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ABSTRACT

An instrument for establishing orientation of a pelvic prosthesis comprises a
tripod having an angularly adjustable guide rod on it. The tips of the legs define a
plane, and the guide rod is set by the surgeon to a defined orientation with respect to
this plane on the basis of preoperative studies. In use, two of the legs of the instrument
are positioned by the surgeon at defined anatomical locations on the pelvis (e.g., a
point in the region of the posterior/inferior acetabulum and a point on the anterior
superior iliac spine). The third leg then lands on the pelvis at a point determined by
the position of the first two points, as well as by the separations between the third leg
and the other two legs. The separations arc adjustable, but are preferably fixed
percentages of the separation between the first and second legs. The position of the
guide rod then defines with respect to the actual pelvis the direction for insertion of a

prosthesis.
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METHOD AND APPARATUS FOR DETERMINING ACETABULAR
COMPONENT POSITIONING

The present application is a divisional application from Australian Patent
Application No. 2008319329, the entire disclosure of which is incorporated herein

by reference.

Field of the invention
The invention relates to determining acetabular component positioning,
and provides a method and apparatus for rapidly and accurately determining such

positioning.

Background Information

A reference herein to a patent document or other matter which is given as
prior art is not to be taken as an admission that that document or matter was
known or that the information it contains was part of the common general

knowledge as at the priority date of any of the claims.

Throughout the description and claims of the specification, the word
"comprise" and variations of the word, such as "comprising" and "comprises", is

not intended to exclude other additives, components, integers or steps.

Malpositioning of the acetabular component during hip arthroplasty can
lead to dislocation, impingement, wear, and reoperation for all of these problems.
Proper positioning of the acetabular component during hip arthroplasty requires
that the surgeon know the position of the patient’s pelvis during surgery so that
the component can be inserted in proper position relative to the pelvis.
Unfortunately, the position of the patient's pelvis varies widely during surgery and
from patient to patient. As a result, large errors in component positioning occur if
the surgeon assumes that the patient's pelvis is positioned squarely with the

operating table, whether in the lateral or supine position. For example, one study
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showed that patients' pelvises were malpositioned through a range of 33 degrees
around the medial-lateral axis, 47 degrees around the longitudinal axis, and 17
degrees around the anterior-posterior axis. (Chow JC, Eckman K, Jaramaz B,
Murphy S, Evaluation of Intraoperative pelvic position during hip arthroplasty
using computer tomography/radiography marching, International Society for
Computer Assisted Orthopedic Surgery, 2008)

To reduce the likelihood of component malpositioning, the position of the
pelvis can be tracked using computer-assisted surgical navigation techniques, but

the majority
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of surgeons do not employ these techniques. More basic surgical technique involves
qualitative assessment of the position of the acetabular component compared to the lo-
cal surrounding bony and soft tissue anatomy that is visible through the incision. One
such technique, for example, uses the transverse acetabular ligament as a qualitative
marker of orientation of the native acetabulum. (Archbold HA, Mockford B, Molloy
D, McConway J, Ogonda L, Beverland D, The Transverse acetabular ligament: an
aid to orientation of the acetabular component during primary total hip replacement: a
preliminary study of 1000 cases investigating postoperative stability, J Bone Joint
Surg BR. 2006 Jul; 88(7):883-6.)

Unfortunately, such techniques have limited accuracy for several reasons. First,
the transverse acetabular ligament is very close to the center of the acetabulum and thus
geometrically small errors in interpretation of its position can lead to large angular er-
rors in orientation of the acetabular component. Second, since the transverse acetabular
ligament defines a line, which is a two dimensional geometric element: it does not pro-
vide true three dimensional guidance. Third, since most hips that are worn are also
malformed, taking clues from the local malformed anatomy is a fundamentally flawed
concept. Further, even if the local anatomy were not abnormal, as may be the case in
patients with femoral head osteonecrosis, it is often the case that the native acetabulum
is orientated in a much more vertical position than is appropriate for a prosthetic
acetabulum. As a result, while the normally formed native acetabulum may provide
clues as to where to position the prosthetic acetabulum, the prosthetic acetabulum

should not be placed in the same orientation as the normal native acetabulum.
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SUMMARY OF THE INVENTION

The present invention provides apparatus for defining an ipsilateral
hemipelvic reference plane at a specific subject for orienting a surgical
instrument, comprising: a frame having at least three legs terminating in tips and a
guide positionable on said frame to define an orientation with respect to said
frame wherein the spacing between the tips of said legs is determined prior to
docking said apparatus on the specific subject’s pelvis such that, when docked to
the specific subject’s pelvis: the tip of one of the legs contacts the ilium portion of
the specific subject’s pelvis at a point having no palpable landmarks, and the
apparatus defines the ipsilateral hemipelvic reference plane relative to the specific

subject.

