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APPARATUS AND METHODS FOR BALANCING A JOINT

Cross-Reference to Related Application

[1001] This application is a continuation of and claims priority to U.S. Application Serial

No. 13/230,583, filed September 12, 201 1, entitled "APPARATUS AND METHODS FOR

BALANCING A JOINT," which is hereby incorporated by reference in its entirety.

Background

[1002] The embodiments described herein relate generally to apparatus and methods for

balancing an artificial joint, and more particularly to apparatus and methods for providing

real-time feedback during a procedure for balancing an artificial joint.

[1003] Traumatic, inflammatory, and degenerative disorders of joints can lead to severe

pain and loss of mobility. One source of joint pain is related to the inflammation or

degeneration of the cartilage and/or bone of a joint, such as for example, arthritis. Bony

contact or grinding of degenerated joint components can play a role in some pain syndromes.

[1004] One current standard of care to address the degenerative problems with a joint is

to replace all or part of the joint. By performing this surgical procedure, the contact or

grinding of the degenerated joint can be stopped, thus stopping any potential pain generated

as a result thereof. Performing this surgical procedure, however, may also change the range

of motion of the replacement joint relative to both a healthy joint and the degenerated joint.

Because of the change in the range of motion of the joint, the surgeon performing the joint

replacement must balance the joint accurately during the initial procedure to both maximize

the range of motion of the joint, and to reduce the likelihood of follow up procedures. If not

properly balanced, the replacement joint can be subject to, for example, excessive wear,

instability and loosening.

[1005] Accordingly, a need exists for apparatus and methods to balance a joint during a

joint replacement procedure.

Brief Description of the Drawings

[1006] FIG. 1 is an illustration of a conventional joint replacement apparatus.

[1007] FIG. 2 is a functional block diagram of a joint balancing apparatus according to an

embodiment.



[1008] FIG. 3 is a perspective view of a joint balancing apparatus according to an

embodiment.

[1009] FIG. 4 is an exploded perspective view of the joint balancing apparatus shown in

FIG. 3 .

[1010] FIG. 5 is a schematic view of a joint and joint balancing apparatus according to an

embodiment in a first configuration.

[1011] FIG. 6 is a schematic illustration of the joint and the joint balancing apparatus

shown in FIG. 5 in a second configuration.

[1012] FIG. 7 is a schematic illustration of a joint balancing apparatus according to an

embodiment.

[1013] FIG. 8 is a schematic illustration of a joint balancing apparatus according to an

embodiment.

[1014] FIG. 9 is a cross-sectional schematic illustration of a transducer/actuator of a joint

balancing apparatus according to an embodiment in a first configuration.

[1015] FIG. 10 is a cross-sectional schematic illustration of the transducer/actuator shown

in FIG. 9 in a second configuration.

[1016] FIG. 11 is a flow chart of a method of balancing a joint using a joint balancing

apparatus according to an embodiment.

[1017] FIG. 1 is a flow chart associated with an algorithm according to an embodiment.

Detailed Description

[1018] In some embodiments, an apparatus for balancing a joint includes a first portion

configured to be coupled to a first bony structure and a second portion configured to be

coupled between the first portion and a second bony structure. The second bony structure is

disposed opposite the first bony structure. The apparatus further includes a transducer and/or

an actuator coupled between the first portion and the second portion. In some embodiments,

the transducer is used to convert various inputs/readings (e.g., force, pressure, rotation) to

output signals associated with the apparatus. In some embodiments, the transducers can be

associated with actuators to respond to external signals and cause movement of the apparatus

as described herein. In some embodiments, the apparatus can have separate transducers and



actuators or the transducers and actuators can be part of the same component. In some

embodiments, the transducer/actuator is a piezoelectric material, which can be configured as

both a sensor/transducer and an actuator.

[1019] In some embodiments, a method for balancing a joint includes outputting a signal

including a first data set associated with at least one of a force, a position, a displacement or a

rotation associated with an apparatus. The apparatus is disposed between a first bony

structure and a second bony structure, and includes a first portion configured to be coupled to

the first bony structure, a second portion configured to be disposed between the first portion

and the second bony structure, and a transducer and/or an actuator disposed between the first

portion and the second portion.

[1020] The method for balancing a joint further includes outputting a signal including a

second data set, the second data set associated with at least one of a force, a position, a

displacement or a rotation associated with the apparatus after the performance of at least a

part of a surgical procedure. The surgical procedure is based at least in part on a

recommendation based on the first data set. The method further includes moving, in response

to the received signal, a movable portion of the transducer and/or actuator (or one or both of

the first portion or the second portion of the apparatus). The movable portion of the actuator

causes one of the first and second portion of the apparatus to move with respect to the other

of the first and second portion of the apparatus.

[1021] In some embodiments, a non-transitory processor-readable medium stores code

representing instructions to cause a processor to receive a signal including a first data set

associated with at least one of a force, a position, a displacement or a rotation associated with

an apparatus. The apparatus is disposed between a first bony structure and a second bony

structure, and includes a first portion configured to be coupled to the first bony structure, a

second portion configured to be disposed between the first portion and the second bony

structure, and a transducer and/or an actuator disposed between the first portion and the

second portion. The non-transitory processor-readable medium further stores code

representing instructions to cause a processor to generate, based on the first data set, a

recommended action to complete a surgical procedure, the generating occurring during the

surgical procedure.

[1022] As used in this specification, the term "joint" includes any joint or location at

which two or more bones are in close proximity, such as for example, a knee joint, a shoulder

joint, a hip joint, a spine or portion of a spine, an elbow joint, an ankle, and/or a



patellofemoral joint. As used in this specification, the term "bony structure" can include any

bone, bone portion, and/or other bony structure associated with a joint, such as for example, a

portion of a tibia, a portion of a femur, a portion of a humerus, a portion of a scapula, a

portion of a pelvis, a portion of a vertebra, a portion of an ulna, or a portion of a talus. While

a total joint arthroplasty is generally shown and described, unicompartmental and/or partial

joint replacement is also contemplated.

[1023] As used in this specification, the words "proximal" and "distal" refer to a location

closer to and away from, respectively, a torso and/or another location central to a body.

Thus, for example, the end of a femur closer to the knee joint would be the distal end of the

femur, while the end of the femur closer to the hip joint would be the proximal end of the

femur.

[1024] As used in this specification, the singular forms "a," "an" and "the" include plural

referents unless the context clearly dictates otherwise. Thus, for example, the term "a

transducer" is intended to encompass a single transducer or multiple transducers.

[1025] Conventional knee arthroplasty (i.e., joint replacement) involves replacement of

some or all of the knee joint. FIG. 1 illustrates an artificial knee joint 150 including a tibial

portion 155 coupled to a proximal end of a tibia T and a femoral portion 160 coupled to a

distal portion of a femur F. An interface or contact portion 170 is disposed between the tibial

portion 155 and the femoral portion 160. The interface portion 170 has a surface configured

to slidingly nest with the outer surface of the femoral portion 160 such that the knee joint is

able to rotate through its natural range of motion. Connective tissue C (represented by

dashed lines) maintains the femur F and tibia T in the appropriate relative position.

[1026] FIG. 2 is a functional block diagram of a joint balancing apparatus 100. Joint

balancing apparatus 100 can be a temporary, permanent, or semi-permanent implant

configured to replace a joint and/or to provide data used to provide real-time feedback to a

surgeon. The real-time feedback can be used by the surgeon to properly balance the joint

during the surgical procedure. Real-time feedback can include recommended actions for

completing a surgical procedure, such as for example, to make a specific bone cut and/or

loosen or tighten one or more connective tissues associated with the joint. After the joint is

balanced, joint balancing apparatus 100 can be either completely or partially replaced by a

permanent replacement joint. In other words, either the entirety of joint balancing apparatus

100 or a portion of joint balancing apparatus 100 can be replaced, or joint balancing

apparatus 100 can remain in place and can function as the permanent replacement joint.



