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HIP IMPLANT REGISTRATION IN COMPUTER ASSISTED SURGERY

[001] Related Applications

[002] This application claims priority from United States provisional utility application

60/989,103 filed November 19, 2007 by the present inventor, entitled "Hip Implant Registration in

Computer Assisted Surgery", the entire contents of which are expressly incorporated herein by

reference and relied-upon.

[003] Technical Field

[004] The present invention relates generally to a system and method for computer-

assisted Surgery (CAS), particularly in Total Hip Arthroplasty

[005] Background

[006] It is known in the art to replace a natural hip joint with an artificial hip cup and stem

replacement. Numerous artificial implants are available that can be installed to replace the

natural joint with an artificial ball and socket combination. The medullary canal may be opened

using a reamer to create a passage through the medullary canal in the upper end of the femur

where a hip stem may be implanted. A stem or femoral component of an artificial implant is

inserted into the reamed portion of the medullary canal in a secure seated position. Typically,

femoral implants include a neck member that extends outward and away from the stem and

terminates in a spherical knob for insertion into the acetabular implant of the hip in rotational

contact throughout the three major orthogonal axes. The acetabular socket implants consist of a

bowl or cup shaped device that is secured to the matching cup shaped dimension of the hip joint

acetabulum.

[007] Component malposition of the artificial implants has been recognized as an

important source of problems or complications including fixation failure, limb length discrepancy,

excessive wear, and dislocations. Dislocations may be related to component orientation, soft-



tissue tension, or failure to restore hip biomechanics. [21 ' 22] Many of these factors are under the

control of the surgeon. Ideally, the surgical intervention should reestablish the center of the hip

joint to the anatomical center which typically will be the concentric center of the acetabulum. For

certain reasons, the surgeon may desire to medialize this center or move the centrum to a more

superior and medial non-anatomical position. Placement of the femoral component requires

insertion of the body or stem of the implant into the medullary canal of the femur. The positional

aspects of insertion relate to alterations of leg length and the amount of offset of the new artificial

center of the femur compared to the original anatomical position. I12]

[008] Change in leg length of the lower extremity can be determined by measuring: 1) the

change of the artificial acetabular center from the normal anatomical center; and 2) the change

of the artificial femoral center from the normal anatomical center. I24] The arthritic disease

process with loss of the normal articular cartilage surfaces may diminish the leg length from

normal. The surgeon then has several reasons to optimize leg length which includes restoring

the leg to normal and to restore the length to match the contralateral leg. The femoral offset is

the measure of distance from the anatomical center of the hip to an arbitrary position of the

proximal femur such as the tip of the greater trochanter or a radiographic line that is centered on

the anatomical axis of the proximal femoral shaft. [20] The femoral offset is increased during the

operative intervention if the distance from the femoral center to the lateral reference is increased.

Conversely, offset is diminished if the distance is decreased. The surgeon may desire to restore

the offset that is determined to be normal or anatomical as this may best restore the normal

functional muscle and soft tissue length. Biomechanical reasons may also lead to increasing the

offset, as the lever arm for hip abduction may be made more favorable with this increase.

[009] Another aspect of correct component position is the risk for component dislocation or

disarticulation. This risk can be increased by malposition of the implants. [17] Adequate soft

tissue tension is needed to keep the components in position and this will be decreased if the

offset is inadequate. Positioning of both the acetabular and femoral components is another

important factor determining stability. Excessive anteversion or retroversion of the acetabular

component can lead to instability. Optimally, this position should be at about 40° of inclination

from the transverse plane and 15° anteversion from the sagittal plane. One study demonstrated

a four-fold increase in the potential for prosthetic dislocation if the position exceeded 10° from

these optimal locations. t10] Another problem for acetabular position is the relationship of the

pelvis to the longitudinal body plane. This also will affect the ultimate stability of the component

by altering the acetabular component position. Femoral component version is less well



understood but it has been recognized that adverse anteversion of both the cup and stem can

lead to instability. With standard implant insertion through the conventional surgical approach,

trial and final reduction or rearticulating of the prosthetic implants requires the surgeon or the

assistant to manually distract the lower extremity to the extent that the devices are manipulated

to the normal position. If this position is too long or too short, the final prosthetic position will to

too tight or too loose, requiring adjustment. Adjustments could include driving the femoral

prosthesis into the femoral intramedullary canal or placing a larger prosthesis that will tend to

add length as the prosthesis cannot be advanced as far. This fitting process can become

cumbersome, and an optimal scenario would include the use of a system that precisely

determines the prosthetic position. [19] Approaching such precision would, therefore, tend to

minimize the conventional 'trial and error' method of repeated prosthetic reductions.