The local acetabular anatomy can be used to determine prosthetic
acetabular component placement if the relationship of the local anatomy is known
relative to overall orientation of the pelvis itself (such as the anterior pelvic plane)
and the spino-pelvic composite. Conversely, if that relationship is not known, the
local acetabular anatomy may not reliably be used in determining the position of
the prosthetic acetabular component. I have concluded that the anatomy of the
ipsilateral hemipelvis, not the local acetabular anatomy, should be used to guide

the positioning of a prosthetic aectabular component.

Using the ipsiltcral hemipelvic anatomy to guide the orientation of the
prosthetic acetabular component has several advantages over using local anatomy.
First, it is the acetabulum itself, not the hemipelvis, that is typically altered by the
arthritic process. Second, parts of the hemipelvis are relatively distant from the
center of the acetabulum and so small errors in positioning based on the more
distant hemipelvic bone leads to very small errors in orientation of the acetabular

component. Third, while there is wide variation in local anatomy due to the
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arthritic process or due to malformation, there are relatively smaller variations
inhemipelvic anatomy, and these variations can be easily studied by CT imaging

or plain radiographs, or can be predicted statistically.

I have found that there are three points that may be used to dock an
instrument to the ipsilateral hemipelvis to help solve the problem of acetabular
component positioning during hip arthroplasty. These three points define an
ipsilateral hemipelvic plane. While these may be any three points on the ipsilateral
hemipelvis that are located some distance apart from one another, an ideal

combination of points in-
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cludes a first point, Py, in the region of the ischium as it joins the posterior wall of
the acetabulum; this point is referred to herein as the Anchor Point. The ease of
identification of this point through most incisions for hip surgery, its resistance to
alteration due to the arthritic process, its position (out of the way of most surgical
maneuvers performed during reconstructive surgery), and its reliable consistency of
formation, even in hips that have been severely malformed since birth, make this
location an ideal location for an anchor.

A second point, P;, to be used in forming the Ipsilateral Hemipelvic Plane is
located on the lateral surface of the iliac wing, immediately adjacent to the anterior su-
perior iliac spine. This location is a commonly used location in general, but is unique in
its use in the current application. The anterior superior iliac spine is a reference point
that is frequently used for many things in orthopedics. In clinical examination, it is fre-
quently used as the proximal landmark to measure leg length. In combination with the
contralateral anterior superior iliac spine, the position of the pelvis around an antero-
posterior axis can be judged so that internal and external rotation or adduction and ab-
duction of the hip joint can be clinically measured. In surgery performed in the supine
position, abduction of an artificial cup can be roughly estimated relative to a horizontal
line drawn between the two anterior superior iliac spines. In image-free computer as-
sisted surgery, the anterior pelvic plane can be determined by digitizing the two anterior
superior iliac spines and the pubic symphysis. In image-based computer assisted sur-
gery, the location of the anterior superior iliac spine can be used as one of many points
to perform registration to a CT dataset acquired pre-operatively.

Like other uses of the anterior superior iliac spine, the preferred location of P,

on the surface of the lateral ilium in very close proximity to the anterior iliac spine
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takes advantage of the fact that this area is readily palpable by the surgeon and can be
more precisely palpated by a sharp instrument that touches the bone. However, unlike
other common uses of the region of the anterior superior iliac spine, in the current in-
vention, this point is used as one of three points to define an ipsilateral hemipelvic
plane. The distance between P, and P, can be calculated from CT studies, predicted
from X-rays, or other imaging procedures; or even directly measured by the surgeon at
the time of surgery. It can be fixed by the surgeon when he/she selects this desired
point on the ilium; or it can be selected based on available or future statistical studies of
pelvic anatomy, considering such factors as age, weight, sex, race, health and other pa-
rameters.

It will be noted that of the three degrees of freedom required to define the loca-
tion of P; in space, one of them is inherently fixed by the bone surface itself; one is
fixed by selecting the distance d;.,; and one is fixed by the surgeon when he/she places
the point at a specific location on the surface and at a given distance from P;. The fact
that the surgeon is defining only one of these three parameters necessary to identify P,
in space makes this point a very reliable one to identify, and very resistant to variation
or significant error.

The third point, P3, that defines the ipsilateral hemipelvic plane may be located
anywhere on the ipsilateral hemipelvis. For both mathematical stability and for the
physical stability of an instrument designed to dock on these points, it is best that P; be
as far distant from Points 1 and 2 as is reasonably practical within the limits of the
hemipelvic surface; in a region where no vital structures will be encountered; on a re-
gion of the bone that is relatively dense, so that an instrument docked on this point will

typically not inadvertently penetrate through the bone; and in a region where the bone
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surface is at least locally relatively flat so that an instrument docked to this point on the
surface will not slip.

