus 108a around the operating theater 100a. In the present embodiment, each wheel

140a of the plurality of wheels preferably includes a locking mechanism (not shown) to hold the

base stationary during the surgical procedure. In other embodiments, the based 120a can be

modified such that a locking mechanism can only be included in only at least one wheel of the

plurality of wheels 140a. In further embodiments, a separate locking mechanism such as a foot

extending from the base can engage the floor to prevent movement of the base. Furthermore, it

is also to be appreciated that in some embodiments, no locking mechanism may be required if

the inertia of the base and relative frictional force associated with moving the surgical apparatus

108a is sufficient to prevent movement during a surgical procedure.

[0056] Referring again to Figure 2 , the member 124a is generally configured to support the

curved support 126a, the robotic arm 28a and their associated movements. In the present

embodiment the member 124a is connected to the base 120a at a first end and to the curved

support 126a at a second end. The member 124a of the present embodiment differs from the

member 124 of the previous embodiment by including additional degrees of freedom. In the

embodiment shown in Figure 2 , the member 124a includes five degrees of freedom. The five



degrees of freedom include two rotational degrees of freedom about a first rotation axis 136a

and a second rotation axis 144a. In addition, the member 124a also includes three pivotal

degrees of freedom where the member is articulated and pivotable about a first pivot axis 148a,

second pivot axis 152a and third pivot axis 156a. It is to be understood that the five degrees of

freedom provide a wide range of positions and orientations for the curved support 126a. For

example, the curved support 126a can be raised and lowered by adjusting the member 124a

about the pivot axes 148a, 152a, and 156a. In addition, the member 124a can also be

independently pivoted about each pivot axis148a, 152a, and 156a. Therefore, the first pivot

axis 148a can provide a pivotal connection between the member 124a and the base 120a.

Similarly, the second pivot axis 152a can provide a pivotal connection between two portions of

the member 124a. In addition, the third pivot axis 156a can provide a pivotal connection

between the member 124a and the curved support 26a.

[0057] Furthermore, the orientation of the curved support 126a can be rotatably connected

to the member 124a such that the curved support 126a can be adjusted using rotation about the

rotation axis 144a. It is to be appreciated that rotation about the rotation axis 144a is

advantageous for surgical procedures where the patient P is positioned on an inclined surface

or where it is desired to configure the robotic arm 128a and the instrument 132a at a specific

angle at the target area for a specific surgical procedure. It is to be understood that a wide

range of further motions and positions of the curved support 126a can be obtained using various

combinations of adjustments of the five degrees of freedom. Furthermore, the member 24a is

capable of positioning the curved support away from the surgical table 104a to facilitate

positioning the patient P. After the patient P is positioned on the surface 112a of the surgical

table 104a, the member 124a can move the curved support 126a above the patient P and into

position for the surgical procedure using the various independent degrees of freedom discussed

above.

[0058] In terms of providing physical support, the member 124a is constructed of materials

that are mechanically structured to support the weight of the curved support 26a, the robotic

arm 128a and their associated movements. For example, the member 124a can be constructed

from materials similar to those used for the member 124 of the previous embodiment. The five

degrees of freedom associated with the member 124a in the present embodiment can be

categorized as non-surgical degrees of freedom. As mentioned above, non-surgical degrees of

freedom include degrees of freedom which are to be adjusted prior to the actual surgical

procedure and fixed such that they are generally not adjusted during the surgical procedure.



Therefore, since the member 124a includes various pivot and rotational degrees of freedom,

locking mechanisms for each degree of freedom can be provided to prevent the member from

moving during a surgical operation. The locking mechanisms are not particularly limited and

can include a pin lock, a clamp, or a bolt. In other embodiments, the locking mechanism may

be electromagnetically controlled. In some embodiments, the force of friction can be sufficient

to hold the member in a given position.

[0059] Referring to Figure 3 , a schematic representation of the curved support 126a

positioned above a patient P is generally shown in isolation from the remainder of theater 100a.