[0010] Another innovation has been to substantially diminish the surgical exposure through

a limited or minimally invasive approach. This evolutionary method decreases damage to the

local tissues, decreases blood loss, and expedites patient recovery. [16] The method is more

exacting because less anatomical structures are violated, at the expense of limited access of

certain landmarks. The surgeon has more difficulty recognizing structures that guide typical

bone resection. Computer assisted surgery (CAS) or navigation has emerged as a new method

that will give the surgeon intraoperative positional information to improve component position.

For minimally invasive surgery, the CAS system may enhance the understanding of the normal

anatomy and allow precise direct placement of trial implants, minimizing the 'trial and error'

method of optimizing prosthetic placement. t9] The basic components of a CAS system are the

computer which will record and integrate three dimensional position data; a positional data

gathering tool which could be optical, ultrasound, electromagnetic, or radio frequency; and the

targeted rigid bodies that are defined to the computer by a referencing protocol. Dynamic rigid

bodies may be a human anatomical structure, a surgical instrument, a joint prosthesis, or a

positional marker. These rigid bodies are then portrayed in a 'virtual' three dimensional

computer representation where the surgeon may readily understand the positional inter¬

relationships.

[001 1] CAS of the hip joint for prosthetic arthroplasty initiated with methods that delineate

the anterior plane of the pelvis. [18] The anterior pelvic plane is in the coronal plane of the

human body and connects the points of the two anterior superior iliac spines and the pubic

tubercles. This plane then describes an x-y-z axis that allows the computer to measure various

points about the pelvis, such as the anatomical hip center, the acetabular center, the femoral



center, femoral offset and the leg length. The first important application in orthopaedic surgery

was using this framework to enable guidance of acetabular component insertion where the

surgeon could monitor in real time the inclination and anteversion of acetabular prosthetic

positioning. Various methods have been developed to measure and describe the anatomical

points used by the surgeon. The hip femoral pivot method uses a referenced femur, which when

moved in a circular fashion, will define the focus of the cone shaped movements as the

anatomical hip center. [11] Another method allows the surgeon to use digital radiographs or

images where the surgeon picks the anatomical center by assessing the center of the

acetabulum and femoral head. A third method, the least squares method, picks the instant

center based on a series of reference points that describe the floor of the acetabulum. Recent

CAS systems have navigated femoral position in relation to the pelvic reference by establishing

a point of reference on the proximal femur and then monitoring this position during the surgical

procedure. Typical outputs may include leg length measure, femoral offset measure, and

femoral stem anteversion measure. However, most recent CAS systems can only measure the

beginning and final positions of the femur in relation to the pelvis and do not eliminate the 'trial

and error' method of placing the implants and doing reductions to assess the effects of this

positioning. [14' 15] Thus, methods of minimally invasive surgery (MIS) would welcome further

advantages of improved CAS techniques in measuring anatomical and prosthetic objects. l131

[0012] A device and a method for implanting artificial joint components are known from US.

Patent No. 5,995,738. This Digioia patent creates an artificial component model that allows

three dimensional simulation of limb range of motion of the femur and acetabulum driving the

surgical procedure. Based on this patient specific determination, the acetabulum component

can then be guided to the resolved "optimal position". The computer assisted surgical system

used to track references fixed to patient bones and surgical instruments is described in greater

detail in commonly assigned U.S. Patent No. 6,315,659. That patent describes the ability of the

CAS system to render the momentary positional data of the patient and that of surgical

instruments and apparatus employed in the operation, visibly on the display terminal of the

computer. It is known that some devices exist to measure intraoperative^ stem position. l1>4>6] It

is known that some devices exist to measure intraoperatively acetabular component position. l1>2'

3 5 It is known that some devices exist to measure both stem and acetabular relative positions

when the hip is anatomically reduced. [1>61 The Grimes patent registers the anatomical

dimensions of the implants for image guided implant insertion. I8]



[0013] Prior approaches have not sought to directly measure the position of the femur and

acetabulum independently of each other and based upon a unifying reference point which, in the

case of the present invention, is the anatomical hip center.

[0014] Neither have others sought a single device to measure both stem and cup position,

which offers the advantage of simplifying the ergonomics.

Nor have others sought a device intended to be used when the hip is dislocated, which would

offer the advantage of accelerating the decision process, by avoiding reducing the hip to

measure prosthesis implant positions then dislocating the hip to change the implant type if

necessary.

SUMMARY O F THE INVENTION, OBJECTS AND ADVANTAGES

[001 5] According to an aspect of the present invention there is provided a computer

assisted surgical navigation system for registering the position of prosthetic hip joint

components. The system includes a first reference element applied to the pelvis that generates a

first three-dimensional dynamic reference body, which is independently registered in the system.