These three points, taken together, give very reliable information regarding the
position of the ipsilateral hemipelvis and thus the position of the overall pelvis, and a
mechanical instrument docked to these three locations therefore provides a guide for
the proper relative orientation of the acetabular component itself during surgery.

Although the location of P; may be established in a variety of ways, I have
found that it may be established very simply by locating it at a prescribed ratio “r”” of
the distance d;.; between P1 and P2 such that the distance d;.3 between P, and Ps is
given by di.3 = redj2 where the operator “»” denotes multiplication. Similarly, the
distance d,.3 between P; and P; is given by d3.3 = r’e d;.», where r’ is likewise a pre-
scribed ratio of the distance d;. between Py and P;. r and r’ may be the same or a dif-
ferent ratio.

I have found that ratios r, r’ of from approximately seventy percent to approxi-
mately one hundred percent of the length d;; nearly always positions P; on a flat surface
of the ilium, on generally firm bone, proximal and anterior to the sciatic notch. Within
this range, I have found a ratio of approximately ninety percent to be most often satis-
factory, with both r and r’ approximately the same, i.e., r = r’ =0.90+d,.,. Although
any ratio or combination of ratios between the P3 and Pointsl and 2 may be sufficient, a
ratio of approximately this magnitude reliably places P; away from vital structures that
might be harmed by a different positioning. Further, providing a sufficiently distant
spacing of the points in this manner provides an intrinsic stability to an instrument that
is docked to them. Additionally, of the three degrees of freedom of P3, one is pre-

scribed by the distance from P, the second is prescribed by the distance from P, and
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the third is prescribed by the surface of the bone itself. Therefore, the location of P; is
entirely determined by the surgical instrument and the bone surface, and is not subject
to variable interpretation by the surgeon.

As discussed above, the three Points define an ipsilateral pelvic plane. The ori-
entation of this plane with respect to a standard reference plane such as the anterior
pelvic plane may readily be determined from CT or other method of 3D imaging, from
X-ray imaging, by average, by statistics, or by other known techniques. Thus, the ori-
entation of a prosthetic component defined in relation to this ipsilateral hemipelvic
plane may readily be converted to an orientation relative to another plane such as the
anterior pelvic plane, a standard reference for pelvic surgery.

For example, preoperatively, one may create a three-dimensional model of the
patient’s pelvis and hips based on medical irnagihg such as CT or MR and define the
anterior pelvic plane (APP) from this model in the usual manner (typically, by marking
the pubic symphysis or pubic tubercles and right and left anterior superior iliac spines).
This is the reference plane commonly used by surgeons because the landmarks can
readily be palpated so as to correlate the CT image with the patient anatomy. Next, an
ipsilateral plane is defined on the 3D model in accordance with the invention, i.e., a
first point in the region of the posterior inferior acetabulum, a second point adjacent to
the anterior superior iliac spine, and a third point, preferably on the ilium, and spaced
from the other two. As mentioned above, I have found that the third point is advanta-
geously spaced from the first and second points at a distance of about from 0.7 to 1.0
times the distance between the first and second points, preferably at around 0.9 or 0.8.
Although the spacing between the first and third points and between the second and

third points need not necessarily be the same, I have found that an approximately equal
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To assist the surgeon in defining the desired orientation of the prosthetic
acetabulum relative to the ipsilateral pelvic plane, I have devised an instrument that ac-
curately and rapidly facilitates fixing the location of P, and P3, once the anchor point,
P1, is selected by the surgeon. The instrument is essentially a tripod, i.e., it has three
legs, one for each Point that is to define the ipsilateral pelvic plane. In use, a first leg is
positioned by the surgeon at the anchor point on the pelvis. The second leg is posi-
tioned by the surgeon at the selected point, P,, on the pelvis. The third leg is adjusted
to extend a selected distance or distances from both P, and P on the pelvis and thereby
establishes the location of P3.

An acetabular direction guide is then placed on the tripod. The guide is adjust-
able to any desired orientation relative to the tips of the tripod legs (which coincides
with the three Points on the pelvis when the instrument is rested on the pelvis). The
orientation of the acetabular direction guide is selected by the surgeon as providing the
desired orientation for insertion of a prostheﬁc component. The guide itself may be
used to direct the orientation of the acetabular component, or the guide may be used to
direct the insertion of a pin into the pelvis which will guide the ultimate insertion of
the prosthetic component at the selected orientation.