The curved support 126a is generally configured to support the robotic arm 128a and its

associated movements. In the present embodiment, the curved support 126a is connected to

the member 124a approximately at one end (as shown in Figure 2). It is to be understood that

that connection point of the curved support 126a to the member 124a is not particularly limited.

Furthermore, the curved support 126a is generally configured to support the robotic arm 128a at

a plurality of robotic arm mounts 164a along the curved support 126a. It is to be appreciated

that the means for supporting the robotic arm 128a is not particularly limited and can include

bolting the robotic arm to various positions, magnetically (or electromagnetically) attaching the

robotic arm, or attaching the robotic arm using a pin locking mechanism. In other embodiments,

the curved support 126a can be modified to be a curved robotic arm holder that uses a clamping

system to hold the robotic arm 128a. As shown in Figure 3 , in the present embodiment, the

curved support 126a is generally positioned for a surgical procedure such that each robotic arm

mount of the plurality of robotic arm mounts 164a is substantially equidistant from a target area

160a where incisions are made for the robotic instruments 132a to be inserted.

[0060] Referring again to Figure 2 , in the present embodiment, the robotic arm 128a is

generally configured to support the robotic instrument 132a. Both the robotic arm 128a and the

robotic instrument 132a are substantially similar to the robotic arm 128 and the robotic

instrument 132 of the previous embodiment. The degrees of freedom of the robotic arm 128a

are not particularly limited and the robotic arm 128a can have any number of degrees of

freedom as well as different types of degrees of freedom as discussed above in connection with

the previous embodiment.

[0061] Referring to Figures 4 and 5 , another embodiment of a curved structure 126b is

shown. Like components of the curved structure 126b bear like reference to their counterparts

in the curved structure 126a, except followed by the suffix "b". The curved support 126b is

generally configured to support a robotic arm (not shown in Figure 4) and its associated



movements.

[0062] In the present embodiment the curved support 126b includes a support rail 168b

which is configured to be slidably connected to a member 124b. It is to be understood that the

support rail 168b is configured to allow the curved support 126b to slide relative to the member

124b. Therefore, an additional non-surgical degree of freedom will be provided to allow for the

robotic instrument (not shown) to be positioned near a target area. Since the support rail 168b

provides a non-surgical degree of freedom which should not be permitted to move during a

surgical procedure, a locking mechanism is also generally included to prevent movement. It is

to be appreciated that the configuration of the support rail 168b is not particularly limited. In the

present embodiment shown in Figures 4 and 5 , the support rail 168b extends substantially along

the entire length of the curved support 126b. In other embodiments, the support rail 168b can

only extend for a portion of the length of the curved support 126b. Alternatively, the support rail

168b can also extend beyond the length of the curved support 126b in some embodiments to

provide a larger range of motion. In other embodiments still, the curved support 126b can be

modified to use another mechanism to provide a slidable motion. For example, other

mechanisms can include the use of slots or tracks which allow for a sliding motion.

[0063] Referring to Figures 6 and 7 , another embodiment of a curved structure 126c is

shown. Like components of the curved structure 126c bear like reference to their counterparts

in the curved structure 126a, except followed by the suffix "c". The curved support 126c is

generally configured to support a robotic arm and its associated movements.

[0064] In the present embodiment the curved support 126c includes a robotic arm rail 172c

which is configured to support a robotic arm 128c slidably connected to the curved support

126c. It is to be understood that the robotic arm rail 172c is configured to allow the robotic arm

128c to slide relative to the curved support 126c. Therefore, an additional non-surgical degree

of freedom will be provided to allow for a robotic instrument 132c to be positioned near a target

area. Since the robotic arm rail 172c provides a non-surgical degree of freedom, a locking

mechanism is also generally included to prevent movement during the surgical procedure. It is

to be appreciated that the configuration of the robotic arm rail 172c is not particularly limited. In

the present embodiment shown in Figures 6 and 7 , the robotic arm rail 172c extends

substantially along the entire length of the curved support 126c. In other embodiments, the

robotic arm rail 172c can only extend for a portion of the length of the curved support 126c.

Alternatively, the robotic arm rail 172c can also extend beyond the length of the curved support

126c in some embodiments to provide a larger range of motion. In other embodiments still, the



curved support 126c can be modified to use another mechanism to provide a slidable motion.