A second reference element is applied to the femur that generates a second three-dimensional

dynamic reference body, which is independently registered in the system. A three-dimensional

dynamic reference point derived from the first and second dynamic arrays represents the native

anatomical center, which is independently registered in the system A tracking device generates

a third three-dimensional dynamic reference array, which is independently registered in the

system. The device has a pre-determined shape and dimensions that precisely articulate with an

acetabular component. The device has a further shape and dimensions that independently

articulate precisely with a neck portion of a femoral component, representing a prosthetic joint

center independently registered in the system. The tracking device concurrently registers in the

system the three dimensional positions of the femoral and acetabular prosthetic components, the

prosthetic joint center and the native anatomical joint center, respectively. This enables the

surgical team to intraoperatively represent alterations in three dimensional location of the leg

length and offset prior to any reduction of the prosthetic joint. In a preferred embodiment, there

is an optical camera registered in the system for tracking the device. In another preferred

embodiment, the tracking device is a hemispherical ball having a pre-determined geometry and

dimensions, which precisely articulate with the acetabular component. In yet another preferred

embodiment, the tracking device is a hemispherical ball having a further pre-determined

geometry and dimensions, which precisely articulate with the neck, more preferably with a



modular neck and also more preferably via a slot in the ball that receives a trunion from the

neck. In still another preferred embodiment, the reference elements each have individualized

arrangements of optical markers. In still a further preferred embodiment, the tracking device may

be attached to a trial implant or broach instrument, or to a primary implantable femoral

component. More preferably, any of the trial and broach instruments and primary implant may

be modular.

[0016] According to an aspect of the present invention there is provided a computer

assisted surgical navigation system for registering the position of prosthetic hip joint

components. The system includes a first reference element applied to the pelvis that generates

a first three-dimensional dynamic reference array, which is independently registered in the

system. A second reference element is applied to the femur that generates a second three-

dimensional dynamic reference array, which is independently registered in the system. A three-

dimensional dynamic reference point is derived from the first and second dynamic arrays and

represents the native anatomical center, which is independently registered in the system. A

third three-dimensional dynamic reference point represents the native anatomical center, which

is derived from the first and second dynamic arrays and independently registered in the system.

A tracking device generates a third three-dimensional dynamic reference array, which is

independently registered in the system. The device has a pre-determined hemispherical ball

shape and dimensions that precisely articulate with an acetabular component. The device has

a further pre-determined shape and dimensions that independently and precisely articulate with

a modular neck of a femoral component, representing a prosthetic joint center that is

independently registered in the system. The tracking device concurrently registers in the

system the three dimensional positions of the femoral and acetabular prosthetic components,

the prosthetic joint center and the native anatomical joint center, respectively. This enables the

surgical team to intraoperative^ represent alterations in three dimensional location of the leg

length and offset prior to any reduction of the prosthetic joint.

[0017] According to another aspect of the present invention there is provided a method for

registering the position of prosthetic hip joint components during a total joint arthroplasty

procedure. The method provides a computer assisted three-dimensional surgical navigation

system. The method includes the step of applying a first reference element to the pelvis,

generating a first three-dimensional dynamic reference array and independently registering the

first array in the system. Another step is applying a second reference element to the femur,

generating a second three-dimensional dynamic reference array and independently registering



the second array in the system. A three-dimensional dynamic reference point is derived from

the first and second dynamic arrays and represents the native anatomical center, which is

independently registered in the system. The method provides a tracking device with a pre¬

determined shape and dimensions, generating a third three-dimensional dynamic reference

array representing the device and independently registering it in the system. The method

precisely articulates the device independently with a correspondingly shaped and sized

acetabular cup component and a neck portion of a femoral component, representing a

prosthetic joint center and independently registering it in the system. The method concurrently

registers the three-dimensional positions of the femoral and acetabular components, the

prosthetic joint center and the native anatomical joint center, respectively, in the system. This

method enables the surgical team to intraoperatively represent alterations in three dimensional

location of the leg length and offset in the system, prior to any reduction of the prosthetic joint.

[001 8] In a preferred embodiment, the method includes the step of tracking the device using

an optical camera registered in the system and, more preferably, providing the first and second

reference elements with individualized arrangements of optical markers. Another preferred

step is providing the device with a hemispherical ball shape having pre-determined dimensions

and precisely articulating the ball with the acetabular cup component. Yet another preferred

method step is providing the device with a hemispherical ball shape having pre-determined

dimensions and precisely articulating the ball with the neck of the femoral component, more

preferably, the femoral component is provided with a modular neck. Also more preferred is the

method step of providing the ball with a slot that engages a trunion on the neck of the femoral

prosthesis. In yet a further preferred embodiment. In still a further preferred embodiment, the

tracking device may be attached to a trial implant or broach instrument, or to a primary

implantable femoral component. More preferably, any of the trial and broach instruments and

primary implant may be modular.