The tripod may take a number of forms. For example, it may take the form of a
camera tripod, in which three legs emanate from a central socket which enables adjust-
ing the angles between each pair of legs (and thus the distance between their tips).
Preferably, however, it takes the form of a generally planar frame having two arms ex-
tending generally from a common hub and oriented at an angle to each other. Legs lo-

cated on the hub and on each arm, respectively, extend outwardly from the planar
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frame. Advantageously the legs extend perpendicular to the plane of the frame and are
preferably of equal length. The tips of the legs contact the pelvis, and thereby establish
the three points that define the pelvic plane.

In one implementation of the invention described herein, the tripod takes the
form of a pair of extensible arms emanating from a central hub around which the arms
pivot, much like a draftsman’s compass. The length of the arms are adjustable by the
surgeon, as is the angular opening between them. The three legs extend perpendicu-
larly from the plane defined by the arms, with one leg extending from the central hub
and the two other legs extending from the ends of the arms.

In another implementation of the invention, the tripod takes the form of a pair of
extensible arms emanating from the central hub at a fixed angle, but is essentially the
same as the implementation described immediately above.

In still another implementation, the leg that is positioned at P, is a hollow leg
that slides over a guide pin that is drilled or screwed into the bone at P1. In use, the
surgeon first fixes the guide pin into the bone at the desired location, then slides one of
the legs of the tripod instrument over the guide pin This anchors the instrument. The
legs that land at P; and P; are preferably pointed to pierce the skin and stay firmly on

the bone surfaces at P, and P; without slipping.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention description below refers to the accompanying drawings, of
which:

Fig. 1 is a schematized view of a left pelvis showing three points for defining an
ipsilateral hemipelvic plane in accordance with the invention;

Fig. 2 is a view in perspective of a prototype instrument used to test the concept

of the invention;
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Fig. 3 is a view in perspective of one embodiment of an instrument suitable for
use in establishing the reference planes and orientations in accordance with the inven-
tion;

Fig. 3A is a partial view of the instrument of Fig. 3 form the direction 3A-#A in
Fig. 3;

Fig. 3B is an illustrative sketch showing the fitting of a leg to a conduit; and

Fig. 4 is a view in perspective of yet another embodiment of an instrument suit-
able for use in establishing the reference planes and orientations in accordance with the

invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
OF THE INVENTION

Fig. 1 is schematized view of a right pelvis showing the three points in question.

Distance d,.; is the distance between the first point, P 1, (a point located on the ischium

as it joins the posterior wall of the acetabulum) and the second point, P , a point lo-
cated on the lateral surface of the iliac wing, immediately adjacent to the anterior supe-

rior iliac spine. Distance d_3 is the distance between the first point, Py , and the third
point, P3 (on the ilium); and distance d;_3 is the distance between the second point,

P, and third point P3. The distance d;_; is the baseline; the distances d;_3 and d,;

are set at a distance of from 70% to 100% of the baseline distance, preferably about 80-

90%. In Fig. 1 they are shown as being approximately 80-85% of the baseline distance.

In Fig. 1, distances d .3 and d_3 are shown as approximately of equal length, al-
though, as noted above, they need not necessarily be so. These three points, P 1, P 2,

and P3 define an ipsilateral plane.



09 Apr 2014

2014202013

20

WO 2009/058319 PCT/US2008/012300

-11-

The surgeon defines the desired orientation of the prosthetic acetabular compo-
nents and the alignment indicator with respect to this ipsilateral pelvic plane. This may
be done directly with respect to the ipsilateral pelvic plane so defined, or it may be
done with reference to the anterior pelvic plane as established, for example, from a 3D
computer model of the patient’s pelvis based on CT, MR, or other imaging. While pa-
tient specific individual 3D models may be the most accurate method, other methods of
determining the desired orientation of the alignment indicator and the ipsilateral pelvic
plane based on statistical averages of pelvic structures and sizes of patients of similar

size, sex, weight, age and/or other known characteristics may be used.

Fig. 2 is a view in perspective of a prototype instrument used to test the concept
of the present invention. The prototype was formed from readily-available components
in order to quickly test the concept. The instrument has first and second arms in the
form of metal rods 10, 12, respectively, emanating from a hub 14 comprising first and
second adjustable clamps 14a and 14b to hold the arms 10, 12, respectively, ina de-
sired positioned when tightened. Arm 10 was formed from rods 10a and 10b secured
together by an adjustable clamp 10c to enable extension of rod 10b with respect to rod
10a to a desired position. Similarly, arm 12 was formed from rods 12a and 12b secured
together by an adjustable clamp 12c to enable extension of rod 12b with respect to rod

12a to a desired position.