Alternatively, an appropriate prosthesis/device that corrects the imbalance can be selected for

implantation. Joint balancing apparatus 100 includes a first portion 102, a second portion

112, a transducer 108, and an intermediate portion 116. Transducer 108 can be operatively

coupled to a computer system CS. In some embodiments, joint balancing apparatus 100

includes a separate actuator (not illustrated), operatively coupled to the computer system CS.

[1027] First portion 102 is configured to be coupled to a first bony structure (not shown

in FIG. 2), such as a proximal portion of a tibia. In some embodiments, first portion 102 can

be coupled to the first bony structure substantially flush with the first bony structure. In such

embodiments, first portion 102 can be held in place by a temporary or permanent adhesive,

and/or another temporary or permanent fastener. In other embodiments, first portion 102 can

include a mount (not shown in FIG. 2) configured to extend from first portion 102 and into

the first bony structure. In such embodiments, the mount can be shaped to correspond to a

cavity formed in the first bony structure. In some embodiments including the mount, the

mount can be held in place by a temporary or permanent adhesive, by friction within the

cavity, and/or by another temporary or permanent fastener. In some embodiments, the mount

can be permanently coupled to, and/or monolithically formed with, first portion 102. In other

embodiments, the mount can be removably coupled to first portion 102. In these

embodiments, the mount can be a first mount, and the first mount can be used during a

balancing procedure on a joint, and the first mount can be replaced by a second mount, during

and/or after the balancing procedure, the second mount configured to remain in the joint after

the balancing procedure.

[1028] Second portion 112 is configured to be coupled between the first portion and a

second bony structure (not shown in FIG. 2), such as a distal portion of a femur. In some

embodiments, second portion 112 can be slidably coupled to the second bony structure. For

example, second portion 112 can move relative to the second bony structure and can maintain

a point of contact with the second bony structure, and the point of contact between the second

bony structure and second portion 112 can change as the first bony structure moves relative

to the second bony structure. In some embodiments, the second bony structure can be in

direct contact with second portion 112. In other of these embodiments, a contact portion (not

shown in FIG. 2) can be disposed between the second bony structure and second portion 112.

In such embodiments, the contact portion can be fixedly coupled to the second bony structure

or the second portion 112, and the contact portion can be slidably coupled to the other of the

bony structure or the second portion 112.



[1029] Intermediate portion 116 is configured to be disposed between first portion 102

and second portion 112 and can be configured to restrict, limit, or otherwise define, the

movement of first portion 102 relative to second portion 112. Said another way, intermediate

portion 116 can define the ranges of motion of first portion 102 relative to second portion

112. In some embodiments, the intermediate portion 116 can be one of a post, a bearing, or a

gasket. In some embodiments, intermediate portion 116 can define an area between first

portion 102 and second portion 112, the area configured to include transducer/actuator 108.

[1030] Knee balancing apparatus 100 can include transducer 108 configured to output

data associated with knee balancing apparatus 100 and its interaction with the joint in which

it is positioned. Transducer 108 can be disposed between first portion 102 and second

portion 112. In some embodiments, transducer 108 can be disposed in an area between first

portion 102 and second portion 112 defined by intermediate portion 116. In some

embodiments, transducer 108 can include a fixed portion coupled to one of first portion 102

or second portion 112, and can include a movable portion coupled to the other of first portion

102 or second portion 112. In such embodiments, the movable portion of transducer 108 can

be movable relative to the fixed portion of transducer 108 and functions as an actuator (i.e.,

causes relative movement of first portion 102 and second portion 112. In some embodiments,

the fixed portion of transducer/actuator 108 can be fixedly coupled to one of first portion 102

and second portion 112. In some embodiments, the movable portion of transducer/actuator

108 can be slidably coupled to one of first portion 102 and second portion 112. In some

embodiments, transducer/actuator 108 can be a plurality of transducers/actuators 108. In

some embodiments, transducer/actuator 108 can be embedded in the intermediate portion

116. In some embodiments transducer 108 and actuator are arranged as a single component.

In some embodiments, the transducer and the actuator are separate components.

[1031] Transducer 108 can be configured to record measurements and output data, such

as for example, force data, position data, displacement data, and/or rotation data.

Specifically, transducer 108 is configured to output the data during a surgical procedure. In

some embodiments, transducer 108 can output data regarding first portion 102 relative to

second portion 112. By way of example, transducer 108 can be configured to output data,

such as for example, a force generated between first portion 102 and second portion 112, a

position or displacement of first portion 102 relative to second portion 112, and/or movement

of first portion 102 relative to second portion 112 as the joint in which it is positioned rotates

through a range of motion. In some embodiments, transducer 108 can output a plurality of

data signals in absolute terms, as a function of time, and/or as a function of the distance



traveled, e.g. range of motion of a joint. Said another way transducer 108 can output data at

predetermined intervals, such as for example, every one second. In other embodiments, the

interval can be longer or shorter. In other embodiments, transducer 108 can continuously

output data.

[1032] Transducer 108 can be operatively coupled to and configured to output data to

computer system CS. Computer System CS can be a known computer system that can

include a processor 110, a memory 120, input/output devices, including an output module

130, and a communications module 140. The processor 110 can be a general-purpose

processor or other processor configured to execute one or more instructions. In some

embodiments, the processor 110 can alternatively be an application-specific integrated circuit

(ASIC) or a field programmable gate array (FPGA). The memory 120 can be any fixed or

removable memory, such as a Random Access Memory (RAM), Read Only Memory (ROM),

a hard disk drive, a solid-state drive (SSD), an optical drive, a flash memory drive, other

removable media. The output module 130 can be a hardware -based and/or software -based

module (executing in hardware) configured to output data. For example, the output module

130 can be a hardware module (e.g., a graphics card) operatively coupled to a software

module (e.g., a video driver). In the example, the output module 130 can be operatively

and/or physically coupled to a visual display device, such as a monitor, television, projector,

or other display screen or device. Alternatively, the output module 130 can be a hardware

and/or software module configured to output an audio or tactile output representing data

and/or media. In some embodiments, the output module 130 can be configured to output any

combination of audio, video, graphical, or tactile feedback and/or output. More specifically,

the output module 130 can be configured to output information associated with a

recommended course of action for a surgical procedure based on the data received from the

transducer 108. In some embodiments, the output module 130 can output the

recommendations in response to one or more messages, data frames, data packets and/or

other information received from the transducer. In some embodiments, the output module

130 can be configured to display any of the above-described information as a chart, graph,

animation, or other graphical figure or resource. In some embodiments, the output can drive

an actuator to cause movement of the portions of the knee balancing apparatus to which it is

coupled.

[1033] For example, computer system CS can be configured to receive the data from

transducer 108 and can generate a signal indicative of recommended action to balance the

joint. Said another way, the signal can indicate to a surgeon to make a specific bone cut



and/or loosen and/or tighten one or more connective tissues associated with the joint. In

some embodiments, the actuator can receive the signal from the computer system and can

move first portion 102 relative to second portion 112 to simulate the results of the

recommended action.

[1034] Communication module 140 can be a hardware-based and/or software-based

module (executing in hardware) configured to exchange information with one or more

transducers. More specifically, the communication module 140 can include one or more

network communication cards, drivers and/or other hardware and/or software modules

configured to send information to and/or receive information from a network and/or one or

more server or client devices. Thus, in some embodiments, the communication module 140

can communicate across a network with the transducer(s) 108 and actuators. In some

embodiments, the computer system CS can be a centralized system in communication with

the transducer(s) 108 and actuators and a remote graphical display (i.e., the display in the

procedure room during the surgical procedure. In such embodiments, the computer system

CS can be used to communicate with multiple transducers/actuators in separate procedure

rooms either simultaneously or serially.