For example, other mechanisms can include the use of slots or tracks which allow for a sliding

motion.

[0065] Referring to Figure 8 , another embodiment of a surgical apparatus 108d is generally

shown. Like components of the surgical apparatus 108d bear like reference to their

counterparts in the surgical apparatus 108a, except followed by the suffix "d". The surgical

apparatus 108d includes a base unit 120d, a member 124d, and a curved support 126d for

supporting a plurality of robotic arms 128d, 129d, 130d and 131d. The robotic arms 128d, 129d,

130d and 131d further support a plurality of robotic instruments 132d, 133d, 134d, and 35d,

respectively. It is to be understood the robotic instruments 132d, 133d, 134d, and 135d

generally have different structures which include different types of surgical instruments.

Therefore, it is to be appreciated that the plurality of arms allows for different tools to be used in

a surgical procedure.

[0066] In the present embodiment, it is to be understood that the robotic arms 128d, 129d,

130d and 131d can be interchanged with each other. Therefore, for surgical procedures which

contemplate placement of the robotic arms 128d, 129d, 130d and 13 1d in different positions, the

change can be made prior to the surgical procedure. Furthermore, it is to be appreciated that

when the curved support 126d is designed such that each robotic arm mount of the curved

support 126d is substantially equidistant from a target area, the interchanging of robotic arms

128d, 129d, 130d and 131d is facilitated since the length of each of the robotic arms 128d,

129d, 130d and 13 1d would be similar.

[0067] It is also to be appreciated that the design of the curved support 126d allows for the

lengths of the robotic arms 128d, 129d, 130d and 13 1 to be decreased when compared with

using a straight robotic arm support. Therefore, the physical footprint and volume of space

occupied by the surgical apparatus will be decreased since the robotic arms would have to

extend further to reach the target area. It is to be understood that this is particularly

advantageous in an operating theater where space is often limited due to the large amount of

equipment used in a surgical procedure.

[0068] Referring to Figures 9 and 10, another embodiment of a curved structure 126e is

shown. Like components of the curved structure 126e bear like reference to their counterparts

in the curved structure 126c, except followed by the suffix "e". The curved support 126e is

generally configured to support a plurality of robotic arms 128e, 129e, 130e and 131e and their

associated movements.



[0069] In the present embodiment the curved support 126e includes a plurality of robotic

arm rails 172e, 173e, 174e, and 175e which are slidably connected to the robotic arms 128e,

129e, 130e and 131e, respectively. It is to be understood that the robotic arm rails 172e, 173e,

174e, and 175e are configured to allow the robotic arms 128e, 129e, 130e and 131e,

respectively, to slide independently relative to the curved support 126e. Therefore, an additional

non-surgical degree of freedom will be provided for each robotic arm. Therefore, since the

robotic arm arms 128e, 129e, 130e and 131e provide a non-surgical degree of freedom, locking

mechanisms are also generally included to prevent movement during the surgical procedure.

Furthermore, it is to be appreciated that since each of the robotic arms 128e, 129e, 130e and

131e is connected to a separate track, the robotic arms 128e, 129e, 130e and 131e interchange

positions by simply sliding past each other if space permits.

[0070] Referring to Figure 11 , another embodiment of a plurality of robotic arms 128f, 129f,

130f and 131f is shown. Like components bear like reference to their counterparts, except

followed by the suffix " . The plurality of robotic arms 128f, 129f, 130f and 131f are generally

configured allow for an addition non-surgical degree of freedom using off-axis apparatus 180f,

181f, 182f, and 183f.

[0071] In the present embodiment, the off-axis apparatus 180f, 181f, 182f, and 183f

provides extension members 188f, 189f, 190f, and 191f, respectively, which rotate about axes

196f, 197f, 198f, and 199f. It is to be understood that the rotation about the axes 196f, 197f,

198f, and 199f allows the robotic arms 128f, 129f, 130f and 131f to be staggered relative to the

curved support 126f. Therefore, it is to be appreciated that the robotic arms 128f, 129f, 130f

and 131f can be positioned closer to each other for applications which require robotic

instruments (not shown) to be in closer proximity such as oral surgery applications thus

providing for additional non-surgical degrees of freedom.