At the outer extremity of arms 10b and 12b are legs in the form of rods 16 and
18, respectively, held in adjustable clamps 10d and 12d, respectively. Similarly, a leg
in the form of a rod 20 extends from clamp 14a. In the prototype, the clamps were
formed from readily available washers and nuts which can be loosened and tightened to

hold a component in a desired position. The legs 16-20 were standard trochars having a
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pointed tip to enable extension through the skin of a patient and secure lodgment on the
pelvic bone. The legs extended downwardly the same distance from the arms 10 and
12 and the hub 14 and thus the arms were essentially in a plane parallel to the plane de-

fined by the tips of the legs.

The legs are shown positioned on a model of the pelvic anatomy for perform-
ance of a surgical procedure on the right acetabulum. The first leg, 16, rests on a point,
P1, the anchor point, located on the ischium as it joins the posterior wall of the
acetabulum. The second leg, 18, rests on a point, P2, located on the lateral surface of
the iliac wing, immediately adjacent to the anterior superior iliac spine; the third leg,
20, rests on a point, P3, on the ilium; the location of this point is determined by the
length of the arms 10 and 12 as set by the surgeon, as well as the relative angular orien-

tation of these arms and the surface of the bone.

A direction guide 22 is adjustably secured to the frame. This guide will define

the orientation for insertion of a prosthesis or the performance of other surgical proce-

dures. The orientation of the guide with respect to the reference points Pl, P 2,and

P3 is established by the surgeon in pre-operative or intra-operative planning. When

placed on a patient in the manner described above, the instrument defines an ipsilateral
pelvic plane with respect to which the orientation of the guide 22 may readily be estab-
lished by imaging, by direct measurement, or by other known means. From CT or
other imaging studies, the orientation of this plane with respect to the commonly used
anterior pelvic plane may be determined, and thus the orientation of the guide with re-
spect to the anterior pelvic plane may be established if desired. During subsequent sur-

gery, when the instrument is positioned on the patient in accordance with the reference
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points, the guide provides the surgeon with a reference axis for insertion of a prosthesis
such as an acetabulum at a desired orientation. In the prototype, the guide was secured
to one of the arms (e.g., arm 12) by means of an adjustable clamp 24. Although the
guide is shown in Fig. 2 as a simple solid rod, it may advantageously be a hollow tube
through which a pointed rod may be inserted into the patient. The rod is screwed into
the bone and the instrument then removed, leaving the rod as the guide for acetabular
component insertion or other procedure. Alternatively, a hollow tube may be mounted
parallel to the guide and a pin inserted through this tube into the patient’s bone to set

the desired orientation for insertion of a component or for other surgical procedure.

In use, the surgeon places the patient in an appropriate position for the proce-
dure to be performed. For example, in replacing the acetabulum of the right pelvis of a
patient, the patient may be placed on his or her left side and a surgical field of sufficient
size is created in order to expose the right acetabulum. The surgeon selects the point
P1, preferably in the region of the ischium as it joins the posterior wall of the acetabu-
lum. This is the Anchor Point, and is generally exposed in the surgical field during the
operation, so that it is readily located. Leg 16 is positioned on this point. The surgeon
next selects a point, P2, on the lateral surface of the iliac wing, preferably immediately
adjacent to the anterior superior iliac spine. This region is usually readily located by
palpation, and need not be within the exposed incision, but rather simply within the
sterile surgical field. The surgeon then adjusts the length of arm 10 (and, if necessary,
arm 12) to position leg 18 on P2, while ensuring that leg 20 lands on the hemipelvis,
and preferably on a relatively flat area so that the leg will not slip. This defines point

P.
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Placing the first and second legs on the patient as discussed above, and fixing
the distances d,.; and d,.; between the legs in the manner discussed above, fixes the
point at which the third leg of the instrument will land on the patient. For acetabular
component placement, this point will preferably be on the ilium, generally above the
sciatic notch. The area in which it lands is a relatively strong portion of the anatomy,
and thus is amenable to receiving the third leg to provide a stable reference plane on the
patient. However, it is devoid of significant landmarks, and thus without the aid of the
present instrument would not serve as an area which would help to establish a reference

for component placement.

As noted previously, a simple but effective rule for adjusting the lengths of the
arms 10, 12 is to set the distance d;.3 between P1 and P3, as well as the distance d,; be-
tween P2 and P3, at some ratio of the distance d,., (the baseline distance) between P1
and P2. A ratio of from about 70% to 100% appears to work satisfactorily, but I have

found that a ratio of about 80-90% works well in most cases.