[1035] The network across which the computer system CS communicates can be any

computer network configured to receive and send information between each or any of the

peripheral device transducers 108, actuators, and the computer system CS. The network can

include one or more computer devices, such as switching, routing, storage and/or other

devices. In some embodiments, the network can be a local area network (LAN), wide area

network (WAN), organization intranet, or the Internet.

[1036] FIGS. 3-6 depict examples of implementations of a joint balancing apparatus,

specifically a knee balancing apparatus, and methods of balancing a knee joint using the knee

balancing apparatus. While references made with respect to FIGS. 3-6 are directed to the

knee joint, apparatus and methods having similar features can be equally applicable to other

joints as discussed herein. Knee balancing apparatus 200 can be a temporary, permanent, or

semi-permanent implant configured to replace at least a portion of a knee joint and to provide

data used to provide real-time feedback to a surgeon during a surgical procedure. The

feedback based on the data associated with the procedure can be used by the surgeon to

properly balance the knee joint. After the knee joint is balanced, the knee balancing

apparatus 200 can be replaced by a permanent replacement knee (e.g., as illustrated in FIG.

1). In some embodiments, only a portion of the knee balancing apparatus 200 is replaced



with a permanent implant, or the entire knee balancing apparatus 200 can remain in place and

can function as the permanent replacement knee joint.

[1037] FIG. 3 is a perspective view of a knee balancing apparatus 200, and FIG. 4 is an

exploded perspective view of knee balancing apparatus 200. As illustrated, knee balancing

apparatus 200 substantially corresponds to/simulates the tibial portion 155 of implant 150 of

FIG. 1. In other words, during a knee arthroplasty procedure, the knee balancing apparatus

200 is used to at least temporarily simulate the configuration and position of the tibial portion

to ultimately be placed in the knee. Knee balancing apparatus 200 includes a first portion

202, a second portion 212, an intermediate portion 216, and four transducers and co-located

actuators 208A, 208B, 208C, and 208D (collectively "transducers/actuators 208"). While

depicted in FIG. 3 and FIG. 4 as including four transducers/actuators 208, in some

embodiments, knee balancing apparatus 200 can include more or fewer transducers/actuators

208 or one or more arrays of transducers/actuators 208. In some embodiments, the apparatus

includes only transducers 208 and need not include actuators.

[1038] First portion 202 is configured to be coupled to a proximal portion of a tibia

(represented by dashed lines in FIG. 3). In some embodiments, first portion 202 can be

coupled to the proximal portion of a tibia substantially flush with the proximal portion of the

tibia. In such embodiments, first portion 202 can be held in place by a temporary or

permanent adhesive, and/or another temporary or permanent fastener. First portion 202

includes a mount 204 configured to extend from first portion 202 and into the proximal

portion of the tibia. Mount 204 can be shaped to correspond to a cavity formed in the

proximal portion of the tibia. The mount can be held in place by a temporary or permanent

adhesive, by friction within the cavity, and/or by another temporary or permanent fastener.

In some embodiments, the mount can be permanently coupled to, and/or monolithically

formed with, first portion 202. In other embodiments, the mount can be removably coupled

to first portion 202. In some embodiments, the mount can be a first mount, and the first

mount can be used during a balancing procedure on a knee joint, and the first mount can be

replaced by a second mount, during and/or after the balancing procedure. The second mount

is configured to remain in the knee joint after the balancing procedure. First portion 202

includes a proximal surface 206. Proximal surface 206 is configured to be operative ly

coupled to transducers/actuators 208 and intermediate portion 216.

[1039] Second portion 212 is configured to be coupled between first portion 202 and a

distal portion of a femur (not shown in FIGS. 3 and 4). In some embodiments, second

portion 212 can be slidably coupled to the distal portion of the femur. For example, second



portion 212 can move relative to the distal portion of the femur and can maintain a point of

contact with the distal portion of the femur, and the point of contact between the distal

portion of the femur and second portion 212 can change as the proximal portion of the tibia

moves relative to the distal portion of the femur. In some embodiments, the distal portion of

the femur can be in direct contact with second portion 212. In other embodiments, a contact

or interface portion (not shown in FIGS. 3 and 4) can be disposed between the distal portion

of the femur (or a femoral portion of an implant) and the second portion 212 (i.e., similar to

the conventional configuration illustrated in FIG. 1). In such embodiments, the femoral

portion can be fixedly coupled to the distal portion of the femur, and the contact or interface

portion can be coupled to second portion 212. The contact portion of the second portion 212

can include a layer of material, such as polymeric material, configured to reduce friction

between the contact portion and the femoral portion of the implant. In some embodiments,

the shape of the second portion 212 is configured to conform to the shape of the permanent

implant that will be put in place during the surgical procedure. In other words, the second

portion can be configured to mimic the shape of the interface portion of the ultimate implant.

[1040] In some embodiments, second portion 212 defines an aperture 220 configured to

receive a bearing 218 of intermediate portion 216. Second portion 212 can include a distal

surface (not shown in FIGS. 3 and 4) configured to be operatively coupled to transducers

208.

[1041] Intermediate portion 216 and bearing 218 are disposed between first portion 202

and second portion 212. Intermediate portion 216 is fixedly coupled to first portion 202 and

movably coupled to second portion 212. In this manner, intermediate portion 216 is

configured to restrict, limit, or otherwise define, the movement of first portion 202 relative to

second portion 212. Said another way, intermediate portion 216 defines the ranges of motion

of second portion 212 relative to first portion 202. A portion of intermediate portion 216 is

disposed within bearing 218 and within second portion 212. Bearing 218 allows intermediate

portion 216 to have a greater or lesser range of motion within aperture 220 of second portion

212. In this manner, changing the characteristics of bearing 218 can increase or decrease the

range of motion of intermediate portion 216 within aperture 220 of second portion 212, and

subsequently can increase or decrease the range of motion of second portion 212 relative to

first portion 202. In some embodiments, there are multiple intermediate portions 216. In

other embodiments, there are no intermediate portions 216. In other embodiments, there is an

intermediation portion formed by, or formed with transducer/actuator 208. In some

embodiments, the intermediate portion 216 is instrumented to measure displacement and



rotation, or can be actuated to control displacement and rotation similar to the manner

described in connection with the transducers/actuators 208 herein.

[1042] Transducers/actuators 208 are configured to output data associated with knee

balancing apparatus 200. Transducers/actuators 208 are disposed between first portion 202

and second portion 212. Transducers/actuators 208 can each include a fixed portion coupled

to one of first portion 202 or second portion 212, and can each include a movable portion

coupled to the other of first portion 202 or second portion 212. The movable portions of

transducers/actuator 208 can be movable relative to the fixed portions of

transducers/actuators 208. In some embodiments, the fixed portions of transducers/actuators

208 can be fixedly coupled to one of first portion 202 and second portion 212. In some

embodiments, the movable portions of transducers/actuators 208 can be slidably coupled to

one of first portion 202 and second portion 212. Examples of transducers suitable for use

with the apparatus 200 include the NK Instrumented Tibial Plateau available from NK

Biotechnical, Minneapolis, MN. While transducers/actuators 208 are described as a single

component, it should be understood that separate components may be utilized (i.e., physically

distinct and separate components).