[0072] Referring to Figure 12, yet another embodiment of a surgical apparatus 108g is

generally shown. The surgical apparatus 108g includes a base unit 120g, a member 124g, and

a curved support 126g for supporting a robotic arm 128g.

[0073] In the present embodiment, the member 124g is generally configured to support the

curved support 126g, the robotic arm 128g and their associated movements. The member 124g

is connected to the base 120g at a first end and to the curved support 126g at a second end.

The member 124g of the present embodiment differs from the member 124a of a previous

embodiment by including four-bar linkages. In the present embodiment, a first bar 250g and a

second bar 254g are pivotally connected to a first connector 264g and a second connector 268g



of the member 124g to form a first four-bar linkage. In addition, a third bar 258g and a fourth

bar 262g are pivotally connected to the second connector 268g and a third connector 272g of

the member 124g to form a second four-bar linkage as shown in Figure 12. It is to be

understood that the four-bar linkage system shown in Figure 12 allows for the orientation of the

curved support 126g to remain substantially constant as the position of the curved support 126g

is adjusted.

[0074] It is to be understood that combinations and subsets of the embodiments and

teachings herein are contemplated. As a non-limiting example, the curved support 126d of the

surgical apparatus 108d can be modified with teachings of the curved support 126c having a

single robotic arm rail 172c. It is to be appreciated that in this embodiment, the robotic arms

128d, 129d, 130d and 131d would no longer be able to interchange positions by sliding past

each other since the robotic arms 128d, 129d, 130d and 3 1d would then share the same track.

[0075] In another variation of the surgical apparatus 108d, all non-surgical degrees of

freedom can be adjusted using a plurality of motors (not shown). For example, each motor can

adjust a non-surgical degree of freedom based on input from an input device. Alternatively,

each motor can also be used to provide assistance for adjusting a non-surgical degree of

freedom based on input from a force feedback system. It is to be understood that a combination

of the two types of motor assistance is also contemplated. Furthermore, in some embodiments,

a control console (not shown) can store various pre-configured positions for a specific patient or

a specific procedure. The pre-configured positions can involve specific positions of the non

surgical degrees of freedom specific to either a patient or a particular type of surgery.

Therefore, the non-surgical positioning of the robotic arms 128d, 129d, 130d and 3 1d as well

as the member 124d and curved support 126d can be calculated and stored using a simulation

program prior to a surgical procedure. For example, the simulation program can use patient

specific data such as Magnetic Resonance Imaging (MRI), CT Scan and/or X-ray results to

calculate a pre-configured position. It is to be appreciated that by using pre-configured positions

determined outside of an operating theater, valuable time spent in the operating theater can be

saved. Referring now to Figure 13, a method for positioning a robotic instrument for performing

robotic surgery is shown generally at 500. Method 500 can perform on one of the surgical

apparatus described above as well as any variations contemplated. For the purposes of this

discussion, the method 500 will be discussed primarily in connection with the surgical apparatus

108 shown in Figure 1. It is to be emphasized that the reference to the surgical apparatus 108

does not limit the application of the method 500 discussed below to only the surgical apparatus



108. Furthermore, the method 500 can be carried out using a processor programmed to control

motors for adjusting non-surgical degrees of freedom.

[0076] Block 510 comprises adjusting the member 124 to position the curved support 126

above the patient P. The manner in which the adjustment is carried out is not particularly

limited. In the present example, the member can only be rotated about the axis 136. It is to be

understood that in other embodiments, the member can have more degrees of freedom to allow

for further adjustments. In other embodiments still, a motor can be used to facilitate the

adjustment.

[0077] Block 520 comprises positioning the robotic arm 128 at a location on the curved

support 126. As discussed above, the robotic arm 128 can be positioned either by connecting

the robotic arm to the desired location. For example, discrete robotic arm mounts can be

provided as in the curved support 126a. In other embodiments such as the one including the

curved support 126c, positioning the robotic arm 128c can involve sliding the robotic arm 128c

along a robotic arm rail 172c. It is to be understood that in another variation, the robotic arm

128c can be modified to interact with a leadscrew driven by a motor to provide motion along the

robotic arm rail 172c.