[0019] According to a preferred embodiment, a computer assisted surgical navigation

system is provided for registering the position of prosthetic hip joint components. An optical

reader or camera is registered in the system. A first reference element is applied to the pelvis

including an individualized arrangement of optical markers that generates a first three-

dimensional dynamic reference array, which is independently registered in the system. A

second reference element is applied to the femur including another individualized arrangement

of optical markers that generates a second three-dimensional dynamic reference array, which is

independently registered in the system. A three-dimensional dynamic reference point is



derived from the first and second dynamic arrays and represents the native anatomical center,

which is independently registered in the system. A tracking device discernable by the camera

or reader generates a third three-dimensional dynamic reference array, which is independently

registered in the system. The device has a pre-determined hemispherical shape and

dimensions that precisely articulate with an acetabular cup component. The device

independently has a further geometry and dimension that precisely articulate with a neck of a

femoral component to represent a prosthetic joint center, which is independently registered in

the system. The tracking device concurrently registers the three dimensional positions of the

femoral and acetabular components, the prosthetic joint center and the native anatomical joint

center, respectively, in the system. This enables the surgical team to intraoperatively represent

alterations in three dimensional location of the leg length and offset prior to any reduction of the

prosthetic joint. In a preferred embodiment, the system is provided with a femoral component

that is a trial instrument or broach adapted for precisely articulating with the tracking device.

[0020] It is an object of the present invention to enable minimally invasive methods by

providing a measuring device that can be engaged with the prosthetic targets through a limited

surgical approach. That is, the present invention creates a reference tool that allows the

surgeon to position the hip prosthetic implants using the computer to predict the final prosthetic

position in relation to the various anatomical and 'virtual' points.

[0021] An advantage of the present CAS system is that the positions of the anatomical

features are established in a three dimensional model, prior to any surgical manipulations such

as cutting the bone of the proximal femur. More advantageously, with this information the

preliminary prosthetic sizing options may be rendered by the computer. By directly measuring

the prosthetic hip center of the two components (the femoral head and the acetabular cup)

independently of each other, the surgeon can actually make changes or improvements in the

final position.

[0022] Another advantage of the present invention is a system that will eliminate or reduce

the time needed for performing the empirical trial reductions to assess implant position and soft

tissue tension. That is, a surgery that is quicker, cheaper and less complex. By improving the

precision of leg alignment and ligament balancing, two of the most important factors

determining long term outcome are affected.



[0023] Yet another advantage is a reference tool to gauge whether the surgeon has

changed the center position of the hip joint in preparation of the anatomical acetabulum and

proximal femur for accepting the prosthetic components- without reduction of the joint.

[0024] The features and advantages of the disclosure will be set forth in the description

which follows, and in part will be apparent from the description, or may be learned by the

practice of the disclosure without undue experimentation. The features and advantages of the

disclosure may be realized and obtained by means of the instruments and combinations

particularly pointed out in the appended claims.

BRIEF DESCRIPTION

[0025] Fig. 1 is an elevational view of a preferred reference element with optical markers,

representing its three-dimensional dynamic reference array in the navigation system of the

present invention;

[0026] Fig. 2A is an sectional view of a reference element of Fig. 1 assembled with the

tracking device shown as a hemispherical ball with a trunion hole and a handle for surgical

manipulation, to register the device in the surgical navigation system according to the present

invention;

[0027] Fig. 2B is a partial perspective view of Fig. 2A;

[0028] Fig. 3A is a sequential view of Fig. 1, assembled with a handle similar to Fig. 2A

with the tracking device shown as the preferred hemispherical ball with a trunion hole and a

handle for surgical manipulation, to register the device in the surgical navigation system

according to the present invention;

[0029] Fig. 4 is an elevational view of the native anatomical femur shown with a reference

element similar to that shown in Fig. 1 according to the invention, and further indicating the

center of the femoral head;

[0030] Fig. 5 is an elevational view of the native anatomical pelvis shown with a reference

element similar to that shown in Fig. 4 according to the present invention, which further depicts

the center of the acetabulum;



[0031] Fig. 6 is a sequential view of Fig. 5 showing the native anatomical hip joint

articulated (together with reference elements applied to the femur and pelvis per Fig. 4 for

registration in the navigation system according to the present invention), indicating the center of

the native hip joint;

[0032] Fig. 7 is an exploded view showing articulation of the preferred tracking ball with the

neck of the femoral component along an axis of the neck (large arrow), indicating the precisely

known center of the ball relative to the neck size and dimensions as contemplated by the present

invention;

[0033] Fig. 8 is a sequential view of Fig. 7 showing insertion of the preferred tracking ball

onto the neck of a femoral component along an axis (large arrow), indicating the precisely known

center of the ball relative to the neck size and dimensions contemplated by the present

invention;