[1043] Transducers/actuators 208 are configured to output data during a surgical

procedure, such as for example, force data (e.g., magnitude and direction), position data,

displacement data, and/or data associated with the relative position of the first portion 202

with respect to the second portion 212 as the apparatus 200 rotates through a range of motion

during a surgical procedure. In some embodiments, transducers/actuators 208 can output a

plurality of data signals in absolute terms, as a function of time, and/or as a function of the

distance traveled, e.g. range of motion of a joint. Said another way, transducers/actuators 208

can output data at predetermined intervals, such as for example, every one second. In other

embodiments, the interval can be longer or shorter. In other embodiments, the

transducers/actuators 108 can continuously output data as a procedure is performed and

during movement of the tibia through its full range of motion. Each of transducers/actuators

208 can output different data based at least on the location of the transducer/actuator relative

to each of the other transducers/actuators 208 and the forces imparted thereon. By way of

example, if a force indicated in the location of arrow AA in FIG. 4 is greater than a force

indicated in the location of arrow BB in FIG. 4, transducer/actuator 208A and

transducer/actuator 208B will output force data indicating a first force or forces, and

transducer/actuator 208C and transducer/actuator 208D will output force data indicating a

second force or forces, less than the first force or forces.



[1044] Transducers/actuators 208 are configured to output data to a computer system (not

shown in FIGS. 3 and 4) as discussed herein. The computer system can be configured to

receive the data from transducers/actuators 208 and can generate a signal indicative of a

recommended action to balance the knee joint. Said another way, the signal can indicate to a

surgeon to make a specific bone cut and/or loosen one or more connective tissues associated

with the knee joint.

[1045] In some embodiments, the first portion 202 and the second portion 212 are spaced

parallel to one another at a known distance (e.g., 3-5 mm) and the forces are measured. As

discussed in greater detail herein, based on the force information provided by the transducers

and the predetermined distance between the first portion and the second portion, a

recommended surgical procedure can be generated. With continued reference to the example

above, the computer system can make a recommended action designed to reduce and/or

increase the force AA and/or the force BB such that the force imparted between first portion

202 and second portion 212 is balanced (i.e., the same across the entire area between the two

portions).

[1046] The computer system includes an algorithm, discussed in detail herein, designed

to interpret the data received from the transducers in making a recommendation for a surgical

procedure to correct any perceived imbalance. The algorithm is configured to account for the

force data throughout a range of motion of the tibia. In some embodiments, a recommended

surgical correction is not provided until the knee joint is moved through the range of motion.

In some embodiments, the transducers 208 are configured to detect when the range of motion

is complete. In other embodiments, a user can manually indicate when the transducers should

start and stop measurement.

[1047] In some embodiments, the algorithm is configured to account for data relevant to

the body of the person into which the implant is being placed. For example, the algorithm

can be programmed to account for any one or more of several factors including body weight,

height, gait cycle, leg height/length, bone malformations, soft tissue/muscle defects,

neurological disorders, age, gender, activity level, etc.

[1048] In some embodiments, transducers/actuators 208 can receive a signal from the

computer system and can be actuated to cause first portion 202 to move relative to second

portion 212 to simulate the recommended corrective action. With continued reference to the

example above, in some embodiments transducers/actuators 208 can receive the signal

indicative of the recommended action from the computer system and the movable portions of



one or more of transducer/actuator 208A, transducer/actuator 208B, transducer/actuator

208C, and/or transducer/actuator 208D, can move relative to the fixed portion of its

respective transducer/actuators 208 to simulate the results of the recommended action. In

other words, in a situation where the recommended surgical correction is to change the angle

of, for example, a particular bone cut, the transducers can actuate to cause the second portion

212 to move to a position simulating that angle (e.g., shorten one or more transducers).

[1049] FIG. 5 is a schematic illustration of a knee balancing apparatus 300 and a knee

joint in a first configuration (e.g., near maximum flexion) and FIG. 6 is a schematic

illustration of knee balancing apparatus 300 with the knee joint in a second configuration

(e.g., near maximum extension). Components of knee balancing apparatus 300 can be similar

to, and have similar functions as, the corresponding components in knee balancing apparatus

200 and joint balancing apparatus 100. By way of example, a first portion 302 of knee

balancing apparatus 300 can be similar in configuration to first portion 202 and first portion

102.

[1050] Knee balancing apparatus 300 includes first portion 302 including a mount 304,

the first portion coupled to a tibia 332, and a second portion 312 slidably coupled to a femoral

portion 336, and disposed between second portion 312 and a femur 334. Knee balancing

apparatus 300 can include an intermediate portion (not shown in FIGS. 5 and 6) and a

transducer (not shown in FIGS. 5 and 6) similar to that described above. Knee balancing

apparatus 300 includes femoral portion 336 that is fixedly coupled to a femur 334 and is

slidably coupled to second portion 312.

[1051] The knee joint includes a range of motion represented, at the beginning and end of

the range of motion, by angle A and angle B, respectively. Angles A and B are the angles

between a tibia centerline TCL and a femur centerline FCL. The complete range of motion

of the knee joint can be, for example, from the smallest angle B or the greatest angle A to the

other of the smallest angle B or greatest angle A and back. FIG. 4 depicts the knee joint in

the first configuration near the greatest angle A and FIG. 5 depicts the knee joint in the

second configuration near the smallest angle B. While FIG. 6 depicts the second position of

the knee joint as approximately zero degrees, in some embodiments, the second position is

less than zero degrees. Similarly, the greatest angle A, or flexion, of the knee joint can be

greater or less than shown. As the knee joint is moved, for example, as the tibia 332 moves

relative to femur 334 from the first configuration to the second configuration, the transducer

outputs data, such as for example, force data, position data, displacement data, and/or rotation

data to a computer system as discussed above. The transducer outputs data at predetermined



intervals, such as for example, every 1 second. In other embodiments, the interval can be

longer or shorter. In other embodiments, the transducer can continuously output data. The

computer system can generate a signal indicative of a recommended action and output that

signal for receipt and consideration by a user. In some embodiments, the signal indicative of

the recommended action can be output directly to the knee balancing apparatus 300.

[1052] In some embodiments, the computer system generates a signal indicative of a

recommended action prior to the knee joint finishing the range of motion. Said another way,

and by way of example, a surgeon can begin with the knee joint in the first configuration at

angle A, and can begin to move tibia 332 relative to femur 334 towards the second

configuration at angle B. In this example, the transducer can begin to output data prior to,

during, or after the relative motion begins. The computer system receives the data and

generates a signal indicative of a recommended action prior to the knee joint reaching the

second configuration at angle B. In other embodiments, the computer system collects data

associated with the movement of the tibia through its entire range of motion. In some

embodiments, the computer system outputs more than one possible recommended corrective

surgical procedure. In other words, the output from the computer system can be a

recommendation to loosen a particular soft tissue (e.g., ligament) and/or to change the angle

of a bone cut.

[1053] As discussed above, and with reference to FIG. 12, an algorithm 900 is operative

to interpret the data received from the transducers in making a recommendation for a surgical

procedure to correct any perceived imbalance. In some embodiments, the algorithm

incorporates, for example, heuristic rules, computer simulation and an experimental data bank

to accomplish its intended functionality.

[1054] Heuristic rules incorporate certain inputs acquired using the apparatus described

herein, inputs from additional sources, as well as certain outputs associated with a joint

balancing procedure. For example, an input includes data associated with bone geometry

from, for example, a preoperative CT or MRI scan, ultrasound or other imaging modality.

Another input includes data associated with an angle between adjacent bony structures (e.g.,

the angle between femoral and tibial bone shafts) as measured using any device such as

surgical instruments, computer aided navigation or robotic systems. A further input includes

data associated with an angle between bone cuts (e.g., femoral and tibial bone cuts) using

joint balancing apparatus (100, 200, etc.) described herein. Additional inputs include force

versus displacement data in, for example, knee extension and flexion.