[0078] Block 530 comprises adjusting the robotic arm 128 in accordance with non-surgical

adjustments such that the robotic instrument 132 is within range of a target area. The manner

in which the adjustment is carried out is not important. In the present example, the robotic arm

128 includes joints which can be adjusted according to a non-surgical degree of freedom and

locked in place. In other examples, motors can drive a gear, lead screw or harmonic drive to

carry out the adjustment.

[0079] It is to be understood that variations of the method 500 are contemplated. As a non-

limiting example, the method can additionally involve adjusting the curved support 126c relative

to the member. In one embodiment, the curved support 126c can include a support rail

configured to slidably connect to the member 124. As another non-limiting example, the method

can also involve storing pre-determined position to reduce the amount of time needed in the

operating theater.

[0080] While specific embodiments have been described and illustrated, such embodiments

should be considered illustrative only and should not serve to limit the accompanying claims.



What is claimed is:

1. An apparatus for medical procedures, the apparatus comprising:

a base;

a member having first and second ends, the first end connected to the base; and

a curved support configured to support a robotic arm, the curved support connected

to the second end of the member.

2 . The apparatus of claim , wherein the member is configured to position the curved

support relative to a surface of a surgical table.

3 . The apparatus of claim 2 , wherein the member is articulable.

4 . The apparatus of claim 1, wherein the curved support is further configured to support the

robotic arm at a plurality of locations.

5. The apparatus of claim 4 , wherein the curved support is configured to be positionable

such that each location of the plurality of locations substantially equidistant from a target

area.

6 . The apparatus of claim , wherein the curved support is further configured to support a

plurality of robotic arms.

7 . The apparatus of claim 6 , wherein a first robotic arm of the plurality of robotic arms is

interchangeable with a second robotic arm of the plurality of robotic arms.

8 . The apparatus of claim , wherein the curved support comprises a support rail disposed

on the curved support.

9 . The apparatus of claim 8 , wherein the support rail is connected to the second end of the

member such that the curved support is configured to slide relative to the member.

10. The apparatus of claim 1, wherein the curved support comprises a robotic arm rail

disposed on the curved support.



11. The apparatus of claim 10, wherein the robotic arm rail is configured to slidably support

the robotic arm.

12. The apparatus of claim 1, wherein the first end of the member is pivotally connected to

the base.

13. The apparatus of claim 1, wherein the member comprises a first portion and a second

portion, the first portion pivotally connected to the second portion.

1 . The apparatus of claim 1, wherein the curved support is pivotally connected to the

second end of the member.

15 . The apparatus of claim 1, wherein the first end of the member is rotatably connected to

the base.

16. The apparatus of claim , wherein the curved support is rotatably connected to the

second end of the member.

17. A method for positioning a robotic instrument for performing robotic surgery, the method

comprising:

adjusting a member to position a curved support configured to support a robotic arm;

positioning the robotic arm at a location on the curved support; and

adjusting the robotic arm in accordance with a non-surgical adjustment such that the

robotic instrument is within range of a target area.

18. The method of claim 17, wherein positioning the robotic arm comprises sliding the

robotic arm along a robotic arm rail.

19. The method of claim 17, further comprising positioning the curved support relative to the

member.



20. The method of claim 19, wherein positioning the curved support relative to the member

comprises sliding a support rail slidably connected to the member, the support rail

disposed on the curved support.

21. The method of claim 17, further comprising positioning the robotic arm relative to the

curved support.

22. The method of claim 21, wherein positioning the robotic arm comprises sliding the

robotic arm along the robotic arm rail.

23. The method of claim 17, wherein adjusting the robotic arm comprises controlling a

motor, the motor for at least facilitating motion in accordance with the non-surgical

adjustment.

24. The method of claim 23, further comprising storing a predetermined position of the

robotic arm, the predetermined position for positioning the robotic instrument within

range of the target area.
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