[0034] Fig. 9 is an exploded view showing assembly of the preferred tracking ball onto the

neck of the femoral component along an axis of the neck (large arrow), indicating the precisely

known center of the ball relative to the neck size and dimensions contemplated by the present

invention;

[0035] Fig. 10 is a sequential view of Fig. 9 showing the preferred tracking ball articulated

with the acetabular cup component registering the precisely known center of the prosthetic joint

according to the present invention;

[0036] Fig. 11 is a partial sectional view of Fig. 10 showing the articulated prosthetic hip

joint components; and

[0037] Fig. 12 is a surgical procedure flow diagram, showing a Protocol 1 for femoral

components having a non-modular neck, and a Protocol 2 for a modular neck.

DETAILED DESCRIPTION

Introduction to computer navigation and trackers



[0038] The present invention is used in combination with a Computer Assisted Surgical

(CAS) System. The localization principle of the CAS system may be based on optic, magnetic,

radio-frequency, ultrasound measurement technologies or articulated passive or robotic arms.

Tracker description

[0039] Referring to Figs. 1-12, a tracker 1 is a device that is localized by the localizer

system 3 of the CAS system. For each tracker is defined a unique coordinate system (O X Y, Z)

2 , also called a reference. One tracker is fixed on the femur 13 (Fig. 4), one on the pelvis 14

(Fig. 5), and one on the Device 5 (Fig. 2). By measuring those trackers in real-time, the localizer

system provides the relative position of the femoral reference, the pelvis reference, and the

Device reference during the surgical procedure. For convenience purpose, the tracker is

represented in all figures by 3 branches device with 3 spherical balls, as it looks like for an

optical passive wireless tracker like standard Spectra camera from Northern Digital Inc. (Ontario,

Canada), even if the tracker technology may be not optical, but magnetic, ultrasounds, radio-

frequency, or robotics.

Tracking software

[0040] A reference 4 is also attached to the localizer system 3 . For each tracker 1 detected

by the localizer system 3, the localizer system 3 gives the transformation matrix, composed of 3

translations and 3 rotations, between the localizer reference 4 and the tracker reference 2 . As an

example, if MF is the matrix between the localizer reference and the femoral reference, and if

MDj is the matrix between the localizer reference and the Device reference, then the relative

position M1between the Device reference and the femoral reference is M1= MD 1 . MF . With this

method one can express every geometrical data (point, line, shapes) that are known in a given

reference into another reference. As an example, if C is the 3D point corresponding to the ball

center 9 expressed by its coordinates (x, y, z) in the Device reference, and if C is the 3D point

corresponding to the ball center 9 in the femoral reference, expressed by (x\ y', z'), then C = M1.

C. This typical workflow for transferring geometrical from one reference to another is described

in Fig. 13.

Device description



[0041] The Device, described in Fig.2, is composed of a tracker 5 to allow the CAS system

to track the whole Device. The tracker is mounted on a handle 6. The handle helps the operator

manipulating the Device. A reproducible fixation system 7 allows the operator to assemble and

disassemble easily the ball 8 during the surgical procedure. The ball contains a tapered trunion

hole 10 that fits with femoral necks. The geometry of the Device is perfectly known, meaning that

the coordinate of the trunion hole axis 11, and the ball center 10 are perfectly known in the

tracker reference 5 .

Tracker fixation description

[0042] Preferably, the tracker fixation 7 allows the operator to assemble and disassemble

the tracker easily from the ball. One may provide the operator with several ball types, such as

different combinations of diameters and trunion hole shapes, which implies that the operator

changes the ball before or during the surgery. The fixation is reproducible and the components

geometry is perfectly known, so that once the ball is attached to the tracker, the ball position is

known in the tracker reference. Preferably, the fixation is manipulated without any tool such as

screwdriver. Optionally, the tracker fixation can be fixed and rigid, with no possibility to

disassemble the ball.

Femoral neck registration

[0043] For a large majority of hip implants, the top part of the prosthetic femoral neck (Fig.7)

22 can be modeled by a cone, with a revolution axis, called the neck axis 21. In addition, there

are few cone types, in order to allow a cup and head manufacturer to be compatible with other

manufacturer's stems. The invention is best used with the cones that are standardized, which

represents a very large proportion of the market, or it is necessary to know the specific geometry

of cones for other cases. The trunion hole 10 is designed to fit with a total hip prosthetic femoral

neck so that there is a unique reproducible position of the ball with respect to the femoral neck,

except around the neck axis. Once in position (Fig. 8), the trunion hole axis 11 and the neck axis

2 1 are coincident 19, and the ball center 9 corresponds to the future prosthetic head center 18,