[1055] Outputs associated with the apparatus include, for example, surgical

recommendations associated with the received inputs. For example, if various force values

are received such that a determination is made that the forces are balanced mediolaterally, but

tight in flexion and in extension, then a recommended output would be, for example to cut

more bone from the proximal tibia (e.g., in a knee balancing situation). The amount of bone

to be cut is calculated from the force versus displacement data collected in extension and

flexion. If the forces are acceptable and the joint is balanced mediolaterally in flexion, but

tight in extension, then a recommended output would be to cut more bone from the distal

femur (e.g., in a knee balancing situation). The amount of bone to be cut is calculated from

the force versus displacement data collected in extension.

[1056] The algorithm includes/relies on computer simulation of a procedure associated

with real time events (i.e., during a surgical procedure) and/or a database of simulated

procedures. During a surgical procedure, for example, inputs are received similar to the

manner described above. For example, relevant bone geometry is obtained from a

preoperative CT scan. Additional data associated with bone geometry can be obtained from

readings/measurements from devices such as surgical instruments, computer aided

navigation, or robotic systems. A model of the implants to be used in the surgical procedure

area constructed using computer aided design (CAD) data. The simulated/model implants are

positioned based on the digitized data obtained from the surgical navigation instruments.

Ligament attachment locations for the simulation are obtained by digitizing landmarks using

surgical navigation instruments or from preoperative or intraoperative imaging. Force versus

displacement data is collected for the joint (e.g., a knee joint) during flexion and extension.

[1057] The computer simulation relies on computer models created using various

techniques. For example, a model of the forces across the articular surfaces of the implants

can be derived from calculations utilizing rigid bodies to represent bone and implants and

using springs to represent ligaments. The spring attachments, lengths, and stiffness values

can be refined to match force displacement data collected by the sensors/transducers during

joint flexion and extension. From the spring lengths and stiffnesses, angle of bone cuts, and

angle of the tibiofemoral shaft, corrections to bone cuts and ligaments can be calculated

[1058] In some embodiments, a simulation database or databank can be generated. The

database (or atlas) can include a variety of femur bones and tibia bones. For example the

database can include bones of varying sizes (e.g., very small, small, medium, large, very

large) and can be associated with a variety of factors such as, for example, demographic

factors (e.g., gender, race, bone structure, etc.). A model of the relevant associated implants



can be constructed from CAD data as discussed above. Combinations of implant position,

implant rotation and ligament tightness can be created for reference.

[1059] A computer model is created and a model of the forces across the articular

surfaces of the implants can be derived from calculations utilizing rigid bodies to represent

bone and implants and using springs to represent ligaments. During a surgical procedure, the

force data, etc. that is collected is compared with data from the simulation database. The

implant position, rotation and ligament tightness condition from the database that most

closely matches the intraoperative data is identified. In some embodiments, the identification

is manual. In other embodiments, the identification is automatic.

[1060] The implant position, rotation, and ligament tightness conditions are utilized to

calculate the amount of correction to the bone cuts or the amount of ligament release or

tensioning that is required. Based on the calculations, a recommendation is provided to make

the appropriate correction when necessary.

[1061] In some embodiments, the algorithm includes an experimental database. The

database includes data such as, for example, force displacement data collected

intraoperatively using the joint balancing device as discussed herein. For example, the data

can include force data from a knee balancing device collected intraoperatively during a knee

arthroplasty. Any corrections made intraoperatively would be documented. Force

displacement data collected after each correction is collected/entered into a database to

supplement or replace the simulation database discussed above. In some embodiments, the

data is collected during cadaver-based surgical procedures.

[1062] The force displacement data collected during a subsequent procedure is compared

to data collected in the experimental database. Based on the calculations, a recommendation

is provided to make the appropriate correction (e.g., amount of correction to bone cuts and/or

amount of ligament release or tensioning) when necessary.

[1063] FIG. 7 is a front view of a joint balancing apparatus 400 according to an

embodiment, and FIG. 8 is a front view of a joint balancing apparatus 500 according to an

embodiment. Joint balancing apparatus 400 and joint balancing apparatus 500 can be similar

to joint balancing apparatus 100, knee balancing apparatus 200 and knee balancing apparatus

300. In this manner, components of joint balancing apparatus 400 and joint balancing

apparatus 500 can be similar to and have similar functions as the corresponding components

in knee balancing apparatus 300, knee balancing apparatus 200, and joint balancing apparatus



100. By way of example, a first portion 402 of knee balancing apparatus 400 and a first

portion 502 of knee balancing apparatus 500 can be similar in configuration to first portion

202 and first portion 102. While a front view is illustrated in FIG. 7, it should be understood

that sensors/transducers associated with movement of the knee-balancing device in 6 degrees

of freedom is contemplated. In other words, the transducers can also detect anterior/posterior

movement, medial/lateral movement, translation and rotation.

[1064] Joint balancing apparatus 400 includes first portion 402, a second portion 412, an

intermediate portion 416, and two transducers 418. While depicted in FIG. 7 as including

two transducers 408, in some embodiments, joint balancing apparatus 400 can include more

or fewer transducers 408. In contrast to intermediate portion 216 of knee balancing apparatus

200, intermediate portion 416 extends around the perimeter of the apparatus 400.

Intermediate portion 416 can be fixedly coupled to first portion 402 and second portion 412.

In some embodiments, intermediate portion 416 can extend around first portion 402 and

second portion 412, and, in this manner, can define a fully enclosed volume between first

portion 402 and second portion 412. In other embodiments, intermediate portion 416 can

extend around only a portion of first portion 402 and second portion 412, and, in this manner,

can define a partially enclosed volume between first portion 402 and second portion 412. In

still other embodiments, intermediate portion 416 can include a plurality of intermediate

portions 416 each of which extend around a portion of first portion 402 and second portion

412 to combine to either fully or partially define a volume between first portion 402 and

second portion 412. Depending on the portion of the apparatus 400 around which the

intermediate portion 416 extends, the relative movement of the first portion 402 and the

second portion 412 can be defined. Additionally, depending on the material properties (e.g.,

elasticity) of the intermediate portion 416, the relative motion of the first portion 402 and

second portion 412 can be dictated. As shown in FIG. 7, transducers 408 are disposed within

the volume between first portion 402 and second portion 412. While shown as including only

transducers 408, joint balancing apparatus 500 can also include actuators as described herein.

[1065] Joint balancing apparatus 500 includes first portion 502, a second portion 512, an

intermediate portion 516, and two transducers 508. While depicted in FIG. 8 as including

two transducers 508, in some embodiments, joint balancing apparatus 500 can include more

or fewer transducers 508. As shown in FIG. 8, first portion 502 includes a mount 504

configured to be disposed in a cavity within a first bony structure, and intermediate portion

516 is substantially linear in configuration and is configured to be at least partially disposed



within an aperture 520 of second portion 512. While shown as including only transducers

508, joint balancing apparatus 500 can also include actuators as described herein.

[1066] FIG. 9 is a front cross-sectional view of an example of a transducer 608 in a first

configuration, and FIG 9 is a front cross-sectional view of transducer 608 in a second

configuration. Transducer/actuator 608 can be similar to any of transducers 108, 208, 308,

408, or 508. In this manner, components of transducer/actuator 608 can be similar to and

have similar functions as the corresponding components in any of transducers 108, 208, 308,

408, or 508. By way of example, a fixed portion 646 of transducer/actuator 608 can be

similar in configuration to the fixed portion of transducer 108. Transducer/actuator 608 can

include fixed portion 646, a movable portion 642, and an actuation and electronics assembly

("actuation assembly") 644.