Fig. 3 is a view in perspective of another embodiment of an instrument in ac-
cordance with the invention that is more suited for replication and widespread use. A
turret 50 is pivotally mounted on a base 52 for rotation about a vertical axis 54. (In this
connection, it will be helpful to view also Fig. 3A which is a partial view of the instru-
ment from the direction 3A-3A in Fig. 3). Wings 56, 58 on the turret mount a guide 60
for rotation in z; vertical plane about a horizontal axis 55 that is transverse to axis 54.
First and second extensible arms 62, 64 are mounted in base 52 for rotation with respect
to the base and thus to each other.  This enables the surgeon to adjust the angle o be-

tween the arms as desired. Of course, this may also be accomplished with one fixed
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arm and one rotatable arm. (It will also be understood that both arms may be fixed at a

set angle a.)

Extensions 62a, 64a, extend from arms 62, 64, respectively. The extensions
62a, 64a may telescope from their respective arms as shown in Fig. 3, for example, in a
manner similar to that of a camera tripod. Alternatively, they may be mounted for slid-
ing overlap with these arms or may use other known forms of extension. Mounted at
the ends of extensions 62a, 64a are hollow guides 66, 68, respectively. Legs 70, 72,
have sharpened tips 70a, 72a, respectively, and heads 70b, 72b, respectively. The legs
preferably also have a short boss 70c (see Fig. 3B) for mating with a corresponding
groove on the interior surface of conduits 66, 68. The legs extend downwardly from
the arms and the hub to the same extent, and thus the arms are essentially in a plane
parallel to the ipsilateral plane formed by the tips of the legs.

In use, the surgeon grasps the heads 70b, 72 b of the legs 70, 72 and inserts
them into the conduits 66, 68 so that the bosses 70c, 72¢ align with the corresponding
grooves in the respective conduit. He or she then rotates the heads to thereby remova-
bly lock the legs into the guides. In similar fashion, a leg 74 having a sharpened tip 74a
and a head 74b is removably insertable into, and lockable within, the base 52. This
construction facilitates cleaning of the instrument by enabling the rapid disassembly
and reassembly of the legs. Of course, the legs could also be permanently fixed to the
respective arms.

The tips 70a, 72a, and 74a of the legs 70, 72, 74, respectively, define a plane,
the ipsilateral plane. Axis 54 is perpendicular to this plane, while axis 55 is parallel to
it. Thus, the orientation of guide 60 relative to the ipsilateral plane is defined by the

orientation of the guide relative to axis 55 (which defines the azimuthal orientation or



09 Apr 2014

2014202013

20

WO 2009/058319 PCT/US2008/012300

-16-

angle of the pointer) and axis 54 (which defines the elevational orientation or angle of
the pointer). To facilitate setting or determining these angles, scales (not shown) may
be attached to, or marked on, the turret 50 and the base 52.

The instrument of Fig. 3 is used in the same manner as that of Fig.2, i.e., for op-
eration on the right hip, the tip of leg 70 is located on the selected point P1, the tip of
leg 72 is located on selected point P2, and the lengths of these legs (as well as the angle
o if appropnate) is adjusted to ensure that the tip of leg 74 lands on the hemipelvis,
preferably in a relatively flat region, to thereby fix point P3. This orientation of the in-
strument thereby recreates the ipsilateral plane defined in the preoperative studies.
When the guide 60 is then set to the angles determined as desirable in the preoperative
studies, it is oriented with respect to the patient in the desired manner. It may then be
used to guide the component insertion tools along the appropriate direction. To do this,
the surgeon may simply visually align the tool with the guide during the insertion.
Preferably, however, the guide 60 is hollow and an elongated pin is extended down the
guide while it is in the desired position on the patient, and the pin is then anchored into
the patient. The instrument may then be removed, the pin preserving the desired orien-

tation for placement of the prosthesis.

The important parameters of the instrument can be easily adjusted so that the in-
strument can effectively be customized to each patient in a very short period of time,
taking just a minute or two, and can be done while the instrument is sterile on the oper-
ating table. Important adjustments are the lengths of arms 62 and 64, the angle between
these arms, and the orientation of the alignment indicator. While the angle (alpha) be-
tween arm | and arm 2 can be adjustable, the preferred angle can be fixed at approxi-

mately 67.5 degrees, which is the angle defined if the distances between P1 and P3 and
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between P2 and P3 are both 0.9 times the distance between P1 and P2. Similarly, while
the length of arms 60 and 62 need not be the same, the preferred embodiment of the
instrument is such that the arms are of approximately the same length relative to each
other, although the length of arm 1 and arm 2 varies from one individual to the next.