20. The inner trunion hole is positioned with respect to the ball center such that once it is placed

on the neck, the ball center corresponds to a "Head neck 0" of the most common implants. The

"Head Neck 0" is always defined by implant manufacturers as the default neck. Other heads are

proposed by implant manufacturers with an offset along the neck axis, such as "Head Neck

+2mm", "Head Neck -2mm", etc. Optionally, if the ball center does not correspond to the "neck 0"

of a given implant, one may enter in the CAS system the offset value between the ball center



and the "head neck 0" of the implant. By default, this offset value is 0 . Thanks to the trackers

that give the position of the Device reference with respect to the femoral reference, one may

deduce the prosthetic neck axis 2 1 and the prosthetic head center 18 in the femoral reference.

The trunion hole authorizes the ball to be assembled and disassembled easily from the femoral

neck, allowing the operator to remove the ball, change the prosthetic parameters such as the

neck axis or neck length, and redo the measurement with the ball. The software workflow that

computes the femoral head center 18 position with the help of the Device is described in Fig. 13.

The software workflow that computes the femoral neck axis 2 1 position with the help of the

Device is similar to the one presented Fig. 13 by changing the geometrical data, i.e. replacing

the head center 18 of the neck axis 21 .

Acetabular registration

[0044] The external shape of the ball 8 is designed so that it precisely articulates with the

desired dimension of the acetabular component 24. The external shape is partially spherical, at

least one fourth of a sphere, but preferably one half sphere, in order to fit well with the acetabular

component 24 (Fig. 9). There is a unique and reproducible position in translation of the ball with

respect to the acetabular component. That means that once the ball is placed inside the

acetabular component (Fig. 10), the acetabular center 23 and the ball center 9 are coincident

25. Thanks to the trackers that give the position of the Device reference with respect to the

pelvic reference, one may deduce the acetabular center in the pelvic reference. The external

shape authorizes the ball to be assembled and disassembled easily from the acetabular

component, allowing the operator to remove the ball, change the prosthetic parameters, and

redo the measurement with the ball. The software workflow that computes the acetabular center

23 position with the help of the Device is similar to the one presented Fig. 13, except the Device

is positioned in the acetabular component instead of the femoral neck, and the femoral reference

is replaced by the pelvic reference.

Anatomical registration

[0045] There are several solutions to perform the anatomical registration of the hip joint

parameters at the beginning of surgery. Preferably, the anatomical center of the hip joint is

determined with a kinematic reference method (solution 1) where the center can be defined by

movement of the femoral reference in a circular fashion also known as pivoting. As the hip joint

is fixed in the pelvic reference, movement of the femoral reference describes a cone of

movement, the center of which is the center of the joint 17 (Fig. 6). In this case, the Device helps



comparing the prosthetic hip center to the anatomical hip center. Optionally, the anatomical

center of the hip is computed separately on the femur and the pelvis (solution 2). On the femoral

side, one may acquire the femoral head surface its most spherical part with a dedicated pointer

reference, in order to reconstruct the sphere passing best by the points collected with the pointer

using a least-squares method, and compute the anatomical femoral head center of the center of

the reconstructed sphere 15 (Fig. 4). On the acetabular side, one may acquire the acetabular

surface with a dedicated pointer reference in a similar way, by calculating the least-squares

sphere that fits with the points collected in non worn parts of the anatomical acetabulum, in order

to compute the anatomical acetabular center 16 (Fig. 5). In this case, the Device helps

comparing the prosthetic acetabular and femoral centers respectively to the acetabular and

femoral hip centers. Optionally, one may simply compute the femoral position with respect to the

pelvis position (solution 3). In this case, the Device helps comparing the prosthetic position with

respect to the anatomical position of the lower limb, without any indication on the anatomical and

prosthetic hip centers.

Protocol description

[0046] Preferably, the surgical Protocols 1 and 2 using the Device are described Fig. 12.

The Protocol 1 particularly fits with the non-modular neck implants, where the implants are not

in the CAS database, because this protocol is universal and highly independent of the implant. In

this protocol, the operator registers the acetabular component (D) position and the femoral neck

(E1) position. Then, the CAS system displays on the screen the virtual prosthetic hip (F) in

relation with the anatomical measurements. This step allows the surgeon to visualize the

simulation of the hip parameters without reduction of the hip joint, and change accordingly the

neck length in order to restore a correct leg length and lateral offset for best hip stability. If the

surgeon is still not satisfied of the prosthesis positions (G) he may change the implant stem

parameters (H) such as position, orientation, or chose a stem with different characteristics such

as lateralization or inclination, and then redo the neck registration with the Device (E1).