[1067] Fixed portion 646 is configured to be coupled to one of a first portion (not shown)

or a second portion (not shown in FIGS. 9 and 10) of a joint balancing apparatus (not shown

in FIGS. 9 and 10). Fixed portion 646 can be coupled permanently or temporarily to the first

portion or the second portion and can be fixed mechanically, magnetically, and/or

chemically. In this manner, when the first portion moves relative to the second portion, the

location of transducer 608/actuator relative to first or the second portion can be maintained.

[1068] Movable portion 642 is configured to be coupled to the other of the first portion or

the second portion of the joint balancing apparatus, and is operatively coupled to the fixed

portion via the actuation assembly 644. Movable portion 642 can be slidably coupled to the

first portion or the second portion. In this manner, when the first portion moves relative to

the second portion the transducer/actuator 608 can freely slide about the portion to which

movable portion 642 is coupled.

[1069] Actuation assembly 644 can include an actuation mechanism (not shown in FIGS.

9 and 10) configured to move fixed portion 646 relative to movable portion 642 in response

to a received signal, or plurality of signals. A signal can include a signal indicative of a

recommended action or to simulate that recommended action. The actuation mechanism can

be inflatable, piston-based, spring-based, and/or motor based, and can be hydraulic,

pneumatic, electric, magnetic, thermal, piezoelectric and/or manual. Actuation assembly 644

is configured to output data, such as for example, force data, position data, displacement data,

and/or rotation data relating to the interaction of the first portion relative to the second

portion. The electronics mechanism can be configured to output data to a computer system

(not shown in FIGS. 9 and 10), and to receive signals from the computer system. The



electronics mechanism can output data wirelessly or via wire. The electronics mechanism

can be configured to manipulate the actuation mechanism in response to the received signals.

In some embodiments, actuation assembly 644 can be configured to receive signals indicative

of recommended action and/or simulated recommended action.

[1070] By way of a example, transducer/actuator 608 can be in a first configuration.

When in the first configuration, fixed portion 646 can be fixedly coupled to a first portion of

a joint balancing apparatus, and movable portion 642 can be slidably coupled to a second

portion of the joint balancing apparatus. The distance between a distal surface of the second

portion and a proximal surface of the first portion can be height hi. Transducer/actuator 608

can receive a signal indicative of a recommended action and, in order to simulate the results

of the recommended action, the actuation mechanism moves movable portion 642 relative to

fixed portion 646 until the distance between the distal surface of the second portion and the

proximal surface of the first portion, at the position of transducer 608, can be height h2.

[1071] In another example, when in the first configuration, fixed portion 646 can be

fixedly coupled to a first portion of a joint balancing apparatus, but movable portion 642 may

not be slidably coupled to a second portion of the joint balancing apparatus. The distance

between a distal surface of the second portion and a proximal surface of the first portion is

unknown. The actuation mechanism moves movable portion 642 relative to fixed portion

646 until fixed portion 646 is slidably coupled to the second portion. In some embodiments,

the actuation assembly can cause the actuation mechanism to move movable portion 642

relative to fixed portion 646 until fixed portion 646 is slidably coupled to the second portion

and continue to actuate movable portion 642 until a force between the first portion and the

second portion is substantially at a predetermined value, or within a predetermined range. In

such embodiments, the predetermined value can be an expected range of a stable joint.

[1072] In some embodiments, each of a plurality of transducers/actuators 608 can be

actuated such that the output data of each of the transducers indicates substantially the same

force between the first portion and the second portion, and the output data also indicates the

height of each of the transducers 608 at the predetermined force. The output data is analyzed

and/or interpreted via an algorithm and can result in a recommended action that may result in

a change in height of one or more of transducers/actuators 608. By way of example, a first

transducer/actuator may be actuated until the force between a first portion and a second

portion at the location of the first transducer is X, and, at force X the first transducer/actuator

height can be hi. A second transducer/actuator may be actuated until the force between a

first portion and a second portion at the location of the second transducer/actuator is X, and,



at force X the second transducer/actuator height can be h . Each of the first

transducer/actuator and the second transducer/actuator can output force and height data to a

computer system, and the computer system can generate a signal indicative of a

recommended action based on that data. The first transducer/actuator and the second

transducer/actuator can receive the signal from the computer system and can be actuated to

simulate a surgical procedure to simulate the results of the recommended action. In some

embodiments, the simulated procedure can include manipulating other transducers/actuators

to increase or decrease the height of the first transducer/actuator and/or second

transducer/actuator while maintaining the force between the first portion and second portion.

In some embodiments, known forces are applied to simulate various conditions and monitor

the behavior/performance of the apparatus under those conditions (i.e., standing, walking,

running, jumping, etc.).

[1073] In some embodiments (not illustrated) the transducers/actuator are replaced by a

sheet or layer of piezoelectric material configured to perform in substantially the same

manner as described with respect to the transducers/actuators. The piezoelectric material

may cover all or just a portion or certain portions of the second portion of the balancing

apparatus. In some embodiments, the piezoelectric material is configured such that a

movable second portion is not required, but rather the piezoelectric material is sufficiently

flexible enough to be displaced a sufficient amount.

[1074] In some embodiments, each of a plurality of transducers/actuators 608 can be

actuated such that the output data of each of the transducers indicates substantially the same

distance between the first portion and the second portion, and the output data also indicates

the force data of each of the transducers/actuators 608. The computer system can analyze the

output data and can recommend an action that may result in a change in force between the

first portion and the second portion at the location of one or more of transducers/actuators

608. By way of example, a first transducer/actuator may be actuated until the distance

between a first portion and a second portion at the location of the first transducer/actuator is

hi (or some other height), and the force between the first portion and the second portion at

the location of the first transducer/actuator can be X. A second transducer/actuator may be

actuated until the distance between a first portion and a second portion at the location of the

second transducer is hi, and the force between the first portion and the second portion at the

location of the second transducer/actuator can be Y. Each of the first transducer/actuator and

the second transducer/actuator can output force and height data to a computer system, and the

computer system can generate a signal indicative of a recommended action. As the corrective



action is taken by the surgeon, data is output by the transducers/actuators to determine if the

corrective action was effective and appropriate real-time updates are provided.

[1075] FIG. 11 is a flow chart depicting a method 750 for balancing a joint using a joint

balancing apparatus disclosed herein. Method 750 includes outputting a signal including a

first data set, 752. The first data set can be associated with at least one of a force, a position,

a displacement or a rotation associated with a joint balancing apparatus disposed between

first a bony structure of the joint and a second bony structure of the joint. Method 750

includes outputting a second signal, after the performance of at least part of a surgical

procedure based on the first data set, 754. The second signal includes a second data set that

can be associated with at least one of a force, a position, a displacement or a rotation

associated with the joint balancing apparatus after the performance of at least part of the

surgical procedure. Method 750 includes moving a movable portion of an actuator, in

response to a received signal, to cause a first portion of an apparatus to move relative to a

second portion of the apparatus, 756.

[1076] By way of example, and with reference to FIG. 3 and FIG. 4, a method includes

using knee balancing apparatus 200 to balance a knee joint. The method can include one or

more of transducers 208 outputting a signal including a first data set. The first data set can

include, for example, the force between first portion 202 and second portion 212 at each

transducer location. More specifically, transducer 208A and transducer 208B can each output

a signal indicating a force of X, and transducer 208C and transducer 208D can each output a

signal indicating a force of Y, force Y being lower than force X. In some embodiments, each

of the forces output by the transducers is different. In some embodiments, transducers 208

can output the signal while the knee joint is moving from a first position of a range of motion

to a second position of a range of motion. In some embodiments, transducers 208 can output

a plurality of signals while the knee joint is moving from a first position of a range of motion

to a second position of a range of motion. The signal including the first data set can be

received by a computer system, and the computer system can generate a signal indicative of a

recommended action, for example, a surgical procedure to lower force X and/or raise force Y.