The patient-specific adjustable variables for each operation then are the lengths
of the arms and the orientation of the alignment indicator or guide relative to the plane
of the instrument body. The lengths of the arms can be determined before surgery or
even during surgery using a number of methods, each with a differing degree of preci-
sion. The most precise method of determining the desired lengths of the arms is by
three dimensional imaging of the individual patient, typically by CT or MR imaging.
In this way, points P1 and P2 can be determined by the surgeon on the computer model
and the location of P3 can be automatically calculated as the unique point lying on the
bone surface at a specified distance from P1 and P2. Less precise, but potentially suit-
able methods of determining the lengths of the arms include:

1. An overall average of all patients;

2. An overall average of all patients of the same sex, height, weight, diagnosis;

3. As statistically predicted from measurements from magnification corrected

plain radiographs of the patient to be treated and matching those radiographs

statistically with radiographs and three-dimensional reconstructions of similar

patients who have had CT, MR, or other methods of deriving three-dimensional

models. This method can be referred to as 2D to 3D statistical modeling; or

4. Directly measuring the distance between P1 and P2 at surgery, which

can even be performed using the instrument itself.

Next, the orientation of the alignment indicator relative to the plane of the in-
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strument body must be decided. This determination is based on two or more factors.
The first is the relative orientation of the hemipelvic plane (P1, P2, P3) relative to the
overall pelvis and/or the anterior pelvic plane. The second is the surgeon’s desired cup
position relative to the overall pelvis and/or the anterior pelvic plane in the case of
acetabular cup replacement surgery. Finally, an additional variable might include an
adjustment for anticipated orientation of the overall pelvis for various activities and po-
sitions after surgery. This third variable is mentioned because there are variations in
the way different patients’ pelvises are orientated, some with more pelvic tilt and some
with less pelvic tilt. (Klingenstein G, Eckman K, Jaramaz B, Murphy S. Pelvic Tilt
Before and After Total Hip Arthroplasty, International Society for Computer Assisted
Orthopedic Surgery, 2008.) This is particularly true of patients with a fused lumbosac-
ral spine. If the individual postoperative patient pelvic orientation can be predicted
preoperatively, then this factor can be incorporated into the planning of the desired ori-
entation of the alignment indicator.

As with determination of the lengths of the arms, orientation of the alignment indicator
can be determined by the above combined with knowledge of the anatomy of the indi-
vidual patient’s pelvis, aided by determination of one or more of the factors discussed
above.

Using these methods of adjusting the instrument body, adjusting the alignment indica-
tor, and applying the instrument in surgery, the desired orientation of an acetabular
component can be rapidly and reliable determined during surgery. Further, the method
avoids the unreliable influences of local anatomy that is frequently deformed and fur-
ther distorted by the arthritic process.

Fig. 4 shows yet another embodiment of the invention in which the extensible
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arms are formed by slidable beams and in which the conduits holdings the legs are
themselves removable for ease in cleaning. In particular, the instrument has first and
second arms 102 and 104 formed from first and second arm segments 102a and 104a,
respectively, fixed to and extending from a hub in the shape of a cylindrical conduit
105 having a central bore extending therethrough. Markers 102¢, 104c on arm seg-
ments 102b, 104b, respectively, indicate the amount of extension of the arm segments,
and thus the length of the arms. In the configuration shown, the arm segments 102a,
104a are positioned at a fixed angle to each other, advantageously on the order of 67.5
degrees.

A mating rod segment 110 having a leg 116 extending therefrom is snugly but
removably press-fitted into the conduit 105 to form one leg of the tripod 100. Simi-
larly, rod segments 106 and 108, having legs 112, 114, respectively, extending there-
from are snugly but removably press-fit into hollow-bored conduits 107, 109, respec-
tively, formed on the ends of arms 102b, 104b, respectively. Removal of the legs fa-
cilitates sterilization of the instrument before each use, and also makes the instrument
more compact for storage.

A first plate 120 is fixed to the hub 105; the plate has a scale 120a thereon. A
second plate 122 is pivotally mounted on the hub 105 for rotation in the horizontal
plane about a vertical axis 124 with respect to the first plate 120. A releasable lock 123
fixes the angular orientation of the plate at the orientation set by the surgeon. A guide
128 is pivotally mounted on the second plate for rotation in the vertical plane about a
horizontal axis 126. Plate 120 has a scale 120a for indicating the angular orientation of
the plate 122 with respect to it (the azimuthal angle). Similarly, plate 122 has a scale

122a for indicating the angular orientation of the guide 128 with respect to the plate
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(the elevation angle). As was previously the case, the tips 112a, 114a, and 116a of legs
112, 114, 116, respectively, define a plane (the ipsilateral hemipelvic plane) and the
arms 102 and 104 are parallel to this pl.ane. Thus, the orientation of the guide can be
referred to this plane and thus also to the anterior pelvic plane if desired.