[0047] The Protocol 2 particularly fits with modular neck implants where the implant

database is known by the CAS system. In this protocol, the operator registers the acetabular

component position (D) and the stem (E2) position. Then, the CAS system displays the virtual

prosthetic hip like in the previous protocol (F). As the CAS system knows the implant database, it

may allow the surgeon to change virtually not only the neck length like in the Protocol 1, but

also the neck type. It is a significant advantage if one considers that a modular neck implant may



offer more than one hundred of possibilities. By simulating virtually the neck type using the touch

screen of the CAS system, the operator does not need to change actually the implants and redo

the measurement like in the Protocol 1.

[0048] For both protocols, if the anatomical registration has recorded a hip center, by

Solution 1 or 2 described before, then the CAS system displays the offset between the

prosthetic hip center and the anatomical hip center in the 3 projection plans (frontal, sagittal,

axial), as well as the resulting position in terms of lengthening, lateral offset, and sagittal offset of

the prosthetic lower limb compared to the anatomical situation.

[0049] For both protocols, once the virtual proposal is accepted, the operator selects and

inserts final implants (I), reduces the hip (J) and makes a final check (K). Final check consists in

measuring the final changes of leg length and offset of the hip joint in comparison with pre¬

operative measurements. Final check may also include registering the final prosthetic hip center,

by a kinematic movement for instance, and display the comparison with the anatomical situation.

[0050] Optionally, the acetabular registration (D) is done just after the cup insertion (B) and

the femoral neck registration (E1) or the stem registration (E2) is done just after the stem

insertion (C).

Stem registration

[0051] In some cases it is preferable to digitize the stem without any neck. This situation

occurs with modular neck implants in particular. In those cases, we use an adaptor to the stem

12 (Fig. 3), instead of a trunion hole adaptor to the neck. The fixation system to the stem is the

one used by the standard stem impactor, usually dependent of the implant type and brand. Most

of stem fixation systems are female on the stem part, in order to avoid conflicting soft tissues

once the stem impactor is removed, which leads to design in most cases a male fixation part on

the Device 12. If the fixation part of the Device is female, there is a possibility to place the female

part inside the ball (Fig.11). Wherever the female part 10 is on the ball, except on the tracker

fixation system 7 , it does not conflict with the acetabular component 24 registration functionality.

However, if the fixation part of the Device is male, one need to make sure that the male part

does not conflict with the acetabular registration. If placing the male part on the ball surface is

not convenient, one may optionally design a second tip 12 that is fixed to the handle 6 , instead of

the ball 8 .



Device manufacturing

[0052] The Device 12 may be manufactured from any suitable medical material, which

would include stainless steel or plastic. The Device 12 may be embodied in other specific forms

without departing from its spirit or essential characteristics. The described embodiment is to be

considered in all respects only as illustrative and not restrictive and the scope of the Device is,

therefore, indicated by the appended claims rather than by the foregoing description. All changes

which come within the meaning and range of equivalency of the claims are to be embraced

within their scope.
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CLAIMS:

1. A computer assisted surgical navigation system for registering the position of

prosthetic hip joint components, the system comprising:

a first reference element applied to the pelvis that generates a first three-dimensional

dynamic reference array, which is independently registered in the system;

a second reference element applied to the femur that generates a second three-

dimensional dynamic reference array, which is independently registered in the system;

a three-dimensional dynamic reference point representing the native anatomical center

that is independently registered in the system and derived from the first and second dynamic

arrays;

a tracking device that generates a third three-dimensional dynamic reference array,

which is independently registered in the system, the device having a pre-determined shape and

dimensions that precisely articulate with an acetabular component and a further shape and

dimensions that independently articulate precisely with a neck portion of a femoral component,

representing a prosthetic joint center independently registered in the system; and

wherein the tracking device concurrently registers in the system the three dimensional

positions of the femoral and acetabular prosthetic components, the prosthetic joint center and

the native anatomical joint center, respectively, to intraoperatively represent alterations in three

dimensional location of the leg length and offset prior to any reduction of the prosthetic joint.

2 . The system of Claim 1 further comprising an optical camera registered in the system

for tracking the device.

3 . The system of Claim 1 wherein the tracking device is a hemispherical ball having a

pre-determined geometry and dimensions, which precisely articulate with the acetabular

component.

4 . The system of Claim 1 wherein the tracking device is a hemispherical ball having a

further pre-determined geometry and dimensions, which precisely articulate with the neck portion

of the femoral prosthesis.



5 . The system of Claim 1 wherein the tracking device has a further pre-determined

geometry and dimensions, which precisely articulate with a modular neck of the femoral

prosthesis.

6 . The system of Claim 1 wherein the tracking device has a further pre-determined

geometry and dimension including a slot that precisely articulates with a trunion on the neck of

the femoral prosthesis.