In some embodiments, the recommended action can include modifying one or more

connective tissues and/or making one or more bone cuts.

[1077] In some embodiments, each of transducers/actuators 208 can receive the signal

from the computer system, and can move each of the movable portions relative to each of the

fixed portions, as needed, to simulate the recommended action. The method can include one

or more of transducers 208 outputting a second signal including a second data set. The



second data set can include, for example, the force between first portion 202 and second

portion 212 at each transducer location, after moving the movable portions of the transducers

208 relative to the fixed portions of the transducers/actuators 208. More specifically,

transducer/actuator 208A and transducer/actuator 208B can each output a signal indicating a

force of X, and transducer/actuator 208C and transducer/actuator 208D can each output a

signal indicating a force of Y, force Y being substantially the same as force X. In some

embodiments, transducers/actuators 208 can output the second signal while the knee joint is

moving from a first position of a range of motion to a second position of a range of motion.

In some embodiments, transducers/actuators 208 can output a plurality of second signals

while the knee joint is moving from a first position of a range of motion to a second position

of a range of motion. In this example, because the force X and the force Y are substantially

the same, the surgeon can complete the recommended action.

[1078] Once the surgeon is satisfied that the knee is appropriately balanced (i.e., the soft

tissue as well as the hard tissue), the apparatus 200 (similarly 100, 300, 400, 500, etc.) can be

removed from the body. The surgeon can subsequently place a more permanent or final

implant in its place. The dimensions and physical characteristics of the final implant are

substantially the same as the balancing apparatus. Thus, when the final implant is in position,

the knee remains properly balanced.

[1079] While various embodiments have been described above, it should be understood

that they have been presented by way of example only, and not limitation. Where methods

described above indicate certain events occurring in certain order, the ordering of certain

events can be modified. Additionally, certain of the events can be performed concurrently in

a parallel process when possible, as well as performed sequentially as described above.

Although various embodiments have been described as having particular features and/or

combinations of components, other embodiments are possible having a combination of any

features and/or components from any of embodiments where appropriate. By way of

example, the examples and embodiments described with reference to transducer 608 can be

applicable to the other transducers described and to the associated joint balancing apparatus.

[1080] Some embodiments described herein relate to a computer storage product with a

non-transitory computer-readable medium (also can be referred to as a non-transitory

processor-readable medium) having instructions or computer code thereon for performing

various computer-implemented operations. The computer-readable medium (or processor-

readable medium) is non-transitory in the sense that it does not include transitory propagating

signals per se (e.g., a propagating electromagnetic wave carrying information on a



transmission medium such as space or a cable). The media and computer code (also can be

referred to as code) can be those designed and constructed for the specific purpose or

purposes. Examples of computer-readable media include, but are not limited to: magnetic

storage media such as hard disks, floppy disks, and magnetic tape; optical storage media such

as Compact Disc/Digital Video Discs (CD/DVDs), Compact Disc-Read Only Memories (CD-

ROMs), and holographic devices; magneto-optical storage media such as optical disks;

carrier wave signal processing modules; and hardware devices that are specially configured to

store and execute program code, such as Application-Specific Integrated Circuits (ASICs),

Programmable Logic Devices (PLDs), Read-Only Memory (ROM) and Random-Access

Memory (RAM) devices.

[1081] Examples of computer code include, but are not limited to, micro-code or micro

instructions, machine instructions, such as produced by a compiler, code used to produce a

web service, and files containing higher-level instructions that are executed by a computer

using an interpreter. For example, embodiments can be implemented using Java, C++, or

other programming languages (e.g., object-oriented programming languages) and

development tools. Additional examples of computer code include, but are not limited to,

control signals, encrypted code, and compressed code.

[1082] While various embodiments have been described above, it should be understood

that they have been presented by way of example only, not limitation, and various changes in

form and details can be made. By way of example, while knee balancing apparatus 200 is

described as having a post-shaped intermediate portion 216, in some embodiments, knee

balancing apparatus 200 can include an intermediate portion, similar to intermediate portion

416 shown in FIG. 5 . Any portion of the apparatus and/or methods described herein can be

combined in any combination, except mutually exclusive combinations. The embodiments

described herein can include various combinations and/or sub-combinations of the functions,

components and/or features of the different embodiments described.

[1083] In some embodiments, the balancing apparatus does not include an intermediate

portion. In such an embodiment, the transducers themselves act to limit/define the relative

movement of the second portion of the apparatus with respect to the first portion of the

apparatus.



What is claimed is:

1. An apparatus, comprising:

a first portion configured to be coupled to a first bony structure;

a second portion configured to be coupled between the first portion and a second

bony structure, the second bony structure being disposed opposite the first bony structure;

and

at least one of a transducer and an actuator coupled between the first portion and

the second portion.

2 . The apparatus of claim 1, wherein the transducer is one transducer from a plurality

of transducers, each transducer from the plurality of transducers configured to output data

associated with the apparatus.

3 . The apparatus of claim 2, wherein the data includes at least one of force data,

position data, displacement data or rotation data.

4 . The apparatus of claim 2, wherein the transducer is configured to output the data

during a surgical procedure.

5 . The apparatus of claim 1, further comprising a mount coupled to the first portion,

the mount configured to be coupled to the first bony structure.

6 . The apparatus of claim 2, wherein the mount is removably coupled to the first

portion.

7 . The apparatus of claim 1, further including an intermediate portion, disposed

between the first portion and the second portion, configured to restrict the movement of the

first portion relative to the second portion.

8. The apparatus of claim 6, wherein the intermediate portion is one of a post, a

bearing, or a gasket.

9 . The apparatus of claim 1, further including a flexible member, disposed between

the first portion and the second portion, configured to limit a movement of the first portion

relative to the second portion.

10. The apparatus of claim 1, wherein at least one of the transducer or the actuator

includes a fixed portion coupled to one of the first portion or the second portion, and a

movable portion coupled to the other of the first portion or the second portion and movable

relative to the fixed portion.



11. The apparatus of claim 1, wherein the actuator is configured to receive data

associated with a simulated surgical procedure.

12. The apparatus of claim 1, wherein the first bony structure and the second bony

structure include one of (1) a portion of a tibia and a portion of a femur, (2) a portion of a

humerus and a portion of a scapula, (3) a portion of a femur and a portion of a pelvis, (4) a

portion of a vertebra and a portion of an adjacent vertebra, (5) a portion of a humerus and a

portion of an ulna, (6) a portion of a tibia and a portion of a talus (7) a portion of a radius or

an ulna and a bone of the hand, or (8) a first bone of a finger and a second bone of a finger.

13. The apparatus of claim 1, wherein at least one of the transducer or the actuator

includes a fixed portion fixedly coupled to one of the first portion or the second portion, and a

movable portion slidably coupled to the other of the first portion or the second portion and

movable relative to the fixed portion.

14. The apparatus of claim 1, wherein the transducer is configured to move the first

portion relative to the second portion in response to data associated with a proposed surgical

procedure.

15. The apparatus of claim 14, wherein the simulated surgical procedure is one of

modifying a connective tissue or changing an angle of a bone cut.