In this embodiment, the conduits 112, 114, 116 are detachable from the arms
102 and 104 and the hub 105, respectively. Advantageously, they may simply form a
force-fit, although other means of connation may be used. This facilitates sterilizing
the instrument for repeated use, while enabling its ready reassembly in the operating
room. It also enables the instrument to be stored in a more compact package.

In still a further variation of the instrument of Fig. 4, one of the legs, e.g., the
leg 112, rather than being removable, may in fact comprise a hollow conduit of the
same length as the legs 114 and 116. With this configuration, the surgeon may first se-
lect the anchor point P, insert a pointed rod (trochar) into the anchor point, slide the
hub 106 onto the rod, and then position the legs accordingly as described above, while
being sure that the instrument frame will not slide from the hip during positioning.

A further variation in the use of the instrument involves its combination with
computer-assisted surgical navigation using optical, electromagnetic, or other means of
tracking. In any of these processes, a coordinate system for the pelvis must be defined,
where this coordinate system be the anterior pelvic plane or another plane. Since the
mathematical relationship between the ipsilateral hemipelvic plane, as defined by _the
mecahnical instrument, and any other plane, such as the anterior pelvic plane, can be
determined preoperatively, placement of the instrument onto the ipsilateral hemipelvis

and then measurement of its location using a navigation system can be used to rapidly
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determine the orientation of the pelvis. The mechanical instrument can then be re-

moved and surgical navigation can proceed as usual thereafter.

Similarly, surgical navigation can be facilitated by rapidly determining the
overall orientation of the pelvis using the same method as above, but with a virtual me-
chanical instrument. In this way, P1 is determined by the surgeon using a digitizer (op-
tical, electromagnetic, or other). Next, the surgeon defines P2 using the digitizer. The
virtual instrument defines the distance P1-P2 and so P2 must lie on a sphere whose ra-
dius is P1-P2 and must also lie on the bone surface. As such, two of three degrees of
freedom for determining the point P2 are predetermined and only one of the three de-
grees of freedom for determining the point P2 is subject to surgeon choice. This greatly
improves the accuracy of determining this point. Finally, the surgeon defines P3 using
a digitizer. Using the virtual instrument, the location of point P3 must lie on the bone
surface, must be a specified distance from point P1, and must be a specified distance
from point P2. Thus, the virtual mechanical instrument defines all the three degrees of
freedom that determine the location of the point P3 and its location is not subject to
surgeon choice. Further, this very specific point can be determined on a flat, indistinct

surface where there are no palpable landmarks.

What is claimed is:
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

l. Apparatus for defining an ipsilateral hemipelvic reference plane at a specific
subject for orienting a surgical instrument, comprising:
a frame having at least three legs terminating in tips and
a guide positionable on said frame to define an orientation with respect to said
frame
wherein the spacing between the tips of said legs is determined prior to
docking said apparatus on the specific subject’s pelvis such that, when docked to the
specific subject’s pelvis:
the tip of one of the legs contacts the ilium portion of the specific subject’s pelvis at a
point having no palpable landmarks, and
the apparatus defines the ipsilateral hemipelvic reference plane relative to the

specific subject.

2. Apparatus according to claim 1 in which the distance between at least two of

said legs is adjustable.

3. Apparatus according to claim 2 in which the distance between at least three of

said legs is adjustable.

4. Apparatus according to either claim 2 or 3 in which the angular orientation

between a first and a second pair of legs is adjustable.

S. Apparatus according to any one of claims 1 to 4 in which said guide is
mountable on said frame and is adjustable in angular orientation with respect to a

plane defined by the legs of said frame.

6. Apparatus according to any one of claims 1 to 5 in which said guide

comprises a hollow tube.
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7. Apparatus according to claim 6 which includes a hollow tube parallel to said
guide which accommodates an elongated pin insertable into a subject through said

tube at a location determined by the surgeon.

8. Apparatus according to claim 6 in which said guide accommodates an

elongated pin insertable into a subject through said tube.

9. Apparatus according to claim 1 in which said legs are adjustable such that the

distance between at least one pair of said legs is adjustable to be a proportion of the

distance between another pair of said legs.

10. Apparatus according to claim 9 in which said proportion is on the order of

between 70% and 100%.

11. Apparatus according to claim 9 in which said proportion is on the order of

between 90%.

12. Apparatus according to claim 10 in which said proportion is determined in

accordance with subject-specific data obtained from a CT scan.

13. Apparatus according to claim 10 in which said proportion is determined in

accordance with subject-specific data obtained from an X-ray.

14. Apparatus according to claim 10 in which said proportion is determined in
accordance with a combination of subject-specific data obtained from an X-ray and
statistical data defining distance relationships between the acetabulum and locations

on the ischium.
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