7 . The system of Claim 2 wherein the reference elements each have individualized

arrangements of optical markers.

8 . The system of Claim 1 wherein the tracking device may be attached to a trial implant

or rasp instrument, or to a primary implantable femoral component.

9 . A computer assisted surgical navigation system for registering the position of

prosthetic hip joint components, the system comprising:

a first reference element applied to the pelvis that generates a first three-dimensional

dynamic reference array, which is independently registered in the system;

a second reference element applied to the femur that generates a second three-

dimensional dynamic reference array, which is independently registered in the system;

a three-dimensional dynamic reference point representing the native anatomical center

that is independently registered in the system and derived from the first and second dynamic

arrays;

a tracking device having a pre-determined hemispherical shape and dimensions, which

generates a third three-dimensional dynamic reference array independently registered in the

system, the device precisely articulating with an acetabular cup component, the device having a

further pre-determined geometry and dimension that independently and precisely articulates with

a modular neck of a femoral component to represent a prosthetic joint center that is

independently registered in the system; and

wherein the tracking device concurrently registers in the system the three dimensional

positions of the femoral and acetabular components, the prosthetic joint center and the native



anatomical joint center, respectively, to intraoperative^ represent alterations in three

dimensional location of the leg length and offset prior to any reduction of the prosthetic joint.

10 . A method for registering the position of prosthetic hip joint components during a total

joint arthroplasty procedure, which comprises:

providing a computer assisted three-dimensional surgical navigation system;

applying a first reference element to the pelvis, generating a first three-dimensional

dynamic reference array and independently registering the first array in the system;

applying a second reference element to the femur, generating a second three-

dimensional dynamic reference array and independently registering the second array in the

system;

independently registering a three-dimensional dynamic reference point representing the

native anatomical center in the system, derived from the first and second dynamic arrays;

providing a tracking device with a pre-determined shape and dimensions, generating a

third three-dimensional dynamic reference array representing the device and independently

registering it in the system;

precisely articulating the device with a correspondingly shaped and sized acetabular cup

component and independently with a neck portion of a femoral component, representing a

prosthetic joint center and independently registering it in the system;

concurrently registering the three-dimensional positions of the femoral and acetabular

components, the prosthetic joint center and the native anatomical joint center, respectively, in

the system; and

intraoperatively representing alterations in three dimensional location of the leg length

and offset in the system, prior to any reduction of the prosthetic joint.

11. The method of Claim 10 further comprising the step of tracking the device using an

optical camera registered in the system.



12 . The method of Claim 10 further comprising the step of providing the device with a

hemispherical ball shape having pre-determined dimensions and precisely articulating the ball

with the acetabular cup component.

13 . The method of Claim 10 further comprising the step of providing the device with a

hemispherical ball shape having pre-determined dimensions and precisely articulating the ball

with the neck of the femoral component.

14. The method of Claim 13 further comprising the step of providing the femoral

component with a modular neck.

15 . The method of Claim 13 further comprising the step of providing the ball with a slot

that engages a trunion on the neck of the femoral prosthesis.

16. The method of Claim 10 further comprising the step of attaching the tracking device

to a trial implant or rasp instrument, or to a primary implantable femoral component.

17 . The method of Claim 10 further comprising the step of providing first and second

reference elements with individualized arrangements of optical markers.

18. A computer assisted surgical navigation system for registering the position of

prosthetic hip joint components, the system comprising:

an optical reader or camera, registered in the system;

a first reference element applied to the pelvis including an individualized arrangement of

optical markers that generates a first three-dimensional dynamic reference array, which is

independently registered in the system;

a second reference element applied to the femur including another individualized

arrangement of optical markers that generates a second three-dimensional dynamic reference

array, which is independently registered in the system;

a three-dimensional dynamic reference point representing the native anatomical center

that is independently registered in the system and derived from the first and second dynamic

arrays;



a tracking device discernable by the camera or reader and generating a third three-

dimensional dynamic reference array, which is independently registered in the system, the

device having a pre-determined hemispherical shape and dimensions that precisely articulate

with an acetabular cup component, the device independently having a further geometry and

dimension that precisely articulates with a neck of a femoral component to represent a prosthetic

joint center, which is independently registered in the system; and

wherein the tracking device concurrently registers in the system the three dimensional

positions of the femoral and acetabular components, the prosthetic joint center and the native

anatomical joint center, respectively, to intraoperative^ represent alterations in three

dimensional location of the leg length and offset prior to any reduction of the prosthetic joint.

19. The system of Claim 18 wherein the tracking device may be attached to a trial

implant or broach instrument, or to a primary implantable femoral component.

20. The system of Claim 1 wherein the femoral component is a modular trial instrument

or broach adapted for precisely articulating with the tracking device.
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