16. A method, comprising :

outputting a signal including a first data set associated with at least one of a force,

a position, a displacement or a rotation associated with an apparatus disposed between a first

bony structure and a second bony structure, the apparatus including a first portion configured

to be coupled to the first bony structure, a second portion configured to be disposed between

the first portion and the second bony structure, and a transducer and an actuator disposed

between the first portion and the second portion;

outputting a signal including a second data set, the second data set associated with

at least one of a force, a position, a displacement or a rotation associated with the apparatus

after the performance of at least a part of a surgical procedure, the surgical procedure based at

least in part on a recommendation based on the first data set; and

moving in response to a received signal a movable portion of an actuator, the

movable portion of the actuator causing one of the first and second portion of the apparatus to

move with respect to the other of the first and second portion of the apparatus.



17. The method of claim 16, wherein the outputting the signal includes outputting a

plurality of signals while the first bony structure is moved through a full range of motion with

respect to the second bony structure.

18. The method of claim 16, wherein the surgical procedure is associated with one of

modifying a connective tissue or an angle of a bone cut.

19. The method of claim 16, wherein the signal including the first data set is output

when a pressure measurement is above a predetermined threshold.

20. The method of claim 16, the transducer being one transducer from a plurality of

transducers, the first portion of the apparatus being substantially parallel to the second portion

of the apparatus, the method further comprising:

measuring a force associated with each transducer from the plurality of

transducers;

comparing the force associated with each transducer from the plurality of

transducers to the force associated with at least one other transducer from the plurality of

transducers.

21. The method of claim 16, wherein the first bony structure and the second bony

structure include one of (1) a portion of a tibia and a portion of a femur, (2) a portion of a

humerus and a portion of a scapula, (3) a portion of a femur and a portion of a pelvis, (4) a

portion of a vertebra and a portion of an adjacent vertebra, (5) a portion of a humerus and a

portion of an ulna, and (6) a portion of a tibia and a portion of a talus.

22. A non-transitory processor-readable medium storing code representing

instructions to cause a processor to:

receive a signal including a first data set associated with at least one of a force, a

position, a displacement or a rotation associated with an apparatus disposed between a first

bony structure and a second bony structure, the apparatus including a first portion configured

to be coupled to the first bony structure, a second portion configured to be disposed between

the first portion and the second bony structure, and a transducer disposed between the first

portion and the second portion;

generate, based on the first data set, a recommended action to complete a surgical

procedure, the generating occurring during the surgical procedure.



23. The non-transitory processor-readable medium of claim 22, wherein the code

representing instructions to cause a processor to receive the signal includes code to receive

the signal as the apparatus is moved through a predefined range of motion.

24. The non-transitory processor-readable medium of claim 22, wherein the code

representing instructions to cause a processor to receive the signal includes code to receive a

plurality of signals as the first bony structure is moved through a predefined range of motion

with respect second bony structure.

25. The non-transitory processor-readable medium of claim 22, further including code

representing instructions to cause a processor to receive a signal including a second data set,

the second data set associated with at least one of a force, a position, a displacement or a

rotation associated with the apparatus after the performance of at least a part of a surgical

procedure.

26. The non-transitory processor-readable medium of claim 22, wherein the

transducer being one transducer from a plurality of transducers, the first portion of the

apparatus being substantially parallel to the second portion of the apparatus, further including

code representing instructions to cause a processor to:

receive a plurality of signals each including a force associated with one of the

transducers from the plurality of transducers;

compare the force associated with each transducer from the plurality of

transducers to the force associated with at least one other transducer from the plurality of

transducers.





















INTERNATIONAL SEARCH REPORT International application No.

PCT/US 12/54618

A . CLASS I FICATION O SUBJECT M ATTER
IPC(8) - A61 B 5/1 03 (201 3.01 )
USPC - 600/595

According to International Patent Classification (IPC) or to both national classification and IPC

. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8): A61B 5/103 (2013.01)
USPC: 600/595

Docuincniation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC: 600/587, 595; 623/20.14, 914, 18.1 1, 20.16, 20.21 , 20.28, 20.29, 20.30-20.36; 606/88, 87, 86; 73/781 , 862.041

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PatBase; Google Scholar; PubWEST
TERMS: Knee, balance, force, position, monitor, detect, sensor, transducer, actuator, pressure, tibia, femur, femoral, pre-operative, pre-
surgical, feedback, predetermined, range, threshold, attach, couple, fasten, simulated, data

C . DOCUMENTS CONSIDERED T O B E RELEVANT

Category* Citation o f document, with indication, where appropriate, o f the relevant passages Relevant to claim No.

US 2007/0234819 A 1 (Amirouche et al.) 11 October 2007 ( 1 1.10.2007); Fig. 10; para[0071]- 1-4, 7-8, 10, 12-13
[0073]; Figs. 3-4; para[0059]-[0060];

US 2010/0249533 A 1 (Pierce et al.) 30 September 2010 (30.09.2010); Figs. 1-6; para[0045]- 1-4, 10-12, 14-26
[0048], [0057]-[0065], [0070], [0078], [0080], [0094], [0200]

US 2005/0177169 A 1 (Fischer et al.) 11 August 2005 ( 11.08.2005); Figs. 1A-1E; para[0061], 1, 5, 6, 9 , 12
[0066]; Fig. 4B; para[0072]

US 2004/0064191 A 1 (Wasielewski) 0 1 April 2004 (01 .04.2004); entire document 1-26

US 2004/0019382 A 1 (Amirouche et al.) 29 January 2004 (29.01 .2004); entire document 1-26

US 2006/0009856 A 1 (Sherman et al.) 12 January 2006 (12.01 .2006); entire document 1-26

[ [ Further documents are listed in the continuation o f Box C . [ |

* Special categories of cited documents: later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on o after the international document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts o priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
O" document referring lo an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
"P" document published prior lo the international filing date but later than document member of the same patent family

the priority date claimed

Date o f the actual completion o f the international search Date o f mailing o f the international search report

07 February 2013 (07.02.2013) 1 5 F EB 2013

N am and mailing address o f the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W . Young
P.O. Box 1450. Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Form PCT/1SA/2 10 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 12/54618

lio.v No. II Observations where cerliiin claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

□ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

□ Claims Nos.:
because ihcy are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation ol' item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows.
see extra sheet

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

□ As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

□ As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest | The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

I I The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment o f additional search fees.

Form PCT/1SA/2 10 (continuation of first sheet (2)) (July 2009)



TERNAT ONA SEARCH REI'OKT International application No.

PCT/US 12/54618

Box III.

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1 . In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-15, drawn to a knee balancing apparatus, comprising:
a first portion configured to be coupled to a first bony structure;
a second portion configured to be coupled between the first portion and a second bony structure, the second bony structure being
disposed opposite the first bony structure; and
at least one of a transducer and an actuator coupled between the first portion and the second portion.

Group II: Claim 16-26 drawn to a method for using the knee balancing apparatus.

The inventions listed as Groups I - II do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Groups l-ll are related as an apparatus (Group I) and a method of using the apparatus (Group II), and share the technical features of the
apparatus of claim 1. However, these shared technical features fail to provide a contribution over the prior art of US 2007/0234819 A 1
to Amirouche et al. (hereinafter Amirouche) which discloses a knee balancing apparatus (Abstract), comprising:
a first portion configured to be coupled to a first bony structure (Fig. 10; para[0071]-[0073]);
a second portion configured to be coupled between the first portion and a second bony structure, the second bony structure being
disposed opposite the first bony structure (Fig. 10; para[0071]-[0073]); and
at least one of a transducer and an actuator coupled between the first portion and the second portion (Fig. 10; para[0071]-[0073]; One
or more sensors 310 embedded within enclosure 1014 sense the deformation and generate a representative output signal).

Consequently, the inventions of Groups l-ll lack unity of invention under PCT Rule 13 because they do not share a same or
corresponding special technical feature providing a contribution over the prior art.

Form PCT/ISA/2 10 (extra sheet) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

